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FOREWORD 

 
Supply chains all over the world are facing the most complex logistical 

challenges in the history of mankind. It started with enormous shortages, continuing 

with worldwide exceptionally challenging distribution of COVID-19 vaccine, to 

massive post-COVID-19 consumer demand, paired with limited supply of crucial 

elements needed for our everyday life. In addition, all of these effects have expanded 

asymmetrically throughout the world. There has never been so much media attention 

and conversation on logistics, and both the public and governments have never sought 

so much support and help in the logistics sector. In the meantime, logistics and supply 

chain professionals are looking for innovative or sometimes even forgotten, but 

efficient solutions to ensure as normal as possible functioning of the global economy. 

In this constant quest for further development of logistics and supply chain practices, 

substantial support is given by the academic community.  

After two years under pandemic restrictions and after an online version of 20th 

conference in October 2020, current 21st international scientific conference Business 

Logistics in Modern Management 2021 (BLMM2021) was finally held again in 

person at Faculty of Economics in Osijek, on 7th and 8th October 2021. It was 

organised by Faculty of Economics, J. J. Strossmayer University in Osijek, and this 

allowed the long anticipated physical reunion of academic community of logistics and 

supply chain scientists. BLMM2021 and its book of proceedings present highlights of 

academic work in the area of supply chain and logistics mainly from Central and 

Eastern Europe, but also beyond. While Organising and Editorial board received 45 

papers, only 33 scientific papers successfully passed review process and are published 

in this book of proceedings. Altogether, 90 authors, coming from 10 countries 

(Bulgaria, Czech Republic, Egypt, Germany, Hungary, Nigeria, Poland, Serbia, 

Slovenia and Croatia) are represented in this publication. 

Proceedings of BLMM2021 consist of 33 scientific papers divided in seven 

chapters. Those chapters were also headings of conference sessions where authors 

delivered their presentations and, as a fine tradition of BLMM, fruitful discussion was 

developed. First chapter titled Logistics response to the COVID-19 pandemic provides 

array of effects of COVID crisis on logistics activities in different sectors, as well as 

novel solutions for stabilizing logistics and supply chain processes. Chapter Logistics 

theory, simulation and education contributes to logistics theory of omni-channel 

logistics and connection between bullwhip effect and balanced scorecard. This chapter 

also covers interesting areas of simulations in civil and military logistics and 

productions, as well as interactions of business organisations and logistics education. 

Efficiency in networks and logistics processes is a title of the next chapter, comprising 

of papers dealing with efficiency issues in production networks, transportation, 

storage, distribution and shipment marking operations. Analysis of regional value 

chains of Croatian neighbouring countries, logistical challenges in wine, maritime, 

forwarding and food sector in Nigeria, Croatia and Hungary are topics covered in the 

fourth chapter titled Local and regional supply chains. Today’s logistics activities and 

supply chain integration is not possible without implementation of contemporary 

information technology – from Industry 4.0 to real-time location systems, drones, 

blockchain and artificial intelligence.  They are covered in papers of the fifth chapter 
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titled Supply chain technology trends. Following chapter labeled Packaging and 

procurement logistics proposes algorithms for event detection in packaging vibration 

testing, highlights importance of transport packaging in diary industry and deals with 

procurement issues of logistics outsourcing and small-scale public contracts in Czech 

armed forces. Finally, seventh chapter Urban and sustainable logistics issues begins 

with review on closed-loop supply chains researches, and continues with sustainable 

development of smart cities for all groups of their citizens, and reflections on public 

passenger transport estimations. 

As a distinct added value of the BLMM2021 conference we were honoured to 

hear prof. dr. Herbert Kotzab, Professor and Chair of Logistics Management from 

University of Bremen, Germany. As a keynote speaker, prof. Kotzab presented lecture 

titled How sustainable are individualized home delivery options – the case of 

electronic grocery retailing! This was second plenary lecture of prof. Kotzab at a 

BLMM, and a proof of successful cooperation between prof. Kotzab and Faculty of 

Economics in Osijek. 

We would like to thank Ministry of Science and Education of the Republic of 

Croatia for their support in organisation of 21st BLMM Conference. Besides, we 

continue with inclusion of Proceedings of BLMM into leading scientific databases 

which evaluate each annual issue of this publication individually. We are sincerely 

thankful to all authors who decided to participate in BLMM Conference in these 

challenging times. Special appreciation goes to our team of reviewers who 

considerably improved the quality of papers through selfless sharing of their expertise. 

Finally, Editorial board, Honorary program committee and Organisational committee 

made it possible to complete the entire process of organising and effectuating the 

Conference. 

 

 

In Osijek, October 7th, 2021. 

 

Davor Dujak, 

Editor 
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Abstract 

 

Entrepreneurial activity is subject to constant change. Today's world is 

characterised by optimisation, globalisation and digitalisation. In case of an 

unexpected disruptive event in this era of coordinated globally distributed supply 

chains, supply gaps, bottlenecks and other supply chain disturbances occur 

worldwide. Currently, the SARS-CoV-2 pandemic affects supply chain activities 

significantly. Coupled with current trends by new technologies, the research question 

is: How can tools of digitalisation be used to react and counteract quickly against 

disruptive supply chain events? To answer the question, we develop a conceptual 

model built upon the three pillars of supply chain, disruptive events, and digitisation 

tools based on expert interviews and a broad literature review. The model is validated 

by an inductively created utility analysis, which tests all technologies for their 

applicability and suitability. Our findings indicate that data analytics and digital 

automation solutions represent the greatest counter-effects. 

 

Key words: digitalisation, supply chain disturbance, SARS-CoV-2, digitalisation 

tools, SCOR 

 

 

1. INTRODUCTION  

 

Today, many companies operate their supply, production and distribution 

networks on a global level. These global supply chains are organised in a highly 

efficient manner and take advantage of a so-called flat world (Freeman 2005). The 

mailto:jastacho@uni-bremen.de
mailto:office@julia-fischer.com
mailto:kotzab@uni-bremen.de
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other side of the coin is an increased vulnerability of global supply chain structures 

and processes to disruptions such as disasters, strikes or other unexpected or 

unpredictable external disturbances (Skjoett-Larsen et al. 2015).  

The financial crisis in 2008 showed that liquidity bottlenecks of single 

companies in a chain can lead to production downtimes and consequently to huge 

financial damage for all actors in the chain. Currently, the SARS-CoV-2 pandemic 

affects the global supply chains massively. As Kantar (2020) reports that the economic 

consequences of the pandemic go far beyond all expectations due to the closing of 

borders or other restrictions thus leading delivery bottlenecks, delays, demand 

fluctuations and liquidity problems. Consequently the pandemic proofs the notions of 

Skjoett-Larsen et al. (2015) who state that the higher the level of globalisation the 

higher the exposure to such risks.  

Parallel to these developments, the global economy is shifting towards 

digitalisation so that firms are more and more built on digital business models or use 

digital tools, which assist internal as well as external interface-less data integration 

(Hoberg et al. 2019). As such, digitalisation is considered as a generic problem solver 

(McKinsey 2017).  

The purpose of this paper is to examine the capability of digital tools to help to 

respond and counteract to the SARS-CoV-2 pandemic quickly as well as to assess the 

preventive effect of these tools in order to avoid negative effects of a pandemic 

situation. We are particularly interested to see the value of digital tools when it comes 

to re-stabilise supply chains that are negatively affected by unexpected disturbances.  

In order to achieve our goal we develop first a conceptual model of global supply 

chain. This includes the setting of the global supply chain (2.1.) and the identification 

of an adequate reference model for modelling a supply chain (2.2). This is followed 

by the development of a suitable supply chain performance system and relevant key 

performance indicators (2.3.) as well as the presentation of supply chain relevant 

digital tools (2.4). Next, we present the notions of supply chain disturbances and show 

how the SARS-CoV-2 has affected so far global supply chains (2.5). Finally we 

examine, based on a multi-criteria analysis (3.) the usability of the digital tools to 

respond to the pandemic outbreak in preventive and reactive manner (4.) and are able 

to see that digital automation as well as data & analytics have the greatest power to 

do so. The paper ends with a conclusion and an outlook for future research.  

 

 

2. THEORETICAL FRAME OF REFERENCE 

 

2.1. Global supply chain network 

 

A global supply chain network integrates logistics and production networks from 

the raw material stage to the ultimate customer and includes supplier networks, the 

integrated enterprise as well as distribution networks (Bowersox et al. 2019). Today, 

supply chains are globally diversified and the involved companies are vertically 

integrated and simultaneously cooperate on a horizontal level.  

The existence of such complex systems is due to increased competition, global 

customer markets as well as cost pressure. Taking the automotive industry as one 
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example, we also observe increased outsourcing of activities that so-called original 

equipment manufacturers (OEM) do not consider to be their core competence 

(Baumgarten & Wolff 1999). This leads to upstream supplier specialisation, which 

includes systems specialists, components or module suppliers (Warth 2012). 

Furthermore, companies safeguard their supply networks by cooperating closely with 

module suppliers or even partly own their suppliers that are located all over the world 

(Hegmann 2014). And to keep costs at a low level, this industry relies on system 

integrators between tier-1 suppliers and the OEM, who consolidates and distributes 

all orders and deliveries at lower costs and allows supplier flexibility. In order to 

manage such systems, manufacturers apply complex IT-systems that manage the 

relevant flows and relationships (Bortal 2016). 

Looking at the stage of raw material, we see raw material suppliers, who deliver 

their products downstream to many different supply chains with different structures 

and conditions (Küster-Simic et al. 2017).  And turning to global retailing companies, 

we see global supplier structures with suppliers spread all over the world combined 

with local specialties on the downstream parts. These supply chains require a huge 

degree of transparency along the supply chain and some retailers establish end-to-end 

supply chains (Döpgen 2018, Li 2007).  

Consequently there is a need for a smart design of such global structures that are 

also heavily impacted by external conditions, which endanger the seamless and 

smooth flow of goods between raw material stage and ultimate customers.  

 

2.2. Model components 

 

2.2.1. Reference models for designing supply chains  

 

Modelling supply chain structures is a multifaceted task for which particular 

approaches have been developed such as Collaborative Planning Forecasting & 

Replenishment (CPFR) (see VICS 1998). the Supply Chain Operation Reference 

Model (SCOR) (SCC 2012), the Value Reference Model (VRM) (Di Domenico et al. 

2007) or the Design Chain Operations Reference (DCOR) (Wu et al. 2007). 

CPFR is mainly used in the fast-moving consumer goods industry and can be 

seen as a kind of Sales & Operations Planning approach (Kotzab & Teller 2003) 

whereas SCOR includes the supply chain perspective and contains upstream as well 

as downstream levels (SCC 2012). SCOR is used to describe supply chains and supply 

chain processes of different companies along a global value chain and can be adapted 

flexibly (Poppe 2016).  

VRM though is adequate to describe internal business processes and 

distinguishes between three different levels for top-down structuring business areas, 

processes and activities (Brown 2009) as it differs between product lifecycle 

management, supply chain management and customer relationship management (Di 

Domenico et al. 2007).  

DCOR is a further development of SCOR and focuses on the structuring of the 

design processes within companies (Wu et al. 2007). This is mainly due for those 

markets with a short response time in case of changes of customer demand and if 

customers have high expectations towards product flexibility. If the model includes 
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the supplier stage, it turns into the Collaborative Design Chain Operations Reference 

Model (CDCO) that wants to implement the interactions between buyers and their 

suppliers. 

Overall, we selected for our purposes the SCOR approach, as its major 

advantages are the general applicability, the width by combining internal and external 

supply chains as well as the profundity in terms of considered levels, which allows a 

single case observation on a process base (see figure 1).  

The SCOR model also includes key performance indicators for all levels that 

allow a performance-based control of all activities. In case of examining the 

consequences of a supply chain disturbance such as the SARS-CoV-2 pandemic for a 

supply chain, the SCOR allows a projection of these on the individual firm level 

activities as well as on the level of a complete supply chain. 

 

Figure 1. Overview to the SCOR model  

 
Source: (SCC 2012) 

 

2.2.2. Key performance indicators for SCM 

 

When quantifying the successful implementation of supply chain strategies or 

structures, it is necessary to identify the performance of a supply chain with financial 

as well as non-financial measures (see Beamon 1999, Gunesekaran et al. 2004 and 

Sinha/Kotzab 2011). The measurement of the supply chain performance is based on 

key performance indicators that concentrate on the cross-functional performance of 

internal processes as well as between suppliers and customers (Fugate et al. 2010).  

This includes multiple dimensions, which refer to the strategic, tactical as well 

as operational level of SCM (Morash 2001. Neely 2003) and between internal as well 
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as external supply chains (Poluha 2010). In case of the SCOR model, this leads to 

more than 200 different key performance indicators (SCC 2012) out of which only 

some are useful to identify how technology can help to deal with supply chain 

disturbances (see Table 1).  

 

2.2.3 Digital tools and digital transformation 

 

Digitalisation refers to a technical-organisational change, which aims at a 

complete automation of the industrial sector (Matuschek & Kleemann 2018). When it 

comes to the integration of digital devices, the term ‘Industry 4.0’ is used as a 

synonym for digitalisation (BMWi 2020b). According to Obermaier (2019), the 

degree of digitalisation and integration includes the value chain processes as well as 

the final products.  

The existence of Internet technology and cyber-physical systems are 

prerequisites for digitalisation. The combination of both is known as the Internet of 

Things (IoT) (Obermaier 2019). In Table 2, we show some digitalisation tools that are 

relevant for supply chain digitalisation (see Hoberg et al. 2019).  

 

Table 1. Selected performance indicators 

ex
te

ra
n

l 

Reliability 
Perfect Order 

Fulfilment 

Perfect Order Fulfilment  

% of Orders Delivered in Full  

Delivery Performance to Customer Commit 

Date  

Documentation Accuracy  

Perfect Condition 

Responsiveness 
Order Fulfilment 

Cycle Time 

Order Fulfilment Cycle Time  

Source Cycle Time  

Make Cycle Time  

Delivery Cycle Time 

Agility 

Upside SC 

Flexibility 

Upside Supply Chain Flexibility  

Upside Source Flexibility  

Upside Make Flexibility  

Upside Deliver Flexibility  

Upside Source Return Flexibility  

Upside Deliver Return Flexibility  

Upside SC 

Adaptability 

Upside Source Adaptability 

Upside Make Adaptability 

Upside Deliver Adaptability 

Upside Source Return Adaptability 

Upside Deliver Return Adaptability 

Downside SC 

Adaptability 

Downside Supply Adaptability  

Downside Source Adaptability  

Downside Make Adaptability  

Downside Deliver Adaptability 
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Cost 

SCM Costs 

Total Supply Chain Management Cost  

Cost to Plan  

Cost to Source  

Cost to Make  

Cost to Deliver  

Cost to Return  

Mitigation Cost 

Cost of Goods 

Sold 

Cost of Goods Sold  

Cost to Make 

Assets 

Cash-to-Cash-

Cycle 

Cash-to-Cash Cycle Time  

Days Sales Outstanding  

Inventory Days of Supply  

Days of Payable Outstanding 

Return on SC 

Fixed Assets 

Supply Chain Management Cost 

Cost of Goods Sold  

Supply Chain Fixed Assets 

Return on 

Working Capital 
Supply Chain Management Cost 

 

Table 2. SCM-adequate digital tools  

Digital technology 

cluster 
Characterisation Examples 

Robotics in intra-

logistics systems  

Automation of internal logistics 

processes, especially 

handling/picking and warehousing 

Robotic fulfilment systems, 

automated picking systems 

Autonomous 

transport means 

Transport means that are carrying 

goods without human steering and 

control 

Platooning, drones, 

autonomous trucks 

Virtual reality and 

augmented reality 

Users receive additional data and 

information via specific devices 

Head-up displays, smart 

glasses, digital twinning, pick-

by-vision 

Internet of things 
Internet-driven integration of 

specific devices  
Sensors, smart devices 

Supply Chain 

Analytics 

Real-time decision support and 

making by using various data 

sources/data warehouses 

Machine Learning, predictive 

analytics, data visualisation, 

business intelligence 

Process 

automation 

Automation of processes by the use 

of robots or digital agents as well as 

fully automated software 

No-touch order processing, 

blockchain, robotic process 

automation (RPA) 

Platforms 

Central data nodes and areas that can 

be accessed in a decentralised 

manner 

Cloud-based cooperation and 

communication, crowdsourcing 

Source: Hoberg et al. (2019) 

 

For the purpose of our study, we condensed these clusters into four areas that are 

outlined in Table 3. 
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Table 3. Selected digitalisation tools for further analysis 

Digital tools cluster Characterisation 

Digitalisation 
Includes digital process flows document administration, 

communication, IoT, sensor technology and smart devices 

Digital automation 
Includes process automation by digital agents, RPA, block chain 

and other IT-driven technology/devices 

Mechanical automation All mechanical robots, automated transport means, drones, etc. 

Data & Analytics 

All technology that prepares as well as analyses data, forecasts 

and supports decision making as well as transparency such as AI, 

cloud platforms, data-driven business models 

 

2.3. Supply chain disruptions causing supply chain instability 

 

A supply chain disturbance or disruption is an event that negatively impacts the 

stability of a supply chain (Barroso et al. 2011; Wagner and Bode 2006) and it 

characterizes the incidence of a supply chain risk (Biedermann 2018). Depending on 

the degree of the impact. Wohl (2017) distinguishes between (lower impact) 

disturbances and (higher impact) disasters.  

Overall, the proper execution of supply chain processes is threatened by 

disturbances, which leads to negative consequences of the supply chain performance 

in terms of ripple effects such as significant delays, lack of inventories or too high 

levels of inventories (Ivanov and Das 2020).  

Examples of major supply chain disturbances in the near past were the sea 

earthquake in Tohoku (Japan) in March 2011, which affected negatively the 

automotive industry on a global level due to delivery stops out of this particular region 

(Hallegatte 2015. Lee 2018). Because of the climate change, cocoa production in 

Ghana has decreased by nearly 20 % in 2015, which led to massive price increases of 

this particular raw material (Strom 2015, Heneghan 2016).  

Political developments, such as the introduction of punitive customs on the 

import of foreign products, can also negatively affect supply chains as the Trump 

administration has proven in the recent past (Pankow 2019. Brown 2018).  

Depending on the type of disturbance, firms are able to cope with these by 

implementing preventive as well as counter measures (Reibnitz 2013) depending 

whether these measures are taken before or during the disturbance.  

Most recently, the SARS-CoV-2 pandemic has proven the limits of global supply 

chains as many regions and countries were quickly isolated, borders were closed and 

quarantines were imposed (Miller 2020). By June 2020, German decision makers 

identified the following areas to be massively affected by the pandemic (Kantar 202. 

BMWi 2020a): Decrease of customer demand by more than 50 %; bottlenecks in 

liquidity in more than 80 % of the cases; temporary closing of operating units or 

complete sites; logistical challenges when distributing own products; difficulties when 

sourcing advance services or work-in-progress products; going out of business and 

staff shortages due to illness, quarantine or child care at around one third of the 

examined companies. 
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Based on these results, we grouped the areas that are affected by the pandemic 

into sourcing, demand, staff, production, liquidity and sales and linked them with the 

previously defined list of performance indicators (see Table 1) as well as with the 

digital tools, which we present in the subsequent section (see Tables 2 and 3). 

 

 

3. METHOD 

 

The overall goal of our research is to examine whether supply chain areas are 

directly affected by the SARS-CoV-2-pandemic and if a digital tool is able to quickly 

respond to the situation and to counteract measured by a performance indicator model.  

In order to solve our problem, we performed a multi-criteria analysis in form of a 

utility analysis (scoring method) in following steps as outlined in Figure 2:  Step 1) 

Evaluation of the impact of disturbances on selected SCOR performance indicators 

(RPI; Appendix 2); Step 2) evaluation of the impact of digitalisation tools (YiP; 

Appendix 1) on the chosen SCOR performance indicators;  Step 3) evaluation of the 

SARS-CoV-2-pandemic specific impact on supply chain areas; Step 4) evaluation of 

the predictive (piI) as well as reactive (riI) assistance of the digital tools in these areas 

(ZiI) (see Figure 2). 

 

Figure 2. Methodological approach 

 
 

We evaluated the individual impacts either in a binary mode (0 = no impact; 

1 = impact) or in a stepwise manner between 0 and 1 (0 = not applicable; 1 = fully 

applicable; .33 = somewhat applicable and .66 = mostly applicable)1. Overall, our 

scoring model assesses the suitability of a technology for a specific key performance 

indicator as well as the impact for a specific supply chain area. By doing so, we were 

able to see whether and which digital tool affects a supply chain area and whether 

                                                           
1 The results of these four steps are presented in the appendix. 
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reactive or preventive measures are possible. E.g., data and analytics allow 

transparency in the upstream supply chain and consequently helps when experiencing 

problems within sourcing, while its value to solve problems in the staff area is very 

limited (See Appendix 3).  

When it comes to the performance indicators, we experienced that digital 

automation has higher effects on the cost structure than data and analytics (see 

Appendix 1). As for the overall evaluation, we identified that digitalisation has a great 

power to serve as a reactive countermeasure for sourcing problems, while mechanical 

automation has no value (see Appendix 4).  

Our methodological approach followed the notions by Moore and Baker 

(1969) who suggested multiple criteria scoring methods as adequate methods to 

evaluate different proposals, where decision makers use data of different quality for 

decision making. The data stems from analysing the relevant literature and three 

expert interviews with senior consultants of an international consultancy company. 

Each of the interviewed experts has more than 10 years of professional experience in 

their fields.  

The interviews covered following areas: a) recent consequences of the 

SARS-CoV-2 pandemic in general as well as the particular effects for companies, b) 

the usefulness and applicability of key performance indicator models, c) the value of 

digital tools for counteracting the pandemic consequences. The interviews took 

between 45 and 60 minutes and were based on interview guidelines with open ended 

questions which followed the guiding research questions. For all interviews, we 

prepared protocols that were returned to the interviewed person for validation of our 

collected information. The generated data was qualitatively analysed following the 

notions of Mayring and Fenzl (2019). 

 

 

4. RESULTS 

 

Figure 3 shows the overall results on the adequacy of the examined digital tools 

for stabilising a supply chain against the pandemic and indicates the power of digital 

automation as well as data & analytics.  
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Figure 3. Overall value of digital tools 

 
 

The identified scores result from cumulating the partial scoring values across all 

key performance indicators and affected supply chain areas. Digital automation as 

well as data & analytics are identified as the best fitting digital tools as lack of 

transparency along the supply chain was considered to be a heavy problem. Regarding 

the affected supply chain areas, we were able to see limitations of digital automation 

in the staff area. Furthermore, data & analytics were not assessed.  

The stabilising effects of the digital tools on the various supply chain areas are 

outlined in Figure 4. There we see that the area of staff is affected most by digital 

automation, followed by digitalisation in the sourcing and data & analytics in the 

demand area.  

The total technology relevancy for the performance indicators, where we see 

that data & analytics achieves the highest evaluation results when reducing costs and 

improving the asset situation are shown in Figure 5. Furthermore, digital automation 

positively affects costs as well as throughput times.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

13 

   

Figure 4. Detailed score results within the examined supply chain areas 

 
 

 

Figure 5. Technology relevance for performance indicators  

 
 

5. CONCLUSION 

 

In this paper, we examined how unexpected disturbances, such as the SARS-

CoV-2-pandemic, affects supply chain stability and how digital tools are able to react 

and counteract to such turbulences. For solving this problem, we developed a 

conceptual model where we identified six supply chain areas that can be affected by 

SARS-CoV-2. In order to measure stability in these areas as well as to evaluate the 
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consequences, we used the SCOR approach and its measures as the model focuses on 

a complete chain and the first two levels SCOR performance indicators were 

considered acceptable for our measuring purpose. While performing our study, 

McCrea (2021) discusses how the pandemic accelerated supply chain visibility, 

digitalisation and automation, whereas Mitchel (2021) shows recently that managers 

perceive the pandemic as an accelerator for the complete digital transformation of 

their supply chains. Consequently, both results support the overall results of our study.   

Out of a number of SCM-relevant digitalisation technology (as suggested by 

Hoberg et al. 2019), we focused on several SCM areas in which different digital tools 

- data & analytics, digitalisation, digital automation as well as mechanic automation - 

can help in reacting and preventing disturbances due to their possibilities of scaling, 

low downtimes, independence from employees and potential transparency for 

decision making. 

Our findings show that data & analytics and digital automation have the greatest 

impact based on their cost-efficient scalability and transparency. However, digital 

automation follows digitalisation. The effects by mechanical automation are low as 

its scalability is limited and it offers no transparency advantages.  

There are also some disadvantages that need to be considered, which refer to the 

acquisition and implementation costs of technology as well as to their opportunity 

costs. Even though digital transformation is seen as a major driver for the 

competitiveness of a firm, we need to refer to the low level of digital transformation 

so far. There are problems, challenges and barriers that need to be dealt with. Another 

limitation of this work is the high level of abstraction, which makes it difficult to 

evaluate cross-industry cost models for implementing the model. Besides this, 

different regional as well as national differences in digitalisation, data protection and 

subsidies need to be considered.  

Future research should add a cost-benefit analysis to our utility analysis as well 

as an industry-specific examination of the validity of our approach. 
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Appendix 1: Evaluation of the positive effects of digitalisation on SCOR 

performance indicators (YIP) (1 = Digitalisation; 2 = Digital Automation; 3 = 

Mechanical Automation; 4 = Data & Analytics ) 

 
KPI Description 1 2 3 4 

RL.1.1 Perfect Order Fulfillment 1 1 .66 .66 

RL.2.1 % of Orders Delivered in Full 1 1 .66 1 

RL.2.2 
Delivery Performance to Customer 

Commit Date 
1 1 .66 .66 

RL.2.3 Documentation Accuracy 1 1 0 .66 

RL.2.4 Perfect Condition .33 .66 .33 0 

RS.1.1 Order Fulfillment Cycle Time 1 1 .66 .66 

RS.2.1  Source Cycle Time .66 1 .33 1 

RS.2.2 Make Cycle Time 1 1 1 .66 

RS.2.3 Delivery Cycle Time 1 1 .33 .66 

AG.1.1 Upside Supply Chain Flexibility .66 1 .66 .66 

AG.2.1 Upside Source Flexibility 1 1 .66 .66 

AG.2.2 Upside Make Flexibility .33 .33 1 .66 

AG.2.3 Upside Deliver Flexibility .33 .66 .33 1 

AG.2.4 Upside Source Return Flexibility .66 1 .66 0 

AG.2.5 Upside Deliver Return Flexibility .66 1 .66 .66 

AG.1.3 Downside Supply Adaptability .66 .66 .66 .66 

AG.2.11 Downside Source Adaptability .66 .66 .33 1 

AG.2.12 Downside Make Adaptability .33 .33 1 .33 

AG.2.13 Downside Deliver Adaptability .66 .66 0 0 

CO.1.1 Total Supply Chain Management Cost 1 1 .66 1 

CO.2.1 Cost to Plan 1 1 0 1 

CO.2.2 Cost to Source 1 1 .33 1 

CO.2.3 Cost to Make (CO.1.2) .66 1 .66 1 

CO.2.4 Cost to Deliver .33 1 .66 .66 

CO.2.5 Cost to Return 1 1 .33 .66 

CO.2.6 Value At Risk (VAR $. % of Sales) .33 .33 0 1 

CO.2.7 
Mitigation Cost (Cost To Mitigate Supply 

Chain) 
1 1 1 .33 

CO.1.2 Cost of Goods Sold (COGS) 1 1 .66 .33 

CO.2.3 Cost to Make 1 1 .66 .33 

AM.1.1 Cash-to-Cash Cycle Time 1 1 .66 1 

AM.2.1 Days Sales Outstanding 1 1 0 .66 

AM.2.2 Inventory Days of Supply .33 .66 1 1 

AM.2.3 Days of Payable Outstanding 1 1 0 1 

AM.1.2 Return on Supply Chain Fixed Assets .66 .66 .66 .66 

- Supply Chain Revenue .33 .66 .33 1 

CO.1.1 Supply Chain Management Costs 1 .66 .66 .66 

CO.1.2 Cost of Goods Sold 1 1 .66 .33 

AM.2.5 Supply Chain Fixed Assets .33 .33 .66 .66 

AM.1.3 Return on Working Capital 1 1 .66 .33 

CO.1.1 Supply Chain Management Costs 1 1 .66 .33 

 

 

 

 

 

 

 



Key aspects of digitalisation in stabilizing supply chains in the case of unexpected disruptive events 
Jannick Stachowiak, Julia Fischer and Herbert Kotzab 

  

 

20 

 

Appendix 2: Results on the evaluation of the CoV-2-pandemic specific impact on 

supply chain areas (1 = sourcing; 2 = demand; 3 = staff; 4 = production; 5 = 

liquidity; 6 = sales)  

 
KPI Description 1 2 3 4 5 6 

RL.1.1 Perfect Order Fulfillment 1 1 1 1  1 

RL.2.1 % of Orders Delivered in Full 1  1    

RL.2.2 Delivery Performance to Customer Commit Date 1 1 1 1  1 

RL.2.3 Documentation Accuracy   1    

RL.2.4 Perfect Condition   1 1   

RS.1.1 Order Fulfillment Cycle Time 1 1 1 1 1 1 

RS.2.1  Source Cycle Time 1 1   1  

RS.2.2 Make Cycle Time  1 1 1   

RS.2.3 Delivery Cycle Time  1    1 

AG.1.1 Upside Supply Chain Flexibility 1  1 1 1 1 

AG.2.1 Upside Source Flexiblity 1    1  

AG.2.2 Upside Make Flexibility   1 1   

AG.2.3 Upside Deliver Flexibility   1 1  1 

AG.2.4 Upside Source Return Flexibility 1  1  1  

AG.2.5 Upside Deliver Return Flexibility   1  1 1 

AG.1.3 Downside Supply Adaptability   1  1  

AG.2.11 Downside Source Adaptability     1  

AG.2.12 Downside Make Adaptability   1  1  

AG.2.13 Downside Deliver Adaptability     1  

CO.1.1 Total Supply Chain Management Cost 1 1 1 1 1 1 

CO.2.1 Cost to Plan 1 1  1   

CO.2.2 Cost to Source 1 1     

CO.2.3 Cost to Make (CO.1.2) 1 1 1 1   

CO.2.4 Cost to Deliver  1    1 

CO.2.5 Cost to Return    1 1 1 

CO.2.6 Value At Risk (VAR $. % of Sales) 1 1  1 1 1 

CO.2.7 Mitigation Cost (Cost To Mitigate Supply Chain)  1  1  1 

CO.1.2 Cost of Goods Sold (COGS) 1 1 1 1   

CO.2.3 Cost to Make  1 1 1   

AM.1.1 Cash-to-Cash Cycle Time 1 1 1 1 1 1 

AM.2.1 Days Sales Outstanding  1   1 1 

AM.2.2 Inventory Days of Supply 1 1  1 1 1 

AM.2.3 Days of Payable Outstanding  1 1  1 1 

AM.1.2 Return on Supply Chain Fixed Assets 1 1 1 1 1 1 

- Supply Chain Revenue  1  1  1 

CO.1.1 Supply Chain Management Costs 1 1 1 1 1 1 

CO.1.2 Cost of Goods Sold 1 1 1 1   

AM.2.5 Supply Chain Fixed Assets 1 1   1  

AM.1.3 Return on Working Capital 1 1 1 1 1 1 
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CO.1.1 Supply Chain Management Costs 1 1 1 1 1 1 
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Appendix 3: Results on the evaluation evaluation of the predictive (piI) as well as 

reactive (riI) assistance of the digital tools in these areas (ZiI) (1 = sourcing; 2 = 

demand; 3 = staff; 4 = production; 5 = liquidity; 6 = sales) 

  
Digital tool 1 2 3 4 5 6 

Digitalisation 1 .33 .66 0 .33 0 

Preventive .5 .5 0 0 .5 0 

Reactive .5 .5 .5 0 0 0 

Digital Automation .66 .66 1 .33 .66 .66 

Preventive .5 .5 .5 0 .5 .5 

Reactive .5 .5 .5 .5 .5 .5 

Mechanical Automation 0 .66 1 .33 .33 0 

Preventive 0 .5 .5 .5 .5 0 

Reactive 0 .5 .5 .5 .5 0 

Data & Analytics 1 1 .33 .66 1 1 

Preventive .5 .5 0 .5 .5 .5 

Reactive .5 .5 .5 .5 .5 .5 
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Appendix 4: Total results 
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Abstract 

 

Although e-commerce was already gaining significant traction before the 

COVID-19 outbreak, it is at an infancy level in Southeast Asia. However, it has a 

great potential because Asia is one of the world’s fastest-growing regions. It is 

expected that its further development will have far-reaching effects, perhaps even 

exceeding the changes that concerned trade over the past several decades. This 

development of e-commerce is related to a number of challenges, eg. logistics. 

The main aim of this paper is to present e-commerce logistics in Southeast Asia 

in the face of COVID-19. In addition, four sub-objectives have been set: description 

of interdependence of e-commerce and logistics; diagnosis of opportunities and 

threats for logistics in the Asian region in the face of COVID-19; identification of the 

influence of e-commerce on the logistics market in the Asian region; and highlighting 

the best practices in the area of the logistics market in e-commerce. 

The research methodology of the paper includes a combination of theoretical and 

empirical analyses. The primary materials contains data obtained from managers. 

Interviews are helpful for triangulation of the information gained from supplementary 

sources, which ensure credibility of the study results. Studies have revealed that 

activities to support logistics are needed to meet the requirements and expectations of 

e-commerce. 

 

Key words: e-commerce, ASEAN, in-depth interviews. 

 

 

1. INTRODUCTION 

 

The pandemic has left a lot of damage to the society and the economy, such as 

the health crisis, the reduction of public life, the lagging regional economy, the 

collapse of the financial sector. The ASEAN GDP was contracted by 3.7% in 2020 

(Statista 2021a), it is the first decline in 22 years (Anbumozhi, 2020). However, there 

are the winners of the COVID-19 pandemic. One of them is e-commerce. It has turned 

out to be a way to solve the lockdown problem (Loh, 2020). Thanks to the Internet 

physical presence while shopping is not needed. Customers buy products, placing 
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orders electronically, and the purchased goods are delivered to their workplaces, 

homes, PUDO (pick up drop off) points and parcel lockers. Shopping in this way 

replaces the trip to a store, and the delivery of the consignment eliminates the way 

back with the purchased goods (Kawa, 2020b). This is of great importance because 

social distancing is required during the COVID-19 pandemic.  

Customers, staying at home, can access information about companies and thus 

their products at any time. They can easily find offers, compare them and read 

opinions of other users. They may also purchase new products, which they did not 

previously use due to their unavailability in the form of location in distant places (e.g. 

goods from abroad), lack of time or a different lifestyle. E-commerce beneficiaries 

are companies, too. Online selling creates new opportunities for expansion on a larger 

scale for already existing entities and offers prospects for rapid development to 

emerging ones. This is possible due to low entry barriers that encourage more and 

more companies to sell their products on the Internet.  

Although e-commerce was already gaining significant traction before the 

COVID-19 outbreak (OBG, 2020), it is at an infancy level in Southeast Asia 

(relatively underdeveloped in comparison to the EU, US, Chinese markets) (MTS, 

2020). However, it has a great potential because Asia is one of the world’s fastest-

growing regions. It is expected that its further development will have far-reaching 

effects, perhaps even exceeding the changes that concerned trade over the past several 

decades. Further intensive development of e-commerce is related to a number of 

challenges. One of them is logistics. E-shops struggle with fulfilment (Kawa, 2021) 

and delivery time and cost, quality of delivery and return service (Kang, 2020). 

However, efficient logistics can be a source of competitive advantage (Banker, 2020). 

Thanks to the availability of goods, different forms of delivery, and low shipping cost, 

e-commerce attracts new customers, but timeliness and compliance of goods with the 

order help retain them. This is particularly important in the case of cross border e-

commerce in which sellers look for new buyers abroad, while customers want to have 

a greater choice of suppliers (Kawa, 2020b). 

The COVID-19 pandemic caused companies to rethink their logistics and supply 

chains (WEF, 2020; Mueller, 2020). It accelerated the adoption of new solutions in 

deliveries and more advanced technology to substitute labour-intensive operations. 

Further dynamic development of e-commerce is inevitable. It will affect many other 

sectors of the economy, including not only logistics, but also financial, marketing and 

labour. This development needs to be supported by appropriate policies and actions 

to make ASEAN (Association of South-East Asian Nations) members more 

competitive (WEF, 2020). 

This study addresses logistics e-commerce at the regional level, contributing to 

a greater understanding and achieving the objectives. It discusses initiatives and 

utilises most recent data to examine particular issues. The paper refers to one of the 

policies for overcoming COVID-19 proposed from Kimura (2020). It is policy for 

digital economy – „Further develop the ASEAN Digital Integration Framework, E-

commerce Agreement, and other initiatives”. 

With regard to the all above considerations, the research questions arise: 

1. At what level is e-commerce in the Southeast Asia countries? 

2. What are the most important drives for the e-commerce growth? 
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3. How does logistics (its characteristics, state) influence the development of 

e-commerce?  

4. What features should logistics in Southeast Asia countries have in order to 

foster e-commerce development and improve regional economic 

integration? 

In the light of the research questions, four objectives have been set in this paper: 

1. Description of interdependence of e-commerce and logistics. 

2. Diagnosis of opportunities and threats for logistics in the Southeast Asia 

region in the face of COVID-19. 

3. Identification of the influence of e-commerce on the logistics market in the 

Asian region. 

4. Highlighting the best practices in the area of the logistics market in e-

commerce. 

The research methodology of proposed paper incorporates a combination of 

theoretical and empirical analyses. It is based on different data collection techniques 

such as document review, direct observations, and archival records originating from 

primary and secondary sources. The primary materials includes data obtained from 

managers of companies operating in Asia or who know very well the specifics of the 

Asian market, and the secondary ones – reports, studies, statistics, and Internet sources 

which will constitute the basis for the theoretical considerations. Interviews with 

experts are also helpful for triangulation of the information gained from 

supplementary sources, which ensures credibility of the study results. 

The structure of the paper is as follows. Section 2 describes e-commerce in 

Southeast Asia. In Section 3, e-commerce logistics in Southeast Asia is presented. In 

section 4, e-commerce logistics in the light of own research is presented. The main 

assumption of primary research, its methodology, and results are delivered. Section 5 

concludes the whole paper. 

 

 

2. E-COMMERCE 

 

E-commerce is one of the most dynamic and important sectors of the economy 

as well as one of the main factors leading to better prosperity and competitiveness of 

many countries (Yean & Das, 2018). It has significant potential that may contribute 

to economic growth and employment. The phenomenon of e-commerce is ubiquitous 

and has a very big impact on many areas of the economy, particularly on trading and 

logistics companies. It is expected that its further development will have far-reaching 

effects, perhaps even exceeding the changes that concerned trade over the past several 

decades (Kawa, 2020b). 

The dynamic development of e-commerce is driven by rapidly expanding 

internet access, but also by growing mobility and popularity of portable devices, via 

which customers order goods and services at a convenient time and place more and 

more frequently. They do not only order things of greater value, but, more and more 

often, everyday products to which they want to have very fast access (Kawa, 

Skowron-Mielnik, 2021). 
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The value of retail e-commerce sales worldwide in 2019 was $3.54 trillion. In 

2020, this value amounted to $4.28 trillion (Statista, 2021c). The development level 

of individual countries in e-commerce is not equal. The Southeast Asia market was 

estimated at a value of approx. $38 billion in 2019. In 2020, this value jumped to $62 

billion (Statista 2021b). It constitutes about 4% of Southeast Asia's total retail. This is 

far less compared to the European and North American market where this share 

accounts for even several percentages of the total revenue generated from retail. 

Statista (2021b) forecasts that it will be worth $172 billion by 2025. Research from 

Google, Temasek Holdings and Bain even shows that the market will be rapidly driven 

and it will reach $300 billion by 2025. The pandemic and the effect that remains after 

it will contribute to this growth (Lee, 2020). 

The biggest market in Southeast Asia is Indonesia. They generate about 50% of 

the Southeast Asian e-commerce market ($21 billion). The Indonesian e-commerce is 

predicted to increase to $83 billion by 2025. Other important markets are Malaysia, 

Philippines, Thailand and Vietnam (Statista, 2020b). 

The Southeast Asia e-commerce is only a very small part of the global e-

commerce (1.75%). For example, in as little as a single day (Ali-double-11) Alibaba’s 

merchants sold products within 11-day period in 2020 for $74.1 billion (more than the 

Southeast Asia market in the whole year 2020), JD.com reported $40,97 billion online 

orders the same time (Kharpal, 2020). As can be seen, Southeast Asia e-commerce is 

at an infancy level (ASEANup, 2017) (relatively underdeveloped in comparison to 

the EU, US, Chinese markets) but it has a great potential and room for growth because 

it is one of the world’s fastest-developing regions. Google Analysts predict that this 

region will be the next major boom market for e-commerce in Asia-Pacific (Camhi, 

2017). According to World Economic Forum and Bean experts, ASEAN will become 

the world’s fourth-largest economy over the next decade (Yendamuri & Ingilizian, 

2020). 

 

 

3. E-COMMERCE LOGISTICS 

 

Thanks to the Internet, trade has become as easy and convenient as never before. 

Its beneficiaries are both companies and customers. Almost each firm has the potential 

to become a successful trade. E-commerce creates new opportunities for expansion 

on a larger scale for already existing entities and offers prospects for rapid 

development to emerging ones. This is possible due to low entry barriers that 

encourage more and more companies to sell their products on the Internet. In turn, 

customers can access information about companies and thus their products at any 

time. They can easily find offers, compare them and read opinions of other users. They 

may also purchase new products, which they did not previously use due to their 

unavailability in the form of location in distant places (e.g. goods from abroad), lack 

of time or a different lifestyle (Kawa & Skowron-Mielnik, 2021). 

The dynamic growth of e-commerce has a very big impact on many areas of the 

economy, particularly on trading, marketing, and logistics companies, even in the 

international dimension. It is in accordance with Master Plan on ASEAN Connectivity 

2025 (2016) which takes into account the greater share of global flows in trade through 
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completing major trade deals and seeking to improve competitiveness in trade-related 

issues is the area with the highest potential for productivity and growth across South 

Asia countries (Kawa & Skowron-Mielnik, 2021). 

E-commerce is dominated by business to consumer (B2C) transactions where 

the product is ordered by individual consumers and sold by businesses. Serving such 

clients is much more difficult and requires special procedures. They often make one-

off purchases, and their expectations grow all the time. In addition, the philosophy of 

traditional sale is somewhat different from that of on-line sale. In the first case, the 

retailer sells a product that is available on the shelf, while in the latter – a specific 

promise of order fulfillment is, in fact, offered. E-customers do not only want the 

product itself, but also real-time information about the delivery, simplified and free 

returns of goods, flexible and fast delivery. If the product fails to arrive at the right 

time, is damaged or the driver’s service is inadequate, the customer may not re-

purchase at the store. For these reasons logistics is undoubtedly an important area of 

activity for a present-day enterprise (Kawa, 2020b) and is treated more and more as a 

game changer that gives companies the competitive advantage (Cainiao Network, 

2020). 

One of the weaknesses of logistics in the Southeast Asia countries is its high 

transactional costs due to the unsuitable and limited infrastructure which has 

significant impacts on the countries’ and regions’ competitiveness and consequently 

on the e-commerce development. Disparity on the logistics infrastructure and 

capabilities between countries is enormous (Kawa, 2020a). It is demonstrated by the 

logistics performance index (LPI), created by the World Bank. Singapore is the leader 

in Asia and ranks 5th in the World (amongst 167 countries). They have very good 

infrastructure, timeliness, efficient clearance process, and competent logistics 

services. Taiwan is also relatively well developed (ranked 24th). The worst LPI is in 

Myanmar (ranked 139th) (World Bank, 2021). That is why building of an appropriate 

infrastructure and create seamless connections is one of the biggest challenges in the 

development of e-commerce logistics. It is precisely this connectivity that is the key 

area highlighted by many experts and organizations supporting e-commerce 

development (Prakash, 2016; Tongzon & Cheong, 2014; Yean & Das, 2016). 

Logistics is related to the flow of goods and information about them. That is why the 

connectivity in this area must include physical connectivity which facilitates the 

movement of things and virtual connectivity which allows the flow of data (Kawa, 

2020b). 

The very important role in e-commerce is played by the online marketplaces. 

They link the sellers and the buyers in one place. They give the wide variety of goods 

that consumers can buy (Lim, 2020). 

Today, more and more attention has been paid to expanding business activities 

beyond the borders of a single country. Sellers look for new buyers abroad, while 

customers want to have a greater choice of suppliers. This phenomenon is defined as 

cross-border e-commerce. It is based on selling products to customers who are located 

in another country (Kawa, 2020b). It is a big challenge for logistics, especially for 

time and cost delivery and returns. For example, 1 kg package in domestic delivery 

within 24 hours costs around $3-5, but the same package in international flow is 

several times more expensive. The goal of Cainiao (Alibaba Group) is to deliver it 
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anywhere in the world within 72 hours for $3. Wan Lin, CEO of Cainiao, says that 

the biggest barrier to globalization is logistics (Campbell, 2020). That is why to get 

all the CEOs of different delivery companies in a room to work out how to do logistics 

e-commerce. 

 

 

4. E-COMMERCE LOGISTICS IN THE LIGHT OF OWN RESEARCH 
 

4.1. Methodology 

 

The next step of our research was the empirical studies. The information 

gathered from the secondary research was the basis for the preparation of qualitative 

research in the form of individual in-depth interviews (IDI) with experts. This study 

aimed to better recognize the e-commerce logistics in the Southeast Asia countries 

and the countries associated in Southeast Asia, especially to find interdependence of 

e-commerce and the logistics industry, to diagnose opportunities and threats and to 

estimate the magnitude of changes in the macroeconomic indicators related to the 

logistics e-commerce in Southeast Asia countries and the countries associated in 

ASEAN in the face of COVID-19. 

The main assumption of the IDI study were as follows: 

• Objective: development of e-commerce logistics, prediction of the 

macroeconomic and mesoeconomic impacts of the COVID-19 in Southeast Asia 

countries; 

• Method of collecting information: direct semi-structured individual in-depth 

interview using questionnaires; 

• General population: entities that are stakeholders of e-commerce and 

logistics (eg. logistics service providers, marketplaces, high-level industry experts, 

researchers and scientists); 

• Respondents: people associated with e-commerce logistics; 

• Sampling method: non-random purposeful sampling; 

• Sample size: minimum five interviews are planned to be carried out. 

These studies served as an initial analysis of the problem and can provide 

information necessary for proper organization of the quantitative method study, 

including in particular the design of the measuring instrument (content, type, order of 

the questions, etc.). This is in line with the qualitative approach to the research, the 

aim of which is to identify and understand an issue, while the search for truth is the 

aim of quantitative research (Rabiee, 2004). Plan for a minimum number of interviews 

to be conducted is consistent with the requirements of such research. In this case, it 

should include 3-10 interviews. We decided on a minimum of 5 interviews because 

we could sufficiently cover defined stakeholder types (Creswell & Creswell, 2018). 

For the need of this paper a questionnaire survey which consisted of 8 parts. The 

question types used were only open-ended questions. The questionnaire was verified 

during pilot research. The first question concerned level is e-commerce in Southeast 

Asia and the difference between e-commerce in this region and other regions in the 

world (Europe, USA etc.). The second question was related to the most important 

drives for the e-commerce growth Southeast Asia. Next, the experts were asked to 
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indicate what the most important trends in e-commerce logistics are in Southeast Asia. 

The subsequent question was about the influence of the COVID-19 pandemic on 

commerce in South East Asia. The experts were supposed to present the opportunities 

and threats for logistics in the Southeast Asia region in the face of COVID-19. Next, 

the experts were asked to indicate what features logistics in Southeast Asian countries 

should have in order to foster e-commerce development and improve regional 

economic integration and what measures can be taken to support logistics to meet the 

requirements of e-commerce. Finally, the experts were asked to answer the question 

whether the environmental aspects are taken into account in e-commerce in Southeast 

Asian. 

Recruitment for and implementation of the survey were carried out by the author 

himself. The respondents were searched for using the author’s own contacts and social 

media – mainly LinkedIn. It will be checked whether these people were involved in 

e-commerce and the logistics sector. In some cases, these persons can be 

recommended another person to be contacted, who, in their opinion, could have more 

competence in this area. 

The IDI studies are not characterised by representative samples of the 

population. For this reason, the selection of respondents to the survey was intentional. 

The main criterion was to ensure the greatest diversity of the participants in terms of 

sectors, types of businesses, handled goods, knowledge of the industry, etc. Moreover, 

the IDI research respondents were representatives of logistics service providers, 

marketplaces, high-level industry experts, researchers and scientists. Expertise in the 

field of logistics e-commerce supported by at least 5 years of professional experience 

were required from the respondents. 

In total, we were able to conduct interviews with 5 people who represented 

different positions in their companies (CEO, executive director, business development 

manager, product manager, researcher, associate professor) from different types of 

entities (see table 1). The research was conducted between November and December 

2020. 

 

Table 1. Characteristics of the experts participating in the interview 

No. Position Type of entity Type of activity Respondent’s 

geographical 

experience 

1. Business Development 

& Senior Operations 

Manager 

E-marketplace Online sales of 

products 

Europe, Asia 

2. Associate Professor  University   Education Asia 

3. International Product 

Manager 

Logistics 

service 

provider 

Logistics Europe, Asia 

4. Executive Director Bank ASEAN insights 

& investments 

Asia 
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No. Position Type of entity Type of activity Respondent’s 

geographical 

experience 

5. CEO Logistics 

service 

provider 

Fulfilment Europe, Asia 

Source: own elaboration 

 

Each interview started with a presentation of the purpose of the survey, the name 

of the project and information for which institution the survey was conducted. The 

participants were asked to express their opinions and give answers in a reasonably 

concrete way. If some questions could not be answered, the respondents were allowed 

to skip them. Some of the respondents entered their answers directly to the 

questionnaire forms, and some were interviewed. In the latter case, the form was filled 

in by the author during and after personal or telephone interviews. 

All the completed questionnaires were be analysed based on the generally 

accepted qualitative inductive approach. The analysis will consist in reading the 

answers several times in order to understand the relationships between them. After the 

analysis, the answers were synthesized and the most important fragments, in the 

author’s opinion, were selected. 

 

4.2. Results 

 

The first issue in the questionnaire concerned presenting the level of e-commerce 

in Southeast Asia and the difference between e-commerce in this region and other 

regions in the world (Europe, USA etc.). One of the respondent remarked that  

“e-commerce in Asia is treated as one of the most technologically advanced markets 

in the world, both in terms of areas of typical e-shops or marketplaces, but also in 

terms of food supply, e-services and many aspects of social life”. The experts 

unanimously admitted that the Southeast Asia region is an area with high potential for  

e-commerce growth. “It has grown tremendously and further rapid growth is expected. 

According to Google, Temasek, Bain report gross merchandise value is expected to 

triple by 2025” – said one of the experts. Another respondent even noticed: “Asian 

markets are developing at a much faster rate than the rest of the world. This is also 

related to mobility (smart phones) and the culture of a non-cash society. An important 

element is the infrastructure itself (logistics), which seems to be the engine of  

e-commerce. In the EU and the USA many solutions are ‘ancient’ compared to the 

region. It has to be admitted that the solutions, the facilitation of purchasing (advanced 

algorithms) are at a higher stage of development in this part of the world”.  

With regard to the second part of this question (the difference between  

e-commerce in this region) one of the experts emphasized, that: “It is difficult to 

generalise about the Southeast Asian market, because each of these countries is 

different and has different barriers. Some are insular, some have large areas, and 

others have very limited areas to do business. A common problem is certainly the lack 

of good infrastructure for transporting goods”. “For example, Singapore has a high-
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level e-commerce system such as payment and logistics. In contrast, customs 

clearance in Thailand is taking a very long time, so improvement is urgent. In 

countries that mainly use non-bank payment methods, such as Vietnam and the 

Philippines, there is friction between sellers and buyers due to COD payments during 

e-commerce payments” – said another expert. This diversity is also highlighted by 

another expert: “Due to its wealth of inhabitants and very limited areas (i.e. high 

costs), e-commerce in Singapore is highly developed along the entire supply chain. 

Singaporeans mainly do their shopping in China (cheap products), in Malaysia with 

which they are neighbours or in the USA (luxury goods). Other countries (such as 

Malaysia and Thailand) are not so rich, they have long distances, so e-commerce is 

not so developed in them. There is no good network of last mile services, so courier 

services are expensive and are not carried out so quickly”.  

The second question was related to the most important drives for the e-commerce 

growth Southeast Asia. The experts most often listed: growing middle income, on-

going development of internet and fulfillment infrastructure and solutions. “The 

population is therefore mainly richer and more and more in demand. Asian countries 

are increasingly trying not only to be copies of solutions and technologies, but also to 

invent their own technologies and solutions, which are then copied by many 

competing companies. As a result, technology is quickly becoming widespread and 

cheap.  Although in these poorer countries, I have noticed that the economy is still 

based on micro-business, small local shops and there are no dominant e-commerce 

platforms yet” – said one of the expert. 

The next question concerned the most important trends in e-commerce logistics 

in Southeast Asia. One expert pointed out: „Recently, the most important trend related 

to e-commerce logistics in Southeast Asia is the increasing demand for fast delivery 

of overseas purchases. Southeast Asian customers use global e-commerce platforms 

such as Shopee, Lazada, and Amazon to purchase overseas goods more often and to 

diversify the types of goods they purchase. They prefer places that deliver products of 

various weights and volumes such as food, household goods, and exercise goods 

safely and quickly”. Another respondent confirmed it: “Speed of delivery is a priority. 

Another important element is the return of products. Both things come down to last 

mile logistics”. The next respondent paid attention to the “increased groceries 

shopping provides greater volumes for e-commerce logistics”. The experts pointed 

out a very strong emphasis on the development of IoT and AI: “I see a significant 

technological leap forward for this region in relation to the solutions of Europe and 

the USA, e.g. it manifests itself in a different way of payment (payment by phone vs. 

payment cards). As far as e-commerce logistics is concerned, while technological 

development is very advanced, physical logistics is still very backward. There are no 

modern warehouses, no modern car fleets, no road infrastructure, etc. Of course, there 

are modern warehouses, but there is no such infrastructure in the whole country”. 

Then, the experts indicated how the COVID-19 pandemic has affected e-

commerce in Southeast Asia. The supply chain that has been developed over the years 

was broken. This has resulted in the need to seek to improve this part of the business. 

“COVID-19 has caused a surge in e-commerce. Given restrictions in movement and 

potential concerns with exposure, consumers have taken to digital channels to get their 

shopping done. During the strictest periods, consumers started to move orders to more 
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basic items such as groceries and household items. Google, Temasek, Bain report 

indicated that ASEAN added 40 million Internet users in 2020 and 94% of new users 

will stay” – stressed one of the experts. “Due to the increasing demand for ASEAN e-

commerce, overseas sellers' interest in sales to the ASEAN region has increased. For 

example, the demand for products from overseas countries such as Korea and Japan 

has been very high, and in fact, sales of Korean sellers to ASEAN are increasing very 

rapidly. However, there is a problem that delivery is very delayed due to insufficient 

transportation services to meet the explosive logistics demand. In some countries, due 

to problems such as the occurrence of COVID-19 confirmed cases and illegal cargo, 

it takes a very long time for customs clearance, increasing user inconvenience” – 

another expert noticed. “I think that the COVID-19 pandemic will have the greatest 

impact on e-commerce in the next two years. It is this pandemic which is the source 

of much accelerated progress in the digitisation of sales. The beneficiaries of this 

situation will be logistics service providers, as well as those companies which have 

been successfully gaining sales experience for a good few years” – claimed one of the 

experts. 

Another effect of the COVID-19 pandemic is purchasing trends and customer 

behaviour. “Many product categories have remained in the same position in the sales 

rankings and some have changed their position, e.g. products from the 'home' category 

are often simply not available because there were too many orders. The same was of 

course true of the 'health' category. Some manufacturers simply did not keep up with 

production and orders. All this is now being improved. The e-commerce industry was 

too confident until the pandemic. A number of strategies and B plans are now being 

introduced to ensure the continuity of the 'no matter what' business” – one of the expert 

said. 

The next question concerned the opportunities and threats for logistics in the 

Southeast Asia region in the face of COVID-19. The experts agreed that the pandemic 

caused growing business opportunity for e-commerce: „First of all, as the intact life 

continued, demand for e-commerce increased significantly, and as a result, logistics 

infrastructure such as fulfillment centres are being introduced faster than expected”. 

But at the same time, the experts notice that the threatening side is also increasing: 

“The key threat related to COVID-19 is disruption to logistics operations. If the ports, 

airports close or if there are disruptions to the delivery vehicles, the delivery 

operations potentially could grind to a stop.  Besides negative customer experiences, 

the cost of holding or storing the goods incurs additional cost. Should there be lost 

items or pilferage, the potential losses could be substantial“. Another expert noticed 

other problems: „For example, if an employee of a logistics company is confirmed 

with COVID-19, there is a delay in delivery, which can damage both buyers and 

sellers. In addition, the fact that logistics services that can satisfy both buyers and 

sellers have not yet been provided in the event of problems such as returns or after-

sales as the number of products purchased abroad increases, which can hinder further 

market growth”. 

The next question was about the features of logistics in Southeast Asian fostering 

e-commerce development and improving regional economic integration. “During the 

pandemic, we have learned a lot about the logistics and improvement of this part of 

the sector. We also know that you should not rely on just one local logistics partner. 
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It is worth expanding this network continuously” – said one of the expert. “It is of 

utmost importance to close the gap in the level of logistics systems and infrastructure 

by country. It is necessary to establish a joint logistics warehouse or a joint logistics 

system that can be used jointly by e-commerce business operators. It is also an 

important factor that real-time freight tracking is possible through information sharing 

with local logistics companies and global logistics companies” – another expert 

added. 

Next, the respondents were asked about measures which can be taken to support 

logistics to meet the requirements of e-commerce. The experts mainly draw attention 

to customs issues: “There is a need to ease regulations on customs clearance of e-

commerce goods. For counterfeit goods and illegal transactions, it is necessary to 

introduce a system with high accuracy and speed through cooperation between 

countries and to discuss related systems”. “In order to e-commerce to grow in 

Southeast Asia, it is necessary to quickly clear customs for e-commerce items. 

Second, a payment system that is advantageous for overseas payments and settlements 

should be utilized in all countries. Third, high-level logistics services should be 

provided without risk of loss or damage. Finally, a stable logistics network that can 

reach customers within a certain period is needed” – one of the experts clearly 

emphasized. “National and regional efforts to standardize track and trace data formats 

and systems at the parcel level would be helpful“– the next expert added. 

The last question concerned environmental aspects taken into account in e-

commerce in Southeast Asian. According to one of the expert: “With the increase in 

e-commerce transactions, the use of one-off products to protect products such as paper 

boxes and packaging is increasing. This can lead to environmental problems that 

increase waste that is difficult to recycle. There is a need for a system that encourages 

and incentivizes the use of durable, lightweight and eco-friendly packaging materials 

for companies with large volumes of traffic”. Awareness and attitudes towards 

ecology are at a very different level which was confirmed by the opinion of one 

respondent: “It varies from company to company. The more enlightened players are 

moving towards reducing their carbon ‘footprint’ for transportation.  They developed 

a view on the future of packaging and how to make it more environmentally friendly“. 

One of the respondents remarked: „The largest marketplaces carry out a range of 

environmental activities, mainly through vendor education, but no less importantly, 

through continuous improvement of global supply chains, consolidating cargo to 

make even more use of space and using the best local solutions in each target country 

with the greatest sales potential. But can we talk about a truly green approach? Daily 

practices in many warehouses in Asia are no longer different from those used in 

Europe, such as re-use of packaging, use of paper packaging tapes, etc. The standards 

in this part of the world are based on pragmatism, maximising profit while minimising 

costs”. 

 

 

5. CONCLUSIONS 

 

The very rapid development of e-commerce is a great opportunity for many 

economies in the world, especially for Asian countries. Southeast Asia is one of the 
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fastest growing regions in the world in terms of e-commerce. Due to its large 

population, increasing mobility and the popularity of mobile devices, this region is 

regarded as a very attractive market for both smaller local players and global 

companies. The latter have recently invested a lot of money in local businesses and 

logistics infrastructure. These incentives have a major impact on the region, as they 

increase its dynamism and lead to competition between e-shops and, consequently, to 

a reduction in costs and an improvement in the quality of services for customers. 

Moreover, it is an incentive for other companies to consider entering this market. 

One of the key values in e-commerce is logistics. This is confirmed by the words 

of one of the experts who took part in the study: “Consumers perception of e-

commerce will continue to be tied to the logistics experience and will potential be the 

key determinant on who does better in e-commerce. In other words, consumers are 

likely to equate a brand’s success in e-commerce to its ability to deliver a positive 

logistics experience”. 

The conducted research have shown that measures are needed to support logistics 

to meet the demands of e-commerce. 

Some limitations and future work should be identified in our research. Our work 

is based on a qualitative method, therefore the research results cannot be generalised. 

However, they are the first stage of research, on the basis of which further types of 

investigation may be prepared. One of them is research using the quantitative method, 

the results of which will enable hypotheses testing. 
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Abstract  

 

The covid-19 pandemic has caused a major effect on the manufacturing industry 

all over the world. At the same time, the concept of digital manufacturing called 

Industry 4.0 (I40) marks its tenth year of presence and availability on the market. The 

purpose of this paper is to provide an overview of current findings on the impact of 

the pandemic on the digitization of the manufacturing industry and compare the world 

results with the research conducted in Croatian manufacturing companies. For the 

worldwide state-of-art contributions, the review of papers published in Web of 

Science database is conducted, while for the impact on Croatian companies, authors 

have conducted a research in 53 local companies, as online questionnaire. The results 

have statistically been analysed and most significant results have shown that, unlike 

the rest of the world, most of the Croatian manufacturing companies yet aren't familiar 

with digital manufacturing concept, while the pandemic had a mild influence on their 

businesses. In the world, the pandemic has caused the change in perception of the 

need for I40 and enhanced digitization. Half of the Croatian participants haven’t yet 

heard of the new digital manufacturing concept strategy and don’t consider 

implementing it soon. The pandemic hasn’t changed their perception, while most of 

the digital technologies implemented were only the ones that enable remote working 

while only a few implemented advanced I40 elements such as digital twin. The 

pandemic has caused mild disruptions in the supply chain, but most of the 

manufacturing companies managed to fulfil the business goals set at the beginning of 

2020. Practical and social implication was to built framework for the future strategic 

development of Croatian manufacturing companies, while also this is the beginning 

point for the future research expansion to other countries of Balkan region, but also to 

service-oriented industry.  

mailto:maja.trste@gmail.com
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1. INTRODUCTION  

 

The concept of digital manufacturing, in Europe often called Industry 4.0, has 

been presented ten years ago and ever since has remained somewhat a goal of every 

manufacturing company. Flexibility and real-time data analysis within the complex 

cyber-physical systems enables market competitiveness but also the fast and accurate 

reaction on dynamic markets and unexpected changes. The year 2020 has brought the 

most unexpected change - COVID-19 pandemic and restrictive lockdowns all over 

the world. The impacts of it could vary, depending on the industrial sector. The need 

for remote working and travel disruptions demand the implementation of new digital 

technologies and require changes in the usual working environment. Before the 

pandemic, the research conducted in Croatian metal machining companies revealed 

that only 54% of the participants were familiar with I40 (Trstenjak et al. 2020) while 

the research from 2015 revealed the readiness level of 2.15 for Croatian 

manufacturing companies which represents the fact that in average, many companies 

haven’t reached and implemented technology of 3rd industrial revolution (Veza et al., 

2015). 

High financial demands, specific knowledge requirements and overall change of 

the working environment were one of the reasons and main barriers in I40 

implementation (Vuksanović Herceg et al., 2020). After a year in a pandemic that 

required innovative skills in work planning and organization, there might be an 

unexpected change in perception of I40, but also in the level of digital development. 

This has motivated the research with the following as the main research questions and 

objectives: 

RQ1: Has the COVID-19 pandemic accelerated digitalization in manufacturing 

companies? 

RQ2: Were the companies that are more familiar with Industry 4.0 and at a 

higher development level more successful in overcoming the pandemic obstacles? 

RQ3: How has the COVID-19 pandemic impacted the supply chain? 

 

 

2. LITERATURE REVIEW  
 

Literature review was provided by Web of Science database research, to provide 

the most relevant and accurate results in the field. The research by keywords “industry 

4.0” OR “manufacturing” AND “covid-19” OR “coronavirus” OR “pandemic”.  

The studies on the impact of the pandemic on manufacturing can be grouped by 

several mutual characteristics. Those published in 2020 mostly deal with the 

predictions and study the usage of modern technology in manufacturing and the 

impact of pandemics on the organizational level. Global researches of leading 

consulting companies deal with the perception of I40 by the manufacturing industry 
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and the level of implementation of digital technologies caused by the COVID-19 

pandemic. 

Ibrahim et al. (2021) have mentioned the importance of 3D printing (additive 

technologies) during the pandemic, with the rapid development and increased usage. 

The biggest usage was found in medical equipment, from oxygenation equipment to 

non-invasive and invasive ventilatory felt, as well as innovative solutions for infection 

control. They claim that this has caused the rapid reconfiguration of the traditional 

supply chain while the efforts might limit the impact of this and future pandemics. By 

the study of Longhitano et al. (2021), this kind of technology might be used very often 

in the future for emergency cases. Mathew et al. (2021) see 3D printed objects as a 

good solution in supply shortages or delays resulting from governmental policies. 

They also discuss the use of antimicrobial materials in additive manufacturing which 

is one of the innovative approaches in protection against pandemics.  

Zhu & Liu (2021) have discussed the impact of pandemics in the sharing 

economy, which is one of the most affected sectors, because of the psychological 

component of fear within their customers. The prices of this kind of service are now 

lower due to smaller demand, except for the delivery sector, which has increased their 

demands and revenues. The pandemic has also presented a new form of sharing 

economy: shared employees. This means that the employees from companies that are 

very affected by the pandemic go to companies that have higher demand during the 

pandemic. 

Ibn-Mohammed et al. (2021) saw an opportunity for a more resilient, low-carbon 

economy. The rethinking of the global economic model is needed, to create a more 

sustainable one towards the characteristics of a circular economy.   

As for the supply chains, most of the companies, due to airway and waterway 

disruptions have now relied on roadway transport where the disruptions were caused 

by local regulations and health problems of the drivers. Tolosa & Celis (2020) 

mentioned the importance of the health and safety of workers and the importance of 

investments in this segment. Also, they noticed the different dynamics of the goods 

distribution and demand within the single type of industry. A similar trend, but in the 

consumer electronics market was noticed by Coughlin (2021). 

 That is why lean manufacturing principles, which were shown as very useful 

before the pandemic, may seem as vulnerabilities today. Due to supply chain 

disruptions, they also suggest the implementation of circular economy principles. On 

the other hand, Lin-Gibson & Srinivasan (2020) claim that standardisation might 

improve productivity in the biotechnology industry and result in rapid developments 

of new projects. Greener manufacturing and modification of national strategies were 

also inspired by the decrease of PM, as the most dominant pollutant in the world due 

to the lockdown (Huang et al., 2020). 

To make a good response to unexpected events in the dynamic market, an 

innovative approach towards manufacturing is needed. Saleeby et al. (2020) explored 

the rapid retooling and benefits of hybrid manufacturing processes which increase the 

flexibility of the manufacturing system to make a response in the shorter time possible.  

Brooks & Roy (2020) mention the importance of self-engineering systems which 

automatically respond to “return lost functionality and improve product resilience 
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without human intervention”. The focus is set to self-healing materials, self-

reconfiguring electronics, and self-adapting robotics.  

Diaz-Elsayed et al. (2020a) suggest that the companies in the post-COVID-19 

era have to operate at high technology level in the times of stability, but also be 

flexible enough to make quick and correct responses in the time of crisis. One of the 

solutions for supply chain shortages is supporting local suppliers but also providing 

accurate asset mapping, which was proven to be efficient at the US/Mexico Border 

region. Online product marketplaces, which also rely on complex digital technologies, 

have proven to be an innovative solution for supply chain disruptions (Haapala et al., 

2020).  

Wuest et al. (2020) discussed the rapid introduction of digital technologies to the 

workplace and the adoption of the workforce to it. They mention the rise of “Operator 

4.0” as one of the key elements in an unexpected digital transformation strategy, 

which also has to be beneficial in the long-term. Digital technologies not only enable 

remote working, but also they keep the workers safe. The perception of I40 of the 

workforce has therefore changed, but yet the fear about the future, post-pandemic, job 

possibilities remained. They also mention the gap between the “white” and “blue” 

collar jobs, which is now wider, which can also be understood as one of the challenges 

for the future in terms of workers’ motivation and feeling of personal safety.  

Terry et al. (2020) emphasise the fragility of the supply chains, with the 

suggestion of flexible smart automated technologies use as a good assistance in the 

recovery, while Diaz-Elsayed et al. (2020b) are relating pandemic to possible future 

disasters due to climate changes so digital and sustainable manufacturing principles 

might be solution for quick and efficient adaptation to new disasters, or its avoidance. 

Huang (2020) suggests that in achieving a sustainable system, complex decision-

making analysis and methodologies should be used. Li et al. (2020) enhance the 

importance of creating a safe environment by automated manufacturing assets “which 

are monitored by the networked sensors and controlled by the intelligent decision-

making algorithm”. Adaptive planning is one of the key elements of new digital 

system, which, combined with AI technologies and sustainable principles, can be 

useful is unexpected situations like the pandemic.  

McKinsey and Co. in their annual reports (Agrawal et al., 2021 & 2020) consider 

pandemics as an inflection point for I40. The manufacturing companies were forced 

to implement certain digital technologies and were facing rapid changes that require 

financial investments. Those who have adopted those technologies before the 

pandemics were more flexible which resulted with higher adaptivity level to sudden 

changes on the dynamic market and the disruptions in the supply chains. Those who 

were avoiding implementing a new digital concept in their manufacturing process 

were left unprepared and had a very hard time in adapting to the pandemic conditions. 

At the same time, digitization was aggravated because of travel restrictions and cash 

constraints. In 2019 the biggest challenge was the lack of people, skills and 

knowledge, in 2020 it was the lack of funding because of COVID-19 pandemic. 

Agility and flexibility have now become higher strategic priority than cost, while 

biggest focus was set on digital technologies that enable remote work implementation.  
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3. METHODOLOGY 

 

The latest findings in the literature were the motivation to conduct research on 

the impact of COVID-19 pandemic in the Croatian manufacturing industry. The 

research was based on the following research questions: 

RQ1: Has the perception of Industry 4.0 and digital technologies in the Croatian 

manufacturing changed due to the pandemic? 

RQ2: Did the pandemic force the Croatian manufacturers to implement 

additional digital technologies due the pandemic? 

RQ3: What kind of impact had the pandemic had on the supply chains of 

Croatian manufacturers? 

The research was conducted through an online questionnaire and the participants 

were selected through an online database of the Croatian chamber of economy. The 

questionnaire was sent to a total of 324 participants and 53 answers were received, 

which makes 16% of the response rate. The questionnaire was formed in the Google 

Forms app and consists of 38 questions. At the first part of the questionnaire, 

participants were asked to give basic answers about their position within the company, 

years of work experience in the field and company size. Second part of the 

questionnaire is formed with questions about their familiarity and perception of I40 

concept and impact of pandemics on their work and supply chain. The questions were 

simple to answer, most of them based on the Likert scale from 1 to 5 while others 

were simple YES or NO questions. 53.7% participants were from medium companies, 

25.9% from large, 16.7% from small and 1.9% from micro and craft companies. 

 

 

4. RESULTS AND DISCUSSION 

  

At the very beginning, one of the most interesting results was the fact that only 

50% of the participants are familiar with the I40 concept. McKinsey and Co. research 

results claim that those already familiar with I40 and those who have implemented it 

fully or partially were the ones that weren’t affected with the pandemics as much as 

those who haven’t (Furtado et al., 2020). However, representers of Croatian 

manufacturing companies claim that they have fulfilled most of the goals set at the 

beginning of 2020. The average grade was 3.62 it can be concluded that the pandemics 

hasn’t affected radically but mildly. On the contrary, those companies that are familiar 

with I40 were more affected than those who aren’t, with an average grade of 3.48/3.77. 

The mild effect on their position on the market was also noticed. The participants have 

rated this segment with 3.21. With the thought of quick digital transformation needed 

because of new rules of the working environment and the need for remote working, 

this also hasn’t encouraged the digital transition. The average grade of new digital 

technologies implementation rate was low 2.49 with extremely little difference 

between those who are familiar and those who aren’t with I40 concept. At the same 

time, they haven’t changed their production organisation, with an average grade of 

2.40, where 1 means no changes at all and 5 the need for complete change and 

reorganisation. Their perception of average digitization rate (Figure 1) before the 

pandemics was 3.09 - 3.41 of those familiar with I40 and 2.77 of those who aren’t. At 
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the same time, both groups consider that their company is more digitised today, with 

an average grade of 3.38. The implementation of new digital technologies had caused 

a resistance within the workers, rated with 3.34. Again, those companies familiar with 

I40 had lower rate of resistance (3.15) and those unfamiliar higher 3.54. 

 

Figure 1. Perception of estimated level of digitization before the pandemic and today 

 
 

 

Figure 2. Implementation of digital technologies due COVID-19 in Croatian 

companies 

 
 

As shown in Figure 2, most companies have invested in internet access to data 

for remote working, followed by videoconference software. Pandemic was an 

encouragement to implement ERP systems for 15% of the participants, while only 8% 

have invested in digital twin or simulation software. Only 3% invested in 

implementation of sensors. It can be concluded that the companies, in most cases, 

have implemented only elements of I40 that were needed in order to keep the work 

running during the lockdowns and travel restrictions, but the more advanced elements 

of I40 were rarely invested in, which means that the pandemic wasn’t a motivation 

for complete digital transformation in most cases. 
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Figure 3. Supply chain disruptions due COVID-19 in Croatian companies 

 
 

As shown in Figure 3, supply chains were affected only partially in most cases. 

Only 9% haven’t had any disruptions of the supply chain, while 13% had total 

disruption of the value chain. Delivery process of their products, according to their 

perception, hasn’t had as many delays as the delivery of the raw material and resources 

(Figure 4) 

 

Figure 4. Delays in supply chain due COVID-19 in Croatian companies 

 
 

Product delivery delays were rated on average with 2.43 while the raw material and 

resources with 3.04, but it hasn’t had as big an effect on their manufacturing process 

(rated with 2.83). Those familiar with I40 had a bigger effect of delays on 

manufacturing (3.07) than the unfamiliar ones 2.58. Those delays haven’t made them 

implement any new digital technology, nor made them to start the collaboration with 

the local suppliers more (1.79). Regarding the perception of moderate influence on 

the supply chain, the pandemic has caused unexpected costs, rated with 3.15. Many 

of them got financial support from the local government (62%), but only few of them 

used it to upgrade the digital technologies of the company (4%). 
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5. FRAMEWORK OF FUTURE STRATEGIC DEVELOPMENT 

 

The results have shown a slight difference between the global research and the 

current situation in the Croatian manufacturing companies. One of the biggest 

challenges in the digitization is the fact that half of them aren’t familiar with I40, 

therefore they can’t have any strategic vision for the digital transition in the near 

future. Their perception of the future development wasn’t examined, so that the 

correlation between the ambition of the market competitiveness level and the path of 

their future development can’t be predicted, but from the impact and reaction to 

COVID-19 pandemic several conclusions can be given. The conclusion is that most 

of the Croatian companies weren’t as affected with the consequences of the pandemic 

as those in the world, but also their awareness of the importance of existence and use 

of digital technologies in their working environment hasn’t changed radically because 

of the current situation. Most of their goals that were set at the beginning of 2020 they 

managed to achieve, while the delays in the delivery of their products has also been 

minimized. On the other hand, the delays in the delivery of the raw material and other 

resources were more present, but this judgement can be very subjective, because of 

the possible reputation of the company in the public. The disruptions of supply chain 

were partially present, but this hasn’t inspired the company leaders to implement the 

digital technologies. The local government has given the financial support to most of 

the participants, but not many of them used it for the digital transformation, which is 

the proof that there yet isn’t any digital strategy within the most of the companies, nor 

the digital manufacturing concept is being recognized as the solution for the dynamic 

and unpredictable situation due the pandemic. 

With this in mind, this is why the strategy for the near future development of the 

manufacturing companies can be formed so that the companies could remain 

competitive in the post-pandemic era. The following segments are the basis of the I40 

and simple key points (basis) to implement for the healthy and successful future 

development of Croatian manufacturing companies:  

 Education of workers. Primarily, the awareness about the benefits of I40 

should be raised. The education should begin with upper and middle 

management so that they could define the future predictions for the 

companies’ position on the market and how the digital technologies enhance 

their competitiveness level. The optimal transformational plan is to be 

defined next, personalized and detailed, it avoids the possibility of possible 

failures in the future state of the company which can easily cause very high 

financial loss.   

 Cloud Computing. Without the presence of the advanced internet 

infrastructure digital transformation of any kind wouldn’t be possible. Strong 

and stable high-speed internet connection is essential for implementation of 

every other I40 internet. Appropriate internet infrastructure doesn’t only 

depend on the manufacturer, but also on the local government who can and 

has to provide part of infrastructure. Procedures and online processes enable 
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the easier remote working and quicker reaction of the process supervisors 

and data availability.  

 Cyber Security. After the implementation of cloud computing, one of the 

biggest challenges for every company which has accepted the digital 

manufacturing concept is the safety of data on the cloud. Entire know-how 

of the company is now available online and subject to possible theft, but also 

once the control of the current running processes is also available online, 

someone can interact with the manufacturing in the real time and cause much 

damage. 

 Horizontal and vertical integration. Horizontal integration enables the 

control of the manufacturing processes in the real time while the vertical 

integration enables the simple and accurate data flow within the entire 

company, standardisation and better correlation between the organisation 

and planning and physical manufacturing.  

 Continuous improvement and innovation environment. The principles of lean 

manufacturing and the culture of continuous improvement can be very 

helpful in the transitional period, but also as a beneficial addition to smart 

digital factories. The continuous improvement combined with the innovation 

environment can improve the flexibility and is one of the essential elements 

for the market competitiveness. 

 

 

6. CONCLUSION 

 

The COVID-19 has not only changed everyday life but also the manufacturing 

process and industrial organization. The digitalization in terms of Industry 4.0 has 

been known and available on the market for ten years now, but yet not many 

companies have accepted the new manufacturing concept and implemented the digital 

technologies in their system. The remote working due to the pandemic has changed 

the perception of I40 in the global companies but in Croatia the radical changes aren’t 

noticed. On the global level, those who have partially implemented digital 

technologies remained more flexible and therefore more adaptive to the new and 

unexpected consequences of dynamic and unpredictable markets. Those who haven’t 

were left behind and gained more loss than their digital competitors. The research 

results conducted in 53 Croatian manufacturing companies showed that half of them 

today aren’t even familiar with the I40 concept, which means that digital 

transformation, at this point, can’t be, their top strategic priority, as it should be, by 

global trends. The pandemic hasn’t made them in general to accelerate the digital 

transformation or to partially implement certain digital technologies which would 

enable them the remote work, apart from the standard videoconferences software, 

which provides an answer to RQ1. Only few of the participants were triggered by the 

pandemics and realized the importance of Cloud Computing, ERP system and Internet 
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of Things, but in general, the familiarity with I40 haven’t influenced the 

resourcefulness during the pandemics, which answers RQ2. The impact of the 

lockdown can be seen in disruptions of their supply chains, but yet they claim that the 

distribution of final products wasn’t as affected as the raw material and resources 

distribution, which answers RQ3. 

The resistance towards digitization is most of the time result of underestimation 

and unawareness of its benefits. Therefore it is very important to put enhance on the 

education of workers on every level in organization. Another very important solution 

is the support from the local government, on financial, infrastructural and 

administration level. The local policies are one of the many barriers which impacts 

the Industry 4.0 concept, and after the "forced" and partial implementation of certain 

digital technologies due the pandemic, this can be one of the solutions for the healthy 

future development not only of the single manufacturers, but also the entire 

geographical region. 

For future work, it is recommended to study the impact of the company size and 

regional affiliation on their perception of I40 after the pandemics. Another path of 

future research can be the definition of the framework of the strategic transformation, 

provided by global results and adapted to regional needs and infrastructure. 
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Abstract 

 

The aim of the study is to show what challenges the actors of the food supply 

chains faced with during 2020 in Hungary as a result of the COVID-19 pandemic and 

how they were able to deal with them. 
This research applies a qualitative methodology and semi-structured interviews 

were conducted with actors in the food supply chain to sum up the observations in a 

case study. The authors targeted raw material producers, processors, a retailer and a 

logistics service provider specialized in the food sector to understand what problems 

have arisen at supply chain level and how they can be addressed, and what impact 

they have had on the actors. The authors have also identified a special-origin bullwhip 

effect experienced by the different food supply chain members. 

The food industry plays a vital role in supplying the population and this has 

grown as a result of the epidemic. However, according to current assumption, some 

sub-sectors were not equally affected by the crisis: consumption shifted towards 

cheaper, basic foods, while demand for expensive and / or luxury products declined 

(e.g. chocolate). At the same time, the reorganization of final customers' consumption 

and the increasing household consumption could not offset the lost sales volume due 

to the closure of the Hotel, Restaurant and Catering (Horeca) sector. Overall, the 

Hungarian food industry has successfully overcome the effects of COVID-19, its 

political judgement has strengthened, and the importance of the country's ability to 

self-sufficiency with food has increased. In the upcoming period, domestic and 

European Union subsidies to support agricultural and food industry investments will 

also help funding this endeavour. 
 

Key words: COVID-19, supply chain, food industry, bullwhip-effect 
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1. INTRODUCTION  
 

The aim of the study is to show the impact of the 2020 COVID-19 pandemic on 

the food supply chain in Hungary. During the pandemic period, the importance of the 

food industry was demonstrated, countries realized its strategic importance, the 

importance of self-sufficiency was highlighted, which together led to the sector's 

revaluation.  

 Although the food industry produces products that are essential for the supply 

of the population, the sub-sectors have been affected in different ways and to different 

degrees by the pandemic. The aim of this research is to review the main food sub-

sectors (meat, dairy, fruit and vegetable processing and bakery & pasta), focusing on 

processors, in some cases producers, and other actors linked to the sector, such as food 

retailers, logistics service providers active in the food industry. In this research, the 

impact of the pandemic, the challenges the actors faced with in the chain, the solutions 

found are explored, and whether patterns, similarities and differences can be identified 

between the responses.  

 The research question is: what effects did supply chain actors perceive on the 

demand and supply side as a result of the pandemic, and how did they manage to cope 

with it? Another important question is how did actors manage the inevitable bullwhip 

effect of panic buying in spring 2020? Structure of the analysis is shown in Figure 1. 

 
Figure 1. Structure of the research 

 
Source: own edition 

 
To answer the research questions, case study methodology is used based on 

semi-structured in-depth interviews and company data. Authors interviewed trade 

associations representing the above-mentioned sub-sectors to gain insight into the 

current state of play in each sector. After that, the authors then contacted the 

companies and interviewed their top management. Logistics service providers and 

retailers with an interest in the food industry were also interviewed, reinforcing the 

supply chain approach. In addition to the primary research, also secondary data was 

used, collecting data from companies' annual reports for the last three years.  

 In the following chapters of the paper, the authors review the role of the food 

industry in the world and in Hungary, and the impact of the pandemic on the food 
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industry. A separate chapter deals with the methodology of the research and a brief 

introduction of the companies studied, followed by the results of the interviews and 

secondary data and the conclusions. The authors also mention the practical 

implications of the findings, the limitations of the research results and the scope for 

further research. 

 

 

2. LITERATURE REVIEW  
 

2.1. Role of food industry in the world 

 

The food industry is a special industry, as it is responsible for the basic nutrient 

supply of mankind, producing a basic economic product. Also, according to Maslow's 

hierarchy of needs (Maslow, 1943), until the physiological needs of an individual are 

met, he or she cannot progress towards self-actualization. The largest agricultural 

production is typically in countries with large areas (USA, India, China), the same is 

true for the food industry in general, i.e. the largest food producing countries 

according to FAOSTAT (2021) are China, India, USA and Brazil (Boyle, 2021).  

 The food industry is the largest manufacturing industry in the European Union, 

with a value added of EUR 266 billion and nearly 5 million employees. The EU is 

currently the world's largest exporter of food products, with exports doubling in recent 

years (European Commission, 2021). According to a study by the European 

Commission (2021), food products produced in the EU are generally competitive and 

of high quality. Yet, the relative competitiveness of the products is declining, due to 

decreasing labour productivity and certain challenges in supply chains (transparency, 

lack of skilled labour, low market integration of member states, etc.).  

  

2.2. Role of food industry in Hungary 

 
The three largest manufacturing industries in Hungary are vehicle 

manufacturing, computer, electronic and optical products manufacturing, and food 

processing (HCSO, 2019a). For years, the food industry in Hungary has contributed 

about 2-2.2% of GDP (HCSO, 2019b). The largest sectors of the domestic food 

industry are meat processing, beverage production, animal feed production, other food 

production (sugar production, confectionery production, etc.), dairy processing and 

fruit and vegetable processing, which accounted for more than 77% of total food 

production in 2019 (HCSO, 2021). Meat processing has been the most important 

sector for many years, accounting for about a quarter of the total value of production. 

In general, food industry production has expanded in the recent years, increasing by 

about 18% overall to EUR 9.2 billion in 2018 compared to 2014. There has also been 

a steady expansion in the sub-sectors since 2014 (HCSO, 2021). The number of people 

employed in the food industry is also significant, accounting for around 149,500 in 

2019 (IAE, 2019). The growth in export sales is remarkable, increasing by 20% 
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between 2014 and 2019 (IAE, 2019), with fodder production, milk processing, 

beverage production, meat processing and fruit and vegetable processing being the 

main sectors that have achieved outstanding results. 

Considering the numerous sub-sectors of the entire food industry, in the current 

research the authors focus on the ones which produce basic foodstuff: meat 

processing, dairy, fruit and vegetable processing as well as pasta and bakery 

production.  

 
2.3. Effect of COVID-19 pandemic on food industry 

 

Despite the fact that the pandemic is far from over, the international literature on 

Covid-19 is also growing in number (Nakat and Bou-Mitri, 2021; Éliás and Jámbor, 

2021; Galanakis, 2020; Rizou et al., 2020).   

 Studies related to the epidemic can be found in the domestic literature (e.g., the 

study of the food SME sector during the epidemic, Madari, 2021; the study of the 

exposure of the Hungarian economy, Koppány, 2020), but these works are limited in 

number and either do not focus specifically on the food industry or do not focus on 

supply chains. It is therefore an interesting question to look at the impacts of the 

COVID-19 on food supply chains operating specifically in the country under study.  

 Nakat and Bou-Mitri (2021) present a recent literature review on the impact of 

COVID-19 on the food industry. They analysed recommendations from both 

governmental and non-governmental, but specialised institutional websites, then 

categorised the recommendations into three basic categories and searched for studies 

available in the literature alongside these categories. The three basic areas of concern 

during an epidemic are (1) maintaining the smooth functioning of food supply chains 

while protecting the health of the workforce, (2) food safety and (3) meeting high 

consumer demands. An important conclusion is the adaptation of food supply chains 

to a new order which enjoys the confidence of all its actors, including the suppliers, 

the manufacturing company, the distributors and finally, the consumers. 

Specifically in their study, Rizou et al. (2020) focus on food safety in food supply 

chains. They found that along the entire supply chain, actors have to face with various 

challenges caused by the virus concerning processing, transportation, distribution and 

working conditions.  

Despite the fact that the authorities do not take as risk the potential spread of the 

virus in the different stages of food production and in its environment, the adverse 

effects of the pandemic on the environment, on people and on the processes are 

evident (Rizou et al., 2020). The authors conclude that additional checkpoints, 

measurements and rigorous protocols are needed at the supply chain level to avoid 

negative impacts (Éliás and Jámbor, 2021). In many cases, Industry 4.0 tools can help 

supply chain actors to find the right solution (Galanakis, 2020).  

 Another important question is whether the changes in food supply chains that 

have been forced by the epidemic will be sustained in long term (Hobbs, 2020). 

According to the author, both on the demand side (panic buying, changed consumer 
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demands, changed demand structure due to the loss of Horeca) and the supply side 

(loss of labour, problems in transporting goods even due to closed borders), food 

supply chains have been hit by the epidemic. The author considers two main directions 

to become sustainable in the long term: the strengthening of the online food retail 

sector and the local food supply chains. 

Overall, the authors believe that current study contributes to the literature and 

knowledge by examining the impact of COVID-19 on the food industry in a supply 

chain context. The studies reviewed show that the food industry faced the same 

difficulties as other manufacturing sectors (stagnation of supply sources, labour 

shortages), yet, due to the nature of the product, its importance increased, and most 

sub-sectors coped successfully with the challenges, surviving the initial panic. In the 

rest of the article, the supply chain actors studied, and the perceived impacts and 

solutions are presented. 

 

 
3. METHODOLOGY 
 
3.1. Methodology selection 

 
During the research, case study methodology has been adopted for the study. 

According to Yin (2011), case study is an appropriate methodology when researchers 

want to understand how COVID-19 pandemic affects companies and aim to gain a 

better understanding on what and why firms decide and do to mitigate risk, avoid 

disadvantages or exploit advantages. The case studies are not intended to produce 

generalizable or representative results (Denzin and Lincoln, 2011), however they 

might help to identify good practices in the sector and benchmark in problem 

handling. 

To collect data for the case study, authors conducted semi-structured, in-depth 

interviews and searched for secondary data. With the help of an interview the 

researcher can understand the circumstances of a given phenomenon (and through the 

thoughts of an interviewee can understand the company itself), including the aspect 

of the respondent, how he/she sees the world – in this case the COVID-19 pandemic 

effect on the company and supply chain operations (Kvale, 1994). It is also key to 

consciously consider the feasibility and potential limitations of the requirements for 

the validity, reliability and generalizability of the research. According to Kvale a 

qualitative “method validity if it investigates what it aims to investigate, and to the 

extent to which observations reflect the phenomena of interest” (Kvale, 1994. p. 167). 

In this current research consequently, the qualitative interview may be a valid research 

method as the goal was to understand the Covid-19 caused phenomena in the 

Hungarian food sector. Related to the reliability of given source of date it can be said 

that is low due to the wording of a question, the subjective interpretation of the 

interviewer, his/her terminology and preliminary perceptions, which may influence 

the answer. This is the reason why the research hardly could be repeated later by others 

with exactly the same result (Kvale, 1996). In current research to increase reliability, 

the authors prepared the interview questions in advance, the same interview questions 
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were asked from each interviewee. The authors strove to create a list of questions, a 

guideline, trying to avoid usage of special terminology. It is taken into consideration 

that the generalisability of interviews is not high, since the authors only conducted a 

few interviews (see more details in Interview details section of the study) and the 

selection of respondents were not representative (however authors intended to cover 

most of the food industry). It is considered however a significant result since no such 

exploration was made either on supply chain level or in Hungary until now. The main 

contribution is the discovery and understanding of the problem, to gather as many 

opinions to the phenomena as possible, which can be researched in the future in a 

large sample with other types of research methods (Nagy, 2010). 

 
3.2 Interview details 

 
In the research, the authors asked different actors in the supply chain about 

the operational difficulties experienced during the COVID-19 pandemic period 

(2020). The authors had several goals when selecting the interviewees. On the one 

hand, authors deliberately wanted to target the four sub-sectors of the food industry 

in Hungary producing basic foodstuff, such as meat, dairy, preserved vegetable and 

fruit, and bakery and pasta. On the other hand, authors were curious about the different 

experiences of the actors in the supply chain, such as the effects on raw material 

production, processing and retail/distribution. Authors intended to supplement this 

narrow supply chain interpretation with other actors such as logistics providers 

specialized in food industry or trade associations. Totally 13 interviews were 

conducted, the details and distribution of which are shown in Table 1. The names of 

the interviewed companies are treated confidentially upon request and identified by 

code numbers. 

 
Table 1. Interview details  

Company 

ID 

Industry Supply chain 

role 

Position of 

interviewee 

Date of 

interview 

FA1 Vegetable 

production and 

processing 

Raw material 

producer, 

Processor 

CEO 06/05/2021 

FB2 Fruit production 

and processing 

 

Raw material 

producer, 

Processor 

CEO 20/04/2021 

FB3 Vegetable 

processing 

 

Processor Industrial 

Customer 

Service 

Manager 

14/05/2021 

TRF1 Trade association 

of fruit and 

vegetable 
production and 

processing. 

Trade 

association 

Secretary 

general and 

President 

15/04/2021 
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TRS2 Trade association 

of fruit and 

vegetable 

preserving 

Trade 

association 

President 11/05/2021 

TRM3 Trade association 

of meat processing 

Trade 

association 

VP 23/04/2021 

TRC4 Trade association 

of confectionary 

manufacturers 

Trade 

association 

Secretary 

general 

12/04/2021 

PG1 Pasta manufacturer Manufacturer/ 

Processor 

Plant 

manager 

15/12/2020 

MK1 Meat processor Manufacturer/ 

Processor 

Purchasing 

director 

23/04/2021 

MG2 Meat processor Manufacturer/ 

Processor 

CEO 05/05/2021 

DB1 Milk producer Raw material 

producer 

Plant 

manager 

19/01/2021 

LN1 Logistics service 

provider 

specialized in food 

logistics 

Logistics 

service 

provider 

Sales 

manager 

01/04/2021 

RN1 Retailer and 

distributor of coffee 

products 

Retailer, 

Distributor 

Supply 

Chain 

Manager 

27/04/2021 

Source: own edition 

 

The same interview questions were asked during the 60 minutes interviews. 

Because of the pandemic, all interviews were carried out on MS Teams platform. As 

all interviewees were top executives of a given company, they were aware of the 

effects COVID-19 pandemic on the business and were considered relevant sources of 

information. Based on the interviews, a case study can be formulated on what 

challenges the food supply chains faced during 2020 as a result of the virus crisis, as 

well as how they could handle it. 
 

 
4. RESULTS 
 

The aim of this research is to explore, understand and structure the effects of 

the COVID-19 pandemic on the food supply chain. The food supply chain is 

interpreted in this study as shown in Figure 2. Following the literature review and 

interview-based data collection, authors examine the effects of the pandemic on 

different types of actors in the supply chain as well as we distinguish supply and 

demand-side effects. 
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Figure 2. Interpretation of the Food supply chain in the paper 

 
Source: own edition 

 
Based on interviews with the different industry members, the difficulties 

caused by the virus situation can be summarized as follows (Table 2). The structure 

of the table shows the effects experienced by the raw material producers, the 

processors/ manufacturers and the retailers, as well as the logistics service providers 

who service all the three entities mentioned before. The authors did not deal with the 

trade associations because their observations are similar to the company experiences. 

The authors also did not analyse the final customers, because that would require a 

separate study. The summary table also includes both the demand and the supply side 

effects according to Hobbs (2020). 

 
Table 2. Results 

Supply 

chain 

player     
Demand 

side 

effects 

 Horeca sector 

declined, it was 

hard to 

compensate the 

volume 

 Export 

decreased 

 

 Horeca sector 

declined, it was 

hard to 

compensate the 

sales volume 

 Demand for 

confectionary 

and expensive 

products 

declined 

 Increased order 

thanks to panic 

shopping 

 After panic, fall 

in demand in 

May and June 

2020 

 Panic shopping 

in March, April 

and partly in 

May 2020 

 Lack of 

inventory 

 Next to 

traditional 

sales channels, 

online 

shopping 

boosted 

 Lack of online 

delivery 

capacity 

 Increased level 

of online 

 Demand for 

expensive 

products 

declined the %-

based 

transportation 

cost also 

 Cheaper 

transportation 

methods were 

preferred, even 

if it is slower 

(except in 

panic period) 
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 2020 Easter: was 

20% decline in 

demand for 

chocolate 

(bunny, eggs) 

shopping 

remained 

Supply 

side 

effects 

 Shortage in 

packaging 

material supply 

 Increased price 

of packaging 

materials 

 Milk was not 

able to be 

exported, it had 

to be processed 

inland which 

decreased the 

purchase price 

 Low level of 

production (the 

previous year’s 

production is 

remained, e.g. 

frozen fruits) 

 Shortage in 

import raw 

material supply 

(e.g. palm oil, 

cocoa) 

 Shortage in 

packaging 

material supply 

 Increased price 

of packaging 

materials 

 Materials flow 

has broken 

because of 

border lockdown 

 Low level of 

production (the 

previous year’s 

production is 

remained, e.g. 

cans) 

 Rejecting 

customer orders, 

split up available 

inventory 

 Shortage in 

import product 

supply 

 During panic 

period, 

suppliers ran 

out of 

inventory 

 Bigger safety 

stock 

 Price increase 

is predictable 

 

 After border 

lockdown lack 

of international 

drivers 

 Increasing air 

transport prices 

 Increasing sea 

transport prices 

 Lack of 

available 

containers 

 Price increase 

is predictable 

Source: own edition 

 
When summing up the interview experiences, companies faced a variety of 

challenges during the pandemic. At the same time, it was necessary to structure the 

many impacts in some way, and a clear way of doing this was to separate them by 

actor and by demand/supply side. In this way, the authors could gain a deeper insight 

into the impacts, but there were also additional experiences, e.g., on the labour force 

which are not included here, it should be analysed in an additional paper.  

 Some of the experiences were well known and reported in the press, but others were 

sector-specific or less obvious. The latter included e.g., the need to process raw milk 
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domestically due to the impossibility of exporting it, resulting in large quantities of 

the cheapest, most durable UHT milk flooding on the market.  

 

 
5. DISCUSSION 
 

The COVID-19 pandemic has posed a significant challenge for food supply 

chain actors. Demand became uncertain and showed large fluctuations. The wave of 

panic buying in spring 2020 went through the whole supply chain, but not like the 

classic bullwhip effect. It has been derived from the actors’ experiences, they faced 

with a bullwhip effect of a special origin. 

In the classical sense, the bullwhip effect (Forrester, 1958) refers to the 

increasing order fluctuations along the supply chain, starting from the final consumer 

(whose demand fluctuations are essentially balanced) and causing huge order shocks 

up the supply chain. Causes of the bullwhip effect (Lee et al. 1997) may include 

demand forecast updating, order batching, price fluctuation, and rationing and 

shortage gaming. A difference between the pandemic bullwhip effect and the classical 

one is that in this case there was indeed a strong increase in consumer demand for 

food products in the spring of 2020, specifically for basic, durable foodstuff, then, 

when the panic was over, demand dropped, and households started to consume the 

stocked food. This then spilled over and meant significantly increased order volumes 

back up the supply chain to raw and packaging materials suppliers. Meeting these 

multiplied demands caused disruption to the system.  

Classical solutions to mitigate the bullwhip effect include information 

sharing, channel alignment, increasing operational efficiency and altering supply 

chain structure (Lee et al., 1997). The authors analysed the causes of and responses to 

the bullwhip effect caused by the pandemic situation at the level of the individual 

actors in the supply chain. 

In response to the resulting bullwhip effect, some in the industry have sought 

to mitigate it quickly by increasing operational efficiency. Thus, the pasta producer 

(PG1) continued with a narrowed product range (producing the most demanded 4-5 

types of pasta instead of the 10-15 types previously), but in high volumes to meet 

basic customer needs. The dairy processor (processing member of an integrated food 

company, DB1) has changed its packaging and launched 1.5 litre bottles instead of 

the previous 1 litre UHT milk. The meat processor (MG2) originally had high safety 

stocks, but when the pandemic broke out, these safety stocks were gradually adjusted 

to 4 months' stocks, allowing them to meet the increased orders without disruption.  

One of the major effects of the pandemic has been to strategically revalue the 

food industry in the eyes of the countries' leaders. Security of supply and self-

sufficiency became important. Let us see the effects, the actors experienced in the 

supply chain. 

Supply chain-level. We haven't seen classic supply chain solutions in the Hungarian 

food industry, although there are a few tools to deal with the bullwhip effect: 

information sharing, channel alignment. Manufacturers have been at the forefront in 

addressing the problems. However, there has been a change in the supply chain 
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structure, with the rise of domestic producers, local producers, short supply chains, 

and there was a big shift in distribution channels towards online solutions. 

Downstream. The change in the structure of the downstream supply chain was 

particularly striking. There was a huge increase in the number of online traders, who 

started selling online as traditional channels were shut down or narrowed. At the same 

time, the rise of online commerce has created a big challenge in terms of manpower, 

just think of the physical needs of warehousing and delivery processes. The uptake of 

online commerce has been driven in large part by companies' prior digital skills and 

readiness. To cope with the bullwhip effect, downstream firms have mostly responded 

by stockpiling, authors found only a few examples of information sharing or channel 

alignment. 

Upstream. It was observed that manufacturers made much more effort than other 

actors in the supply chain to address the supply difficulties caused by the COVID-19 

outbreak, even though the focal company in a food supply chain that dictates the terms 

is typically the retailer. Manufacturers have also been stockpiling, with economic data 

clearly showing that they were working with at least 20 percent higher stock levels in 

2020 than a year earlier. Another tool manufacturers have used to combat the epidemic 

has been to shift production capacity to popular products that sell quickly, are easier 

to sell domestically or can be shifted from Horeca to the retail market. 

As a result of ongoing research, it can be said that for all the challenges appeared in 

the literature (Nakat and Bou-Mitri, 2021; Rizou et al., 2020; Hobbs, 2020) the 

Hungarian food industry responded well. So, with the actions taken on both supply 

side and demand side, the food companies achieved successfully the main goal: to 

provide consumers with safe and sufficient food. 

With a few exceptions (such as the chocolate industry), the given Hungarian food 

sectors have successfully overcome the barriers caused by Covid-19, with revenues 

by 2021 Q2 at least yielding results from previous years, or even better results. 

 

 
6. CONCLUSION 
 

In this current study, the authors examined the food supply chain through the 

example of Hungarian companies and summarized the supply and demand 

experiences of the actors during the COVID-19 pandemic in 2020. The first 

governmental (Hungarian and EU) steps to deal with the virus situation - curfews, 

border closures - have triggered effects in the food supply chain that are similar, but 

not fully equivalent to, the classical bullwhip effect. The classical triggers of the 

bullwhip effect have partly emerged (such as increased demand due to information 

shortages), partly new triggers have emerged (stock shortages due to panic buying, 

intense safety stockpiling in the supply chain) and the reaction of firms (stock sharing 

due to shortages) has resulted in further triggering the bullwhip effect. 

Because of the special circumstances under which the bullwhip effect has 

been created, conventional treatments either did not work or there was not enough 

time to apply them. What has been conspicuously absent among the methods of 
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application is intensive information sharing between actors across the supply chain 

and a drive to find a common solution to the problem spanning over company 

boundaries. Rather, we saw individual solutions, a lack of supply chain level 

commitment and approach. This is something where actors need to improve, raise 

awareness and take into account interdependencies. Stockpiling alone is not an ideal, 

albeit necessary, solution. The question is how long this can continue, how long 

owners will be willing to finance the increased stock levels, and when - if ever - 

normal levels will return.  

 Among the actions taken to deal with this special-origin bullwhip effect, the 

authors found relatively few classical methods, but firms have invented ones 

themselves and tried to deal with the situation. The authors have seen solutions such 

as finding new markets for accumulated stocks (frozen fruit), or even re-packaging 

them to a new market (frozen fruit and vegetables, meat), introducing a new product 

type due to the availability of packaging material (milk) or even producing the product 

for which there is a greatest demand (pasta) in order to supply the market.  

Overall, the COVID-19 situation has produced a bullwhip effect of special 

origin, the solution to which, in addition to the use of classical toolbox, can be found 

in increasing inventory level, the shifting of stocks between markets, the adjustment 

of the product portfolio and the optimisation of production scheduling. The added 

value of the study is therefore that it complements the theory of the bullwhip effect 

with novel tools for dealing with the COVID situation, which of course deserve further 

empirical investigation and modelling.  

In addition to complementing the theory of the bullwhip effect, the results of 

the study are the very wide range of problems and possible solutions revealed through 

the interviews. The authors pointed out that although the importance of the food 

industry was highlighted during the critical period, not all sub-sectors fared well. 

There was a fall in demand for products - in particular, expensive, luxury goods sold 

less -, and sales volumes were below expectations even after the recovery in late 2020. 

Although, in value terms - thanks to price rises - companies had a reasonable year, 

with some companies actually soaring (MK1, MG2, PG1). 

During the pandemic, there was a clear increase in the image and prestige of 

the food industry. According to the actors, this improved judgement is also reflected 

in the fact, the tender system, which had been rather ill-conceived, has been improved 

in accordance with the actors’ favour. The development funds available for this and 

next year has increased significantly compared to previous periods and the opinions 

of the sector have been sought on the desirable directions for development. The food 

industry also hopes that food companies will have proved their indispensability and 

competence in supplying the population, and that this will make the sector attractive 

for skilled labour. 

From the research results, it can be observed that the use of the traditional 

tools to mitigate the bullwhip effect (such as information sharing, supply chain level 

coordination) was negligible in the food companies studied. When looking at 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

65 

   

solutions along the supply chain, it was more the production companies (and not the 

retailer companies which are supposed to be the focal companies of the chain) that 

tried to provide solutions, leading the way in developing quick and efficient solutions. 

In the future, it will be worthwhile to focus on a wider use of the traditional toolbox 

to handle the bullwhip effect, and on thinking more on supply chain level solutions. 

Likewise, to address the tensions caused by the shortage of packaging materials, a 

corresponding procurement strategy and the use of multiple sourcing could be a good 

example for the food industry. The ability to react quickly to specific situations (i.e. 

to meet increased consumer demand) has been facilitated by focusing on the products 

with the highest demand, and this could be a model to follow in the future for food 

production companies.   

 Regarding the practical implications, it is important to mention paperless 

operations, work organisation processes and the opportunities offered by 

digitalisation, automatization and robotisation. It is worth organising work processes 

(including back-office activities) in such a way that the highest level of paperlessness 

can be achieved. Those companies that have responded quickly in digitalization 

overcome obstacles more easily and they should continue to do so, to evolve. In the 

main processes, it is important to continue with the automation and robotisation that 

has already been started, as it is proven that companies that have taken this path have 

been able to carry out the reorganisations and transformations caused by COVID-19 

and have been able to adapt more quickly and more easily. It is important to note, 

however, that the closure of borders and travel restrictions have unfortunately put a 

halt to such developments. Foreign experts were not allowed to come to the country, 

nor were trips abroad to find best practices. Although the epidemic is far from over, it 

now requires an effort on the part of companies to make up for the development plans 

of recent months and to continue the path they have begun. 
 The current research has limitations. As this is qualitative, exploratory 

research, the results are not generalisable. Neither the number of interviews nor the 

sample is representative. The aim of the future research is to increase the validity 

based on the diversity of the sectors targeted, the variety of actors in the supply chain 

and the number of interviews.  

 The research will be continued. The authors will seek out additional 

interviewees (retail, logistics, dairy, confectionery) and ask them about their similar 

experiences. The authors are also collecting their annual reports and would like to 

complete this analysis using their 2019 and 2020 sales, stock and profit data. 
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Abstract  

 

The configuration approach as the most current theory stream of situational 

management research has had a place in logistics research for considerable time. It 

offers the possibility of explaining the success or failure of logistics designs against 

the background of their respective contexts and is therefore also suitable for use in the 

relatively young research field of omni-channel-logistics (=OCL). This is 

advantageous for two main reasons. On the one hand, research on OCL has so far been 

dominated by empirical work, which has not yet been united under one theoretical 

canopy. On the other hand, the research field is characterized by its small-scale nature, 

since separate logistics subsystems are being investigated. Due to their 

interdependence, however, a holistic approach is recommended, which is made 

possible by the application of this theory. This paper analyses and synthesizes the 

current state of OCL against the background of the configuration approach. Addressed 

contextual factors and design options are identified and summarized. This forms an 

initial framework for further research in this direction and a corresponding starting 

point for the development of successful OCL typologies. Practitioners can use the 

results to inform and critically challenge their own design decisions.   

 

Key words: omni-channel-retail, omni-channel-logistics, configuration approach, 

logistics typology 
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1. INTRODUCTION  

 

The relevance of multiple channel retailing has been steadily increasing in retail 

practice as well as in academic research for years. Customer demands for a seamless 

shopping experience and superior customer orientation, as well as increasing 

competition, have led to major disruptions in recent years, not only at the level of the 

overall enterprise, but especially in associated subsystems such as marketing and 

logistics. While research in the former field already has a long tradition and a 

correspondingly extensive literature base (Neslin et al. 2006, Konuş et al. 2008, 

Herhausen et al. 2019), a relevant increase in research activities in the field of omni-

channel-logistics (=OCL) has only been observed since 2013 and results are 

correspondingly scarce (Galipoglu et al. 2018, Melacini et al. 2018, Taylor et al. 

2019). Previous approaches deal, for example, with the network design of omni-

channel-retail companies, both in food and non-food retail (Hübner et al. 2016b, 

Marchet et al. 2018, Wollenburg et al. 2018), or the influence of multichannel retail 

strategies on individual logistics subsystems such as transportation (Hübner et al. 

2016a, Castillo et al. 2018, Ishfaq & Raja 2018, Buldeo Rai et al. 2019, Schubert et 

al. 2020), inventory management (Chiang & Monahan 2005, Liu et al. 2010, Xie et 

al. 2014), warehousing (Freichel & Wörtge 2018, Kembro et al. 2018, Bell et al. 2018, 

Kembro & Norrman 2020), packaging (Freichel et al. 2020), or the information 

system (Kembro & Norrman 2019b). The topic of customer requirements for OCL is 

also being researched (Sousa & Voss 2006, Xing & Grant 2006, Murfield et al. 2017). 

Other research streams deal with performance measurement systems for OCL (Adivar 

et al. 2019, Bressolles & Lang 2019, Prabhuram et al. 2020) or the transformation of 

logistics over time from single to multi- and finally omni-channel-retailing (Hübner 

et al. 2016c, Davis-Sramek et al. 2020). 

The fact that most of the research approaches rely on empirical methods and use 

mathematical (optimization) models, but that these results are not integrated into a 

superordinate theoretical framework (Galipoglu et al. 2018), is an indicator of the 

comparatively early stage of research in the field of OCL. Although much is already 

known about the design practice of logistics for omni-channel-retailers, the question 

of the "best design option" for individual retail realities remains open. It becomes clear 

that there is no "one size fits all" option for logistics. Hence, managers need to think 

about which situational characteristics determine their particular business reality and 

how they can best anticipate these in their logistics systems (Bell et al. 2014, Cao 

2014, Marchet et al. 2018, Sorkun et al. 2020). Thinking in terms of "one size for each 

given situation" is the starting point of the configuration approach, a theoretical strain 

with a long tradition in organizational research (Mintzberg 1979, Miller & Whitney 

1999, Donaldson 2001, Short et al. 2008). The search for configurations, "harmonious 

patterns" of context and design characteristics, has also been anchored in logistics for 

many years (Fisher 1997, Christopher 2000, Lee 2002, Neher 2005) and recently has 

also found its way into OCL research (Wollenburg et al. 2018, Lim & Srai 2018, 

Eriksson et al. 2019).  

To the best of the authors' knowledge, this paper is the first to summarize and 

analyse the literature regarding the configuration approach in OCL. By means of a 

systematic literature review, the previous research results are collected, evaluated and 
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synthesized to identify contextual factors and design variables of OCL. Practitioners 

can find valuable suggestions for their respective logistics design. Researchers may 

use this as a basis for further typological or taxonomic investigations. 

The rest of this paper is structured as follows. In the second chapter, the 

theoretical background is highlighted, both of omni-channel-retailing and associated 

logistics, and of the configuration approach in general and in logistics research in 

particular. In the following chapter three, the methodology, data collection and data 

analysis procedures are presented. In chapter four the results are outlined, followed 

by a brief conclusion in chapter five, giving a summary of limitations and further areas 

of research.  

 

 

2. THEORETICAL BACKGROUND 

 

2.1. Logistics in Omni-Channel-Retailing 

 

The background and starting point of omni-channel-retailing is the increasing 

importance of e-commerce, which has put traditional brick-and-mortar companies 

under pressure. Customers appreciate the convenience, wide product selection and 

low prices offered by online retailers, which has enabled such providers to rapidly 

increase their market shares (Agnihotri 2015, Arora & Sahney 2017). After an initial 

phase of denial, former store retailers also began to build online channels to meet 

changing customer demands (Davis-Sramek et al. 2020). The two channels were 

initially managed separately, which is referred to as "multi-channel retailing" (Beck 

& Rygl 2015). Only in the further course were the channels then integrated with each 

other in order to offer customers the opportunity to switch seamlessly between them, 

giving the opportunity of combining the advantages of online purchasing (e.g. simple 

search within a broad product range, at any time, from any location) with the 

advantages of the offline channel (e.g. personal inspection of the selected goods) 

(Chen et al. 2019, Cortiñas et al. 2019). Specific omni-channel-services are the result, 

such as click-and-collect, click-and-reserve, return-to-store, or inventory availability 

displays in the respective other channel. Many customers appreciate this 

interconnection and reward it with higher sales and greater loyalty, so that an omni-

channel-strategy represents a relevant competitive position against pure eCommerce 

players (Herhausen et al. 2015). Channel integration is not only beneficial from a sales 

perspective, but also from a physical distribution perspective, as it allows inventory 

to be integrated, demand to be pooled, and resources to be combined (Oh et al. 2012). 

Hence, not only the effectiveness of logistics activities can be increased, but also the 

efficiency of the entire supply chain. In order to leverage the benefits associated with 

a successful omni-channel-strategy, the entire logistics system must be critically 

examined and reconfigured. 

The design of OCL is the focus of a number of research approaches, which 

experienced an increase from 2013 onwards. The literature reviews by Swaminathan 

& Tayur (2003), Agatz et al. (Agatz et al. 2008), Galipoglu et al. (2018) or Taylor et 

al. (2019) offer a comprehensive overview, which can only be briefly outlined at this 
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point. The first comprehensive analyses of the entire distribution system and related 

network design options can be found in the work of Hübner et al. (Hübner et al. 

2016b), Ishfaq et al. (2016) or Marchet et al. (Marchet et al. 2018). In brief, the authors 

conclude that OCL can either fully separate, partially integrate, or fully integrate the 

store and end-customer delivery channels. Also, the store network can be more 

integrated into fulfillment and perform different functions as both a pickup and return 

location, as well as a standalone logistics network resource for handling end-customer 

orders. 

Associated with this, design differences exist in the logistics subsystems, such 

as within the DCs, the cross-channel functional scope of the stores, the information 

system, the inventory management, the transportation system, or the returns handling. 

Regarding the DCs, different channel and inventory integration levels are 

investigated, and their impact on the DC layout, automation technology, warehousing 

system or picking is discussed (Kembro et al. 2018, Kembro & Norrman 2019a). In 

terms of the stores, it is questionable which stores should fulfil which functions in the 

network and whether there should be distinctions between them (Bell et al. 2014, 

Ishfaq & Raja 2018, Xu & Cao 2019). Due to the increasing complexity of the 

logistics network, adapted logistics information systems are required that support 

various functions such as flexible order allocation or real-time data transparency 

(Hübner et al. 2016c, Kembro & Norrman 2019b). The subsystem of inventory 

management is also being researched, for example the question of which inventories 

should be held in which network nodes (Gallino et al. 2017, Holzapfel et al. 2018). 

The aforementioned cross-channel services for customers are not only changing the 

replenishment system of the stores, for example through more frequent delivery cycles 

and the co-loading of click-and-collect deliveries (Buldeo Rai et al. 2019), but 

specifically the design of the last mile (Marchet et al. 2018, Lim & Winkenbach 2019, 

Schubert et al. 2020). Another stream of research is returns management, which poses 

challenges for many retailers, making it debatable how returns should be accepted, 

what the returns handling process should look like, and where it should take place 

(Bernon et al. 2016, Hübner et al. 2016b).    

 

2.2. The Configuration approach in Logistics Research 

 

Economic theories often hold thoughts and explanations that deal with the 

success and failure of businesses. Entrepreneurial success is based on building and 

defending success factors that allow to generate competitive advantage. For this, the 

right goals must be set and measures to achieve them must be initiated (Lebas & Euske 

2004). From this premise, different theories in (strategic) management have 

developed. Porter's Marked-Based-View (=MBV) postulates that the focus should be 

on the right competitive positioning in the market. In order to be successful, it is 

necessary to look for an attractive industry and to build up a position there (Porter 

1980). The chronologically following Resource-Based-View, on the other hand, states 

that the focus should be on building up success-critical resources within the company 

(Mahoney & Pandian 1992). In simplified terms, the two positions are dichotomously 

opposed to each other: the MBV promotes an orientation toward the external situation 

of a company, while the RBV promotes an orientation toward the company's internal 
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resources. However, both approaches are ultimately to be understood as 

complementary, since comprehensive success requires orientation to the market and 

also building up the resources to establish a competitive position in the relevant 

market. Systems theory approaches, which view companies as socio-economic 

entities embedded in supra-systems with corresponding interfaces, build on this basic 

principle (Möller 2006). 

Already at the beginning of (economic) management theory, it was questionable 

how a company should be built up in order to be successful. While early 

representatives postulated a "one-size-fits-all" solution (e.g. the division of labor 

according to Taylor), it became clear in the further course, also against the background 

of the system-theoretical thought just described, that there is not only one solution to 

the success-oriented design question. The situational management theory developed, 

according to which there must be an adjustment of the enterprise's design to its 

environment (Gresov 1989, Venkatraman 1989). The contingency approach and the 

configuration approach can be identified as the two most current directions. The 

former postulates that for every situation there is only one adequate design that can 

bring success. The latter, on the other hand, responds that there is a certain design 

latitude in every situation and that, as a result, different designs in one and the same 

situation can have a similar measure of success (Scherer & Beyer 1998). 

This paper examines research approaches in the OCL research field which 

explicitly or implicitly make use of the configuration approach. This theoretical lens 

is the most recent stream of situational organization and management research, whose 

origins lie in the attempt to identify different organizational characteristics, to justify 

their existence and to explore why some of them were more successful than others 

(Miller & Mintzberg 1983, MEYER et al. 1993). Accordingly, the question is how 

companies or their subsystems should behave in specific situations in order to be 

successful. If it is possible to achieve an appropriate alignment between the situation-

determining context factors and the design variables, this is referred to as "fit" (Drazin 

et al. 1985, Venkatraman 1989). The identification of mutually compatible patterns of 

context factors and design variables is the goal of configuration-oriented research. 

Configuration-oriented researchers understand companies and their subsystems as 

complex, networked entities that are in constant exchange with their environment and 

must adapt to it in order to be successful (Miller 1981, Van De Ven & Drazin 1985). 

Hence, it is not isolated factors that are the reason for a company's success or failure, 

but the entirety of its configuration: "Configuration, in short, is likely to be a far 

greater source of competitive advantage than a single aspect of strategy” (Miller 

1996 p. 509 f.). 

Configurations can be both empirically "discovered" and theory-driven 

"developed," reflecting the methodological dispute of recent decades over whether the 

source of knowledge is in intellect or in experience (MEYER et al. 1993, Scherer & 

Beyer 1998). Empirical configurations are assigned to the taxonomic, theory-guided 

configurations to the typological research strand. It is worth noting that, despite the 

debate over which approach is superior to the other, ultimately the two are interrelated 

and mutually beneficial (MEYER et al. 1993). Taxonomies are based on methods of 

empirical social research and aim to examine real-world objects of study in terms of 

their naturally occurring variable bundles and interrelationships and to compare them 
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with each other (Scherer & Beyer 1998). Typologies are developed intellectually and 

aim at forming ideal types of context-design pattern combinations that are as coherent 

and different from each other as possible (Miller 1996). 

In recent years, the configuration approach has been transferred from 

organizational and management research to many other research fields. In logistics, 

too, a number of works have appeared over the past few years that implicitly and 

explicitly promote a configuration-oriented approach. Among them the much 

considered work of Fisher (Fisher 1997): "What Is the Right Supply Chain for Your 

Product?", which is called by some authors the starting point of configuration-oriented 

work in logistics. Fisher argues that logistics must be adapted to the product being 

distributed, so that an efficient supply chain must be designed for functional products, 

and a responsive supply chain for innovative products. The work of Christopher 

(2000), Mason-Jones et al. (2000) and Childerhouse & Towill (2000) is also deeply 

rooted in logistics research to this day, addressing the design of "lean", "agile" and 

"leagile" supply chains. A number of works related to the configuration approach have 

also appeared in German-speaking countries, including the works of Klaas-Wissing 

(2009), Rümenapp (Rümenapp 2002), Gehring (2004) and Placzek (2007). 

In conclusion, it can be stated that the configuration approach as a whole and 

especially in logistics is suitable to investigate and explain the complex, multifaceted 

and different reality. Logistics for omni-channel-retailing is a complex matter, and not 

every design is suitable for every situation, as stated by Bell et al. (2014 p. 45.)“While 

all retailers need to effectively and efficiently manage fulfilment and information 

provision [in omni-channel retail], there are important nuances to how this happens 

– depending on where and how the retailer got started and what kinds of improvement 

create the most leverage”. However, since logistics in particular is critical to the 

success of an omni-channel-strategy (Xing & Grant 2006, Murfield et al. 2017, 

Yumurtacı Hüseyinoğlu et al. 2018), configuration-oriented work can be beneficial 

both for deriving and testing hypotheses and theories, and for recommending actions 

for retail practice. 

 

 

3. METHODOLOGY 

 

In order to identify and structure the literature already available in academia, a 

systematic literature review approach (SLR) was taken. A SLR aims to “identify all 

empirical evidence that fits the pre-specified inclusion criteria to answer a particular 

research question or hypothesis” (Snyder 2019 p. 334.) by means of a systematic 

process, minimizing bias and heightening reliability (Tranfield et al. 2003). SLRs 

have a long tradition in medical sciences and management research (Tranfield et al. 

2003, Snyder 2019) and were already used to synthesize the literature in the field of 

OCL Research (Agatz et al. 2008, Galipoglu et al. 2018, Taylor et al. 2019).  
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3.1 Data Collection 

 

The research process consists of several steps. Tranfield et al. (2003), for 

example, breaks it down into the three phases of "planning", " conducting", and 

"reporting" with a total of nine individual steps. Seuring et al. (2005), in contrast, 

distinguishes between the four individual steps "Material Collection", "Descriptive 

Analysis", "Category Selection" and "Material Evaluation". This paper follows the 

approach of Watson et al. (Watson et al. 2018), which is based on Tranfield et al. 

(2003) and divides the investigation into the phases "Searching", "Screening" and 

"Extraction and Synthesis". 

 

 Searching: In the search phase, the relevant studies, in the case of this paper peer-

reviewed journal articles and conference proceedings, are identified. For this 

purpose, a search string (see figure 1) was formed, which combines relevant terms 

that are compatible with the research objective. These terms must be included in 

the title, abstract, or key words of an article to be considered relevant to this paper. 

The database used for this work was Scopus, which is a leading database and 

includes one of the largest collections of scientific articles on the market. After 

the initial search, 857 potentially relevant articles were identified. 

 

Figure 1. Search String used for data collection 

Source: Own figure 

 

 Screening: In the screening phase, the identified contributions are further 

narrowed down to the field of study based on inclusion and exclusion criteria. 

Typical examples of such criteria are year of publication, research field, or 

language. The 857 identified articles were evaluated using the criteria of year 

(articles from 2009 onwards were included), article format (journal articles and 

conference papers were included), research field (articles from medicine, natural 

sciences, and engineering were excluded), and language (English-language 

articles were included). Thus, the data set could be narrowed down to 126 

contributions. These were then subjected to manual title, abstract and content 

review. Only articles that explicitly referred to the configuration approach or 

referred to contextual factors, design variables and their interdependencies, hence 

implicitly dealing with configurations, were included. The final data set included 

12 articles. 

TITLE-ABS-KEY("Omni-Channel" OR "Omni Channel" OR "Multi-

Channel" OR "Multi Channel" OR "Cross-Channel" OR "Cross Channel" OR 

"Bricks-and-Clicks" OR "Bricks and Clicks" OR "Clicks-and-Mortar" OR 

"Clicks and Mortar") AND TITLE-ABS-KEY("Logistics" OR "Supply 

Chain" OR "Fulfilment" OR "Fulfillment" OR "Distribution") AND TITLE-

ABS-KEY("Configuration*" OR "Contingency" OR "Design" OR 

"Context*") 
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 Extraction and Synthesis: In the final phase of SLR, the final dataset is 

transferred to an Excel spreadsheet and sorted according to the methodological 

and thematic criteria. This provides the basis for a descriptive analysis of the 

dataset (presented in Chapter 3.2). In a second step, the content of the identified 

contributions was summarized and synthesized. We followed a deductive-

inductive approach (Schreier 2012, Kuckartz 2018), as we already knew, that we 

were searching for contextual factors and design variables. Inductively, we 

searched and coded both within the articles with the tool MAXQDA (Miles & 

Huberman 1999, Rädiker & Kuckartz 2019). Afterwards, the authors searched 

for overarching themes within the codes, building up 1st order concepts and 

second order themes (Gioia et al. 2014). We ended up with 19 1st order concepts, 

which we grouped in eight 2nd order themes under the two aggregated 

dimensions of contextual factors and design variables of OCL. This gives the 

guideline for presenting the results in chapter 4. Figure 2 gives a graphical 

overview of the coding scheme. 

  

Figure 2. Overview of the coding scheme 

Source: Own figure 

 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

79 

   

3.2. Descriptive Data Analysis 

 

The identified dataset consists of 12 articles spanning 3 journals and one 

conference proceedings (see figure 3). It can be observed that the majority of the 

articles accumulate in particular in the journal "International Journal of Physical 

Distribution and Logistics Management" (7 papers). On the one hand, this is because 

it deals explicitly with logistics and supply chain management, and on the other hand, 

because a special issue on retail logistics was published in the IJPDLM in 2016.  
 

Figure 3. Distribution of contributions in Journals and Conference Proceedings 

 
Source: Own figure 

 

Regarding the distribution of contributions over time (see figure 4), it should be 

noted that the accumulation in 2016 can also be explained by the Special Issue of the 

IJPDLM. The low numbers in 2020 can be explained by the fact that the literature 

search was conducted in May 2021 and thus possibly not all contributions from 2020 

were officially published, as well as only the first half of 2021 can be included. 
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Figure 4. Distribution of contributions per year 

 
Source: Own figure 

 

Analogous to Seuring and Müller (2008), as well as Seuring et al. (2005), a 

distinction is made between (1) Theoretical Papers, (2) Case Studies, (3) Surveys, (4) 

Modelling Papers, and (5) Literature Reviews with respect to the methodology used. 

Looking at the methodology used in the identified contributions (see figure 5), it is 

clear that there is an excessive amount of empirical papers with Survey (6 articles) 

and Case Study (5 articles) methodologies. This underscores the relative youth of the 

OCL research field and the need to embed the empirically obtained data in a theory-

driven framework (Galipoglu et al. 2018). 

 

Figure 5. Research methodologies employed 

 
Source: Own figure 
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4. FINDINGS 

 

Following Klaas-Wissing (2009), the contributions can be divided into those that 

explicitly refer to the configuration approach, respectively the historically preceding 

contingency approach, and those that implicitly refer to it by identifying contextual 

factors and design variables, as well as postulating interdependency relations between 

them. Of the 12 articles identified, four papers (Wollenburg et al. 2018, Lim & Srai 

2018, Eriksson et al. 2019, Kembro & Norrman 2020) explicitly refer to the 

configuration approach, the remaining 8 implicitly. In this section, the different 

contextual factors (4.1) and design variables (4.2) are synthesized.  

 

4.1. Structured synthesis of identified contextual factors 

 

In the following chapter, the contextual factors mentioned in the respective 

contributions are worked out and compiled thematically. A total of four 

interdependent context dimensions were identified: "Products and Assortment“, 

„Historical development", "Customer delivery time requirements" and "Consignment 

structure”.   

 

4.1.1. Product and Assortment 

 

The characteristics of the products and assortments offered by a company are 

probably the most significant factors influencing logistics. This is probably also the 

reason why many contributions distinguish design options based on the trade sector. 

A closer look at the articles analyzed identified four underlying contextual factors:  

 

 Product category: The corporate decision to sell a specific product category is 

already associated with some logistical design options, while others are excluded. 

The product categories "food" and "non-food" can be used as dichotomies, which 

differ fundamentally in terms of their logistical requirements: "characteristics of 

OC non-food networks can only be applied to OC grocery networks to a very 

limited degree" (Wollenburg et al. 2018). By fixing on a product category, 

logistics is not only influenced directly (e.g. by requirements for temperature-

controlled structures and processes), but also indirectly by influencing other 

context factors (e.g. the shipment structure). 

 Product morphology: The second contextual factor is product morphology, which 

describes the size and weight of the products offered. Bulky, heavy products are 

more difficult to store, reflect in the warehouse processes and send via the 

standard parcel network than light, small products, simply because of the space 

required in the warehouse and the goods handling requirements. On the other 

hand, retailers who deal with large products find it easier to utilize the transport 

system to full capacity. This is indeed necessary, because the larger and heavier 

the product, the more difficult it becomes for customers to pick it up on their own 

from stores. Accordingly, adjustments are required in the last mile logistics and 
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the relevance of the store channel is decreasing, at least from a logistics 

perspective. 

 Assortment range: The range of products is defined as the breadth and depth of 

the product line offered by the company. Customers are increasingly demanding 

more extensive assortments, which translates into a higher number of stock 

keeping units (SKUs) that have to be distributed by logistics. This, coupled with 

requirements for high product availability within a short delivery time, represents 

a major challenge for the logistics system and significantly determines its design. 

 Assortment similarity: Directly related to the range of assortments is the similarity 

of assortments in the distance and store channels. Whereas the store channel is 

limited in terms of the range of products that can be offered due to space 

constraints and economic considerations, a much broader assortment of products 

can be offered in the distance channel due to inventory pooling and relatively low 

storage costs. Accordingly, some companies use this effect to sell products that 

are rarely sold exclusively via the distance channel. This asynchrony has the 

advantage that a much broader product range can be offered to customers at low 

cost. The disadvantage is that it can frustrate customers if they cannot examine 

and buy products they see in the online channel directly in the store. It also makes 

it more difficult to integrate the stores into the distribution of end customer 

deliveries. 

 

4.1.2. Historical Development 

 

Retailers usually do not start directly as omni-channel-retailers, but have an 

origin in the distance or branch channel. This background is linked to existing 

infrastructure and business processes, which cannot be converted in the short term due 

to tied-up capital and a lack of liquidity. Instead, it is used as a competitive factor. 

Here, two contextual factors can be identified: 

 

 Channel Origin: Whether a current omni-channel-retailer has evolved from the 

distance channel or the store channel significantly determines how it manages its 

omni-channel-strategy. While former distance retailers generally do not establish 

a full-fledged store channel (but instead operate with showrooms or pop-up 

concepts) in order not to undermine the cost advantages of the centralized 

logistics concept, retailers with a store background have to operate with existing 

stores and distribution centers designed to replenish them. The articles identified 

in this analysis, as well as most of the literature on OCL, deal exclusively with 

retailers from a retail store background. 

 Store Type: Different store concepts are used depending on the origin of the 

retailers. In addition to showrooms, which are not covered in the articles analyzed 

and are of particular interest to retailers with a distance channel origin, a 

distinction can be made on the basis of store size. The larger a store is, the more 

difficult it is to maintain it economically in a city center location. Accordingly, 

large stores are more likely to be found on the outskirts of the city, while small 

stores are more likely to be found in central locations. The size of the stores also 
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determines the range of products and inventory levels that can be offered in the 

stores, as well as the amount of space available for logistics activities. Hence, 

retailers who maintain large stores are more capable of integrating the stores and 

their inventories into end customer distribution than those who operate small 

stores. 

 Store Network Density: The density of the store network indicates what 

proportion of potential customers are within reach of the stores operated by the 

company. The higher this density, the easier it is for customers to visit the store; 

the lower, the more time and effort it takes. Directly linked to the store density is 

the attractiveness from the customer's point of view of using the store and its (OC) 

services. Simply put, customers will only use click-and-collect or return-to-store 

concepts if there is also a store within close reach. 

 

4.1.3. Customer delivery time requirements 

 

Customers' logistics expectations are largely determined by the products and 

ranges they buy. Overall, it can be seen that requirements are increasing, especially 

with regard to delivery times. The shorter the delivery time has to be, the 

geographically closer the logistics infrastructure has to be to the customers and the 

faster the logistics order processing processes have to work. Also, with shorter 

delivery times, innovative transport systems must be built, as traditional parcel service 

providers are limited by their structures and processes to next-day delivery at the 

earliest. To be able to offer a short delivery time, the store network could be utilized, 

presuming that store inventories can also be reserved for distance customers. 

Accordingly, retailers must consider what delivery time customers require from them 

and how they implement this in the logistics design. 

 

4.1.4. Consignment Structure 

 

A retailer's consignment structure specifies which types of goods flows are 

distributed in which volumes by the logistics system. Omni-channel-retailers are 

confronted with two types of output flows, store supply and end customer supply. 

Combining these two very different flow structures effectively and efficiently is the 

fundamental dilemma that makes OCL a complex problem. Two contextual factors in 

particular can be distinguished here: 

 

 Similarity of the consignment structures: Store replenishment deliveries are 

usually distributed in large volumes, with different SKUs in high quantities on 

pallets or large boxes according to a fixed, regular schedule. In contrast, end 

customer orders include far fewer SKUs and shipments are correspondingly 

smaller, but a large number of these are ordered daily to different delivery 

locations with high delivery requirements, especially in terms of time. While this 

basic pattern fits many retailers, there are others whose store replenishment 

deliveries are also high frequency and small in quantity. This is especially true 

when the stores themselves are small. For such retailers, it is much easier to 
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efficiently integrate the logistics structures and processes for both shipment 

structures. 

 Share of distance shipment volume compared to total shipment volume: Another 

contextual factor, which is particularly noticeable when looking at the historical 

development of omni-channel-retailers, is the share of distance shipments in the 

total shipment volume. If the share is low, the influence on logistics is small. 

Uneconomical processes for distance shipments can be endured if additional 

investments can be suspended for this purpose. As volumes in the distance 

channel increase, structures and processes must be adapted accordingly to keep 

logistics design effective and efficient. Looking at today's retail sector, it is clear 

that almost all retailers are confronted with high proportions of distance 

shipments or at least with high growth rates. Hence, from a company's future 

perspective, it makes sense to gear logistics to a significant level of distance 

volumes. 

 

4.2. Structured synthesis of identified design variables 

 

After highlighting the contextual factors, the next chapter focuses on the design 

variables of OCL. A total of four interdependent design dimensions were identified 

here: "Network Configuration", "Distribution Center Design", "Transport System" 

and "Return Management". 

 

4.2.1. Network Configuration 

 

Logistics networks consist of nodes, stock-carrying storage points or stockless 

material handling points, which are connected to each other via edges, corresponding 

transport segments. Since the transport system is introduced as an individual design 

dimension, the focus here is initially on the network nodes. Typically, it is 

questionable which types of network nodes are present and in which quantity. This is 

expressed with the degree of centralization, which is introduced as the first design 

variable. As a second design variable, the degree of integration of the network is 

employed, which expresses whether a joint or a separate logistics system is used for 

the respective channels. 

 

 Level of Centralization: In OCL, different network nodes can be integrated and 

used for goods distribution. A distinction is made between centralized distribution 

centers, decentralized distribution centers and stores. In centralized structures, 

there is either only one, or at least very few, central distribution centers through 

which the shipment flows pass. This is advantageous because economies of scale 

and bundling can be leveraged, which reduces costs. The disadvantage is that long 

delivery routes have to be bridged, which can result in longer delivery times. This 

is the opposite with decentralized structures, in which the shipment flows are 

handled via several decentralized distribution centers in the network. Shorter 

delivery routes, shorter delivery times and regional specialization effects are the 

beneficial outcome, which comes at the price of higher costs due to a lack of 
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bundling and economies of scale. As an omni-channel-specific, highly 

decentralized solution, stores can also be integrated as logistics network nodes, 

which either tranship or dispatch products themselves. 

 Level of Integration: As OCL requires dealing with two consignment structures, 

logistics managers can decide to either set up two dedicated networks, each of 

which is then only responsible for one channel, or to operate a joint network for 

both channels. Seperation has the advantage that the logistics structures and 

processes can be adapted to the respective channel, which allows the respective 

distribution to be designed efficiently. The disadvantage is that this may be at the 

expense of overall efficiency, as separated networks cannot leverage bundling 

and economies of scale, for example through shared inventories or shared 

resources. This is the advantage of an integrated network; by merging, inventories 

can be pooled, resources shared, costs reduced and product availability increased. 

In return, the processes are more complex and locally less efficient. 

 

4.2.2. Distribution Center Design 

 

The cornerstone of OCL are the distribution centers that are utilized. While these 

were classically designed in separate structures to either supply end customers or 

replenish stores, in integrated structures they must be able to handle the differences 

between the two consignment flows. There are a multitude of possible options relating 

to the technology used, the layout and the processes. Of particular importance is the 

decision on the degree of integration of the warehouse itself, the picking methods 

applied and the degree of automation. 

 

 Integration of the DC: If a retailer chooses to use an integrated logistics network, 

it can still segregate physical zones, processes and resources for each channel 

within the DC. The advantage is that no separate network structure has to be set 

up, economies of scale and bundling can be achieved to a certain extent, and 

processes can still be specialized to the requirements of the respective channel. 

For this, there must be enough space in the warehouse to accommodate a separate 

structure and the coordination between the two warehouse areas is complex. 

 Picking Method: With integrated DCs, picking is done for both channels, so there 

must be methods and regulations for how this can be done without friction. 

Retailers can choose to set specific time periods for the channels, or pick for both 

channels in parallel. The former has the advantage that employees from the 

different channels do not get in each other's way, thus harmonizing processes. 

However, there can be workload peaks and troughs, and the changeover can be 

tricky for employees. If a parallel picking approach is used, a decision must be 

made as to whether employees should process one or more orders completely at 

a time (batch picking), or whether processing should take place in multiple stages 

(SKU extraction). Batch picking has the advantage that direct sorting to sales 

orders takes place during picking. However, this can create a bottleneck in the 

process. SKU extraction avoids this bottleneck during picking, but requires 

downstream sorting processes. 
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 Automation: Automation technology is increasingly used in distribution centers. 

Although it is quite expensive to install, it can help to increase operational 

efficiency. Automation technology can be used in all areas of the DC. For 

example, in the form of conveyor technology, for sorting goods, order picking or 

automated packaging. The respective implementation is very retailer-specific, so 

that no general delimitations can be made. However, it can be stated that 

considerably more automation will be used in the future. 

 

4.2.3. Transport System 

 

As already mentioned, a logistics network consists of nodes and edges. The 

edges represent transport routes that connect the respective nodes. In the case of OCL, 

these are in particular the replenishment deliveries from the stores and the end 

customer deliveries. 

 

 Store Replenishment: Stores are typically supplied in larger volumes according 

to a fixed schedule. This is often done in Full Truck Load (FTL), depending on 

the volumes, the shipments to several stores are bundled in one truck, which then 

drives off and delivers to the stores in the sense of a milk run. Retailers can decide 

how frequently they want to make these deliveries. With high frequency, the 

delivery volumes become smaller, but there is the option of co-loading customers' 

click-and-collect orders. This means that expensive parcel shipments to stores can 

be avoided. 

 End Customer Delivery: With regard to end customer delivery, design options in 

the delivery mode can be differentiated. In omni-channel-retailing, customers 

have two options - either they have the products delivered to their home or to a 

location of their choice (home delivery) or to a store of their choice (click-and-

collect). Click-and-collect can be further refined if it is possible to reserve 

products in a store, this is referred to as click-and-reserve. While home delivery 

is very convenient and simple from the customer's point of view, it involves high 

costs for parcel shipping, which are often covered by the company rather than the 

customer. This is the reason why retailers try to convince customers of pick-up 

concepts. Here, the receipt of goods is free of charge, customers can inspect the 

goods directly in the store, clarify problems personally and return the goods. 

From the retailer's point of view, there is the possibility of cross-selling or 

upselling in the store. In addition, depending on the design of the replenishment 

transport system, the costs for the last mile may be significantly reduced by pick-

up concepts.   

 

4.2.4. Returns Management 

 

The fourth area of design can be identified as the handling of returns. Returns 

rates are rising and returns processes are expensive, which is why managing them is 

becoming an increasingly important issue. From a logistics design perspective, a 

differentiation must be made between the returns mode and returns processing. 
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 Return Mode: Analogous to the delivery mode, returns can also be made either 

via parcel service providers or via the stores. Return via service provider has the 

benefit that many return points are available. The disadvantage from the 

customer's point of view is that it takes longer to refund the money and returns 

may not be accepted. Also, the return costs are not always covered by the retailers. 

From the retailer's point of view, returns are generally unfavorable because costs 

have to be incurred for the forward and backward processes and, depending on 

the case, double parcel shipment costs occur. Retailers therefore try to encourage 

customers to drop off returns at the store. Parcel shipping costs are eliminated, 

problems with the product can be addressed directly in person, customers get their 

money back faster and may spend it directly on other products. 

 Return Processing: With regard to returns processing, three options can be 

identified. Processing takes place either in downstream distribution or returns 

centers or directly in the stores. In the case of returns via parcel service providers, 

the goods are generally sent back to a distribution center, where they are 

processed and put back on offer. In the case of particularly high return rates or 

complex returns processes, the retailer can also utilize dedicated returns centers 

that focus exclusively on processing these returns. Due to the additional transport 

routes, this involves longer times until the goods are returned to inventory. When 

goods are returned via stores, it is possible to send them to DCs or RCs for 

processing as well. However, it is also feasible for items to be processed and sold 

directly at the store as well. Since they are not designed for this in the same way 

as DCs, this process is more expensive, but transport costs are saved. 

 

Figure 6 shows an overview of the identified articles and indicates which 

contextual factors and design variables are primarily addressed by the contributions. 
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Figure 6. Overview of identified contributions, considered contextual factors and design variables 

 
Source: Own figure 
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5. CONCLUSION, LIMITATIONS AND FURTHER AREAS OF RESEARCH 

 

This paper identified and summarized the current state of implicit and explicit 

application of the configuration approach in the academic literature. Beyond that, the 

context factors and design variables used were elaborated and described, and initial 

approaches of interdependency relationships were outlined. The result is a framework 

of four context and four design dimensions (see figure 7). 

 

Figure 7. A configuration framework of OCL 

 
Source: Own figure 

This paper follows the call of Galipoglu et al. (2018) and Wollenburg et al. 

(Wollenburg et al. 2018) to fit research in OCL into a theory framework and to 

consider it more holistically. The configuration approach is used as a proposal, which 

has already been explicitly addressed in recent works, but otherwise only implicitly. 

The evolved framework can help future researchers to ground research efforts 

theoretically and structure their empirical work. Practitioners can find approaches to 

inform or challenge their own logistics design decisions. 

This article has limitations that provide room for further research. First, only 

papers that explicitly or implicitly address the configuration approach were included 

in the analysis. In further research a more extensive body of articles should be 

included, which refer to individual design areas or influencing factors of logistics. The 

framework can be extended and deepened with these realizations accordingly. The 

focus should also be on concisely delineating the individual context and design 

features in terms of their characteristics. Only then is a comprehensive analysis of the 

interdependency relationships between the factors and thus also a further development 

of a typology of OCL possible. 
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Abstract  

 

Bullwhip effect has strong academic and business interest due to the potential 

malfunctions that can be generated in the supply chain if it occurs. There are several 

reasons behind and numerous consequences. There is still no ready to use solution to 

eliminate the impacts. Balanced Scorecard is a widely used well known performance 

measurement framework. Due to the flexible setup adaptability of the tool is quite 

good in the different industries. Even if the measures used are not the same the frame 

can be successfully applied. In the literature the combined research of the bullwhip 

effect and the Balanced Scorecard is not common. However, the scope of the 

perspectives and the bullwhip effect reasons are quite similar. 

This paper focus on the analyzation of the connections of the researchers of the 

Balanced Scorecard and bullwhip effect common literature. The reasons of the 

phenomenon and the Balanced Scorecard perspectives fits well with each other. The 

aim is harmonization and synchronization of the two to take advantage of the 

similarities. Balanced Scorecard is a good framework to group the metrics that shows 

the presence of the bullwhip effect. Using the measurement system is potentially 

support the detection of the phenomenon. Applying the mentioned methodology, the 

KPIs in use are supporting analysation and indication of the bullwhip effect. As a 

result, the level of control on the phenomenon can be increased. The extension of the 

common research of the two areas can lead to improvement from the practical aspect. 

 

Key words: bullwhip effect, Balanced Scorecard, performance measurement 

 

 

1. INTRODUCTION 

 

Bullwhip effect is a widely researched phenomenon. It has both academic and 

business importance. The phenomenon has been scope of research in the past 40 years 

but there is still no ready to use solution to prevent it. From business perspective it is 

mainly in focus due to the cost related impact that is generated as the consequence. 
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Beside the financial impacts the effective operation is also damaged those results in 

further costs and requires additional attention. Balanced Scorecard is a performance 

measurement framework frequently used in practice regardless of industry. The tool 

is aiming to cover all the relevant measurement areas to support the performance 

improvement. It is not only focusing on the financial impact but also the other relevant 

areas. In the literature the Balanced Scorecard and bullwhip effect is typically not 

scope of research together. Investigation is more likely to be initiated separately. 

This article is analyzing the potential connection between the bullwhip effect 

phenomenon and the Balanced Scorecard perspectives. The reasons behind the 

bullwhip effect are touching the operational performance from multiple perspective. 

As BWE can be caused by factors of different areas, investigation should also cover 

several angles. Balanced Scorecard enables the analysis of the phenomenon from 

different perspectives. It keeps in focus the comprehensive picture, but at the same 

time enables deep analysis from multiple aspects.  

Considering the impact of the COVID-19 on the logistics and supply chain 

processes it became more crucial to improve performance on chain level. Finding out 

operational malfunctions can support to get over extraordinary situation much easier. 

The uncertain market circumstances make the probability of bullwhip effect even 

higher. Tracking and analyzation of the phenomenon became even more important. 

Usage of BSC framework for analysis of the bullwhip effect is a good 

opportunity to see multiple reasons behind the phenomenon. It supports the 

elimination of the reasons and improvement of the processes to achieve better 

performance. The matching is created based on the common characteristics and scope. 

The hypothesis stated is as follows: bullwhip effect reasons can be matched with 

the Balanced Scorecard structure. This enables the proper categorization of measures. 

That potentially leads to better control on bullwhip effect phenomenon. 

 

 

2. THEORETICAL BACKGROUND 

 

2.1. Bullwhip effect 

 

Bullwhip effect (BWE) has strong academic and business interest due to the 

potential malfunctions that can be generated in the supply chain if it occurs. The main 

understanding of the phenomenon is common but still among different research 

groups interpretation differ highly. The phenomenon was researched first by Forester, 

it is also known as the forester effect. The bullwhip effect term was defined in a 1997 

study by Lee, Padmanabhan and Wang. In practice it was recognized by Procter and 

Gamble through the analysis of the diaper orders. Customer demand fluctuation was 

not explaining the level of variability. The phenomenon was also present at other 

sectors and companies. The authors describe bullwhip effect as below: “the 

phenomenon where orders to the supplier tend to have larger variance than sales to 

the buyer (i.e., demand distortion), and the distortion propagates upstream in an 

amplified form (i.e., variance amplification) (Lee et al., 1997, p546).” It can be also 

described pointing out the huge difference between customer demand and the 

produced quantities. “The effect by which slow moving consumer demand creates 
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large swings in production for the suppliers at the other end of the supply chain.” From 

financial perspective bullwhip effect becomes crucial once the fluctuation of 

production leads to higher cost than the inventory holding (Wang & Disney, 2016). 

The competitive environment and the structure of the supply chain are also 

influencing the occurrence of the phenomenon (Xuluo, 2021). 

The main causes behind have been stated by Lee et al as below (Lee et al., 1997): 

• Demand signal processing: focus is on the retailer supplier point of the 

supply chain but applicable on the full chain. Supplier cannot track properly the 

retailer's signals; the true demand pattern is not getting through the chain. All the 

forecast related malfunctions can be listed here: inaccurate forecast, misunderstanding 

of the market information or the applied forecasting strategy. There are also related 

topics. Handling of stock out situation from the planning perspective is also impacting 

the forecasting. Common problem of the former mentioned issues can be lack of 

learning also. 

• Rationing game: products with limited supply order can exceed the real 

needs to secure availability. The issue typically starts from the manufacturer, but it 

can occur in all levels of the chain. This group is relevant on chain level. Impacting 

factors are the number of supply chain echelons, lack of transparency, 

synchronization, and control. Application of local approaches ignoring the global 

view is also under this category. Fear of shortage also mostly observable on echelon 

level but it can impact the full chain in a multiplicative way. 

• Order batching: can be caused by periodic review processes and the cost of 

the orders. Rules and strategies can differ in the chain that can drive to bullwhip effect. 

Mostly the technical characteristics are under order batching. The applied lot size of 

orders and the used ordering timelines can drive to unrealistic numbers. That can be 

even aggravated by the lack of harmonization (mentioned earlier) of replenishment 

strategies in the chain. Limitations of the available capacity can also lead to defective 

solutions (Potter & Disney, 2006). 

• Price variation: promotional plans are not in line with the supply capabilities. 

It can be even worse with free return policy. Promotional activities, sales deals can 

also have impact on the supply chain performance and the bullwhip effect. Fluctuation 

of material or finished good prices can trigger the oscillation. Planned and mainly 

unplanned promotions can drive to insufficient operation and can also result in fear of 

shortage. Further causes have been identified later. Lead time is of the most 

significant. As in today’s supply chains long geographical distances are typical lead 

time cannot be 0. Forecasting methodology and replenishment policy need to be 

identified considering also the time related information (Geary et al. 2006). Also some 

different approaches are present in regards of bullwhip effect. Information sharing is 

connected more to the global supply chain concept. Effects are realised on echelon 

level but partner connections between the members of the supply chain are driving 

these processes (Bhattacharya and Bandyopadhyay, 2010). 

The mentioned main areas have been completed by the lead time parameter 

(Geary et al, 2006). The phenomenon can drive to different outcomes. Overstock and 

stock out can also be the result. Both cases drive indirectly or directly to financial 

impact. It can be for example because of the lost sales opportunities or the increased 

warehousing cost. The financial impact can increase through the chain due to the 
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multiplication effect. Beside the cost impact information distortion is also significant 

due to the BWE (Szegedi, 2012). The phenomenon results in uncertainty in planning. 

The expenses also appear due to production and transportation capacity utilization 

(Warburton & Disney, 2007). 

As today’s supply chains are rather networks than chains the co-operations is 

harder. An idealized chain is characterised by information transparency, coordinated 

processes and common strategy. Considering these circumstances bullwhip effect is 

less likely to happen. However, these idealized characteristics are not likely to happen 

in the real-life circumstances. For better forecasting processes and accuracy 

information sharing is needed. It is not solving the problem by itself, but the highest 

peaks can be avoided. Lead time should also be checked. The critical points need to 

be identified and controlled. This helps in the reduction of the uncertainty; processes 

are more manageable. Third point is the synchronization of ordered batch sizes and/or 

quantities. In addition, process related differences should also be checked and 

harmonized, or compatible methods should be used (Towill et al, 2007). 

 

2.2. Balanced Scorecard 

 

The Balanced Scorecard (BSC) is a frequently used measurement system which 

is not limited for measuring financial results. The idea was developed by Robert S. 

Kaplan and David P. Norton in 1992. The tool is mainly supporting the work if the 

strategical goal is clear and the number of metrics we would like to measure is limited. 

For structuring the result Balanced Scorecard use four perspectives (Kaplan & Norton, 

1992): 

1. Financial perspective 

2. Customer perspective 

3. Internal business perspective 

4. Innovation and growth perspective. 

This model can measure operative processes, but the aim is supporting strategy 

and long-term changes. The main point in Balanced Scorecard is staying flexible, 

adaptable with keeping the ability to handle the complexity of measures. The main 

groups of indicators stated in the model are important in all enterprises and the 

breakdown of the measurement enables the customization of the system even on 

enterprise level. Besides the company can also decide regarding the weight of the 

perspectives based on unique preferences. With regards of the perspectives, it is also 

important to find a way to connect them and point out the parts where they can 

influence each other (Chytas et al. 2011). 

Using the perspectives all relevant areas are covered but at the same time the 

number of measures used are limited. This minimizes the potential informational 

overload that can take the focus away. Having the four perspective not only enables 

the user to put proper focus on different fields but also support in avoiding the sub-

optimal approaches. Using the frame, the comprehensive picture is clearer (Wu, 

Chang, 2012). 

Using BSC, the two main pillars: financial and non-financial aspect can go hand 

in hand. The cost pressure can be reflected in the financial perspective, but also the 

customer satisfaction is taken into consideration. In the model what is more than the 
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already mentioned points are that we can connect these disciplines to internal business 

processes, and we can see how the development of the internal processes can help 

with the other factors. In addition, innovation and growth/adaptability can be also 

integrated into the complex evaluation of the operation, strategy. Basically, the model 

tries to answer the question ‘How does the company succeed?’ with the non-financial 

indicators to support the financial goals and targets (Kurien, Qureshi, 2011). From a 

different angle BSC perspectives can separate the indicators based on the scope or 

focus of the measures. Financial related measures are concentrating on the occurred 

events, focusing on the outcomes in the past. Non-financial factors are considered 

more forward thinking (Whang, Chen, 2019). 

We can differentiate between the perspectives based on the observed period also. 

Financial perspective shows the financial results of the company, the decisions are 

made, and the changes occurs due to them. In contrast the other segments mainly focus 

on the future. What are the areas which can impact future result? How can their 

improvement help from financial point of view? The limited number of measures also 

concentrate the focus of decision makers on the focus areas and information does not 

need to be selected, searched out from huge datasets (Kurien, Qureshi, 2011). 

 

2.3. Scientific landscape of Balanced Scorecard and Bullwhip effect 

 

Scientific mapping has been used to check the overlapping research on bullwhip 

effect phenomenon and Balanced Scorecard framework. There are several 

possibilities to find and extract information on published articles. Multiple databases 

are available. In this research the Dimensions.ai database has been used to collect the 

meta data. For visual display there are also multiple available tools. VOSviewer is a 

supporting tool for visualization of bibliometric data. The landscape in the tool can be 

generated based on citation, bibliographic coupling, co-citation, or co-authorship 

relations. With this tool co-authorship, citation based, and occurrence networks can 

be created (www.vosviewer.com). The investigation is focusing on 2016-2019 period. 

2020 is excluded due to the impact of COVID-19. Bullwhip effect is scope of COVID-

19 related research due to the impact on supply chain performance. From the 

perspective of this research, it is not relevant to consider this outstanding 

circumstances. 

Regarding the Balanced Scorecard we can find several research in multiple 

perspectives. Considering the period of 2016-2019 16951 publication is listed in 

dimension database. When the search is narrowed down to common research of BSC 

and BWE it is only 391 hits for the given period. We can see from these numbers that 

usage of BSC in terms of bullwhip effect research is not that likely. Only 2% of the 

articles in the database are considering both key words. If the period is not limited 

Dimensions contain 75 thousand BSC related hits and only 1 thousand on the 

“Balanced Scorecard” AND “Bullwhip effect” combined expression. In percentage 

this is even less than 2% (Strommer, Földesi, 2020). 

For the examined period (2016-2019) Figure 1. landscape shows the connection 

between the authors. The threshold value for the authors has been set for two due to 

the small number of articles. So only the authors with at least two articles in the 

research are visualized. As visible on the figure Bandyopadhyay Susmita and Jones 
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Erick have the biggest number of articles on the topic. Considering the search 

requirement (“bullwhip effect” AND “Balanced Scorecard”) these two authors are 

isolated. We can also see a bigger network of eight researchers and some smaller 

groups (Strommer, Földesi, 2020). 

 

Figure 1. Connection on author level between BWE and BSC research (2016-2019) 

 
Source: Strommer, Földesi, 2020 

 

On institution level even less connection occurs. Even if the threshold value is 

deleted (set to one) only five connected elements can be presented. Below figure 

shows these five institutions. Bullwhip effect and Balances Scorecard is not present 

together in big number of research. Based on the examined period individual research 

or small research groups are typical. Most of the institutions are also not connected 

on this topic (Strommer, Földesi, 2020). 
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Figure 2. Connection on institution level between BWE and BSC research (2016-

2019) 

 
Source: Strommer, Földesi, 2020 

 

 

3. BALANCED SCORECARD AND BULLWHIP EFFECT 

 

As chapter 2.3 shows common research of bullwhip effect and Balanced 

Scorecard is not typical. Each topic is extensively studied but the joint investigation 

is not regular. Connection between the two is the operational performance. BSC 

supports a frame to integrate metrics. BWE influence the operation and this impact 

needs to be presented and tracked by the measures. 

Balanced Scorecard’s four main perspectives are: innovation and growth, 

internal business, financial and customer. Bullwhip effect reasons are also categorized 

in four main groups: demand signal processing, rationing game, order batching, price 

variation. The connection of the framework and the phenomenon can be built based 

on the scope of the BSC perspectives and the characteristics of the reason groups. The 

pairing is in Table 1. 

 

Table 1. BSC perspectives connected to the BWE reasons 

Balanced Scorecard Bullwhip effect 

Innovation 

and growth 

improvement actions 

long term focus 

deeper understanding 

of performance 

Rationing 

game 

affecting the whole 

chain 

strategical aspect 

Internal 

business 

existing processes 

operational metrics 
Order batching 

replenishment policy 

time frame 

Financial costs related measures Price variation 
promotional impact 

price changes 

Customer 
customer satisfaction 

loyalty 

Demand signal 

processing 

forecasting 

uncertainty 

estimation based 

planning 
Source: own research 
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Innovation and growth perspective contains the measures that support the 

process improvement actions with long term focus. These metrics are supporting the 

better knowledge on the performance of the processes to support learning and 

development (Lim, Ok, 2021). Bullwhip effect rationing game reason group also 

contains the chain level reasons like number of echelons, local vs global approaches 

or lack of control and synchronization. These elements are mostly on strategical level. 

The KPIs that shows the mentioned reasons of the rationing game group focuses on 

chain level questions, can be used to support the improvement actions. With this 

approach rationing game reason group can be connected to the innovation and growth 

perspective of the Balanced Scorecard. 

Internal business perspective places the focus on the metrics related to the 

existing, operating processes. These are the activities in the background that need to 

be initiated to support better service for the customer (Lim, Ok, 2021). Regarding 

BWE order batching contains process related reasons: the applied ordering and 

replenishment strategy, timelines used. The BWE order batching reasons highly can 

be connected to the purposes of the internal business perspective of the BSC. 

Financial perspective relates to price variation. Price related changes can have 

huge impact on the forecast, level of inventory. These unplanned price changes (both 

increases and decreases) leads to inventory related oscillation. This result can be 

reported in the KPIs and involves financial expenditures. As the financial perspective 

of the BSC shows the quantified impacts it can be matched with the BWE reasons 

connected to price variation. 

Customer perspective aims to point on customer focus and relationship with the 

customer. Focus is on satisfaction, retention, and loyalty. These elements can be rather 

measured by the customer, from the enterprise perspective the service quality can be 

evaluated (Lim, Ok, 2021). Demand signal processing also touches this topic. It is 

highly impacted by information sharing and forecasting methodology used by the 

different echelons. These all are based on the initial information from the customer. 

These aims to reach the highest possible level of customer satisfaction. 

Below table (Table 2) shows KPIs that can be potentially used to show the 

presence, or the impact of the bullwhip effect categorized according to Balanced 

Scorecard perspectives. The first table is providing the basis of the categorization: 

 

Table 2. KPIs to detect bullwhip effect in the BSC structure.  

Innovation and growth 

 number of supply chain echelons 

 number of harmonized local KPIs  

 number of occurence of shortages 

Internal business 
 Safety stock level, 

 Lot size 

Financial 

 Bias  

 Price level fluctuation,  

 Number of promotions 

Customer 
 Forecast Accuracy  

 Service level 
Source: own research 
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The metrics in Table 2 are supporting analysis of the presence of the bullwhip 

effect. In addition, some of them can be used to reduce the impact by early detection 

(such as service level). Some other KPIs can also support the indication of the 

phenomenon. As bias and forecast accuracy compare historical forecast data with real 

market situation these KPIs can support the indicative approach. 

 

 

4. CONCLUSION AND DISCUSSION 

 

The literature mapping led to the result that Balanced Scorecard and bullwhip 

effect is typically not present together in research. Nevertheless, the BSC perspectives 

and the BWE reasons are showing similarities in regards the scope. Based on the 

similar logic reason groups and perspectives have been connected. Some example 

KPIs that can be used as measure of bullwhip effect has been systemized based on the 

Balanced Scorecard structure. 

Balanced Scorecard is a good framework to group the metrics that shows the 

presence of the bullwhip effect. The reasons of the BWE fits well with the BSC 

structure. Using the measurement system is potentially support the detection of the 

phenomenon. This gives opportunity to have better control on it. It can also be basis 

of process improvement actions that leads to the elimination of the bullwhip effect. 

Balanced scorecard can be used as indicator framework of the BWE. 

As the next step it is worth to check how the mentioned KPIs can be used to 

indicate bullwhip effect. If the measure is not supporting the indication how it can be 

used for analytic purposes. It is also important to identify the characteristics of the 

supply chain that impact the set of measures used. 

The mentioned methodology is mainly suggested for companies using BSC 

already or any compatible system. The data handled by the supply chain can limit the 

usability. If a given information is not tracked, it may be not worth to introduce new 

measures. Financial or other sources can also limit the applicability. 

Usage of KPIs that are not covering the spectrum of the scorecard can also limit 

the usability. It is also valid that short supply chains and some product categories are 

not typically impacted that heavily by the bullwhip effect. The method is mainly 

aiming to support the chains that are hardly impacted by the bullwhip effect. These 

cases the phenomenon is the result of the combination of multiple reasons. Using BSC 

can support in recognition and parallel treatment of the issue. 

There are also some other directions of research that can be initiated to cover the 

scope of this investigation. Below questions should be analysed as first step: 

• What are the bottleneck points in practical application? 

As a next step it is possible to check how the similarities between BSC and BWE 

can be used in practice. Based on the result reached it is visible that KPIs that can be 

used to show the consequences, or the presence of the bullwhip effect can be built in 

the Balanced Scorecard frame. The question is how the metrics can be categorized to 

generate a tool that in long term eliminate the negative impact of the phenomenon. 

Some of the mentioned measures support the process improvement that can reduces 

the likelihood of occurrence. The others can indicate the presence or the sings of it. It 
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needs to be checked if tracking bullwhip effect separately from multiple angles can 

work or not.  

• What other frameworks can be used? 

It should be checked if there is any other performance measurement framework 

that can be matched with the bullwhip reasons or consequences. This would make 

wider choice of tools for the supply chains and better adaptability. 

• What are the further logistics KPIs worth to be included? 

In Table 2. there are some examples listed that can be integrated to the 

framework and that is also shows the bullwhip effect. The set of metrics that can be 

used is not limited to the mention items, further KPIs can be included. It would be 

worth to check what other measures are used widespread in multiple industries. 
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Abstract 

 

The article briefly explains the concepts of modeling and simulation. It gives 

examples of the use of modeling and simulation in civil logistics - simulation of a beer 

can production line and also in military logistics - simulation of deployment process 

of military unit. It also describes the differences between civil and military logistics 

and the advantages of using modeling and simulation. The use of Simio software for 

supply chain modeling and simulation is illustrated with a model example. The result 

is a description of the outputs from the simulation software and the selection of the 

best option based on the given criteria. The topic of modeling and simulation, 

especially in the military domain, deserves deeper exploration and the use of complex 

models to capture real-world situations, which can be used to improve logistic 

processes not only during military operations but also during peacetime. 

 

Key words: modeling, simulation, logistic process, military, Simio 

 

 

1. INTRODUCTION  

 

The main goal of this paper is to introduce modeling and simulation, their 

possible use in civil logistics and subsequently also in military logistics. 

The supply chain in civil logistics can be an absolutely critical factor in product 

design. Various factors influence the design and operation of the supply chain itself, 

such as concerns about contingencies, economic security, uncertain input and energy 

costs, and others.  

Thiers and Mcginnis (2011) suggest that for a sustainable practice of simulation 

in logistics, the current practice of using an analytical model as the first formal model 
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of a logistics system cannot be continued; rather, a model-based approach is needed 

that begins with a formal language to capture a definitional description of the logistics 

system itself. 

With the development of computer technology and therefore computing power, 

not only are the possibilities for more complex simulations opening up, but simulation 

software is nowadays no problem to run on a regular personal computer, making 

simulations accessible to a wider range of users 

Producers of goods, companies involved in the transport of inputs for the 

production of the goods, and subsequently in the transport of the final product. Other 

companies that store the goods and, last but not least, the customers. All these entities 

are part of the global supply chain. These chains are complex systems made up of 

often a large number of companies, locations and transport hubs. The result of these 

chains is often the satisfaction of demand for millions of units of the final product. 

Research on global supply chains is mainly concerned with optimisation models. 

These models, as the name implies, try to optimise various factors of the supply chain, 

on the basis that we know all the necessary facts. Typically, these models can be used 

to optimize, for example, the ideal location for production or warehousing, how much 

inventory we should optimally have in these warehouses, which supplier will be most 

efficient to take the necessary inputs from, and how to transport the goods. All this 

for the sole purpose of minimizing logistics costs.  

The second approach is simulation models, the fundamental difference from 

optimization models is that the things we were trying to find out with the optimization 

model are known or given in this case. An important factor here is the uncertainty 

about factors such as costs. So these models are trying to build a picture of actual 

performance based on these variable parameters.  

Military logistics is quite different from civil logistics. There is neither 

competition nor a requirement to make an economic profit. The essence of military 

logistics is mainly to secure the required amount of material in required quality at a 

given time in a given place for given military unit. A fundamental aspect of 

operational logistics, for which simulation tools are of key importance, is its ad hoc 

nature and the process of deploying military units (contingents) and their operations 

in a multinational operation is always, at least partially, unique. Nevertheless, it is 

highly advantageous to have a predeveloped model (model core for the respective SW 

interface) that will ensure, even with limited a priori information, basic decision 

support for the respective commander. In the context of the actual operation, it is then 

possible to model and simulate basically any logistics process with sufficient time and 

information. In contrast to civil logistics, problems in the logistics chain in such an 

operation can be fatal, e.g. due to shortages of water, ammunition and other vital 

supplies of a bulk nature. 

 

 

2. MODELING AND SIMULATION   
 

The use of modeling and simulation can be seen not only in supporting the 

planning, design and subsequent evaluation of dynamic systems, but also in evaluating 

strategies for system transformation. According to (Birta & Arbez, 2013), their 
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importance is growing at a remarkable rate because their use is not limited by the 

boundaries of the disciplines.  

However, the growth is also due to the opportunities provided by the availability 

of computational resources and the growing portfolio of human skills that can make 

use of this computational power effective. 

 

2.1. Modeling  

 

The model plays the role of a surrogate for the system it represents and its 

purpose is to replace the system in experimental studies. If the underlying system does 

not exist (e.g., it may only be an idea, concept, or design), the model is the only option 

for experimentation. But even if it does exist, there are a number of reasons why 

experimenting directly with it might be inappropriate. Such experimentation might 

be, for example:  

- too costly (determining the performance benefit that would likely be achieved by 

upgrading the hardware at all switching nodes in a large data communications 

network),  

- too dangerous (exploring alternative control strategies for a nuclear reactor),  

- too intrusive (assessing the effectiveness of the proposed network of one-way 

streets in the centre of an urban area),  

- irreversible (examining the impact of a change in tax policy on the country's 

economy), (Birta & Arbez, 2013)  

-too time-consuming (investigating the spread of an invasive plant species), 

- morally/ethically unacceptable (testing the spread of toxic substances from the 

factory through the river system). 

 

 

2.2. Simulation  

 

A computer simulation is, in a narrower sense, a program that is run on a 

computer. This program uses sequential methods to investigate the behaviour of a 

mathematical model. Usually this model is an image of a real system, but it can also 

be just an imaginary system. One run of the program on a computer is a simulation of 

the system. The algorithm takes as input the values of the system variables at a certain 

time. It then calculates the state of the system at time +1. From these values, it then 

calculates the values at time +2, and so on. The computer produces a numerical picture 

of the evolution of the system, based on the model. 

According to Winsberg (2019): the sequence of model variable values can be 

stored as a large collection of "data" and is often viewed on a computer screen using 

visualization methods. Often, but certainly not always, visualization methods are 

designed to mimic the output of a scientific instrument - to make the simulation appear 

to measure the system of interest.  
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3. CIVIL USE OF MODELING AND SIMULATION 

 

Simulation is a modern tool for the analysis of complex production, supply, 

service, communication and other business processes (systems). A significant 

advantage of simulation is the fact that everything happens only in the model, without 

any necessary intervention in the operation of the enterprise. Using simulation, it is 

possible to explore different alternatives for changes in the system, verify the impacts 

and consequences of these changes, and select the solution that is most appropriate 

for the situation. Thanks to simulation modeling, the risk of wrong decisions is 

reduced to a minimum, as an error discovered during experiments with the model is 

always cheaper than an error that is discovered only during the implementation of a 

specific, unexamined solution proposal (Tvrdoň & Bazala, 2019). 

Civil logistics is a very broad concept, so there is a plethora of possible 

applications of modeling and simulation in this area. 

 

3.1. Use for the support of decision-making in logistics design of a cans 

packaging line 

 

Strategic decisions concerning production systems usually concern the design 

and allocation of resources in the medium/long term. Problems at this level may 

typically involve conflicting objectives and therefore require strong expertise as well 

as advanced decision support tools (Bruzzone & Longo, 2013). They also have a 

strong impact related to financial issues.  

This example shown in the figure 1 focuses on the design of a new can packaging 

line. It aims to support decision making to ensure the best configuration of internal 

logistics, including storage and material handling, to avoid additional costs. In this 

paper, discrete event simulation is used to support decision making in the design of 

the internal logistics of a can packing line.  The proposed simulation model allows to 

evaluate and define the best strategy to minimize the costs associated with production 

and distribution. With the impact of introducing a new packaging line within the 

logistics operation. The main attraction of this tool for the customer is that it can 

emulate future operational policies and analyse the behaviour of a system that is 

currently only in design. It also allows experimentation with new equipment layouts, 

conveying systems, hardware systems, etc. without having to invest money to acquire 

or purchase them, interrupting the normal operation of other lines that will be used to 

interact with the new line (Achkar et al., 2020). 
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Figure 1. Model of can packaging line made in Simio 

Source: (Achkar et al., 2020) 

 

 

4. MILITARY USE OF MODELING AND SIMULATION 

 

Military logistics is somewhat narrower than civil logistics. However, the use of 

modeling and simulation can be seen in particular in areas such as training of military 

professionals, during planning and during military operations, to support the decision-

making process of the commander, but also in peacetime conditions, when the 

requirements for military logistics approach the requirements for civil logistics (e.g. 

rationalisation of stock flow, etc.). 

Modeling and simulation provide a comprehensive overview of the planned 

operation, can help to identify weaknesses in a given system or predict the amount of 

inventory and human resources needed to successfully complete the task. Another 

possibility is to use them in specific training of military professionals without the need 

to organise a military exercise, i.e., using only simulation. A combination of live 

simulation with computer simulation is also possible. 

When we talk about simulations in the military environment, it is mainly about 

live simulation. This simulation usually takes the form of a military exercise, where 

manoeuvres are carried out to simulate possible real combat activity. These exercises 

are most relevant to combat units training combat skills. They are usually personnel 

and financially demanding, and the simulation of logistical activities is usually 

neglected. As a rule, it is considered that the units are automatically resupplied and 

the vehicles are repaired or no damage is envisaged.  

In recent years, with the development of modern technologies, even in the 

military environment, there are opportunities to perform modeling and simulation of 

complex situations using software tools in military logistics, these are mainly supply 

chain simulation and stockpile management. As all activities can be divided into 

processes and sub-processes, it is also possible to model and simulate processes 
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related to the consumption of spare parts or ammunition. The future use has great 

potential with many advantages. 

The main advantages of using modeling and simulation tools are:  

- Simplicity, variability and modularity: Different factors can be included if 

needed, so it is possible to create a similar model or test one model in different 

scenarios. Simulation tools generally allow for rapid modification by adding 

additional factors, changing unit parameters, as well as changing the quantity and 

structure of supplies or changing the type of military equipment. (Foltin et al., 2018) 

-Speed: Model building and subsequent simulations are relatively fast and 

accessible using the available software. There are many different programs available 

that allow many different approaches. 

-Low cost: Compared to the implementation of a military exercise, where a large 

number of personnel, equipment and related additional resources are required, 

simulation can be carried out on a military base. 

The main disadvantages are:  

- High abstraction of the simulation model: If the model is poorly constructed, 

there is a risk that it is too far from reality 

-Complexity: Advanced software with too many controls can be quite difficult 

to use for a person who is not experienced with this approach 

-Creating the model: Creating a complex model can be very time consuming and 

requires considerable knowledge and experience. 

The integration of digital technologies and industrial automation in military 

installations and operations requires careful planning to eliminate waste of resources 

while reducing operational costs. One of the advanced simulation software is Simio. 

Simio provides extensive simulation modeling and planning support. Departments of 

Defense or military installations can use Simio to implement an automated 

transportation or material handling system at the installation. The program can be used 

to evaluate the success of various processes such as supply strategies, transportation 

reconnaissance activities, and more. Detailed 3D visualizations and statistics from 

simulated models provide the insight needed to optimize decision-making processes 

and implement new strategies (Simio, 2021). 

Simio can be used to improve defence-related processes within: 

- repair facilities, 

- military hospitals, 

- supply chains and logistics plans, 

- environments with complex interactions and workflows, 

- modernization projects (Simio, 2021). 

 

4.1. Use for the simulation of the deployment process of military operation 

 

As part of the process of deploying forces to a multinational operation, the so-

called RSOM/I (Reception, Staging and Onward Movement and Integration). The 

objective of this process is to ensure the smooth progression of strategic force 

deployment and the initiation of operations in the joint area of operations in the same 

phases (Joint Operation Area).  
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In the RSOM/I process, as in the civil sector, it is appropriate to simulate simpler 

process activities with a higher degree of repetition that may allow for variability in 

time, capacity, or number of indicators. A typical example would be the simulation of 

operations associated with unloading or loading cargo at ports, where the handling 

and unloading of container units needs to be coordinated with the departure of military 

vehicles, plus the scheduling of driver turnover for the respective vehicles. (Foltin et 

al., 2018) 

The object of such a simulation model is to select and subsequently verify a 

variant that minimizes the time of each handling operation while making more 

efficient use of the available capacities (personnel, handling and transport vehicles). 

Finding the optimal unloading or loading method allows for optimal use of available 

capacities while optimising the financial resources spent. For the needs of the armed 

forces, it is possible to use the modular principle and to verify different scenarios 

depending, for example, on different unit size (stock volume) and unit type (stock 

type). The situation is more complex when it is necessary to simulate the operation of 

not only one unit, but multiple units in a multinational context, where multiple North 

Atlantic Treaty Organisation (NATO) armies are unloading supplies and vehicles and 

at the same time implementing the time schedule of the commander of a multinational 

operation. (Foltin et al., 2018) 

For these purposes, a model of port of debarkation handling and transport 

operations was developed, based on the formulated assumptions and a simulation of 

these operations was conducted. It presents the logistics simulation as a tool that can 

be used to gain insight into the potential outcomes of deployment plans. The research 

focuses primarily on alternative scenarios for the RSOM/I process. Outputs for the 

logistics analysis formulated can be used in the training phase of experts in the 

logistics implementation of the RSOM/I process. (Foltin et al., 2018) 

 

Figure 3. Simulation model 

Source: (Foltin et al., 2018) 

 

The output of the simulation model is a transparent overview of the entire 

process of the receiving phase – unloading of container units and military equipment 
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and ensuring standardization of the activities performed. The contribution of the 

simulation model is the determination of the maximum waiting time of the ship 

depending on the defined variable – the number of drivers. The created model can be 

easily modified by determining other variables and observing differences in the model 

output characteristics (Foltin et al., 2018). 

The simulation software used in this example is Simul8. It is a program similar 

to the Simio software used below. It offers similar capabilities, but is slightly simpler, 

which in turn offers simpler user control. 

 

 

5. SUPPLY CHAIN MODEL  

To demonstrate the use of simulation software tools, specifically Simio, a model 

example of a supply chain is created in the following chapter. The use of simulation 

software in this example can be seen mainly as a support for possible decision making 

on the specific composition of the supply chain, the dimensioning of warehouse space, 

the utilisation and amount of transport capacity needed and the intervals between 

ressupplies of warehouses. 

 

5.1. Model  

 

The model created in Simio can be seen in the figure 4. It consists of a Supplier, 

which has a picture of a port, this element has an unlimited amount of resources. From 

the Supplier the product is transported to a central warehouse, from where they are 

further distributed according to the needs to three individual warehouses from where 

they are further distributed to individual Consumers, which are 9 in total. The product 

is always delivered from one warehouse to three Consumers. 
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Figure 4. Model of the supply chain 

 
Source: Own 

 

Timepaths are used to represent the transport between the individual elements of 

the model. These are representations of the time required for transport between the 

elements of the model. The specific parameters used can be seen in the table 1.   

 

Table 1. Timepaths 

Supplier to Central 

warehouse (min, mean, 

max) [hours] 

Central Warehouse to 

Warehouse 1, 2, 3 (min, 

mean, max) [hours] 

Warehouse 1, 2, 3 to 

Consumer 1-9 (min, 

mean, max) [hours]  

(42, 48, 54) (26, 30, 34) (4, 6, 8) 

 

 
Source: Own 

 

The values in the table show the time from the creation of the request to the 

delivery of the product to the requested location. Triangular distribution is used to 

show the possible differences in the times needed to deliver the requested quantity of 

product. In a real situation, differences in times may be caused by e.g. loading and 

unloading problems, heavy traffic, etc. 
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5.2. Assumptions and limitations 

 

The assumptions and limitations of the model are:  

- the model does not assume that a failure could occur (e.g. vehicle failure during 

transport between warehouses),  

- it is assumed that the necessary equipment and people needed to carry out all 

processes are always available, 

- an unlimited quantity of the required product is always available at Supplier 

- the model assumes the use of only one type of product, 

- it is assumed that all processes can be started at any time of the day (no rest, shift, 

day and night are considered). 

 

5.3. Simulation  

 

The model is fully customisable and by adjusting its parameters it can be used 

in a wide range of possible real-world situations. Different scenarios showing 

different variables and their combinations are selected to demonstrate these 

possibilities. These scenarios are simulated in Simio and then the most suitable option 

is selected. 

 

5.3.1. Fixed model parameters 

 

The fixed parameters entered into the model during the experiment are displayed 

in the table 2, these are the Initial quantity, for the Warehouses and for the consumers. 

This value shows the quantity of product available at the locations at the beginning of 

the simulation. Reorder point at Consumer 1-9, shows the stock level at Consumer at 

which resupply will be requested. Time of Consumption shows the time during which 

the product is consumed in the quantity shown in the Quantity consumed column. The 

last two values are triangularly distributed.   

 

Table 2. Fixed model parameters 

Initial quantity [pcs] 

Reorder 

Point 

[pcs] 

Time of 

consumption 

(min, mean, 

max) 

[hours] 

Quantity 

consumed (min, 

mean, max) [pcs] 

Central 

warehouse 

Warehouse 

1, 2, 3 

Consumer 

1-9 

Consumer 

1-9 

Consumer 

1-9 
Consumer 1-9 

88 200 29 400 1 400 700 (23, 24, 25) (400, 600, 700) 

Source: Own 
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5.3.2. Variable parameters 

 

The variable parameters entered into the model are shown in the table3, these 

parameters are the reorder point for Central warehouse and individual Warehouses 

and the Reorder quantity, showing the quantity of product ordered, which is additional 

for Consumers 1-9. The second row shows the base values, the first row the half values 

and the third row the double values. By creating variations of all of these values, 162 

scenarios were created and then subjected to simulation to determine the most 

appropriate variation. 

 

Table 3. Variable parameters 

CentralWarehouse Warehouse 1, 2, 3 Consumer 1-9 

Reorder point 
Reorder 

quantity 
Reorder point 

Reorder 

quantity 
Reorder quantity 

33 075 14 700 9 450 7 350 700 

66 150 29 400 18 900 14 700 1 050 

99 225 44 100 28 350 22 050  

Source: Own 

 

5.3.3. Defining the research question, limit criteria and simulation parameters 

 

The basic question is in which scenario the smallest total number of trucks will 

be needed to transport the product, taking into account the initial filling of stocks and 

then the subsequent operation of the whole system for 30 days. 

The truck capacity is set to 700 pcs of product.  

The basic constraints are the minimum required stock level in Warehouse 1-3 – 

14 700 pcs (7 days’ supply for Consumers) and the minimum required quantity in 

Central warehouse – 44 100 pcs (3 days’ supply for Warehouse 1-3)  

The simulation period is set to 30 days. Each scenario is repeated 200 times to 

achieve relevant results 

 

5.3.4. Simulation 

 

The first step is to discard scenarios that do not meet the threshold criteria in the 

selected parameters. The determined values of the minimum required stock levels for 

Warehouse 1 for the first 50 scenarios are shown in Figure 5. Stock levels that no 

longer meet the criteria are highlighted in red, the values for a given scenario are 

shown as dots or as a box plot. 
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Figure 5. Minimum required stock level limiting criteria 

Source: Own 

 

The above example shows that certain scenarios do not meet the requirements. 

After analysing all the scenarios, it was found that 44 scenarios out of the original 162 

scenarios met all the threshold criteria. 

Crucial for the evaluation is the figure 6, showing on the x-axis the individual 

scenarios and on the y-axis the number of trucks needed for the initial stocking and 

then the subsequent operation of the whole system for 30 days. The values are shown 

as box-plots due to several triangularly distributed parameters. The best scenario will 

be selected based on the average values in the plot shown as yellow dots. We aim to 

minimize the number of trucks, therefore the best solution is Scenario 113 with an 

average of 762,995 trucks. 

 

Figure 6. Number of trucks used for every scenario 

Source: Own 
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For a better understanding of the scenario, a figure 7 showing the stock level in 

the Central warehouse, is added.  In the figure, we can see how the volume of product 

in stock decreases by leaps and bounds over the course of 30 days based on the 

demand from Warehouse 1-3. Subsequently, the stock is replenished. It can also be 

seen from this figure that the minimum quantity in stock does not fall below the 

specified 44,100 pcs, falling to a low of just under 60,000 pcs. Conversely, the 

maximum quantity of product in stock exceeds 100 000 pcs after replenishment. 

 

Figure 7. Central warehouse stock level 

 
Source: Own 

 

The stock level over 30 days in Warehouse 1 is shown in the figure 8. It shows 

a gradual decrease in the stock as product is taken by individual Consumers and a 

subsequent leap in resupply. The minimum quantity in stock does not fall below 17 

000 pcs. The maximum is slightly below 33 000 pcs. 
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Figure 8. Warehouse 1 stock level

 
Source: Own 

 

5.4. Partial conclusion 

 

 Based on the given criteria, the best scenario was selected from among all those 

created. This scenario was selected based on simulation for 30 days. The main 

selection criterion was the number of trucks needed to initially fill the warehouses and 

then run the system for 30 days. As the parameters were chosen randomly and do not 

correspond to any real situation, it can be assumed that this particular scenario (if it 

were a real situation) would not have been selected, e.g., because of a preference for 

a variant with lower stock fluctuations.  

The advantage of the simulation software shown in the example is in particular 

the possibility to choose one of a huge number of variants. In practice, this can mean 

a significant reduction in costs. Graphs showing the outputs selected by the user allow 

important data to be easily understood. 

Although the creation of the model is quite complex, the subsequent outputs are 

an invaluable source of information. 

 

 

6. CONCLUSION  

 

Modeling and simulation is a commonly used modern tool for analysing 

complex systems, especially in business processes. Simulation can capture complex 

and changing processes and help to improve them. However, the use of simulation 

and modeling is not limited to the civil domain. A wide range of applications can also 

be found in the military environment  

The use of modeling and simulation can be observed in both the civil and 

military domains. The sizing of warehouses, decisions on the location of warehouses, 
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the number and volume of replenishment of products needed, transport requirements, 

all can be determined with the correct setting of the model parameters. Potential 

applications can be seen in supply planning within humanitarian logistics. Military 

use can be envisaged e.g. in planning a military operation. 

Example of modeling and subsequent simulation of a supply chain used shows 

the possibilities of using a model to solve the supply for a certain period of time - in 

this case 30 days. Using the model data and combinations of the given variables, the 

best scenario for the given criteria was identified. The main advantage of the 

developed model is its variability - by simply changing the parameters it can be 

applied to relevant real-life situations within civil and military logistics. The resulting 

outputs from the simulation software, showing the level of inventory over time, can 

be an important basis for logistics management decision-making. 

In the field of civilian logistics, it can be stated that the subject is quite 

intensively researched and a considerable number of scientific publications are 

available. Further research needs to focus in particular on the possible military 

applications of computer modelling and simulation Military operations bring many 

unexplored topics that civilian logistics does not research and many factors that need 

to be taken into account when creating a simulation model.  Specific topics worthy of 

exploration are simulations of ammunition supply in military operation planning, 

useful for predicting the amount of ammunition needed in a particular situation, or for 

streamlining the supply chain. Another area of research should be a simulation model 

of the maintenance system of military equipment in a military operation, which would 

be used to predict spare parts consumption and repair capacity. Both given examples 

can be seen as a possibility to optimize and streamline military logistics processes. 

Generalizing the models, their use can also be seen in the civilian area, possibly in 

humanitarian operations.  

In particular, the lack of information on storage options, transport routes and 

infrastructure are major limitations for future research. Other factors are the political 

and security situation in the country. All of these factors can change dynamically and 

can fundamentally affect the development of the simulation model and the outputs 

obtained 
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Abstract  

 

Motion and time study is part of the process planning which defines operation 

sequencing before the physical manufacturing of a product. It is a tool for the 

standardization, in this case the time needed for a single product manufacturing. 

Manufacturing time can be described as and divided into preparatory-finishing time, 

auxiliary time and machining time. Machining time depends on technical possibilities 

of available machine tools, while other two depend on human and work organization 

within the company. Accurately defined time standards and norms enable accurate 

production planning as well as the monitoring of workers' productivity and 

possibilities of their personal upgrade for the achievements. In this paper the use of 

simulation software in motion and time study will be described, rather than traditional 

manual methods. Its benefits will be proven on the case study, by simulation of line 
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for making grooves in parquet and wooden floor. The bottlenecks will be identified 

and improvements of the production process will be suggested.  

 

Key words:  technological process planning, motion and time study, simulation, 

parquet and wooden floor production 

 

1. INTRODUCTION 

 

Production planning is an activity and phase in the product life cycle which 

describes the methods for production of a single product - beginning with the 

definition of the raw material up to the finished product. It consists of several 

disciplines such as: manufacturing process planning, technological process planning, 

motion study, scheduling and monitoring, quality control and material handling 

(Kiran, 2019). 

Motion and time study is an essential part of technological process planning. It 

defines the norms, more specifically, the time needed for a single product 

manufacturing. Overall manufacturing time consists of preparatory-finishing time, 

auxiliary and machining time (Żywicki & Osiński, 2019). Machining time depends 

on machine characteristics, while others depend on human and work organization 

within the system. Work standardization and definition of optimal time norms 

minimize the manufacturing costs and therefore increases the competitiveness level 

on the dynamic market (Mor et al, 2019). It also enables accurate manufacturing 

planning as well as monitoring of efficiency and productivity of a single worker.  

Every technological process must fulfill certain economic and technical 

requirements. As the starting point, technical requirements of the product are provided 

by product design. The product design and related technological process design, must 

fulfill certain economic requirements, which are minimization of costs, but at the same 

time the maximization of manufacturing and final product quality level (Uzair 

Khaleeq et al, 2017). Motion and time study define optimal time needed for certain 

tasks and actions by workers' training level, knowledge, normal commitment and 

possible fatigue level (Azemi et al, 2019). Most important parts of motion and time 

study are: calculation of machining time, analysis of overall manufacturing time and 

losses within the work operations, calculation of complete manufacturing time and 

definition of norms and definition of data needed for work standardization (Bortolini 

et al, 2020).  

Work standardization enables the improvement and simplification of 

manufacturing tasks and actions for the worker, without unnecessary and 

inappropriate acceleration of human work, but rather with the adjustment to their 

abilities and needs. This is done by: workplace analysis, technological and 

manufacturing process analysis, definition of work improvements which result in 

easier and more productive work and implementation of improvements in the real 

work environment. 

The optimal workplace environment in terms of motion and time study is 

provided by advanced scientific methods for time analysis and calculation and the 

definition of norms as the quantitative measure of the organization efficiency 

(Doiphode & Phatak, 2017). 
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In this paper authors present the possibility of using a discrete event simulation 

software for numerical modeling of the production line. The main objective of the 

simulation is to found out the maximal throughput (m2 of the parquet) of the 

production line. There are two basic assumptions in the simulation. One is that all 

operation times are deterministic. For this purpose, the motion and time study 

measurements will be carried out and average time for operations will be used in the 

simulation. The second assumption is that all activity regarding the walking of the 

workers is taken in consideration in operation time. This is done to simplify the 

simulation model. Research methodology can be easy describe as a collection of the 

data in the company using motion and time study measurements, development of the 

simulation model, running of the simulation and interpretation of the obtained results 

as a maximum throughput of the production line. Research methodology is shown on 

Figure 1. 

 

Figure 1. Research methodology 

 
 

 

2. MOTION AND TIME STUDY - TRADITIONAL VS MODERN METHODS 

 

Traditional motion and time study is characterised by manual measuring. This 

includes a high contribution of human subjectivity which can impact on the accuracy 

of the results (Genaidy et al, 1989). Direct observation of another person in the 

workplace in real time might cause stress for the worker, so the performance might 

not be at the standard level needed for the wanted work standardization and other 

improvements. Workers might act over productive or underproductive because of the 

pressure and awareness of the measurement in progress (Susilawati et al., 2015). The 

measuring must be repetitive and it demands the constant presence of the motion and 

time study specialist, which prolongs the data analysis and workplace improvements. 

Because of the various working environments, the measuring might be more or less 

complex, which can also interfere with the results. Every suggested improvement 

must be tested in the real work environment which stops the currently running 

processes and causes additional losses (Roca et al, 2019). Another traditional method 

can be self-reporting, which is also subject to subjectivity, in this case of the worker 

himself, therefore it has many disadvantages. It also can cause a resistance and 

unwillingness for workers to participate in this kind of measurement, because it is not 

his primary task and in general fear of change, which is proven to be one of the biggest 

barriers in any kind of improvement implementation in the working environment 

(Eggemeier & Wilson, 1991).  

Modern methods can partially eliminate the disadvantages of the traditional 

methods, while the benefits of new, digital tools reduce costs in long-term. The digital 

transformation is currently an imperative, while the manufacturers include it into their 

strategic plan very often, highly aware of its benefits in the field of manufacturing, 
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process planning and time and motion study (Trstenjak et al, 2020). They include use 

of computer software for data storing and analysis, but most advanced and state-of-

art methods include special simulation software or advanced mathematical modelling 

(Ložar et al, 2021), finite state method or genetic evolution algorithm (Hadžić et al, 

2021) which enables the accurate data analysis and simple implementation of what-if 

analysis with various scenarios so that the optimal solution can be found (Kumar et 

al, 2018). 

The most frequently used commercial software for the time and motion study on 

the market are Siemens Jack, SimData, OTRS10, UmtPlus etc. In this paper, the 

principles of improvements by motion and time study will be provided by simulation 

software Enterprise Dynamics, which provides the virtual modelling and analysis of 

any problem, but most frequently used in the manufacturing industry. The advantage 

of discrete event simulation software is manifested in [Incontrol, Simulation Software 

- Enterprise Dynamics]: 

 testing future production systems at an early design stage, 

 creation of digital twin production facilities, 

 testing and improving the proposed modifications without affecting 

the operating environment, 

 modeling and analyzing various scenarios, 

 assessment of the impact of uncertainties and variations (failures), 

 system analysis and visualization in 2D, 3D and VR animation. 

 

2.1. Use of simulation software in production improvement – literature review 

 

The use of simulation software is very beneficial in production improvements 

(Abideen et al, 2020). The direct efect on organization's operation performance and 

efficiency has been proven on numerous practical case-studies and its use today has 

evolved to digital-twin concept in which the entire system is virtualized and provides 

data in real-time (Schmitt et al, 2020). Its specific use in the wood machining and 

processing activities over the years has improved the many processes in the 

organizational level, in order to reduce cost and time, while increasing the 

productivity and quality of performance and final product. The most interesting and 

relevant works from this field, for the purposes of this paper, have been found in Web 

of Science database and will be described in more detail next. 

Lee (2021) sees the importance of the simulation equipped with virtual reality 

technology to overcome the limitations of the furniture and woodworking industry 

and notices that there is a need for education of workers in this field. With special 

training, proven on the several case studies, their familiarity with the dynamic 

production system and handling within the production lines was enhanced. 

Petschnigg et al (2018) applied the simulation in improving the time necessary 

for program adjustment of robots, that were beforehand static and could not adapt to 

more complex manufacturing tasks and changes easily. Therefore, there are many 

benefits of simulation in production improvement in handling the digital and 

automated systems. 

Straka et al (2017) have shown that the use of computer simulation, in this case 

EXTENDSIM simulation software, can streamline production logistics within the 
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production company. They put emphasis on the high importance of efficient use of 

the simulation software and the need for the specific software for the specific industry 

or a single company. 

Rafiei et al (2016) applied optimization and simulation framework and identified 

the impacts of uncontrollable supply in the wood remanufacturing company. 

Production improvements and performance was measured with set of key 

performance indicators (KPIs) and the simulation held the problem of different supply 

scenarios by which the optimal framework of future strategic plan was defined. 

Altaf et al (2015) applied the simulation during the execution phase, as 

previously it was mostly used as a planning tool. The integration of a radio frequency 

identification (RFID) system and discrete-event simulation (DES) model enabled the 

real-time simulation of production processes and monitoring. The simulation model 

was developed in Simphony. 

Lindner et al (2014) noticed that the the algorithms and procedures used in 

simulations, implemented in different softwares, can also have an effect on the final 

result. They determined the optimal machine settings for two interrelated operations 

with SIMSAW software which used the Population Based Incremental Learning 

algorithm and was proven to be more efficient than the previously used Sawmill 

Production Planning System simulation software package. 

Horvath  (2014) used Deterministic and stochastic Petri nets (DSPNs) in the 

wood industry as a substitute for high-level performance evaluation methods for 

decision-making in the company. With the model, the process of bottleneck 

determination was simplified as well as their elimination. 

Varga et al (2010) used a special process-simulation software SIMUL8 in 

(furniture) manufacturing strategy development to maximize the production 

efficiency and to recognize the bottlenecks without additional investment or 

workcentres rearrangement.   

Therefore, there are many benefits and proven concepts of simulation software 

use in the production planning, organization, improvements and time and motion 

study that has now become a standard for the healthy organizational performance. 

 

 

3. CASE STUDY 

 

The case study on benefits of using simulation software in motion and time study 

will be provided on the example of the production line in one of the leading parquet 

manufacturers in Croatia. Their yearly production is estimated to be 750 000 m2 

parquet and floors for which 40 000 m3 logs as raw material are being processed. This 

is a medium enterprise with over 50 years of experience and market presence. They 

are oriented to the local wood distribution as the main resource for their products.  

The parquet board groove making line is shown on Figure 2 and consists of:  

workplace (1), pallet with production boards (2), board record table (3), conveyors 

(4), putty table (5), product storage pallets (6), machine for production of longitudinal 

grooves (7), machine for production of transversal grooves (8) and machine for cutting 

of the boards (9). 
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Figure 2. Floor plan of the groove making line 

 
 

3.1. Manufacturing process  

 

Before the beginning of the manufacturing process, the entire line should be 

prepared. After the preparation, the manufacturing process can start. Line begins with 

the first worker which must unpack the pallet with the boards (position 2). After 

unpacking of the pallet, at position 3 it is needed to check the following data: board 

type, board dimensions, board quality. After the quality control, the worker goes back 

to his workplace and begins to insert boards in the machine for production of 

longitudinal grooves. After the boards are inserted into the first machine, the pallet is 

taken away from position 2 and replaced by a new pallet. This process is repetitive. 

Boards inserted into the machine for longitudinal groove are disposed through the 

conveyor into the machine for production of transverse grooves. Then, boards are 

disposed through another conveyor where two workers are providing the quality 

control. It consists of following tasks: control of longitudinal grooves, control of 

transversal grooves and surface control.  

After the quality control, boards are sorted by quality level. If the board doesn't 

satisfy the control of both grooves it is marked and sorted for the future cutting. If it 

fulfils the required quality level, it is sorted for the packing. After sorting, there are 

three paths available for the material (board) flow. In the first flow, the board goes to 
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a cutting operation where a single worker is in charge of: taking the boards, cutting 

the boards, releasing the boards on the palette. In the second path the board goes to 

puttying, where one of the four workers can be present and their tasks are: take the 

boards for puttying and puttying of the boards. A single worker then is responsible for 

the finished boards disposal and also does the packing. Third path is for releasing and 

packing of the boards who have satisfied the quality standards and for this work the 

single worker is in charge.  Production process as a flow diagram is shown on Figure 

3. The numbers in brackets, according to Figure 2 represent the machine or work place 

where the operation is performed. 

Since the quality of boards for the parquet varies from log to log, it is very 

difficult to plan how many m2 of parquet will be done in a one shift. Because of that, 

it is very difficult to plan production. With development of simulation model, it is 

easier to calculate the amount of m2 of parquet that can be done in one shift. Also, 

using the simulation model will allow company to easily change the parameters within 

the simulation which allows the creation of different scenarios. 

 

Figure 3. Production process flow diagram 
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3.2. Time measurement 

 

To analyse the current situation and calculate the work norm of this production 

line, times for the certain activities were measured with a basic stopwatch. Firstly, the 

time needed for line preparation was calculated. Afterwards, the line was separated 

into several parts for easier measuring. First part was measuring the first worker. 

Activities that were measured were: unpacking the pallet with boards, recording 

information, inserting the boards into the machine and disposing of an empty pallet. 

To assure the accuracy of the data, activities were measured several times in each 

case. Second part is measuring the machining time for the production of longitudinal 

and transversal grooves. On the machine for the production of longitudinal grooves 

those were: preparatory-finishing time, machining time, auxiliary time and additional 

time.  

Preparatory-finishing time is already included in the preparation of the 

production line. Technological time is obtained by calculation using the operating 

mode machine and does not need to be measured. Auxiliary time was measured 

repeatedly to keep the data accurate and it consists of the time required to control the 

machine during the process making. There was no additional time with the machine 

for making the longitudinal groove. Same measuring is provided for a machine for 

making transverse grooves. As with the first machine, preparatory-finishing time of 

the machine for making the transverse grooves has already been measured in the 

preparation of the line itself. Machining time is also obtained by calculation using the 

operating mode of the machine (cutting speed). Auxiliary time consists of time to 

control the machine during the process. There was no additional machining time to 

make the transverse groove. 

Final part consists of a series of jobs and the measuring was done in the order of 

the activities. First was time measurement for product control. The times that were 

measured contained the following tasks of workers: quality control and product 

sorting. 

After product quality control, measurements were provided for the worker who 

was in charge of disposal and packaging of products that have satisfied the quality 

standards. After that measurement, the time of a worker in charge for boards that 

haven't satisfied the quality standards was measured. His task is: removal of boards, 

cutting boards and disposal of the cut boards on a pallet. 

Finally, the time of workers in charge of products puttying that did not meet 

quality control of the surface and the worker in charge of disposing and packing these 

products. The task of the worker who is in charge of puttying products that have not 

met the surface quality control is taking (removal) of putty boards and puttying of the 

boards. 

The measurement was performed on boards with dimension 600 mm x 120 mm 

x 14.5 mm. Measurements of these tasks were performed several times and average 

time for activities is presented in Table 1.   
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Table 1. Description of operations and average measured times 

Machine/work 

station 
Operation Average time [s] Remark 

Machine for 

production of 

longitudinal 

grooves 

preparatory-

finishing time of 

the line for 

making the 

grooves 

1200.00 - 

unpacking the 

pallet with boards 
41.52 - 

recording 

information 
68.83 - 

inserting the 

boards into the 

machine 

1.12 - 

disposing of an 

empty pallet 
16.05 - 

machining time 2.00 - 

auxiliary time 34.51 - 

Machine/work 

station 
Operation Average time [s] Remark 

Machine for 

production of 

transversal 

grooves 

machining time 0.40 - 

auxiliary time 40.72 - 

Quality control 

and sorting of the 

boards 

quality control 5.34 5 boards at once 

sorting of the 

boards 
5.55 5 boards at once 

Machine for 

cutting of the 

boards 

removal of 

boards 
4.38 - 

cutting of the 

boards 
7.87 - 

disposal of the 

cut boards on a 

pallet 

6.56 - 

Puttying 

of the boards 

 

removal of the 

boards for 

puttying 

8.36 10-15 boards at once 

puttying of the 

boards 
13.72 - 

disposal of putted 

boards 
55.98 15-20 boards at once 

disposal of 

correct boards 
22.12 5-10 boards at once 
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3.3. Numerical modelling - simulation model 

 

After the measurement is done, the next step is the numerical modelling of the 

production system. For the purpose of numerical modelling of the production system 

discrete event simulation software Enterprise Dynamic 10.3. is used.  
In the case the simulation is used for testing how much products (m2) can be 

done in production line in one shift. This is very useful because you can make analysis 

whiteout interfere in production plan. 

The model is developed using the standard atoms (elements): source, server, 

conveyer, queue and sink. A detailed floor plan of the groove making line with 

connections in software Enterprise Dynamic is shown in Figure 4. 

 

Figure 4. Detailed floor plan of the groove making line with connections in software 

Enterprise Dynamic 
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The simulation of the groove making line will be carried out for different board 

lengths such as: 600 mm, 1500 mm and 2100 mm. The width of the board for 

simulation will not change because the differences in the width of the boards are very 

small and have no effect on the change of production. The width of the board which 

is used in the simulation is 120 mm. In addition to different board lengths, the 

simulation will be conducted for different board qualities such as: Gal quality and Fly 

quality. 

The quality of Gal is the best quality of the board where the percentage of correct 

pieces is 75 % while the quality of Fly is the worst quality of the board where the 

percentage of correct pieces is only 5 %. Also, the quality where the percentage of 

correct pieces is 40 % will be also taken in consideration, because that it the quality 

which is between Gal and Fly quality.  When the board is correct that means there is 

no need for puttying of the board and it can go directly to the pallet for finessed 

product.  

 

Table 2. Time for operation used in the simulation 

Dimension 

of the 

board 

[mm] 

Machine for 

production of 

longitudinal 

grooves  

[s] 

Machine for 

production 

of 

transversal 

grooves [s] 

Quality 

control 

and sorting 

of the 

boards [s] 

Puttying 

of the 

boards 

 [s] 

Machine 

for cutting 

of the 

boards [s] 

600 2 - 2 15 12 

1500 5 - 4 40 12 

2100 7 - 5 55 12 

120 - 0.4 - - - 

 

Table 2 shows the time for operation used in the simulation. There are some 

differences between time used in the simulation compared to the recorded times in the 

company. The reasons for that is that measured time are for batch of the boards 

(remarks in Table 1) while simulation models use the time need to do operation for 

one board. 

 

3.4. Results of the simulation  

 

In the previous chapter it was shown that the simulations will be carried out for 

different dimensions of the board length and different board qualities.  

Table 3 shows the results of the simulation where the groove making line gives 

the maximum number of correct grooved boards (m2) that the line can make without 

any delays in one shift for different lengths. Running time of the simulation is set to 

7 h. Production time of a line for grooves is 8 h, but you need to take down half an 

hour for a lunch break and half an hour for starting the production.  
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Table 3. Maximum production capacity of the production line for grooves 

Length of the 

board  

[mm] 

Surface of the 

board  

 [𝑚2] 

Number of the 

boards produced 

in one shift 

 [piece] 

Surface of the 

boards produced 

in one shift  

[𝑚2] 

600  0.072 12591 906.552 

1500  0.180 5036 906.480 

2100  0.252 3597 906.444 

 

From Table 3 we can see that the line for making grooves for the board length 

of 600 mm can make without any delays a maximum of 12591 pieces of boards with 

a groove. For the board length of 1500 mm without any delays 5036 pieces of boards 

with a groove can be made, while for the board length of 2100 mm, 3597 pieces of 

boards with a groove can be made. This is a display of the ideal number of pieces of 

boards that the line can make with predefined machine modes, where all the pieces 

are correct, without any downtime and waiting. Also, we can see that in all scenarios 

(board length) the line can make approximately 906,50 m2 of parquet. 

So, we can conclude that dimension of the board doesn’t have any influence on 

the capacity of the line. Next step is to see how does the quality of the boards influence 

on the production capacity. 

For each dimension of the board length, three types of quality will be displayed. 

The quality is ranked in such a way that the higher the percentage of correct pieces, 

the better the quality of the board. Since defective pieces are sent for either puttying 

or cutting, their ratio is always the same, where 95 % of defective pieces go to puttying 

and the other 5 % to cutting. This is collected by measurement. Simulation was run 

10 times and in Table 4 the average results are presented 4. Column “number of 

workers on puttying operation” represent the maximum number of a works on 

puttying operation. If we further increase the number of workers, their utilization of a 

workers will drop drastically, so hiring an additional worker is not profitable. 

 

Table 4. Average results of the simulation 
Length 

of the 

board  

[mm] 

Surface 

of the 

board  

 [𝑚2] 

Percentage 

of correct 

board 

[%] 

Number of 

the boards 

produced in 

one shift 

 [piece] 

Surface of 

the boards 

produced in 

one shift  

[𝑚2] 

Number of 

workers on 

puttying 

operation 

Utilization 

of a 

workers on 

puttying 

operation 

[%] 

600 0.072 75 12587 906.264 2 89.24 

600 0.072 40 10842 780.624 3 100.00 

600 0.072 5 12299 885.528 6 100.00 

1500 0.180 75 5026 904.680 2 94.00 

1500 0.180 40 4037 775.260 3 100.00 

1500 0.180 5 4679 842.220 6 100.00 

2100 0.252 75 3592 905.184 2 91.80 

2100 0.252 40 3463 872.676 4 100.00 

2100 0.252 5 3533 890.316 7 100.00 
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Already at the first acquaintance with the work of the line for making grooves 

after getting acquainted with the process of the line for making grooves it was 

obviously that the operation of puttying is the bottleneck of the line. On that operation. 

depending of a quality of a boards 2-5 workers were constantly doing their job. The 

worse the quality of the board, the more and more workers are needed. So, idea of the 

simulation was found out how many workers are needed for puttying operation 

(depending on the quality of boards) to have production close to maximum capacity 

presented in Table 3.  

From Table 4 we can se that for quality of 40 % and 5 % of correct boards, 

production cannot achieve maximum productivity. To do that some rearrange of 

organization is needed. Because if we put additional works to puttying operation the 

utilization of a workers will drop drastically and quality control operation become 

bottleneck of the line. A simple solution to this problem is to hire additional worker 

who will work on putting operation and quality control, depending on needs.  

Also, a possible solution is to purchase a puttying machine where manual 

puttying would be replaced by machine puttying. The worker would be transferred to 

another job. Before each shift, the machine would be prepared for a certain quality of 

the board to be worked on, the puttying time would be reduced and production in one 

shift would increase. 

 

 

4. CONCLUSION 

 

Customer need, product quality, company competitiveness in the market and 

making a profit are the main goals of every company. The study of work and time as 

one of the parts of technological process planning has a very important impact on 

these goals of the company. Various programs and technologies make it easier for the 

company to monitor production, and based on the information gathered through 

quality analysis, it enables production optimization and better organization of 

production. 

In addition to programs for monitoring production and collecting information, 

there are a number of programs that are used to simulate the production process in a 

simple and economical way without stopping production can reach the optimal 

method of production. 

In this way, the line for making grooves on the parquet was shown and analysed, 

where a simulation model was made in the Enterprise Dynamics program. After 

several different simulations, it was noticed that the main problem of the line was the 

putty operation, which was performed manually. For this problem, a possible 

improvement was given in the form of buying a machine that would replace the 

manual way of puttying with a machine or hiring of the additional workers. Using 

these new technologies, it is necessary to continuously analyse and observe 

improvements in the production system in order to ensure the main goals of 

manufacturing companies which is profit and further growth by conquering new 

markets. 

For further research, a statistical distribution of the production time needed for 

manual operations could be used in simulation model, as they depend a lot on the 
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training of the workers. Also, by applying a Design Of Experiments (DOE), 

depending on the dimensions of the boards, the time of production and the quality of 

the boards, a response surface could be obtained, which could later be used to plan the 

production process. For this, more detailed measurements of the production line for 

making grooves in company need to be done.  
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Abstract  

 

Over the last decade the interest of the scientific community, business managers 

and policymakers in the cooperation between higher education institutions (HEIs) and 

business organizations, and the benefits of the relationship for both parties has 

increased. This paper presents part of the results of a research project (2018-2020) 

conducted by the Department of Logistics and Supply Chains at the University of 

National and World Economy, Sofia, which aims to evaluate the collaboration 

regarding education, research and innovations between HEIs and business 

organizations in the field of the logistics and Supply Chain Management (SCM) in 

Bulgaria. This research expands the available scientific knowledge about such 

collaboration from the business perspective studying different aspects of the 

relationship – motives, barriers, forms of interactions, key success factors and 

outcomes. The analysis of the data, collected by questionnaire survey from 80 

organizations in Bulgaria, shows that the leading factors for cooperation with HEIs in 

the field of logistics and SCM are as follows: effective communication, HEI 

experience, team commitment and trust. Business organizations are motivated to 

engage in collaborative activities with HEIs in order to increase competitiveness, 

rather than receiving financial and material support. In spite of their strong motivation, 

they are involved in limited forms of interactions with HEIs in the field of logistics 

and SCM. The lack of time is the main barrier that reduces business-academia 
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collaboration. Outcomes achieved by the interaction between business organizations 

and HEIs in Bulgaria are unsatisfactory. Some guidelines for future studies are also 

outlined. 

 

Key words: business-academia collaboration, logistics and supply chain 

management, education, research, innovation 

 

 

1. INTRODUCTION  

 

The interaction between HEIs and business organizations materializes in 

tangible results that have a beneficial effect expressed for both parties, and the society 

in general in the face of the national governments and the European Commission. On 

one hand, the cooperation allows acceleration of the transfer of innovation, which 

helps to create new products and services, which contribute better competitiveness to 

be achieved. On the other hand, this beneficial effect also is manifested in improving 

the knowledge, skills and competencies of the workforce in a particular sector, which 

creates conditions for increasing labor productivity and GDP per capita.  

In the recent years, the topic of enlarging the interaction between HEIs and 

business organizations has become particularly relevant. The growing interest of the 

scientific community, business managers and policymakers in the topic is provoked 

by the awareness of the potential and synergy that collaboration possesses to provide 

long-term solutions aimed at addressing economic and social challenges facing 

countries. 

In theoretical aspect the topic relevance is determined by the need to achieve a 

better comprehensive understanding of both stakeholder’s perspectives regarding the 

motives, barriers, forms of interactions, key success factors and outcomes of 

cooperation in the fields of education, research and innovation. In addition, the need 

to create a fundamental basis for conducting comparative research is also found out. 

From a practical perspective, the topic relevance is stemmed from the need to outline 

the current state of the business-academia cooperation in Bulgaria and in particular in 

the field of logistics and SCM, so that stakeholders to search for ways to improve their 

interaction. 

         Despite the growing number of publications on the topic, the available 

knowledge is still not enough for in-dept understanding of all aspects and domains of 

collaboration between business organizations and HEIs. In addition, deficits of 

knowledge about business-academia interaction exist in the particular professional 

field of logistics and SCM, both from a business perspective, as well as a HEIs 

perspective in Bulgaria. Therefore, the aim of this paper is to evaluate the 

collaboration between business organizations and HEIs regarding education, research 

and innovations in Bulgaria in the field of the logistics and SCM from a business 

perspective. 

        This paper presents the final results of an online questionnaire survey with 80 

Bulgarian organizations among which the manufacturing and trading organizations, 

as well as logistics service providers are prevailed. 
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        The present paper is organized as follows: section 2 presents a review of the 

literature in the field. The methodology of the research is  described in Section 3. The 

results of different aspects of the relationships between business organizations and 

HEIs from a business perspective such as motives, barriers, forms of interactions, key 

success factors and outcomes are discussed in section 4. Concluding remarks and 

some guidelines for future research are presented in section 5. 

 

 

2. LITERATURE REVIEW 
 

The literature has identified a broad range of benefits that may be obtained 

through collaboration with HEIs. The results of a study (Bishop et al., 2011) reveal 

that organizations gain better understanding of the foundations of particular 

phenomenon that results from the access to the outputs of scientific research and 

benefit from knowledge exchanges oriented to provide direct assistance in problem 

solving. Andersen et al. (2013) found that the businesses interact with universities to 

capitalise on the university knowledge base for innovation, strategic networking and 

market related purposes, not short-term financial gains such as gaining access to 

venture capital or public funds, cutting costs, reducing and sharing risks, increasing 

revenue, accessing technologies or accessing university physical resources. Thus, the 

organizations that interact with HEIs can achieve better competitiveness than those 

which rely only on traditional closed innovation approach (Lam et al., 2012). Based 

on the literature review on benefits, motives can be divided into two main groups: 

gaining a competitive advantage through knowledge transferred through education, 

research or innovations and direct material gains.  

Although business organizations can benefit from collaboration with academia, 

there are some challenges that hinder it. In order to direct efforts toward overcoming 

barriers, the information about them is essential. Thus, this study also aims to identify 

factors that impede collaboration between business organizations and HEIs. Barriers 

can be categorized in two groups, based on the categorization logic of Tartari et al. 

(2012) orientation- and transaction-related barriers. While the orientation-related 

barriers (also called “Mertonian” barriers) refer to conflicts about the orientation of 

both partners, the transaction-related barriers (also called “Williamson” barriers) are 

associated with costs of dealing with the rules and regulations of the university and 

conflicts over intellectual property with industry partners. Specifically, the group of 

orientation-related barriers consists of the following barriers: differences in timescales 

(e.g. short-term orientation of industry research); difficulty in finding partners with 

appropriate profile; high personnel turnover and lack of continuity in organizations’ 

research strategies; the nature of scientific research does not conform to the industry 

interests or needs; mutual lack of understanding about expectations and working 

priorities; difficult to reach agreements on the timing of the dissemination of research 

findings. Galán-Muros and Plewa (2019) add to this group as follows: differences in 

terminology, language, and communication styles. The transaction-related barriers 

include the following: rules and regulations imposed by university or government 

funding agencies; policies adopted by the university’s technology transfer office; 

potential conflicts regarding intellectual property rights; absence of established 
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procedures for collaboration; low profile of university’s technology transfer offices. 

Garcia et al. (2016) add to this group as follows: geographical distance, bureaucracy 

and costs. The authors grouped “lack of knowledge about universities’ activities”, 

“lack of knowledge on the needs of organizations”, “lack of professionals to dialogue 

with academic researchers”, “lack of professionals to dialogue with organizations”, 

and “problems on trust” together to construct a new variable called “capabilities 

barriers”. Lack of absorptive capacity also can be added to this group. Moreover, these 

barriers, from the perspective of this study, of particular interest is also to investigate 

the following: lack of incentive mechanisms; problems related to making contact; 

absence of a knowledge/technology transfer units; cognitive distance (Muscio & 

Vallanti, 2014). 

The literature on business-academia collaboration reveals that forms of 

interactions are relatively wide. Ankrah and Al-Tabbaa (2015) proposed a framework 

consisted of six main categories, namely: personal informal relationships, personal 

relationships, third party, formal targeted agreements, formal non-targeted agreements 

and creation of focused structures. Andersen et al. (2013) classified interactions into 

five broad types – research-based, service-based, education-based, placement-based 

and those linked to engagements with university spin-outs or start-ups. Galan-Muros 

and Davey (2019) studied the development of eight types of cooperation: mobility of 

academics; governance; curriculum development and delivery; collaboration in 

research and development (R&D); mobility of students; commercialisation of R&D 

results; lifelong learning; and entrepreneurship. For the purpose of this research, the 

forms of interactions are grouped in three groups: education, research and innovation. 

The quality of interaction between HEIs and business organizations in the field 

of logistics and SCM is impacted by different success factors. In general, this 

interaction is researched in many fields and by different authors (Bruneel et al., 2010; 

Mora-Valentin et al., 2004; Perkmann et al., 2011). In this paper, common success 

factors will be presented in a literature review and they will be applied in the field of 

logistics and SCM in Bulgaria. Similar to the other researched aspects in the 

interaction between HEIs and business organizations, the factors could be also 

presented in the three domains of research, education and innovation. Some authors 

use this approach but others make their research only in one of the three domains. 

Another difference in the research is that some of them are focused on the different 

stages of interaction (starting a joint project, ongoing project or a result of an ended 

project) or only HEI or business organization. 

Mora-Valentin et al. (2004) analyze the impact of a series of organizational 

(commitment, communication, trust, conflict and dependence) and contextual factors 

(establishment of the relationship, previous links, reputation, and a clear definition of 

objectives, institutionalization and distance between partners). The findings show, 

that „the most outstanding factors are, in the case of organizations, commitment, 

previous links, definition of objectives and conflict, whereas for research 

organizations previous links, communication, commitment, trust and the partners’ 

reputation are more relevant“ (Mora-Valentin et al., 2004, p. 17). In their study, 

organizations could be accepted as business organizations and the research 

organizations as a part of HEIs, which gives the possibility to make a comparison. In 

a study by Bruneel et al. (2010) three factors, researched in HEIs, are outlined: 
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experience of collaboration, breadth of interaction channels and inter-organizational 

trust. Pekermann et al. (2011) also consider factors such as funding, researcher’s 

capacity, staff skills and training, motivation and others. Other “network analysis 

addressing factors that relate to characteristics of: (1) HEIs; (2) regional organizations; 

(3) the collaborative relationship; and (4) the environmental context in which HEIs 

and organizations are embedded” (Caniëls and van den Bosch, 2011, p. 271). “As a 

result of the literature review the following factors are identified and researched: 1) 

experience of HEI, 2) trust, 3) effective communication, 4) commitment, 5) prior 

cooperation, 6) time to establish and maintain cooperation, 7) financing, 8) human 

resources and 9) reputation of HEI” (Mikova et al., 2020, p. 118).    

         The direct results of the cooperation between the business organizations and 

HEIs are manifested in several areas of mutual interest for both parties. These domains 

include: education, research and innovation (Davey et al., 2018; Diaz et al., 2013). 

The results of the interaction between HEIs and business organizations can be diverse 

and they can descend from different forms of cooperation. The Science-to-Business 

Marketing Research Center identifies 8 predominant types of interactions: 

„collaboration on R&D“; „mobility of academics“; „mobility of students“; 

„commersialisation of R&D results“; „curriculum development & delivery“; „lifelong 

learning“; „enterpreneurship“ and „governance“ (Healy et al., 2014, p. 6) that lead to 

useful results for both stakeholders. In addition, The University Companies 

Association in UK presents a system of 9 knowledge transfer mechanisms including 

the following: "networks"; "continuing professional development"; "consultancy"; 

"collaborative research"; "contract research"; "licensing"; "spin-outs", "teaching" and 

"other measures” (Holi et al., 2008, p.1) that generate useful results for both HEIs and 

business organizations. Various quantitative and qualitative indicators, which 

measure both the outcomes of interactions and the mechanisms for knowledge 

transfer, have been developed (Holi et al., 2008; Jensen, 2009; Seppo & Lilles, 2012). 

However, the existing evaluation tools are universal. They are designed for all 

professional fields and do not allow access to the direct results of cooperation in the 

field of logistics and SCM both in Bulgaria (Meerman et al., 2018) and the rest of the 

countries. As a consequence, the existing knowledge of cooperation outcomes in this 

professional field is insufficient. This determines the need of a more detailed study of 

the results of the interaction of business organizations and HEIs in the field of logistics 

and SCM in Bulgaria in order to fill the existing shortage in science. 

 

 

3. METHODOLOGY 
   

  Five research questions are investigated in this article. First, what motivates 

business organizations to interact with HEIs? Second, how do they perceive barriers 

to collaboration? Third, which collaboration practices are the most frequently used? 

Fourth, which are the factors influencing the decision of business organizations to 

build relationships of collaboration with HEIs? Fifth, which are the business 

organisations outcomes achieved as a result of collaboration with HEIs? 
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        Methodological tools to assess the motives, barriers, forms of interactions, 

factors and results of business-academia collaboration are developed in this research. 

They are presented in details below. 

        The first group of indicators, motivations, aims to identify the underlying 

rationales for organizations to collaborate with HEIs. Motivations are assessed 

through the usage of a scale of 26 items covering a broad spectrum of benefits that 

can be obtained from the collaboration with HEIs. The motivation items are based on 

research by several authors (Andersen et al., 2013; Bishop et al., 2011; Lam et al., 

2012; Ankrah & Al-Tabbaa, 2015; Radas, 2004; Dutrénit & Arza, 2015) and are 

measured on a scale ranging from 1 to 5, where the higher the value, the stronger the 

motive (i.e. the respective item is more likely to be a motive). The assessment of 

motivations will provide insight into the organizations’ orientation to cooperate with 

academia. Thus, based on the identification of main motivations, recommendations 

can be made regarding policies and incentives for the facilitation of cooperation.  

To capture the barriers, business has faced when engaging with academia, 

respondents are asked to rate the extent to which a set of 38 items acted as a constraint 

to business involvement in interactions with academia on a five-point Likert scale 

from “does not impede at all” to “strongly impedes”. Barriers that are included in the 

survey questionnaire are based on research by several authors (Galán-Muros & Plewa, 

2019; Tartari et al., 2012; Garcia et al., 2016; Muscio & Vallanti, 2014). 

Forms of interactions are assessed through the usage of a scale of 39 items 

representing various collaboration practices in education, research, and innovation. 

The selected practices are based on several research (Andersen et al., 2013; Galan-

Muros & Davey, 2019; Ankrah & Al-Tabbaa, 2015). The aim is to assess frequency 

of interaction with HEIs via each of the surveyed practices. Respondents are asked to 

indicate the frequency of use of each channel on a five-point rating scale, where: 1 – 

never; 2 – very rarely; 3 – rarely; 4 – often; 5 – very often. Based on this indicator, 

we could determine what are the typical channels of interaction, the degree of 

formalization of joint activities (formal or informal interaction), and the intensity of 

interaction with respect to domain of activity (education, research and innovation).  

         In this paper, 9 factors are studied in the three domains: education, research and 

innovation. The results were registered on a Likert scale where the meanings are as 

follows: 1 - the factor does not have influence, 5 - the factor has a high influence on 

the interaction between HEIs and business organizations. In present analysis, the 

overall weighted average grades are used and only the significant differences in 

individual average grades between the types of business organizations are discussed. 

         The direct results achieved for the business organizations from their cooperation 

with HEIs are studied with the help of a set of 15 indicators which are divided into 

three groups. The first group covers the learning outcomes and includes 6 indicators. 

The second group characterizes the research outputs and consists of 5 indicators. The 

third group presents innovation based on the outputs and covers 4 indicators.  

         The data, collected by the respondents, were recorded on the ordinal scale. The 

answers to each indicator were registered on a 5-point Liekert scale, in which the 

meanings are as follows: 1 – not achieved; 2 – low achieved; 3 – moderately achieved; 

4 – high achieved and 5 – very highly achieved. 
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         In all groups related to results, the average grades for each of the indicators are 

presented. Moreover, an overall indicator of the summarized average grades is used 

for the respective field - education, research and innovation, and the value is 

calculated as a weighted average grade. In addition, the analysis interprets the 

importance of individual differences by groups of business organizations and 

indicates the share of their responses to the respective indicator. This is done in cases 

where the individual average grades are above 3.50 inclusive. 

         The paper is based on data from an online questionnaire survey conducted in the 

period May-December 2020 among 80 Bulgarian organizations. The manufacturing 

and trading organizations, as well as logistics service providers are prevailed in the 

sample. The share of manufacturing organizations in the sample is 25 %, trading 

organizations occupied a share of 28.8 % (from which 12.5 % are wholeselers and 

16.3 % are retailers), logistics service providers account for a share of 41.2 %,  

manufacturers/ importers of logistics software occupied a share of 1.3 % and the rest 

organizations with a share of 3.7 % are classified as others. According to the criterion 

number of employees, large organizations with more than 250 employees occupied a 

share of 36.25%, medium organizations with 50 to 249 employees account for a share 

of 26.25% and small organizations with up to 49 employees inclusive occupied a share 

of 37.5%. 

         For the data processing the methods of descriptive statistics, as well as SPSS 

and Excel softwares were used. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Evaluation of the motives to collaborate with HEIs in the field of education, 

research and innovation 

 

The results indicate that business organizations are mostly motivated to 

collaborate with academia by the desire to enhance their reputation and to increase 

competitiveness through knowledge transfer and workforce development, rather than 

for receiving financial and material support (Figure 1). The results show that there are 

five main motives for interaction with HEIs: “opportunity to improve the 

competitiveness”, “organization’s image improvement”, “opportunity to recruit 

students”, “access to knowledge” and “employee training and development” (all mean 

scores are around 4). Access to laboratories/ facilities, reducing/ sharing risks, and 

access to financial resources are the weakest motivators. It is observed that R&D 

capacity strengthening, access to research networks or a prerequisite to collaborate 

with academics, opportunity to improve/develop new products/services/processes and 

opportunity to solve business problems receive low scores among the tested motives. 

Thus, given these findings, it can be suggested that business organizations have 

readiness to cooperate with HEIs in education, but not so much in research and 

innovation.  

While all these primary motivational drivers for business-academia relations are 

relevant for all business organizations regardless the sector in which they operate, the 

importance of the other variables differed by sectors. For instance, while the 
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manufacturing organizations perceive the opportunity to develop new processes and 

to improve processes as strong motivators for interaction, the trading organizations 

and logistics service providers are motivated by the willingness to obtain information 

about the trends related to the sector and the environment in which the organization 

operates and to increase visibility popularity of the organization's products/ services, 

and by the opportunity to attract new customers. 

 

Figure 1. Organizations’ motivations for collaboration with HEIs (mean scores, 1 – 

not a motive at all; 5 – a very strong motive) 

 
Source: Author’s calculations 
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4.2 Evaluation of the barriers to collaborate with HEIs in the field of education, 

research and innovation 

 

The analysis of barriers shows that lack of time is the main factor that impedes 

business-academia collaboration in the field of logistics and SCM, having an impact 

only on one of the domains – research (mean score above 3.5). All other items cannot 

be determined as relevant due to the low mean scores (below the 3.5 cut off point). 

The mean scores are shown in Table 1. In spite of overall low rating of items it should 

be noted that 1/3 of the respondents indicate that lack of awareness of opportunities 

arising from collaboration with HEIs and of opportunities which 

knowledge/technology transfer units offer, lack of incentive mechanisms, and HEIs 

unfamiliarity with industry’s actual needs are significant barriers. Furthermore, in 

terms of domains in which collaboration can takes place, more barriers are perceived 

by respondents in research and less in education. Moreover, the above mentioned 

barriers, factors that hinder establishing links with HEIs in research are lack of 

experience in collaboration with HEIs and the nature of scientific research does not 

conform to the industry interests or needs.  

The mean scores for collaborating and non-collaborating organizations are 

compared in order to determine whether there are any differences in perception of 

barriers. The results show that organizations that have never collaborated with 

academia perceive more barriers compared to collaborating organizations. Thus, this 

fact confirms the results of another study which reveal that prior collaboration 

experience mitigate the barriers to university-industry collaboration (Bruneel et al., 

2010). 

The analysis by sectors indicates that there are differences in perceptions of 

barriers. Trading organizations perceive the most barriers, while the least barriers are 

perceived by manufacturing organizations and logistics service providers. While 

misalignment of research and education with industry needs are ranked top by 

manufacturing organizations, for trading organizations lack of time, bureaucratic 

procedures within HEIs, lack of incentive mechanisms, absence of established 

procedures for collaboration with HEIs, lack of experience in collaboration with HEIs, 

absence of a knowledge/technology transfer units, lack of awareness of opportunities 

which knowledge/technology transfer units offer and lack of professionals to dialogue 

with academic researchers/business are the top barriers. The main barrier hindering 

cooperation for logistics service providers is the lack of time. These results indicate 

that while trading organizations and logistics service providers perceive higher 

transaction-related barriers, for manufacturing organizations the barriers are related to 

differences in the orientation of industry and HEIs. The present findings can help to 

better formulate the recommendations for their mitigation.  

 

Table 1. Barriers for collaboration with HEIs (mean scores, 1 – not a barrier; 5 – a 

very strong barrier; EDU – education; RES – research; INN - innovation) 

Barriers EDU RES INN 

Problems related to making contact with academics/HEIs 2,27 2,42 2,44 

Difficulty in finding HEIs with appropriate profile 2,37 2,37 2,34 
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Barriers EDU RES INN 

Geographical distance 2,16 2,22 2,13 

HEIs are not interested to collaborate with business 2,55 2,43 2,34 

The organization is not interested to collaborate with HEIs 2,57 2,61 2,63 

The organization lack of awareness of opportunities arising 

from collaboration with HEIs  

2,83 2,93 2,78 

Universities lack of awareness of opportunities arising from 

collaboration with business  

2,53 2,64 2,41 

Lack of financial incentives  2,71 2,69 2,66 

Lack of financial resources of the business 2,32 2,60 2,52 

Lack of financial resources of the HEI 2,19 2,46 2,41 

Lack of time 3,05 3,51 3,23 

Bureaucratic procedures within HEIs 2,70 2,71 2,65 

Bureaucratic procedures within the organization 2,61 2,55 2,51 

Lack of incentive mechanisms 3,05 2,85 2,75 

Rules and regulations imposed by HEIs/ government  2,44 2,45 2,41 

Policies adopted by the HEIs for knowledge and technology 

transfer  

2,31 2,36 2,35 

Absence of established procedures for collaboration with HEIs 2,60 2,79 2,61 

Lack of experience in collaboration with HEIs 2,67 2,94 2,59 

Absence of a knowledge/technology transfer units 2,71 2,76 2,70 

Lack of awareness of opportunities which 

knowledge/technology transfer units offer 

2,81 2,88 2,95 

Differing time horizons between university and business 2,49 2,45 2,51 

Short-term orientation of industry research 2,11 2,12 2,05 

Long-term orientation of university research 2,30 2,29 2,21 

The nature of scientific research does not conform to the 

industry interests or needs 

2,56 2,80 2,44 

HEIs' research is fundamental oriented 2,54 2,62 2,48 

Business' research is applications-oriented 2,20 2,28 2,15 

Mutual lack of understanding about expectations and working 

priorities; 

2,42 2,47 2,35 

HEIs are not familiar with industry’s actual needs 2,84 2,89 2,73 

Diversity in research methodologies and in the use and 

interpretation of knowledge 

2,49 2,60 2,51 

Limited ability of business to absorb knowledge transferred 2,37 2,39 2,57 

Differences in terminology, language and communication styles 

and channels 

2,41 2,40 2,46 

Lack of professionals to dialogue with academic 

researchers/business 

2,38 2,54 2,60 
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Barriers EDU RES INN 

High personnel turnover and lack of continuity in 

organizations’ research strategies;  

2,14 2,18 2,22 

Confidentiality of information 2,74 2,66 2,73 

Potential conflicts regarding intellectual property rights 2,15 2,08 2,33 

Lack of trust 2,07 1,99 2,20 

Joint activities do not contribute directly to the organization's 

competiveness 

2,44 2,29 2,44 

Results from university research are not applicable 2,32 2,15 2,29 

Source: Author’s calculations 

 

4.3 Evaluation of the forms of interactions with HEIs in the field of education, 

research and innovation 

 

The analysis of forms of interactions between business organizations and HEIs 

in the field of logistics and SCM is based on the responses of the organizations that 

have collaboration experience with HEIs. The organizations that have never 

collaborated with HEIs are excluded from the analysis. Figure 2 reports the frequency 

of use of particular collaboration practices, as well as the share of „frequently used 

practices“ (i.e. „often“ or „very often“), and share of „rarely used practices“ (i.e. 

practices received scores below 3). The survey results show that business 

organizations are involved in limited forms of interactions with HEIs in the field of 

logistics and SCM. Organization visits by students (65%) and student internship 

programs (50%) are the most frequently used channels of interaction with HEIs. 

Cooperation with career centres of HEIs, providing career information/organizing 

career days, informal contacts with academics, contacts via membership of 

professional organizations, joint participation in conferences, roundtables, and 

workshops and training of organization employees follow in frequency. Consulting, 

contract research, buying patents or licences from HEIs, involvement in the generation 

of spin-offs/start-ups, and participation in business incubators and joint ventures with 

HEIs receive the lowest ratings overall. These results to some extent correspond to 

the findings for motives and barriers. As it was seen, the organizations consider that 

HEIs could contribute to their competitiveness through education, not through 

collaborative research and innovations. Moreover, more barriers are perceived by 

respondents in research and less in education. 

The comparative analysis between the different types of organizations shows 

that the intensity of links varies in some degree. While, logistics service providers 

provide student internship opportunities, trading organizations collaborate more 

intensively with HEIs via contacts with academics and organization visits by students. 

Manufacturing organizations reported that very often they organise on-site visits. 

Based on these results, it can be concluded that business organizations are heavily 

engaged with HEIs in activities related to education and less related to research and 

innovation. 
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Figure 2. Frequency of interaction between HEIs and business organizations (mean 

scores, 1 – never; 5 – very often) 

 
Source: Author’s calculations 
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4.4 Evaluation of the factors to collaborate with HEIs in the field of education, 

research and innovation 

 

       The study results of the factors influencing the decision to build a relationship of 

collaboration with HEIs in the three domains: research, education and innovation in 

the field of logistics and SCM are presented in figure 3. 

 

Figure 3. Factors influencing the decision of business organizations to build 

relationships of collaboration with HEIs in the three domains: research, education 

and innovation in the field of logistics and SCM (1 – the factor has very low 

influence, 5 – the factor has very high influence) 

 
Source: Author’s calculations 

 

         On a positive note, the mean score is around and above 3 for almost all indicators 

in the three domains with the exception of the “previous cooperation” factor for which 

the mean scores are between 2.6 and 2.8. This shows that the rest of the factors have 

an impact on building the relationship from a medium to high degree and the presence 

of previous cooperation with HEIs is not crucial for business organizations to seek 

interaction with them.  
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The figure 3 shows that in the domain of "education" business organizations 

have given the highest mean scores for the studied indicators and the lowest - in the 

domain of "research". The difference in mean scores for each individual factor in the 

three domains is not significant - from one tenth to half a unit (for the HEIs experience 

factor). The conclusion, that can be drawn from the analysis of these data, is that 

business organizations take actions to establish cooperation with HEIs in each 

domain, influenced almost equally by these factors. 

The factors that could be distinguished in the field of education, are as follows: 

effective communication, experience of HEIs, team commitment, trust, human 

resources and reputation of HEIs (with the highest scores around 4). Other factors, 

such as funding and previous cooperation, have less influence on the decision to build 

a relationship of collaboration (with neutral values around 3). 

Leading factors for business organizations in the field of innovation are the same 

factors as in the education, but with lower average grades about 3.5. This trend is 

maintained by comparing the influence of the leading factors in the domain of research 

and the domain of innovation. With the exception of the HEIs experience factor, there 

are slight differences in the average grades of the indicators: trust, effective 

communication, commitment and human resources (with scores from 3.49 to 3.73). 

The reputation of HEIs in the domain of research and education is already lower and 

declining in importance. There is a degree of importance of the HEIs experience, 

which in the domain of training tends to be high (3.94), and in the domain of research 

it is below 3.5. The innovation domain is approaching a high degree of importance 

(with a value of 3.59). This shows that from the point of view of business 

organizations, the HEIs experience in student education and innovation is crucial for 

establishing collaboration while the HEIs experience in research does not have such 

a strong influence on launching joint projects in this domain.  

It is interesting to consider the low mean scores (around 3), which are given in 

all three domains for the financing factor. In many studies, especially in the field of 

engineering and technical sciences, financing is a very important factor, but the results 

of this study show that among business organizations in the field of logistics and SCM 

in Bulgaria this factor has less influence on the decision to build cooperative relations 

with HEIs. The previous cooperation is the factor with the lowest importance in all 

three domains with scores from 2.6 to 2.8. This shows that for business organizations, 

previous forms of relationship would not influence future ones. 

         The analysis of the individual average grades shows, that retailers results, are 

the lowest among all type of organizations with only few mean scores above 3.5 (HEI 

experience in domain of education – 3.89, commitment in domain of innovation – 3.5, 

human resources in domain of education – 3.55 and in domain of innovation – 3.5) 

and some significant deviations under the weighted average in the three domains for 

the factors trust and effective communication with one unit under the average results 

for all organizations. The results of wholesalers are above 3.5 in all domains with the 

exception of three factors: previous collaboration (from 2.11 to 2.5), time to establish 

and maintain collaboration (from 3 to 3.38) and financing/funding (from 3 to 3.25) 

which shows a higher influence of the rest of the factors that can be considered as 

important. Manufacturing organizations and logistics service providers, which 

represent 65% of all respondents, have the highest average grades. Even though, the 
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factor “previous collaboration” has a low influence for the logistics service providers 

(from 2.35 to 2.58) and significant influence for the manufacturing organizations 

(from 3.35 to 3.71).  

 

4.5 Evaluation of the results of the interaction with HEIs in the fields of 

education, research and innovation 

 

        The effects of the interaction between business organizations and HEIs in the 

field of logistics and SCM were studied based on the self-assessments of the 

respondent organizations in a total of fifteen specific results in the three domains - 

education, research and innovation, achieved in the last three years (2018 – 2020). 

        The average grades of the results in the field of education, research and 

innovation in logistics and SCM are presented in figure 4. 

 

Figure 4. Outcomes achieved from the interaction with HEIs in the field of logistics 

and SCM during the last 3 years (average grades, 1 – not achieved; 5 – very highly 

achieved) 

 
Source: Author’s calculations 
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        The analysis of the data from figure 4 shows that from 2018 to 2020 the business 

organizations surveyed assess the overall results of their interaction with HEIs in the 

field of "education" in logistics and SCM as unsatisfactory (the overall average grade 

is 2.29), which indicates unused potential of cooperation between both stakeholders. 

        Business organizations achieve relatively satisfactory results in terms of 

improving the practical training of students and hiring interns and graduates in the 

field of logistics and SCM (average grades for these indicators are around and above 

2.5). This means that the business still does not fully cooperate with HEIs with respect 

to better practical training of its future workforce and its early inclusion in working 

life in the professional field studied. The analysis of the individual average grades 

shows that better practical training of the students is observed in a relatively high 

degree (average grade 3.50) in the logistics service providers (18.9% of answers). 

Practices related to the appointment of graduates are applied to a high degree (average 

grade 4.00) by wholesalers (11.8% of answers). 

        Business organizations achieve low results related to the employment of doctoral 

students, post-doctoral students, as well as improving the skills of employees by 

postgraduate training in the field of logistics and SCM from 2018 to 2020. The 

average grades for these indicators are around 2. This shows that logistics managers 

use to a lesser extent the potential of interaction with HEIs both providing highly 

qualified specialists and maintaining the qualifications of employees in the field of 

logistics and SCM. The analysis of the individual average grades shows that in a 

relatively high degree (average grade 3.50), doctoral students are appointed by 

logistics service providers (25% of answers) and in a very high degree (average grade 

5.00) doctoral students are hired in the manufacturers/ importers of logistics software 

(17.9% of answers). As a result of their interaction with HEIs, logistics service 

providers (30.4% of answers) have hired post-doctoral students to a relatively high 

degree (average grade 3.50). Most significant results in the improvement of 

employees’ qualification show logistics service providers (21.9% of answers), which 

demonstrate a relatively high degree (average grade 3.50) of cooperation with HEIs 

in the field of logistics and SCM education. 

         In regard to research, business organizations and HEIs interact unsatisfactorily 

(the overall average grade is 1.79). On one hand, the low average grades for new 

research contracts (average grade 1.86) as well as for consulting contracts (average 

grade 1.79) with HEIs in the field of logistics and SCM means that business 

organizations have limited opportunities to: use the results of research in management 

decisions, effectively solve their specific problems and improve their competitiveness 

and logistical results with the help of science-based methods. On the other hand, the 

scientific community to a limited extent focuses its research to specific business 

priorities. It distances both stakeholders and prevents them from realizing the full 

potential of their joint cooperation in logistics and SCM research. The analysis of the 

individual average grades shows that to a high extent (average grade 4) new research 

contracts by the wholesalers (15.4% of answers) and logistics service providers 

(30.8% of answers) are concluded. New consulting contracts with the wholesalers 

(16% of answers) are concluded to a high extend (average grade 4). 

  Low results of the cooperation between business organizations and HEIs in 

terms of the new logistics equipment created, software for management of logistics 
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activities in separate logistics systems and in the supply chain, as well as new logistics 

processes are registered. This limits the ability of business organizations to improve 

the efficiency and effectiveness of the management of individual logistics activities, 

achieve faster and more successful integration with other partners along the supply 

chain, accelerate the digitalization of logistics processes and adapt more quickly to 

new requirements in delivery patterns, imposed by the changes in consumer behavior. 

Software products are created to a relatively high degree (mean score 3.50) and to a 

comparatively very high degree (mean score 4.50) new processes for logistics service 

providers are created (around 30 % share of answers to both questions) from 2018 to 

2020. 

 The results, achieved by the cooperation of business organizations with HEIs in 

the field of "innovation" are unsatisfactory (the overall average grade is 1.57). 

         The growth in the received patents of inventions and licenses of products from 

joint research with HEIs in the field of logistics and SCM during the study period is 

low. This result can be explained to some extent by the fact that business organizations 

rely mainly on standard industry solutions for the management of logistics activities, 

rather than on the search for solutions specific to their needs. The analysis of the 

individual average ratings shows that there is an exception for logistics service 

providers (39.1% of answers), which achieve growth in the received licenses for 

research products in almost the highest possible degree (average grade 4.50). 

         Low growth in acquisition of high technologies in the field of logistics and SCM 

by spin-off organizations is also achieved. This result can be explained both by the 

poorly functioning research & development system and by the lack of a sufficient 

number of centers in HEIs that support the transfer of the created innovative logistics 

technologies to the participants in the branch. 

         Shares of start-up organizations in the field of logistics and SCM, founded by 

students, are acquired at low degree by business organizations. This shows that 

logistics managers are more conservative about the opportunities for acquiring start-

up businesses, which leads to an increase in the total number of participants in the 

industry and increases competitive pressure. The analysis of the individual average 

grades shows that the wholesalers (17.4% of the answers) register a high degree 

(average grade 4) in the acquisition of shares from start-up organizations, founded by 

students. 

 

 

5. CONCLUSION  

 

The results revealed that business organizations view HEIs as a source of 

valuable knowledge, expertise and talents that can contribute to their competitiveness. 

Another main motivator for closer links with HEIs is the desire to enhance reputation. 

Financial gains and material support were found that do not affect the organization’s 

decision to cooperate with HEIs. The majority of business organizations use limited 

channels of interactions or do not interact with HEIs at all. Most of the relationships 

in the field of logistics and SCM are related to education activities and less related to 

research and innovation. One possible reason for the reported infrequent and non-

intensive interactions is the lack of time, as it was reported as a main obstacle for 
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interaction with HEIs. The deeper analysis of barriers by sectors revealed that some 

organizations perceive higher transaction-related barriers, for other the barriers are 

related to differences in the orientation of industry and HEIs. Thus, these results 

suggest that HEIs need to rethink their structures, strategies and policies and to take a 

more open and flexible approach in interactions with business. Another explanation 

of this result could be that business organizations have not realized yet the benefits of 

such an engagement in collaboration agreements with HEIs. This requires taking 

initiatives to improve awareness. 

         The following main conclusions about factors can be drawn: 1) In the domain 

of education, most of the factors have a biggest influence on the decision of business 

organizations to build relationships of collaboration with HEIs in the field of logistics 

and SCM with highest average results; 2) The factors with the biggest impact in the 

three domains are as follows: effective communication, HEI experience, trust and 

human resources while these with the least influence are previous collaboration and 

financing; 3) The wholesalers, manufacturing organizations and logistics service 

providers have higher scores which are around the average for each factor compared 

to retail and other organizations which have lower results because of lower influence 

of the factors researched.   

Based on the results presented, it can be concluded that, in general, business 

organizations interact to a limited extent and realize insufficiently the potential 

benefits of closer cooperation with HEIs in the field of education, research and 

innovation to increase competitiveness, achieve better results from the management 

of logistics activities and customer service. In addition, some exceptions from the 

general conclusion by groups of organizations and outcomes achieved are observed. 

The analysis of individual grades shows that logistics service providers' results in the 

field of practical training of students, the placement of doctoral and post-doctoral 

students, and professional development of employees through postgraduate trainings 

in logistics and SCM are improving at relatively high extent. In regard to hiring of 

doctoral students from manufacturers/ importers of logistics software very high results 

are achieved. New research contracts and new consultancy contracts with HEIs are 

concluded at high extent by wholesalers. Significant positive outcomes stand out in 

the logistics service providers, which are realized in terms of concluding new 

contracts for research, in the creation of new software products and new processes. 

Exceptions are also observed both the logistics service providers registering a very 

high growth in the received licenses for research products and the wholesalers 

reporting a high growth in the acquisition of shares from start-ups.  

To sum up, the present study contributes to the enlargement of existing 

knowledge to business-academia collaboration in logistics and SCM in several ways. 

First, it presents the current state of cooperation between HEIs and business 

organizations in Bulgaria in the field logistics and SCM from a business perspective. 

The study results can support Bulgarian government authorities in conducting policy 

in the field and allow stakeholders to identify areas for improving cooperation 

between business and academia. Second, the study contributes to a more 

comprehensive understanding of a business organizations perspective regarding the 

motives, barriers, forms of interactions, factors and results of cooperation between 

HEIs and business in the field of logistics and SCM in education, research and 
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innovation. Third, the study provides a foundation for conducting comparative 

analyses, both nationally in different time periods and internationally for comparisons 

between different countries. 

The presented results of the research provide an answer to the formulated 

research questions. Based on the conclusions achieved, several recommendations for 

improving the cooperation between business organizations and HEIs can be drawn up, 

as follows: 

First, based on the finding of insufficient business awareness of the benefits it 

can extract from its cooperation with HEIs, it would follow that HEIs should 

undertake actions to broaden the dissemination of results produced by their scientific 

research and to clarify the potential applications in the work of business organizations.  

Second, HEIs could initiate more frequent occasions for dialogue for a such as 

round tables, conferences and symposia; open up spin-offs organizations of 

knowledge and technology transfer as well as develop procedures for cooperation with 

business organisations. These actions could lead to improving communication and 

increasing trust between the two parties. The lack of time, specified by business as 

one of the main barriers for developing collaboration with HEIs, could be overcome 

if both sides created specialist units and positions for dedicated employees within their 

organisational structures, which could facilitate this process and related activities, 

while saving managers’ and academic researchers’ time.  

Third, key factor for the successful development of collaborative projects for 

business organisations is the practical orientation of research projects, which will 

require HEIs to develop a stronger focus on research studies of applied character 

offering real benefits for business.  

Fourth, active government support is required to address the lack of mechanisms 

which stimulate the development of a collaborative business-academia relationship. 

Such support could be expressed by reducing bureaucratic requirements for issuing 

patents and licences, providing financial rewards for innovations, and offering 

opportunities for grants and low interest rate loans. 

Some limitations have to be taken into account. Firstly, due to the broad nature 

of the topic, the study focuses only on examining the perceptions of business 

organisations with respect to their motivations to collaborate with HEIs, existing 

barriers, forms of interactions, key success factors and outcomes achieved from 

business organizations interaction with HEIs. The support mechanisms, the role of the 

government, the national context in which both business and academia operate are 

excluded from the subject of the study. Second, the study focused solely on the 

perceptions of business organisations, thereby excluding the perceptions held by 

HEIs. Taking into account both perspectives would allow comparative analyses and 

would be helpful for policy making and for the definition of proper managerial actions 

to undertake. Third, the size of the sample limits the generalization of the findings of 

the study. Studies with a larger sample size are needed to confirm these findings. 

Future research in the field can be focus on studying the HEIs perspective on 

various aspects of relationships - motives, barriers, forms of interactions, factors and 

outcomes, which are achieved in the three domains - education, research and 

innovation. In addition, comparative analyses that can be carrying out from both 



An interaction of business organizations with higher education institutions in Bulgaria in the field of…  
Miroslav Stefanov, Stilyana Mikova, Lilyana Mihova and Ivanka Korbankoleva 
   

 

162 

 

stakeholders’ perspectives in particular aspect and domain of interaction, nationally 

and internationally are also needed. 
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Abstract 

 

Manufacturing industries are facing increasing customer demands, dynamic 

markets, and high cost pressure. Digital innovations increasingly empower the 

implementation of interorganizational production networks that contribute to 

achieving goals, such as reducing order risks and maintaining flexibility as well as 

speed of reaction by utilizing synergy potentials. Additionally, trends like Industry 

4.0 or Sharing Economy require innovative, adaptive, and resilient institutional 

arrangements. The description and design of these networks represent a significant 

challenge, since production networks in and between many companies have been 

established over the last decades, in most instances historically grown without being 

explicitly planned. We aim to develop a classification using a conceptual approach 

based on a structured literature analysis with an initial focus on interorganizational 

production networks. Within a hierarchical framework, we first classify types of 

collaboration between organizations. We analyze the purpose as well as the structure 

of interorganizational production networks by developing a taxonomy. To exemplary 

show the successful application, a typology is developed by assigning selected 

dimensions to the most common types of interorganizational networks. This study’s 

results are a first step towards supporting companies in planning new production 

networks when evaluating a suitable form of collaboration. Within further research, 

the taxonomy should be evaluated with real-world scenarios. The robustness of the 

taxonomy should be tested in a broader range of industries. Based on this taxonomy, 

it could be examined whether there are similarities in the strategies for adopting 

specific structural forms to achieve certain purposes. By using the taxonomy, concrete 

mailto:chiara.freichel@uni-wuerzburg.de
mailto:nicolas.neis@uni-wuerzburg.de
mailto:axel.winkelmann@uni-wuerzburg.de
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recommendations for action regarding digital innovations to support and enhance 

production networks, e. g. platforms for sharing manufacturing capacities, can be 

derived. 

 

Keywords: production networks, interorganizational networks, corporate 

collaboration, taxonomy 

 

 

1. INTRODUCTION 

 
The structure of companies was relatively distinct prior to the first industrial 

revolution. Individual production sites characterized the corporate landscape (Ke & 

Wu, 2011). Automation followed mechanization and mass production (Liu, 2017). By 

entering the latest revolution, Industry 4.0, driven by the Internet of Things (IoT), 

digital services are linked to manufacturing processes and have the potential to 

reshape collaboration between companies (Hakanen et al., 2017). Cyber-physical 

systems form the basis for operational excellence and creating a competitive 

advantage. Therefore, it is essential for companies to further develop organizational 

structures and processes. 

While the organization of individual manufacturing plants consisting of Industry 

4.0 components is demanding already, new questions of organization and resource 

allocation arise concerning more complex production networks (Bender et al., 2019). 

In recent years, such production networks have emerged within and between 

manufacturing companies. Designing and operating these networks represents a major 

management challenge (Schuh et al., 2017). Key questions are how to connect and 

integrate production entities and how to manage and support the span of control from 

normal business relationships via different forms of collaboration to corporate 

structures within networks. For example, Freichel et al. (2019) propose to realize an 

interorganizational production network by using a digital platform to distribute 

manufacturing capacities. This approach is also researched by Stein et al. (2019) and 

Freitag et al. (2015). Connected production processes and planning of collaboration 

partners could permanently be integrated within networks of enterprises. Such 

concepts impact stakeholder performance and, therefore, the dynamics of the 

production network (Freitag et al., 2015). As a basis for developing a comprehensive 

platform-based approach, an in-depth analysis of dimensions and characteristics of 

modern production networks becomes evident. Many authors target the description 

and evaluation of production networks, e.g., regarding configuration or strategy 

(Friedli et al., 2011), which are often based on the status quo and do not include future 

concepts (Abele et al., 2007). 

This work seeks to address this issue and provides a starting point for future 

research concerning the design of interorganizational production networks driven by 

digital innovations. The following research questions guide the present work: 

 

RQ1: Which dimensions and characteristics can be used to describe production 

networks? 
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RQ2: How can characteristics be categorized within a taxonomy to distinguish 

production networks with a specific focus on interorganizational 

collaboration? 

 

We structure our study as follows: First, we describe the theoretical basics in the 

following Section 2. Subsequently, the methodical procedure is addressed in Section 

3. The procedure is applied to answer our research question in Sections 4 and 5. A 

conclusion and future research approaches concludes this work in Section 6. 

 

 

2. FOUNDATIONS 

 

Value creation networks have been shaping discussions on the corporate 

organization for a long time. Until today, research has not succeeded in providing an 

adequate theoretical framework for the conceptual description and explanation of 

networks. The complexity of the topic as well as the different fields of application 

(Grandori & Soda, 1995) almost rules out a uniform definition of the term also in the 

future. In the following, we refer to the definitions according to Sydow (1992). He 

describes business networks as a form of organization of economic activities aiming 

to realize competitive advantages. They are characterized by complex-reciprocal, 

rather cooperative than competitive, and relatively stable relations between legally 

independent enterprises.  

In the context of value creation networks, the term collaboration is defined as a 

contractually regulated voluntary cooperation between legally and economically 

independent companies to increase their efficiency (Nieschlag et al., 1997). 

Collaboration can be of varying intensity, duration, and direction. In the context of 

this study, collaboration is also referred to as interorganizational cooperation. 

As most companies are faced with volatile markets and intense competition 

within a dynamic environment, one way of dealing with these challenges is to create 

smart production networks. Complex production networks have developed within and 

between production companies over the past decades. How companies or business 

segments of companies are able to link and interact manufacturing resources within 

and across organizations are increasingly important success factors (Schuh et al., 

2017).  

As shown in Figure 1, four types of production networks can be classified 

according to the number of production sites per organization and the number of 

organizations in the network. In this context, manufacturing sites are the most basic 

type as the sole location of an enterprise. As the main objective of this work, 

interorganizational networks often combine several manufacturing sites, supply 

chains, or internal networks of different companies as single entities. 
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Figure 1. Network Types 

 
Source: based on Rudberg & Olhager, 2003 
 

Since this study develops a taxonomy for production networks, the term 

production and production network are considered in a generous framework. Carvalho 

& de Campos (1997) consider a production network as the entirety of facilities, 

suppliers, customers, products, technologies, and distribution methods to supply the 

final customer. We follow Sturgeon (2002) who complements this and defines 

production networks as representation of the various inter-company relationships that 

connect a group of firms into larger business units. 

 

 

3. METHODOLOGY 

 

We chose two methods for this work which we shortly present in the following: 

a structured literature analysis as well as taxonomy development including an 

exemplary typology. 

The results of our study are based on the structured literature research 

framework developed by vom Brocke et al. (2009) shown in Figure 2. The procedure 

model consists of five phases: Definition of the research framework, 

conceptualization of the topic area, literature research with keyword search, analysis 

and synthesis of the search results and reflection of the research results, and 

establishment of a research agenda. 

 

Figure 2. Literature research framework 

 
Source: based on vom Brocke, 2009 
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To define the scope of the research, we applied the taxonomy according to 

Cooper (1988) (see Table 1). The chosen characteristics for this study are shown in 

bold letters. Research outcomes, theories, and applications are the focus, whereas the 

goal of the research is the integration of the research area of production networks. 

Besides, a neutral presentation specifies the perspective, and the research area is 

defined as exhaustive and selective. The results are organized conceptually to answer 

the research question. The research audience includes experts in the subject areas: 

Company networks, production networks, and entrepreneurial cooperation. Managers 

or management consultants, who can be classified as users, are also included in the 

target group. 

 

Table 1. Defining our Research Scope within the Taxonomy of Literature Reviews

 
Source: Cooper, 1988 

 

According to vom Brocke et al. (2009), a literature search consists of the phases 

shown in Figure 2 and Figure 3. To obtain high-quality search results with the desired 

complete and selective coverage, we used journals and proceedings of renowned 

conferences (Webster & Watson, 2002). The publication quality was ensured as far as 

possible by the VHB-Jourqual 3 (VHB, 2021) or by cross-references between the 

publications. In the literature search, the six databases named in Figure 3 were 

searched. The search was carried out with two keyword groups connected by an AND 

link (see Figure 3). 

Figure 3 summarizes the numbers of search results during the literature search 

process. We reviewed a total of 3,349 papers during the literature search process. 

Based on titles, keywords, and abstracts, 160 were classified as relevant to the defined 

research question. The number decreased to 41 titles according to the full-text 

analysis. In the forward and backward search process, ten further relevant works were 

identified. The search resulted in 51 relevant papers. 

 

Figure 3. Literature Search Process 

 
Source: own illustration 

 

Based on the literature analysis, we developed a taxonomy for 

interorganizational production networks following the definition and methodology of 

Nickerson et al. (2013), which has been applied in various taxonomy development 
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structure (hierarchy) based on the technical terms of a subject area (Nickerson et al., 

2013). Nickerson et al. (2013) state that a variety of terms, such as classification or 

categorization, are used interchangeably for this specific type of classification system. 

Taxonomies are of particular importance in several disciplines because the 

classification of objects helps researchers and practitioners to understand and analyze 

complex areas. A taxonomy contains a set of n dimensions, each consisting of at least 

two mutually exclusive and exhaustive characteristics so that each object considered 

has only one characteristic for each dimension. According to Nickerson et al. (2013), 

taxonomies can be developed empirical or conceptual. This work follows a 

conceptual, deductive approach.  

Furthermore, we have adopted the taxonomy to present a typology for exemplary 

characteristics. According to Nickerson et al. (2013) and Bailey (1994), a typology is 

usually multidimensional and "restricted to a system of conceptually derived 

groupings" (Nickerson et al., 2013). 

 

 

4. LITERATURE SYNTHESIS 

 

The 51 relevant articles identified cover a broad and heterogeneous spectrum in 

collaboration between enterprises within production networks. In the following, we 

present an overview of the literature obtained and discuss key aspects. For a 

comprehensive overview of the search results, we implemented a concept map 

according to Webster & Watson (2002) in Table 2. We added an "x" if the dimension 

is completely covered, whereby an "o" is added if the article indirectly or partially 

covers the dimension. 
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Table 2. Concept Map of Search Results 

 
Source: own illustration 
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2 Behnamian & Fatemi Ghomi, 2015  x x x x

3 Bender et al., 2019 x  x x x
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16 Kogut, 1988  x o

17 Kuhn, 2006  x o x

18 Lanza et al., 2019  x x x x

19 Leng et al., 2017  x o x o

20 Leng & Jiang, 2018  x x o x o

21 Maropoulos et al., 2006  x x o

22 Matt & Rauch, 2012  x x x

23 Matt & Rauch, 2013 x o o o o

24 Meier et al., 2006  x x x x

25 Mladineo et al., 2018 x o x x x

26 Monauni, 2014  x x x o

27 Mourtzis et al., 2012 x x o o

28 Mugurusi & de Boer, 2013   x x

29 Ngniatedema et al., 2015 x x x x x

30 Nigro et al., 2003  x x x x x x

31 Nowak, 2017  x x x x

32 Olhager & Feldmann, 2018  x x o x

33 Peng & Zong, 2009  x x x x

34 Pfohl & Buse, 2000  x x x x x x

35 Poocharoen & Ting, 2015  x x x

36 Redlich et al., 2014  x x x x

37 Rudberg & Olhager, 2003  x x x x x

38 Rupp & Ristic, 2004 x x o x o o

39 Saniuk et al., 2014  x x x x

40 Saunders et al., 2004  x o x x x

41 Schuh et al., 2013  x x x

42 Schuh et al, 2017  x x x

43 Schuh et al., 2018  x x x

44 Sturgeon, 2002  x x o o o

45 Sun et al., 2020 x x x x x

46 Teich et al., 2001 x x x o o x

47 Todeva & Knoke, 2005 o x x x

48 Tuma, 1998  x x x x x x

49 Veza et al., 2015  x x x x x x

50 Wiendahl et al., 1998  x x x o x x

51 Wu & Shou, 2010  x x x x x

Range Main Focus Further Perspectives
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Only six articles were published prior to the year 2000. In the meantime, the 

topic had lost importance in the literature. Up to and including the publications from 

2014, only two relevant contributions were found on average per year. However, these 

reports indicate a changing view on production networks. From 2015 onward, we 

observed a significant increase in papers of relevance.  

The earlier papers covered topics such as just-in-time production (Carvalho & 

de Campos, 1997), which was a current research approach at that time. Some authors, 

however, were already broadening their perspective and predicted a high relevance of 

cross-company production networks for the future (Teich et al., 2001; Grandori & 

Soda, 1995). The characteristics and possibilities of virtual companies were also 

discussed (Tuma, 1998). However, new results in connection with production 

networks were mostly lacking. One reason for this is the lack of clarity regarding the 

terms used, making it difficult to get a comprehensive overview of previous literature 

and prepare further studies based on it. For example, Hochdörffer et al. (2018) defines 

production networks as the internal production facilities of a production company. 

This view, however, contradicts almost all other sources included in this work. The 

contributions published up to 2015 were characterized by the use of specific design 

algorithms or mathematical calculations to optimize production networks (Nigro et 

al., 2003; Maropoulos et al., 2006; Huang et al., 2008; Peng & Zong, 2009; 

Ngniatedema et al., 2015). 

To conclude the synthesis of the literature, we consider cyber-physical systems, 

where products and machines act independently within their environment, while the 

smart factory encompasses this vision by mainly self-organizing manufacturing plants 

and logistics systems (Bender et al., 2019; Mladineo et al., 2018; Sun et al., 2020; 

Freitag et al., 2015; Veza et al., 2015). This form of production represents the future 

and is gaining importance but has not yet reached the real production environment. 

Hence it will not be included in this work. 

 

 

5. A TAXONOMY FOR INTERORGANIZATIONAL PRODUCTION 

NETWORKS 

 

In this section, we will first conduct a hierarchical classification of collaboration 

types, followed by a taxonomy for interorganizational production networks and a 

typology for selected dimensions to exemplary show applicability. 

 

5.1. Hierarchical Classification 

 

For a precise categorization, hierarchical levels above the production network 

are also included, starting with types of collaboration between organizations. We 

summarized the classification in Figure 4 and highlighted the types focused on this 

work using bold letters. We but did not go into further detail regarding the analysis of 

the alternative types as this would exceed the scope of this work' s objective. 
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Figure 4. Hierarchical Classification of Collaboration Types and Interorganizational 

Networks 

 
Source: own illustration 
 

Corporate collaboration is located at the highest level of the hierarchy. 

Collaboration can be subdivided into three types according to the number of partners. 

First, collaborations may occur in the form of supply chains. In this case, supply 

chains can be seen merely as a chain, in which a company maintains relations only 

with one upstream supplier or downstream customer (Pfohl & Buse, 2000; Rudberg 

& Olhager, 2003). Second, bilateral agreements allow collaboration between two 

companies. Those two types of collaboration will not be considered in the following. 

The third form of corporate collaboration consists of networks that have three or more 

different links.  

Within our framework, we classified networks into three types: Innovation 

networks in research and development, distribution networks, and production 

networks. Different characteristic attributes can be assigned to production networks. 

The geographical dimension ranges from local to regional or national to international 

collaboration (Wegehaupt, 2004). Alternatively, a distinction could be made between 

global and local production networks. Thereby local networks also include 

collaborations distributed both regionally and nationally (Wu & Shou, 2010). 

Capacities and competencies can be assumed to be complementary, redundant, or 

complementary-redundant in their characteristics (Wegehaupt, 2004).  

The hierarchy level below the production networks differentiates between intra- 

and interorganizational networks. Intraorganizational production networks are 

increasingly differentiated according to their geographical dimension. The decisive 

factor in this regard is the distribution of manufacturing sites. These can be located 

within national, regional, or local boundaries. Technological improvements in the 

transportation business enable faster and more cost-effective distribution of products 
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(Grossman & Rossi-Hansberg, 2008), which in turn allows companies to expand 

internationally (Lanza et al., 2019). Consequently, more global production networks 

are being established over time, as companies seek to exploit the advantages outlined 

by Ferdows (1997). The author identifies cost savings, including direct and indirect 

costs, capital costs, and taxes, as key benefits. Besides, logistics costs could be 

reduced significantly for some companies. Advantages also include the potential for 

further learning from local suppliers, customers, or competitors. Better customer 

service, development of alternative supply sources, and worldwide recruitment of 

talent are mentioned in this context. In order to fully exploit the advantages mentioned 

above, Ferdows (1997) identifies six types of international factories distinguished by 

their level of competence and strategic reason (location advantage): Offshore, source, 

server, contributor, lead, outpost. We will not explain these intraorganizational 

production networks in detail, and instead focus on interorganizational networking as 

the main subject of this work. 

Interorganizational production networks can be classified according to their 

purpose and structure. The purpose a company wants to achieve through 

collaborating, is the decisive factor for creating networks. Todeva & Knoke (2005) 

point out that, even though the choice of collaboration forms is determined to a certain 

extent by the partners' resources, the main focus lies on the purpose for which the 

collaboration is necessary. After the purpose of a network has been defined in the 

planning/development stage, managers consider which structure is best suited to fulfill 

it. It is essential to determine whether the chosen structure makes collaboration 

operationally feasible. Companies form production networks for a variety of reasons: 

To increase their production capacities or achieve economies of scale, to reduce 

uncertainties in their internal structures and external environment, to gain competitive 

advantages that enable them to increase their profits, or to realize future business 

opportunities that guarantee higher market values for their products. Furthermore, 

restructuring or performance improvement, as well as cost-sharing or risk reduction, 

are intentions to cooperate (Todeva & Knoke, 2005). Partners choose a particular form 

of collaboration to achieve greater control, higher operational flexibility, and 

realization of market potential. The strategic intentions for organizations to participate 

in alliance formation vary depending on company-specific characteristics and the 

various environmental factors. 

The different purposes lead to area-specific implementation possibilities, where 

three main activity areas emerge. In addition to product and production collaborations, 

marketing alliances and supply partnerships, as well as possible sub-categories, are 

distinguished. The motivation for including forms of collaboration is based on their 

economic importance relating to these forms (Barnes et al., 2012; Contractor & 

Lorange, 1988). Given the complexity of modern companies, it is likely that there is 

an inherent overlap between these categories; for example, joint marketing activities 

do not necessarily imply a marketing alliance. In the case of a joint venture established 

for the production of goods in partnership, the marketing activity is only a secondary 

purpose. Since the categorization cannot take into account all the many and varied 

permutations that occur in reality, it should be considered as a tool to draw attention 

to the primary purpose of the collaboration.  
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The main purpose should determine the choice of an appropriate collaborative 

structure (Barnes et al., 2012). In this study, only two ways of product and production 

collaboration will be examined in detail. A comprehensive list is provided by Barnes 

et al. (2012). Parallel production involves an agreement to produce the same or 

similar products in manufacturing sites in two or more locations. In this type of 

collaboration, one partner usually takes the lead in the development of production 

equipment and brings the new product to the market first. Joint production describes 

collaboration between two or more companies to produce separate elements of a 

complete product. Partners produce intermediate products in support of one of the 

partners, which carries out a following step in the production process. All partners 

share risks and benefits resulting from the partnership (Barnes et al., 2012). 

 

5.2. Taxonomy 

 

Interorganizational production networks can be differentiated according to their 

structure, wherefore the literature offers different classification possibilities. Sydow 

(2010) provides characteristics linked with a morphology of enterprise associations as 

well as the extension according to Wegehaupt (2004). In the following, we outline the 

structure of interorganizational production networks, which we summarized in the 

form of a taxonomy with categories (bold) and dimensions as well as characteristics 

in Table 3. We will subsequently classify the most distinctive forms of collaboration 

in academic and business environments by using selected typographical 

characteristics. Based on the most common interpretations, we will then compare and 

evaluate these characteristics. 

 

Table 3. Taxonomy of Interorganizational Production Networks 

 
Source: own illustration 

 

First of all, production networks can be categorized according to the category 

configuration. The area within the life cycle of a product has to be defined. According 

to the definition of production networks in this paper, we separate procurement, 

production, and assembly/installation. The configuration of production networks can 

also be differentiated according to the number of network participants. With three 
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participants, they are considered simple, with four to six partners they are defined as 

complex, and with more than six participants they are considered highly complex 

(Sydow, 2010). Another dimension is the way production networks are established: 

the type of origin. In some cases, they are conceptually designed or planned, but in 

other cases, there is no continuous and integrated planning of the production network, 

although decisions concerning the design of production networks have long-term 

effects on manufacturing companies (Schuh et al., 2017). The category configuration, 

furthermore, includes the dimension decision structure, which evaluates the degree of 

centrality (Poocharoen & Ting, 2015). Configuration authorities can be distributed 

between the partners of the network on the one hand and the cooperation, on the other 

hand, either centralized (monocentric) or decentralized (polycentric). Olhager and 

Feldmann (2018) elaborate a third form in their study, which is called "integrated" 

and is positioned between centrality and decentrality. Subordinate to the structure is 

the range of decision-making, which indicates the scope of influence of the 

coordinating functions. This delimits the direct effect on one or more participants in 

a network. The decision direction completes this dimension. A distinction is made 

between horizontal, vertical, and diagonal (lateral) connections of production 

networks. Horizontal connections include partners of the same value-added stage, 

while vertical connections are to be located at different, successive production stages 

(Karlsson & Sköld, 2007). On the other hand, diagonal production networks are 

characterized by cross-sectoral links and usually vary in the value-added steps. 

A further category is control, which can be differentiated according to type and 

location. Considering formal orientation, the control type can be hierarchical (focal) 

and justify an asymmetrical distribution of control possibilities (Karlsson & Sköld, 

2007). Here, one company (the focal company) dominates the other partners. In 

contrast, we see heterarchical (polycentric) production networks in which all partners 

have similar control possibilities (Meier et al., 2006). If the type of control is 

considered according to location, internal and external controlled networks are 

separated. The latter form can be performed by third parties or network management 

organizations. In addition, management and thus, control are classified according to 

the management structure, divided into two fundamentally different paradigms. 

Explicitly guided production networks integrate an institutional coordinating instance 

into the collaborative system. Implicitly unguided coordination is based on self-

organization with a limited range of decision-making effects. Alternatively, control 

can be subdivided into strategic and regional. Perspectives of other authors differ here, 

and should, therefore, be accompanied by a context check. 

The intensity of a production network forms another category to define the 

degree of autonomy or freedom of decision. In this context, the term formality of a 

network is partly used. Collaborations can be entered into by verbal agreements 

(informal) or contracts (formal). The agreements made should be implemented by the 

partners regardless of their form (Nowak, 2017). Equity investments create a 

particularly intensive commitment. The temporal stability of bonds in network 

relationships can be regarded as stable or dynamic. The legal binding force can foster 

stability. In some countries, individual companies are forced by the government to 

cooperate under certain boundary conditions, which in turn reduces productivity, 

since decisions on cooperation should be made consciously (Nowak, 2017). In most 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

179 

   

cases, however, the contrary can be observed, and cooperation is based on voluntary 

action. The intensity of commitment can be influenced not only for a network but also 

for individual companies within a network by the possibility of entering or exiting. In 

this context, binding alternatives are referred to, which promote the dynamics of open 

networks (Leng & Jiang, 2018). If a company is located in several networks, primary 

and secondary networks can be differentiated. This hierarchy of bonds is particularly 

crucial in focal companies. The duration of the collaboration in production networks 

can also be used to determine the type. The duration/period of the cooperation or the 

temporality of the existence can be exclusively project-related or subject to time 

limits. If no temporal or otherwise defined goal is set, the cooperation is considered 

to be of unlimited duration. 

 

5.3. Typology 

 

Using the developed taxonomy shown in Table 3, production networks can be 

classified in detail. To exemplary show the successful application, we developed a 

typology by assigning selected dimensions to the most common types of 

interorganizational networks, which we already introduced in Figure 4. The following 

Figure 5 compares these types of cooperation in a four-field matrix based on the two 

dimensions stability and control type. 

 

Figure 5. Typology of Interorganizational Network Forms by Selected Dimensions 

 
Source: own illustration 

 

Consortia are used to manage temporary and contract-based projects; thus, they 

are also called project networks. The partners' collaboration is temporary, but the 

relationships usually remain latent after the end of the project. Consortia are, 

therefore, mostly not completely dynamic. Project networks are formally handled 

without capital participation and are predominantly managed by a focal company 

(Sydow, 2010). If the projects require it, consortia are open production networks. 
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Subsidiaries are founded by the parent company, which controls the subsidiaries 

since it is the main shareholder or even the sole shareholder. The parent company uses 

formal systems to control the subsidiaries, whereby the form of control is hierarchical. 

Accordingly, a subsidiary is a new company with its management board, formally 

founded with capital participation. Consequently, the network of parent company and 

subsidiaries is generally very stable and only open to participation by other market 

participants to a limited extent (Dicken, 1994; Todeva & Knoke, 2005).  

Franchise is a cooperation between a franchiser and several franchisees who are 

organized as independent companies. The distribution of goods or services is realized 

under a uniform brand identity through extensive formal contractual regulations. Clear 

framework conditions ensure the stability and permanence of the network. The 

franchisees are hierarchically subordinated to the focal companies but can offer 

additional product concepts of their own depending on the contract. Several 

franchisees usually develop these in regional cooperation. A heterarchical form of 

control can be observed (Matt & Rauch, 2013; Matt & Rauch, 2012; Todeva & Knoke, 

2005). 

Outsourcing describes the permanent transfer of non-core competences of a 

company to external parties. The modular production networks described are mostly 

based on outsourcing strategies of large companies (Peng & Zong, 2009). Outsourcing 

involves a long-term, unlimited relationship and is therefore temporarily stable. 

Outsourcing partners tend to be on an equal level, so no hierarchical instruments are 

formally available to the outsourcing company. Nevertheless, the mutual dependency 

implies a certain degree of influence by the outsourcing company. Generally, this type 

of production network is open (Mugurusi & de Boer, 2013; Leng et al., 2017).  

Joint Venture is a legal organization established by two or more companies with 

equal capital participation and joint management. Due to the joint equity participation, 

the management form is heterarchical. As a registered organization, a joint venture is 

closed concerning the bonding alternatives and represents an unlimited type of 

collaboration, which makes the company extremely stable (Kogut, 1988; Barnes et 

al., 2012). 

Virtual Companies or virtual production networks are a particular form of 

collaboration. For a given order, the network only includes companies required, hence 

the virtual company is classified as dynamic. The network is primarily organized in a 

heterarchical way, in which each company has to fulfill an individual task based on 

respective core competencies (Tuma, 1998; Wiendahl et al., 1998; Leimeister et al., 

2001; Saniuk et al., 2014; Behnamian & Fatemi Ghomi, 2015).  

Subcontractors are companies providing partial or complete services covered by 

a contract between a leading company and its customer. Passing orders to a 

subcontractor depends on the market, so the stability can be assumed to be dynamic 

and hierarchical. 

Strategic Networks are operated by a key company, mainly a supplier of finished 

products and therefore organized hierarchical (Wiendahl et al., 1998). Most of the 

other partners are contractually linked to the key company, but also offer their services 

to other customers outside the network to remain competitive. These networks are 

mostly opened, but very stable due to the internal secret knowledge (Rupp & Ristic, 

2004). 
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Regional Networks, on the other hand, are based on a special conglomerate of 

highly specialized small and medium-sized enterprises. These enterprises usually 

have latent links to a large number of other companies in the region and therefore 

organized heterarchical. If necessary, the companies are activated by involving 

different partners, depending on the current demand situation. Exemplary advantages 

can be greater flexibility and lower management costs (Wiendahl et al., 1998). 

 

 

6. CONCLUSION 

 

Production networks in and between many companies have been established 

over the last decades, in some instances historically grown without being explicitly 

planned. Well-established companies have been forced to adapt over time. 

Accordingly, trends like Industry 4.0, the Internet of Things or Sharing Economy 

require innovative, adaptive, and resilient institutional arrangements. The 

classification of interorganizational production networks as the primary objective 

developed in this study can help to improve understanding and further development 

regarding technical support of production networks. A taxonomy helps to classify 

production networks and to restructure or optimize them according to the purpose. 

When joining together the two perspectives of structure and purpose, it reflects the 

complex reality of actual partnerships. Furthermore, this study's results are a first step 

towards supporting companies in planning new production networks when evaluating 

a suitable form of collaboration.  

To answer the research questions, we developed a comprehensive overview of 

production networks and collaboration according to the following steps. For data 

collection, a structured literature search and analysis (1) was carried out, whereby 51 

relevant contributions were examined. A comprehensive overview of characteristics 

for describing interorganizational production networks could not be found. Based on 

this, a hierarchical classification framework (2) for the classification of production 

networks could be created. Besides structural aspects, the purpose of establishing 

interorganizational production networks was addressed. Therefore, companies could 

reconcile their purpose with the cooperation structures. Subsequently, a taxonomy (3) 

was created specifically for interorganizational production networks with the 

categories configuration, control and intensity as well as a number of dimensions and 

corresponding characteristics.  

Using a typology (4), it was possible to classify different real-life cooperation 

structures concerning their productive function. The typology has been equipped with 

a precisely selected set of forms of collaboration based on the selected typological 

dimensions control type and stability.  

We suggest the following starting points for future research: First, an extension 

of the literature search should be carried out with a revised keyword search using the 

classification and taxonomy identified. Additionally, the taxonomy should be 

evaluated with real-world scenarios. The robustness of the taxonomy should be tested 

in a broader range of industries. Based on this taxonomy, it could be examined 

whether there are similarities in the strategies for adopting specific structural forms to 

achieve certain purposes. Furthermore, the temporal development of relationships 
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between collaboration partners should be examined for predictable patterns in the 

structural forms adopted at each development stage. By using the taxonomy, concrete 

recommendations for action regarding digital innovations to support and enhance 

production networks, e.g. platforms for sharing manufacturing capacities, can be 

derived. 
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Abstract 

 

Over the recent years, multi-criteria analysis has been increasingly used in 

addition to ratios to measure a company's performance and efficiency. With this in 

mind, the paper analyzes the efficiency of transportation and storage sector in Serbia 

using ratio analysis and, in particular, the OCRA method. Adequate measures are 

proposed to improve the efficiency of this sector in the future. The results of empirical 

research using this methodology indicate that the efficiency of transportation and 

storage sector in Serbia has significantly improved recently. The highest efficiency 

was recorded in 2018. In order to increase the efficiency of the transport and storage 

sector in Serbia in the future, it is necessary to manage human capital, assets, capital, 

sales and profits as efficiently as possible. The "green economy", the application of 

the concept of sustainable development and the digitalization of the entire business 

play a significant role in this. 

  

Key words: efficiency, transportation and storage, Serbia, determinants, ratio 

analysis, OCRA method 

 

 

1. INTRODUCTION 

 

Retailer performance measurement is a very current, complex and major subject 

of scholarly discussion (Evans, 2005; Berman, 2018; Levy, 2020). The same could be 

said of the transportation and storage sector performance measurement using ratios 

and multi-criteria decision making. Considering the above, this paper focuses on 

analysing the efficiency of transportation and storage sector in Serbia using the OCRA 

method. The authors seek to address this complex issue with the aim of proposing 

adequate measures for enhancing the efficiency of transportation and storage sector 

in Serbia in the future, thereby contributing to the existing scientific and professional 

literature.  

mailto:rlukic@ekof.bg.ac.rs
mailto:hadrovic@efos.hr
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Recently, there has been a growing scholarly interest in assessing the 

performance of companies from different economic sectors using the OCRA method. 

However, in contrast to the AHP and TOPSIS methods, very few works focus on 

performance measurement in the retail sector (Velasquez, 2013; Cagri, 2013; Ersoy, 

2017; Lukić, 2019, Lukić & Hadrović Zekić, 2019; Lukić et al. 2020a; Lukić et al 

2020b, Lukic 2020c, 2021), and the transportation and storage sector. To the authors’ 

knowledge, no publications are available in the Serbian literature that address the 

subject of transportation and storage efficiency using the OCRA method. Thus, the 

purpose of this study is to evaluate the performance of the transportation and storage 

sector in Serbia using the OCRA method. 

A literature review was conducted that provides a theoretical, methodological 

and empirical framework for an analysis of the transportation and storage sector 

efficiency in Serbia using the OCRA method. The purpose is to design adequate 

measures for future efficiency improvements. 

The main research hypothesis is that continuous monitoring of the impact of key 

factors on the efficiency of companies in the transportation and storage sector in 

Serbia is necessary to enhance its efficiency as it allows the identification of measures 

that should be taken to achieve this objective. The method used in this paper is called 

the OCRA method. 

The transport sector plays a significant role in the sustainable development of 

the national economy in Serbia. In 2019, the transport and storage sector participated 

in the total number of employees in the Serbian economy with 8.50%, in the total 

number of companies with 6.42% and in total revenues with 6.02% (Calculated on the 

basis of the Agency for Business Registers of the Republic of Serbia). For these 

reasons, it is important to investigate the efficiency of the transport and storage sector 

by applying different methods of multi-criteria decision-making, which means OCRA 

methods. 

The necessary empirical data were drawn from the Serbian Business Directory. 

They are internationally comparable since they are produced in accordance with 

relevant international standards. In terms of international comparability, there are no 

restrictions in this regard. The research included all companies from the transport and 

storage sector (6810) that officially submit annual financial reports to the Business 

Registers Agency of the Republic of Serbia. 

The research structure of the treated problem in this paper is composed so that, 

in addition to the Introduction and Conclusion, it includes (1) characteristics of the 

OCRA method, (2) ratio analysis of traffic and storage efficiency in Serbia and (3) 

assessment of traffic and storage efficiency in Serbia. 

 

 

2. OCRA METHOD 

 

The Operational Competitiveness Rating (OCRA) method was proposed by 

Parkan (Parkan, 1994) and further developed by Parkan and Wu (Parkan, 1997, 1999, 

2000). Originally, this method was developed to measure the relative performance of 

a set of production units where resources are used to create value-added outputs 

(Chatterjee, 2012). It was later used to solve various multi-criteria decision making 
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problems. The OCRA method is based on the intuitive approach that takes into 

account decision maker’s preferences regarding the relative importance of criteria 

(Parkan, 1997). The main advantage of the OCRA method is that it can be applied in 

multi-criteria decision making (MCDM) situations where the relative weights of 

individual criteria depend on the alternatives, and different weights are given to 

criteria for different alternatives, given that some of the criteria are not applicable to 

all alternatives, etc. (Chatterjee, 2012). The main idea behind the OCRA method is to 

perform an independent evaluation of the alternative considering the benefit and cost 

criteria and, finally, to combine the two aggregate ratings to obtain a competitive 

rating, which helps the decision maker not to lose information during the decision-

making process (Madić, 2015). The procedure of the improved OCRA method is as 

follows (Parkan, 2000; Chatterjee, 2012; Liu, 2013; Stanujkić, 2017): 

Step 1: Calculate the aggregate performance ratings for the cost criterion as 

follows: 

𝐼𝑖 = ∑ 𝑤𝑗

𝑚𝑎𝑥𝑗𝑥𝑖𝑗 − 𝑥𝑖𝑗

𝑚𝑖𝑛𝑗𝑥𝑖𝑗
𝑗∈𝛺𝑚𝑖𝑛

∈ [−1,1],               (1) 

where 𝐼𝑖 denotes the aggregate performance rating of the alternative i obtained based 

on the cost (input) criterion, xij denotes the performance rating of the alternative i with 

respect to the jth, and 𝛺𝑚𝑖𝑛  is a set of cost (minimization) criteria.  

Based on Louis et al. (2013), the previous equation can be replaced with the 

following: 

𝐼𝑖 = ∑ 𝑤𝑗

𝑚𝑎𝑥𝑗𝑥𝑖𝑗 − 𝑥𝑖𝑗

𝑚𝑎𝑥𝑗𝑥𝑖𝑗 − 𝑚𝑖𝑛𝑗𝑥𝑖𝑗
𝑗∈𝛺𝑚𝑖𝑛

∈ [−1,1].               (2) 

Step 2: Calculate the linear performance rating for the cost criterion as follows: 

𝐼�̿� = 𝐼𝑖 − 𝑚𝑖𝑛𝑖𝐼𝑖 ,                                                                    (3) 

where 𝐼�̿� denotes the linear performance rating of the alternative i obtained based on 

the cost criterion.  

The linear scaling in the OCRA method was performed with the aim of assigning 

a score of zero as the least preferred alternative. 

Step 3: Calculate the aggregate performance rating with respect to the benefit 

criterion as follows: 

𝑂𝑖 = ∑ 𝑤𝑗

𝑥𝑖𝑗 − 𝑚𝑖𝑛𝑗𝑥𝑖𝑗

𝑚𝑖𝑛𝑗𝑥𝑖𝑗
𝑗∈𝛺𝑚𝑎𝑥

∈ [−1,1],               (4) 

where 𝑂𝑖 denotes the aggregate performance rating of the alternative i obtained based 

on the benefit (output) criterion, and 𝛺𝑚𝑎𝑥 is a set of benefit (maximization) criteria. 

Based on Louis et al. (2013), the previous equation can be replaced by the 

following equation: 

𝑂𝑖 = ∑ 𝑤𝑗

𝑥𝑖𝑗 − 𝑚𝑖𝑛𝑗𝑥𝑖𝑗

𝑚𝑎𝑥𝑗𝑥𝑖𝑗 − 𝑚𝑖𝑛𝑗𝑥𝑖𝑗
𝑗∈𝛺𝑚𝑎𝑥

∈ [−1,1],               (5) 

Step 4: Calculate the linear performance rating for the benefit criterion as 

follows: 

�̿�𝑖 = 𝑂𝑖 − 𝑚𝑖𝑛𝑖𝑂𝑖 ,                                                                    (6) 
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where �̿�𝑖 denotes the linear performance rating of the alternative i obtained based on 

the benefit criterion.  

Step 5: Calculate the global performance rating as follows: 

𝑃𝑖 = 𝐼�̿� + �̿�𝑖 − min(𝐼�̿� + �̿�𝑖),                                                  (7) 

where Pi denotes the global performance rating of the alternative i. 

Step 6: Select the most preferred alternative. Based on the OCRA method, the 

alternative with the highest value of Pi is the most preferred alternative. 

The calculation procedure in the OCRA method is based on the use of the 

distance from the least preferred performance criteria, i.e. maxj xij – xij for the cost 

criteria and xij – minj xij for the benefit criteria. In this respect, the OCRA method is 

similar to the TOPSIS and VIKOR methods. However, the OCRA method has some 

specific characteristics, e.g. the normalization procedure shown in equations (1) and 

(3). Compared to conventional normalization procedures, the traditional OCRA 

method normalization procedure does not allow the values of the normalized 

performance rating to always belong to the interval [0,1], i.e. in some cases they may 

be greater than one. The OCRA method was improved by replacing equations (1) and 

(4) with equations (2) and (5). This allows normalized performance ratings to always 

belong to the interval [0,1]. 

 

 

3. RATIO ANALYSIS OF THE TRANSPORTATION AND STORAGE 

SECTOR EFFICIENCY IN SERBIA 

 

Ratio analysis can be used to assess the efficiency of the transportation and 

storage sector. Table 1 shows the initial data for measuring the efficiency of 

transportation and storage in Serbia using ratio analysis. 
 

Table 1. Initial data for measuring the transportation and storage sector efficiency in 

Serbia           (in millions of dinars) 

Source: Serbian Business Registers Agency (SBRA) 

 

Table 2 shows the ratio analysis (indicators) of traffic and storage efficiency in 

Serbia for the period 2013 - 2019. 
 

 

 

 

 Employee 

earnings 
Assets Capital Sales Net profit 

2013 93,152 817,605 386,360 465,439 16,075 

2014 95,291 852,616 407,742 196,067 20,959 

2015 88,876 743,104 467,980 149,028 24,564 

2016 104,223 791,564 475,628 134,497 27,140 

2017 107,881 831,863 498,248 143,176 29,439 

2018 115,218 1,068,997 607,640 154,746 75,645 

2019 117,487 816,974 343,528 179,106 26,813 
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Table 2. Ratio analysis of traffic and storage efficiency in Serbia 
 Asset 

turnover 

ratio (Sales/ 

Assets) 

Return on 

assets 

(Profit/ 

Assets), 

(%) 

Return on 

equity 

(Profit/ 

Equity), 

(%) 

Return on 

sales (Profit/ 

Sales), (%) 

Employee 

earnings in 

sales 

(Employee 

earnings / 

Sales) (%) 

Net profit to 

employee 

earnings 

(Profit/ 

Employee 

earnings) 

2013 0.569271 1.97 4.16 3.45 20.01 0.172567 

2014 0.229959 2.46 5.14 10.69 48.60 0.219947 

2015 0.200548 3.31 5.25 16.48 59.64 0.276385 

2016 0.169913 3.43 5.71 20.18 77.49 0.260403 

2017 0.172115 3.54 5.91 20.56 75.35 0.272884 

2018 0.144758 7.08 12.45 48.88 74.46 0.656538 

2019 0.219231 3.28 7.81 14.97 65.60 0.228221 

Note: Authors’ calculation 

 

Table 3 shows the descriptive statistics of the transportation and storage sector 

performance ratios in Serbia. 

 

Table 3. Descriptive statistics of transportation and storage performance ratios in 

Serbia 

Descriptive Statistics 

 

1 Asset 

turnover 

ratio 

2 Return 

on assets 

3 Return 

on equity 

4 Return 

on sales 

5 Sales to 

employee 

earnings 

6 

Employee 

earnings 

in sales 

N Valid 7 7 7 7 7 7 

Missing 0 0 0 0 0 0 

Mean 0.2437 3.5814 6.6329 19.3157 60.1643 0.2981 

Std. Error of Mean 0.05542 0.62266 1.05622 5.41029 7.73224 0.06129 

Median 0.2005 3.3100 5.7100 16.4800 65.6000 0.2604 

Std. Deviation 0.14663 1.64740 2.79449 14.31429 20.45758 0.16215 

Skewness 2.419 1.940 1.884 1.679 -1.485 2.362 

Std. Error of 

Skewness 

0.794 0.794 0.794 0.794 0.794 0.794 

Kurtosis 6.101 4.621 3.737 3.862 2.070 5.949 

Std. Error of 

Kurtosis 

1.587 1.587 1.587 1.587 1.587 1.587 

Minimum 0.14 1.97 4.16 3.45 20.01 0.17 

Maximum 0.57 7.08 12.45 48.88 77.49 0.66 
Note: Authors’ calculation using the SPSS software 

 

Table 4 shows the correlation matrix of performance ratios for the transportation 

and storage sector in Serbia. 
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Table 4. Correlation matrix of performance ratios for the transportation and storage 

sector in Serbia 

 1 2 3 4 5 6 

1 Asset 

turnover ratio 

Pearson 

Correlation 

1 -0.567 -0.492 -0.627 -0.934** -0.477 

Sig. (2-tailed)  0.184 0.262 0.132 0.002 0.279 

N 7 7 7 7 7 7 

2 Return on 

assets 

Pearson 

Correlation 

-0.567 1 0.949** 0.994** 0.608 0.984** 

Sig. (2-tailed) 0.184  0.001 0.000 0.148 0.000 

N 7 7 7 7 7 7 

3 Return on 

equity 

Pearson 

Correlation 

-0.492 0.949** 1 0.922** 0.524 0.924** 

Sig. (2-tailed) 0.262 0.001  0.003 0.227 0.003 

N 7 7 7 7 7 7 

4 Return on 

sales 

Pearson 

Correlation 

-0.627 0.994** 0.922** 1 0.667 0.974** 

Sig. (2-tailed) 0.132 0.000 0.003  0.102 0.000 

N 7 7 7 7 7 7 

5 Employee 

earnings in 

sales  

Pearson 

Correlation 

-0.934** 0.608 0.524 0.667 1 0.486 

Sig. (2-tailed) 0.002 0.148 0.227 0.102  0.269 

N 7 7 7 7 7 7 

6 Net profit to 

employee 

earnings 

Pearson 

Correlation 

-0.477 0.984** 0.924** 0.974** 0.486 1 

Sig. (2-tailed) 0.279 0.000 0.003 0.000 0.269  

N 7 7 7 7 7 7 

**. Correlation is significant at the 0.01 level (2-tailed). 
Note: Authors’ calculation using the SPSS software 

 

Correlation analysis shows that the asset turnover ratio significantly affects the 

relationship between sales and employee earnings (i.e. sales per employee). Likewise, 

the ratio between net profit and employee earnings (i.e., profit per employee) 

significantly affects return on assets, return on equity, and return on sales. Therefore, 

in order to increase the efficiency of transportation and storage in Serbia, it is 

necessary to manage assets, human capital and profit as efficiently as possible 

The results of ratio analysis show that the efficiency of transportation and storage 

in Serbia was highest in 2018. The values of all indicators for this year are 

significantly above the average (Table 2), and similarly for 2017, 2016 and 2015. In 

2019, the sector efficiency was lower than in 2018, 2017, 2016 and 2015, but higher 

than in 2014 and 2013. The reason for that is partly a decrease in net profit and an 

increase in employee costs in 2019 compared to 2018. Overall, it can be concluded 

that the efficiency of transportation and storage in Serbia has been increasing lately. 
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4. ESTIMATION OF TRANSPORTATION AND STORAGE EFFICIENCY 

IN SERBIA USING THE OCRA METHOD 

 

In measuring the efficiency of transportation and storage in Serbia using the 

OCRA method, the following criteria were considered: C1 – employee earnings, C2 - 

assets, C3 - capital, C4 - sales and C5 - net profit. Alternatives were the observed 

years: A1 - 2013, A2 - 2014, A3 - 2015, A4 - 2016, A5 - 2017, A6 - 2018 and A7 - 

2019. (Calculation of the efficiency of companies in the transportation and storage 

sector in Serbia was performed using OCRASoftware-Excel). The obtained results are 

shown in the tables below, as well as in Figure 1. The weight coefficients of the criteria 

were determined using the fuzzy DEMATEL method (Gaur et al., 2020).  

Table 5 shows the initial data for measuring the efficiency of transportation and 

storage in Serbia for the period 2013 - 2019 using the OCRA method. 

 

Table 5. Initial matrix 

Initial Matrix      

weights of criteria 0.17 0.17 0.192 0.193 0.275 

kind of criteria -1 1 1 1 1 
 C1 C2 C3 C4 C5 

A1 93152 817605 386360 465439 16075 

A2 95291 852616 407742 196067 20959 

A3 88876 743104 467980 149028 24564 

A4 104223 791564 475628 134497 27140 

A5 107881 831863 498248 143176 29439 

A6 115218 1068997 607640 154746 75645 

A7 117487 816974 343528 179106 26813 

MAX 117487 1068997 607640 465439 75645 

MIN 88876 743104 343528 134497 16075 
Note: Authors’ calculation using the SPSS software 

 

Table 6 shows preference ratings for non-benefit (cost) criteria.  

 

Table 6. Preference ratings for non-benefit criteria 
Preference 

ratings with 

respect to 

non-

beneficial 

criteria 

C1 C2 C3 C4 C5 

Measure 

of relative 

performa

nce 𝐼 ̅

Linear 

preferen

ce rating 

𝐼 ̿

A1 0.0465 0.0000 0.0000 0.0000 0.0000 0.0465 0.0465 

A2 0.0425 0.0000 0.0000 0.0000 0.0000 0.0425 0.0425 

A3 0.0547 0.0000 0.0000 0.0000 0.0000 0.0547 0.0547 

A4 0.0254 0.0000 0.0000 0.0000 0.0000 0.0254 0.0254 

A5 0.0184 0.0000 0.0000 0.0000 0.0000 0.0184 0.0184 

A6 0.0043 0.0000 0.0000 0.0000 0.0000 0.0043 0.0043 

A7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Preference 

ratings with 

respect to 

non-

beneficial 

criteria 

C1 C2 C3 C4 C5 

Measure 

of relative 

performa

nce 𝐼 ̅

Linear 

preferen

ce rating 

𝐼 ̿

      0.0000  

      MIN  
Note: Authors’ calculation using the SPSS software 

 

Table 7 shows preference ratings for benefit (income) criteria. 

 

Table 7. Preference ratings for benefit criteria 
Preference 

ratings with 

respect to 

beneficial 

criteria 

C1 C2 C3 C4 C5 

Measure of 

relative 

performanc

e �̅� 

Linear 

preference 

rating �̿� 

 0.0000 0.0170 0.0239 0.4749 0.0000 0.5159 0.2830 

A1 0.0000 0.0251 0.0359 0.0884 0.0836 0.2328 0.0000 

A2 0.0000 0.0000 0.0696 0.0209 0.1452 0.2356 0.0028 

A3 0.0000 0.0111 0.0738 0.0000 0.1893 0.2742 0.0414 

A4 0.0000 0.0203 0.0865 0.0125 0.2286 0.3479 0.1150 

A5 0.0000 0.0746 0.1476 0.0291 1.0191 1.2703 1.0375 

A6 0.0000 0.0169 0.0000 0.0640 0.1837 0.2646 0.0318 

A7 0.0000 0.0170 0.0239 0.4749 0.0000 0.5159 0.2830 

      0.2328  

      MIN  

Note: Authors’ calculation using the SPSS software 

 

Table 8 and Figure 1 show the overall preference (P) and alternative rankings.  

 

Table 8. Overall preference and alternative rankings 
 

Alterna-

tives 
𝐼 ̅ 𝐼 ̿ �̅� �̿� 𝐼 ̿ + �̿� 

Overall 

Preference 

(P) 

Rank 

2013 A1 0.0465 0.0465 0.5159 0.2830 0.3296 0.2978 2 

2014 A2 0.0425 0.0425 0.2328 0.0000 0.0425 0.0107 6 

2015 A3 0.0547 0.0547 0.2356 0.0028 0.0575 0.0257 5 

2016 A4 0.0254 0.0254 0.2742 0.0414 0.0667 0.0350 4 

2017 A5 0.0184 0.0184 0.3479 0.1150 0.1334 0.1016 3 

2018 A6 0.0043 0.0043 1.2703 1.0375 1.0418 1.0100 1 

2019 A7 0.0000 0.0000 0.2646 0.0318 0.0318 0.0000 7 

      0.0318   

      MIN   

Note: Authors’ calculation using the SPSS software 
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Figure 1. Overall preference and alternative rankings 

Note: Authors’ calculation using the SPSS software 

 

The results of research using the OCRA method indicate that the efficiency of 

transportation and storage in Serbia was highest in 2018. This concurs with the results 

of ratio analysis. 2018 is followed by 2013, 2017, 2016, 2015, 2014 and 2019, ranked 

in order of decreasing efficiency. This was partly influenced by the increase in the 

salary of employees in 2019 compared to 2018. The efficiency was lowest in 2019 

due to the drastic reduction of net profit compared to the previous year. With the 

exception of 2019, overall, the efficiency of transportation and storage in Serbia has 

been increasing lately.  

To increase the efficiency of transportation and storage in Serbia in the future, it 

is necessary to manage human capital, assets, capital, sales and profit more efficiently. 

New logistics business models, the concept of green economy and the digitalization 

of the entire transportation and storage process have a significant role in this. 

In 2020, a significant negative impact of the Covid-19 virus coronary pandemic 

on the efficiency of the transport and storage sector in Serbia was recorded. This is 

not the case with trade, however. The impact of the Covid-19 coronary virus pandemic 

on trade efficiency in Serbia has been mitigated with increased electronic sales, as is 

the case in other countries (Lukic, 2021). 

In order to gain a more complete picture of the efficiency of traffic and storage 

in Serbia, it is necessary, for comparison, to perform an analysis using other methods 

of multi-criteria decision-making, such as: TOPSIS, WASPAS, VIKOR, AHP and 

others. Also, by applying the DEA model. 
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5. CONCLUSION 

 

The results of the research obtained using ratio analysis show that the efficiency 

of transportation and storage in Serbia was highest in 2018. According to all 

indicators, it is significantly above average. It is followed by 2017, 2016 and 2015. In 

2019, the efficiency of this sector was lower than in 2018, 2017, 2016 and 2015, but 

higher than in 2014 and 2013. Overall, it can be concluded that the efficiency of 

transportation and storage in Serbia has been increasing recently.  

Correlation analysis shows that the asset turnover ratio significantly affects the 

relationship between sales and employee earnings (i.e. sales per employee). Likewise, 

the ratio between net profit and employee earnings (i.e. profit per employee) 

significantly affects return on assets, return on equity, and return on sales. Therefore, 

in order to increase the efficiency of transportation and storage in Serbia, it is 

necessary to enhance the efficiency of the management of assets and human capital. 

The research results obtained using the OCRA method are consistent with those 

obtained through ratio analysis, indicating that the efficiency of transportation and 

storage in Serbia was highest in 2018. 2018 is followed by 2013, 2017, 2016, 2015, 

2014 and 2019, ranked in order of sector efficiency from highest to lowest. The lowest 

efficiency was recorded for 2019 due to the drastic reduction of net profit and 

increased employee salary costs compared to the previous year. With the exception of 

2019, as a whole, the efficiency of transportation and storage in Serbia has recently 

increased year on year (under the positive influence of numerous macro and micro 

factors). 

To enhance the efficiency of transportation and storage in Serbia in the future, it 

is necessary to manage human capital, assets, capital, sales and profits as efficiently 

as possible. The concepts of integrated logistics and green economy could play an 

important role in achieving that. Moreover, the digitalization of the entire process of 

transportation and storage is essential.  

It should be emphasized that the possibility of comparing the obtained results of 

research on the efficiency of the transport and storage sector in Serbia using the OCRA 

method at the international level is limited. Due to the fact that in the literature there 

are, as far as we know, similar empirical research for other countries. Therefore, it is 

necessary to analyze the efficiency of the transport and storage sector in other 

countries using the OCRA method. 

In relation to the ratio analysis, the OCRA method gives more precise results of 

research on traffic and storage efficiency in Serbia. Therefore, it is recommended, 

especially in combination with other methods of multi-criteria decision-making 

(TOPSIS, ARAS, AHP and others). 
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Abstract 

 

The efficiency of distribution processes is determined, among other factors, 

through timeliness, speed and error-free performance. All these measures indicate 

both the operational efficiency of distribution processes and the efficiency of 

information flow between partners in the supply chain. In both cases, the GLN 

standard, aligned with GS1 standards, can help, which in addition to being able to 

optimise the monitoring of process realisation and information flow, also optimises 

the distribution processes themselves. The paper focuses on presenting the basic 

assumptions of the application of the GLN register to optimise logistics processes. 

These conceptual analyses were supported by business practice research in the aspect 

of assessing the efficiency of the application of the GLN standard in distribution 

processes carried out by a logistics operator.  

The research carried out in this area is the result of cooperation between 

Lukasiewicz Research Network - Institute of Logistics and Warehousing and Poznan 

School of Logistics, from 2017 to 2021. During the extensive cooperation, activities 

were carried out both in the conceptual aspect, research, observation of business 

practice, as well as implementation, aimed at verifying the benefits of the use of GLN 

standard. 

 

Key words: distribution efficiency, GS1 standards, information flow in supply chain 
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1. INTRODUCTION 

 

The efficiency of distribution processes depends not only on the economic and 

organizational aspects of their implementation, but also on the effective flow of 

information, which is becoming an increasingly important element of competitive 

advantage in the market (Nakatani et al., 2006; Sliwczynski et al., 2012). Information 

flow concerns both information integration between counterparties, but also its direct 

impact on the operational and economic activities of the company. Errors related to 

inadequate information in logistics processes are, in effect, associated with untimely 

or incomplete deliveries, the need to make returns, or queues associated with the 

unloading of goods at the customer's warehouse. Each of these situations is 

unfavourable from the point of view of efficiency of distribution processes and 

elimination or attempt to minimize their effects is one of the key optimization 

activities in business practice. 

The GS1 standards allows not only to organize the information processes of 

logistics in enterprises, but also to improve the efficiency of the processes in a special 

way, by minimizing the negative effects of operational activities related to erroneous 

information. One effective solution to this problem is the possibility of using a 

location register based on GLN identifiers (Dujak et al, 2017; Cudzilo et al., 2018).  

The GLN (Global Location Number) is a globally unique number that provides 

an identification key (per GS1 standards) used to identify any location (physical, 

digital, functional or legal). The GLN is a 13-digit code consisting of the GS1 

company prefix, a location-specific reference, and a check digit. A GLN assigned to 

legal entities and functions uniquely identifies those entities, while one assigned to 

physical and digital locations answers the question of where a location is located and 

what its operating conditions are. The latter meaning is particularly important from 

the perspective of increasing the efficiency of distribution and warehouse delivery 

service processes (Korzeniowski, 2018; Kizyn, 2011). Marking and unambiguous 

identification of locations in the processes carried out in supply chains can be 

considered as one of the key activities, conditioning the efficiency of these processes 

(Niemczyk, 2016). This context of the application of GLNs, compliant with the global 

GS1 standard, is the main element of the analysis conducted by the Authors within 

this article. 

Taking into account the above considerations, both theoretical and practical, the 

Authors concluded that it is expedient to conduct an analysis of the impact of the 

application of GLN identifiers on the efficiency of distribution processes. 

 

 

2. POSSIBILITIES OF USING GLN FOR IDENTIFICATION OF PHYSICAL 

LOCATION PARAMETRES  
 

The analysed case studies and conducted research indicated the need to develop 

solutions that allow global (for all entities in supply chains) access to data on locations 

between which transports are carried out in supply chains. The authors pointed out in 

this context the possibility of using GLN identifiers to describe the physical attributes 

of locations, and thus support the processes of distribution and warehouse handling of 
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supplies. The use of GLN identifiers for tagging physical locations involves defining 

a range of information that characterizes the location (or facility) and its operating 

conditions.  

As part of the research work conducted by the Łukasiewicz Research Network - 

Institute of Logistics and Warehousing and the School of Logistics, a proposal of 

attributes (data fields) that should describe a location or an object within the designed 

location register was defined (Fig. 1). As can be seen in Figure 1, the basic information 

that characterizes a location or object, assigned to a unique GLN identifier, in addition 

to the name and address of the location, is data that allows geocoding, namely the 

longitude and latitude. However, in order for the description of a given facility to be 

used to improve the efficiency of distribution processes, parameters such as, among 

others, the time conditions of facility operation or the means of road transport served 

should also be specified. All the mentioned information should be identified under the 

GLN number, according to a specific standard of data collection (strictly defined 

layout) and using dictionary data for defining specific types of information, within 

particular attributes 

 

Figure 1. Proposal of attributes describing the physical parameters of a location / 

facility 

 
Source: own study 

 

 

3. ANALYSIS OF THE POSSIBILITY OF INCREASING THE 

EFFICIENCY OF DISTRIBUTION PROCESS THROUGH 

PILOT IMPLEMENTATION OF GLN 
 

 

The analysis of the efficiency of distribution processes is a complex issue. 

Taking into account the necessity of linking the efficiency with the characteristics of 

the present project, it is necessary to consider both the economic and operational 

aspects, but also the aspect of information flow. Developing a set of indicators for 

assessing the impact of the use of GLN identifiers must therefore illustrate both the 

cost and operational situation of the analyzed process, but also present the differences 
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in the flow of information, which indirectly affects the efficiency of distribution 

processes.  

The pilot implementation was conducted in order to present the effects of using 

the location register based on GLN identifiers. The following tables present a 

summary of the indicators that were finally monitored and analyzed on the processes 

implemented by the logistics operator. 

 

Table 1. Proposal of indicators for assessing the impact of implementation on the 

efficiency of transport processes in economic and operational approach 

Lp. Meter name Template  Characteristics J.m. 

1. 
On-time delivery 

rate  

  

a – number of on-time 

deliveries % 

b – total number of deliveries 

2. 
Delivery 

responsiveness 

a – number of orders delivered 

ahead of schedule  % 

b – total number of orders 

3. 

Share of incomplete 

deliveries to the 

customer 

a – number of incomplete 

deliveries  % 

b- total number of deliveries  

Source: own research 
 

Table 2. Proposal of indicators to evaluate the impact of implementation on the 

efficiency of transport processes in information flow approach 

Lp. Mater name  Template  Characteristics J.m. 

1. 
Reliability of information 

flow  

 

a – number of correctly planned 
deliveries/routs 

% 
b – total number of planned 

deliveries/routes 

2. 
Rate of delivery returns 

due to erroneous data  

a – value/cost of returns 

% b – value/costs of execution of all 

orders 

3. 
Average time to analyze 

delivery plan data  

a – total time of data retrieval 
h 

b – number of developed plans  

Source: own research 
 

Following the logic of the implementation efficiency analysis, the data obtained 

were: 

 the situation before implementation (calculated as an average value over a 

period of half a year before GLN implementation),  

 the situation in particular days (test days) of the first week after the 

implementation (scenario 1), 

 the situation in particular days (test days) of the second week after the 

implementation (scenario 2), 

b

a

b

a
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 the situation in particular days (test days) of the third week after 

implementation (scenario 3). 

Data acquisition in terms of test days in each analysed week (scenario) allows 

the observation of changes in the results of efficiency indicators at different stages 

after GLN implementation. This approach aims to eliminate the mistake of measuring 

results caused by the disorganisation of the process after the implementation of a new 

solution from the perspective of the company's business operations. This approach has 

not been used in the analysis of the situation before implementation (Table 3) due to 

the fact that these data have been calculated as an average value over the whole period 

under analysis (half a year). 

Operational data, necessary for the analysis of the implementation efficiency, 

describing the situation before the implementation is presented in Table 3. 

 

Table 3. Data before GLN implementation 

Specifics of the data Value 

Number of on-time deliveries, 168 

Number of incomplete deliveries, 5 

Total number of deliveries, 177 

Number of orders delivered ahead of schedule, 1 

Total number of orders, 125 

Number of correctly scheduled deliveries/tracks, 6 

Total number of planned deliveries/routes, 9 

Value/cost of returns [PLN] 274 

Value/cost of processing all orders [PLN]  1615 

Total download time [min] 55 

Number of developed plans 7 
Source: Own study 

 

The data presented in the table above and throughout the analysis are for a daily 

snapshot. The results of the indicators presented in Tables 1 and 2, for data before 

implementation (Table 3), are presented in Tables 15 and 16, which summarise the 

whole analysis. 

The first stage of the analysis is to evaluate possible changes in parameters and 

indicators obtained from the scenario concerning the first week after implementation. 

The data obtained in each variant for the month of July, is presented in Table 4. 

 

Table 4. Operating Data - Week 1 

Lp Specifics data 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

1 Number of on-time deliveries, 173 174 176 176 

2 Number of incomplete deliveries, 2 3 3 4 

3 Total number of deliveries, 176 178 179 181 
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4 

Number of orders delivered ahead 

of schedule, 1 2 2 3 

6 Total number of orders, 125 130 132 135 

7 

Number of correctly scheduled 

deliveries/routes, 5 6 6 7 

10 

Total number of scheduled 

deliveries/routes, 9 9 9 9 

11 Value/cost of returns, 269 232 217 200 

12 Value/cost of fulfilling all orders, 1615 1650 1670 1710 

13 Total download time, 54 56 54 53 

14 Number of plans developed, 7 7 7 7 
Source: Own study 

 
The tables below present the obtained results in aggregate, while determining 

the average value for individual indicators and the weighted average value.  

 

Table 5. Summary of analysis results (economic and operational approach) - week 1 

Indicator 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

Arithmetic 

average 

Weighted 

average 

On-time delivery 

rate  
98,30% 97,75% 98,32% 97,24% 97,90% 97,77% 

Delivery 

responsiveness 
0,80% 1,54% 1,52% 2,22% 1,52% 1,73% 

Share of 

incomplete 

deliveries to the 

customer 

1,14% 1,69% 1,68% 2,21% 1,68% 1,84% 

Source: Own study  

 

The results for on-time delivery obtained from the individual variants do not 

show any trend during the period studied. This situation may be caused by the speed 

of implementation, process disorganization and the initial phase of getting familiar 

with the new solution.  

The results for delivery responsiveness, on the other hand, show an upward 

trend, however between Test Day 2 and Test Day 3 there was a stagnation of the result, 

nevertheless too small number of analysed variants does not allow to draw 

constructive conclusions. 

The analysis of incomplete deliveries to the customer highlights the increase in 

the value of this indicator in individual, consecutive variants. It is a negative effect, 

nevertheless such a good result obtained on the first day of implementation may not 

be a result of implemented changes. Therefore, further analysis of this indicator 

should be carried out. 
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Table 6. Summary of analysis results (information flow approach) - week 1 

Indicator 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

Arithmetic 

average 

Weighted 

average 

Reliability of 

information flow  55,56% 66,67% 66,67% 77,78% 66,67% 70,00% 

Rate of delivery 

returns due to 

erroneous data  
16,66% 14,06% 12,99% 11,70% 13,85% 13,05% 

Average time to 

analyze delivery 

plan data 

7,71 8,00 7,71 7,57 7,75 7,71 

Source: Own study  

 

In the case of reliability of information flow indicator, the values of individual 

test days create in an upward trend. The changes are significant, which can testify to 

the positive impact of the implementation on this analytical range. 

The analysis of second indicator generates a downward trend, in proportion 

between the different options.  

The obtained results for last indicator generate a decreasing trend, which should 

be considered as a positive result. Such a good result obtained in Variant 1 may be 

due to other factors than the impact of the pilot implementation. 

Therefore, the options monitored at a later time have a greater impact on the final 

outcome of the analysis. Also for the second case study the following weights were 

adopted: 

 Test Day 4 - weight 4, 

 Test Day 3 - weight 3, 

 Test Day 2 - weight 2, 

 Test Day 1 - weight 1. 

The second stage of the analysis is the evaluation of possible changes in the same 

parameters and indicators obtained from the scenario concerning the second week 

after implementation. The data obtained in individual variants during this period, are 

presented in Table 7. 

 

Table 7. Operating Data - Week 2 

Lp Data specifics 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

1 number of on-time deliveries, 164 168 170 172 

2 number of incomplete deliveries, 2 3 2 2 

3 total number of deliveries, 166 171 173 176 

4 

number of orders delivered ahead of 

schedule, 1 2 2 3 

6 total number of orders, 124 125 125 126 
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7 

number of correctly scheduled 

deliveries/tracks,, 5 6 6 7 

10 

total number of scheduled 

deliveries/routes, 8 9 9 9 

11 value/cost of returns, 198 195 191 188 

12 value/cost of fulfilling all orders, 1650 1625 1620 1610 

13 total download time, 52 50 48 46 

14 number of plans developed, 7 7 7 7 
Source: Own study  

 

The following tables present the results obtained in aggregate, while determining 

the average value for individual indicators and the weighted average value.  

 

Table 8. Summary of analysis results (economic and operational approach) - week 2 

Indicator 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

Arithmetic 

average 

Weighted 

average 

On-time delivery 

rate 
97,59% 

98,25

% 

98,27

% 

98,86

% 
98,24% 98,43% 

Delivery 

responsiveness 
0,81% 1,60% 1,60% 2,38% 1,60% 1,83% 

Share of 

incomplete 

deliveries to the 

customer 

1,20% 1,75% 1,16% 1,14% 1,31% 1,27% 

Source: Own study  

 

The results obtained from individual test days for on-time delivery rate show an 

upward trend, which should be evaluated as a positive influence of the implemented 

changes on the timeliness of deliveries. Therefore, it can be cautiously concluded that 

the introduced implementation positively influenced the value of this indicator. 

The analysis of this period indicates a stabilized increase in the value of delivery 

responsiveness. It is analogous to the previous period and crystallizes a positive trend 

of changes. 

The analysis of third indicator requires the conclusion that the trend is relatively 

stable, which may indicate that this indicator is approaching the optimal level under 

the prevailing market conditions. The increase of incomplete number of deliveries in 

test day 2 should be analyzed against all other analyzed test days. 
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Table 9. Summary of analysis results (information flow approach) - week 2 

Indicator  
Test 

Day 1 

Test 

Day 2 

Test Day 

3 

Test 

Day 4 

Arithmetic 

average  

Weighted 

average 

Reliability of 

information flow 
62,50% 66,67% 66,67% 77,78% 68,40% 70,69% 

Rate of delivery 

returns due to 

erroneous data 

12,00% 12,00% 11,79% 11,68% 11,87% 11,81% 

Average time to 

analyze delivery 

plan data 

7,43 7,14 6,86 6,57 7,00 6,86 

Source: Own study  

 

The analysis of reliability of information flow indicates a stabilized increase in 

the value of this indicator. It is analogous to the previous period and crystallizes a 

positive trend of change. In the present situation, a slight decrease in the value of the 

second indicator should be noted, which should still be considered as a positive impact 

of the new situation on the performance indicators. The obtained results for last 

indicator generate a downward trend, however, compared to the previous period, the 

decrease is clear and stable.  

The third step of the analysis is to evaluate possible changes in the same 

parameters and indicators obtained from the scenario for the third week after 

implementation. The data obtained in the different variants during this period, are 

presented in Table 10. 

 

Table 10. Operating Data - Week 3 

Lp Specifics of the data 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

1 number of on-time deliveries, 175 177 179 181 

2 number of incomplete deliveries, 3 2 2 2 

3 total number of deliveries, 177 180 185 182 

4 

number of orders delivered ahead of 

schedule, 2 3 3 4 

6 total number of orders, 119 122 123 120 

7 

number of correctly scheduled 

deliveries/tracks, 6 6 7 7 

10 

total number of scheduled 

deliveries/routes, 9 9 9 9 

11 value/cost of returns, 188 194 186 184 

12 value/cost of fulfilling all orders, 1615 1624 1610 1605 

13 total download time, 46 44 42 42 

14 number of plans developed 7 7 7 7 
Source: Own study  
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The following tables present the results obtained in aggregate, while determining 

the average value for individual indicators and the weighted average value.  

 

Table 11. Summary of analysis results (economic and operational approach) -  

week 3 

Indicator 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

Arithmetic 

average 

Weighted 

average 

On-time delivery 

rate 
98,87% 98,33% 96,76% 99,45% 98,35% 98,36% 

Delivery 

responsiveness 
1,68% 2,46% 2,44% 3,33% 2,48% 2,72% 

Share of 

incomplete 

deliveries to the 

customer 

1,69% 1,11% 1,08% 1,10% 1,25% 1,16% 

Source: Own study  

 

The results obtained for on-time delivery rate from the individual test days do 

not show a trend, nevertheless the average value of the analysed period allows one to 

state an increase in timeliness of deliveries, compared to the previous periods. The 

analysis of delivery responsiveness indicates a continuous increase in the value of this 

indicator. The tendency of changes in the value of the index indicates that it is possible 

to further optimize this range. The analysis of third indicator confirms the trend of 

positive change in value. It should be noted stabilization of the index value, which 

may suggest obtaining a level close to optimal. 

 

Table 12. Summary of analysis results (information flow approach) - week 3 

Indicator 
Test 

Day 1 

Test 

Day 2 

Test 

Day 3 

Test 

Day 4 

Arithmetic 

average 

Weighted 

average 

Reliability of 

information flow 
66,67% 66,67% 77,78% 77,78% 72,22% 74,44% 

Rate of delivery 

returns due to 

erroneous data 

11,64% 11,95% 11,55% 11,46% 11,65% 11,60% 

Average time to 

analyse delivery 

plan data  

6,57 6,29 6,00 6,00 6,21 6,11 

Source: Own study  

 

The value of first indicator showed a jump of more than 10%. This is due to the 

improvement of data acquisition for the development of plans. This is evidence of the 

very positive effect of implementing the location register. In the present situation, a 

slight downward trend in the value of the second indicator should be noted. Despite 

the small jump in variant two (by 0.5%), the downward trend continues, although it 

should be noted that the deviations are getting smaller and smaller, which may indicate 
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that its value has reached the optimal level. The results for third indicator still generate 

a decreasing trend, which means that the positive impact of implementing a location 

registry can still be optimized 

The next step in the implementation efficiency analysis is to compare the results 

obtained from each analyzed week after implementation. Both arithmetic and 

weighted average values were taken for further analysis. 

First, the arithmetic averages of the results obtained on each test day were 

determined. In the second analysis, the same results obtained on each test day were 

calculated as a weighted average, on the assumption that measurements taken at a 

longer time after implementation more accurately reflect the facts after GLN 

implementation. The following tables present comparison the arithmetic values and 

weighted averages obtained in all test days and all scenarios (weeks) analyzed. 

 

Table 13. Summary of scenario analysis (economic and operational approach) 

Scenarios Week 1 Week 2 Week 3 
After 

implementation 

general 

Indicator A (A) A (W) A (A) A (W) A (A) A (W) A (A) A (W) 

On-time 

delivery rate 

97,90

% 

97,77

% 

98,24

% 

98,43

% 

98,35

% 

98,36

% 

98,17

% 

98,29

% 

Delivery 

responsiveness 
1,52% 1,73% 1,60% 1,83% 2,48% 2,72% 1,86% 2,26% 

Share of 

incomplete 

deliveries to the 
customer 

1,68% 1,84% 1,31% 1,27% 1,25% 1,16% 1,41% 1,31% 

Legend: 

A(A) – arithmetic average, A(W) – weighted average 

Source: Own study 

 

A comparison of the arithmetic and weighted averages for each scenario od on-

time delifery, indicates an improvement in the index value of 10% on average. This is 

a meaningful effect of implementing a location registry in the surveyed company. 

When analysing second indicator, the increase is less significant; nevertheless, it 

should still be considered satisfactory evidence of increased effects after 

implementation. The value of third indicator should be regarded as a good result, 

which also demonstrates the efficiency of the GLN implementation. 
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Table 14. Summary of scenario analysis (information flow approach) 

Scenarios Week 1 Week 2 Week 3 
After 

implementation 

general 

Indicator A (A) A (W) A (A) A (W) A (A) A (W) A (A) A (W) 

Reliability of 

information 
flow  

66,67

% 

70,00

% 

68,40

% 

70,69

% 

72,22

% 

74,44

% 

69,10

% 

72,45

% 

Rate of 

delivery 

returns due to 
erroneous data  

13,85

% 

13,05

% 

11,87

% 

11,81

% 

11,65

% 

11,60

% 

12,46

% 

11,91

% 

Average time 

to analyze 
delivery plan 

data 

7,75 7,71 7,00 6,86 6,21 6,11 6,99 6,63 

Legend: 

A(A) – arithmetic average, A(W) – weighted average 

Source: Own study 
 

When analyzing first indicator, the increase should be considered significant. 

The results obtained testify to the further possibility of optimizing the flow of 

information by means of the location register. When analyzing second indicator, the 

decrease is less significant; however, it should still be considered satisfactory 

evidence of increased post-implementation effects.  In the analysis of last indicator, 

the result generated the least spectacular end result. Nevertheless, it still confirms the 

benefits of implementing a location registry in the company studied. 

The final step in analyzing the efficiency of GLN implementation is to compare 

the arithmetic and weighted average values from each scenario (week) to the 

indicators determined from the data before implementation. Detailed analyses of the 

results are shown in the following tables. 

 

Table 15. Analysis of implementation efficiency in economic and organizational 

approach 

  
Before 

implementation 

After 

impementation 

After 

impementation 
(weighted average) 

On-time delivery rate  94,92% 98,17% 98,29% 

Delivery responsiveness 0,80% 1,86% 2,26% 

Share of incomplete 

deliveries to the customer 
2,82% 1,41% 1,31% 

Source: Own study 
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Table 16. Analysis of implementation efficiency in information flow approach 

  
Before 

implementation 

After 

impementation 

After 

impementation 
(weighted average) 

Reliability of information 

flow  
66,67% 69,10% 72,45% 

Rate of delivery returns due 

to erroneous data  
16,97% 12,46% 11,91% 

Average time to analyze 

delivery plan data 
7,86 6,99 6,63 

Source: Own study 

 

 

4. CONCLUSION AND FURTHER RESEARCH 

 

The analysis of the pilot implementation, described in this paper, confirms the 

possibility of increasing the efficiency of distribution processes by using a location 

register based on GLN identifiers. The conclusions show the need for further 

development of the location register prototype.  

The authors, indicate that further implementations of the location registry in 

business practice are warranted. The aim of the implementation was to confirm the 

possibility of increasing the efficiency of distribution processes through the use of 

GLN identifiers, describing the physical parameters of the location.  

The efficiency analysis carried out in the analyzed company proved the positive 

influence of the implementation of the location register on the efficiency of logistic 

processes in the company. The results have been mixed, however the trend of positive 

impact of the implementation of the location register on each of the mentioned 

indicators is visible. Further process optimization is possible for this company. This 

is due to the fast pace of implementation of this solution, and therefore some 

organizational problems. However, it has to be said that the analysis performed in this 

form and to this extent can allow to conclude on the benefits of implementing a 

location register in business practice. 
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 Abstract  

 

Operational conditions for handling e-commerce postal shipments from China 

are determined by internal regulations and rules of handling shipments from outside 

the European Union both from postal operators and the Customs Service, as well as 

by cooperation arrangements of these partners. The different objectives and functions 

of the partners in handling the flow of e-commerce goods from China also result in 

different needs for standardised identification of goods and cargo, affecting the 

performance and efficiency of operations. A key factor for the operational strategy is 

the efficient and reliable (on-time, error-free) handling of the mass stream of postal 

letters and small e-commerce shipments, as well as domestic and international 

palletised shipments, and the reduction of operational time for postal and customs 

handling. The lack of standardisation for cargo unit identification among logistics and 

transport partners handling rail deliveries from China to Europe makes it impossible 

to track the physical flow of logistics units with postal shipments, throughout the New 

Silk Road supply chain. Cross-border tracking on the basis of a postal item bag 

identifier, standardised only within postal organisations worldwide according to UPU 

codification, allows limited tracking of the status of a consignment only for recorded 

delivery and receipt events at postal links in the supply chain. 

The aim of this paper is to analyse the operational conditions for the application 

of standards and solutions in e-commerce goods handling in the processes of import 

from China to Poland within the New Silk Road and in transit to other EU countries. 

This paper contains the results of work carried out between 2019 and 2021 by the 

Lukasiewicz Research Network-Institute of Logistics and Warehousing, the Poznan 

School of Logistics in cooperation with GS1 Poland, Polish Post and Polish Customs 

Service. 

 

Key words: New Silk Road, operational efficiency, e-commerce shipment, GS1 

standard, UPU standard. 
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1. INTRODUCTION 

 

Operational conditions for the handling of e-commerce postal parcels from 

China result from internal regulations and rules for handling shipments from outside 

the European Union (import and transit) both postal services and customs handling, 

as well as from cooperation arrangements of the partners performing these services. 

Polish Post has the status of a 'Designated Operator (DO) to handle postal items 

according to the standards of the World Customs Organization (WCO) and the 

International Postal Union (UPU). 

Different goals and functions of the Partners in handling e-commerce goods flow 

from China, cause also different needs for standardization of identification of goods 

and cargo, affecting efficiency and effectiveness of operations: 

 Customs handling - identifiers of goods and precise descriptions of the value 

and content of shipments, enabling qualification of customs procedures, 

calculation of customs and tax values, verification of shipments according to 

import and transit requirements and regulations, etc., 

 Mail handling - parcel and cargo identifiers /parcels, bags of letters, pallets, 

containers/, because of the efficient, timely and error-free handling of the 

receipt, processing and delivery of mail, the ability to track and respond to 

deviations, and the planning and alignment of teams, equipment and facilities 

for operational handling.  

An important premise for the operational conditions of Poland's handling of the 

parcel stream is its strategic aspiration to become a leader and coordinator of the 

stream of e-commerce parcels (Sliwczynski, Kolinski, 2020; Ambalov, Heim, 2020; 

Shen, 2018) delivered by rail and air from China to Poland and further to Europe, as 

well as to create a logistics hub and become a logistics operator of trade between Asia 

and Europe (Zhang, Zhang, & Lee, 2020). An important condition here is the 

requirements and expectations of both parties to the strategic international agreement 

regarding postal service on the New Silk Road (Holslag, 2017; Wagener, Aritua, & 

Zhu, 2020). One of the provisions of the agreement regarding service efficiency is the 

requirement for Polish Post to expedite shipments from China addressed to other 

European countries - within 48 hours (this includes customs clearance time).  

A key factor for the operational strategy is the efficient and reliable /timely, 

error-free/ handling of the mass stream of letters and small e-commerce shipments as 

well as domestic and international pallet shipments (International Pallet Shipping 

service implemented from February 1, 2019), as well as the reduction of operational 

time for postal and customs handling. 

For the operational handling of e-commerce shipments from China in Poland, 

the Integrated Information System - ZST - is used for the registration and monitoring 

of postal shipments (in particular parcels, pallet loads, courier and value shipments). 

The ZST system is used in all dispatching and distribution nodes (WER) - both the 

main ones and field ones (distribution and transhipment points). It enables planning 

and registration of unloading and loading operations, processing of shipments, and 

handling of shipments delivered in Poland and abroad. On the basis of data recorded 
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in the system it is possible to track the status of the postal shipment (truck&trace) in 

the operational system of the Polish Post within the country.  

An important function of the ZST system is data exchange with the International 

Postal System (IPS), which makes it possible to track the status of a package by its 

sender and recipient.  

IT systems of the postal operator are not connected with IT systems of the 

customs service, as well as with IT systems of partners in the chain of delivery of 

shipments from China, including systems of railroad carriers, logistic operators and 

operators of the railroad transhipment port in Małaszewicze. Currently, e-services in 

the form of web services are not provided between the systems and data exchange in 

the form of electronic messages is not used (Hänninen, Luoma, Mitronen, 2020).  Data 

exchange is asynchronous non-interactive (Nuce, 2019), bilaterally between partners 

in the form of email and agreed transfer of shipment data files. 

The lack of standardization of cargo unit identifiers among logistics and 

transportation partners handling rail deliveries from China makes it impossible to 

track the physical flow of logistics units with postal shipments, across the Silk Road 

supply chain. Cross-border cargo tracking based on a mailpiece bag identifier, 

standardized only within postal organizations worldwide according to UPU 

codification, allows limited tracking of shipment status only for recorded release and 

receipt events at postal International Exchange Offices involving events (here: real-

time tracking of the parcel is interrupted for about 12 days): 

 loading of a mail bag into a rail container at a loading point (IOE) in China 

- e.g. in Chongqing city,  

 receipt of the bags from the railroad container at the postal receiving point 

in Poland - at the Lublin IOE.  

Within a given country, the status of consignments is tracked continuously, 

based on the registration of operations in the integrated postal systems. 

 

 

2. THE NEW SILK ROAD IN TERMS OF E-COMMERCE MARKET - A 

LITERATURE REVIEW 
 

The e-commerce market is experiencing an increase in turnover every year, 

which means a growing business potential, but above all it creates the necessity to 

undertake research work in this field. The dynamics of the e-commerce market leads 

researchers to conduct studies both in the field of application of modern technologies 

(Zhang, 2008; Kawa, 2012; Gerrikagoitia et al., 2015; Turban, 2018; Dujak, Sajter, 

2019), as well as on the organisation of logistics, with particular emphasis on IT 

system integration (Śliwczyński, Hajdul, Golińska, 2012; Kawa, 2017; Maqueira, 

Moyano-Fuentes, Bruque, 2019), consolidation of shipments (Kayikci, 2019; Hu, 

Haddud, 2020) and cross-border aspects of shipments (Kawa, Zdrenka, 2015; Wang 

et al., 2019; Huang et al., 2019). A natural extension of the research scope for the e-

commerce market is the monitoring of shipments along the New Silk Road, taking 

into account the infrastructure of the various modes of transport (Li, Wen, Jiang, 2017; 

Wang et al., 2020; Li et al., 2020) and economic evaluation of this initiative (Ejdys, 

2017; Baniya, Rocha, Ruta, 2019; Bersenev, Chikilevskaya, Rusinov, 2020). The New 
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Silk Road is a business initiative enabling the movement of goods between Asia and 

Europe. The most important aspect influencing Poland's attractiveness in the context 

of the New Silk Road is the favourable combination of geographical, economic and 

political conditions. Poland is a kind of gateway to the European Union and at the 

same time it is characterised by a well-developed network of transport and logistics 

infrastructure, which puts our country in the position of a potential leader in the 

logistical handling of goods transported from China to the European Union (Łasak, 

2018). This is confirmed by the agreement between the Polish Post and the China Post 

on cooperation in delivering e-commerce shipments to Europe using rail transport on 

the New Silk Road route (Śliwczyński et al., 2019). 

The analysis of the presented issues results from the need to handle the 

dynamically growing stream of shipments and deliveries of products purchased 

through Chinese Internet portals (including Aliexpress, Banggood, GearBest, 

LightInTheBox and many others), as well as the development of the e-commerce 

channel in cross-border e-commerce between Asia and Europe.  

The need to analyse the flow of goods and shipments in the e-commerce market 

on the China-Poland route, and more broadly Asia-Europe, stems from China's 

position in this market, which together with other Asian countries forms the largest 

market for the sale of products in e-commerce channels in the world. 

 

 

3. OPERATIONAL ANALYSIS OF IMPORT OF E-COMMERCE POSTAL 

ITEMS FROM CHINA TO POLAND  
 

Postal operators receive information on postal shipments sent by China Post via 

rail transportation, in the form of a containerized transfer list - CN37 (land-sea 

shipments) or CN38 (air shipments). The data is sent as MS Excel file via e-mail. The 

file contains a lot of detailed shipping information - including country and post office 

of sending and receiving, number and identifiers of individual shipments (letters, 

parcels) and their content, weight and value. An example of the scope and data 

standard of the CN37 Summary Shipping List for e-commerce mail shipments shipped 

in container XHCU5026835 by rail from Chongqing Province, China, is shown in 

Table 1 
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Table 1. An example of the scope and standard of the summary data of the CN37 

transfer list of e-commerce postal items shipped by container from Chongqing 

Province, China 

Departure Date： 2019.3.22 

Intelligent lock No. CNNT0019414826 

China Customs lock No. CNNT0019414826 

 

 
Source: ILiM and GS1 project data. 

 

The identifier is placed on the postal item in the form of a legible sequence of 13 

characters and as a barcode in the Code 128 standard. From the data structure of 

the code and its information scope, it is clear that it is a readable identifier in the 

postal organization environment and operationally of little use to logistics and 

KEP operators in the market.   
Each bag of China mail - China Post's referrals - in overland transportation bears 

a CN34 (flag, bar-coded) label. The exchanges of the referrals take place between the 

International Offices of Exchange (IOE). An example analysis of the structure of the 

identifier from the CN34 label on bags of mail, according to the CN37 transfer list in 

Table 1, is shown in Table 3. The identifier of a bag of mail contains 29 characters 

according to the S9 UPU standard, of which the first 20 characters are the shipping 
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identifier according to the S8 UPU standard, within the transport unit (here: container 

XHCU5026835) 

 

Table 2.   Analysis of postal item identifier structure according to S10 UPU standard 

 
Source: Postal Parcel Identification - Part D: 13-character identifier for parcels. UPU, 2019. 

 

 

Table 3.  Analysis of the structure of the identifier from the CN34 label of the referral 

bag according to the S9 UPU standard 

 
Source: S9 Mailpiece Identifier. Standards for defining and encoding data. UPU, 2019 
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In summary, e-commerce mail from China in import to Poland or in transit to 

other EU countries can be defined as a data structure at three levels of identification: 

 shipment from China - identified according to UPU standard S8 (20-

character), 

 bag/container in the shipment containing postal items - identified according 

to UPU S9 standard (29-character), 

 postal items in each bag/container - parcels, letters - identified according to 

UPU standard S10 (13-character). 

The shipping record for all bags containing mail is a paper waybill (Table 1 - 

Waybill No. CNCKGZ942733). A CN 31 document is used for letters (CN 32 - bulk 

mail) and a CP 87 document is used for parcels. In practice, the document is printed 

for a closed shipment and is placed in the last bag/container of the shipment just before 

the container is closed (including e-commerce shipments sent by China Post).  

The information on the waybill allows the postal operator to: 

 verify - that the shipment is complete and contains all shipments recorded 

in the waybill - bags, pallets, containers, etc.), 

 booking of shipments and in conjunction with other shipping documents 

(e.g. CN37) is the basis for international postal accounting.   

A list of bagged packages is included in the CN33 document. Consignment is 

the logical association of a group of bags/containers of the same type/category of mail 

within a container (transport unit), in order to reduce the formality of receipt and 

improve operational efficiency.  

EDI PREDES or PRECON (according to EDI UPU standard) messages of 

import of consignments by rail from China - in import and in open or closed transit 

are not sent in relation China - Poland. The information is sent in the form of MS 

Excel file via e-mail as a CN37 transfer list (presented in table 1). 

 

4. OPERATIONAL ANALYSIS OF E-COMMERCE POSTAL SERVICE 

FROM CHINA TO POLAND AND POSTAL SERVICE TO OTHER 

EUROPEAN COUNTRIES  
 

Operational requirements for repatriation of consignments from China by the EU 

postal operators concern the shortest possible process time - from receipt of postal 

containers from railroad transport on transshipment platform in Malaszewice, through 

transport to the International Office of Exchange (IOE) - WER Lublin, unloading and 

reception of bags/consignments, processing of postal items and their 

distribution/sorting, border clearance by Customs Service (in import or transit) and 

further distribution of postal items - domestic (to relevant WER in Poland) or foreign 

(to European International Exchanges).  

Confirmation of container receipt and the dates of commencement and 

completion of customs control are communicated via e-mail. Mail bags are tracked in 

the IPS PP system by identifying events: 
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 130 - receipt of bag/container from abroad (import) (e.g. at IOE WER 

Lublin) 

 133 - receipt of bag/container at domestic office (import) (e.g. at WER 

Warsaw) 

Acceptance of containers from China and entering the postal tracking data in the 

IPS system is performed in IOE Lublin by system operation of opening the container 

and scanning the flags attached to the bags (Table 4). 

 

Table 4.  List of bag tags accepted from the container 

Country Consignment bag code (barcode from CN 34) 

Belgium CNCKGABEBRUACUR80012367110005 

Belgium CNCKGABEBRUACUR80012145010195 

Belgium CNCKGABEBRUACUR80016342010094 

France CNCKGRFRCDGACUR80012871010193 

France CNCKGRFRCDGACUR80016826010196 

France CNCKGRFRCDGACUR80016328010114 

France CNCKGRFRCDGACUR80016318010179 

Source: Operational data from ILiM and GS1 research project  

 

The postal operator does not interfere with the identification of mail and 

bags/containers handled in transit. In cases where there is a need in domestic 

distribution to affix postal operator barcode labels to letter or parcel shipments from 

China, the labels shall be: 

 placed so as not to cover the shipper's address or return address, 

 compliant with the identifier located in the country of posting and UPU 

requirements, 

 affixed in such a manner that it does not obscure the shipper's country 

identifier. 

Designated operators (e.g. Polish Post S.A.) have the right to use in domestic 

and international postal traffic barcodes according to the principles of unique 

identification in the world scale defined by technical specifications of the Postal 

Exploitation Council (e.g. S10 UPU standard - 13 characters - Table 2) for the purpose 

of tracking and tracing or other operational needs. An example dispatch plan for cargo 

from China to Europe, accepted from rail transport by Polish Post (container 

GATU8251543 on a train from China with scheduled arrival on 18.10.2018. 

/Tuesday/), is presented in Table 5. The plan includes further distribution of postal 

cargo by air transport from Warsaw Chopin Airport to Spain, Germany, Italy, Great 

Britain, the Netherlands and France. 
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Table 5. Sample plan of cargo shipment from China to European countries - cargo 

from container GATU8251543, on the train with scheduled arrival in Małaszewicze 

Container No. GATU8251543    Operational days 

Destination 

country 

Exchange 

office Airport 

Total 

[kg]. 

Voyage 

No. 1 2 3 4 5 6 7 

Spain ESMADC MAD 0,6 LO 433 x   x x x   x 

Germany DENIAA FRA 0,5 
LO 

383/379 x x x x x     

Italy ITMILA MXP 0,5 LO 321 x x x x x     

United Kingdom GBLALA LHR 0,5 LO 285 x x x         

Netherlands NLAMSA AMS 0,6 LO 269   x x         

France FRCDGA CDG 0,6 

LO 

333/AF 

1047 x   x x x     

Source: Operational data from ILiM and GS1 research project 

 

International traffic from WER Lublin is directed to 32 European countries. Due 

to the volume of the stream, there are 'main countries' in Europe (mass recipients) to 

which dedicated truck transport services are organized (e.g. Germany, France, Great 

Britain, Czech Republic, Italy, Spain - the list of countries may vary depending on the 

volume of shipments). To the remaining countries, shipments are sent by air transport 

or as palletized groupage shipments. 

Due to the lack of fixed delivery schedules for mail shipments by rail from 

China, the courses by which mail is transported in transit from Poland to Europe are 

forecasted on the basis of announcement files forwarded by the China Post. The 

destination countries and bag weights are the basis for planning the courses and 

transport fleet. Once the assignment of cargo to individual courses is completed and 

the cars are systemically locked, CN37 documents are generated for shipments to 

individual countries.  

In postal operations on the Polish side, registered in the integrated IT system 

ZST, there are distinguished identifiers of cargo as a logistic unit in the transport 

process and signatures of postal items (packages) within the cargo.  

In postal operations, both in domestic and international distribution, cargo is 

identified according to the coding rules of a given postal operator, with an obligatory 

inclusion of an identifier of the place (facility) of shipment (e.g. WER Wrocław - 

50900). There are many codes used in logistics and transport operations that are 

necessary for proper management of the process of cargo delivery to the recipient - 

e.g. the code of: course, shipment, transport relation, packaging, loading list, etc. 

GS1 (Srivastava, Cren, 2020) identifiers along with barcodes are used as postal 

consignment (letters, parcels) signatures within the cargo to automate the processes 

of reading consignment numbers at loading, unloading, and delivery to the customer 
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5. IDENTIFICATION OF POSTAL ITEMS IN FOREIGN TRADE – CODE 128 

 

A postal item in cross-border traffic is marked with a 13-digit identifier 

according to the logic of code 128, created in a system according to the structure 

presented in Table 6  

 

Table 6. Structure of identifier for cross-border postal items 
C 2 3 4 5 6 7 8 9 10 11 12 13 

Shipment 
type 

Individual tracking number 
Check 
digit 

Country of 
shipment 

AA S3 - S10 K BB 

C P 1 0 7 2 5 1 1 2 0 P L 

Source: Operational data from ILiM and GS1 research project 

 

Structure of identifier for cross-border postal items: 

 Shipment Type - (AA) indicates the type of postal item:  

o CP - postal package in foreign traffic,  

o RR - registered item in cross-border traffic,  

o VV - insured letter with declared value in cross-border traffic, 

o CR – postal parcel for German post,  

o CZ - international postal parcel for EU post,  

o CU - postal parcel for Ukraine,  

o LX - Global Express parcel,  

 Individual Parcel Number - (S3 - S10) an individual eight-digit number for 

a postal item of a given type. 

 Check digit - (K) automatically calculated according to the adopted 

algorithm, 

 Country of origin - (BB) letter representing the country to which the office 

of origin belongs with the use of the national prefix (country code) - for 

Poland these are the letters PL. 

 

Figure 1. Example of barcode for identification of postal parcels 
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Figure 2. Example of barcode for identifying registered mail 

 

 
 

 

6. IDENTIFICATION OF POSTAL ITEMS ON DOMESTIC TRAFFIC – GS1-

128 CODE  

 

A domestic mailpiece is tagged with a 20-digit identifier according to the GS1-

128 barcode logic (Lee, Kim, 2017) - including a 2-digit GS1 application identifier 

'00' and an 18-digit SSCC number - created systemically according to the structure 

shown in Table 7. 

 

Table 7.  Structure of identifier for postal items in domestic traffic  

 
Source: ILiM own study 

 

 IAC - digits from 1 to 9 identify the postal item; the digit in the IAC field 

allows 99,999,999 unique numbers to be used in S2 - S9 for the type of 

postal service specified in S1, 

 Prefix - a number that identifies the GS1 national organization; 590 - 

identifies the Polish GS1 organization. 

 Coding unit number - 0773 identifies Poczta Polska S.A.  

 Individual number of postal item - digit S1 indicates the type of postal 

service, and digits in items S2 to S9 create the unique 8-digit number of 

postal item: 

o S1 = 1 - registered mail 

o S1 = 2 - insured letter 

o S1 = 3 - parcel post, parcel post Plus 

o S1 = 4 - registered mail 

o S1 = 5 - cash on delivery 

o S1 = 6 - E-shipment  

o S1 = 7 - postal item under special conditions  

o S1 = 8 - Business Parcel (with IAC up to "1" to "5"), Oversize 

Parcel (with IAC from "6" to "9”) 

 Check digit - check digit calculated automatically according to GS1 

standard algorithm. 
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Figure 3. Example of barcode for mail items 

 
(00) SSCC application identifier    

9 letter 

590 number identifying the Polish national 
organization GS1 

0773 coding unit - Poczta Polska S.A. 

1 registered letter 

54742795 consignment number 

4 check digit 

 

The barcodes to identify the other shipments contain the same data, but vary in 

barcode height and width (Figure 4). 

 

Figure 4. An example of barcode to identify Parcel24, Parcel48 

 
 

 

7. CONCLUSION AND FURTHER RESEARCH 

 

The rapid growth of global e-commerce and the associated mass movement of 

goods, the increasing complexity of trade processes, the customs and tax processes of 

individual countries and the accompanying regulation of laws and regulations, as well 

as complex intercontinental supply chains and transport and logistics processes - have 

made the practices of import and export flows of goods very complex. The resultant 

problems of supply efficiency and reliability, as well as rising costs, have become a 

perceived constraint on business growth.  

Businesses are collecting, storing and processing more and more data because of 

this (the big data phenomenon). They are managing operational data, classification 

data, and regulatory and restriction information in a more centralized manner. 

Increasingly, data and documents are being processed in public and private clouds 

(the cloud computing phenomenon), and the need to share, share, and reuse data is 

widely felt in business and government (according to TOOP - The Once Only 

Principle). 

In trade, customs, tax and clearing transactions worldwide, the basic 

classification of goods is the CN codification based on the HS Harmonized System 

established by the World Customs Organization. The CN codification standard is also 

the basis for classification in the Integrated Tariff TARIC and the basic interpretation 
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for legal regulations in the EU. Whereas in identification of consignments, cargo and 

documents in international and global postal turnover identifiers according to the 

standard of the International Postal Union UPU are used. The identifiers for transport 

and logistics operations - e.g. containers and transport units, car registration numbers, 

flight numbers, road and rail route numbers, sea voyage numbers, ships, trains, 

delivery numbers, document numbers, etc. - are often locally/individually adopted 

from the identification systems used by carriers, transport and logistics operators.  

In handling bulk imports from China of goods purchased through e-commerce 

channels, there is a market need for both buyers and sellers, customs and other border 

services, to correctly and accurately identify imported goods. This is driven by the 

need for postal operators to efficiently handle the mass stream of letters and small e-

commerce shipments, reduce customs clearance times, and coordinate the allocation 

of Customs officers to inspection operations.  

There is a need to use tested and reliable market data, instead of one-off and 

often random entries describing/specifying goods, leading to data errors, higher 

probability of customs inspections, delayed deliveries, and poor work efficiency for 

both Customs and Postal Service. In addition, Customs and Border Protection is 

signaling the need for validated and reliable data for effective risk management. 

Identifiers according to the International Postal Union UPU standard are used in 

identifying parcels, cargo, and documents in international postal traffic. The 

identifiers used in the postal information system for transport and logistics operations 

- e.g. containers and transport units, vehicle registration numbers, flight numbers, road 

and rail course numbers, sea voyage numbers, ships, trains, delivery numbers, 

document numbers, etc. - are adopted on the basis of identification systems used by 

carriers, transport and logistics operators. 

Based on the literature review as well as on operational and business analysis, it 

can be concluded that a fundamental problem of risk management by Customs and 

Border Protection is the often low accuracy, adequacy and reliability of the 

commodity data entered in documents by shippers. The handling of massive imports 

from China of goods purchased via e-commerce channels raises the need expressed 

by buyers and sellers, as well as by customs and other border authorities and postal 

operators, for correct and accurate identification of imported goods. This is due to the 

desire for efficient operational handling (receipt, distribution, consolidation) of the 

massive stream of small e-commerce shipments by operators and to reduce customs 

clearance times. 

The analysis of the impact of using GS1 standards as an accompanying standard 

when monitoring the goods flow on the New Silk Road is the next step of the research 

work. The handling of the goods flow from China by different actors (e.g. government 

authorities, postal operators, carriers) results in different needs for standardisation of 

the goods and cargo identification, affecting the efficiency and performance of 

operations. For example, customs and revenue administrations need identifiers for 

goods and precise descriptions of the value and content of shipments to enable them 

to qualify for customs procedures, calculate customs and tax values, verify shipments 

according to import and transit requirements and regulations. On the other hand, an 

operator or carrier needs identifiers for shipments and cargo (parcels, pallets, 

containers) to enable efficient, timely and error-free handling of pick-up, processing 
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and delivery, to track and respond to deviations, and to plan equipment and supplies 

for operational handling. 

Research work will focus on identifying a source of accurate and timely 

additional information for goods imported from China in customs, tax, trade or 

transport and logistics processes. This function is fulfilled by the Global Product 

Classification (GPC), which is a GS1 international standard that provides a unified 

way of grouping and classifying products. Unlike the commodity classifications for 

the Common Customs Tariff, the GPC classification is a global classification 

supporting omnichannel trade, including e-commerce in Asia-Europe trade relations. 

Improving operational handling will direct research work towards uniform 

identification in logistics and transport operations, where multiple codes are used to 

properly manage the process of cargo delivery to the consignee - e.g. code for: course, 

shipment, transport relation, packaging, load list, etc. Standardised and consistent 

throughout the supply chain from China, the use of the Serial Logistic Unit Number 

(SSCC - Serial Shipping Container Code) in import and transit and its barcode will 

enable the integration of monitoring as well as the automation of shipment number 

reading processes at loading and unloading and delivery to the customer. 
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Abstract 

 

Regional value chains (RVCs) are an important indicator of regional trade, 

economic integration and development. Due to regionalization of production, instead 

of globalisation of production, more and more production is taking place in RVCs. 

We used the UNCTAD-Eora database to obtain the values of the basic RVC indicator: 

domestic value added (DVA) included in a country's exports. We analyse the regional 

value chains in Croatia and its neighbouring countries: Bosnia and Herzegovina, 

Hungary, Montenegro, Serbia and Slovenia. We performed a Panel Estimated 

Generalised Least Squares analysis with weights for cross-sectional fixed effects, 

weights for cross-sectional EGLS, covariance method for white cross-sectional 

coefficients and correction for degrees of freedom to obtain a more efficient 

estimation of coefficients and to correct for heteroscedasticity or autocorrelation in 

the residuals. The results of the panel EGLS show a statistically significant 

relationship between the change in value added (VA) of neighbouring Croatian 

countries and the change in Croatian VA (R2=0.73, p 0.0001). The results suggest 

that Croatia's linkages with neighbouring countries in RVCs are statistically 

significant, even though the extent of these linkages is of very small magnitude. 

 

Key words: regional value chain, economic development, economic integration, 

regional trade, value added. 
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1. INTRODUCTION 

 

A value chain refers to all the activities a company undertakes to bring a product 

or service to the final consumer. Technological advances, costs, access to resources 

and markets, and trade policy reforms have facilitated the geographic fragmentation 

of production processes around the world based on comparative advantage. Global 

trade and production are organized around "global value chains" (GVCs). Regional 

trade and production are organized around "regional value chains" (RVCs). With the 

proliferation of regional trade agreements and common currency areas reducing 

financial transaction costs, regional economic linkages have also become much 

stronger. The gravity theory of trade emphasizes the size and the distance between 

trading partners as the guiding forces of trade. Tariff, economic, and monetary unions 

decrease the transaction costs and strengthen the trade ties. The obvious question 

arises: are Croatia's immediate neighbours, who are not members of the EU, more or 

less integrated into regional value chains (with Croatia) than neighbours who are 

members of the EU? This is just one of the questions we try to answer. The scientific 

questions we try to answer are the following. First, is the Croatian DVA included in 

the exports of its proximate neighbours? Second, do Croatian neighbours’ exports to 

Croatia have a statistically significant causal effect on Croatian DVA further on in the 

RVC? 

 

 

2. LITERATURE REVIEW 

 

Since various stages of production are now regularly carried out in different 

countries, inputs cross borders several times. As a result, traditional trade statistics are 

becoming less reliable as a measure of the value added of a given country (Koopman 

et al. 2010). For an explanation of a supply chain, see Koopman et al. (2012). A value 

chain is a network of value added sources and destinations. Each producer in a supply 

chain buys inputs and then creates value that is reflected in the costs of the next stage 

of production. The value added at each stage is equal to the value paid to the factors 

of production in the exporting country. Since all official trade statistics are calculated 

in gross values, which include both intermediate and final goods, the value of 

intermediate goods that cross international borders more than once is counted twice 

(Koopman et al. 2012). 

The basic concepts required to calculate trade in value added using input-output 

tables, including the basic structure of an input-output table and the matrix algebra 

used to calculate the trade statistics in value added provided by the Eora Multi-Region 

Input-Output database (MRIO), are explained in an IMF working paper by Aslam et 

al. (2017). Within global value chains and international production networks, not only 

final goods but also intermediate goods (parts and components) and, increasingly in 

recent years, services are traded internationally. Input-output tables can better 

describe current globalisation as they provide information on the use of goods instead 

of the rather arbitrary classification schemes that divide goods into intermediate goods 

and other categories (De Backer & Yamano, 2007). International specialization is an 

important source of increased efficiency and competitiveness of firms. Intermediate 
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goods account for more than half of global imports of manufactured goods, and 

intermediate goods account for more than 70% of global imports of services (OECD 

2013, 2013a, 2013b). The value chain is a systematic approach to analysing a firm's 

competitive advantage by analysing the vertical production structure of the firm, 

developed by Michael E. Porter in his book Competitive Advantage (1985). Regional 

factors have become increasingly important in explaining business cycles, especially 

where intra-regional trade has grown rapidly. Intra-regional economic unions and 

regional economic and customs unions are conducive to the formation of RVCs. Other 

reasons for the formation of RVCs include the need for production near resources, 

with RVCs forming around production resources where transportation costs within 

the RVC are large, and the need for production or final assembly near consumers, with 

RVCs forming near large consumer agglomerations. Most often we have a 

combination of both. In the IMF Working Paper 13/19, Regionalization vs. 

Globalization, Hideaki Hirata, M. Ayhan Kose and Christopher Otrok analyse the 

importance of regional factors in explaining business cycles. They find that the 

relative importance of global factors has declined in favour of regional factors. In 

short, the recent era of globalization has brought about the emergence of regional 

business cycles and a gradual but steady transition to an era of regionalization. 

Regions have developed economically and technologically and are able to produce 

almost everything on a regional scale. It seems that economic growth and economic 

development favor regional production due to transaction, transportation, tax and 

other costs. 

According to Kalemli-Ozcan et al. (2001), the benefits of industrial 

specialization with uninsured production risk may entail a welfare loss that outweighs 

the benefits. The main mechanism for spreading risk across regions and countries is 

geographic diversification of production sources. The gains from diversification must 

be weighed against the losses from foregone economies of scale. When markets are 

well integrated, regions can hedge against idiosyncratic shocks and exploit 

comparative advantages arising from technological differences, factor endowments, 

or economies of scale. Kalemli-Ozcan et al. (2001) also point to a large difference in 

industrial specialization of regions within "federations" versus countries. This is 

consistent with some earlier research by Hufbauer and Chilas (1974) and Krugman 

(1991). They interpreted this as the result of the existence of trade barriers that prevent 

economic integration and specialization (Kalemli-Ozcan et al., 2001). Production 

processes increasingly involve vertical specialization. Using OECD and emerging 

market input-output tables, Hummels et al. (2001) estimate that vertical specialization 

accounts for up to 30% of world exports and has increased by up to 40% over the past 

25 years from 1975-2000. The fact that multiple barriers to trade exist when goods 

cross multiple borders during the production process is the key insight into why 

vertical specialization is increasing. Even small reductions in tariffs and transportation 

costs can lead to widespread vertical specialization, substantial trade growth, and 

significant trade gains (Hummels et al., 2001). 
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3. DATA AND METHODS 

 

Our data consists of a cross-section of 6 countries: Croatia, Bosnia and 

Herzegovina, Hungary, Montenegro, Serbia and Slovenia. These countries were 

selected as Croatia plus neighbouring countries with a land border. Large Croatian 

trading partners such as Italy, Germany and France were excluded as they would 

overwhelm the test results by their sheer economic size and they do not form the local 

regional value chain but are the backbone of the EU value chain. The time series 

consists of 20 years, starting with the years 2000-2019. The data in the table are 

organised so that the value in the column representing a country Xi,t, e.g. Hungary, in 

2000 corresponds to a value in the row Yi,t, e.g. Croatia, also in 2000, which represents 

Croatia's exports to Hungary in 2000. Basically, this is an input-output table. The 

diagonal line, which shows the same country as both an exporting and importing 

country, represents the values of re-imports or domestic final uses of domestic 

production and exports. 

In our study, we will use both static and dynamic panel methods (Baltagi, 2008 

and Wooldridge, 2010). Due to the non-stationarity of the data, all data are first-

differenced and thus measure changes in value. The issue, then, is whether and to what 

extent Croatia's productive capacity in trade, represented by its value added, Granger 

"causes" the productive capacity of its neighbouring countries (Bosnia and 

Herzegovina, Hungary, Montenegro, Serbia, and Slovenia). 

Clive Granger's (1969) approach to the question of whether x causes y is to see 

how much of the current y can be explained by past values of x, and then to see 

whether adding lagged values of x, as well as lagged values of y, can improve the 

explanation. Y is said to be granger-caused by x if x contributes to the prediction of 

y, or if the coefficients of lagged x are statistically significant.  

If we get a statistically significant result, regardless of its magnitude, we can 

conclude that the countries are dynamically integrated and that some of the changes 

in one country have an impact on the changes in the other country. This is the dynamic 

component of the test. The static component of the test is that we only look at the 

value of the coefficient (parameter) that represents each country. The larger the value, 

the larger the effect. We expect from larger countries to have larger parameter values. 

In choosing the Granger "causality test", we have opted for the Dumitrescu-Hurlin 

(2012) version of Granger's (1969) non-causal panel data models because of its 

individual treatment of the intersect. 

First, we treat the panel data as one large stacked data set and then perform the 

Granger "causality test" in the usual way, except that we do not include the data from 

one cross-section in the lagged values of the data from the next cross-section. This 

method assumes that all coefficients are the same across all cross-sections. 

To choose an appropriate panel data test, we test the nominal values of the cross 

sections for stationarity. The tests used are the Levin, Lin & Chu and Breitung t-stat 

test with the null hypothesis assuming common unit root processes; and Im, Pesaran 

and Shin W-stat; Augmented Dickey Fuller - Fisher Chi -square; and the PP - Fisher 

Chi -square with the null hypothesis assuming individual unit root processes. After 

the initial differencing of the data, we test again to ensure that stationarity of the cross-

sectional time series is achieved. The next step in a panel data analysis is to ask 
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whether there are fixed effects due to various idiosyncrasies. The usual test is the 

Hausman test, which is performed using the Random Effects equation and compared 

with the results of the Fixed Effects equation. 

Finally, for coefficient estimation, we performed a Panel Estimated Generalised 

Least Squares analysis with cross-sectional fixed effects weights, cross-sectional GLS 

weights, the covariance method for white cross-sectional coefficients, and a degree of 

freedom correction to obtain a more efficient estimate of the coefficients and to correct 

for heteroscedasticity or autocorrelation in the residuals. To achieve a priori complete 

stationarity, all variables were differenced. 

 

 

4. RESULTS AND DISCUSSION 

 

The rejection of the random effects model by the Hausman test implies the use 

of a fixed cross-section for idiosyncratic effects and constants. The results of the panel 

EGLS show a statistically significant relationship between the change in value added 

of neighbouring Croatian countries and the change in Croatian value added (R2=0.73, 

p<0.0001). The results suggest a statistically significant linkage of the Croatian 

economy with the RVCs of the neighbouring countries, although the extent of this 

linkage is probably very small compared to Croatia's main trading partners, such as 

Germany, Italy, Austria and France, due to the small size of these economies. The 

panel EGLS of changes in Bosnia and Herzegovina (VA) show the strongest influence 

of Croatia, Slovenia and Hungary in exactly that order, without any statistically 

significant influence of Serbia or Montenegro, implying that there is no viable value 

chain integration between Bosnia and Herzegovina and the latter two countries, which 

have their own RVC integration. Table 1 shows the results of a simple Granger non-

causality test with individual coefficients following Dumitrescu and Hurlin. We chose 

this method because of its obvious idiosyncrasies and the differences in fixed effects 

between the countries analysed. The best values in terms of statistical significance and 

the W-statistic in a Granger non-causality test at normal level were obtained with a 

time lag of 2 years. 

 

Table 1. Pairwise Dumitrescu Hurlin Panel Causality Tests 

 Null Hypothesis: W-Stat. Zbar-Stat. Prob.  

 CROATIA does not homogeneously cause B&H  1.71693 -0.55764 0.5771 

 B&H does not homogeneously cause CROATIA  3.24582  0.76069 0.4468 

 HUNGARY does not homogeneously cause B&H  1.30205 -0.91537 0.3600 

 B&H does not homogeneously cause HUNGARY  1.96916 -0.34014 0.7337 

 MONTENEGRO does not homogeneously cause B&H  1.73965 -0.53805 0.5905 

 B&H does not homogeneously cause MONTENEGRO  4.94482  2.22568 0.0260 ** 

 SERBIA does not homogeneously cause B&H  2.29676 -0.05767 0.9540 

 B&H does not homogeneously cause SERBIA  11.9157  8.23651 2∙10-16 *** 

 SLOVENIA does not homogeneously cause B&H  1.13296 -1.06118 0.2886 

 B&H does not homogeneously cause SLOVENIA  1.59526 -0.66255 0.5076 

 HUNGARY does not homogeneously cause CROATIA  0.99795 -1.17759 0.2390 

 CROATIA does not homogeneously cause HUNGARY  1.41666 -0.81655 0.4142 
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 MONTENEGRO does not homogeneously cause CROATIA  1.46868 -0.77170 0.4403 

 CROATIA does not homogeneously cause MONTENEGRO  4.33861  1.70297 0.0886 * 

 SERBIA does not homogeneously cause CROATIA  1.08971 -1.09847 0.2720 

 CROATIA does not homogeneously cause SERBIA  12.9594  9.13644 0.0000 *** 

 SLOVENIA does not homogeneously cause CROATIA  2.60529  0.20837 0.8349 

 CROATIA does not homogeneously cause SLOVENIA  2.11583 -0.21368 0.8308 

 MONTENEGRO does not homogeneously cause HUNGARY  2.74547  0.32924 0.7420 

 HUNGARY does not homogeneously cause MONTENEGRO  5.33965  2.56613 0.0103 ** 

 SERBIA does not homogeneously cause HUNGARY  1.97543 -0.33474 0.7378 

 HUNGARY does not homogeneously cause SERBIA  11.8063  8.14214 4∙10-16 *** 

 SLOVENIA does not homogeneously cause HUNGARY  4.95114  2.23114 0.0257 ** 

 HUNGARY does not homogeneously cause SLOVENIA  5.81489  2.97592 0.0029 *** 

 SERBIA does not homogeneously cause MONTENEGRO  10.8766  7.34046 2∙10-13 *** 

 MONTENEGRO does not homogeneously cause SERBIA  9.21249  5.90558 4∙10-9  *** 

 SLOVENIA does not homogeneously cause MONTENEGRO  5.98472  3.12236 0.0018 *** 

 MONTENEGRO does not homogeneously cause SLOVENIA  3.15669  0.68383 0.4941 

 SLOVENIA does not homogeneously cause SERBIA  14.3358  10.3232 0.0000 *** 

 SERBIA does not homogeneously cause SLOVENIA  2.01517 -0.30047 0.7638 

Sample: 2000 2019. Lags: 2. Calculation: E-views 9.0. Results significant at 10% = *. Results significant 

at 5% = **. Results significant at 1% = ***. 

 

The results show the expected relationships among the analysed countries, with the 

larger economies leading (being the source of causation) and the smaller countries 

lagging behind, i.e. being caused by the larger ones (Table 1). The analysis in Table 

1 shows the results between non-stationary variables and therefore has potentially 

spurious correlation. In other words, the coefficients may be the result of time series 

with non-stationary levels or trends, i.e. unit roots. Therefore, we perform tests for 

stationarity in level and trend. The tests used are: Levin, Lin & Chu t-test; Breitung t-

statistic for general unit root processes; and Im, Pesaran and Shin W-statistic; 

Augmented Dickey Fuller - Fisher Chi -squared; and Phillips-Perron-Fisher Chi -

squared test for individual unit root processes (Table 2). 

 

Table 2. Panel unit root tests (summary of p-values) 

 Country 

Method BiH Croatia Hungary Monteneg Serbia Slovenia 

Null: Unit root (assumes common unit root process) 

Levin, Lin & Chu t 0.8862 0.2601 0.7894 0.9538 0.9342 0.5410 

Breitung t-stat 0.3916 0.4710 0.7493 0.6274 0.1704 0.5881 

Null: Unit root (assumes individual unit root process) 

Im, Pesaran and Shin 0.9828 0.8763 0.9977 0.9979 0.9467 0.9725 

ADF - Fisher Chi-square 0.9932 0.9484 0.9995 0.9999 0.9921 0.9974 

PP - Fisher Chi-square 0.2643 0.3336 0.8540 1.0000 0.9969 0.6367 

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2000 2019. Probabilities for 

Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume asymptotic 

normality. 
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The Panel unit root test in table 2 indicates that all variables are non-stationary, 

both in terms of common, as well as in terms of individual unit processes. Thus, it is 

necessary to difference the time series in order to achieve full-stationarity (table 3). 

 

Table 3. Panel unit root tests (summary of p-values) 

 Country 

Method BiH Croatia Hungary Monteneg Serbia Slovenia 

Null: Unit root (assumes common unit root process) 

Levin, Lin & Chu t 0.0000 0.0001 0.0000 0.0001  0.0128 0.0000 

Breitung t-stat 0.0000 0.0000 0.0000 0.0008  0.0005 0.0000 

Null: Unit root (assumes individual unit root process) 

Im, Pesaran and Shin 0.0000 0.0000 0.0000 0.0340 0.1509 0.0000 

ADF - Fisher Chi-square 0.0000 0.0000 0.0000 0.0521 0.2429 0.0000 

PP - Fisher Chi-square 0.0000 0.0000 0.0000 0.0000 0.0007 0.0000 

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2000 2019. Probabilities for 

Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume asymptotic 

normality. 

 

After the first differentiation of the individual time series, we test again for 

stationarity. Assuming common unit root processes, all countries are now stationary. 

At the level of individual unit root processes, all countries except Serbia are stationary, 

and Montenegro is stationary at the p 0.1 level. Even Serbia is stationary according to 

the Phillips-Perron-Fisher Chi -squared test. We repeat the pairwise Dumitrescu 

Hurlin Panel Causality test, but this time with differentiated variables (Table 4). It is 

important to note that the chosen lag is 2 years, which is quite a long period for a 

typical business cycle. In this way, we capture not only the business cycle but also the 

short-run investment cycle. Nevertheless, the results are not satisfactory and need 

further testing (Table 4). 
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Table 4. Pairwise Dumitrescu Hurlin Panel Causality Tests with differenced variables 

 Null Hypothesis: W-Stat. Zbar-Stat. Prob.  

D(CROATIA) does not homogeneously cause D(B&H) 0.93993 -0.28464 0.7759 

D(B&H) does not homogeneously cause D(CROATIA) 1.00712 -0.19523 0.8452 

D(HUNGARY) does not homogeneously cause D(B&H) 1.21712 0.08419 0.9329 

D(B&H) does not homogeneously cause D(HUNGARY) 1.99092 1.11380 0.2654 

D(MONTENEGRO) does not homogeneously cause D(B&H) 1.47758 0.43075 0.6666 

D(B&H) does not homogeneously cause D(MONTENEGRO) 2.37895 1.63011 0.1031 

D(SERBIA) does not homogeneously cause D(B&H) 1.79991 0.85965 0.3900 

D(B&H) does not homogeneously cause D(SERBIA) 2.96982 2.41632 0.0157 ** 

D(SLOVENIA) does not homogeneously cause D(B&H) 1.17011 0.02164 0.9827 

D(B&H) does not homogeneously cause D(SLOVENIA) 1.43071 0.36839 0.7126 

D(HUNGARY) does not homogeneously cause D(CROATIA) 0.39119 -1.01478 0.3102 

D(CROATIA) does not homogeneously cause D(HUNGARY) 0.73660 -0.55518 0.5788 

D(MONTENEGRO) does not homogeneously cause D(CROATIA) 0.88077 -0.36335 0.7163 

D(CROATIA) does not homogeneously cause D(MONTENEGRO) 1.58137 0.56885 0.5695 

D(SERBIA) does not homogeneously cause D(CROATIA) 0.46955 -0.91052 0.3626 

D(CROATIA) does not homogeneously cause D(SERBIA) 3.33527 2.90258 0.0037 *** 

D(SLOVENIA) does not homogeneously cause D(CROATIA) 2.02721 1.16210 0.2452 

D(CROATIA) does not homogeneously cause D(SLOVENIA) 1.13719 -0.02216 0.9823 

D(MONTENEGRO) does not homogeneously cause D(HUNGARY) 0.99014 -0.21783 0.8276 

D(HUNGARY) does not homogeneously cause D(MONTENEGRO) 1.53520 0.50743 0.6119 

D(SERBIA) does not homogeneously cause D(HUNGARY) 0.65518 -0.66352 0.5070 

D(HUNGARY) does not homogeneously cause D(SERBIA) 3.01928 2.48213 0.0131 ** 

D(SLOVENIA) does not homogeneously cause D(HUNGARY) 2.69775 2.05431 0.0399 ** 

D(HUNGARY) does not homogeneously cause D(SLOVENIA) 2.37963 1.63101 0.1029 

D(SERBIA) does not homogeneously cause D(MONTENEGRO) 2.79804 2.18775 0.0287 ** 

D(MONTENEGRO) does not homogeneously cause D(SERBIA) 1.73748 0.77658 0.4374 

D(SLOVENIA) does not homogeneously cause D(MONTENEGRO) 1.80983 0.87285 0.3827 

D(MONTENEGRO) does not homogeneously cause D(SLOVENIA) 1.29952 0.19384 0.8463 

D(SLOVENIA) does not homogeneously cause D(SERBIA) 3.04756 2.51976 0.0117 ** 

D(SERBIA) does not homogeneously cause D(SLOVENIA) 0.39896 -1.00445 0.3152 

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2000 2019. Lags: 2. Results 

significant at 10% = *. Results significant at 5% = **. Results significant at 1% = ***. D(COUNTRY) 

designates first difference. 

 

The results of the tests in Table 4 are now much more robust, but several of the 

Granger causalities present in Table 1 are clearly rejected here. Those that remain are 

causality conjectures between Bosnia & Herzegovina and Serbia; Croatia and Serbia; 

Hungary and Serbia; Slovenia and Hungary; Slovenia and Serbia; and Serbia and 

Montenegro (Table 4).  

We now focus specifically on Croatia and the presumption that its value added 

within the regional value chain is caused by its 5 neighbouring countries. Croatia has 

a significant degree of interdependence with its neighbouring countries, as shown in 

Table 5, which presents the change in Croatia's value added in exports from the value 

added in imports from the 5 neighbouring countries. 
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The Hausman test (Hausman, 2005) undoubtedly rejected the cross-section 

random effects as a more suitable model (Chi-square = 23.3068; p-value=0.0003). 

Thus, we chose the Panel Estimated Generalized Least Squares analysis with cross-

section fixed-effects weights, cross-section GLS weights, White cross-section 

coefficient covariance method, and degrees of freedom correction in order to get a 

more efficient estimation of coefficients, and to correct for heteroscedasticity or 

autocorrelation in residuals. 

 

Table 5. Panel EGLS (Cross-section fixed effects weighted) 

Dependent Variable: D(CROATIA)  

Variable Coefficient Std. Error t-Statistic Prob.   

C 61262.24 255.7612 239.5291 0.0000 

D(B&H) 0.063654 0.007889 8.069107 0.0000 

D(HUNGARY) 0.001972 0.000179 11.01721 0.0000 

D(MONTENEGRO) 0.000496 8.41∙10-5 5.896151 0.0000 

D(SERBIA) 0.000685 4.10∙10-5 16.73699 0.0000 

D(SLOVENIA) 0.013174 0.001413 9.323753 0.0000 

R-squared 0.734984 Mean dependent var 89593.54 

Adjusted R-squared 0.709254 S.D. dependent var 327654.9 

S.E. of regression 183047.7 Sum squared resid 3.45∙1012 

F-statistic 28.56556 Durbin-Watson stat 2.538002 

Prob(F-statistic) 0.000000   

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2001-2019.  

Periods included: 19. Cross-sections included: 6. Total panel observations: 114.  

Linear estimation after one-step weighting matrix. White cross-section standard errors. 

 

The results of the EGLS fixed effects panel estimation suggest a good integration of 

the Croatian economy with its neighbours (R2=0.73, p<0.001) in terms of the impact 

of changes in the value of foreign exports on Croatian re-exports in the regional value 

chain that includes these 5 neighbouring countries. The coefficient of determination 

of 0.73 means that the changes in VA exports of the selected countries determine 73% 

of the changes in VA Croatian re-exports. If we consider only Croatia's two EU 

neighbours: Hungary and Slovenia, they explain about 52% of the newly created total 

Croatian RVC (R2=0.53, p<0.001). This is not only statically relevant, but has mainly 

a dynamic significance, as all data are first-differenced. Thus, 52% of the change in 

Croatian RVC is explained by Hungary and Slovenia. The reasons for this are at least 

twofold. First, the sheer size of these economies. Second, the fact that these countries 

are members of the EU: a much larger RVC. 

The same test performed for Bosnia and Herzegovina showed that only 3 of the 5 

countries are statistically significant: Croatia, Hungary and Slovenia (Table 6).  
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Table 6. Panel EGLS (Cross-section fixed effects weighted) 

Dependent Variable: D(BOSNIA & HERZEGOVINA)  

Variable Coefficient Std. Error t-Statistic Prob.   

C 12886.43 136.1730 94.63281 0.0000 

D(CROATIA) 0.010430 0.001694 6.156726 0.0000 

D(HUNGARY) 0.000250 0.000125 2.003513 0.0477 

D(SLOVENIA) 0.003735 0.000493 7.569846 0.0000 

R-squared 0.551806 Mean dependent var 41027.95 

Adjusted R-squared 0.517658 S.D. dependent var 125926.6 

S.E. of regression 91237.02 Sum squared resid 8.74∙1011 

F-statistic 16.15920 Durbin-Watson stat 2.568587 

Prob(F-statistic) 0.000000   

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2001-2019.  

Periods included: 19. Cross-sections included: 6. Total panel observations: 114.  

Linear estimation after one-step weighting matrix. White cross-section standard errors. 

 

The integration of the Bosnian value chain into the Hungarian one is on the edge 

of statistical significance with p=0.0477 (Table 6). A panel EGLS of the changes in 

the VA of Bosnia and Herzegovina shows the strongest influence of Croatia, Slovenia 

and Hungary in exactly that order, with no statistically significant influence of Serbia 

or Montenegro, implying that there is no strong value chain integration between 

Bosnia and Herzegovina and the latter two countries, which have their own RVC 

integration. The latter conjecture is tested separately (Table 7). 

 

Table 7. Panel EGLS (Cross-section fixed effects weighted) 

Dependent Variable: D(SERBIA)  

Variable Coefficient Std. Error t-Statistic Prob. 

C 1156.063 9.637171 119.9588 0.0000 

D(MONTENEGRO) 0.003824 0.000894 4.276194 0.0000 

D(B&H) 0.000303 6.45∙10-5 4.692214 0.0000 

D(HUNGARY) 1.77∙10-5 7.23∙10-6 2.446010 0.0161 

D(SLOVENIA) 4.20∙10-5 1.81∙10-5 2.314069 0.0226 

R-squared 0.349008 Mean dependent var 2368.802 

Adjusted R-squared 0.292672 S.D. dependent var 11366.61 

S.E. of regression 9590.736 Sum squared resid 9.57∙109 

F-statistic 6.195124 Durbin-Watson stat 1.369836 

Prob(F-statistic) 0.000001  2368.802 

Data source: UNCTAD-Eora database. Calculation: E-views 9.0. Sample: 2001-2019.  

Periods included: 19. Cross-sections included: 6. Total panel observations: 114.  

Linear estimation after one-step weighting matrix. White cross-section standard errors. 

 

Table 7 shows a relatively strong RVC integration between Serbia and Montenegro 

regarding Serbian value added in the exports of these countries, and considering the 

small size of the Montenegrin economy. The integration of Serbia’s RVCs with the 
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ones of Hungary and Slovenia is only measurable at the 10-5 order of magnitude. The 

Serbian RVC with Croatia is not statistically significant. 

 

 

5. RESEARCH LIMITATIONS AND PROSPECTIVES 

 

The major limitation of this research is the focus on exports and re-exports within 

the value chain. We would like to extend our research to specific sectors and industries 

and their regional value chains in the near future. This research shows from the 

missing variables that the region is strongly influenced by the largest trading partners, 

which were not considered in this study. Although the influence of neighbouring 

countries is strong in terms of the impact of change on change, the overall influence 

represented by the totals is rather small. The influence of RVCs with EU neighbouring 

countries is the strongest: Hungary and Slovenia explain 53% of total Croatian RVCs 

in terms of re-exported value added. 

 

 

6. CONCLUSION 

 

The results of the statistical analysis, consisting of the Pairwise Dumitrescu 

Hurlin Panel Granger non-causality tests with differentiated variables, show some pull 

effects of the more developed countries within this regional value chain over the less 

developed countries. The panel EGLS shows a statistically significant relationship 

between the change in value added (VA) of neighbouring Croatian countries and the 

change in Croatian VA (R2=0.73, p<0.0001). The results suggest that the Croatian 

economy is integrated in terms of causing mutual changes in RVCs with its 

neighbouring countries, even if the extent of this integration is very low in terms of 

levels. Nevertheless, we can answer the research questions from our introduction. 

First, the Croatian DVA is included in the exports of its proximate neighbours except 

for Serbia and Montenegro, where this is not statistically significant. Second, its 

neighbours’ exports statistically significantly contribute to the Croatian DVA. The EU 

membership certainly does not have a negative bearing on the formation of RVCs, as 

52% of the total Croatian RVCs are explained by the relations with the other two EU 

member countries: Hungary and Slovenia. 
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Abstract 

 

With the process of globalization, logistics is becoming increasingly important 

in business operations; it can improve the work of the company and make business 

more difficult and increase costs if it proves inefficient. It plays an important role in 

expanding the company to foreign markets. This paper observes the challenges of 

international exchange and presents the international logistics business of the wine 

industry in Croatia. The aim of this paper is to show how logistics has a role in the 

internationalization of companies and to bring closer the logistical challenges and 

problems in the internationalization in wine industry. Considering the set goal, this 

paper analyzes the case of the wine industry in Croatia. For Croatia, and also for its 

wine industry, the logistics and infrastructure are important for Croatia's inclusion in 

the market of economically powerful countries such as the USA, Western European 

countries and Japan. For this reason, the logistic efficiency index and the global 

competitiveness index were observed, based on which the correlation method and 

comparative method were used to draw conclusions about its connection. The paper 

proves a positive correlation between the development of logistics infrastructure and 

the global competitiveness of the economy, which further confirms the importance of 

logistics for both the company and the national economy. Furthermore, the case 

analysis showed that business conditions and consumer habits are constantly 

changing, and that companies cannot influence some elements from the environment, 

so they turn to internal elements that can be influenced, such as production processes, 

storage and distribution flows. 

 

Key words: logistics, internationalization, international exchange, wine industry, 

Croatia 
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1. INTRODUCTION 

 

Processes that meet customer requirements are crucial for any business. They 

encompass the means by which goods are produced and delivered to customers, and 

the notion of logistics encompasses the synthesis of these processes (Waters & Rinsler 

2014). Logistics plays a key role in the process of internationalization of a particular 

company, especially in today's context where there is an increasing emphasis on speed 

and flexibility, so it is important to choose a logistics strategy that will be consistent 

with the company's goals for each export area (Marchet et al. 2016). Quality logistics 

services and infrastructures have a strong impact on facilitating the transport of goods 

between countries, while inefficient logistics results in increased costs in the context 

of time and money which negatively affects countries and businesses as well as 

reducing turnover (Hausman et al. 2005 according to Martí et al. 2014). From the 

above, it can be concluded that the internationalization of the company carries with it 

certain requirements and risks and it is necessary to consider all factors before making 

a decision to expand to a foreign market. Therefore, the aim of this paper is to show 

how logistics plays a role in the internationalization of companies, and to bring closer 

the logistical challenges and problems in the wine industry in the internationalization 

of business. 

 

 

2. LOGISTICS 

 

According to the Council of Supply Chain Management Professionals (CSCMP, 

2013) “logistics management is that part of supply chain management that plans, 

implements and controls the efficient flow and storage of goods, services and related 

information from source to end point to meet customer requirements”. Furthermore, 

Segetlija and Lamza-Maronić (1993) in their work define the purpose of logistics as 

the continuous improvement of the flow of goods and information through the 

company in order to achieve the company's goals. The goals can be: reduction of 

stocks, shortening the time of these flows, shortening the reaction time, etc. 

When companies want to reorganize their way of doing business, Kim (2014) 

warns that if a company changes its logistics structure, this may involve high risk or 

additional investment in fixed assets. Furthermore, if a company is willing to change 

its production process structure, it may be necessary to change the product design and 

additional investment in research and development may be required. The consequence 

of such changes can be a change in the supply network, which opens the possibility 

of losing quality and disrupting long-term relationships with partners. Therefore, 

before deciding on a particular strategy, companies must decide whether they want to 

change their logistics structure or the structure of the production process. 

 

2.1. International logistics business 

 

International logistics is the process of planning, implementing, and controlling 

the flow and storage of goods, services, and related information from a point of origin 

to a point of consumption located in different countries (David & Stewart 2008). 
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According to the same authors, the elements of international logistics include a 

different international environment (language, culture, infrastructure) compared to 

domestic logistics, more complex transport system (different transport ways, different 

carriers, different transport documents), more significant and higher risks, more 

complex international insurance, method of payment and terms of exchange, border 

crossings bring with them greater challenges such as customs obligations, 

documentation, various packaging requirements, etc. All this entails more 

responsibilities in decision-making and the general business of the company, but it is 

necessary to develop an international logistics system as efficiently as possible for the 

international trade to go smoothly. 

 

2.2.1. Interrelationship of logistics performance index and global 

competitiveness index  

 

Globalization has played a major role in increasing the importance of logistics 

in business operations. Zelenika and Pupavac (2008) emphasize that logistics is 

especially useful for countries from the economic periphery to join the network of 

mutual relations and connect with the markets of the economic triad, that is, the USA, 

Europe and Japan. To better explain the importance of logistics in business, it is 

important to understand the meaning of the logistics performance index (LPI) and 

global competitiveness index (GCI) and their interrelationship. 

Logistical efficiency speaks about how efficiently supply chains connect 

companies with domestic and international opportunities (The World Bank, 2018). 

Celebi et al., (2015) in their study found the existence of a mediating effect of foreign 

direct investment on the relationship between the logistics performance index and 

economic development, that is, the logistics performance index through foreign direct 

investment has a strong impact on GDP. Namely, foreign investors consider the 

logistics performance of a country as a significant factor for the decision to invest in 

that country, which means that countries with a higher logistics performance index 

attract more foreign investment. Nikolić et al. (2016) state that countries with high 

GDP generally have a high level of logistics efficiency, however there are opposite 

examples, for example oil exporting countries have high GDP per capita, while the 

logistics performance index is lower than expected. The high LPI index indicates that 

this is a country with a highly developed logistics infrastructure and is therefore more 

suitable for use and business. Conversely, a low LPI index indicates higher transport 

costs, long delivery times, delivery delays and can ultimately lead to negative 

economic consequences. However, the opposite approach is also possible, according 

to which economic development dictates the development of transport and logistics 

infrastructure (Čavrak 2003).  

The methods used in the next part of the paper are comparative analysis and 

correlation analysis. The authors used the correlation analysis to find out the 

relationship between logistics performance index and global competitiveness index. 

With the comparative analysis, it shows the results of the relationship between these 

two indexes in nine countries. 

According to the World Bank (2018), non-EU countries have the worst logistics 

performance index. Table 1 shows a comparison of data from 2016 and 2018 for all 
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EU countries, countries in the geographical neighborhood of Croatia with which it is 

often compared, the USA, the Russian Federation and Switzerland. It can be 

concluded that in that two-year period, Croatia advanced by 2 places with a slightly 

weaker LPI index. Such data are not suitable for a country that, geographically 

speaking, is standing on many international routes. 

 

Table 1. LPI index by country 

Country Position 

2018 

LPI 

2018 

Position  

2016 

LPI 

2016 

Reverse 

GERMANY 1 4,2 1 4,23 0 

SWEDEN 2 4,05 3 4,2 1 

BELGIUM 3 4,04 6 4,11 3 

AUSTRIA 4 4,03 7 4,1 3 

NETHERLANDS 6 4,02 4 4,19 -2 

DENMARK 8 3,99 17 3,82 9 

FINLAND 10 3,97 15 3,92 5 

SWITZERLAND* 13 3,9 11 3,99 -2 

USA* 14 3,89 10 3,99 -4 

FRANCE 16 3,84 16 3,9 0 

SPAIN 17 3,83 23 3,73 6 

ITALY 19 3,74 21 3,76 2 

CZECH REPUBLIC 22 3,68 26 3,67 4 

PORTUGAL 23 3,64 36 3,41 13 

LUXEMBURG 24 3,63 2 4,22 -22 

POLAND 28 3,54 33 3,43 5 

IRELAND 29 3,51 18 3,79 -11 

HUNGARY 31 3,42 31 3,43 0 

SLOVENIA 35 3,31 50 3,18 15 

ESTONIA 36 3,31 38 3,36 2 

GREECE 42 3,2 47 3,24 5 

CIPAR 45 3,15 59 3 14 

ROMANIA 48 3,12 60 2,99 12 

CROATIA 49 3,1 51 3,16 2 

BULGARIA 52 3,03 72 2,81 20 

SLOVAKIA 53 3,03 41 3,34 -12 

LITHUANIA 54 3,02 29 3,63 -25 

SRBIA* 65 2,84 76 2,76 11 

MALTA 69 2,81 56 3,07 -13 

LATVIA 70 2,81 43 3,33 -27 

BIH* 72 2,81 97 2,6 25 

RUSSIA* 75 2,76 99 2,57 24 

MONTENEGRO* 77 2,75 123 2,38 46 

MACEDONIA* 81 2,7 106 2,51 25 
 

*Non EU-countries 

Source: The World Bank, 2008   

 

On the other hand, data on the global competitiveness index are important. 

Civelek et al. (2015) confirmed the mediating effect of the logistics performance index 

on the relationship between the global competitiveness index and GDP, and D'Aleo 
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(2015) concludes that improving the logistics system has a positive impact on national 

wealth growth and that the logistics performance index is a good predictor of GDP 

trends. Table 2 shows the data of the World Economic Forum (2018), which indicates 

the GCI index for all EU countries, countries in the geographical neighborhood of 

Croatia, the USA, the Russian Federation and Switzerland for 2018. The data are 

devastating for Croatia, which is ranked 68th in global competitiveness with an index 

of 60.1 and as such ranks last among EU member states. 

 

Table 2. GCI index 

Country GCI Index Position 

USA* 85,6 1 

GERMANY 82,8 3 

SWITZERLAND * 82,6 4 

NETHERLANDS 82,4 6 

SWEDEN 81,7 9 

DENMARK 80,6 10 

FINLAND 80,3 11 

FRANCE 78 17 

LUXEMBURG 76,6 19 

BELGIUM 76,6 21 

AUSTRIA 76,3 22 

IRELAND 75,7 23 

SPAIN 74,2 26 

CZECH REPUBLIC 71,2 29 

ITALY 70,8 31 

ESTONIA 70,8 32 

PORTUGAL 70,2 34 

SLOVENIA 69,6 35 

MALTA 68,8 36 

POLAND 68,2 37 

LITHUANIA 67,1 40 

SLOVAKIA 66,8 41 

LATVIA 66,2 42 

RUSSIA* 65,6 43 

CIPAR 65,6 44 

HUNGARY 64,3 48 

BULGARIA 63,6 51 

ROMANIA 63,5 52 

GREECE 62,1 57 
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Country GCI Index Position 

SRBIA* 60,9 65 

CROATIA 60,1 68 

MONTENEGRO * 59,6 71 

MACEDONIA* 56,6 84 

BiH* 54,2 91 
 

*Non EU-countries 

Source: The World Economic Forum, 2018 

 

When both tables are analyzed together, a certain connection can be noticed. 

Namely, the leading countries according to the LPI index appear in the leading places 

of the GCI index with some minimal changes in the ranking. This is even more evident 

at the EU level, and this can be seen in Figure 1, where the values of LPI and GCI 

indices for the leading EU countries and Croatia, which lags behind them, are 

compared. It is impossible to draw a cause-and-effect conclusion, but the existence of 

a connection between these variables can be examined. To determine the connection 

between the logistics performance index and the global competitiveness index, the 

Pearson’s r correlation coefficient was calculated. The results show that a statistically 

significant high positive correlation of LPI index and GCI index in 2018 was found 

for these countries (r = 0.88, p <0.01), that is, those countries that have a high LPI 

index generally have a high GCI index. Globally, Croatia's logistics performance 

index is at the level of the world average. However, Croatia should raise this result at 

least to the level of the EU average in order to improve competitiveness. It can be 

concluded, from the results of the research, that it is necessary to improve the logistics 

performance index in Croatia, which can be a way to greater development of 

competitiveness in Europe and globally. 

 

Figure 1. Relation between GCI and LPI 

 
Source: The World Bank, World Economic Forum 
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3. BUSINESS INTERNATIONALIZATION 

 

Modern business enterprises are exposed to the growing impact of globalization 

and the high involvement of information technologies in business. Rugman et al. 

(2006) define internationalization as the processes by which a company enters the 

international market. When operating in a foreign country, companies must be willing 

to operate under various environmental influences such as competitors, customers, 

suppliers, financial institutions and governments. Sometimes there are situations 

where some environmental factors are the same both in the domestic market and in a 

foreign country. 

The fact is that the domestic market cannot meet the needs for business 

development and expansion, so many companies strive for internationalization, and 

each company has its own motives for entering the international market. The most 

important factors, that is, motives for export and involvement in international trade 

are (Marković 1994, according to Malenica and Dorbić, 2014: 70): profit making, 

growth and development of the company, better utilization of production capacities, 

possibility of higher employment, marketing ability of the company, entrepreneurial 

motives of the company, product innovation, saturation of the domestic market and 

the advantage of the foreign over the domestic market. 

The primary goal of any national economy is to engage in international exchange 

as successfully as possible. The internationalization of the business of a national 

economy is determined by the degree of internationalization of its companies, 

especially those that mostly participate in total export and import, or in the 

international trade of a country (Kovač 2012b). According to Statista (2019), total 

international trade has shown growth in all years with two exceptions. The decline in 

foreign trade occurred in 2009, when the crisis hit the world economy and resulted in 

a decline in international trade, and in 2015. According to available information from 

2019 (Statista 2020), China is the world's leading exporter with a value of about 2.5 

trillion US dollars. China is followed by the United States ($ 1.64 trillion) and 

Germany ($ 1.49 trillion). On the other hand, the leading country in terms of imports 

is the United States with the value of imported goods and services amounting to 2.61 

trillion US dollars, while China and Germany hold 2nd and 3rd place (2.14 and 1.29 

trillion US dollars). 

 

3.1. International exchange of Croatia 

 

Involvement in the flows of international trade of capital and goods is a process 

that even in the short term, and especially in the long term, brings enormous benefits 

to the country, and this is especially important for a small country like Croatia. Kovač 

(2012b) gives an example of how developed countries, which are classified as smaller 

countries in terms of population (Denmark, Finland, Norway, Ireland, Austria, 

Slovenia), have recognized the importance of the SME sector as a carrier of export 

activities and a key factor in raising competitiveness of the entire economy, which is 

currently not the case in Croatia because a large part of exports refers to large 

companies. In Croatia, the reasons for weak competitiveness can be found in over-

indebtedness, unfavorable foreign exchange balance, uncompetitive economy and too 
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expensive public sector (Vurnek et al. 2019). Furthermore, the presence of corruption 

at all levels of society consequently entails a slow and inefficient judiciary. The 

existence of too many tax rates and as many as 256 parafiscal levies are just some of 

the elements of a poor tax system. The labor market and conservative labor legislation 

represent another weight on the progress of the economy. The products that Croatia 

exports have mostly low added value and cannot be compared with the products of 

technologically developed countries in which much more knowledge and technology 

has been invested. Furthermore, Turčić (2015) cites fragmented production, 

insufficient production capacity, lack of a clear national export strategy, difficult 

access to world capital, problems related to the transfer of new technologies and 

knowledge, etc. as lack of Croatian economy in terms of export. The same author 

concludes that Croatia's main competitive strength should be its natural and socially 

heterogeneous resource base, that is, the key comparative advantages of Croatia are 

tourism, economy, social development, unique and well-preserved environment, high 

degree of biodiversity, huge supplies of fresh water and, last but not least, skilled labor 

and population of Croatia. 

According to the Croatian Bureau of Statistics (CBS, 2020b), Croatia's total 

export in 2019 amounted to around HRK 113 billion, and total import amounted to 

around HRK 185 billion (an increase of 5% in both cases compared to 2018). With a 

share in total export of about 90% in 2019, the manufacturing industry achieved a 5% 

increase in export and thus had the greatest impact on the growth of total Croatian 

export. The increase in import in 2019 was also mostly contributed by the 

manufacturing industry, with a share in total import of about 89% and an increase in 

import of about 8% compared to 2018. Croatia's most important foreign trade partners 

are EU member states. Croatia's trade with the EU market in 2019 accounts for about 

68% of total export, which increased by about 4% compared to the year before, and 

about 80% of total imports, which increased by about 8% compared to 2018. The 

largest EU foreign trade partners in 2019. were Italy, Germany and Slovenia. Trade 

with third countries in 2019 accounts for about 32% of total export, which increased 

by about 6%, and about 20% of total import, which decreased by about 6% compared 

to 2018. The largest foreign trade partners outside the EU with which Croatia realized 

trade in 2019 are still the neighboring countries Bosnia and Herzegovina and Serbia. 

 

3.1.1. International wine exchange 

 

According to the data of the Croatia Bureau of Statistics (CBS, 2020a), the 

production of wine with a protected designation of origin in the wine-growing year 

2017/2018 amounts to 470,290 hectoliters, and they are the most represented in the 

total amount of 64.8%. Varietal wines in the total production are represented with 

4.1%, and other wines with 31.1%. Wine production involves the process of 

vinification (removal of berries from the stalk, fermentation, pressing, clarification, 

maturation, etc.) and includes all wines, but also all must (concentrated and non-

concentrated). 

When it comes to wine consumption related to human consumption, industrial 

consumption, processing and losses, the situation is slightly different because other 

wines have the largest share in total domestic consumption, with 47.6% (slightly more 
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than 468,000 hectoliters). The total domestic consumption of wine in Croatia in the 

wine year 2017/2018 is about 984,730 hectoliters. The average consumption per 

capita is around 22 liters of wine, while the degree of self-sufficiency, which indicates 

the extent to which production in one country covers domestic consumption, is around 

74%. Consumption of wine per capita is calculated by dividing the amount of wine 

produced for human consumption by the number of inhabitants. To calculate per 

capita consumption, the average number of inhabitants as of December 31, 2018 was 

taken as 4,076,246 (CBS 2020a). 

Global wine production has had an upward trajectory in the past two years, and 

this trend has reversed in 2019 as there has been a decline in world wine production 

compared to 2018 (Statista 2020). A total of 260 million hectoliters of wine were 

produced compared to 294 million in 2018. The world's leading exporter of wine by 

volume is Italy with 21.6 million hectoliters, followed by Spain with a slightly smaller 

exported volume. When it comes to the value of exports, the leading countries are 

France (9.8 billion euros), Italy (6.4 billion euros) and Spain with 2.7 billion euros. 

According to the OIV (2020), these three countries account for 60% of the total value 

of exported wine in 2019. 

According to the OIV (2020), in terms of import in 2019 in terms of quantities 

expressed in millions of hectoliters, the leading three countries were Germany, the 

United Kingdom and the United States, which together imported 40.4 mhl, or 38% of 

the world's total import. The first importer in the world in 2019 was Germany with 

14.6 mhl, although the amount of imported wine decreased by 0.6% compared to 2018 

when it was also in the leading position. Interestingly, these three countries are also 

in the leading position in terms of the value of imported wine and represent 39% of 

the total value of world wine import, reaching 11.9 billion euros. Table 3 shows the 

leading wine-importing countries in terms of quantities expressed in millions of 

hectoliters and in terms of the value of imported wine expressed in billions of euros. 

 

Table 3. Leading importers of wine by quantity and value 

 QUANTITY (mhl) VALUE (mlrd EUR) 

GERMANY 14,6 2,6 

UNITED KINGDOM 13,5 3,8 

USA 12,3 5,5 

FRANCE 7,2 0,9 

CHINA 6,1 2,2 

RUSSIA 4,5 1,0 

NETHERLANDS 4,2 1,2 

CANADA 4,2 1,7 

BELGIUM 3,1 1,0 

PORTUGAL 2,9 0,2 
Source: OIV, 2020 

 

  



Logistical challenges in the process of internationalization of companies in the wine industry 
Helena Štimac, Anita Freimann and Josip Glavaš 

 

 

254 

 

3.1.2.  Challenges of the Croatian wine industry in the internationalization of 

business 

 

The Croatian wine industry boasts a large number of wine varieties that are 

competitive on the international market. The legal - political environment affects the 

wine industry through strict and rigorous laws. It must be emphasized that the state, 

that is, the Ministry of Agriculture seeks to create a positive environment for work in 

agriculture by paying subsidies and incentives. Furthermore, when exporting to 

foreign countries, the laws of the foreign country and possible tariff quotas must be 

taken into account. In this regard, the export for Croatian companies was significantly 

facilitated in 2013, when Croatia joined the EU. Some of the wine industry 

stakeholders have not taken advantage of this and most of their exports still do not go 

to EU countries. When Croatia joined the EU on the issue of wine, several things 

happened: 

a)  Administration for wine export to EU member states has been facilitated, and 

with reduced costs 

b)  Restrictions have been introduced by CEFTA members, quota for maximum 

import, customs duties, levies, analyzes 

c)  It is possible to use funds for investment in marketing in third countries from 

the "Wine Envelope" with a return of 80% of the funds. 

"Wine Envelope" is a program within the Paying Agency for Agriculture, 

Fisheries and Rural Development, which regularly announces a tender for direct 

measures to co-finance projects. The goals are manifested through the desire to 

"increase the production of quality wines and increase the competitiveness of 

producers through the modernization of wine production, through new investments in 

winery infrastructure and processing facilities, in order to reduce production costs 

taking into account food safety requirements and high environmental standards in the 

production process (Paying Agency for Agriculture, Fisheries and Rural 

Development, according to Lesar 2018: 37). 

There are several problems that Croatian companies face in the wine industry in 

internationalizing their products: wine is often considered a luxury, that is, a product 

that is not essential for life, great competition, cheaper substitutes in the category of 

wine, and substitutes in the category of alcoholic beverages such as various spirits, 

the yield of grapes, or the main raw material for wine production, largely depends on 

weather conditions, the outflow of quality labor (which can be solved by quality and 

constant education of workers). Therefore, it is necessary to monitor trends in the 

maintenance of vineyards and machinery, through the process of wine maturation, to 

storage, transport and ultimately sales, and computerization of the entire system. Also, 

there is noticeable progress in the use of modern methods of promotion, and above all 

it means the presence on social networks. 

Croatia is a country where alcohol consumption is relatively socially acceptable. 

However, when entering foreign markets, a company must consider the cultural and 

religious habits of foreign consumers. 

The sales plan, and thus production in the wine industry, is based on several 

factors: 

a) Data from last year 
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b) Agreements concluded for the following year 

c) Market trends 

d) Company strategy related to the development targets of individual items 

e) Yield and quality of grapes. 

The production process takes place without delay, even though wine production 

is a relatively long process. It is important to emphasize that all production activities 

are performed before the product is relocated to decentralized warehouses. Likewise, 

to observe the logistics strategy it is necessary to say that the order comes at the end 

of the supply chain. 

 

 

4. CONCLUSIONS 

 

Doing business in the domestic market requires great efforts to make the 

business successful. By entering the international market, the company is exposed to 

a more complex and riskier environment. However, the internationalization of 

business opens the possibility of marketing products to a larger number of potential 

consumers and thus opens the possibility of better business results. Therefore, it is not 

surprising that international trade has been on a steady rise since the second half of 

the 20th century. International logistics business is becoming an increasingly complex 

process every day as it is exposed to pressures that require ever faster changes. Partly 

these pressures are coming from the environment, and partly they are coming from 

the company itself, which strives to solve obstacles faster and more efficiently. In 

addition to constantly changing business conditions, consumer habits are also 

changing, and companies must be ready to adequately recognize and respond to these 

changes. However, some elements from the environment cannot be affected, so 

companies turn to internal elements that they can influence, such as production 

processes, storage, distribution flows and the like. 

The wine industry in Croatia is successful, but there are still problems that hinder 

the internationalization of business. In the observed case, the characteristic of the raw 

material that requires rapid post-harvest production limits the choice of logistics 

strategy. Nevertheless, such companies base their strategy on the transport and storage 

of finished products. 

This paper proves the correlation between the development of logistics 

infrastructure and the global competitiveness of the economy. According to the 

countries covered by this study, it was observed that the leading countries on the 

global competitiveness index scale are also leading on the logistics performance index 

scale. It is a devastating fact that Croatia, the EU's lowest-ranked member according 

to the global competitiveness index, has reduced its investment in transport 

infrastructure. The problem is that Croatia still does not know enough about the 

elements from the environment that favor and hinder it in creating a logistics strategy, 

to improve its logistics infrastructure and global competitiveness. There is a fear 

among Croatian companies that if they change the logistics structure, they will 

produce higher costs, additional investments and higher risk. Moreover, the 

consequence may be a change in the supply network, which will affect the loss of 

quality and relationships with partners. However, in the long term, we need to think 
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about how to improve the internationalization of companies through the challenges 

that logistics brings. 

Suggestions for future research are in the direction of additional research, as the 

results showed that Croatia is the EU's lowest-ranked member, when comparing the 

two indexes. It is necessary to see what the problem is, what are the challenges and 

problems that affect logistics in the internationalization of business. 

Liberalization of the market and reduction of transport costs have enabled the 

increase of international trade in the last few decades, and thus the international 

exchange of wine. In the production, storage and transport of wine, there are certain 

specifics that must be further considered when deciding on international business, 

such as the impossibility of delaying wine production, storage in special containers 

for proper maturation of wine and special packaging during transport (especially air 

transport) so that the wine is not exposed to external influences. Also, companies must 

timely and adequately recognize and respond to any change in the market. 
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Abstract 

 

The recurring problem of maritime logistics are delay at the port, increasing 

freight charges and inability to increase non-oil export which have not made the 

seaports perform to their optimum capacity and capability in Nigeria. This study 

examined the trend of inward and outward logistics traffic (cargo throughput) of 

selected Nigerian seaports and assessed the level of usage of Information 

Communication Technology (ICT) on seaport logistics optimization. Primary and 

secondary data were collected and Cochran‘s formula was used to determine sample 

size of 253 with systematic random sampling technique from a total of 743 population 

of selected relevant stakeholders in maritime logistics. Line graph was used to 

evaluate the import-export of liquid cargoes and bar chart shows the collective 

import–export of agricultural products in Nigeria. Again, Data Envelopment Analysis 

(DEA) was used to examine the use of ICT on seaport logistics optimization. Results 

revealed that, Nigeria‘s import-export has been progressively increasing without 

commeasurable capacity and capability to deal with it. The Decision Making Units 

(DMUs) i.e Seaports show Return to Scale (RTS) of only Apapa seaport increasing, 

Onne and Warri decreasing while Tin Can and Calabar were constant in relation to 

Information and Communication Technology (ICT). In order to meet up with their 

frontier targets, Apapa is expected to increase its ICT infrastructure while Onne and 

Calabar are to increase the intensity of utilization of ICT. The research concluded that, 

there is need to increase port capacity; improve on non-oil export logistics, skill 

capability and ICT infrastructure for the purpose of building or upgrading and 

maximum utilization of some existing seaports.  

 

Key words: Logistics, ICT, Maritime, Optimization and cargo throughput 
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1. INTRODUCTION 

 

Nations and regions of the world are separated by sea, rivers, lagoon and oceans. 

The movement across water bodies paved way for economic, social, political and 

industrial developments. According to Taaffee, Morrill and Gould (1963), there were 

about 100 small seaports in Nigeria yet to be developed. It was noted that maritime 

transport from inception in Nigeria was seen as a good agent to the development of 

slave trade which was prominent during this era. The Civil War between 1967 and 

1970 caused a lot of set back to the Nigerian maritime industry and made traffic to be 

diverted to Lagos port only at the time. According to Gudehus and Kotzab (2012), 

maritime logistics can be described as a new integrative approach in general shipping 

that seeks to collectively move cargo or freight across river, channels or seas at 

minimum cost, minimum fuel, without any delay at the seaport and minimum 

emissions to the natural environment. Nigeria as a country depends heavily on 

exportation of crude oil, onions, starch, ginger, cashew nut and shell, flower buds, 

cotton among other agricultural produce to countries like Brazil, Senegal, France, 

Italy, Germany, Netherland, Benin, Cameroun, South Africa, Russia, U.S.A, 

Argentina, Turkey and Singapore. In turn, the country imports goods and machineries 

like shoes, bag, vehicle, pharmaceutical products, clothes, refined petroleum products, 

frozen foods, chemicals, equipment, etc. from China, Brazil, USA, Germany, Japan 

among other developed countries. Port logistics has not been optimized in such a way 

that the best service efficiency is witnessed in Nigeria. The challenge of port logistics 

especially in Niger Delta area of Nigeria is accruable to militancy and community 

restiveness (Muhammed, 2008). Entsuah (2011) explained that, African seaports are 

not competitive which made it to be less attractive and the cause of high costs of 

shipments. 

Maritime trade and ports evolution are affected by revolutions in the transport 

sector and consequently the industries, as well as the globalization of the economy 

(Chew, Lee and Tang, 2011). In the past, the maritime logistics was not organized 

because goods were carried as they come, ship could easily spend more time in port 

than at sea while dockworkers manhandled cargo into and out of tight spaces below 

decks. There was also high risk of accident, loss and theft. The modern approach was 

brought up by the revolution in communication, containerization and building of 

larger vessels. The clearing process in Nigeria is not void of “port rats”, huge port 

charges and inadequate handling equipment. The essence of logistics is to satisfy 

customers, and once Nigerian seaports are not productive in this direction; there is 

every tendency of losing to other neighboring countries. Ndikom (2013) noted that, 

making use of agents for the inspection of goods and the oversight function of 

Nigerian Customs Service (NCS) by the contractors with regards to Risk Assessment 

Report (RAR) is a bane to Nigerian maritime logistics’ progress. Another dimension 

to the issue of Nigerian port system and maritime logistics is the non-availability of 

the required equipment to facilitate movement of cargoes from one point to another 

either because they are not adequate, faulty or the operators cannot operate the latest 

technology (Ihenacho, 2005). The circumstances that need urgent attention in 

Nigerian ports are the issue of energy supply, cooperation among agencies to avoid 
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unnecessary strike actions and 100 % destination inspection for the sake of effective 

maritime logistics. 

Nagy and Diofasi-Kovacs (2020) affirmed that Information Communication 

Technology (ICT) is capable of transforming logistics processes. They found out that 

ICT can be used for storage, communication, sharing and processing. Therefore, this 

paper expounded on cargo throughputs of Nigeria with the aim of improving 

exportation and involvement of Information Communication Technology to enhance 

seaport logistics processes. 

 

 

2. LITERATURE REVIEW 

 

2.1. Metaheuristics Models for Maritime Logistics optimization  
 

 Logistics decisions are usually complex as there are so many interconnected 

activities especially looking at its chains within the maritime sector with different but 

conflicting objectives. In most cases, the processes involved in analyzing, designing 

and managing total maritime logistics is complex and require experience, intuition 

and very view analytical model have been seen to be used for this process(es). It is a 

very difficult task therefore to find a model suitable for academic and that is also 

industry based. This is because the strategies and approach to solving different 

maritime logistics problem cannot be the same. A heuristic algorithm is a solution 

method that may not ascertain optimal solution but has a level of performance for the 

convergence of quality solution. Metaheuristics can be developed to solve single 

problem or arrays of multiple problems. It can be updated to accommodate new and 

latest development when identified variables for the logistical operations are known. 

The use of Metaheuristics model can be in form of Decision Support System for 

logistics managers or port authorities. The problem however can be realized when 

aggregation of complex data becomes an issue Simchi-Levi and Kaminsky (2000). It 

is not every port logistics or maritime logistics scenario can be computed, but time 

can be used to measure the yardstick of port logistic operations and various activities 

can be coded based on the actual time used. This however can be used for the model. 

For instance, total time taken to cover a particular distance; total time taken to load a 

vessel, total time taken to move out of the port and total time taken to inspect a vessel. 

Similarly, this can be extended to cost and other issues in the logistics system. This 

method can assist users by simulation of complex issues and produce a solution for 

decision support system in a situation of uncertainty. Internet of things (IoT) has 

provided leverage for integration of logistics processes to ease bottlenecks in logistics 

(Osmolski and Kolinski, 2020). 

The model for distribution in the food and beverages industry was presented by 

Ribeiro and Lourenco (2001) using vehicle routine models with the aim of designing 

routes for different department in a firm. Remitta is heuristic software that can monitor 

the monetary transactions and to monitor the logistics of tankers. The use of GPS and 

GIS aided the algorithm of maritime logistics simulations. Adepoju (2015) used 

Shimbel connectivity Index for the assessment of connectivity and accessibility 

between road and rail to the identified Inland Container Depots in Nigeria. In that 
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findings, logistical decisions should be made in such a way that; rail will discharge to 

the ICDs and road can then take it up. 

Maritime logistics concepts have been viewed by many authors differently and 

there are number of perspectives to its literature review. The general mandate of 

commercial shipping or maritime logistics has been to minimize costs, maximixe 

revenue. For these purposes, shipping companies plan and organize networks of 

shipping routes, and provide schedule and operate a fleet of ships (Gudehus and 

Kotzerb, 2012). The speed of the vessel has been looked into to play a major role in 

maritime logistics. However, in critical assessment of ship’s speed; there are a number 

of factors that may be external which can influence the speed of the vessel for 

optimum turn-around logistics. Some of these factors are:  rainfall, waves, hurricane, 

and typhoon among other environmental conditions that the seafarers or navigators 

will be forced to move at lowest speed. Bergh (2010) observed that ships should 

maintained lowest speed when it is faced with environmental challenges. Gudehus 

and Kotzarb (2012) opined that, fleet planning, capacity of carriage and travel times 

are yard sticks to measure maritime logistics. However, the speed has been noted to 

be increased with fuel consumption of a vessel and this in turn determines the 

operating costs, freight charges and profits. Apart from the parameters that are used 

to assess shipping logistics; distance and demand with scheduling strategies and 

managerial capabilities have also been identified. 

In the findings of Oyatoye et al. (2011) using queue theory application to solving 

Nigerian ports logistics problems where they reiterated that the berth allocations were 

enough but the planning of port must change to experience effective logistics system. 

The activities involved in port logistics have been enumerated by Jansson and 

Shneerson (1982) which stated as follows: 

a) The ship’s approach through river or canal and mooring the ship at the quay 

b) The unloading of cargo from the ship’s hold to the quay 

c) Transportation of cargo to the transit shed/ storage from the quay 

d) Loading the cargo from storage to loading platform 

e) Storage transit 

f) Loading to inland transport modes 

g) Departure of inland from the port. 

 Researchers like Weigend, (1958), Fleming and Hayuth, (1994) and Sutcliffe 

and Ratcliffe, (1995) conducted researches to affirm that location of port is very 

crucial to port development and competitiveness. While Weigend maintained the 

location based on the deepness of the water, tidal range and a climate; Fleming and 

Hayuth (1994) noted the role of centrality, intermediacy and proximity. Sutcliffe and 

Ratcliffe, (1995) expressed the fact that, it must be cited at the hub for transshipment 

purposes. Robinson’s (2002) opinion is different as he noted that, cost leadership 

(economies of scale) or service differentiation (economies of scope) is the tools to use 

to enhance port logistics. However, Heaver et al. (2001) expressed that, global carriers 

and forwarders used to challenge the flow of and ports can no longer expect to attract 

cargo because they are natural gateways to reach hinterlands. According to the 

postulation of Bird (1971), deep water is essential for terminal operations and larger 
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size of site is required. This he explained that, larger vessels will be accommodated 

with deep water for rapid turnaround time. However, Notteboom et al. (1997) argued 

that, vessel’s capacity increments are accounted for by the beam of the ships rather 

than the draught. The example he cited was that of Hamburg and Antwerp based on 

the persistence upstream ports. The figure 1 shows the various factors to be considered 

before locating a seaport. 

 

Figure 1. Location factors affecting port attractiveness and competitions 

 
Source: Chew, Lee and Tang (2011) 

 
The identified factors are port accessibility, which is crucial for viability of 

seaport. If a seaport is located where it will not be accessible or the difficulties to be 

experienced before accessing it, the port cannot be productive (see fig 1). The more 

attractive a port the larger the required for space in hinterland. This has a connection 

with the import and export areas with the understanding of closeness to navigational 

routes and proximity to competing seaports. Sometimes, the feeder ports contribute to 

the attractiveness of a bigger seaport by supplying the bigger ports consignments for 

better formidable carriage. The depth of the water is another factor with space for 

future expansion of the port. The climatic condition, political stability, economic costs 

and operating environment are crucial issues in port attractiveness and competition. 

 

2.2. Maritime Logistics Digitization Models 

 

According to Fruth and Teuteberg (2017), digitization and automation are 

constantly advancing and noticeably affecting all businesses and processes in the 

coming years. Berg and Hauer (2015) maintained that, the revolution in maritime 
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logistics will occur as a result of big data and increasing networking of technologies. 

The International Maritime Organization (IMO) has supported the introduction of 

electronic data exchange from ship to ship and from land to ship to improve the 

efficiency, safety, data security, navigation and communication. In this manner, 

Global Positioning System will be used to enhance the value chains mostly with 

details on vessel’s arrival, data collection on weather in real time and smart technology 

on containers. Kuchta (2016) expressed that, Automatic Identification System (AIS) 

is being installed mostly into ocean-going vessels so as to accurately predict weather, 

tide and maritime traffic data. AIS uses transponders and can track ships with the 

automatic tracking system and also used by Vessel Traffic Services system. The 

information provided can relate to the position of the vessel, course and speed 

displayed on the screen or Electronic Chart Display and Information System (ECDIS). 

It is incorporated with GPS, GIS, Electronic Navigation sensor like gyrocompass and 

satellite receivers. The opinion of Berg and Hauer (2015) is that, the maritime logistics 

systems can be integrated in such a way that, sea containers are equipped with radio-

frequency identification chips and thus become intelligent containers. With this, smart 

containers and a suitable networking of single information system to fully digitize and 

globally network the entire maritime transport in order to render transparent services 

can be executed. The influence and impact of automation in Nigerian maritime 

industry is yet to come. In this scenario, all terminal vehicles, machines and other 

devices involved in the transportation, loading, offloading of goods are interconnected 

and communicate with each other with the aid of information, communication and 

automation technologies (Bai, Zhang and Shen, 2010). The real time information 

system can be used to synchronise forward and hinterland logistics based on optimal 

transport mode and route combination. Lee, Tongzon and Kim (2016) maintained that, 

by this real time information integrated system there will be transport cost reduction 

and optimum utilization of transport means adhering to various delivery conditions. 
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Figure 2. Actors in Maritime Logistics and Supply chain 

 
Source: Adapted from Fruth and Teuteberg (2017) 

 
The figure 2 presented the various actors in maritime logistics and the processes 

involved in form of digital supply chain. The actors are the shippers, freight 

forwarders, port operators, vessel operators, forwarders and receivers of the goods. At 

the heart of bridging the gap of maritime logistics is the cloud computing and mobile 

computing. The components or technology that must be incorporated are the 

computer, the GPS, ECDIS and ship simulator. Directly, the works of AIS technology, 

RFID and big data analysis are crucial for modern maritime logistics. The services of 

ship agents, terminal operators, policy makers and external agencies like banks are 

crucial to the efficiency of maritime logistics. Keller, Pütz, & Siml (2012) discussed 

the role of software for maritime logistics linking industrial processes and 

technologies, as well as the related business processes with the new information and 

communication technologies (ICT). The progmmability can also be introduced to 

maritime sector for the purpose of artificial intelligence to digitize objects for storage 

capability, sensor and networking where ship operations can be enhanced. According 

to Berg and Hauer (2015), ports require multimodal transport process for an optimum 

networking of individual actors who coordinate their activities in transport chain to 

maximize traffic and flow of goods. Working with ship’s data for instance; weather 

data, cargo data, machine data and aggregate data can effect good maritime logistics 
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management (Arndt, 2016). However, the fear of Schweer & Sahl (2016) is the 

security and protection of data in maritime logistics with the expertise required for its 

operations. 
 

3. METHODOLOGY 

 

The population of this study involved the stakeholders in Nigerian Maritime 

industry. Concerned agencies, departments, units, associations and executives in 

Nigerian seaport logistics are classified in the formation of the population of this 

study. The population lists are as follows: 

a) The Nigerian Ports Authority        

22    

b) The concessionaires                    

20 

c) Shipping Companies/Depot and Oil marketers   101   

d) Association of Nigerian Customs Licensed Agents (ANCLA)     92      

e) Haulage Operators      137 

f) Nigerian Customs Service      371 

              Total 743 

Because we do not have homogeneous population, Cochran’s formula was used to 

calculate the sample size. 

𝒏
𝟎 =

𝒛𝟐𝑷𝒒

𝒆𝟐

 

In the equation above, “e” is called the “margin of error’ or desired level of precision. 

“P” estimated proportion of the population which has the attributes. “q” is 1-P 

n=                               no 

                                1+ (no -1) 

                                        N 

Since our confidence level is 95%, we get the Z score by Z values of 1.96 per normal 

table. Therefore, a 95 % confidence level gives us Z values of 1.96, per the normal 

tables, so we get 

 

n0=   (1.96)2 *(0.5) *(0.5)    = 385 

                (0.05) 

Incorporating n0, 

 The sample size then gives n =    385 

      1+ ( 385-1) 

                743 

385/1.52 = 253 to the nearest whole number as half a man cannot be sampled. 
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Furthermore, two stages of sampling technique were used to distribute the 

data collection instrument from the selected sample. The reason for using this 

sampling technique is for members of the population within the purview of 

stakeholders to be captured in the data. The first stage was systematic random 

sampling which systematically assigned the sample to all the representatives of the 

population and the random table was used subsequently to assign the instruments 

 

 

4. RESULTS  

 

Results from the analysis indicated that that, 85.8% 0f the respondents had 

imported or exported items from Nigeria and to Nigeria. However, 75.2 % wished 

they could have changed the Nigerian seaport if opportune because of clearing charges 

and average number of days required to clears their goods. In line with the objectives 

of this study, this chapter gives the detail of data analysis and presents the results with 

the implications cum the discussion of the findings. The first objective stated thus: 

“To examine the carriage capacity performance of inward and outward logistics 

traffic (cargo throughput) of variety of cargoes from 2000/2009 to year 2019 of 

selected Nigerian seaports” According to WITS (2019) there are many products that 

Nigeria imports from different countries of the world ranging from categorization as 

follows: Animal, Vegetable, Food products, Minerals, Fuels, Chemicals, Plastics or 

Rubber, Hides and Skin, Wood, Textile and Clothing, Foot wear, Stone and Glass, 

Metals, Machinery and Electricals, Transportation and equipment, Agricultural raw 

materials, Iron and ores etc. However, the Nigerian Export Promotion Council (2019) 

highlighted the following commodities that Nigeria exports are: Cashew nut, Ginger, 

Crude oil, dry bean, cocoa, leather and sesame. Though Nigeria's crude oil reserves 

are expected to last another 40 years, all indications are that oil prices will continue 

to crash and with the emergence of alternative energy sources and increasing focus on 

electric cars, oil will seize to play a prominent role in the international market which 

has implication on maritime logistics trade (Awolowo, 2019). 

 

4.1. Discussion 

 
To explain the trend and observe the capacity gap of the selected seaport, 

Standard Deviation has been used to analyse the various selected seaports’ cargo 

throughputs as indicated in the table 1 below. 

 

Table 1. Analysis of selected seaports’ throughputs traffic performance  

Statistic 

No 
of 

Yrs Mean St. Dev. Min Pctl(25) Pctl(75) Max 

                

Year 11 2012 3.317 2007 2009.5 2014.5 2017 

Apapa 11 20122686 1181982 18567253 19052538 20677248 22528353 

TinCan 11 13864060 4474815 1000300 13837585 15939755 17520504 
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Onne 11 24116912 3257082 17215120 21921982 26422356 27986821 

Delta 11 6907170 2977997 1515092 5893922 9173246 10341766 

Calabar 11 1793033 433509 946523 1652773 2115949 2341477 

Source: NBS (2019) 

 

The mean of the data set revealed that, Onne seaport has the greatest cargo 

throughput for cargo with the mean value of 2411912. Secondly, Apapa seaport has 

the next highest mean value with the mean value of 20122686. TinCan Island took the 

third position with mean value of 13864060 while Delta port came fourth with the 

mean value of 6907170. The lowest throughput came from Calabar seaport with the 

mean value of 1793033. 

Using Standard Deviation, Calabar seaport is the least deviated from the mean 

with 433509 standard deviation value followed by Apapa seaport with 1181982. Delta 

seaport deviated next with 2977997 Standard deviation value and Onne Seaport with 

3257082 deviation value from the mean. The most deviated seaport from the mean 

was Tin Can Island with 4474815 values. 

It is evident from the findings that Onne is the most less congested among the 

selected seaports with faster turnaround as indicated by the highest mean value in 

table 1. Apapa is the next in terms of port logistics and followed by TinCan Island 

while Calabar and Delta are the lowest performing seaport in throughput respectively. 

It them means that, Warri and Calabar seaports are to be enhanced in all forms of 

capacity and logistics to facilitate rapid turnaround time of vessels and more traffic 

needed to be channeled to these axis. Sequel to the findings from the Standard 

deviation results, it appeared that Tin Can Island seaport receives widest variation of 

cargo throughputs as noted in the highest SD figure followed by Onne, Delta, Apapa 

and Calabar respectively. The implication of this is that, there is no consistency in the 

order of import –export of these ports respectively. 

 

Figure 3. Liquid cargo import-export gap 

 
Source: output from the analysis (2020) 
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Figure 3 shows Nigeria’s crude oil import-export graph where it was realized 

that crude oil export was increasing at almost 1000b barrel per annum between year 

2003 and year 2009. It slightly came down between 2010 and 2011 and picked up 

again between 2012 and 2015 between steadily. However, there was drastic drop 

between 2015 and 2017 as the country experienced economic meltdown. It however 

picked up in the late 2017 and keeps rising gradually till 2019. 

Crude oil has been realized to be the major source of revenue for Nigeria. Hence, 

the production and distribution of crude oil and other refined products must pass 

through shipping and ports to get to the international markets. The increase in the level 

of production led to increase in transportation and shipping and the initial capacity of 

port logistics was not enough to cater for the yearly increase of crude oil exportation. 

Meanwhile, not all the seaports in Nigeria are being used for the transportation of 

crude oil making the ones in use congested. 

 

Figure 4. Import –export of Agricultural products 

 
Source: NBS (2019) 

 
The figure 4 shows the progressive increase in import-export of agricultural 

products in Nigeria. Basically from year 2000, the importation had always more than 

the exportation until 2017 and 2018. The terms of trade of recent are in favour of 

Nigeria as its agricultural products are now being exported more than being imported. 
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Table 2. Number and Gross Registered Tonnage (GRT) of vessels that entered all 

Nigerian Ports 

Year No of vessels GRT 

2007 4,849 84,806,792 

2008 4,623 89,505,702 

2009 4,721 90,603,611 

2010 4881 106,689,553 

2011 5232 122,614,716 

2012 4837 120,818,683 

2013 5369 130,628,057 

2014 5333 148,323,065 

2015 5014 141,250,703 

2016 4373 134,066,547 

2017 4292 130,357,357 

2018 4009 128,671,805 

2019 4,470 131,897,472 

Source: NPA (2019) 
 

In order to confirm the capacity gap of existing seaports, table 2 shows the 

increasing trend in number of tonnage carried though with an average number of 4500 

vessels from 2007 to 2019. In order words, there is no corresponding expansion at the 

seaports that receive these cargoes which makes the seaports especially those 

receiving higher proportions to be congested. 

The Data Envelopment Analysis is used to assess the level of relative efficiency 

of data based on linear programming. It involves about two three types of efficiencies: 

technical, allocative and economic efficiency. According to Farrel (1957), the 

allocative efficiency refers to the use of inputs optimally given their respective 

constituents. Secondly, if a firm produces more outcome as possible given certain set 

of inputs with a given technology, it is said to meet its technical efficiency. The 

economic efficiency arose from the use of the two efficiencies i.e technical and 

allocative will result in economic efficiency. 

Achieving logistics optimization in maritime transport in Nigeria is very 

important in an attempt to bridge the gap that exists in the sector. The outcome of role 

of ICT on seaports’ logistics optimization can be assessed using the following 

variables: 

The use of ICT i.e intensity of usage (ITU) 

The readiness of ICT (i.e infrastructure) (IFR) 

The capability of ICT i.e skills (SKL) 

ICT impact (Outcome) 

The Data Envelopment Analysis (DEA) has been used to analyse the role of ICT on 

the optimization of the selected seaports. Data Envelopment Analysis is a 

mathematical programming tool to assess the performance or in this context role of 

ICT. DEA can be used for non- parametric data analysis and the most important aspect 
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is the outcome in terms of the level of efficiency obtained. Based on the level of 

applications of ICT at the selected seaports, this research for this objective focused on 

the selected seaports (Decision Making Units DMUs) and observed the input at 

various levels (ITU, IFR, SKL) as stated above and observe their respective results 

with specific outcomes. Roll and Hayuth (1993) were the first set of people to propose 

the use of DEA to assess port efficiency. 

 

Table 3. Efficiency and targets 

DMU Intensity infrastructure Capability impact Efficiency 

Onne 332.6387 53.79408 59.0853 66 0.88187 

Apapa 680.1667 66.91667 63.25 77 0.89085 

TinCan 742 73 69 84 1 

Warri 194.5579 41.42228 47.86574 52 0.9205 

Calabar 89 31 38 40 1 
Source: Output from data analysis (2020) 

 
In the table 3, the efficiency of ICT at Tin Can and Calabar seaports were 

considered to be good with the ratio of efficiency 1. This is followed by that of Warri, 

Apapa and Onne seaports. However, looking at the Return to Scale of the collected 

data (table 4), it shows that the Apapa seaport is the only increasing seaport in terms 

of ICT’s role among the selected seaport though its efficiency is less than 1.  

  0 represents the efficiency score when DMU operation under Constant Return 

to Scale 

  0 = 1 represents the efficiency score when DMU operation under Variable 

Return to Scale (VRS). 

  0  1 represents the efficiency score when DMU operation under Decreasing 

Return to Scale 

  0 1 represents the efficiency score when DMU operation under Increasing 

Return to Scale. The level of ICT’s role at Warri and Onne seaports is decreasing 

while those of TinCan Island and Calabar seaports remain constant. 

 

Table 4. Return to Scale  

 

  

 Source: Output from analysis (2020) 

 
Table 4 shows the Return to Scale (RTS) of the selected DMUs (seaports). RTS 

are shown to either be increasing, decreasing or constant. According to Banker and 

DMU Lambsum Rts 

Onne 1.2818 Decreasing 

Apapa 0.9167 Increasing 

TinCan 1 Constant 

Warri 1.1438 Decreasing 

Calabar 1 Constant 
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Morey (1986), the input-output relationship can be single input, single output; 

multiple inputs and multiple outputs and multiple output cases or single output cases. 

Examining the table 5 output, Apapa is the only seaport that is increasing based on 

RTS. Calabar and TinCan remain constant while both Onne and Warri are decreasing. 

RTS are considered to be increasing if a proportional increase in all the inputs results 

in a more than proportional increase in the single output. Let a represent the 

proportional input increase and b represent the resulting proportional increase of the 

single output. Increasing returns to scale(IRS) prevail if b > a, and decreasing returns 

to scale (DRS) prevail if b < a. RTS are considered to be increasing if a proportional 

increase in all the inputs results in a more than proportional increase in the single 

output. Let a represent the proportional input increase and b represent the resulting 

proportional increase of the single output. Increasing returns to scale (IRS) prevail if 

b > a, and decreasing returns to scale (DRS) prevail if b < a. RTS are considered to 

be increasing if a proportional increase in all the inputs results in a more than 

proportional increase in the single output. Let a represent the proportional input 

increase and b represent the resulting proportional increase of the single output. 

Increasing returns to scale (IRS) prevail if b > a, and decreasing returns to scale 

(DRS) prevail if b < a. In order to show the respective areas where the laxity occurs 

not to meet up with the optimization of port logistics system using ICT, the slacks as 

obtained from the identified variables were presented below in table 6. 

 

Table 5. Slacks of the identified variables 

DMU slack_input.intensity slack_input.infrastructure slack_input.capability impact 

Onne 177.9642 0 0 0 

Apapa 231.1678 2.569249 0 0 

TinCan 0 0 0 0 

Warri 123.0129 0 0 0 

Calabar 0 0 0 0 

Source: output from analysis (2020) 

 

The slacks are the left overs of inefficiencies after adjustments of reduction or 

increase whenever the DMUs cannot achieve the efficiency frontier. The slacks are 

needed to make the DMUs attain their frontier targets. In this case, Apapa needs to 

use ICT more than the any other seaports in order to meet up with the targets as 

indicated in the figure 231.1678. Similarly, Onne seaport and Calabar are also 

expected to increase their use of ICTs in order realize targets with the value 177.9642 

and 123.0129 respectively. Lastly, only Apapa seaport is expected to increase its ICT 

infrastructure among the selected seaports (see table 5). 
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Table 6. Lamdas () 

DMU Onne Apapa TinCan Warri Calabar 

Onne 0 0 0.3347 0 0.9471 

Apapa 0 0 0.9167 0 0 

TinCan 0 0 1 0 0 

Warri 0 0 0.1421 0 1.0017 

Calabar 0 0 0 0 1 
Source: output from R studio analysis (2020) 

 
Table 6 shows lamda () from the output of the analysis which indicates the 

values of efficient ports corresponding to inefficient ports. The higher the value of 

lambda; the more the similarity of operations between the inefficient DMU (seaport) 

to the efficient ones. Hence, in this case, Tin Can Island seaport and Apapa have 

similar operations with the corresponding value of 0.9167. Similarly, Calabar seaport 

and Onne seaports has similar type of operations with highest value of 0.9471. 

The Apapa, Onne and Warri seaports are seriously in need of ICT to get to optimal 

level of operations. Sequel to that, Apapa seaport also needs certain ICT infrastructure 

to operate efficiently as shown from the slacks. Though TinCan and Calabar seaports 

shows the best in terms of efficiency, as ICT and other related equipment are being 

supplied to Apapa seaport, it is bringing the best output more than all other seaport. 

In order to allow for optimization, more resources are to be deployed to Apapa seaport 

both in relation to the intensity and infrastructures. Moreover, the Warri and Onne 

seaports are to be looked into with specific attention to what is needed to be done in 

terms of ICT for these two seaports. 

 

 

5. CONCLUSION AND RECOMMENDATIONS 
 

Looking at Nigeria’s import-export of variety of goods; there upward moment 

of cargoes for both inward and outward traffics over time under review with existing 

facilities and capacity without any form of possible upgrade for easy logistics.  The 

mean value of the collected secondary data was used to determine cargo throughput 

of all the selected seaports. It was observed that, Nigeria’s term of trade began to be 

positive in cargo throughput of agricultural products between 2017-2019 and except 

for recession in 2015-2016 for liquid cargoes. Onne seaport, Apapa and Tincan Island 

seaports are of greatest in demand for port services. The Calabar and Warri seaports 

are not in demand as expected. It was observed that, there was an increase in crude oil 

production within the year under review without commeasurable improvement in 

logistics capacity that can handle the ever increasing volume of traffic except between 

2015 and 2017 when there was global economic meltdown. Since most of the seaports 

lack the capability to receive tanker vessels, the available ones in use were bound to 

be congested. Moreover, from the analysis of the import and export of agricultural 

produce; the import has always exceeded export except in the last two years. There 

was never a time export exceeds import across the year under review only with steady 
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increase of importation except in the last two years with upsurge in export compare 

to import. 

Achieving logistics optimization requires that, ICT has to play a critical role in 

all the transactions of maritime logistics in the 21st century. The use of ICT, the level 

of preparedness in terms of infrastructure provisions and capability of skills are 

independent variables which are measured respectively base on intensity of usage, 

number of available infrastructure and skill of service providers predict the outcome 

or dependent variable. To this end, Data Envelopment Analysis revealed that, DMU 

Calabar and TinCan are the most efficient seaports with efficiency value of 1 in terms 

of ICT. Meanwhile it is only Apapa seaport that is showing Return to Scale (RTS) 

“increasing” among all the selected seaports. This means that, ICT usage, 

infrastructure and skills are increasing at Apapa seaport. While ICT levels at Onne 

and Warri are decreasing; TinCan Island and Calabar remain constant. The slacks 

however revealed that, to meet optimization; there is need for both Calabar and Onne 

to improve in their ICT usage. The research concluded that, there is need to increase 

port capacity; improve on non-oil export logistics, skill capability and ICT 

infrastructure for the purpose of building or upgrading and maximum utilization of 

some existing seaports. The area for further research is on how to enhance the 

competencies of human resource in shipping operations capable of using latest 

equipment or soft wares developed in maritime logistics. 
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Abstract 

 

Since 2016 Hungarian road freight transportation companies experienced a 

decline in their competitive position in the international road freight market. 

According to their suspicions, it is due to the number and market share expansion of 

Polish, Lithuanian, Romanian and Bulgarian carrier companies. Our study aims to 

explore the reasons of Hungarian haulier companies losing market share in the 

different sectors of international road freight transportation, while recognising the 

competitive advantage of their competition to define possible explanations. Through 

a representative survey with 300 companies that were customers of such services, 

have gathered quantitative data on the customers' viewpoint concluded in September 

2020. The topics of the questionnaire concerned directions and volumes of road 

freight transportation needs, decision-making criteria and satisfaction with their 

choice of hauling partners. The questionnaire was supplemented by five in-depth 

interviews, the respondents being representatives of major companies who tend to 

commission road freight transport services in high volumes. The interviews let us gain 

valuable qualitative insights, collect possible underlying explanations of some 

questionnaire results and outline several recommendations for the future for 

administrative bodies and freight transportation companies as well. 

 

Key words: road freight transportation, competitive advantage, CEE logistics sector. 

 

 

1. INTRODUCTION 

 

The economic crisis of 2008-2010 was followed by steady growth in the 

Hungarian road freight transportation market. The companies started facing the first 
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setbacks on the international market in the mid 2010’s. The ministry responsible for 

transportation was able to solve the problems with local interventions, however, the 

positive impacts dissolved in a couple of years. In 2018, the freight transportation 

advocacy organisations raised their concerns again about the declining 

competitiveness of Hungarian hauliers in the international market. To find the 

underlying reasons and the appropriate solutions the Hungarian Ministry for 

Innovation and Technology commenced a research project within the Institute for 

Transport Sciences Non-profit Ltd. (KTI). 

The first phase of our research proved the existence of the indicated problem, 

with the analysis of statistical data. It was concluded that at the beginning of the 

studied period the Hungarian hauliers performed quite well on the market, their 

transport volume even exceeded the EU 27 increase rate up until 2015 (Figure 1).  

 
Figure 1. Development of loaded international road transport (million tonne-

kilometre, %) 

 
Source:  (Eurostat, 2020a) 

 

The total loaded international road transport in the EU27 countries slowly 

increased from 2010 to 2019 and within the performance of the Hungarian companies 

followed the increasing trend of the Central-Eastern European (CEE) countries until 

2015. That year the performance of Hungarian hauliers diverged from CEE 

counterparts and showed a decline. Considering the different segments of 

international freight transportation it is clear, that the Hungarian hauliers suffered their 

most significant losses in the case of cross-trade (Figure 2) and cabotage (Figure 3).  
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Figure 2. Development of loaded cross-trade road transport 2010-2019 (million 

tonne-kilometre, %) 

 

Source: (Eurostat, 2020b) 

 

Figure 3. Development of loaded cabotage road transport 2010-2019 (million tonne-

kilometre, %) 

    
Source: (Eurostat, 2020b) 

 

The most successful companiesin these operations were based in countries like 

Lithuania, Poland and Romania. Based on the first results of the investigation it is 

assumed the market decline of the Hungarian hauliers were prompted by a set of 

reasons: the emerging truck driver shortage, the increasing expenses on road tolls, the 
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lack of local market protection and the increasing ratio of enterprises managed by non-

EU companies (Albert, 2021). 

These less than ideal conditions were further aggravated by the different 

measures of the Mobility Packages introduced gradually by the European Union. 

Some of these measures affect quite adversely the Hungarian road hauliers (Albert & 

Kövesdi, 2021). The circumstances became more difficult, while the investment 

strategy of the transportation companies was based on the earlier business outlook and 

market trends: the vehicle fleet (including both trucks and tractors) was expanding 

with the same pace as in previous years, despite the shrinking market (Figure 4). 

Financing the new equipment while not using their capacity to the maximum 

obviously had budgetary consequences on the companies and placed them in a very 

difficult position. 

 
Figure 4. Development of the truck and tractor fleet in Hungary  

 
Source: Central Statistical Office (2020) 

 

In order to investigate the above described loss of market in details and establish 

adequate recommendations for improving the position of Hungarian hauliers, five 

different research directions were defined: 

1. Economic regulations: The competitive position is heavily influenced by the 

economic regulations, belonging to government competence. The study 

examined the possibilities of adjusting the relevant regulations, taking into 

account the interests of the transportation companies and their employees, the 

government budget, as well as the EU requirements. 

2. Digitalisation: There is a rapid evolution in the field of digitalization. The 

current position of the Hungarian companies in transportation is less advanced 

than their competitors. Analysing and adopting the best practices in 

digitalisation of day-to-day transport operations seems essential and the 
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regulatory framework should support it and ultimately enhance their 

competitive advantage.  

3. The special circumstances, local regulations, government measures in the 

field of road transportation of the competing countries were reviewed, and 

their impacts were estimated on international competitiveness. 

4. The economic and environmental impacts of the different measures of EU 

Mobility Package I were estimated, and was proven to cause losses to the 

companies, the state budget, and with their horizontal effects to the entire 

society. 

5. An important factor in market competitiveness is the customers' view on the 

local and foreign companies (transport operators) which is why it was an 

essential aim of the study to reveal the main factors of the clients' decision 

while choosing the carrier of their goods. 

This article will present this last part of the research project, introducing the 

survey and interviews, the analysis of the findings, and the formulation of the 

recommendations. The research poses three research questions, which are the 

following: 

What are the most important capabilities of hauliers considered by road freight 

transport customers? 

Is there a causal relationship between the customers’ selection preference that 

regards the competitiveness of road freight transport providers? 

What are the improvement areas that would support the Hungarian road freight 

transport service providers’ competitiveness? 

 

 

2. LITERATURE REVIEW 

 

The competitiveness of road freight transport companies in Hungary was studied 

by Pálfalvi-Tóth (1999) using survey method. The 600 respondents, which were all 

haulier companies, were asked about their perceptions and expectations on their future 

competitiveness after Hungary joined the EU (with the enlargement of 2004), in an 

international road freight market that is new to them. Freight rates were too low 

according to 65% of the respondents and 80% perceived a strong or very strong 

oversupply in the market. The authors noted the 15% difference occurred due to the 

hauliers’ inability to recognise the low prices were a consequence of the oversupply 

of service providers. Less than half of the hauliers (46%) felt as they were competitive 

on the EU market, 40% responded negatively and 14% were unsure. The hauliers 

which considered themselves rather uncompetitive assumed the following factors held 

them back (in the order of claimed importance): 

1. Technical condition of vehicles 

2. Lack of liquidity or capital 

3. Domestic business conditions 
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4. Domestic freight market regulation 

5. Lack of freight market connections. 

Although the survey was representative at the time, it did not consider the 

perspective of the customers of road transport services. Interestingly, the “old 

members” (EU15) of the EU perceived road freight market differently in the period 

after the “new members” (EU12) joined: Borgström & Gammelgaard (2017) 

presumed that in the liberalised hauling market the newly added members posed a 

threat to the EU15 freight transport companies. The authors assumed these companies 

would not be able to compete with Eastern European companies based on solely the 

pricing, as EU12 hauliers had a very different cost structure and for them especially 

the labour cost was considerably lower. Therefore, EU15 hauliers had to improve their 

value proposition to differentiate their services and create value to their customers via 

customised or special services. Their exploratory study assessed two hauliers (one in 

Denmark and one in the USA) through company visits with guided tours by 

management members, workshops and un-structured interviews. Having explored the 

two companies’ both operational capabilities, resources and customer satisfaction 

aspects the authors concluded that “strategy-as-practice” is a beneficial view in a 

liberalised service providers’ market (such as the EU, USA and China) and dynamic 

capability-deployment in line with customer expectations is supporting it. Most of all 

they found that other than price, the important factors in the eyes of the customers 

were: quality, dependability, speed, flexibility and data technology/IT solutions. 

Based on the comparative study, Borgström & Gammelgaard (2017) noted that a 

paradigm shift is happening in the road freight transportation that is triggered by the 

changes in market conditions and with the usage of new (digital) technology 

becoming normal, and hauliers not only facilitating the movement of goods but 

contributing to the value creation in supply chains. 

Competitiveness in freight transport literature is mostly seen as a mode choice 

problem, therefore, competitiveness of road freight transport is understood in 

comparison to the other modes. The clients’ preferences were studied in Li et al. 

(2020) for freight service attributes of China Railway Express. The researchers used 

questionnaires (n=63) to assess the importance of freight service attribute: cost, time, 

reliability, frequency, safety, flexibility, traceability, sustainability. Although, it 

regards railway, these attributes show similarities to those in road freight 

transportation services.  Based on a stated preference survey, Arencibia et al. (2015) 

developed a freight mode choice modelling method and used cost, transit time, 

frequency, punctuality, damages, flexibility, track&trace, environmental impact and 

schedules as input attributes. Their model would define the WTP (willingness to pay) 

figures (what a user would pay for improving the level of service) and also, the 

elasticities of the mode choice probabilities. Brooks et al. (2012) studied mode choice 

between land-based transport and coastal shipping, and evaluates WTP for several 

attributes of modal options, such as transit time, reliability, freight rate and frequency 

via Stated Choice Experiment (SCE). In Kofteci et al. (2010), the consumer’ (a survey 
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of 50 cement merchants in Antalaya) preference analysis showed that in their decision 

on using road freight transport or intermodal transport the time reliability is the 

determining variant, even more important than cost and time. 

In the reviewed literature we could not identify a research segment where the 

competitiveness of the road freight transport service quality would have been studied 

from the customers’ perspective. 

 

 

3. METHODS 

 

Our goal was to explore the view of customers of transportation services on their 

needs, preferences and satisfaction with services of the road freight transport 

companies. We aimed to explore the success factors of hauliers in the Hungarian road 

freight transportation sector and the areas where there is room for improvement. To 

accomplish this, a survey was performed with questionnaires on a sample of 300 

Hungary based companies. The criteria for these companies to be included as 

respondents in the survey was to employ at least five people and send or receive goods 

internationally. All the respondent companies operated in the more freight 

transportation dependent sectors: agriculture, manufacturing, building industry, 

commerce and automotive industry. In Figure 5 the distribution of company size by 

number of employees (left) and distribution of sample companies across industries 

(right) is presented. 

 

Figure 5. Distribution of company size by number of employees (left) and 

distribution of sample companies across industries (right)  

 
 

Source: Bank (2020) 

 

Due to the high number of participating companies the survey can be considered 

representative, as well as 1.5% of road freight transportation volume of the country 

was performed by the sample companies and altogether 3.2% of freight transportation 

volume was related to their operations in 2019. The conclusions drawn from the 

survey are apt to describe the general view of freight transportation service customers. 
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The survey was done via telephone/mobile/online communication software in 2020 

during the summer following a structured questionnaire. 

The questionnaire contains three major blocks: 

 Company data: name, role of the representative within the organisation, industry 

in which the company operates, sales revenue in 2019, average number of 

employees, share of foreign ownership in the company. 

 Freight transportation parameters: general needs for transportation and 

company preferences, such as transport mode, contractual or spot arrangements 

for cargo, usage of intermodal transport, hauling partners and freight forwarders, 

choosing non-Hungarian hauling companies. 

 International transportation preferences: countries of import and export 

activities, characteristics of chosen haulier, satisfaction with their services, 

reasons of choosing foreign carrier partner. 

Following the third section of the questionnaire the performance of the hauliers 

and the customers’ satisfaction with them was weighed and organised into a 

performance/importance matrix that is suggested in the management literature (Grant, 

2018; Politis et al., 2014). This method reveals the leverage and action opportunities, 

resources (capabilities) to transfer and the areas where no action is required (status 

quo). 

 

Figure 6. Performance/importance matrix 

 
Source: Politis (2014) 

 

The questionnaire was supplemented by five in-depth interviews, the 

respondents being representatives of major companies who tend to commission road 

freight transportation services in high volumes. The majority of the interviewees 

represented companies that closed 2019 with a sales revenue over 5 billion HUF (over 

14.2 million EUR by the current exchange rate), or belonged to a freight forwarding 
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company (major player in the Hungarian transportation sector). Engaging freight 

forwarders in such a research is highly beneficial for the deeper explanation of the 

results, since they are in direct contact with foreign transport companies too, their 

insights are extended throughout the international market. The aim of the interviews 

were to identify possible underlying explanations of some questionnaire results and 

attempt to outline several recommendations for road freight transportation companies 

in order to improve their performance and propose areas where authorities may offer 

support to the sector. 

The questionnaires and the interviews were performed by a sub-contractor, GKI 

Innova Ltd., based on the specified requirements and the questionnaire/interview 

structure designed by KTI. 

 

 

4. RESULTS AND DISCUSSION 

 

Before presenting the results of the study an important aspect shall be noted: the 

results cannot in its entirety be applied to hauling operations such as cross-trade and 

cabotage as the respondents were customers of only import and export services, 

therefore their expressed opinion is referring solely to these activities. 

Our respondents claimed that in 2019 they had used road as the main 

transportation mode for their cargo, up to 93% of their freight volume. The share of 

water and rail transportation was 1-1%, air and sea freight 5% altogether. The other 

modes were used as a section of multimodal transport, typically, using cranable 

semitrailers. The low share of multimodal transport was attributed to its lack of 

reliability, sometimes the cargo arrives 1-2 days later, which is not well tolerated by 

the recipients, time is especially crucial in the automotive industry – as one of our 

interviewees explained. Compared to the national average of 57 % road transport in 

2019 (Central Statistical office, 2020), our respondents used road transport services 

in a much higher rate, therefore we concluded that our targeted group of respondents 

was the right one. The destination or origin of 78% of road freight transportation 

activities were in the EU. The share of export was 53% against 47% import, which is 

quite a balanced ratio. Not surprisingly export was the prevalent direction in 

agricultural and manufacturing industry, while the building industry was relying 

heavily on import. 

Only 40% of the respondents claimed they outsourced their transportation 

activities by contracting a freight forwarding partner. It was the least prevalent in the 

agricultural industry and mostly characterised the companies in the building industry 

(there may be some kind of correlation between the direction of transportation 

activities and the use of a freight forwarder but our study was not aiming to explore it 

in more detail). In general, with the increase of transport volume it was more likely 

that the respondents used the services of a freight forwarder, except in the top category 

(over 500,000 tonne-kilometre/year), in which companies the freight forwarding 

capabilities are most probably well-established in-house. The reasons for contracting 
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a freight forwarding partner were (in order of expressed importance): organisation of 

transports is simpler, needs less resources to manage, cheaper, faster and more 

reliable. The in-depth interviews clarified that even if the companies have contracted 

a freight forwarder, they do not use their services in every case and every direction. 

Sometimes they have a haulier partner that provides excellent service in a certain area 

but cannot take on an occasional route or time frame, therefore, they need a fast, 

reliable and flexible solution for these cases, hence the freight forwarding partner. 

Conversely, those respondents that did not have a freight forwarding partner indicated 

that it would be more expensive, more complicated for them, they rely mostly on their 

own transportation capacities (vehicles), or their transportation volume is lower than 

what would require the competencies of a freight forwarder. 

The majority of their freight volume was transported on the basis of individual 

commissions and only one third of it was hauled based on recurring or yearly 

contracts. The interviewees explained these results with the difficulties of forecasting 

the transport volume in advance, and that sometimes they can negotiate better prices 

on the spot market than in case of a yearly or seasonal contract. In winter, especially 

in the beginning of the year (when the agricultural industry is low) transportation 

capacities are idle, the hauliers are forced the drop their prices, vice versa, high season 

comes with the risk of very high spot pricing or lack of sufficient capacities. The 

interviewees all worked with their hauliers based on yearly contracts, because for 

them reliability and predictability was more important than occasional discounts (note 

that the interviewees were representatives of major companies). 

One of the cardinal questions during the study was the share of Hungarian and 

non-Hungarian hauliers performing road freight transportation activities 

commissioned by companies operating in Hungary. The answer is different if we look 

at the national and international market separately: as presented in Figure 7 (left), the 

vast majority of the customers choose Hungarian hauliers, and only few of them uses 

occasionally non-Hungarian service providers. In Figure 7 (right) we can see a 

slightly different picture being painted. The share of Hungarian hauliers is still very 

high (85%), but it is much lower than on the national market. In the questionnaire 

respondents had to specify the nationality of the haulier of their choice if not 

Hungarian: the most frequent answers were Polish (5%), Romanian (3%), Lithuanian 

(2%) and other (5%) companies.  
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Figure 7. Share of Hungarian and non-Hungarian hauliers performing road freight 

transportation activities at national (left) and international (right) market 

commissioned by companies operating in Hungary 

  
Source: Bank (2020) 

 

Compared to the previous year (2018) 7% of the respondents claimed they have 

switched Hungarian partners to non-Hungarian hauliers, and it was especially 

prevalent with the bigger companies, above 250 employees or over 5 billion HUF 

sales revenue. The stated reasons referred to most of all, pricing or lack of capacity. 

This is quite self-evident, as procurement departments of bigger companies work with 

a pool of service providers and their procedures are defined so that they take on the 

offers with the lowest price and the preferred availability. 

Our interviewees elaborated on the phenomenon, below we summarised their 

opinions: 

 Road freight transportation directed to or coming from territories north of 

Hungary is usually the cheapest with Polish companies. 

 They do not know of any Hungarian hauliers that cover the routes to the north. 

 They have absolutely no interest in the nationality of the hauliers as long as they 

are reliable and the price range is acceptable. 

 In case of the Commonwealth Independent States (CIS), companies are preferred 

with some linguistic background and local knowledge. 

 In EU countries language and local knowledge is not an issue, price and quality 

aspects are crucial. 

 Switching from a Hungarian haulier partner to a non-Hungarian one can be a 

result of market forces, sometimes customers make geographical shifts in their 

operations, therefore they need to adjust their transportation partners accordingly. 

 The way the interviewees see it, all Central- and Eastern-European hauliers have 

a competitive advantage over Hungarian companies, as they employ (up to 60-
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70%) Belarus and Ukrainian truck drivers for much lower wages, therefore they 

are able to quote lower freight transportation prices. 

To explore the characteristics of chosen hauliers and satisfaction with their 

services, we asked the questionnaire respondents to evaluate on a Likert-type scale 

(form -100 to +100) the importance of multiple characteristics that may describe a 

preferred haulier and how their Hungarian partners perform in those domains. The 

attributes then were distributed in a matrix based on how important they are to 

customers and well the hauliers satisfy them, as we present it in Figure 8.  

 

Figure 8. Importance of characteristics of preferred transportation partners and 

satisfaction with Hungarian hauliers 

 
Source: own edition 

 

When the preferences scored 75 or higher they were registered in the upper half 

of the matrix, and everything below that was regarded as “medium scores”. In case of 

the satisfaction the respondents were quite opinionated, they had not regarded 

anything higher than 72, therefore we drew the line at 60, anything scoring below that 

signalled medium satisfaction. From top to bottom, the attributes in both columns are 

in order of the achieved scores and the arrows connect the preferred attributes to the 

judged performance. The most important criteria for customers were delivery of goods 

intact to destination, reliability, punctuality, price range, speed, flexible, fast 

adaptation to needs and they highly regarded the reliability, customer friendly 

attitude, capacity, punctuality, safety, flexibility, speed of their Hungarian haulier 

partners. It is clear that the performance in the highly valued reliability (delivery of 

goods intact to destination) meets the expectation of the clients, but the rest of the 

attributes cannot be paired up directly. 

Appraising the potential for value creation – therefore, aiming for a competitive 

advantage – after the identification of the companies’ capabilities and resources is 

supported by the identification of their strategic importance of said 

capabilities/resources and relative strengths in them compared to the competitors 
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(Grant, 2018). Based on this framework, the survey attributes had been weighted by 

the preference of customers and performance of the hauliers and a relevance-

performance matrix was created. The matrix (in Figure 9) in its four segments can 

inform the hauliers whether their business model meets the expectations of their 

customers. 

 

Figure 9. Haulier attribute preferences and their performance 

 
Source: own edition based on Grant (2018) 

 

The upper left quarter shows the key strengths, the attributes where the 

companies perform well and their clients also expect them to do so. Practically, these 

are the attributes that provide competitive advantage to the Hungarian hauliers: 

reliability, customer friendly attitude, punctuality, flexibility and speed. In a sense 

these are the minimum requirements that shall be satisfied in order to keep operating 

profitably on the market. 

In the top right corner there are attributes that still hold a very high value to 

clients, but their expectations are not quite met. Consequently, the adequate response 

to market changes and price are their key weaknesses, the areas where hauliers may 

benefit from improvements, which may even result in some market expansion. This 

segment of the matrix may be considered as a warning to hauliers, as the unsatisfied 

customer might discontinue their partnerships in the long run. Therefore, it is 

advisable to include these attributes in the strategic development plans of road freight 

transportation service providers. 

The lower left corner contains the capacity and the safety aspects that was 

deemed less important by customers, however they also acknowledged that the 

Hungarian companies perform well in them. Even if they are not the most important 

attribute from the clients’ point of view, for the operations and profitability they both 

are, avoiding sunk costs can be effective means to cost efficiency. The area is also 

called the superfluous strengths (Grant, 2018), and Politis et al. (2014) argues that a 

transfer of resources from here may be beneficial. This area is not a good place to start 

improvements, if only the customer satisfaction is the goal and there is no other 

internal operation problem or regulatory change that would justify the investment. 
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Lastly, in the bottom right corner are pooled the attributes (technological level 

and environmentally friendly operation) that have no particular importance to the 

customers and the Hungarian hauliers are not performing quite well in them (zone of 

irrelevance). In the general market atmosphere one could say the requirements are not 

so demanding right now. Apparently, changes in this area would not improve the 

competitive position of the hauliers, not even from a cost reduction point of view. 

Although, the logistics industry and the regulatory environment changes constantly, 

especially, in the areas of digital advancement and environmental protection. 

Sustainable logistics has not only penetrated the logistics industry but is also starting 

to be one of its the most relevant shaping forces (DHL Trend Research, 2020) that 

should be dealt with, sooner or later. The digitalisation process reached a high level 

in all industrial sectors and logistics is no exception, it is even said to become the 

norm soon (PwC, Transportation & Logistics CEE, 2019). With the EU Mobility 

Packages the regulatory environment is shifting more and more to the direction of 

enforcing both of the above aspects, not only to reach the target values of the Green 

Deal but to enhance international cooperation in transport. 

 

 

5. CONCLUSION 

 

So far, competitive advantage in the road freight transportation sector was an 

elusive notion, almost anecdotal, definitely a subject to guesswork. The scientific 

literature explored it mostly from the companies’ point of view, not the clients’. If so, 

the customer perspective was investigated in the context of mode choice, not the 

choice of a specific haulier over the competitors. Advocacy organisations 

continuously expressed their concerns around CEE hauliers, emphasising that their 

market share (especially of the Polish, Latvian, Romanian and Bulgarian road freight 

transportation companies) is increasing in a worrisome proportion and pace. The 

complex topic of competitiveness in road freight transportation was studied from five 

different angles in the frame of KTI’s research project commissioned by the 

Hungarian Ministry for Innovation and Technology. Having considered the 

multifaceted nature of the question, we also wanted to explore the customers’ 

viewpoint on it. 

Most of all we aimed to define customer expectations towards hauling partners 

(specific criteria) and to what extent they were met by the Hungarian hauliers. 

Furthermore, the viewpoint of a freight forwarder company was also included, as they 

would have much broader knowledge on the competition and on the current market 

situation. 

On the contrary to what a bleak picture was painted by the hauliers about market 

loss and difficulties in maintaining their companies lucrative since 2015, our 

respondents would not confirm it. Looking back to previous years, most of the 

respondents claimed they prefer, and most likely partner Hungarian hauling 
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companies whenever it is possible, as they are mostly satisfied with their performance, 

they know them better and trust them more. They indicated only in 7% of the cases 

changing a Hungarian haulier to a foreign one and only when their usual partner did 

not have sufficient available capacity, or the mother company changed hauliers 

(mostly larger companies with centralised procurement office). 

As we could not formulate an unambiguous explanation to the contradiction we 

are determined to continue the research and seek clarification to it. 

The answer to the main question of the survey – how customers perceive road 

transportation services, what their needs and preferences are and to what degree it is 

satisfied – has been formulated. We aimed to explore the success factors of the 

hauliers in the Hungarian road freight transportation sector and the areas where there 

is room for improvement. 

The most important criteria and the strengths of Hungarian hauliers are 

reliability, customer friendly attitude, punctuality, flexibility and speed. To maintain 

their competitiveness they need to keep their efficiency high in these areas and 

improve in them at least at the pace of the market changes. 

We consider the outstanding performance within these attributes besides the 

technological excellence greatly dependent on the preparedness and commitment of 

the employees. Commercial vehicle drivers are the most obvious ones, nonetheless 

the dispatchers, clerks and customer service personnel add a tremendous amount to 

the good reputation of a company with their high quality and dedicated work. The 

clients are in contact with them the most often, practically they are the storefront of a 

transport service provider. An educated and reliable employee supports the 

competitiveness of the company, therefore, in our view the formation of adequate 

educational environment for these functions is of utmost importance. 

It is advisable to pay more attention to the area which is deemed important by 

the clients but they are not fully satisfied with the performance of the Hungarian 

hauliers, which contains the adequate response to market changes and price aspects. 

Essential element is the price here, due to the very strong competition among CCE 

transport companies. The interviewees explained that it is only one component of the 

operational costs to hire less expensive drivers, a whole range of operational costs 

shall be considered for optimisation. In their opinion the competition uses their 

options provided by the regulatory framework better, the driving and rest periods of 

the drivers more efficiently and their routing is optimised. In this study we have not 

considered management techniques and operational aspects, however, interviewees 

claim that the high level of digitalisation and technological background of the 

competition definitely supports their competitiveness and profitability. We argue the 

role of the government in the provision of adequate incentives and regulatory 

infrastructure for development in these areas are both irrefutable and advisable. 

Lastly, according to the view of the biggest customers of road transportation 

service providers, the EU Mobility Packages will negatively influence the cost 

efficiency of hauliers, the changes in driving and rest periods and travel allowance 

regulations will most probably weaken the competitive position of Hungarian road 
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transportation companies, especially in the Western European market. Reassuringly, 

Hungary is not the only nation that is dissatisfied with the contents of the Mobility 

Packages, a united stance was formed against the points that hinder environmentally 

friendly operations of road transport companies and the freedom of freight and service 

movements. 
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Abstract 

 

In a traditional electrical supply chain, both the flow of electricity and the flow 

of information are essentially unidirectional, starting from the power plant and 

moving to the end consumer. In smart grids, it’s all a two-way process; in addition, 

communication takes place parallel and through a complex network of relationships 

due to the increased role of the participants. Today, smart grids usually operate in the 

form of separate pilot projects and are closely related to the technical, legal, market 

and economic conditions of the national and regional electricity networks. In our study 

we present the increased and expanded roles of smart grid players. The relationships 

of actors in an operating smart grid were investigated empirically using the case study 

method and ANT theory. The good practice presented demonstrates the various 

benefits of each side and the effectiveness of the learning process related to the non-

professional users of smart grid. 

 

Key words: smart grid; managing networks; electrical supply chain 

 

 

1. INTRODUCTION 

 

If we think of electricity in general, we imagine that the electricity starts from 

the power plants and reaches the consumer's home or the user's organization. 

However, the activity of the electricity supply network is not simply electricity, but 

the availability of electricity where and as much as consumers need it. The electricity 

supply chain operating today is unique in its kind, not only because of its fixed 

distribution routes, but also because of its strictly pull-system strategy. While the 

number of energy consumers and the amount of energy consumed is constantly 

increasing (the average growth rate of global energy demand will be 1.6% by 2035 

(International Energy Outlook, 2016)), electricity supply chains face with a lack of 

storage and balancing facilities within the system. So, on the one hand, consumers are 

more dependent on electricity grids today, and on the other hand, they have growing 

expectations of electricity providers. Maybe smart grids can meet these diverse, high-

demand expectations. 

Smart grids are automated, widely distributed power supply networks 

characterized by two-way electricity flow and information that can track and respond 
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to everything from power plants to customer preferences to individual devices (IEEE, 

(International Energy Agency), 2011). Smart grids can therefore also be seen as an 

important part of the circular economy. 

The technological and IT side of smart grids is a popular topic in journals, while 

from an economic point of view, mainly smart meters and the tools and mechanism 

of demand-side management (DSM) are discussed. In our opinion, in addition to the 

theoretical testing of operating models and scenarios, it would be necessary to get to 

know more about the behaviour of the participants of smart grids, and examine the 

inherent uncertainties and risks and thus support the future stable operation of smart 

grids. 

The new tasks, roles and responsibilities of the various actors in this special 

supply chain raise a number of issues, some of which we will examine in our case 

study. So we sought answers to the following questions: 

- How do non-business actors cope with the increased number and quality of 

technology in a smart grid in everyday life? 

- Are they aware of their increased role in the smart grid? 

- If so, how and in what form? If not, does this cause any disadvantage in the 

operation of the smart grid? 

- How do business and non-business actors work together in a smart grid? 

 

 

2. RELEVANT LITERATURE REVIEW 
 

In this section, we first introduce the key differences between smart grids and 

the traditional power supply chain, and then explain the increased roles and 

responsibilities of the involved actors. The topic of relationships and integration of 

actors in supply chain is a basic classical issue in supply chain management literature 

in which a new focus is on the empowered customer (e.g. Coyle et al. 2017; Lu 2011). 

For example the lack of supply chain cooperation – among other conditions – result 

the bullwhip effect. However poor cooperation among supply chain actors generally 

may increase manufacturing cost, inventory cost, replenishment lead times, labour 

cost for shipping and receiving and may decrease the level of product availability etc. 

Today national and worldwide energy networks carry all the features of a 

traditional supply chain and different transmission phases form integrated networks 

between different producers until the product reaches the final consumer (Hofbauer 

and Wenninger, 2011). In order to reach the right customer, at the right time, with the 

right amount and of the right quality of energy, system operators perform supply chain 

management tasks such as network planning, production planning, order 

management, sales and operations planning, collaboration with suppliers and 

customers and a number of other processes through which this global supply chain is 

successfully designed, operated and managed. 

The traditional electricity supply chains tend to operate with strong state 

influence, are often vulnerable to changes in national policy, and, although 

interconnected internationally, operate mostly in national markets. In addition, the 

electricity supply chain is a natural monopoly, in part or in whole, where huge power 

generators, transmission or distribution companies dominate the markets.  
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As electricity demand increased by the end of the twentieth century, system 

operators and power generators are looking for ways to handle peak loads. The costs 

of building and maintaining peak capacity are shifting in the direction of system 

operators to study demand periods, prepare appropriate pricing, and encourage 

customers to shift their consumption from peak to off-peak. The goal is to match 

consumption to production, which requires a mode of consumption that can only be 

measured as the daily time of consumption, on the one hand, and cumulative 

consumption, on the other. The introduction of automatic - smart - metering devices 

in the 1970s has contributed to the feasibility of smart grids. 

In the traditional chain, the role of participants is clear and limited, but this is 

expected to change in smart grids. “A smart grid is an electricity network combined 

with an ICT network, adapted to renewable energy sources. Its ‘smartness’ allows 

balancing the supply and demand of energy on the grid, thus making the electricity 

grid more sustainable, efficient and robust” (Planko et al. 2017:38). As can be seen 

from the definition, the diversity of the origin of electricity is already a fundamental 

feature of smart grids due to the use of renewable energy sources. At the same time, 

the task of monitoring will also change and self-monitoring will appear. In the case of 

a problem, the self-healing ability of the system is taken into account, but - in our 

opinion - this may not always happen due to the behavioural uncertainty of the 

participants (especially non-professionals). (Faruqui et al, 2010; IEA, 2011) 

Our literature review on the behaviour of smart grid actors primarily summarizes 

the experiences of a relatively small number of empirical studies, most often pilot 

projects. In most regions, in addition to universities and research institutes, 

multinational companies take an active part in smart grid pilot projects. But it can be 

seen at this early stage as well that some important social features will be recognizable 

in future smart grids, such as the State Grid in China Corporation of China is a 

primarily central player in today’s relevant network developments (Liu et al. 2020).  

 

Table 1. Comparison of roles of actors in electric power supply chains  

 

Tasks in traditional  

electric power supply 

chain 

Tasks in smart grid 

power plants 
generating power, 

delivery 
generating power, delivery 

alternative power 

plants (e.g. wind) 

generating power (not 

relevant proportion) 

generating power (in 

increasing scale) 

commercial and 

industrial users 

whole sale, retail, end-

use 

whole sale, retail, end-use, 

services (IT, maintenance) 

residential buyers end-use 

producers (e.g. due to 

renewable energy sources), 

end-use, retail 

individuals who own 

electric vehicles 
- 

end-use, recharging 

electricity (by V2G), retail 

energy cooperatives - 
delivery to its customers or 

members 
Source: Own editing 
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As it is illustrated in Table 1 in the traditional electricity supply chain, electricity 

is generated by large power plants. The supply chain operates in a pull system, which 

here means that power plants produce and load as much electricity into the grid as it 

is needed at the time. In the case of smart grids, not only conventional power plants 

will be involved in electricity generation, but also renewable power plants (e.g. wind 

and bio power plants). In addition, during free market operations, electric vehicle 

owners (business and private) will be involved in production through the V2G 

(vehicle-to-grid) process. But the question is to what extent the V2G and G2V (grid-

to-vehicle) processes will have an impact on the power grid. Actually there are still 

only pilot projects on this subject (mainly in the US, Japan, Denmark and the United 

Kingdom) (Wandell, 2020; toyota-tsusho.com; parker-project.com) with the active 

participation of leading companies such as Nissan or Toyota. And today only some 

electric cars are capable of V2G (e.g. Nissan Leaf). It is also a major technological 

problem that the more often a battery is used, the sooner it needs to be replaced. And 

electric car owners are likely to want to use car batteries primarily while driving, 

rather than storing electricity and then recharging it into the grid. It seems that the 

imagination of researchers was soon seized by the V2G and G2V processes, but its 

practical, technical implementation is a much slower process. 

Several studies have addressed the predictable and unexpected behaviour of 

prosumers as well as a number of factors influencing their behaviour (e.g., Miller et 

al. 1999; Ko et al. 2009). However, Rathnayaka et al. (2011) go further, as they gather 

all the economic, cultural, social factors influencing prosumer’s behaviour, group 

them into categories, and plan to create an appropriate algorithm and model in the 

future. In our opinion, this is forward-looking, because it introduces the expected 

behavioural variables of prosumers, as one of the key players in smart grids, and 

enables grid operators to prepare properly. It is also very useful to use the elements 

and advantages of fuzzy logic or machine learning to model the behaviour of 

prosumers (e.g. Obert et al. 2018), but if we do not know their presuppositions and 

beliefs, then we cannot consider alternatives and prepare for them with appropriate 

solutions. 

It often seems that when modelling the behaviour of smart grid actors, the 

authors assume actors’ fully predictable, rational behaviour, although accepted 

theories claim the opposite. According to Herbert Simon’s theory of limited 

rationality, decision-making ability and capacity are constrained. Simon noted that for 

complex goals, sub-goals might not be clearly defined. The formulation and 

designation of these strongly depends on the subjective parameters of the decision 

maker. These cases are discussed in psychology in the topic of problem visualization. 

For example, it may be important to manage a complex mass of information so that 

the formulation of the problem can help solve it. Examining the effects of 

identification with sub-goals, Simon was always at odds with the classical decision 

theory paradigm, which only told how to choose between alternatives in such 

situations, but his predictions clashed with real experience. 

Additionally Daniel Kahneman (together with Tversky) developed the prospect 

theory. The essence of this theory is that people do not usually follow the rules of 

rational calculation of expected utility or the statistical regularities of forecast when 

formulating their forecasts and statements (Kahneman – Tversky, 1973). Instead, 
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some basic heuristic procedures are used for judgment. These heuristics can be 

broadly described as mental operations or “shortcuts” to decisions. In complex and 

risky decision-making situations, according to Nobel Prize-winning theory, actors 

often simplify the problem - and instead of rationally analysing the situation – they 

rely on their subjective feelings, prejudices and thumb rules. (Tversky–Kahneman, 

1974; Kahneman–Tversky, 1996) 

The prospect theory is also considered suitable by Saad et al. (2016) to study the 

behaviour of smart grid actors. The authors refer to Kahneman that people do not 

behave optimally when buying or selling shares and think that end consumers will not 

behave optimally when buying and selling electricity. On the one hand people can 

make subjective decisions due to the weighting effect of prospect theory and on the 

other hand the decisions of other consumers influence their behaviour, so their 

decisions may change over time. In addition, weather changes have to be taken into 

account due to the nature of the renewable energy source. Therefore, Saad et al. (2016) 

propose a probability model that can handle decision-making uncertainties and draw 

attention to the lack of real data on end-user behaviour. 

However some authors see an advantage in expanding the role and 

responsibilities of consumers on the demand side (e.g. Kirschen, 2004; Su et al, 2009; 

Goldman et al, 2005). As consumers shift their electricity demand from expensive 

peak times to lower price periods, their energy costs will decrease. This will also 

reduce the power generation costs of the system in general. The overall cost reduction 

will also affect end-users who do not tailor their needs in the way mentioned above. 

Stoft (2002) and Su (2007) add that this more flexible demand is likely to reduce 

power plant profits, but in turn will increase social welfare as well as the efficiency of 

the electricity market. It is therefore questionable to what extent power plants will 

accept a decline in their profits. 

The smart grid was also studied by Almaghrebi et al. (2020) for the behaviour 

of individual consumers, more specifically electric car owners, using data from 

electric charging stations in the state of Nebraska. Yanine and co-authors (2020) in 

Santiago, Chile, study a micro grid that serves 60 homes basically with renewable 

energy, and found that both energy sharing and an energy reward system for efficient 

and low consumption significantly reduced the annual cost of electricity consumption. 

Consumers who did not want to participate in energy sharing were free to do so as the 

system could handle it as well. 

The behaviour of actors in the modern electric supply chain may influence 

security, flexibility and therefore efficiency issues. We are aware that many 

theoretical modelling and experiments are taking place on this topic. We think smart 

grids will create a whole new situation in a number of ways: 

- the active role of renewable energy sources (importance / management of 

weather factors), 

- the growing role of technology, including IT, 

- new operating mechanisms, 

- two-sided (or rather diversified) information flow, 

- the emergence of new players in the network (increase in the number and 

importance of electric vehicle owners, electricity associations), and 
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- a large-scale expansion of the roles and responsibilities of existing actors 

(especially end-users). 

 

 

3. MATERIALS AND METHODS 

 

3.1. Applied case study 

 

In this research, we focus on empirical results and our aim is to draw practical 

conclusions. We present the experiences of a smart grid operating next to Budapest 

(Hungary), for which the case study and the ANT theory methodology were used. 

Babbie (2004) classifies the case study as a subset of the field research from the aspect 

of data collection. During the application of the case study, one examines and studies 

a phenomenon that has already happened. What distinguishes the case study from 

other observation techniques is that it is not merely data collection but also a 

theoretical activity. The case study is a special blend of facts and experiences.In our 

research, the smart grid chosen as an observation was not selected at random, but after 

relevant information collection, so it is an information oriented selection, more 

concretely “Paradigmatic case to develop a metaphor or establish a school for the 

domain that the case concerns” (Flyvbjerg 2006:230). The selected smart grid case 

has almost all the features of the smart grid and uses several renewable energy sources, 

using the most modern technologies. 

Among the widely accepted Yin (2003) case study types (descriptive, 

exploratory, and explanatory), we used the explanatory type, whereas the type of 

explanatory case study is a causal story based on a causal relationship that examines 

which action or decision resulted in the circumstances. The aim of our case study-

based research is to present a specific case and to get to know the behaviour of the 

actors involved, as well as the benefits and difficulties they experience and perceive 

during the operation and cooperation. 

The following data collection methods were used in our case study: extensive 

documentation on the history and key performance indicators of the smart grid park, 

site visits, monitoring, and in-depth interviews with the professional operators and 

non-professional end users. 

While in our research we were primarily interested in the perceived and real 

behaviour of smart grid actors, we also used the ANT theory. Actor–network theory 

(ANT) was based on studies in social science and technology. The ANT theory is a 

theoretical and methodological approach to social theory that looks at everything in 

the social and natural worlds through ever-changing networks of relationships 

(Latour, 2005). It assumes that nothing exists other than these relationships. Today, 

ANT theory is used as a research method in other fields of science as well. Indeed, 

ANT focuses on the relationships that are established and transformed between the 

human and non-human entities that are part of the issue at hand. 

The outline of the in-depth interviews used in the case study was based on the 

research of Ma and co-authors (2018) that also relied on ANT theory to learn about 

the working smart grid. 
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3.2. Introduction and background of case study 

 

In order to examine the Park on which the case study is based, we need to know 

its social and technological embeddedness. In this way we can better understand the 

behaviour of the Park (smart grid) employees and their cooperation with ELMŰ 

(electricity supplier). We also consider a brief summary of the past to be justified, as 

the events and experiences of the past serve as a basis for the results of today's 

situation. Our case study examines the management of the Living Future Park (Park) 

(https://www.livable-future-park.org/home.html), a working smart grid a few km 

north of Budapest. The Park is located in the Equine Therapy Centre of the 

International Child Rescue Service (Equine Therapy Centre), more concretely it has 

been serving the needs of the Equine Therapy Centre since 2012. 

The area of the Park before 2012 was garbage, neglected and there was very 

often a power outage at the Equestrian Therapy Centre because power came on very 

old wires and the computers also often went down. ELMŰ-ÉMÁSZ, one of the largest 

electricity suppliers in the country, supplies electricity in this region and has been 

supporting the International Child Rescue Service for more years. Now it helped the 

Equestrian Therapy Centre by building a new transformer house, and the Equestrian 

Therapy Centre became a separate contracting partner for ELMŰ-ÉMÁSZ, thus 

eliminating the perpetual power outages. Since then, investments and developments 

have been made in this area year after year. 

Today, the Living Future Park includes the following facilities and solutions. 

The list below is presented because we want to prove that it is a truly world-class 

smart grid, many of which are not found in Europe either; moreover, the Park does 

not operate on a test basis for a limited period of time, but in a real, systematic manner, 

making it excellent for empirical research. 

• Small-scale solar power plants (small-scale solar power plant with a total 

capacity of 15.6 kilowatts consisting of 65 panels), solar-powered, automatic horse 

feeders and solar hot water production systems. 

• Wind farm: a wind farm producing a 20 kW low-voltage grid. One of the 

advantages of this type of wind turbine is the low starting speed: the blades can 

move even at a wind speed of 3 m / s. 

• Dwarf Hydroelectric Power Plant (Rated Power 200 W): The implemented dwarf 

hydroelectric power plant generates electricity from the water of the local stream, 

which is fed into the low-voltage network of the Centre.  

• Air-to-water heat pumps (Nominal heat output 14 kW, Nominal electric output 

5.21 kW): connected to the heating and cooling system of the Park Visitor Centre. 

The unit is able to heat in winter and cool in summer by means of an underfloor 

piping system. 

• Energy storage regenerative system (Rated power 20 kVA, rated capacity 84 

kWh, number of batteries 372, rated voltage 372 V, operating temperature -20°C 

to +50 °C): The system is continuously connected to the mains and able to store 

locally generated electricity in batteries for a certain period of time on the basis of 

a schedule and then return it to the electricity network if required. 

• Smart street lighting and solar park lighting: It can also be used to connect low-

power consumers (camera, 3G / 4G - Wi-Fi router, etc.) to the existing public 
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lighting network that requires 24-hour supply. This energy is provided by the 

device's built-in batteries when the street lights are off. 

• Intelligent energy monitoring system: These systems are based on the so-called 

SCADA system (supervisory control and data acquisition) and become truly 

“intelligent” through special target software (add-on modules). 

•Electric car charging equipment: With a free-standing electric car charging 

column and a wall charger it is possible to charge the batteries of up to four e-cars 

at the same time. 

• Low-consumption, LED, smart street lighting: Solar LED lamps do not require 

mains supply, in case of intense sunshine the batteries are charged in 3-4 hours, 

the diffused light is enough to charge the batteries. 

According to a relevant practitioner this level of complexity of the Park is unique 

not only in the country but also in Europe. 

 

3.3. Managing the Park (smart grid) 
 

As can be seen in Figure 1, the examined smart grid, the Living Future Park 

operates in the area of the Equestrian Therapy Centre, its primary task is to meet the 

needs of the Equestrian Therapy Centre (the area is otherwise state-owned). One of 

the stages in the development of the Living Future Park was the establishment of the 

Visitor Centre. This modern building performs two basic functions; on the one hand, 

the Central Intelligent Energy Monitoring System of the Park is located here, and on 

the other hand, external visitors, interested young children and research students come 

here. 

 

Figure 1. The involved actors of the investigated smart grid 

 

 
Source: Own editing 

 

The Equine Therapy Centre is part of the International Child Rescue Service and 

began operations in 2003. The owner, International Child Rescue Service, has been in 

contact with ELMŰ-ÉMÁSZ for many years. ELMŰ-ÉMÁSZ, as the electricity 

supplier of the area, is continuously developing the Park based primarily on the needs 

of the Equestrian Therapy Centre which is a very useful CSR activity at the same time. 
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The experiences of the previous year, as well as the needs and challenges of the 

coming years, are discussed annually in a research meeting with the participation of 

representatives of ELMŰ-ÉMÁSZ, the Equestrian Therapy Centre and the contracted 

universities. But this is just one form of the interactive and continuous 

communication. 

The end user of the smart grid is the Equine Therapy Centre, where special 

education teachers and staff caring for horses work. They are not electricity 

professionals, yet they were not afraid of many techniques in the beginning, because 

they knew that ELMŰ-ÉMÁSZ, as a professional background, would operate them 

properly. There seems to be complete trust in ELMŰ-ÉMÁSZ, which is also fuelled 

by the fact that on both sides (ELMŰ-ÉMÁSZ and Equestrian Therapy Centre) the 

same contacts know each other well and meet regularly in the Park as well. The 

experts of ELMŰ-ÉMÁSZ pay great attention to the fact that their communication 

(e.g. during the scientific discussion or when teaching a new tool) can be understood 

by non-specialists as well. 

The staff of the Equestrian Therapy Centre can see and understand the values of 

smart meters and other displays. Modern technology is not a problem for them to 

solve, as they do not have to operate the devices (they just have to turn them on) 

because they all go with automatic operation. A general learning process has also 

taken place, for example, they already know what weather they consume the least 

electricity. If there is a problem, it is indicated (only one phone call is needed), the 

evaluation and troubleshooting will be done quickly by ELMŰ-ÉMÁSZ. 

ELMŰ-ÉMÁSZ therefore operates and develops the Park within the framework 

of CSR activities. Most of the equipment and solutions were purchased, installed and 

developed by them, but the Equine Therapy Centre also bought some equipment with 

tender money. The Park has boosted innovation within ELMŰ-ÉMÁSZ, many things 

are being tried out in the Park for the first time. For example, ELMŰ-ÉMÁSZ had no 

previous direct experience with solar, battery-powered LED street lighting lamps. 

Therefore, three solar LED lamps from three manufacturers were installed in the 

Living Future Park to illuminate the playground. In the Park, they are watching how 

the temperature and warming of the ground affects the cables, the temperature of the 

cables, as there are roughly life-like conditions there. 

The staff at the Equestrian Therapy Centre usually does not notice much about 

testing or software developments. According to ELMŰ-ÉMÁSZ, if they do not notice, 

they love it, and listening to the other side, that is probably the case. The service 

provider said that in the beginning, there were problems that one system did not turn 

on or the light was on for too long or too short, but the end consumers do not remember 

that. They seem to have not only made friends with new, modern technologies, but 

also loved them. The fast, precise work of the service provider and the user-friendly 

communication obviously contributed to this situation. 

 

 

4. RESULTS AND DISCUSSION 

 

As it can be seen the Park operates well, which is a good example of a win-win 

situation. Although separate organizations, representatives of different professions are 
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involved, they can work well together and successfully in the smart grid. Each party 

finds its own benefits and is aware that this is also beneficial to the other party. These 

many different positives (see Figure 2) take the Park forward and contribute to its 

development. 

 

Figure 2. The various benefits of the of the involved actors of the investigated smart 

grid and the wider society 

 
Source: Own editing 

 

ELMŰ-ÉMÁSZ carries out useful CSR activities while getting a giant sandpit 

close to reality, where they can test and try things. Their own network company can 

utilize the results and experiences and during the visits everyone can benefit. 

According to the engineers of ELMŰ-ÉMÁSZ, the latest techniques are often not 

really tested (e.g. motion sensor lighting) and then, together with the manufacturer, 

they learn the normal operation of the given system or device in the Park. 

Several factors contributed to this successful collaboration. For years, the two 

most important involved partners, ELMŰ-ÉMÁSZ and the Equestrian Therapy 

Centre, have had a good relationship. The latter knows the 1-2 colleagues from 

ELMŰ-ÉMÁSZ they can turn to in case of trouble, who can usually help with remote 

control, or if they do not, they go out to the Park. A style of communication on the 

part of ELMŰ-ÉMÁSZ is understandable to outsiders (e.g. when a new tool is made). 

There is complete trust in ELMŰ-ÉMÁSZ, also in the field of smart meters. 

Nevertheless, it is also important for ELMŰ-ÉMÁSZ to have a good cooperation, as 

a lot of money has been put into the Park, and the continuous innovation that takes 

place there is extremely important for this type of company. 

In scientific, empirical research, researchers rarely encounter a situation or 

collaboration where everything works well. In our case the organization under study 

and its affiliated relationships work well, that’s why good-practice and traceability 

come to the fore. In short, the open attitude of the parties, as well as the learning 

process that followed and the trust that was established, are the main results of the 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

305 

   

empirical research. We also suggest that participants in smart grids move in this 

direction, although we know that the Park analysed is special in several respects. 

With general, understandable, user-friendly communication and education, 

society should be prepared for the expected benefits of smart grids, along with the 

expected tasks and limitations (e.g., they cannot consume an unlimited amount of 

electricity at all times). If people see why they are sacrificing, what benefits it will 

bring them, they are more likely to behave responsibly and predictably. 

 

 

5. CONCLUSION 
 

According to Håkansson and Snehota (1995), a business relationship is a 

mutually oriented interaction between two mutually committed parties, whose 

technological and social embeddedness is well illustrated by the ARA model (Activity 

links - Resource ties - Actor bonds). The players of smart grids are large and small 

companies, retailers, various service providers, individuals, so this network will bear 

the B2B, B2C, but if we add the public players, the characteristics of G2B and G2C 

connections as well. In this complicated situation, it is also worth observing the role 

and changes of social capital (trust, social norms and networks). In our case study, we 

saw that trust and a cooperative attitude supported heavily the success of the Park. A 

long-term, well-functioning network of relationships supported all this. Moon (2001) 

also highlights the social antecedents of enterprises, which include, for example, 

social and legal acceptance or rejection of the structure of a given enterprise. 

On the side of the end-user, Equestrian Therapy Centre, a learning process took 

place unnoticed; they got to know the new technologies, solutions, methods, then they 

got used to it all, and today they fell in love and became part of their everyday lives. 

Perhaps the wider sections of society could be made aware of the benefits and risks 

of the smart grid through similar degrees. 

There was no awareness of their increased role in prosumers in our examined 

smart grid, but this is due to the special circumstances. In the Park, a number of tasks 

are taken over from the end user (Equestrian Therapy Centre) by the service provider, 

ELMŰ-ÉMÁSZ, such as the management of renewable energy in prosumers’ area or 

V2G processes. In addition, a service provider is unable to provide common 

consumers with the same number of new and latest technologies year after year. User-

friendly communication, training, as well as fast professional problem solving and 

error handling, on the other hand, are factors that would be good to generalize in all 

service-end-user relationships. 

It was scientifically important for us to see empirically how a smart grid works 

in practice, whether the behavioural uncertainty of actors, especially non-

professionals, poses a security risk and operational uncertainty or even operational 

risk. The presented case study was able to provide a limited answer to our latter 

questions due to the special situation of the Park. In the course of the research, 

however, we were able to study a working smart grid and make recommendations 

based on good practices. 

The mechanism of operation of smart grids depends not only on the direct 

(organizational and private) actors, but also on the legal, technological, as well as 
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historical and cultural background. National cultural background affects the general 

level of trust in organizations, authorities, or individuals. 

Researching the electrical supply chains of the future from a management 

perspective, i.e. examining the possible behaviours and decisions of actors, can 

provide valuable and useful information in designing smart grids as well as ensuring 

their safe operation. We hope that by asking our questions and presenting our case 

study we support smart grid designers and decision makers. 

Not only do we consider the application of mathematical models or cases of 

game theory, or the demonstration of the benefits of certain key tools (e.g. smart 

meters or a dynamic pricing system) to be expedient, but we urge a more general 

approach to managing smart grids. Together with several authors (e.g. Saad et al, 

2016; Gercek et al, 2019; Binder et al, 2019), we recommend more empirical 

knowledge and assessment of the behaviour of actors, especially non-business ones, 

and in the light of the results and the operation expected from smart grids (e.g. 

technology and IT) we consider appropriate education and dissemination important to 

a wide range of society. 
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Abstract  

 

The sheer amount of innovative technologies and systems and the external 

pressure on logistics service providers to implement these overwhelm many 

companies on the market. Having an effective business and being able to quantify the 

implementation costs, but not the benefits of innovations might let companies hesitate 

and thus potentially miss opportunities. This article presents a selection approach that 

supports companies in evaluating and selecting those digitization technologies that 

are best suited to reach their company-specific goals. Building on the individual 

company’s know-how, a multi-step process filters out unsuited technologies and 

matches suitable technologies with their best-suited process to be applied at. Finally, 

a list of technologies that are most beneficial for the company is derived to build the 

foundation of a digitization strategy. 

 

Key words: Innovation, innovation management, logistics, digitization 

 

 

1. INTRODUCTION 

 

Logistics have a pivotal role in economy and society, linking people and 

businesses to share work efficiently. Subsequently, innovations in logistics have the 

potential to improve supply and distribution of products, leading to lower costs or 

higher service levels and as a consequence to a higher level of both competitiveness 

(McGrath and Ming-Hone, 1996) and customer satisfaction (Khazanchi et al 2007). 

Vice-versa, the society does highly impact logistics, not the least by expecting that 

innovations are implemented in logistics. In a competitive and highly technologized 

economic environment, the pressure on logistics providers to adapt or even become a 
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first-mover is immense (see Alloca & Kessler 2006). Companies also have an intrinsic 

interest to be innovative, as more innovative companies perform better in a free market 

(Psomas et. al. 2018). 

At the same time, logistics service providers face three issues, which regularly 

hold them back from implementing innovations. First, the sheer amount of 

technological and digital solutions on the market and freshly entering the market is 

enormous, which directly results in a lack of overview for any logistics service 

provider (Choi & Song 2018). This is in particular an issue, as most logistics service 

providers are SMEs and thus regularly do not have a dedicated innovation 

management unit which is responsible for identifying and evaluation beneficial new 

technologies. Secondly, implementing any new technology or software does come 

with a financial and operational risk, in particular if the newly introduced technology 

is innovative and thus is not a well-established industry standard (Parviainen et al 

2017). Thirdly, innovations are often overhyped and their implementation does not 

result in the benefit hoped for (Nordgren et al 2019; Kaivo-Oja et al 2015). Driverless 

cars (Kolirin 2019) and flying taxis (Alvarez 2018), e.g., have been announced by 

government officials to be “in use soon” years ago, but are still in an early 

development phase and not anticipated to disseminate in large numbers within the 

next decade (Gessner 2020)    

This paper thus seeks to address an issue that logisticians around the world 

regularly face: Which digitization technologies should be implemented at which time? 

To address this issue, a stepwise management process is proposed that systematically 

derives those innovations that seem to be most promising for a specific company. 

Following two initial steps, which are generic and not specific for the company, six 

main steps will be taken to filter out a small number of high potential innovations that 

might be best to apply for the company under review. In a post-process step, the 

company will then be able to internally assess the specific details of these proposed 

innovations. 

 

 

2. INITIALISATION – IDENTIFYING RELEVANT TRENDS FOR 

LOGISTICS  
 

Logistics is connecting businesses and end customers globally and thus are 

influenced by all parties within the network they serve (Davis et al 2006). On one 

hand, global, national, regional or local economic trends are relevant to logistics 

service providers, as they might either directly change their business model or 

indirectly influence them by a changed behaviour of either the end customers or the 

businesses they link (Wallenburg 2009). On the other hand, any societal trend might 

influence their own human resources, that of businesses they link or the customers 

preferences in a way that is capable of severely influencing their entire business model 

as well (L’Hostis et al 2019; Donaghy et al 2004). Finally, technological trends might 

open up new opportunities for LSPs or threaten their current business, as customers 

(both businesses and end customers) might expect the implementation of an 

innovation from the company (Rohrbeck & Gemünden 2011). 
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The global COVID 19 pandemic has impressively proven that logistics is highly 

dependent on trends in all these three dimensions. A changed global economy has led 

to a sharp decrease in demand for some goods, while other goods, such as health 

equipment, were highly sought after. A logistics provider that only and solely serves 

an industry that is heavily affected by anti-pandemic restrictions (such as, for 

example, fast food restaurants) would have been forced to adapt to the new economic 

situation and penetrate one or more other markets (Loske 2019). At the same time, 

COVID containment strategies like lockdowns forced millions of people around the 

world to stay at home. This societal change massively impacted the logistical needs, 

as suddenly home delivery became much more relevant for all kinds of goods, from 

food to consumer goods (Unnikrishnan & Figliozzi 2020). Lastly, the pandemic led 

to a drastically wider accepted use of videoconferencing tools, making it mandatory 

for companies, including logistics companies, to adapt to a new business meeting 

culture (Kshetri 2020). 

Thus, all three trend dimensions will be considered in the following. Trends in 

economy, society and technology were derived from existing trend studies, namely: 

● Trends and Strategies in Logistics and Supply Chain Management 

(Kersten et al. 2017), published by BVL International 

● Technologieradar.de, an internet portal of BVL.digital (BVL.digital 

GmbH 2020) 

● Megatrends of the German ’Zukunftsinstituts‘ (Horx 2020) 

● Logistics Trend Radar, published by DHL Customer Solutions & 

Innovation (DHL Customer Solutions & Innovation 2019). 

 

Finally, all trends were categorized into the three dimensions, see table 1 below. 

 
Table 6. Dimensions and collection of relevant trends 

Economic Trends Societal Trends Technological Trends 

Cost Pressure Demographic Change Automation 

Complexity Urbanisation Internet of Things 

Centralisation Multi Mobility Big Data 

Decentralisation Digital Life Human-Machine Interaction 

Logistics Marketplaces Awareness  

Uncertainty   

Servitisation   

 

The resulting collection and categorisation of trends shows extensive and 

partially conflicting complexes. They define the environment in which LSPs compete 

for business. An accurate assessment of the trends, the necessary technology to 

operate accordingly and a timely engagement with the topics pose a challenging task 

to the companies. For example, the most important economic trend of increasing cost 

pressure dictates much of the management’s decision making. Especially in logistics, 

the extremely slim margin of operations demands a constant improvement of the 

process costs (e.g., costs per pick). At the same time, societal trends like increasing 

awareness expect the supply chain to live up to high standards regarding sustainability 

and health of customers just like employees and suppliers. High process transparency 
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is necessary to prove these factors an aware society wishes for from LSPs. At the same 

time, technological trends allow for great improvement in processes. While this seems 

to be a facilitation for companies, the application of the latest technology is often 

expected by their customers, as stated above. Modern solutions are therefore 

potentially less of an advantage over the competition, but a necessity to staying in 

business. An example for this is the technological trend of Big Data, including the 

collection of massive amounts of information, but also the correct analysis of these 

incomprehensively large databases. If a company does not concern itself with these 

abstract trends and resulting decisions for technological modifications, a competing 

company can and will therefore offer a more effective or more efficient service. 

The multidimensional landscape of trends influences every aspect of an LSP’s 

decision making. A lacking focus on the latest trends and therefore missed 

opportunities to improve their service can have drastic results. An initial and simple 

narrowing down of the needed technologic process improvement through the filtering 

process proposed in this paper can avoid these outcomes. 

 

 

3. NARROWING THE SCOPE DOWN: A SIX-STEP FILTER PROCESS 
 

3.1. Overview 

 

The aim of the designed methodology is the evaluation of digitization and 

automation technologies and the selection of the most appropriate and promising 

technologies for a logistics service provider.1 To derive such an assessment, a multi-

step process was designed. Every single step is meant to address a specific question 

that is relevant for the final assessment. The general approach is that of a “funnel”, 

which initially identifies all supply chain processes and technologies, but also a 

number of assessment criteria. Step by step, processes, technologies and criteria will 

be discarded. In the end, only highly relevant technologies and processes will be 

analysed in further depth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 This methodology has been applied to a concrete logistics service provider in a specific industry 
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Figure 10. The proposed evaluation and selection process 

 
 

Figure 1 shows the steps of the evaluation and selection process. The 

methodology starts with the definition of the criteria that are used for the evaluation 

(step 1). To incorporate the different importance of the criteria, they will be weighted 

(step 2). In step 3 the previously identified technologies will be evaluated and selected, 

so that in later steps only a certain number of relevant technologies will be used. A 

similar approach is used to select those logistics processes that the method will be 

focused on in later stages (step 4). In step 5, the remaining technologies and processes 

are linked to each other, and those combinations of technologies and processes that 

seem to be most promising are selected. These combinations are referred to as ‘focus 

intersections’. The final step in the proposed methodology is the detailed analysis and 

evaluation of the focus intersections. With the analyses carried out in the final step, 

the methodology leads to recommendations regarding the potential of specific 

technologies for specific logistics processes. The steps of the procedure will be 

described in detail in the following section. 

 

3.2. The Six Steps Of The Selection Method 

 

3.2.1 Step 1: Definition Of The Evaluation Criteria 

 

In the first step of the introduced method, criteria for the evaluation of 

automation or digitization technology are identified. The LSP gathers those factors 

that correspond with business objectives of the company. This results in a list of 

beneficial outcomes, achievable by the potential application of technological 

innovation. It includes traditional objectives, like cost reduction or increase in 

flexibility, but also more complex or trending factors, like ecological sustainability or 

public relations. The company’s representatives suggest criteria as well, if in their 

opinion important objectives of their business are missing from the proposed list. 

The resulting collection of company objectives is necessary to cover its real 

innovation needs; it constitutes the basis, from which the process of the funnel is 

started. 
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3.2.2 Step 1: Weighting Of The Evaluation Criteria 

 

In the second step of the evaluation and selection process, the criteria identified 

by the LSP are weighted to achieve a quantitative prioritisation of the list. 

By using the method of pairwise comparison, this weighting is generated in an 

easy to conduct assessment, in which only two of the criteria are to be compared at a 

time. This list is processed by comparing all criteria in pairs, in which either the first 

or second criteria is rated more important, or both are deemed equally important. To 

achieve a wholesome prioritisation, as many (qualified) individuals as possible are to 

complete the pairwise comparison of criteria without communicating their assessment 

with each other. A possible bias of persons or parties can be avoided in this way, since 

the resulting weighted lists of the representatives are aggregated and form a final 

evaluation of the collected criteria in step 1. In general, all criteria identified in step 1 

and weighted in step 2 could be used for the following evaluation process. However, 

to achieve a reduction in both the extent and the complexity of the succeeding process, 

it seemed to be both practical and beneficial to focus on the most important criteria. 

Thus, the n criteria deemed most important in the pairwise comparisons are selected 

as a basis for the further steps. Ideally, the n most important criteria on the top of the 

aggregated list are identified as the result of step 2 and form the basis on which both 

relevant technologies and relevant logistics processes are rated. In the concrete 

application, carried out by the authors, it was agreed upon that only the top three 

criteria would be used for the succeeding evaluation process, although the original list 

contained more than 15 criteria. 

Ideally, the n most important criteria on the top of the aggregated list are 

identified as the result of step 2 and form the basis on which both relevant technologies 

and relevant logistics processes are rated. In the concrete application, carried out by 

the authors, it was agreed upon that for practical reasons only the top three criteria 

would be used for the succeeding evaluation process, although the original list 

contained more than 15 criteria. 

 

3.2.3 Step 3: Evaluation And Selection Of Relevant Technologies 

 

Step 3 of the discussed method combines the derived criteria of steps 1 and 2 of 

the procedure with the technologies identified in recent literature, as derived in chapter 

2. These trends of digitization and automation are rated regarding their potential in 

the before defined criteria. This evaluation is conducted via a simple point rating: a 

given score of 0 signifies no potential of this technology in the respective criterion. 

For example, the individual identifies drone technology as having no potential impact 

on ecological sustainability, therefore rates it with a score of zero. The other extreme 

of the spectrum is a score of 5, which represents a very high potential of the 

technology in the respective criterion. For example, an individual sees great potential 

for Operations Research in the criterion cost efficiency, and therefore evaluates this 

intersection with a score of 5. All identified technologies are evaluated in all n criteria 

selected and weighted in steps 1 and 2. 
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In the concrete application it became clear that a general evaluation of the 

technologies was difficult, since some of the technologies seemed to have 

implications in the long run, but not in the near future. Therefore, it seems to be 

appropriate to incorporate a time component. The evaluation of all identified 

technologies in n criteria is carried out with a focus onto the short-term potential and 

a second time with a focus onto the medium- to long-term potential. This ensures a 

differentiated evaluation of two different timeframes and therefore potentials. When 

the authors applied the proposed methodology, the evaluation was carried out by both 

all representatives of the LSP and the researchers. The scientific background of the 

researchers and – if external party – unbiased view of the technologies regarding 

company culture and policy adds an important point of view to the rating of the 

technologies. 

When all technologies are rated by all individuals by n criteria over both time 

horizons, the arithmetic mean is calculated for each data point. This results in a list in 

which all technologies are evaluated by internal and external individuals, regarding 

criteria and timeframes, showing those with the highest collective scores (closest to 

5). The n focus technologies are selected by highest rating, focusing only onto the 

promising technologies that contribute most to the defined criteria. They will be 

further examined in the next steps. 

 

3.2.4 Step 4: Evaluation And Selection Of Relevant Processes 

 

The following fourth step concerns the logistics processes of the LSP and the 

potential to digitalise and automize them. Since a key feature of logistics is process 

orientation, a focus on those logistical processes is vital for evaluating of the potential 

of new technologies. All of the company’s processes which are to be analysed are 

listed by its representatives. A flow chart is recommended to ensure complete 

coverage of the company’s process landscape. (If the LSP has a business process 

management in place, this management system might provide all relevant logistics 

processes.) The evaluation of the listed processes is carried out by means of point 

evaluation, again a score of zero signifies an assessment of no potential at all, while a 

score of five is the highest potential a process could possess in either automation or 

digitization. For practical reasons, the processes were evaluated separately according 

to the potential of digitalisation and automation technologies. 

During the first application, it was discussed that a general assessment was not 

detailed enough for decision-making. Therefore, the assessment was repeated for 

three points in time, respectively time horizons: the current status and both the 

expected short-term and medium- to long-term potential. Often, processes have a high 

contrast of evaluation scores between the status quo and the assessed potential, either 

in favour of one or the other. As a result, each process is assessed with a score from 

zero to five six times: three times for automation and three times for digitization. As 

in step 3, all involved parties and persons evaluate the processes individually. For an 

external executing scientific party to do so, the company and its processes needs to be 

closely examined beforehand, this is supported by the company’s representatives. 

Again, the arithmetic mean of the individual assessments is formed, a collective 
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evaluation of the company’s processes regarding its status quo and potential for 

innovation in digitization and automation is achieved. 

The logistics processes harbouring the highest potential are again selected to be 

the core processes which will be considered in the further steps. An addition of 

specific processes that did not score high enough is possible. 

  

3.2.5 Step 5: Derivation And Selection Of Focus Intersections Technologies 

/Processes 

 

As a result of the selection processes in steps 3 and 4, company-specific 

intersections of technologies and processes are formed and analysed. A matrix is 

drawn up, consisting of the selection of the best rated items in both evaluations. The 

number of combinations might still be too large for a detailed examination of all 

intersections. Therefore, the matrix is used to identify those technology-process 

combinations which promise the highest application potential. For this purpose, all 

combinations are evaluated as to whether they promise a potential use by the 

executing party. A distinction is made between short- and medium- to long-term 

application potential. Visually, this can be depicted by dividing the cells of the matrix 

diagonally, assessing the short-term potential of the intersection in the top left of the 

cell and the medium- to long-term potential in the bottom right of it. Since the 

assessment of the intersections is limited to the dichotomous decision whether 

potential can be attested, scores of zero (no potential) and one (potential) are given to 

each cell twice, once for short- and once for medium- to long-term timeframe. Finally, 

those focus intersections are chosen from the combinations of technology and process, 

which show potential in either one or both of the timeframes. 

These focus intersections are the result of the funnel approach, representing the 

combination of the most valued technology, according to company specific criteria, 

and processes with the most potential for application of innovative technology. 

 

3.2.6. Step 6: Analysis Of The Focus Intersections 

 

In the final step of the selection method, these focus intersections are analysed 

in depth. The application potential of this specific combination can be analysed by the 

use of scientific journals and literature. The strengths and weaknesses as well as 

opportunities and risks of the respective application are outlined in a SWOT analysis. 

Furthermore, the potential savings, but also the additional expenditure for the use of 

the technology are presented. (In the real-world implementation, the estimation of 

savings and expenditure was conducted in a qualitative form only. A detailed 

quantitative estimation depends in particular on the respective supplier of a 

technology and the extent of implementation; it must be conducted additionally to the 

selection method in each individual case, see section 4. Often, suppliers of 

technologies do not provide cost values without a detailed analysis of the situation at 

the LSP.) The analysis is followed by an evaluation of the technology application for 

the selected processes based on the evaluation criteria defined in Step 2. Finally, the 

applicability for the company is discussed among representatives of the company and 

the executing party. 
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4. POST-PROCESS: INTERNAL CASE STUDIES 
 

The result of the six-step process designed and presented in chapter 3 is not 

meant as an implementation strategy for future innovations. Instead, it is a shortlist of 

unweighted and unsorted, but highly relevant innovations for an LSP, which might be 

beneficial to implement. In particular, the presented process does not involve an in-

depth cost calculation or any consideration regarding the applicability of these 

innovations within the reviewed company. 

Thus, an LSP, in a post-process step, has to do an internal in-depth case study 

for each and every of the shortlisted innovations. Only in such an inhouse case study, 

factors like factory specifics, staff key data or cost enquiries can be covered in 

sufficient detail to make a final management decision whether a certain innovation 

should be implemented or not. 

 

 

5. CONCLUSION 
 

5.1. Limits To The Approach 

 

In each step, the LSP and its staff are surveyed to find processes, technologies 

or criteria that may be discarded. Thus, by design, the iterative process requires a 

steady and timely exchange between those consulting (internal or external), who apply 

the method, and the experts within the company. To achieve these desired results, 

there must be expert knowledge of current trends in the executing party, be it external 

or internal personnel. 

As some of the steps rely on subjective inputs from the surveyed staff, the results 

will only be as representative for the LSP as a whole, as the surveyed staff is. If only 

a small number of employees are surveyed in each step, and potentially always the 

same staff members, there is a significant risk that the results will be skewed by the 

subjective opinion of these staff members. 

To minimize such subjectively skewed output, it is recommended to involve as 

many members of the staff as applicable, ideally from different departments, so that 

various perspectives can be included. Additionally, the representatives of the 

company must be able to rate and describe the LSP’s process landscape as close to 

reality as possible, the accuracy of this approach heavily depends on this assessment. 

In a past conduction of the method, in which these guidelines were applied, the 

authors were able to give definite recommendations to the initiating company. 

 

5.2. Conclusion 
 

LSPs are confronted with a constantly volatile business environment. Their 

processes are defined by multiple trends in economy, society and technology. Many 

of these companies have no own R&D department – while concentrating on 

operational “day to day” activities, shifts in relevant technology are often ignored, as 

a 2019 field study showed: Of a list of digitization technologies, only cloud 

computing, robots and automation, and big data analytics were used in regular 
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operations by more than one third of the participating companies; all other 

technologies were used by less than 18 % (Huth, Knauer & Ruf 2019). Accordingly, 

these companies are less likely to be able to compete with other businesses, which 

apply modern technology and reap the related benefits. They never become “first 

movers” by barely adopting technology which has already become the standard of the 

industry. 

When the steps of the method presented above are followed as described, a 

company can assess the needed technological improvements quickly and reliably, 

excluding underdeveloped innovations while focussing on modern solutions. The 

fitting automation and digitization trends are collected and matched with the LSP’s 

processes which can benefit most from them. The method distinguishes between the 

short- and medium- to long-term horizon and uses the criteria most relevant to the 

company. The method therefore includes the company’s complex details and 

individual circumstances. Resulting focus intersections of technologies and processes 

are analysed closely and recommendations regarding specific implementations can be 

given. It is, however, not capable of conclusively demonstrating the benefit that the 

technology – if deployed – will bring. Quantitative calculations must follow the 

application of the method, to support or decline the proposed technological reform. 

Nevertheless, the method at hand can filter out all technologies and criteria not 

relevant to the LSP and be a first step towards the implementation of innovative 

automation or digitization technology. 

The importance of technological progress in logistics is bound to further rise in 

the future. Logistical service providers cannot ignore improvements in the field and 

stay competitive. While the current trends of the industry rapidly become the standard 

or remain theoretical, new trends will emerge, building on the successful innovations 

of the past. The most important challenge to the LSP will always be the appropriate 

assessment of these novelties. Any possibilities to distinguish between faulty, 

buzzword driven theories and real innovation, changing entire processes for the better, 

will only become more valuable. Exhilarating research and therefore findings expose 

the necessity to assess potential of technologies quickly and cheaply. The presented 

method, filtering trends according to individual companies, therefore will remain 

relevant and helpful. 

 

5.3. Outlook 
 

The proposed innovation assessment and selection process is quickly applicable, 

requires limited resources and training and provides a first insight into possibly 

relevant – and irrelevant – innovations for a specific LSP. Likewise, the method itself 

is rather simple and thus might be improved or extended in future. In particular, a 

cost-benefit analysis might be integrated in the process, based on estimated figures. 

Similarly, expert estimations regarding the availability of certain innovations and their 

cost development in future might be integrated in the process early on to allow a 

prioritization or even a timeline of future innovations to implement, rather than just a 

shortlist, as it currently does. 
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Abstract 

 

Constantly changing business conditions force companies to apply ever more 

intelligent solutions aimed at optimizing logistics processes and improving efficiency. 

In the era of globalization of supply chains, focus on digitalization, automation of 

logistic processes, solutions combining optimization activities with activities 

influencing the profitability of their implementation play an increasingly important 

role. The sharing economy in supply chains is as important an initiative as the 

application of IoT in transport processes or the application of the physical internet.  

In this paper, the authors focused on conducting a review of available modern 

and intelligent solutions that not only optimize logistics processes but also improve 

the competitive position of enterprises in supply chains. The review was conducted 

both in the research aspect, by verifying knowledge on the subject in the scientific 

literature available on the Web of Science and Scopus databases (based on 

sciencedirect.com), but also in the practical aspect, by analyzing trends in the use of 

particular solutions in business practice. 

The analyses will be complemented by expert verification of the degree of 

importance of individual intelligent solutions in business practice. The research 

carried out in this area is the result of cooperation between Poznan School of Logistics 

and Lukasiewicz Research Network - Institute of Logistics and Warehousing. The 

research was conducted in the first half of 2021 among Polish logistic companies. 

 

Key words: innovation in logistics, supply chain efficiency, supply chain 

digitalization 
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1. INTRODUCTION 

 

Megatrends are global, long-term changes that affect business, the economy, and 

culture at both societal and individual levels. They are multi-component in nature and 

their characteristic is that they do not change direction easily.  Among the biggest 

megatrends having an indirect but significant impact on the changing business 

environment are the rapidly growing world population and the increasingly important 

and large middle classes in China and India. As a consequence of this phenomenon 

and the changing geopolitical configuration, the focus of the global economy is 

shifting eastward. Globalization, fragmentation of production and accelerating 

technology development are other factors that have a strong impact on business. These 

megatrends are compounded by the global problem of climate change and the 

resulting increase in the urban population. The megatrends described above affect the 

development trends of many industries, including logistics. 

Megatrends are indirect causes of trends or directions of development of various 

social and economic areas. They have a recognizable path of development usually can 

be verified by quantitative data. Current trends are the result of historical dependence 

on the development path, which we believe will continue in the future. From the 

megatrends described above, there are a number of implications for logistics that take 

the form of trends. The main objective of the research work was to compare whether 

all of the analysed intelligent solutions are analysed with similar intensity in terms of 

science and business practice. According to the authors, only the synergy of these two 

environments gives a chance for further development of logistics using intelligent 

solutions. Only a few of them are listed below. 

The rise of the middle class in emerging markets means increased exports and 

larger flows of goods to countries like China and India. Aging populations in western 

countries will increase the importance of automation and robotics in logistics. 

Shrinking resources will cause industry to relocate due to access to resources and thus 

create a demand for new logistics strategies. Climate change is already influencing 

environmentally friendly behavior, such as the increased use of electric vehicles, the 

growing importance of ecological solutions in warehouse construction and 

intralogistics, or the increasing popularity of business models based on sharing. 

Fragmentation and globalization of production favors the introduction of 

solutions based on the concept of the "Physical Internet". The shift in the focus of the 

global economy to the East increases the importance of competing on quality of 

service. The growing urban population in turn generates demand for optimized 

logistics solutions related to the mobility of goods and people within cities. 

In addition to the megatrends described above and the resulting trends in the 

development of global supply chains and intelligent solutions in logistics, we are also 

dealing with so-called "change drivers" that can affect changes in individual 

organizations, industries or the entire economy. A classic and very current example 

of such a change driver is the pandemic caused by the Covid-19 virus. Another change 

driver is the synergy effect achieved through mutually driving development of such 

technology areas as artificial intelligence, machine learning, robotics, 

nanotechnology, 3D printing or sensory systems. Together, these dynamically 
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developing technologies mean that we can more and more boldly speak of the fourth 

industrial revolution taking place before our eyes under the banner of Industry 4.0.  

Companies must respond by introducing increasingly intelligent solutions to 

optimize logistics processes and improve their competitive position in supply chains. 

In the context of the above mentioned megatrends, trends and "change drivers" 

(Change Drivers, 2016) an analysis of the emerging trends related to the application 

of intelligent solutions in logistics will be presented. The analysis is based firstly on 

the academic literature and secondly on a review of commercially available studies 

considered to be authoritative sources of information, such as DHL Trend Radar, 

PWC Trend Book and studies by the Word Economic Forum and OECD. 

 

 

2. RESEARCH METHODOLOGY 
 

The methodology provided for conducting parallel literature research and 

business practice research. The research was carried out both as part of the research 

work of the Institute of Logistics and Warehousing, as well as research work carried 

out as part of the statutory activity of the Poznan School of Logistics, carried out in 

2020-2021.Figure 1 shows the methodology of the research work carried out. 

 

Figure 1. Process of conducted research works 

Defining the research problem

Analysis of economic trends in the use 
of intelligent solutions in logistics

Literature analysis on intelligent supply 
chain solutions

Identification of the most frequently used 
intelligent solutions in logistics

Analysis of the importance of the identified 
intelligent solutions in business practice

Analysis of the importance of trends and business 
practice needs in the use of intelligent solutions

 
Source: own study 
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Due to the issues discussed, two theoretical scopes related to: 

 a literature review on the use of innovations in logistics, indicating the 

popularity of particular solutions, in terms of the number of scientific 

publications on the subject, 

 analysis of secondary sources, in the form of reports prepared by 

leading research institutes and logistics companies. 

This division of research methods was used to compare whether all of the 

reviewed intelligent solutions are analysed with similar intensity in terms of science 

and business practice. While in scientific terms the number of publications on a given 

topic in leading scientific databases is a sufficient indicator for verification, in the case 

of business practice analysis a quantitative and qualitative analysis of the degree of 

use of the solutions in question was necessary.  

The theoretical research was supported by the identification of the needs of 

business practice, which was carried out as part of the research work of Lukasiewicz 

Research Network - Institute of Logistics and Warehousing. The structure of this 

chapter corresponds to the logic of research work, consistent with the developed 

methodology. 

 

 

3. RESEARCH OF INTELLIGENT SOLUTIONS IN SCIENTIFIC 

LITERATURE 

 

Market globalization is causing a concentration of business activity on the level 

of customer service, which has become a key factor affecting the competitiveness of 

companies. Customer service is seen as the ability or capacity to satisfy customer 

requirements and expectations, mainly regarding the time and place of ordered 

supplies, using all available forms of logistics activity, including transportation, 

warehousing, inventory management, information and packaging (Leuschner, 

Charvet, Rogers, 2013). Lead time forces continuous improvement of material flow 

through the entire logistics supply chain. For this reason, concepts for logistical target 

customer service are continuously sought and improved. When analyzing customer 

requirements for the execution of logistics processes in dynamically changing supply 

chains, it can be observed, a constant search for both conceptual and technological 

solutions to improve supply chain efficiency (Osmolski et al. 2019; Witkowski, 2017). 

Therefore, the application of new technologies and innovations mainly in logistics 

processes has a key role in gaining competitive advantage in the market. 

The application of intelligent solutions in logistics is widely discussed in the 

scientific literature. The number of publications on specific intelligent solutions is 

practically impossible to present in a literature review. However, it is worth noting the 

basic scopes of analyses conducted in this area: 

 publications cover both strictly theoretical aspects in the form of literature 

reviews (Domanski, Adamczak, Cyplik, 2018; Mangiaracina, 2019; 

Custodio, Machado, 2020; Batarlienė, Meleniakas, 2021; Nilsson, 

Göransson, 2021), conceptual process modeling (Cyplik et al, 2019; 
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Taniguchi, Thompson, Qureshi, 2020; Dedík, Čechovič, Gašparík, 2020; 

Machado, et al, 2021), simulation capabilities of their potential application 

(Natalicchio, Petruzzelli, Garavelli, 2017; Brendel et al, 2018; Klavsuts, 

2020), as well as analysis of practical application in various business 

industries (Ulrich, 2011; Slabinac, 2015; Kostrzewski, Kosacka-Olejnik, 

Werner-Lewandowska, 2019; Szczepaniak, Trojanowska, 2019; Stachowiak 

et al, 2019; Nechaev, Schupletsov, 2021), 

 the substantive scope of the publications deals with the specificities of 

transportation (Sliwczynski, Hajdul, Golinska, 2012; Balm et al, 2014; 

Schodl et al, 2018; Pietrzak, Pietrzak, Montwiłł, 2021), production (Araújo 

et al, 2018; Trojanowska et al, 2019), storage (Gamberini et al, 2008; Guérin 

et al, 2016; Żuchowski, 2016; Limeira et al, 2019), supply chain (Dujak, 

Sajter, 2019; Shen et al, 2021), but also city logistics (Quak et al, 2012; 

Mazzarino, Rubini, 2019; Dalla Chiara, Musso, Ottomanelli, 2019; 

Sliwczynksi, 2020), 

 in another perspective, the conducted analyses of the application of 

intelligent solutions concern the scope of information systems (Kadłubek, 

2015; Domanski, Filipiak 2019), digitalization (Pan, 2021; Luo, Tian, Kong, 

2021), but also ecological aspects (Golinska-Dawson, 2020; Werner-

Lewandowska, Golinska-Dawson, 2021). 

The number of solutions offered in business practice does not allow for a 

comprehensive analysis of scientific publications in every field. In this paper it has 

been decided to concentrate the analysis on intelligent solutions that, from the 

business point of view, are ready for practical use . Taking into account the results of 

business practice research, further literature analysis was focused on intelligent 

solutions with a high degree of functional development and application in business: 

 Blockchain DLT solutions, 

 Inteligent Transport Systems (ITS) – PWC 14, 

 Robotic Processes Automation (RPA), 

 IoT, 

 Big Data Analitics, 

 Cloud &API’s. 

The research conducted in the remainder of the paper was aimed at quantitatively 

verifying the degree of interest in each of these solutions from the scientific 

community. In the literature verification, Web of Science and Scopus databases were 

used, based on the sciencedirect.com portal. The selection of publications qualified 

for the compilation included the assumption of application of a given solution in 

logistics. Table 1 presents the quantitative interest in particular innovations in 

logistics, in terms of the last 5 years. It is worth mentioning that the verification of the 

number of publications on a given innovative solution takes into account only the first 

half of 2021 - the result for 2021 will undoubtedly change. 
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Table 1. Literature analysis on the application of intelligent solutions in logistics 

(June 2021) 

Innovative solution 2017 2018 2019 2020 2021 

Blockchain in logistics 13 76 229 422 451 

Intelligent Transport Systems (ITS)  3358 3582 4266 5197 3925 

Robotic Processes Automation  2327 2751 3221 4130 2601 

IoT in logistics 232 377 656 881 675 

Big Data Analytics  1639 1892 2476 2845 2218 

Cloud &API’s  1266 1387 1562 1887 1308 
Source: own research 

 

The number of scientific publications in the field of particular intelligent 

solutions is increasing every year. The greatest growth trend is generated by scientific 

publications on the application of blockchain in logistics. The thematic scope of 

blockchain application in the scientific literature on logistics is very wide. It includes, 

among others, port logistics (Ahmad et al, 2021; Wang et al, 2021), city logistics 

(Hribernik et al, 2020; Mora et al, 2021) or aspects of information systems integration 

and digitalization (Harish et. al, 2021; Li et al, 2020; Issaoui et al, 2019). 

Analyzing the popularity of scientific publications of other intelligent solutions, 

it should be stated both very extensive literature in this area, indicating a growing 

trend, however, not as dynamic as in the case of Blockchain. This is due to the fact 

that the other areas have been known in the environment for a long time, and the tests 

of practical solutions are well advanced, which gives the prospects for full 

implementation in business practice in a relatively short time. This is also confirmed 

by the fact that in the last 5 years there have been (at least) 57850 scientific 

publications on the subject of intelligent solutions in logistics, presenting both the 

concept of using these solutions, as well as tests of their practical application in 

various sectors of business activity. 

 

 

4. ANALYSIS OF TRENDS IN THE APPLICATION OF INTELLIGENT 

SOLUTIONS IN BUSINESS PRACTICE 

 

Analysis of trends in the application of intelligent solutions in business practice 

depending on maturity of these solutions. The subject of the description will be 

developed innovations which according to trend analysis will be the fastest developing 

ones in the next five years like: Intelligent Transport Systems, Internet of Things, 

predictive maintenance, blockchain solutions, Robotic Process Automation, Cloud 

and API’s and big data solutions. In case each of this intelligent solutions it’s 

description will encompass innovation definition, possible applications in logistics, 

examples of successful applications and finally key success factors of 

implementations. 
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4.1. Intelligent Transport Systems 

 

Intelligent Transport Systems (ITS) are defined as systems and technologies 

integrating different elements of transport infrastructure, vehicles and software to 

improve safety and efficiency of transportation networks (PWC, 2019). 

Talking about the most common applications of ITS are traffic management 

systems functioning in different geographically restricted environments like centers 

of the cities but also for example in see ports. Advantage of these systems is increase 

of traffic efficiency better visibility of shared information 

Another example of ITS application are tools collection systems. Significant 

savings are possible through automation of tools collection. Third application of ITS 

are freight management systems - solutions allowing to control and optimize 

efficiency and real time situation of company’s fleet. All these above mentioned 

applications of ITS are possible thanks to the usage of big data analytics of traffic. 

Another large group of ITS applications are solutions devoted to improvement of 

mobility of people like public transportation systems and parking slots management 

solutions. 

One of the most advanced cities in implementation of ITS solutions is Barcelona. 

Famous La Ramblas is equipped with traffic management system with function of car 

plates recognition. Solution allow to monitor traffic of cars in these very congested 

place. 

Smartport – the intelligent control systems used by the Hamburg Port Authority 

rely on interaction between sensor technology and analysis, forecasting and informa-

tion systems delivers huge efficiency improvements in the port area (HPA, 2020). 

City of Lyon is developing data warehouse to enable creation of practical 

mobility services resulting in increase of intermodality, preventing of traffic 

congestion and better road sharing (MCT, 2020). 

Key success factors in further development of ITS applications are the 

introduction of cooperative, connected, and automated mobility (CCAM) 

programs and the establishment of an Intelligent Transportation System infrastructure 

which involves the integration of various heterogeneous devices that are likely to 

create compatibility issues quite often. The synchronization of these heterogeneous 

devices needs standardization and the lack of a standard ITS infrastructure is also an 

issue (MRR, 2020). 

 

4.2 Internet of Things 

 

Internet of Things (IoT) is described as the networked connection of physical 

objects. Recently the definition of IoT is often expanded to the Internet of Everything 

(IoE). IoE includes different variations of connected objects: machine-to-machine 

(M2M); machine-to-person (M2P); or person-to-person (P2P). Internet of Everything 

is the name of technological trend which added links between people, process, and 

data.  

In the world of logistic applications of IoT there is enormous number of  

solutions based on IoT. Advantages of this technology can be found across whole 

value chain and are defined as increase of operational efficiency, safety and security, 
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better customer experience, and are ask the source of new business models. 

Innovations based on interconnected objects are present in warehousing operations, 

freight transportation, and last-mile delivery. IoT allows real time monitoring of flow 

of people and objects. Such functionality leads to automation business processes and 

improvement of their quality and efficiency. 

One of the most promising application of the Internet of Things is predictive or 

even prescriptive maintenance. Traditional maintenance is reactive and responding to 

failures in equipment or devices after the fact. Predictive maintenance allows to carry 

out continuous maintenance. Intelligent software working together with 

interconnected devices (but also embedded sensors, controllers enable, business logic, 

algorithms and Big Data analytics) enable fast diagnosis and proactive maintenance. 

Predictive analytics discovers potential future failures. The most advanced approach 

is prescriptive maintenance which taking into account knowledge of is going to 

happen and adjust according to that maintenance strategy. Applications of predictive 

maintenance can be divided into two main groups – diagnosis of events before they 

happen and dynamic case management for predictive or prescriptive maintenance. 

Both groups create the chance for disruptive innovations both in manufacturing and 

aftermarket services (Khoshafian & Rostetter, 2015). 

Good practices of applying IoT in logistics include such fields as traffic and fleet 

management (for example Seul City Transportation Information Center), connected 

production floor (ABB, Bosch, GE and Rockwell Automation), equipment and 

employee monitoring (for example Dundee Precious Metals – DPM), smart 

warehousing operations (for example Swisslog SmartLIFT Technology), smart 

sensors in freight transportation (Agheera real-time tracking portal, DHL Resilence 

360), last mile delivery (Postybell Smart Mailbox, DHL Paketkasten) 

In IoT success factors are related to clear and standardized approach for the use 

of ‘tags’ on a global scale.  Another important factors are smooth interoperability for 

exchanging sensor information and creation of trust concerning data ownership (DHL, 

2015). The usage of the full potential of the Internet of Things relay also on change in 

business mindset what leads to new innovative business models. 

 

4.3 Robotic Processes Automation  

 

The definition of robots used for process automation in logistics is different from 

the dictionary one which defines a robot as “a machine capable of carrying out a 

complex series of actions automatically, especially one programmable by a computer” 

(Oxford, 2009). More accurate definition for a logistics robot was proposed in DHL 

report: “A robot with one or more grippers to pick up and move items within a logistics 

operation such as a warehouse, sorting center or last-mile” (DHL, 2016). High value 

of robots usage in logistics is connected with such their features as accurate and low-

cost perception, precise manipulation and collaboration, high mobility and 

computational power.  

According to the recent researches just 5% of current warehouses are automated. 

These automated warehouses are usually highly mechanized environments that still 

employ people in key functions however we can observe increasing warehousing 
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robotic processes automation which includes stationery and mobile piece picking 

robots and usage of robots in co-packaging and manipulation. 

Stationery piece picking robots save labor by reducing the time spent walking. 

Mobile piece picking robots are moving around warehouse picking items. Co-

packaging and customization includes automation of such activities like opening a 

box of products, taking out the items, doing something simple to them like putting on 

a sticker, and then packing the items back into the box. The key feature of such robot 

is flexibility of changing packing parameters. It is not easy to achieve so today still 

co-packing is done manually. 

Example of stationery piece picking robot is the one built by Kiva company and 

used in Amazon warehouses. Solution represents so-called goods-to-picker concept. 

Another one is Swisslog´s CarryPick mobile system allowing to save 50% of 

warehouse picking labor through the elimination of walking.  

Mobile piece picking robots are developed for example by IAM Robotics - small 

company based in the United. Robot is equipped with an arm on top and a camera 

system that can navigate an existing warehouse and pick items from shelves and place 

them into an order tote.  Baxter from Rethink Robotics is an example of co-packaging 

and customization robot designed to work safely around people. One key goal for 

Baxter’s design team was to create a robot that an average person could train just by 

grabbing one of the robot’s arms and leading it through a simple task.  In theory, 

Baxter should be perfect for co-packing since it was originally designed for end-of-

production-line packing applications (DHL, 2016).  

Success factors of robotic processes automation development in logistics are 

connected on the one hand with the development of such complementary technologies 

as low-cost sensors, kinematics solutions, powerful batteries and artificial intelligence 

and on the other hand with inevitable changes on labor marked which will lead to 

shortages in many industries. 

 

4.4 Blockchain  

 

Blockchain is defined as a “distributed ledger technology that can record 

transactions between parties in a secure and permanent way” (DHL, 2018). It is widely 

recognized by its original application in digital currencies and especially bitcoin. 

Thanks to the blockchain notion of trust in business has gain the new meaning. Third 

parties which usually were needed in order to verify transactions are no longer needed. 

One of the most important applications of blockchain technology in logistics is 

tracking of goods along the supply chain. Traceability of goods brings the whole set 

of advantages including increase of logistics processes efficiency as well as visibility 

and predictability of logistics operations. All these advantages can contribute to cost 

savings and elimination of errors in logistics processes. Application of blockchain in 

logistics gives opportunity to create new services and business models. 

There are several worth mentioning good practices describing use of blockchain 

in logistics. The first one is project TradeLens - cooperation of Maersk and IBM in 

delivery of global blockchain-based system used for tracking shipments. Visibility of 

shipments encompass such data like custom documents and bills of lading. Another 

good illustration of the use of blockchain technology in logistics is food tracking 
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project IBM Food Trust in Wal-Mart supply chains. Third example of blockchain 

application in logistics industry is application of smart contracts leading to improve 

of invoice accuracy. Test application of blockchain in operations between exporters 

and importers was developed by Bank of America Meryll Lynch, HSBC and the 

Infocomm Development Authority of Singapore. 

Key success factor for blockchain implementation is improvement of it 

scalability limited now by such factors as high latency, energy consumption and 

computing power requirements. Another this time not technological obstacle is 

gaining interest of industry because only vast interest of stakeholders can ensure 

success of blockchain implementation. This leads attention to another success factor 

– collaborative mindset of companies which depends on specific local culture. In case 

of above mentioned Trade Lens project it seems to work properly. At the end of 2020 

it’s ecosystem included 175 organizations (more than 600 ports and terminals) and 

the total numbers   exceeded 1,6 billion transport records, 14 millions of documents 

and 34 million of TEU. In IBM Food Trust project Walmart and IBM built till the end 

of 2020 ecosystem of 280 members. (Lacity & Van Hoek, 2021). 

 

4.5 Data processing in logistics - Big Data analytics, Cloud and API’s 

 

Huge quantity of available data created another important trend in different 

businesses named big data analytics. The term describes examination of large amounts 

of data in order to find hidden patterns, correlations and other insights. Present 

technology makes it possible to analyze data very efficient and get answers almost 

immediately. Typical advantages resulting from application of big data analytics are 

costs savings, faster and better decision making and possibility to create new products 

and services. 

In logistics there is a lot of potential applications of the big data analytics. 

Stakeholders of the logistic market work with vast data volumes consisting 

information about shipments, origin destination, content and location across supply 

chains. Applications of big data analytics can be related to for example precise 

forecasting of market demand, radical customization of services, and creation of 

entirely new business models. Among concrete fields of the use of big data are last 

mile optimization, predictive network and capacity planning and supply chain risk 

management (DHL, 2014). One of the concrete examples of big data use in logistics 

is aggregation and analytics of big data in Amazon in automation of warehouses and 

the supply chain, UPS optimizing last mile delivery processes, DHL Smart Truck 

using data from sensors to enhance possibilities of route planning or TIBA from Spain 

using data from sensors to monitor temperature of transported goods (Datumize, 

2020). Among success factors of big data analytics implementations the most 

important one is the quality of data, overcoming of privacy issues and use of 

appropriate technology. 

Another important trend in the area of data processing in logistics is usage of the 

cloud based services and so called application programming interfaces (APIs). 

Application programming interfaces (APIs) are software protocols allowing 

applications to communicate and exchange information. Centralized cloud-based 

platforms are the basis for the future supply chain management solutions. Good 
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designed APIs are key element for providing shipment tracking, full landed cost 

calculations, rate sourcing, and other logistics services anywhere on the web and via 

mobile apps (DHL, 2020). According to 5th edition of DHL Logistic Trend Radar 

application of cloud these solutions can be found in modular cloud logistic platform 

integrated via API’s with existing data infrastructure and systems (for example – 

digital freight network Convoy helps shippers with real time pricing technology). 

Another application is cloud-enabled management dashboard developed by DHL 

together with Microsoft;’s Azure IoT cloud service and Blue Yonder digital 

fulfillment platform. Success factors for cloud and APIs solutions implementations 

are   interoperability of existing legacy systems with new platforms, mitigation of 

supply chain risk given economic and trade uncertainty, guaranteeing security of 

platforms with the use of external clouds. 

In this paper authors focused only on innovations which, according to different 

research and speculations, will be fast developing ones in the next 5 years. Beside 

them there is worth mentioning whole group of emerging innovations such like 

artificial intelligence, innovative packaging or omnichannel logistics. Another group 

is built by future speculated intelligent solutions like self-driving vehicles, Digital 

Twins, bionic enhancements, supergird logistics and smart containerization. All above 

mentioned innovations can play significant role in the logistics of the future. 

 

 

5. IMPORTANCE ANALYSIS OF THE IDENTIFIED INNOVATIONS IN 

LOGISTICS 

 

The final stage of the research work carried out was to conduct a survey of 

business practice regarding the degree of importance of particular innovations used in 

logistics. The survey was conducted in the second quarter of 2021 among 43 

enterprises doing business in Poland. The analysis carried out by the author allows to 

state that assuming the maximum error of 15% and the confidence level of 95%, the 

research sample of 43 enterprises should be considered representative (Domanski and 

Kolinski, 2020). Therefore, it should be concluded that not only the obtained statistical 

sample is representative, but also allows deducing conclusions on a European scale. 

This is due to the fact that Polish logistics and industrial enterprises are very strongly 

developed, compared to other EU countries. Poland is an interesting market for a study 

in logistics sector. According to the data from the Eurostat, Polish logistics sector has 

got a very high share in tonne-kilometers terms in freight transport in European Union 

(16, 4% of total EU)(EuroStat, 2019). 

Basic information on the surveyed companies is provided in Table 2. 
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Table 2. Basic information about the surveyed companies 

Characteristics Answers (%) 

1. Number of employees employed by the company:   

·  less than 10 employees 4,65% 

·  10 to 49 employees 11,63% 

·  from 50 to 250 employees 34,88% 

- more than 250 employees 48,84% 

2. time in business: 
  

- up to 1 year 0,00% 

- from 1 to 3 years 4,65% 

- from 4 to 7 years 9,30% 

- between 8 and 15 years 4,65% 

- more than 15 years 81,40% 

3. capital of the company:   

- Polish enterprise (no foreign capital ties) 
62,79% 

- foreign company (ownership of foreign capital) 
27,91% 

- mixed enterprise (Polish and foreign capital) 9,30% 

4) Market served   

- local (commune, district) 2,33% 

- regional (up to 5 voivodeships) 0,00% 

- national (6 voivodeships and more) 9,30% 

- European (continent) 46,51% 

- global (two continents and more) 41,86% 

Source: own research 
 

This distribution should be considered representative not only because it takes 

into account the statistical assumptions of the research sample, but also in terms of the 

distinguished characteristics of the companies involved in the study. 

The research identified that more than 90% of the surveyed companies are 

implementing modern solutions to optimize logistics processes. This makes it possible 

to conduct in-depth research on the degree of use of particular solutions, which was 

subjected to literature analysis and trend analysis, described in earlier sections of this 

paper. 

Figure 2 presents an analysis of the extent to which each innovative solution is 

used in business practice. 
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Figure 2. Analysis of the extent to which the identified innovations are used in 

logistics 

 
Source: own research 

 

As shown from the presented chart and the breakdown of detailed data in Table 

3, most of the listed intelligent solutions are at the beginning of the road to successful 

implementation in business practice. Solutions based on Big Data and cloud solutions 

are used to the greatest extent. 

 

Table 3. Distribution of the results of the degree of use of identified innovations in 

logistics 

Process 
Utilization rate Weighted 

average 0 1 2 3 4 5 

Blockchain DLT solutions  21 9 2 3 2 2 1,03 

Intelligent Transport Systems (ITS)  13 6 5 4 5 6 2,00 

Robotic Processes Automation (RPA)  15 8 1 4 3 8 1,90 

IoT Internet  11 10 5 1 3 9 2,05 

Big Data Analytics  5 5 4 3 8 14 3,18 

Cloud &API’s  4 5 2 4 8 16 3,18 

Source: own research 
 

The next stage of the research was to analyze the market activities of the use of 

innovative trends in logistics, in terms of digitalization, international trade 

development prospects and process changes. Figure 3 shows the results of the analysis 

of the degree of impact of innovative activities on business needs for digitalization. 
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Figure 3. Analyzing the extent to which innovations affect business needs for 

digitization 

 
Source: own research 

 

As shown from the chart presented and the breakdown of detailed data in Table 

4, all of the identified innovation activities largely meet business needs, with a 

particular focus on designing new processes. 

 

Table 4. Distribution of the results of the degree of impact of innovation on business 

needs for digitization 
Innovative actions 

 
Degree of impact Weighted 

average 0 1 2 3 4 5 

Designing new business models 2 0 6 9 15 11 3,58 

Designing new processes 1 0 4 4 16 18 4,05 

New types and locations of transactions 1 3 10 7 11 11 3,33 

New sales platforms 2 1 9 10 10 11 3,35 

New services 4 2 5 7 9 16 3,47 

Source: own research 

 

Figure 4 shows the results of the analysis of the degree of impact of innovative 

activities on business needs for international trade development. 
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Figure 4. Analyzing the extent to which innovation impacts on business needs for 

international trade development 

 
Source: own research 

 

As can be seen from the chart presented and the breakdown of detailed data in 

Table 5, both identified innovation activities meet business needs to a medium degree. 

Therefore, their further development should be expected in the nearest future. 

 

Table 5. Distribution of results of the degree of impact of innovation on business 

needs for international trade development 
Innovative actions 

 
Degree of impact Weighted 

average 0 1 2 3 4 5 

Supporting new investments in transport 
infrastructure, e.g. consulting services in the 

Smart Port area 

6 6 3 11 9 8 2,81 

Implementation of GS1 standards in 
international trade 

6 4 3 9 8 13 3,12 

Source: own research 
 

Figure 5 shows the results of the analysis of the degree of impact of market 

innovations on business needs for software-driven process change. 
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Figure 5. Analyzing the extent to which innovations impact business needs for 

software-driven process change 

 
Source: own research 

 

As shown from the chart presented and the summary details in Table 6, both 

identified market innovations are meeting business needs to a medium extent. This 

research confirms the previous trend indicating a low degree of impact of blockchain-

based solutions on the business needs of enterprises in logistics management. 

 

Table 6. Distribution of innovation degree scores on business needs for software-

driven process change 
Innovative Actions 

 
Degree of impact Weighted 

average 0 1 2 3 4 5 

Intelligent Transport Systems 3 6 5 9 11 9 3,07 

Automation with robots 4 4 6 12 6 11 3,05 

Prediction of emergency states (sensory and 

EPCIS) 
8 5 5 9 8 8 2,65 

Blockchain solutions 7 8 8 10 6 4 2,28 

Artificial intelligence applications 5 3 9 11 10 5 2,77 

Source: own research 
 

Figure 6 presents the results of the analysis of the degree of impact of market 

innovations on business needs in terms of process changes conditioned by the 

development of machines and robots. 
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Figure 6. Analyzing the extent to which innovation business needs for process 

changes conditioned by the development of machines and robots 

 
Source: own research 

 

As shown from the chart presented and the summary details in Table 7, the 

identified market innovations poorly meet business needs. This may be due to the 

developmental stage of these innovations. The direction of further research should be 

to test the effectiveness of these solutions and an in-depth analysis of the literature in 

this area. 

 

Table 7. Distribution of the results of the degree of impact of innovation on business 

needs for process changes conditioned by the development of machines and robots 
Innovative actions 

 
Degree of impact Weighted 

average 0 1 2 3 4 5 

AR and VR solutions in warehouse 

applications 
9 5 6 4 12 7 2,60 

Robotization of warehouses 8 5 5 6 9 10 2,77 

Use of automation in last mile solutions 9 6 4 11 6 7 2,47 

Source: own research 
 

Figure 7 shows the results of the analysis of the degree of impact of market 

innovations on business needs for changes in internal markets. 
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Figure 7. Analyzing the extent to which innovations impact business needs for 

changes in internal markets 

 
Source: own research 

 

As can be seen from the chart presented and the breakdown of detailed data in 

Table 7, prediction meets business needs in the internal market to the greatest extent. 

This is a result of many local/regional project initiatives or implementation of R&D 

projects in this area, which directly translates into the degree of application in business 

practice. 

 

Table 7. Distribution of the results of the degree of impact of innovation on business 

needs for changes in internal markets 
Innovative actions 

 
Degree of impact Weighted 

average 0 1 2 3 4 5 

Advice on last mile solutions 7 4 8 10 6 8 2,65 

Technological solutions supporting e-

commerce 
7 4 6 12 5 9 2,72 

Logistics consulting related to changing buyer 

behavior and sales models 
4 6 6 10 10 7 2,86 

Prediction in logistics 3 3 5 10 8 14 3,37 

Source: own research 
 

 

6. CONCLUSION 

 

The application of intelligent solutions in logistics processes is a very difficult 

issue, both in terms of conceptualization and practical implementation of the 

assumptions of the indicated innovations and supporting technologies. It is worth 

emphasizing that despite the widely discussed issues in the scientific literature, the 

implementation of these concepts and technologies in business practice is not simple. 

This paper focuses only on those innovative technologies that are already 
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characterized by high technical readiness and are after the testing stage - ready for 

scalable business implementations. 

One current example of research projects focused on the implementation of 

intelligent solutions is the PLANET project testing the test deployment of a sensor 

network and IoT to monitor containers in rail transportation along the New Silk Road. 

The purpose of this paper was to conduct a literature review and analyze trends 

of change in the use of modern and intelligent solutions in logistics. Business practice 

studies indicate that the implementation of intelligent solutions is only in its infancy, 

while new concepts and solutions for optimizing logistics processes are already 

emerging. The direction of further research should be the identification of benefits 

and barriers to the implementation of these solutions in business practice, analysis of 

the scope of their use in logistics, and comparative analyses of currently used 

intelligent solutions, with emerging technologies. These objectives are also guiding 

the further work planned within the Living Lab 3 in PLANET project. 
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Abstract 

 

As new digital technologies emerge, companies must evaluate IT trends to 

identify opportunities, reduce risks and create competitive advantage. In today’s 

digital age, the competence to successfully exploit digital disruption could be the 

difference between thriving and barely surviving. To navigate new challenges and to 

determine the best opportunities, companies must understand the impact of supply 

chain technology trends on their business operations and outcomes. Therefore, we 

decided to review supply chain IT trends, based on Gartner’s predictions for the past 

six years, to determine, to what extent they have transformed, evolved, changed, or 

remained constant. As a result, we were able to determine the implementation of 

supply chain IT trends that are a must for managing a successful business. We also 

examined supply chain digital trends, that await us in the future. And lastly, we have 

focused on some open issues related to the pressing topic, the possibility of further 

research, and presented our subjective opinion on IT trends that may affect the 

business future. 

 

Key words: IT, digital trends, supply chain, evolution, opportunities 

 

 

1. INTRODUCTION 

 

The importance of an optimized supply chain is increasing day by day as it meets 

the requirements of the company’s customers. If the supply chain is properly 

managed, it can, inter alia, result in much lower costs and a faster production cycle. 

Supply chain management is an integral part of the business since it has the power to 

reduce costs, improve the financial standing of a company and boost customer service. 

(Kleab, 2017) However, with inefficient management, a company can be at risk for 

loss or reduction of customers, which will consequently lead to a decrease in its 

competitive advantage within the industry (Grimshaw, 2020). Successful supply chain 

management is thus essential for the competitiveness of any company, and the first 
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step to achieving this is to be aware of the potential challenges that may affect the 

company’s supply chain.  

We know that knowledge and skills are crucial factors of human and business 

evolution, therefore also a must for technological progress. Without knowledge and 

skills, machines, devices, and processes of operations would be a big unknown to all 

(Kabanda, 2019). Therefore, knowledge and skills are fundamental to rational, 

effective, and consistent improvements, innovations, use of machines, devices, and 

management of business processes. 

The evolution of communication technologies and their constant improvements 

have transformed the way companies conduct their business. Information technology 

(hereinafter: IT) is at the epicentre of global socio-economic transformation, also 

represents a strategic resource and foundation for every activity (Kabanda, 2019). 

Thus, any company that ignores the importance of IT will be discredited as a 

competing business. 

The dawn of the digital age has brought wholesale transformation to the world 

of commerce. Just a few tens of years ago, these processes were disorganized, 

intensive and time-consuming. Now, delivery times have reduced from weeks to a 

month down to hours, in some cases. Automated systems with high-speed 

communication have eased the operations of supply chain management and its 

increased demand. (Kleab, 2017) Technological advances are, among other things, 

responsible for the reduction of the workforce, while at the same time enables the 

possibility to increase outputs of production. IT systems have the potential to change 

the decision hierarchy and consequently reducing the need for middle management 

(Kabanda, 2019). 

Business fields are evolving and the whole world is changing on a day-to-day 

basis. With the COVID-19 pandemic and its consequences, it is especially hard for 

companies to try to predict events of upcoming months. Because of the ever-changing 

business and everyday environment, we have decided to review supply chain IT trends 

in the span from 2015 to 2020. Basing on the results, we were able to determine, which 

trends evolved and are somewhat constant. This helped us to extract the »must supply 

chain IT trends to implement« in any supply chain to be able to manage a successful 

business. As final, we also reviewed supply chain IT trends, that are awaiting in near 

future. 

 

 

2. THEORETICAL BACKGROUND 

 

2.1. Supply chain 

 

As early as 1998, Lambert et al. (1998) noted that the concept of »supply chain« 

is well established in the literature and generally refers to the coordination of 

companies that bring products or services to markets. Ayers (2001, p. 4) suggests that 

the supply chain includes: »life cycle processes involving physical, informational, 

financial, and knowledge flows designed to meet the needs of end-users with the 

products and services of multiple related suppliers«. He further states that, following 

this definition, the supply chain and its processes include a wide range of activities, 
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including the supply, production, transport and sale of physical products and services. 

Life cycle refers to both the market life cycle and the life cycle of use, which are not 

the same for durable goods and services, so after-sales service for customers becomes 

an important part of the supply chain (Ayers, 2001). Chopra and Meindl (2007, p. 3) 

believe that the supply chain consists of all stakeholders who are directly or indirectly 

involved in meeting customers’ requirements. Mentzer et al. (2001) describe a supply 

chain as »a set of three or more entities (organizations or individuals) who are directly 

involved in […] flows of products, services, finances and/or information from source 

to the customer«. Chen and Paulraj (2004) have argued that a typical supply chain is 

a network of materials, information, and services that define the link to characteristics 

of supply, transformation, and demand. 

Supply chains can have different levels of complexity, depending on the number 

of participles and the diversity of the business process, but there is supposed to be 

central company that can manage the whole supply chain, but not necessarily doing 

it. Mentzer et al. (2001) indicate three levels of supply chain complexity: »direct 

supply chain«, »extended supply chain« and »ultimate supply chain«. The first 

consists of the central company, its suppliers, and customers. The second, in addition 

to the aforesaid, includes direct supplier suppliers and direct customer customers. The 

last includes all companies (involved in all the flows of goods, services, finance, and 

information from end suppliers to end customers) and functional intermediaries such 

as third-party logistics service providers. 

Scott et al. (2011) also list various customers that may appear in supply chains: 

distributors, which supply manufacturers with large-scale stocks and offer customers 

a range of related production lines; wholesalers, which specialize in certain types of 

products and purchase large quantities directly from distributors; and retailers, which 

stock products in small quantities and sell them to the general public. 

Given the definitions of the supply chain and its complex composition, which 

interconnects the most diverse stakeholders, we can see that its importance is 

pronounced. Therefore, companies are improving their supply chains as they want to 

reduce their costs and maintain competitiveness in the business environment (Kenton, 

2020). 

The operation of more or less complex supply chains is intensively supported by 

IT. Without digitalization in today's times, they cannot function, and they decay – 

their operation is not possible.  

 

2.2. Logistics  

 

There are many ways we can define logistics. As one, we highlight the definition 

of the basic concept of logistics (Christopher, 2005, p. 4): »Logistics is the process of 

strategically managing the procurement, movement and storage of materials, parts and 

final inventory (and related information flows) through a company and its marketing 

channels in such a way that current and future profitability are maximized through 

efficient order fulfilment.« 

As we analyse IT support of logistics, we need to be aware that there are different 

resources of logistics in supply chains. Jereb et al. defined four primary logistics 

resources (Jereb et al., 2013; Jereb, 2017; Jereb, 2020), without which logistics 



Supply chain IT trends that have been shaping our tomorrow 
Milena Kajba and Borut Jereb 

 

 

354 

 

processes cannot take place. The implementation of logistics is based on the following 

logistics resources: 

1. The flow of goods and services should be managed from the point of origin to 

the point of use to meet the requirements of customers. 
2. The information which causes a change in the state of a dynamic system, if the 

system was able to decode data and to attribute them with relevant meaning, and 

also deliver a change of knowledge under certain rules where the system has 

access to them. 
3. Logistics infrastructure and suprastructure as basic physical and organizational 

structures needed for the operation of logistics. 
4. People are the personnel required to plan, organize, acquire, implement, deliver, 

support, monitor and evaluate the logistics systems and services. They may be 

internal, outsourced or contracted as required. 

Any consequence of IT support, occurring in a supply chain, can influence one 

or more of these resources. If we wish to effectively manage IT, we need to be aware 

of logistics resources.  

 

2.3. Information technology 

 

Management should optimise the use of available IT resources, which are: 

applications, information, infrastructure, and people. To provide the information that 

the enterprise requires to achieve its objectives, the enterprise needs to invest in and 

manage and control IT resources using a structured set of processes to provide the 

services that deliver the required enterprise information. In other words: IT resources 

need to be managed by the IT processes to deliver IT’s goals (IT Governance Institute, 

2007). 

Both areas, logistics and informatics, deal with information and are crucial areas 

for the implementation of business processes in companies. They both represent 

»infrastructure« and offer support to other business processes. And finally, have 

similar challenges related to the quality of services, investments, challenges, business 

ownership, and their management. The main difference is that IT is an area that must 

support the smooth operation of logistics (Jereb, 2019). 

The digital transformation has since always encouraged companies to constantly 

improve their business models. Technology, especially nowadays, is spreading 

constant change at an increasing rate. To conduct successful management of a 

company and consequentially have a competitive advantage (Kukovič et al., 2014), it 

is necessary to have a good overview concerning information technology and supply 

chain strategic technology trends. 

 

 

3. RESEARCH METHOD AND RESULTS 
 

For our research, we decided to take into account Gartner’s predictions on 

foremost leading IT trends in the supply chain. We can find various lists with IT trends 
that differ from each other in authors and content. Choosing the right one is 

subjectively oriented and depends on your perspective. The reason why we choose 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

355 

   

Gartner lies in the fact that they are known as a leading global research and advisory 

company. They have expanded beyond leading technology research to provide 

executives with the indispensable business insights, information, advice, and tools to 

achieve mission-critical priorities and build the companies of tomorrow. 

Our research interval was set on years between (and including) 2015 and 2020 

and focused on search words »Top supply chain IT trends« for selected years. Through 

our research, we have realized, that Gartner's »supply chain IT trends« come to the 

surface barely in the year 2018. Because of this, we decided to divide search words 

and combine the following: 

 »Gartner’s top strategic IT trends« between (and including) 2015 and 

2017;  

 »Gartner’s top supply chain IT trends« between (and including) 2018 

and 2020. 

We have decided to take this path since strategic IT trends are also useful and 

managed within supply chains. 

Based on accumulated data from the years 2015 to 2020, we were able to identify 

the IT trends that are repetitive, reoccurring, constant, or evolving. All IT trends were 

firstly written in a table, where we reviewed them, but similar ones in the same rows 

but in different columns (based on years). The table helped us to deploy IT trends 

based on their similarity. As some of the IT trends did not evolve or reoccur, we 

removed them from the equation. The “popular and evolved” IT trends were left for a 

detailed review.  

Table 1 contains (#) the number of iterations (in rows) of IT trends by years 

(columns). We arranged IT trends in descending order – at the top of the table, we can 

find IT trends with most iterations, escalating to the least common ones. Number six 

in the first column and second row means, that the IT trend was (in some form) 

occurring every year from 2015 to 2020, number four in the first column and sixth 

row means, that the IT trend was (in some form) occurring in four of the examined 

years from 2015 to 2020, etc. 

As a result, we received numbers of iterations of recurrent IT trends over six 

years, as follows: 

 Six iterations – from »Smart Machines« to »Continuous intelligence«; 

 Six iterations – from »Context-Rich Systems« to »Artificial 

intelligence«; 

 Five iterations – from »Ambient User Experience« to »Immersive 

experience«; 

 Four iterations – from »Intelligent Apps« to »Hyperautomation«; 

 Four iterations – for »Internet of Things«; 

 Four iterations – from »Advanced, Pervasive and Invisible Analytics« 

to »Edge computing and analytics«; 

 Four iterations – from »Risk-Based Security and Self-Protection« to 

»Supply chain governance and security«; 

 Three iterations – from »Software-Defined Applications and 

Infrastructure« to »Mesh App and Service Architecture«; 

 Three iterations – from »Blockchain and Distributed Ledgers« to 

»Blockchain«; 
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 Three iterations – from »Digital Twin« to »Digital Supply Chain 

Twin«; 

 Two iterations – for »Conversational System«; 

 Three iterations – from »3D-Printing« to »3D-Printing Materials«. 

Excluded trends from the research, because of lack of iterations, were: 

 »Web-scale IT«, »Computing Everywhere« and »Cloud/Client 

Computing« (the year 2015); 

 »Advanced System Architecture«, »The Device Mesh« and 

»Information of Everything« (the year 2016); 

 »Digital Technology Platforms« (the year 2017); 

 »5G Networks« (the year 2020). 
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Table 1. Iterations of IT trends between (and including) 2015 and 2020 

# 2015 2016 2017 2018 2019 2020 

6 Smart 

machines 

Autonomous 

Agents and 

Things 

Intelligent 

Things 

Intelligent 

Things 

Autonomous 

things 

Continuous 

intelligence 

6 Context-Rich 

Systems 

Advanced 

Machine 

Learning  

(ML) 

AI and 

Advanced ML 

Artificial 

intelligence 

Artificial 

intelligence 

Artificial 

intelligence 

5 / Ambient User 

Experience 

Virtual and 

Augmented 

Reality 

Immersive 

technologies 

Immersive 

experience 

Immersive 

experience 

4 / / Intelligent 

Apps 

Robotic 

process 

automation 

Robotic 

process 

automation 

Hyper-

automation 

4 Internet of 

Things (IoT) 

IoT 

Architecture 

and Platforms 

/ IoT IoT / 

4 Advanced, 

Pervasive and 

Invisible 

Analytics 

/ / Advanced 

analytics 

Advanced 

analytics 

Edge 

computing 

and 

analytics 

4 Risk-Based 

Security and 

Self-

Protection 

 

 

 

Adaptive 

Security 

Architecture 

Adaptive 

Security 

Architecture 

/ / Supply 

chain 

governance 

and security 

3 Software-

Defined 

Applications 

and  

Infrastructure 

Mesh App  

and Service 

Architecture 

Mesh App  

and Service 

Architecture 

/ / / 

3 / / Blockchain 

and 

Distributed 

Ledgers 

Blockchain Blockchain / 

3 / / Digital Twin / Digital 

Supply 

Chain Twin 

Digital 

Supply 

Chain Twin 

2 / / Conversa-

tional System 

Conversa-

tional systems 

/ / 

2 3D-Printing 3D-Printing 

Materials 

/ / / / 

Source: own research 
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4. ANALYSIS AND DISCUSSION 
 

4.1. Evolution of strategic IT trends to supply chain IT trends 

 

If we want to focus on the future, we must first consider events from the past. In 

the subsections, we will first describe three indents – namely 6 and 5 iterations of IT 

trends – listed in the previous section (Table 1). The trends are in descending order – 

first, we will start with the one that appears in all six years and is, therefore, of greater 

importance. Each subsection contains a description of individual trends and their 

evolution in the span of the past six years. The latter is qualified as the »must supply 

chain IT trends to implement«. 

 

4.1.1. From »Smart Machines« to »Continuous intelligence 

 

The rapid evolution of prototype autonomous vehicles, advanced robots, virtual 

personal assistants (hereinafter: VPAs), and smart advisors were already discussed in 

2015. As part of context understanding, applied deep analytics was and still is a 

prerequisite for the world of »smart machines«. This represents a foundation, which 

is combined with advanced algorithms that allow the systems to understand their 

environment, support self-learning and autonomous work (Gartner, 2014). 

Advanced machine learning (hereinafter: ML) gave the following year rise to a 

spectrum of various smart machine implementations that acted in an autonomous or 

at least semiautonomous manner. VPAs (such as Microsoft's Cortana) were already 

becoming smarter and were so-called precursors to autonomous agents. That is when 

»Smart Machines« transformed into »Autonomous Agents and Things«. The notion 

of assistance feeds arose when ambient user experience transformed – the user spoke 

directly to an app (read: intelligent agent) instead of interacting with menus, forms, or 

buttons on smartphones (Gartner, 2015b). 

From 2015 to 2017, »Smart Machines« developed through »Autonomous Agents 

and Things« and evolved into »Intelligent Things« for the next two years. The latter 

refers to physical things that exploit applied artificial intelligence (hereinafter: AI) 

and ML to deliver advanced behaviours and interaction with surroundings and people 

in a more natural way. In addition to smart machines, intelligent things include drones 

and smart appliances. Due to the widespread of intelligent things, Gartner anticipated 

a transformation from a stand-alone intelligent thing to a collaborative model of 

intelligent things in 2017 (Gartner, 2016). In 2018, the use of intelligent things was 

focused on defined scenarios and controlled environments. Intelligent things were 

designed to operate through a variety of asset-centric, product-focused and service-

oriented industries (such as in warehouses). Consequentially, companies should have 

obtained the ability to assist, replace or redeploy human resources to more value-

added activities, which had the potential to create even more transformational 

business benefits (Gartner, 2018). 

As predicted in 2017, the rapid connectivity explosion of intelligent things gave 

this overall trend an enormous boost in the direction of »Autonomous things«. 

Mentioned enables new business scenarios and optimization of existing ones. The 

scope of autonomous things in 2019 encompassed physical devices, operating in the 
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real world. For instance: robots carrying out coordinated jobs in manufacturing to 

create a seamless and connected process; or implementation of inventory quality 

assurance with drones taking images, to reduce the time of inventory checks (Gartner, 

2019). 

Last researched year showed that the IT trend blossomed into »Continuous 

intelligence«, which represents one of the biggest opportunities to accelerate supply 

chain company’s digital transformation. This evolution of IT trend complements a 

computer’s ability to process data at a faster pace, while supply chain leaders or even 

systems, can review processed data, understand, and comprehend the situation, then 

take immediate action (Gartner, 2020a). 

Smart, intelligent, and autonomous things or advisors have existed for some time 

now. We can see that the great evolution of this trend did not take much time, as it 

ushered in the new age of machine helpers. As Gartner stated in 2014, »The smart 

machine era will be the most disruptive in the history of IT« (Gartner, 2014). Because 

of this, IT leaders, with compliance of supply chain leaders, should have already 

explored the use of this specific IT trend to utilize people for work, which only humans 

can perform. Thus, supply chain leaders should implement intelligent and autonomous 

things as substitutes and complements to the human workforce. This will generate 

improvements in productivity and overall output, regardless of reductions in labour 

(Gartner, 2019). However, it should be emphasized and must be recognized that 

intelligent things are a long-term phenomenon that will continually evolve further and 

expand their scope of use for the next tens of years. 

 

4.1.2. From »Context-Rich Systems« to »Artificial intelligence« 

 

»Context-Rich Systems« cover ubiquitously embedded intelligence and, in 

combination with pervasive analytics, had led the development of systems that are, 

with their alertness, able to respond appropriately to their surroundings (Gartner, 

2015a). Context-aware security was an early application of this new capability. With 

an understanding of the user's request context, applications can be adjusted by both 

security response and deliverance of information to users (Gartner, 2014). This 

process has greatly simplified an increasingly complex computing world. 

A wealth of data sources and information complexity made a manual 

classification, alongside analysis, impractical and uneconomical. With ML, these 

tasks became automated and enabled the possibility to deal with key challenges, 

related to the »Information of everything« trend. ML algorithms are composed of 

various technologies, from deep learning, neural networks, natural-language 

processing and others; used in both unsupervised and supervised learning ranges to 

understand activities, information, and the world. In 2016, »Advanced ML« exceeded 

previous attempts at creating algorithmic-based solutions, for information harvesting 

of everything, to become more perceptive, self-directed, and autonomous. Advanced 

ML is what makes smart machines appear “intelligent”. Smart machines are enabled 

to understand concepts of their environment, to learn from them and to change their 

future behaviour – which could not be possible without advanced ML. For example, 

"learning machines" can analyse vast databases of medical case histories and reveal 

previously possibly unknown insights in treatment effectiveness (Gartner, 2015b). 
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In 2017, »Artificial intelligence and advanced ML« made their debut with a 

combination of various technologies and techniques. The more advanced techniques 

transformed beyond traditional rule-based algorithms, into system creation that 

understands, learns, predicts, adapts, and potentially operates autonomously. AI and 

advanced ML elevated a spectrum of intelligent implementations, including physical 

devices (such as consumer electronics, robots, and autonomous vehicles), applications 

and services (such as VPAs and smart advisors). These implementations were 

delivered as a new, sophisticated class of indeed intelligent apps and things. 

Implementations also provided embedded intelligence for a broad spectrum of 

existing software, service solutions and mesh devices (Gartner, 2016). 

As written, »Context-Rich Systems« developed into »Advanced ML«, then to 

the combination »AI and advanced ML«, which enabled the birth of IT trend »AI«, 

evolving through following three years. AI in the supply chain consists of a 

technology options toolbox, helping companies to understand complex content – how 

to engage in a natural dialogue with people, how to enhance human performance and 

how to reshape routine tasks (Gartner, 2020a). In other words, AI in the supply chain 

consists of technologies that seek to reproduce human knowledge and performance. 

For example, improving order delivery and service levels is possible by using AI 

capabilities to determine optimized route deliveries, or by application of AI 

algorithms for optimization of shipping replacement parts, or to notify the company's 

stakeholders of potential equipment failure before occurrence (Gartner, 2019). »AI« 

has enormous potential to revolutionize the processes of supply chains. The capability 

to apply AI in order to enhance and even automate decision-making, to reinvent 

business models or ecosystems, and to rework customers experience – could possibly 

exceed other emerging IT trends. Although AI solutions can find patterns and predict 

future scenarios, they were still absent of decision-making abilities. Thus, a 

combination of pattern capabilities and more advanced prescriptive capabilities could 

be critical to supply chain extended acquisitions (Gartner, 2018). Currently, AI 

supports supply chain leaders by addressing long-standing challenges of data silos and 

governance. Its capabilities enable greater transparency and integration of the 

company's once distant and diverse stakeholders (Gartner, 2020a). 

We can assert that AI supports the company’s vision for opulent supply chain 

automation. The level of the latter could be semi--automated, fully automated or a mix 

between, depending on the necessity. Hand in hand with automation comes 

augmented decision-making – since the human is no longer needed for this task 

(Gartner, 2019). Through self-learning and natural language, AI solutions can help 

automate any spectrum of supply chain processes (such as predictive maintenance, 

demand forecasting and production planning). 

 

4.1.3. From »Ambient User Experience« to »Immersive experience« 

 

The last IT trend of this detailed research made its appearance in 2016. The 

»Ambient user experience« enables a greatly enhanced and immersive user’s 

experience with ameliorated augmented reality (hereinafter: AR) and virtual reality 

(hereinafter: VR). VR and AR transformed the way individuals interacted with each 

other and software systems. VR is a computer-generated scenario that simulates a 
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realistic experience, while AR can be a direct or indirect live view of a physical, real-

world environment (Kabanda, 2019). Alongside well specialized head-mounted 

displays, mentioned trend uses a variety of connected devices in the mesh, 

surrounding the user – for example, a tablet displays real-time video of the user's 

surroundings with superimposed information about objects in the video. With device 

mesh, the foundation for a new continuous and ambient digital experience was 

created. A continuous experience preserves the continuity of the user's experience 

beyond the traditional perimeter of devices, space, and time. User’s interaction with 

applications in a dynamic multistep sequence seamlessly flows across various devices 

and/or interaction channels for extended periods. User's experience and app design 

were (already then) altering the expanding set of endpoints in the device mesh. With 

then new user experience, new input/output mechanisms emerged using audio, video, 

haptic, taste, olfactory and other sensory channels. These sensory modes have 

competencies beyond all we know. Gartner (2015b) stated that apps will target an 

orchestrated collection of device mixture rather than an individually used device. The 

realization of the »Ambient user experience« required in-depth consideration of 

permissions and privacy (Gartner, 2015b). 

For 2017, Gartner stated that the scope of immersive consumer, business content 

and applications will evolve dramatically through 2021. Furthermore, the capabilities 

of »virtual and augmented reality« will, merged with digital mesh, form a more 

seamless system of devices. These devices should be capable of arranging a flow of 

information at the user through hyper-personalized, relevant apps and services. 

Integration through multiple wearable, mobile, IoT and sensor-rich environments 

would have led to extended immersive applications beyond individual experiences 

(Gartner, 2016). 

»Immersive technologies«, such as VR and AR, enabled supply chain companies 

to intensify customer and employee digital experiences. In 2018, Gartner estimated 

that VR would reach mainstream acquisition in the next two to five years, while AR 

would achieve the same in the next five to ten years. Although, these technologies 

were already in use in various industries at the time – for enhanced repair or 

maintenance in manufacturing, logistics and warehousing; better customer's 

purchasing decisions with utilizing product visualization; even store planning and 

layouts (Gartner, 2018). 

As previously stated, user's experience will undergo a significant shift in how 

users perceive the digital world and interact with it. The integration of VR and AR 

with multiple digital environments and conversational platforms will extend 

immersive applications beyond single-person experiences – hence the IT trend 

»Immersive experience« in 2019 and 2020. Supply chain leaders can take precedence 

of these platforms in the desire to improve processes and safety, save time, and make 

prosaic tasks easy. For example, AR could be used for rendering of equipment to 

portray the footprint in a specific area to compare dissimilar configuration options; 

remote checks of product features or appointments by voice-controlled personal 

assistants (Gartner, 2019). 

Immersive experience technologies – VR, AR, and mixed reality (hereinafter: 

MR) – have the potential to drastically influence the trajectory of supply chain 

management. For better understanding, MR exceeds both VR and AR approaches, 
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since it incorporates the physical world more robustly. Additionally, to the visual 

aspect, MR also focuses on other sensors, such as touch and sound (Jereb & Kajba, 

2020). These new interaction models can augment human capabilities. Because of 

this, companies already saw the advantages in use cases – organizational socialization 

of new workers with immersive on-the-job training in a safe, virtual but realistic 

environment (Gartner, 2020a). 

Other trends can also have a positive and strong impact on logistics and supply 

chains, but these three trends are the most common and therefore we can assume that 

they also have the greatest impact on the company's operations. 

 

4.2. Future evolution of supply chain IT trends 

 

Our past is the foundation of our future. Based on the researched supply chain 

IT trends of our past, we can try to predict their future. Regarding Gartner (2021), the 

adoption of supply chain IT will not only increase in the next three to five years but 

the future will also be marked by the integration of new, more IT-focused roles in 

supply chains. 

Many different authors try to predict various IT trends that may, in some form, 

take place in the future. Thus, we could list all possible sources and combinations of 

different IT trends, which of course also differ depending on the field of business. 
However, these options are intended for future research.  

Therefore, we will not deviate (too much) from already conducted research and 

will hold onto Gartner’s predictions for the future, which says we can prepare for 

(Gartner, 2020b): 

 Internet of Behaviours – came to the surface with 2020 predictions. It consists of 

leveraging technology to monitor behavioural events. It enables the management 

of data, needed to upgrade, or downgrade the experience to influence the latter. 

In addition to big data, it also includes facial recognition and location tracking. 

This is already done by health insurance companies through monitoring fitness 

bands, food consumption, and more, allowing them to adjust premiums. 

 Cybersecurity mesh – enables access to any digital asset security, regardless of 

the location of the asset or the person. It allows determining the security perimeter 

around an individual instead of around a company. 

 Total-experience – is beyond the aforementioned immersive experience trend. It 

interconnects customer’s, employee’s, and user’s experiences with the multi-

experience environment. This trend is a must since interactions are more virtual 

and distributed as a consequence of the COVID-19 pandemic. 

 Intelligent compassable business – consists of leveraging from both an application 

perspective and packaged business capabilities. Intertwining allows better 

decision making, access to data that changes the way of doing things, which is 

necessary for flexible applications, and which we can provide when we have such 

a composite approach to application delivery. 
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 Hyperautomation – has been evolving through the years in response to the 

tremendous demand for automating repetitive manual processes and tasks. Now, 

it has progressed from task-based automation, through process-based automation 

(automation of several tasks in a process), to functional automation across 

multiple processes. However, its development does not stop here – automation at 

the business ecosystem level is on the horizon. 

 Anywhere operations – refers to an IT operating model that supports customers, 

enables employees, and manages the business services deployment across 

distributed infrastructure, anywhere and everywhere. A movement towards the 

independent location and providing services at the point where they are required, 

has always existed. With the beginning of the pandemic, an immediate need for 

support remote business arose. Most companies succeeded in that with the support 

of their employees, in addition to them, they also had to cope with remote 

customers and products, which had to be deliverable remotely. 

 AI engineering – is also one of the evolving trends, which includes providing 

engineering discipline to a company. The reason for this lies in a little over 50 

percent development success rate of transition from prototype projects to actual 

production. Its goal is bound to providing a particular engineering discipline, that 

consistently emphasizes the deliverance of AI projects – to ensure products can 

be expanded and advanced into production. 

 Privacy-enhancing computation – there is more and more talk about privacy. This 

is because it carries extraordinary significance, which is also evident from the 

maturity of global data protection legislation. The trend protects data in use, 

meanwhile maintaining their secrecy and/or privacy. The latter can present a 

challenge for companies in the future. Its importance is increasing, alongside the 

associated opportunities. Companies will be able to both outsource the 

implementation of analytics and share data across priorities without exposing 

personal information in the data. 

It is speculated, that the future may bring higher demand for robotic »goods-to-

person« systems, in a desire to aid enforcement of social distancing in warehouses. 

They can move goods from one employee to another in such an efficient way, that 

they increase productivity alongside the improvement of storage density. (Gartner, 

2021a) The use of this system is directly related to overcoming the challenges of the 

pandemic, and in the long run, it can strongly increase the efficiency and productivity 

of the company. 

Many companies will also invest in real-time transportation visibility platforms 

(intended, for example, for transport) and among other things, supply chain companies 

will invest in applications that support capabilities of AI and advanced analytics 

(Gartner, 2021a). Companies, which were already using the latter, are trying to 

understand, what is currently happening in their business and what will possibly 

happen with them in the future. Because of that, supply chain leaders should strive to 
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completely understand the company’s environment, challenges, risks, and advantages 

that are associated with each new or previous IT trend. 

 

 

5. CONCLUSION 

 

The popularity of technology innovations is causing a lot of noise in many 

industries. Amongst them, supply chains could be the ones that are impacted the most 

due to, as described in theory, intertwined networks of different stakeholders within 

differently complex supply chains whose business and collaboration is closely 

interconnected via digitalization. On the other hand, supply chains also have the most 

to gain from implementing new IT trends due to manual processes and amounts of 

different information, stored in different ways, at various places, by different people. 

Regardless of the business field of a company, monitoring and keeping up with IT 

trends is imperative. This is confirmed by two areas where IT trend awareness has a 

significant impact, namely increasing the company’s opportunities with new, 

innovative ideas and/or new ventures and enhancing the company’s visibility to the 

customers (Cleverism, n. d.). Predicting supply chain IT trends represents a long and 

important subject for a company’s information systems research. Their prediction 

makes it possible to acknowledge emerging eras of innovation and the allocation of 

budgets to prepare against rapidly changing technological trends (Choong Kwon & 

Cha Kyung, 2015). Technology has helped countless times in various arising 

environmental problems. Last year alone, several IT firms collaborated in using 

technological advancement to face the outburst of the COVID-19 pandemics (Singhal 

& Prakash, 2020). Thus, there is no wonder emerging supply chain IT trends are a 

major source of competitive advantage. 

As can be seen from the sections above, trends change from year to year. They 

are also affected by the current situation around the world. Which makes it very 

difficult to say with certainty which trends can await us in the future, in all their 

magnitude. Because of this, one could almost argue that emerging supply chains and 

other IT could also be overhyped. At present, many trends refer to the situation 

currently associated with the pandemic, the consequences of which they want to 

overcome or mitigate. 

Speaking of consequences and impacts - there is a lot of talk about trends that 

can facilitate or enable the improvement of the company's operations. What about 

trends that are not so “positive”? Which can, so to speak, harm a company's business? 
Or the possible negative consequences of so-called good trends. For example, will 

technology oligarchies (such as different cryptocurrencies) increase their market 

value, pricing power, enable the world’s business relief or will they collapse due to 

their actions? What happened to Enterprise resource planning (ERP) applications and 

3D printing and regulations? Knowing answers to these kinds of questions can allow 

a company to prepare for the downside and try to prevent it from happening. It is not 

only the advantages that trends allow that is important, but also the disadvantages and 

being able to respond appropriately. Also, an interesting question: how are these 

trends determined? Could these trends also be influencing people’s behaviour through 
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data collection? We know this has been happening for some time, but not as openly 

as it did during the pandemic. 

From this point of view, some ideas for further research arise: 1) research into 

the possible negative consequences of trends or the identification of negative trends; 

2) an overview of the correspondence between the trends envisaged by Gartner and 

other authors would; 3) research about trend formation or revelation phenomenon – 

research on how, in what way and who determines the trends. These are just some of 

the research ideas provided, that would be very instructive, useful, interesting, and 

ultimately intriguing to study. 

Having regard to aforementioned facts (predicting IT trend represents extensive 

and important research subject, many trends are primarily focused on today’s events 

and situations and lastly, who are we to determine what the actual trends are), our 

expectations, related to IT trends with a major impact on the future, depend mainly on 

the connectivity and interdependence of different individual trends, that primarily 

focus on the industrial enterprises needs. Under the latter we considered 1) IoT trend 

will become Internet of Networks as a result of Big data, 2) AR, VR and AI will 

continue to evolve en masse and rapidly throughout different business fields, 3) cyber 

security, robotics and nanotechnology will sooner or later be responsible for 

scientifically recognized achievements and discoveries, 4) vast majority of companies 

and countries are engaged in renewable energy and sharing economy, which could 

potentially allow a lot of much-needed investment in a better tomorrow, 5) e-learning 

has been known for some time, although many institutions have been reluctant to use 

it. In the past two years, however, the benefits of this trend have emerged, which we 

consider will continue to be widespread. Of course, these trends are a reflection of our 

subjective opinion in terms of observing the environment and the topic. It should be 

noted that trends differ according to locality (i. e. the geographical position of the 

studied subject, people's habits, the influence of the environment, political beliefs and 

many other factors). 

Nonetheless, the COVID-19 pandemic only amplified the ever-existing need for 

IT tools that help companies to a better and more informed decision-making process 

and digitalization. Supply chain leaders need to adopt a broad and holistic perspective 

when it comes to assortment and choice between »must supply chain IT trends to 

implement«. These technologies are increasingly ubiquitous and there are many ways 

on how and in what way to apply them to enhance customer retention. It is well known 

that following and complying with trends in the past only provided benefits for 

companies in the long term. 
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Abstract 

 

With the development of new technologies, increasing internet speeds and the 

more complex demands of customers in the market, many logistics companies are 

finding ways to increase the level of their services. Other goals include reducing 

business costs, shortening delivery time and very good so-called “customer 

experience”. The Internet of Things finds application across the entire supply chain, 

from the manufacturing process and warehousing to transportation and trade. By using 

such networked devices, greater control over limited resources is achieved, and the 

most important thing - time. One of the great advantages can be noticed when 

maintaining machines because the machine can easily communicate when it expects 

an error or risk of failure. Devices and machines also exchange information with each 

other, thus raising the productivity of the processes of which they are a part to a higher 

level. Other features that networked devices can improve include inventory recording 

and management, product lifecycle management, customer demographics, and 

consequently new marketing opportunities. On the other hand, artificial intelligence 

becomes an obligation to use. By using it, the optimization of the resources offered 

by the Internet of Things is achieved. As today’s life unfolds in dynamic times when 

the time interval between the arrival of new and the departure of old technology has 

been reduced to a minimum, people find it difficult to adapt if they do not follow the 

idea of lifelong learning. Artificial intelligence brings with its machine learning and 

autonomous machines, which will be used in shipments to the customer's final 

address. Some of the concepts of artificial intelligence applications are fully 

automated warehouses, autonomous fleet, forecasting market needs and creating 

successful new products. In the same processes, there will be a need for better-
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educated staff to cope with today's complex and demanding tasks - which is both a 

challenge and an opportunity for new motivated professionals. 

 

Key words: market, technology, Internet of things, artificial intelligence, supply 

chain 

 

 

1. INTRODUCTION 

 

A supply chain is a network between a company and its suppliers to produce and 

distribute a specific product to the final buyer. This network includes different 

activities, people, entities, information, and resources. The supply chain also 

represents the steps it takes to get the product or service from its original state to the 

customer. Companies develop supply chains so they can reduce their costs and remain 

competitive in the business landscape (Kenton, 2020). There is no escaping the fact 

that the customer in today’s marketplace is more demanding, not just of product 

quality, but also of service. Customer service may be defined as the consistent 

provision of time and place utility. In other words, products do not have value until 

they are in the hands of the customer at the time and place required. (Cristopher, 2011) 

It is a great deal of excitement around the Internet of things right now. This 

research paper will dive right into some trends within the industry and explain how 

the Internet of Things (IoT) has been and will continue to completely alter the supply 

chain. There are some real-world applications and how the integration of IoT is going 

into the supply chain. 

 

 

2. HOW IOT IS REVOLUTIONIZING THE SUPPLY CHAIN 

 

Today's consumer IoT devices consist of numerous different technologies, but 

really what we are looking at is Amazon Alexa - lots of different systems that allow 

you to communicate via the internet to have updated and successful technologies. 

There are different items like a drone that has numerous sensors on it, constantly 

collecting data about its environment to be able to fly an unmanned vehicle. You have 

smart refrigerators that can send you grocery lists while you are at the store. You can 

reorder your food while you are sitting there in your living room. It has come quite a 

long way a figure that is out there – right now 50 billion devices are connected to the 

Internet. We have come a long way from the toaster being connected to the Internet, 

and the word IoT is not going anywhere. 

 

2.1. Challenges 

 

What happened in the industry, and what the main issues were before IOT came 

about? The first one is the lack of visibility. The most common issue there is that 
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within the warehouse, a lot of times the main question tends to be - where the stuff is 

and so. With IoT we can answer that question, we can provide that end-to-end 

visibility and particularly sensitive products. If they are time-sensitive, if they are 

perishable, if their impact is sensitive etc. Having that information of where is my 

stuff becomes increasingly more important. Particularly with consumers today, they 

want their products same day or next day delivery. To be able to offer that customer 

service aspect that is a benefit of IoT as well. 

Almost all companies would agree that tracking goods is one big issue. For 

example, there is 700,000 square foot facility, and WMS or ERP system is doing a 

great job tracking while the assets are in storage, but once they come out of storage 

and you are looking for that consolidation or that shipping - that period once those 

products are moving within the warehouse; you do not have the tools to track them. 

Unfortunately, a lot of people do not have an answer to this, but with IoT companies 

can find one specific item that they are looking for, they do not have to spend time, 

effort and money sending one person out looking throughout an entire 700,000 square 

foot facility to find that one particular item. With IoT companies can offer alerts, they 

are a great option as well if they have items that need to be alerted upon movement or 

a specific action that happens. They can know that right at the time when it happens. 

Real-time feedback and connection are the new standard. This means that companies 

are being able to have alerts if something wrong happens in the supply chain. When a 

problem happens in the supply chain, it is used generally one of two ways that 

someone finds out; employee running around frantic looking for that warehouse 

manager trying to get that person to realize they got an issue, their products are not 

there when they need them to be, or it is a customer calling and complaining saying 

company did not deliver at the time and place as promised. With IoT companies can 

completely alter the supply chain and provide that end-to-end visibility that customers 

are looking for. 

 

2.2 Specific Trends within the Industry 

 

Some of the reasons that companies are using the Internet of Things today in the 

supply chain and materials handling industry is because of the complexity of the 

processes, previously it might have been a lot more difficult. 

The first technological trend that is speeding up the implementation of the IoT 

is mesh networks. Mesh networks is essentially the ability of devices to talk to each 

other without having to go through a middleman, like a router for example. When you 

are at home, basically what you have is a router, and then your phone is connected, 

your voice assist and your laptop are connected, and then that is how they are 

connected to the internet. One of the problems that you can see here is that if the router 

dies, then you don't have access to the Internet any longer. There is a unique point of 

failure in this type of network topology. In a mesh network, every device can talk to 

each other. For example, there is a laptop ‘A’ that wants to talk to voice assistant ‘B’, 

instead of having to go through a router it can go through another laptop ‘C’ which 
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then relays the messages to another laptop or voice assistant. This still looks a little 

bit like the router architecture, but it can be a little more complicated. One of the things 

that are nice about mesh networks is that you can integrate new devices in real-time. 

You do not need to do configuration and to set up the Wi-Fi. You have the capability 

of immediate integration into the network, where it gets interesting is if smartphone 

‘D’ has connectivity to the Internet, then it can relay messages from other devices to 

the internet. One of the other nice things about mesh networks is that they can be self-

healing, for example that battery from your laptop ‘A’ died, and it no longer can relay 

messages from one to another device. In this case, for example, there is phone ‘E’, 

then that phone can still relate the message over to laptop ‘C’ which then relays the 

message out to the internet. There is no need for any specific node to be fully 

functional because they are all connected to each other, and as long as there's a path 

out to the internet then you immediately have Internet connectivity. You may be 

asking yourself why mesh networks are no more heard of, the answer to that is 

segmentation. Mesh networks have been heavily segmented by different vendors 

implementing different protocols, everybody has their own way of doing it. 

Obviously, this lack of openness did not really allow for widespread innovation, but 

there is a technology that all our phones have, most of our laptops will have, and a lot 

of other devices have, and that is Bluetooth. As version 5 of Bluetooth mesh 

networking is supported, this means that all the new phones coming out here within 

the next year or two, all the new devices coming out will have Bluetooth 5 enabled. 

They will be able to talk to each other and other companies that have mesh networks 

created like that. 

The second trend is cellular networks. The first system which was known as the 

car phone, the mobile telephony system in 1949 was not really improved until 1969 

with the improved mobile telephone service. That is about a 20-year gap. Then the 

world got 1G in 1984. That is about 16 years as the world turns into the new 

millennium. In the current century, technologies keep improving, and we have seen 

2G, 3G, LTE, 4G, and nowadays 5G. The world is having exponential growth in the 

deployment of cellular networks and in the improvement of cellular networks. Today 

the world has tens of thousands of different towers all over the globe, and this allows 

everyone to have internet connectivity pretty much anywhere in the world. 

The third trend is sensors. Of course, we had sensors before, but the most 

important factor is the decrease in the cost of sensors. From 2004 up until 2020, that 

is about a 16-year run, the average cost for a sensor was $1 and 30 cents in 2004, 

today in 2020 is 38 cents for the same average sensor. What this means is that there is 

roughly a 23% costs reduction year-over-year for IOT sensors. (Leonard, 2019) 
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Figure 11. Price decrease of the sensors 

 
Source: Leonard, M. (2019). The declining price of IoT sensors means greater use in 

manufacturing [available at: https://www.supplychaindive.com/news/declining-price-iot-

sensors-manufacturing/564980/, access: May 22, 2021] 

 

This means companies can start putting sensors on everything. They can for 

example have a shipment that someone is trying to track, and they want to get 

information about that shipment, like what kind of impact has it had, what has a 

temperature been, what kind of humidity has been exposed to etc. If you want to make 

thousands of these devices, if you had a dollar and 40 cents per sensor you know you 

might think about it twice but if you are looking at 40 cents per sensor then you know 

that enables you to build those solutions a lot more visibly.  

These three trends apply to a variety of industries, everyday things. It is 

applicable to supply chain, to materials handling, to manufacturing, sense the world 

around us and build all kinds of applications from it. 

 

2.3 Applications of IOT with Examples 

 

Some specific applications with examples in IoT technology is corresponding to 

what we are seeing in warehousing and material handling, and there are three key 

areas. The first is management - both labour and equipment. The second is 

maintenance and the third is safety. 

Starting with labour, it is safe to say that labour is a big headache for a lot of 

people right now. Labour is very expensive, it is very hard to find, and then perhaps 

even harder to hold on to. With these challenges with having labour, the goal is getting 

as much out of the operators or the employees, and a lot of companies are looking on 

IoT to help them with these issues. Within a warehousing activity, major functions 

such as picking or put away, the most common technology that is used is RF 

technology where workers are scanning at the start of a task and scanning at the end 

https://www.supplychaindive.com/news/declining-price-iot-sensors-manufacturing/564980/
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of the task, and that way they are confirming that tasks are complete, and then also 

they can track productivity from their operators.  

This technology is limited because it does not show what happens between point 

A and point B. With IoT, companies can track where their operators or their 

employees are in the facility. This is not a way to hold employees more accountable 

because companies know could look back and see what they are doing, but to 

understand tendencies across operators. If there is one operator that is picking forty 

lines an hour and there is another operator picking 80 lines an hour, companies can 

look back at what that slower operator is doing; from the pick path for travelling, and 

kind of understanding where they might be going wrong. Companies can use that as 

an intelligent way to identify where they need additional training. That is kind of 

within a particular function where we see IoT being applied, but also, we can see an 

increase in productivity in labour across functions. If there is another area within the 

warehouse that is still being bogged down by a lot of work, information is going fast 

so other employees would know where to help. There are sensors on all kinds of 

conveyors and that is communicating real-time data to them, and they can collect that 

data and basically create a visual representation of where the work is in their facility. 

This kind of human-machine interfaces where managers can see the conveyor 

system area of the facility, and if some sensors are being blocked, all that information 

and those visuals can be accessed through mobile devices because they are connected 

to each other on the internet. A supervisor who oversees a couple of zones the workers 

are done with their obligations, he can quickly pull up a tablet and transfer workers 

from one area to the other with more needs. With these tools, labour is becoming more 

flexible, better, and quicker. The supervisor does not need to walk over to other area 

to realize that they did not actually need help. 

Companies can utilize their labour a little better. Another way is data that they 

are collecting in terms of the productivity and the transactions they are doing. All that 

data is being fed to one centralized area, and one thing that IoT is doing now is that it 

is trying to take the raw data and do a lot of that heavy lifting for companies that is 

going to supply them with charts and graphs that are automatically generated in terms 

of labour productivity. If they want to change a certain strategy on Monday, they will 

know and see the effects from their productivity through those charts that are 

automatically generated. They can get a lot quicker feedback in terms of how their 

operators are working.  

In equipment management, material handling equipment is quite expensive, but 

it is necessary, and it is hard to get away without it. Companies are seeing IoT to play 

a key role in trying to maximize the performance of their material handling equipment, 

both from a fully automated technology and from a more manual technology. 

Automated guided vehicles (AGVs) seem like becoming more and more possible 

because of IoT technology. The number of sensors required on AGVs to make them 

safe with humans, as well as to have the vision systems to pick products without 

bumping into things (Kumar, 2020). That is all being driven by advancements in 

sensors technology and then also companies can have large fleets of AGVs because 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

375 

   

they can have them connected to each other through the internet, either 

communicating with each other or communicating through kind of a central controller 

- that they can have a large fleet to work effectively, kind of as a team, so they can 

choose the task to perform based on their current location. That is from a kind of a 

fully automated standpoint. 

From a more manual standpoint, more and more sensors are being put on fork 

trucks so they can track certain metrics, such as the percentage time that they are using 

the truck versus it sitting, the percentage of time that truck is traveling with a load, 

versus with empty forks, and that gives them enough information to kind of ask 

themselves and start doing the analysis on do they have the right size of fleet, do they 

have too many trucks, because their utilization across the trucks isn't very high, or do 

they not have enough trucks, do they need on an average day versus a peak day. That 

gives them good insight into determining how many trucks they need to buy or how 

many trucks they need a lease across the year. 

Another kind of important piece of information that companies can track with 

sensors on forklifts is the battery levels of the trucks. Batteries are also expensive and 

can be a huge issue if companies are not doing correct maintenance on them. 

Companies have sensors that can track the actual battery and the battery level on their 

truck to take away forklift to get serviced, they even can instruct their operator exactly 

when they need to go get serviced. That way they are maximizing the output with each 

charge cycle without doing serious damage to batteries. 

 

2.4 Predictive Maintenance schedule 

 

Maintenance is kind of an unavoidable inconvenience; it would be great if all 

systems are working at 100% all the time. Supply chain systems typically are very 

efficient when they are fully running and operating, but that is not the case or as often 

as everyone would like. One thing that IoT allows companies to do is to move from a 

preventive maintenance schedule to more of a predictive maintenance schedule. 

Preventive maintenance means they are typically doing routine maintenance based on 

a certain schedule that is determined by engineering estimates, and what companies 

see with that is that there's kind of two main issues with doing preventive maintenance 

based on engineering estimates. 

One is that they are often very conservative to make sure that they do not have 

those costly breakdowns, and that is great from an uptime standpoint, but also it is 

taking more time in general from their maintenance staff, and then also resources in 

terms of spare parts. 

Another issue is that these engineering estimates are not necessarily accurate 

because the variance of when a part might need a break, or might break, or might need 

a change is so high and dependent on their warehouse applications such as how many 

shifts are they operating, what is the temperature like, is it dusty like as a 

manufacturing environment versus a distribution environment. 
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Those are kind of the issues with a preventive maintenance but with the 

predictive maintenance equipment is communicating to them on what is the health of 

their equipment, it is telling them when that belt is wearing out or when they need a 

battery change. It basically allows them to do maintenance purely when they need to 

do maintenance. With predictive maintenance, companies will be able to catch those 

things more easily in less hours required on maintenance, less money devoted to 

maintenance, and then also more uptime. 

Another piece on maintenance is the upgrades, and how companies are trying to 

more future proof their systems. Kind of a hot word nowadays is future-proof, and 

with all these systems being connected to the internet they can push upgrades, patches, 

any type of fixes that are on a software standpoint wirelessly, either through the 

original equipment manufacturer or they can provide it to do it on their own time.  

For example, with smart cars, when they are plugged in at the night, there a 

manufacturer can run an update so that the next morning when you get in your car, it 

is an improved car. The nice thing about these automatic upgrades is that you can do 

them during off shift hours where you have maybe no one in the facility or maybe just 

one person in your facility watching it and manning it. It is not going to interrupt 

operation by having it during off shift. 

Another piece on maintenance is that not only is the equipment communicating 

to them its health, but it is also communicating that health to the equipment 

manufacturer as well. They are getting useful information on the performance of their 

equipment based on the characteristics of their end-user. They can identify trends in 

the failures that are occurring and understand where their weakest points are in their 

systems, and that can be the key areas where they devote more engineering time to 

improve. Companies are moving forward to quicker responses on improving their 

equipment. 

 

2.5 Safety improvements 

 

Safety and material handling equipment (MHE) collision detection is another 

big step forward. In 2015 OSHA posted an article saying that every year there is 

approximately a hundred thousand US injuries that are related to forklift activity, 

which is quite high. If we assume, that was one injury per forklift that would be an 

11% of all forklifts in the US would be involved in some type of worker injury 

(Michaels, 2016). That is very high, and companies were looking to IoT to help bring 

that down. There have been some capabilities for detecting collisions. If you go into 

a warehouse and talk to someone that has been in that warehouse for 10 or 15 years, 

they tell you where the most dangerous parts are in their facility based on experience, 

but you know any new employee would not going to understand where those kinds of 

hot areas are. With this capability, companies can collect information on where those 

collisions are occurring, and they can go back to those automated reporting. 

Automated generation of charts and heat maps can create more of a heat map of where 
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their most dangerous areas in facility. They can plan around those by changing the pic 

pass or just planning the routing a little more effectively. 

Another thing with MHE is that companies want to make sure that when they 

have operators on material handling equipment, they are aware of the employees 

around them that are doing stuff not on equipment. With IoT they can set sensors, 

both to the equipment and in humans, to create certain notifications or alerts when 

there is a proximity between a piece of MHE and another piece or with an operator. 

Whether that is through sound or vibration they can notify them to know. If they are 

within 10 feet of each other they get a little extra alert or notification, that they can 

make sure that their operators are being careful when they are near people. 

The last piece of safety is a little bit more on wearables that employees can wear 

to track real time their health. These things are very popular in the fitness industry for 

several years now, they are tracking the number of steps you take, your heart rate 

across the day, how much energy you are exerting etc. This is going to become more 

of an application in warehousing to better fit or better understand the company’s 

employees’ requirements in terms what is the frequency that authority need to give 

these operators breaks and how long should those breaks be, based on the function 

they are performing. Companies are giving operators the same break schedule 

regardless of function, if they are on a piece of material handling equipment versus 

doing a lot of walking. Their break schedule may need to differ, and we can look at 

how their energy being exerted across time can play into that. 

Another thing is that companies can investigate their productivity a little more - 

so one way to understand if a new slotting method is more effective is how many steps 

is their operator doing and their old method versus their new method. It gives them 

more visibility into the health of their employees to make sure that they are safe. From 

a health standpoint especially, because they are spending so much time working at 

their facility in a day, and a lot of tasks in the warehouse are manually intensive. 

 

2.6 Unmanned Aerial Vehicles 

 

Small, nimble, and autonomous, a different kind of aircraft has taken to the skies 

in greater numbers over the last few years: drones. More groups, businesses and 

industries are learning to harness this technology’s ever-growing potential as it 

becomes more accessible, with logistics companies set to benefit the most. From being 

used in warehouses to dropping off critical medical supplies in rural areas, drones are 

fast changing the face of global logistics from the first to the last mile. (DHL GmbH, 

2019.) Drones, also known as Unmanned Aerial Vehicles (UAVs), are flying devices 

that can be remotely controlled by a person or a computer. It is mostly used in 

situations where manned flights are either too risky or difficult to operate. Drones are 

set to transform and revolutionize the supply chain, drones play an integral role in 

helping to streamline and speed up processes, lower costs and to reduce environmental 

impact. 
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According to (DHL GmbH, 2019.), the drone logistics and transportation market 

in 2022 has value of US $11.2 billion, and in 2027 it will be valued at US $29.6 billion. 

These are seen as game-changing applications such as transforming the warehouse, 

solving the last – mile delivery problem, reaching far – flung and rural areas. Drones 

can reduce human workload and perform tasks such as: taking stock of and managing 

inventory, transporting products from shelves to the picking station, raising safety 

levels and preventing inventory mismatches. One of the biggest challenges in modern 

supply chains is the last-mile delivery problem. A delivery drone can send a parcel 

directly to a customer or to a self-service parcel station within a specified time 

window, it is also used to provide relief to traffic congestion, especially in emerging 

markets with high e-commerce growth. Drones can reach remote, hard-to-access areas 

to deliver critical supplies, such as vaccines or rescue aid (Liao, 2019). 

 

 

3. MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE 

 

When is the topic about artificial intelligence (AI), machine learning is always 

included, and with them in combination, we have data, a lot of data. Companies are 

increasingly becoming data-driven organizations. When we think about lots of data, 

some milestones could be achieved, such as: growth in the business, for example 

market share increase, increased customer satisfaction, rate of experimentation on 

data, and growth of data. 

 

3.1 Machine Learning 

 

Machine learning is really the change in the way that companies are processing 

information, and the way they write computer programs. They used to write programs 

that they would tell a program exactly what to do. To look for a particular result, and 

then take an action based on that result. With machine learning what they do is they 

teach the program to look for patterns in the data, then they feed it with the data, and 

then it learns from the data that they feed it. It learns what patterns to find, and that 

allows companies to find all kinds of how to solve problems that companies cannot 

solve with just a single answer. An example might be looking at the letter ‘A’ written 

by a person, every person might write that letter slightly differently, and that is 

something that is very hard to answer. What companies see is when they apply those 

machine learning techniques, especially to domains that are very familiar for humans 

like speech or vision, then what they get is the ability to have machines that act more 

and have more like human characteristics, that is what companies would end up 

calling artificial intelligence. But why are these technologies today so important?  

There are three trends that are driving a transformation in the world around us today 

that are behind this.  

First trend is the growth of data; IOT and the number of connected things that 

there are in the world are driving a massive explosion of the amount of data that we 
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and companies must work with. Data is what fuels these algorithms and the insight 

the intelligence companies can create. There is also an increasing number of things 

that are born digitally, more data that is born digitally, companies can easily get to the 

data and use it. 

The second thing is cloud maturity, as the cloud has come and become a 

mainstream technology, companies were able to build systems in a different way. 

They do not have to design for the biggest scale on their own networks, they can 

design applications and then use the cloud to scale much greater levels than they 

would if they were paying for all that upfront. That allows companies to bring a lot 

more computational resources to bear on the problem. 

The third area is, an outcome or a cycle of the other two, the maturity of the 

algorithms is getting better and better. Companies are able to do things that they 

couldn't do before. An example might be speech recognition, it is here for a long time, 

but there's always that background noise or it is a different accent that throws the 

models of the algorithms they write off. Now companies are starting to get much better 

algorithms that can handle all kinds of things. There might be the garbled sound of a 

voice coming in through, for example a drive-through, but algorithms can still 

recognize the speech on the other side. 

 

3.2. Artificial Intelligence 

 

Once upon a time artificial intelligence and these things were on TV shows, and 

movies, usually not even earth-based, started back up in space, because on earth we 

could never figure how this works. Today we have systems like Cortana or Google 

Now in our pocket and ask about anything in the world and get intelligent responses.  

Fundamentally how it works; if you take the example from earlier in this paper, 

that you are trying to write a program that recognizes the letter ‘A’, one way to do that 

would be to write down the letter ‘A’, scan it in, and then tell the program: this is the 

letter A, whenever program see’s this, the program can say that it sees the letter ‘A’. 

The problem is the reality of trying to solve that problem. In the scenario where 

millions of people are writing those characters, and everyone would be different, so 

they write a program that does not look for that exact answer. What it does is, it looks 

for the patterns and they feed it, they might feed it a million or hundreds of thousands 

of examples of the letter A, and it will learn from those. Then what it is doing as it 

looks at those, it finds the commonalities in that, and in those images, it builds a model 

that it can use. When the process passed it another image program can say: “that looks 

like the letter ‘A’ based on what I've learned about that”.  

 

3.3. Practical Applications of the AI Technology 

 

The businesses like predictive analytics, they want to predict when a machine is 

going to fail if they have expensive machinery that is connected. It could be an 

airplane engine, or it could be an elevator they want to know well before there is any 
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problem with them. Managers want to know about that, predictive tools are a big thing 

that we see in supply chain management. Managers could forecast demand scenarios, 

and they want to know how much of each of the units they might be selling, is it going 

to be needed in each area. The better they can forecast that, the more efficiently they 

can serve they customers, and make sure that exactly what they want is what they get 

at the time they want it. Those are very common things that we see common use cases. 

Understanding a customer and being able to make recommendations that are relevant 

to that person is having a deeper understanding of what people want as they use their 

products. That is another very common use case of artificial intelligence and machine 

learning as they are being infused into the workplace. 

Once upon a time there was resistance because of technology and even the idea 

of artificial intelligence is seeming crazy to many people. The thing that drives that 

change in the mentality to embracing these things is the result of more active and 

accurate understanding of how the products are going to behave, and better serve the 

customer. That becomes compelling for people. The engineers who are inspecting 

engines inside of airplane through the process that is called engine maintenance, they 

want to be sure that engine is always in the best shape it can possibly be. To run 

reliably and effectively is another common case, and to be able to predict the behavior 

of that machinery, and the behavior of the engine they can look at cases like that to be 

able to give feedback to the pilots and help them understand. They are constantly 

making trade-offs about how efficiently they use the fuel versus how effectively they 

land the plane. They can analyze those behaviors and the patterns, and then give them 

feedback on how effectively they do that. 

Another example that we have is Schneider electric, and they do worldwide 

power management. They have giant solar arrays that they use to power all kinds of 

different organizations from cities to villages in remote locations. They have had a 

problem where they had dust that would come in, and land on the solar arrays. It would 

cause the solar panels to become less effective, and they did not necessarily know if 

a panel had broken, or it was just a dust storm. Knowing the difference between if 

they need to just send somebody out there with a squeegee, versus do they need to 

send somebody out there with a repair truck. Having the right information can have a 

massive impact on their cost, but also their ability to supply these people with reliable 

sources of energy. (Schneider Electric, 2018) The spectrum of using of this 

technology is quite interesting. 

The combination of augmented reality and AI can combine things with analytics 

from Cortana intelligence suite so organizations can visualize well what they are 

seeing inside the machine. For example, if some parts are damaged, the information 

is flowing through the engine, and they can even see overlay hotspots. The program 

can show you the most common areas of failure, and even give instructions on how 

to repair that engine based on the most common patterns that is known and seen. It is 

staggering, it is very cool, and very exciting. 

Both growth in the business and increased customer satisfaction are wonderful 

outcomes and they are examples of result that businesses are achieving, that is making 

their customers happy. They do not necessarily predict what is going to happen in the 

future, but that one they are really trying to do. 
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It is focusing on transforming the way organizations work so that they can have 

more experiments on the data that drive the experimentation up higher and higher and 

become increasingly data-driven in the decisions they make, because that allows them 

to see things. To use the machines to find patterns that they might not otherwise find. 

 

 

4. CONCLUSION 

 

As the technology is rapidly developing in many new ways, customers and 

business are improving and stabilizing their relationships. It is also important to say 

that many new jobs are created because of new trends and applications. Jobs are 

expecting to be with more ergonomic practices, to increase productivity, health, and 

safety. 

The Internet of Things is running through all segments of life today. The cities 

we live in, aided by technology, are becoming smart cities, and making it easier for 

us to have a hectic lifestyle. The Internet of Things is widely accepted in all industries 

and is relied on by many both legal and natural persons. Logistics has always been 

one of the most important branches of business, management, and space management. 

Today, it requires many improvements and constant innovations to meet the 

needs of users at the right time and in the right place. The business uses various 

information systems with logistics modules that facilitate business. The best example 

of such a system is SAP and its MM module that covers the entire logistics process. 

In practice, we also find logistics management and WMS warehouse management 

system. 

The application examples listed in this article cover a wide range of AI 

applications for the entire supply chain. But turning logistics processes in operational 

business into autonomous and predictable processes will certainly pose a challenge. 

The transition to intelligent logistics will take several more years. Knowledge of the 

importance of AI for the enterprise, consistency in leading towards this goal and the 

appropriate culture of the enterprise is required to apply the ongoing development 

process in which artificial intelligence is currently located. 

Automation used to mean big stupid machines doing repetitive work in 

factories. Today they can land aircraft, diagnose cancer, and trade stocks. We are 

entering a new age of automation unlike anything that's come before. Things used 

to be simple. Innovation made human work easier, and productivity rose. Which 

means that more staff or services could be produced per hour using the same 

number of human workers. This eliminated many jobs, but also created other jobs 

that were better which was important because the growing population needed 

work. So, in a nutshell, innovation, higher productivity, fewer old jobs, and many 

new and often better jobs. Overall, this worked well for most people and living 

standards improved. 

Our jobs are now being taken over by machines much faster than they were 

in the past. While new information age industries are booming, they are creating 

fewer and fewer new jobs. In 1979, General Motors employed more than 800,000 

workers and made about $11 billion US dollars, in 2012, Google made about $14 

billion US dollars while employing 58,000 people (Galactic Advisors, 2020.). 
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Here, Google is an example of what created new jobs in the past: innovative new 

industries. Old innovative industries are running out of steam. When cars became 

a thing 100 years ago, they created huge industries. Cars transformed our way of 

life, our infrastructure, and our cities. Millions of people found jobs either 

directly or indirectly. Decades of investment kept this momentum going. Today, 

this process is largely complete. Innovation in the car industry does not create as 

many jobs as it used to. While electric cars are great and all, they won't create 

millions of new jobs. The Internet created new industries, but they're not creating 

enough jobs to keep up with population growth or to compensate for the 

industries the Internet is killing. Innovation in the Information Age doesn't 

equate to the creation of enough new jobs, which would be bad enough on its 

own but now, a new wave of automation and a new generation of machines is 

slowly taking over. 

Robots will be able to do everything better than us. Nearly half of all jobs 

in the U.S. are in danger of being automated over the next 20 years  (Benedikt 

Frey & Osborne, 2013.). Occupations that require repetitive and predictable tasks 

in transportation, logistics and administrative support were especially high-risk. 

In addition, robots don’t need health benefits, vacation, or even sleep for that 

matter. But the debate over whether robots will take over all our jobs is by no 

means settled. After all, someone must program the robots. In the niches like IT, 

customer service and advanced manufacturing industries will add workers over 

the next two years because of automation. It’s hard to imagine that robots could 

replicate human characteristics, like empathy or compassion that are required in 

many jobs. 
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Abstract 

 

Digitization is a fundamental condition for the establishment of smart systems, 

including production and intralogistics. Today, several years after introducing the 

Industry 4.0 concept, we can observe that the penetration of enabling technologies 

depends on the type of industry. For example, we notice that the craft industries, for 

example, toolmaking, whose work is based on the engineer-to-order concept, are 

lagging. There is pressure to change the traditional business model.  

In this paper, we develop the concept of capturing production data with minimal 

employee involvement. The production environment of toolmaking is usually still 

based on manual data entry and ongoing decision-making on the distribution of 

workpieces between machines according to the current situation. Laboratory testing 

justifies the introduction of Real-time Location System (RTLS) technology as a 

technology that captures real-time location data on the monitored items. The captured 

location data can trigger activities in other software solutions and free up employees 

of administrative work. In conjunction with the MES system, we can obtain 

sufficiently accurate data for more in-deep technological preparation of production as 

a prerequisite for more advanced planning and scheduling tasks among machines. 

Most importantly, this technology supports a change in the business model. 

 

Keywords: RTLS, toolmaking, digitalization, business model, intralogistics 

 

 

1. INTRODUCTION 

 

In line with ever-new customer requirements, global competition, highly 

complex products and increasingly demanding legal and environmental requirements, 

there is a highlight on improved production efficiency, product quality, energy 

consumption and cost containment for manufacturing companies (Vrečko et al., 2019; 

Gajšek et al., 2019). Companies are intensively transitioning to an industry 4.0 based 
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on digitalization. Technological development is taking place in parallel. As an 

example of technology, information systems are an enabler for increased 

sustainability along supply chains. Currently, companies are at different stages of 

technology development (Gajšek & Sternad, 2019). We notice that the craft industries, 

whose work is based on the engineer-to-order concept, are lagging behind. Each order 

is unique and treated as a project. Need to change the business model, there is high 

(Henriques & Peças, 2012). An example of such an industry is tooling (Radić et al., 

2020), producing tools1, dies2 and jigs3. The recession in the automotive industry, as 

the largest customer, is further hampered by a technological breakthrough. 

Nevertheless, in the meantime, it is time to think about achieving a higher level of 

digital maturity in this segment of the industry and what effects can be expected from 

digitalization.  

The technological equipment in the tooling industry is at a relatively high level. 

In practice, we find multi-axial CNC machines, industrial robots, machines for special 

machining, simulation tools, electronically supported development and modeling of 

tools, advanced programming of machining, and others. The opportunity for 

improvements lies in integrating all local information systems and using the obtained 

data in terms of network connectivity, such as reviewing the state of occupancy of 

production capacities, reviewing the implementation of individual projects, and 

planning and prioritizing individual positions in production. Most often, therefore, the 

capture of data on the real-time location and status of technical operations for mostly 

unique components with dimensions ranging from a few millimeters to a few meters 

is missing.  

A prerequisite, a step 1 for advancing along the path to Industry 4.0 is 

"visibility," the establishment of a digital shadow (Pametne tovarne, 2017). The 

paper's contribution is to explore the potential of RTLS to provide data on the real-

time location of parts of emerging tools with a vision of using the findings to support 

new business models in the tooling industry.  

The paper aims to (1) explore the technical aspect of UWB's RTLS needed to 

build decision-makers confidence in such systems and (2) think about the potential 

usefulness of RTLS in a tool shop production hall when the tooling company is 

changing business model and (3) discuss the potential benefits of RTLS in the 

transformation towards a smart factory. To achieve these, the structure of the work is 

as follows: Section 2 presents the research background by exploring the basic 

concepts and state of research at the time of the creation of this research work. The 

Methodology is described in Section 3 and results in Section 4. The results mainly 

relate to the technical aspect of UWB's RTLS. The results and connection between 

RTLS UWB implementation and changes in the business model are discussed in 

Section 5. The paper ends with conclusions. 

 

 

                                                           
1 A tool is a precision device for cutting or shaping metals and other materials (Canis, 2012).  
2 A die is a form used to shape metal in forging and stamping operations. Dies also include metal molds 

used in making plastics, ceramics, and composite materials (Canis, 2012).  
3 A jig is used to hold metal while it is being drilled, bored, or stamped (Canis, 2012). 
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2. RESEARCH BACKGROUND  
 

A closer look at the tooling industry shows that it is primarily organized as small 

and medium-sized companies and characterized by a high degree of heterogeneity and 

fragmentation. A study on tooling in Germany in 2020 (Boos et al. 2020) reports that 

in 2020, around 1% of German tool and die-making companies employed more than 

100 employees, 65% less than 50 employees. With a production volume of € 5.6 

billion in 2018, Germany is the largest and most important manufacturer of tools in 

Europe. At 48%, almost half of all German tool shops generate annual sales of less 

than € 5.0 million. In contrast, only 27% of the companies generate annual sales of 

more than € 10.0 million. Sales are mainly generated through the manufacture of sheet 

metal and solid metal forming tools or injection molding tools as well as services. In 

2018, in Germany, there were around 3,800 tool shops with around 54,000 employees. 

Due to the increasing number of bankruptcies, however, a consolidation of the 

industry can currently be noted. This trend is similar across Europe because of 

growing competition from lower-cost foreign producers and China's sudden 

emergence with unbeatable pricing opponents. 

 

2.1. Trends 

 

A decade after the beginning of the transition to Industry 4.0, there has been no 

noticeable increase in gross value added in Europe and globally because of this 

movement. In parallel, awareness that data business models offer great potential to 

address a lack of development is growing. With data-based services, the technical 

capabilities of Industry 4.0 can be translated into individual data business models and 

evaluated. Centralized data and data services based on them thus form the basis for 

new business models. This requires the use of intelligent tools for data collection and 

analysis during production. New possibilities for the tool shop are opened, as they can 

offer new services besides the tool as their core product. In Germany, as the leading 

toolmaking force in Europe, only 3% of tool and die-making companies offer data-

based services in 2019, which no company converts into new business models (Boos 

et al., 2019).  

 

2.2 New business models for the tooling industry 

 

Regarding new business models for the tooling industry, we rely on the findings 

of Henriques and Peças (2012). The authors believe that product manufacturing 

excellence alone and improved internal efficiency are no longer enough for 

sustainable competitiveness. Companies should combine these efforts with 

innovation. Traditional innovation in production technologies should be joined by a 

strategic business approach, the latter as something new for the tooling industry. 

Henriques and Peças (2012) described three business models: 

 operate as a low price producer, targeting customers that buy locally on price; 

 expand the share of value-added activities in the supply chain of finished 

products, targeting customers who are open to outsourcing of services and 

engineering solutions providers; 
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 produce highly complex and innovative tools, targeting customers who are 

willing to be led by them in technological development. 

Regardless of the type of business model chosen, its implementation is based on 

a digital model. Digital models can be seen as networked, up-to-date, trusted, 

electronically recorded data that electronically flow between different applications, 

databases, and users according to predefined rules. An example of an innovative 

tooling service for tool use at the customer is described by Schuh and coauthors 

(2015). An injection molding tool was equipped with a force sensor, position sensor, 

and solid-borne sound sensors for early online detection of tool wear. In addition, 

captured data, a diagnostic unit for data interpretation, and data storage improved 

maintenance and condition of the tool during its operational use.  

 

2.3 Capture of production data  

  

Tool production is carried out as a single piece or small batch production where 

each tool is a unique product that determines the shape and quality of a corresponding 

serial part. The components of each new tool travel through the tool shop through one 

of many possible sequences of technological operations. Furthermore, toolmakers are 

also faced with a high variance of order types. Besides producing new or modified 

tools, the tool shop is also responsible for providing serial production with ready-to-

use tools. Tool production as such is unfavorable for achieving efficiency and low 

costs (Schuh et al., 2015). 

The modern tool shop requires advanced manufacturing applications and 

equipment based on information technologies. There is almost no tool shop without 

computer-aided design (CAD), computer-aided engineering (CAE) and computer-

aided manufacturing (CAM). Machines at the shoop-floor are mostly numerically 

controlled. The tool's design and planning of its technological procedure are supported 

by numerical simulation methods, such as Finite Element Analysis. Toolmakers differ 

in the deployment of product data management (PDM) systems, database 

management systems (DBMS), as well as production planning and scheduling (PPS) 

systems. According to Henriques and Peças (2012), who interviewed more than 100 

individuals from Portugal, Finland, Germany, and Spain, these systems are in the 

initial deployment phase. In our experience, it often gets stuck in providing data for 

the operation of PDM, DBMS and PPS. Toolmakers also differ in the degree of 

digitalization of workplaces and the use of the Manufacturing Execution System 

(MES). MES is a computer system for real-time control and optimization of 

production process elements (McClellan, 1997), designed to connect the production 

and business environment. The MES database is, in a figurative sense, a production 

supervisor. It has almost real-time production data at its disposal and can offer a cross-

section of the production status simultaneously with the help of implemented 

functions and procedures, giving a warning in case of errors. Advanced MES systems 
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can use historical data and compare current data and roughly predict and alert 

upcoming events. Production data entry is performed by operators on machines using 

a user interface/scanners/RFID cards, or the data is automatically captured via OPC-

UA from CNC machines. The data collected/displayed are: start/end of work on 

operations, start/end of congestion, start/end of the break, measurements, display 

documents for production, various data displays. According to an interview with a 

toolmaker, who does not have an MES system in place, employees, the reason for not 

using MES is the need to enter data by the machine operator and because workplaces 

with conventional machines would also need a terminal/computer. The data entry can 

be delayed, and the data entered can be incorrect. They are delaying the introduction 

of MES because they are looking for a faster and more credible system.  

The least developed is the monitoring of the status and location of components at 

the time when they are not processed and the travel of components between 

workplaces. The tool industry does not have developed internal logistics like serial 

production since it consists mainly of micro and small enterprises and their specific 

characteristics. Instead of managing inventory at intermediate storage in production, 

visual management is more common, which, however, does not provide data in 

electronic form. Here arises the potential of using the Real-time localization system 

(RTLS), which captures the location data of the tagged thing in real-time, without 

human intervention. As reasons for its use are given: reduced search time for 

misplaced assets, reduced equipment movement, improved audits and recovered lost 

property, inventory and warehouse management, supported inbound logistics, a base 

for transportation management, captured disparate data, improved Cycle Time. 

 

2.4 RTLS technology 
 

RTLSs are simply a technology for real-time tracking and positioning different 

objects or people in indoor systems (Crespo et al., 2021; Budak & Ustundag, 2015). 

The advantages of using the RTLS system in a company are increased efficiency and 

quality of work, reduced processing time and costs, increased customer satisfaction, 

accelerated return on investment, and many others (Budak & Ustundag, 2015; Cho et 

al., 2012).   

RTLSs can be divided according to the underlying technology through which 

the data is captured. The most common technologies are: Zigbee, Bluetooh, UWB, 

Wi-Fi and RFID (Sanpechuda & Kovavisaruch, 2008). UWB technology is proven to 

be more accurate than other solutions like Wi-Fi, Bluetooth and other active radio 

solutions (Xianjia, et al., 2021). For example, Bluetooth has the disadvantage of easily 

being disturbed by noise signals. WI-Fi has short-distance transmission, RFID has no 

communication ability, and the signal is prone to interface (Redpoint, n.d.). RTLS, 

which is based on UWB technology, does not have all these disadvantages. The 
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disadvantage compared to other systems is only in the higher price. Capturing data in 

a metal-filled environment, which the tool shop is, is unhindered and reliable based 

on the correct system configuration. RTLS UWB is considered the most suitable for 

use in the tool shop according to the characteristics given in the literature. 

RTLSs consist of several pieces of equipment. The main parts of RTLSs are 

anchors, tags and RTLS server. Anchors, a minimum of four per layout, are electronic 

devices that are static and with a known position in the space. They must be placed in 

such positions in space that a homogeneous network is established over the entire area 

within which users want to monitor locations of objects or people in real-time. One of 

the anchors is determined as a master to synchronize all others. Anchors gather ultra-

wideband (UWB) radio impulses emitted by UWB tags and forward collected data to 

the RTLS server. All anchors must be seen by each other to communicate with each 

other efficiently. Therefore, it is ideal if they are placed into the vertices of a square 

to get the maximum efficiency from the system. The system operates at temperatures 

between - 20°C to 60°C, which covers most of the situations in the industry.  

UWB tags are active locators which are used to track materials, people and 

vehicles. The tags can be placed on the objects or be carried around by the human that 

requires tracking. Their main task is to send the different data to the anchors. This data 

could be data about location (which is most commonly used), temperature, speed, 

height, rotation, movement, being in the particular area and many others (Budak & 

Ustundag, 2015), dependent on types of inbuilt sensors. The communication interval 

could be determined. The intervals differ from system to system. The tag's activity 

can be constant or triggered by the start of the movement. 

 

2.5 Existing RTLS research in the context of the business model in toolmaking  

 

Findings in the fields of scientific research was checked in the Web of Science. 

We were looking for research that would look for opportunities and added value of 

the introduction of RTLS on the business model of a tool company. From chapter 2.2 

we already know that its implementation is based on a digital model regardless of the 

type of business model chosen. RTLS technology captures data on the location of an 

object or a person in real-time. It is a source of digitized data (needed for the operation 

of a digital model), the acquisition of which does not require human work or time. In 

this way, the introduction of RTLS certainly has a functional value in the business 

model "operate as a low price producer, targeting customers that buy locally on price." 

However, since data are collected on the locations of objects and people, the 

introduction of RTLS would have a useful value in the model "expand the share of 

value-added activities in the supply chain of finished products, targeting customers 

who are open to outsourcing of services and engineering solutions providers". 

Additionally to coordinates recordings, sensors built-in RTLS tags can also report a 

presence in the particular predefined field, ground clearance, rotation, acceleration, 

and others.  
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Linking RTLS technology to the business model is rare in the literature. 

However, if the mentioned link is the research subject, the business model refers to 

an industry that is not comparable to specific toolmaking. Several research works were 

found in connection with ports, but in these cases, RTLSs are based on RFID 

technology and not on UWB. For example, Park Doo-jin and coauthors (2006) 

propose a new business model for the ubiquitous U-Port, where the port quality of 

service is guaranteed utilizing the RFID-based RTLS. The added value of using the 

system and its integration into the port information system is recognized in lowering 

ship waiting time ratio and ship residing time. Unlike our efforts, their system is based 

on the use of RFID technology, and in addition it is a site under the open sky. 

Much more often, the use of UWB RTLS is explored in the context of its 

operational value within the specific production hall. Regarding the type of production 

environment, papers on storage space and commissioning zones are very prominent. 

The amount of papers focused on the warehouse environment gives a positive impetus 

to the research of the practical value of RTLS UWB in a production environment.  

When we mention that it is not uncommon for papers to explore the purely operational 

value of RTLS use in a working environment, we have in mind papers such as the 

following from Zamora-Cadenas et al. (2016). This work presents a novel safety 

system for AGVs that is based on UWB RTLS technology. The authors proposed a 

safety system that does not require installing hardware on the plant's infrastructure. 

Instead, the AGV is equipped with sensors capable of locating the tag of a person or 

a mobile asset, which reduces installation costs, simplifies the deployment, and 

enables its use in dynamic environments. 

In conclusion, UWB RTLSs are very topical for research, as UWB technology 

has many advantages over RFID, which is an integral part of most older RTLS 

configurations. After more than a decade of development work, RTLS UWB 

commercial solutions are on the market, but they are sold along with development for 

a specific work environment. From the review of the scientific literature and the 

number of research papers, we estimate that UWB RTLSs are very relevant for their 

operational value research in various work environments. Research is intensive in 

warehouses, and very little is written about research in atypical work environments 

such as a tool shop. Almost nothing is written about the impact of RTLS UWB use on 

a company's ability to adopt a new business model or the correlation between them.  

 

 

3. METHODOLOGY  

 

The commercial solution of RTLS was tested if it could be the ground 

technology for a tool shop digital model. As mentioned in chapter 2.2, a digital model 

is needed to support a change in the tooling business model. Therefore, before 

developing the idea of using RTLS UWB in a tool shop production hall, we answered 

four research questions: 

 RQ1: Does the system report location data for tags in an environment full of 

metal objects? 
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 RQ2: How large should be the radius within which the tag must be placed that 

we can say with certainty that the tag is located in the workplace/intermediate 

storage/...?  

 RQ3: How can the use of RTLS in a tool shop production hall help change the 

tooling company's business model? 

 RQ4: How can the use of RTLS in a tool shop production hall help the tooling 

company towards a smart factory? 

 Locating the object inside the workplace through the use of RTLS tag can 

trigger a change of status in other applications and software packages like producing 

a notice, error, correction of a schedule, diversion, derecognition of material from a 

warehouse, or some other type of transaction carried out independently of employees. 

Most importantly, employees should spend their available time only on value-added 

activities and should not engage in data entry for traceability purposes.  

We placed the commercial provider's RTLS in a real tool shop (RQ1) and in a 

laboratory environment (RQ2) to provide answers. RQ1 had to be answered before 

starting laboratory tests.  

RTLS was first placed in a real tool shop. While moving the tag around the tool 

shop, we determined whether it remains visible to the anchors. We first moved the tag 

chaotically and then placed it in places where the presence of metal could make it 

impossible to exchange data between tags and anchors. Metal was not an obstacle. 

The system detected the tag on surface areas and under the thinner sheet metal, under 

the table with wooden surface, in the tool metal cylinder, etc. Given that in the current 

state, all the markings (written markings, signatures, labels) are placed in a visible 

place on the tool or its components, this practice will probably stay also with tags. 

RQ1 was answered with yes, and RTLS was moved to the laboratory environment. 

To perform the experimental study, RTLS was set up in a 57m2 room. The room 

was empty except for the desk and equipment needed for the measurements. 

Commercial RTLS consists of five anchors, UWB tag, and an RTLS server. The 

room's layout and locations of anchors are presented in Figure 1. Master anchor is 

marked with M. Installation was completed when anchors communicated with each 

other properly - that is, that there were no interfering factors in the space between the 

antennas.  
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Figure 1. Laboratory's layout  

 
Source: Own 

 

Communication interval between tag and anchors could be set somewhere in the 

interval from every 10 ms to 60 s. We used a tag 45 mm width and 80 mm height 

(Figure 2).  

 

Figure 2. Tag on a piece of metal on the floor 

   
Source: Own  

 

We determined and marked 243 points on the floor around a whole room. We 

wrote coordinates on the floor at each point, measured from the coordinate origin (x 

= 0, y = 0), marked with green in Figure 1. Later, we moved the tag from one point to 

another until we bypassed all 243 points. For each tag placement on a point, we read 

the coordinates x and y as (1) physically measured from the coordinate origin and 

written on the floor and (2) measured by RTLS. After the measurement procedure, we 

compared physical measurements with RTLS measurements. 

The next step was to draw six squares presenting workplaces on the floor, each 

1.2 m long and 1.2 m wide, to achieve the research objective. Their positions are 

presented in Figure 3. Positions of workplaces were not determined randomly but 

similar to the distribution of workplaces in production halls (W1 – W6).  
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Figure 3. Room layout with marked workplaces  

  
Source: Own  

  

Inside each workplace from WP1 to WP6, we determined 13 measurement 

points from P1 to P13 (Figure 4). The tag was put on each of these points.  For each 

placement of a tag on a point, it was determined whether RTLS detected a tag inside 

or outside the workplace. Physically, the tag was always placed inside the workplace.  

  

Figure 4. Measurement points inside one of 6 identical workplaces  

   

Source: Own  

 

 

4. RESULTS 

 

First, the results of the measurements in 243 points were analyzed and 

graphically presented (Figure 5). The accuracy of x coordinates for 243 observed 

points detected by RTLS is slightly smaller around the master anchor and increases 

with distance from it. 
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In Figure 5, we can also see the outlines of six workplaces (WP1-WP6) and the 

points within them. For example, WP1 contains points 50, 51, 80, 79, 78, 87, 88, 89. 

Points within workplaces WP1, WP3 in WP5 have bigger errors than 0.3 m. Only 

measuring point 80 has an error smaller than 0.3 m. On the right side of the room, 

away from the master anchor, where workplaces WP2, WP4 and WP6 were set, only a 

few points have a more considerable error in the measurement as 0.3 m.  

  

Figure 5. The magnitude of the deviation from the actual value of the x coordinate  

 Source: Own  

   

In the following step, we monitored whether the RTLS system detects the tag 

within the workplace or not when placing the tag at predetermined 13 points from P1 

to P13 physically inside six workplaces from WP1 to WP6. Table 4 presents how 

often the tag appeared within the WPs at a specific point.  

  

Table 1. The average performance of "inside WP" presence detection 

 
Source: Own  

  

As seen, tag placed on point P1 was almost on all WPs recognized as "inside the 

WP". The closer the point is physically located to the WP boundary, the less often the 

system has detected tag as present within the WP. The exception is point P5 (0.2 m 
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from the border of WP), on which tag was more often recognized as "inside the WP" 

than on the point P4, which is more distant to the WP's border than P5.  tag placed on 

P13, which is placed closest to the boundary on the x-axis and the y-axis, was most 

often recognized as "outside the WP".  

   

Figure 6. Percentage of  being "inside the WP" for points inside WP2, WP4 and WP6 

  
Source: Own  

  

For further analysis, we divided WPs into two groups. The first group include 

WPs that have a greater expectation for location accuracy due to the results shown in 

Figure 5 and are more distant to the master anchor (WP2, WP4 and WP 6). The second 

group include WPs that have minor expectation for location accuracy (WP1, WP3 and 

WP 5) due to the vicinity of the master anchor. The percentages of situation when tag 

was recognized as "inside the WP" for different points from P1 to P13 are presented 

in Figure 6 for the first group (WP2, WP4 and WP6) and Figure 7 for the second 

group (WP1, WP3 and WP5).  

As expected, RTLS was accurate enough to report for all tag placement on point 

P1 that the tag was recognized as  "inside the WP" (the exact middle of the 1.2 m wide 

WP). The same was also noticed for P3 (0.4 m from the closest WP border) and P6 

(0.5 m from the closest WP border). Good results were also achieved in P2 (0.5 m 

from the closest WP border) and P10 (0.5 m from the closest WP border). More than  

50 % of measurements placed tag inside the WP also in points P4, P5, P7, P8, P9 and 

P11. Points P12 in P13, which are located outside the radius of 0.4 m, did not meet 

our expectations. 
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Figure 7. Percentage of being "inside the WP" for points inside WP1, WP3 and WP5  

 
 Source: Own  

  

When experimenting with WP1, WP3 and WP 5 near master anchor, RTLS was not 

accurate enough to report that the tag was recognized as "inside the WP" for a specific 

point in all three WPs. WP1, WP3 and WP 5 were created at locations that had 

previously proven to be inferior in location accuracy. 

 

 

5. DISCUSSION 

 

Technologies capable of indoor positioning are not something new. 

Technologies like RFID have proven to be slightly problematic in an environment full 

of metal objects. However, it is still possible to capture location data with some 

forethought and design foreknowledge. Positioning accuracy at Wi-Fi, active RFID, 

or Bluetooth is up to several meters. That is not enough to provide a basis for a digital 

shadow based on automatic data capture in the tool shop and other production 

environments. We tested the commercial RTLS UWB to determine whether it can 

overcome three main barriers to use in a production environment, namely operation 

in a metal-full environment, location accuracy to a few 10 cm, and ease of installation. 

 

5.1 Suitability of RTLS UWB for operation in a metallic environment 

 

RTLS has been continuously sending tag location information in the real tool 

shop environment. There was no difference whether we placed it on the upper surfaces 

of the workbench, tools, machines or tried to hide it a bit under different surfaces. 

Employees of the company confirmed that they see no hesitation in thinking about 

using the system in their production environment.  

A practical test in a real production environment full of the metal objects gave 

an affirmative answer to RQ1. An example of commercial RTLS UWB reports 

location data for tags in an environment full of metal objects. 

 

5.2 Accuracy of reported coordinates of the tag  

 

In the second step, we ensured the accuracy of the specific location by RTLS in 

the laboratory. The maximal error was 0.86 m and the average error was 0.26 m. We 
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confirmed that the accuracy of the measured location depends on the anchors' 

placement. Commercial providers in their offers promise to configure such an anchors' 

layout that the maximum error on the desired layout will be less than 0.3 m. We, 

therefore, suggest that sufficient attention should be paid to setting up the system. 

The result shows that even a slightly less professional RTLS UWB installation 

provides sufficiently reliable data to have sufficient usable value. The answer to RQ2 

gives a radius of at least 0.86 m, which draws a circle inside which the tag lies reliably 

in a non-professional installation. Commercial providers provide a radius of 0.3 m.  

 

5.3 Possible auxiliary impacts of RTLS implementation at changing the tooling 

company's business model 

 

In the introductory part, we mentioned three directions of development for the 

transition to new business models. They are (1) operate as a low price producer, (2) 

expand the share of value-added activities in the supply chain of finished products, 

and (3) produce highly complex and innovative tools. The realization of all three is 

firmly based on digitization and the transition to Industry 4.0. Toolmakers are not at 

the forefront of digitalization, but as suppliers to the automotive industry and other 

emerging industries, they are indeed working hard to keep up with the digitalization 

of their customers. The visibility of what is happening in real-time in the tool shop is 

very much in customers' interest, who should change the way toolmakers are financed. 

The financing problem is described by Henriques and Peças (2012). At the same time, 

it is also in the interest of toolmakers seeking to reduce costs. Relieving the burden of 

administrative work for traceability will be reflected in the reduction of production 

time. 

RTLS UWB introduction can help tooling company to reduce costs in production 

and along supply chain. If tooling company strategically focuses itself to be a low 

price producer this is necessarily linked to shortening the production cycle and better 

utilization of resources beside others. The paper shows that RTLS UWB is actually a 

suitable system for monitoring the locations of employees and things in the production 

hall, which by integrating this system into the production information system leads to 

parallel data capture and exclusion of these activities from the production process 

sequence. Data are captured without the need for physical entries. Visibility of events 

in production is achieved and consequently the possibility of automated planning of 

events or processing in production. 

If tooling industry decides to expand the share of value-added activities in the 

supply chain of finished products, RTLS UWB can be an important information 

system’s component of enabling system. The detected presence of the workpiece at 

the key processing workplace can trigger the recording of a film that is accessible in 

real time to the customer requesting the reporting of the key processing. The departure 

of the workpiece from the machining center can trigger a call to confirm the milestone, 

send the measurement results, etc. It is a bit more difficult to clearly show the 

connection between RTLS UWB implementation and strategic decision to produce 

highly complex and innovative tools. We leave this open for further research.  
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5.4 The importance of RTLS introduction on the way towards smart factory 

 

Based on the performed research, we confirm the potential of the RLTS UWB 

system for use in the tool shop. Capturing the location of tools, their components and 

employees can relieve toolmakers of manual data entry to monitor production and 

pave the way for the company to add new, more complex, smart services to customers. 

Regarding the relief of toolmakers from manually entering data for monitoring 

production, we have shown that a place for depositing tags of components that are 

being machined can be determined within the workplace so that the RTLS system will 

report the presence of an item on WP correctly. Suppose the employees also carry 

tags, then in the back-office systems, the pairing of the employee, the workplace and 

the workpiece in work can be performed, which is now most often done by manually 

entering data via the MES user interface. Additionally, using the RTLS system also 

allows automated tracking of workpieces after they have already left the WP. This is 

now uncovered mainly by the information systems in the tool shop. 

An important feature of smart 4.0 environments is that they are digitized and that 

the visibility of all key elements of the system is achieved. Pairing elements with 

UWB tags enables just that, digitization based on visibility, more precisely knowing 

their location and behavior. In connection with other elements of the information 

systemthis location data can be enriched with data on availability, status, master data 

and more.  

 

 

6. CONCLUSION 

 

In this paper, we summarize the developments in the tooling industry, 

emphasizing the need to change the business model and develop in the direction of a 

smart factory. Regardless of the type of business model chosen, its implementation is 

based on a digital model. New business models in the tooling industry have somehow 

been hinted at for years. With the evolving concept of the smart factory in mind, it is 

becoming increasingly clear that each new business model is based on an appropriate 

digital model. Regardless of the type of business model chosen, to reach its full 

potential, the visibility of events in the tool shop must be established. Ensuring the 

traceability of events is still ensured mainly by manually entering data by employees, 

wasting their time needed for value-adding activities. In the paper, we indicate the 

potential for change in automating data entry using UWB RTLS. The technology is 

suitable for use in a metal-filled environment, accurate to a few 10 cm, and relatively 

easy to set up. The price is also affordable according to the effects that can be achieved 

with its help. 

We see the planning of individual workplaces with the inclusion of RTLS and 

the verification and development of connections with other information systems and 

applications in the production company as an opportunity for further research.  
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Abstract  

 

Industry 4.0 was first mentioned in 2011 and is based on cyber-physical systems 

(CPS) that enable remote control and management of different systems. Other than 

CPS, there are several different technologies within Industry 4.0 such as artificial 

intelligence (AI), big data, cloud computing, etc. Mentioned technologies affect 

different industries such as transport, logistics and supply chain. Accordingly, this 

paper aims to analyse the impact of Industry 4.0 on the supply chain through the prism 

of transport and logistics. The paper is based on secondary research and used methods 

are synthesis and analysis, description method and comparison. Research finds that 

Industry 4.0 has an impact on transport and logistics by making related processes more 

flexible. There is also the possibility of creating an autonomous system that can be 

included in the supply chain, which is an intelligent system that can decide and 

implement different technologies that could mutually interoperate. Research also 

finds that with the advantages of such systems, some significant challenges and risks 

are mostly related to the security and reliability of the created system. 

 

Key words: SMART logistics, SMART transport, digital transformation, supply 

chain management 

 

 

1. INTRODUCTION  

 

The fourth industrial revolution (Industry 4.0) is the common name for different 

technologies that are based on the digitalization and usage of digital technologies in 

business (Rahimi, et al., 2020). Industry 4.0 is primarily based on CPS (Cyber-

physical system) that has possibilities for remote managing and for controlling 
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different systems. CPS can also transform physical system into a digital system (Kim 

& Park, 2017). Other than CPS, Industry 4.0 is also based on the usage of IoT (Internet 

of Things) technology that enables connecting of different systems in one network 

that exchanges information about processes, environment in which such system exists, 

etc. (Alcácer & Cruz-Machado, 2019). Furthermore, Industry 4.0 emphasizes the 

application of AI (Artificial Intelligence) that has the possibility of learning about the 

environment and conducting different operations regarding the identified knowledge 

(Lee et al., 2018), VR (Virtual Reality) that places the operator in the virtual world in 

which the operator can walk, interact with different objects, etc. (Liagkou, et al., n.d.), 

AR (augmented reality) that is related to the possibility of placing a different kind of 

virtual objects in reality (Damiani et al., 2018), DT (digital twins) that enables the 

translation of the physical world into digital and provides the possibility of modelling 

physical things in the digital sphere (Wagner et al., 2019) etc. All mentioned 

technologies could be used in various systems for managing and executing different 

kinds of tasks. 

With the development of Industry 4.0, there are also possibilities to use 

developed technologies in different industries and such industries are logistics and 

transport. In logistics and transport Industry 4.0 can help in tracking packages, 

modelling complex objects such as warehouses, automatization of the process, some 

technologies such as AI can be used for decision making support, sensors can be used 

for collecting different types of data and creating big data that can be the basis for the 

analysis and predicting future trends. Industry 4.0 has also impacted the supply chain 

and all components i.e. organizations such as manufacturers, suppliers, etc. and 

activities that are related to operations and stakeholders in the supply chain (Müller & 

Voigt, 2018). In other words, Industry 4.0 technologies in the supply chain can be 

used for collecting data, usage of collected data for managing the supply chain, etc. 

The supply chain is a complex system that is made of several interconnected 

organizations such as manufacturers, suppliers, wholesalers, retailers, etc. For the 

normal functioning of such a system, it is necessary to establish a connection between 

all organizations i.e. stakeholders in the chain. Establishing such a connection is a 

primary activity for logistics and transport processes. Furthermore, managing such 

system could be challenging because organizations have different processes and exist 

in different business environments.  

When it comes to the design of the supply chain that determines its complexity, 

the supply chain can be divided into two basic formations, short supply chain, and 

long supply chain. The short supply chain does not have return logistics that is aimed 

at returning the used products, unlike the long supply chain that has this possibility. 

Besides the type of supply chain, for normal functioning, both must have transport 

and logistics processes.  

Figure 1 shows the scheme of the supply chain and the position of logistics and 

transport processes within it. As shown in figure 1 all organizations that are involved 

in the supply chain are mutually connected through logistics processes that have tasks 

of ensuring efficiency and all resources that are needed for the normal functioning of 

the supply chain (Pečený et al., 2020). Besides, transport processes have the main task 

that is related to transporting goods, information, etc. between organizations in the 

supply chain. 
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Considering that logistics and transport have a very important task within the 

supply chain and that they can determine the functioning of the entire supply chain, 

technologies of Industry 4.0 such as CPS, IoT, AI, etc. can have a positive impact on 

logistics and transportation processes and supply chain at whole. Furthermore, with 

the usage of Industry 4.0 technologies in the supply chain, there is also the possibility 

of increasing efficiency and decreasing costs. 

 

Figure 1. Supply chain  

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Authors 

 

When it comes to the costs in the supply chain, they can be divided regarding 

the type of supply chain and the organizations that are involved in the supply chain 

(Lapinskaitė & Kuckailytė, 2014). According to the system theory that describes 

relations between subsystems, i.e. organizations in the supply chain, increasing costs 

in one of the organizations in the supply chain can increase the total costs of the entire 

supply chain. Increasing the costs of the supply chain can lead to the increasing costs 

of final product and finally to decreasing efficiency of the entire supply chain. 

According to that fact, organizations in the supply chain must seek new ways for 

increasing efficiency and decreasing costs. 

Furthermore, all actions and decisions that are made by one of the stakeholders 

involved in the supply chain can impact the entire supply chain. That is especially 

important regarding implementing new technologies. For example, if one of the 

stakeholders in the supply chain implements new technology and all other 

stakeholders not the efficiency of the entire supply chain is the same because increased 

efficiency of one stakeholder will be lost because of bottlenecks that are related to the 

using old technologies by other stakeholders. 

Following everything stated, this paper aims to analyse the possibilities of 

implementing Industry 4.0 technologies into the logistics and transport processes in 

the supply chain and to transform the traditional supply chain with such technologies. 

 

 

2. MATERIALS AND METHODS  
 

Supplier Manufacturer Wholesaler Retailer 

Return logistics Recycling and reuse 

Disposal 

Transport 

and 

logistics 

Transport 

and 

logistics 

Transport 

and 

logistics 

Transport 

and 

logistics 



The influence of Industry 4.0 on transport and logistics in context of supply chains 
Krešimir Buntak, Matija Kovačić and Maja Mutavdžija 

  

406 

 

The Paper is based on conducted secondary research. The methodology of 

research is shown in figure 2. As shown in figure 2, the first step in the research was 

defining the problem of research that was how industry 4.0 impacts transport and 

logistics processes in the supply chain? Furthermore, goals that are set in research are: 

 Identification technologies that are arising with the development of 

Industry 4.0 

 Identification of what technologies could be used in transportation 

processes and what technologies could be used in logistics 

processes 

 Identification of how Industry 4.0 technologies within 

transportation and logistics processes impact supply chain 

Furthermore, in research was defined hypothesis: Industry 4.0 technologies have 

a significant impact on transport and logistics processes and can improve the 

functioning of the entire supply chain in the context of management and control. 

Literature that was used in the research was not older than eight years. All 

literature references are scientifically and expert papers from proceedings or journals. 

All collected papers were categorized by keywords and then analyzed. The collected 

data is presented by the compilation method and description method.  

 

Figure 2. Research flow diagram 

 

 
 

Source: Authors 

 

The problem was formulated after a survey of current papers related to the 

topics of Industry 4.0 impact on the system. After defining the problem and goals of 

the research, hypotheses were defined, and a literature survey begins. In the next 

phase, analyzing data and describing results, with description method and comparison 

method was presented current state related to existing papers. In the last phase, 

generalization and interpretation i.e. discussion, with synthesis and induction method 

was described the conclusion of the research. 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

407 

   

3. RESULTS 

 

Industry 4.0 has impacted transport, logistics, and the entire supply chain. In the 

context of logistics, different areas are affected and one of the examples are 

developing systems that enable more efficient picking in a warehouse, systems that 

can be used for automatization of processes in the warehouse, order processing, 

forecasting of orders, managing logistics process, developing of vehicles that are 

based on AI, etc. Furthermore, Industry 4.0 has an impact also on transport through 

the prism of the development of intelligent infrastructure that increases efficiency of 

resources transportation and has an impact on managing it. On the other hand, since 

logistics and transport are part of the supply chain that enables the normal functioning 

of the entire supply chain technologies of Industry 4.0 have also an impact on the 

supply chain. The main impact can be noticed in the usage of SMART factories, 

SMART warehouses, usage of AI for conducting a different kind of tasks, etc. 

 

3.1. Changes in transportation and logistics driven by Industry 4.0 technologies 

 

Transportation as such can be defined as the transport of goods, information, and 

people from starting point to the final point with help of infrastructure (roads, 

intersections, etc.) and suprastructure (trailers and towing vehicles) (Lanke & Koul, 

2013). On the other hand, logistics can be defined as activities that are providing 

support for all processes. Such definition of logistics is related to the fact that logistics 

processes are related to ensuring all resources that are needed for the normal 

functioning of the process and such resources can be related to the raw materials, 

devices, machines, etc. (Anca, 2019). So, logistics as such is a significantly broader 

term than transport because for the normal functioning of transport, logistics need to 

provide all resources such as vehicles, fuels, and lubricants, etc. 

An accurate definition of transportation and logistics is the basis when it comes 

to analysing how transportation and logistics can determine the normal functioning of 

the supply chain. Furthermore, the definition of logistics and transport can be used as 

the basis for analysing how Industry 4.0 technologies impact them. 

As was described in chapter 1, Industry 4.0 has a significant impact on different 

industries so does on transportation and logistics. One of the most significant impacts 

of Industry 4.0 technologies is identified when it comes to the automatization of 

processes. With the development of the automatized system, logistics systems such as 

warehouses have possibilities to implement systems that enable the transport of pallets 

through the warehouse from the place where pallets are unloaded from the vehicles to 

the place where pallets will be stored (Coombs et al., 2020). This type of system is 

decreasing the need for human labor and can increase the efficiency of the process 

because of the possibility to work without a break and transport pallets at a higher 

speed. Furthermore, besides the usage of automation systems in intern transport, AR 

can be also used in the warehouse in process of picking. AR is providing pickers in 

the warehouse more accurately taking ordered items from the shelves (Matsumoto et 

al., 2019). In combination with automatization, pickers can use autonomous vehicles 

that have an implemented AR system that is showing to the picker where is the exact 
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item that the picker needs to take from the shelf. After the picker takes the pointed 

item, the trolley for picking is moving autonomously to the next point for picking.  

Besides the usage of AR and automation, the usage of AI in order prediction is 

also one of the new technologies in logistics systems. AI systems can, based on 

previously collected data, predict how the market will react in the future and based on 

that can suggest the amount of the items that need to be ordered (Kantasa-ard et al., 

2019). Data mining techniques are related to the techniques for purification of the 

collected data, creating clusters of collected data, and giving collected data context in 

which, they can be viewed. Besides possibilities of forecasting demand, AI and big 

data can be used also for risk assessment. Risk assessment is based on the patterns in 

the big data and indicators that can signalize possible risks that can accrue (Paltrinieri, 

et al., 2019). 

When it comes to the impact of Industry 4.0 on the transport and transportation 

process, one of the technologies that can be used for managing transport flow is CPS. 

CPS enables remote control of the transportation process, traffic lights, or the traffic 

intersection. CPS can be also used for managing information flow or fluid flow 

through pipelines. Such systems are based on sensors and actuators that are 

implemented in pipelines or information infrastructure (Monostori et al., 2016). 

Sensors and actuators are connected to the internet and based on such connection 

operators can manage the system i.e. can change flow from one pipeline to the other, 

can stop flow through the pipeline, control flow, etc. 

Furthermore, using sensors with AI results in creating autonomous vehicles that 

can transport items without the intervention of the operator. Such systems can be used 

in cargo transport or can be used for assisting operators i.e. drivers. 

The development of Industry 4.0 technologies also enables the development of 

intelligent transportation systems (ITS). ITS is related to the usage of technologies 

such as sensors, AI, CPS, etc. for vehicle managing. Besides, ITS can be also related 

to controlling and managing infrastructures such as tunnels, bridges, intersections, etc. 

with help of the CPS and related technologies (Sumalee & Ho, 2018). All described 

technologies and possibilities that Industry 4.0 is providing to the transportation and 

logistics system result in creating the concept of SMART transportation and SMART 

logistics systems. Such systems consist of interconnected sensors that are collecting 

data and actuators that are used for managing the system. Furthermore, the usage of 

AI enables the possibility for complete automatization of the system. It should be 

highlighted that besides the degree of autonomy there is also a need for human 

intervention when it comes to the maintenance of such a system or establishment it. 

Figure 3 shows different kinds of SMART systems that appear with the development 

of Industry 4.0 when it comes to the transportation and logistics systems 
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Figure 3. Impact of Industry 4.0 on transport and logistics SMART concepts    

 
Source: Authors  

 

As shown in Figure 3, Industry 4.0 enables the creation of different kinds of 

SMART systems within transport and logistics. Such systems enable a different 

degree of automatization and different possibilities for managing systems. 

It should be highlighted that for the normal functioning of all SMART systems 

showed in figure 3, the organization must create an appropriate ecosystem. The 

ecosystem contains different kinds of technologies that enable interconnection 

between systems such as sensors, internet connection, machines and devices, a system 

for managing and control, etc. In other words, the ecosystem is providing the technical 

and technological competence of the organizational system. 

All technologies presented in Figure 3 are described in Table 1. 

 

Table 1. Description of SMART concepts in transportation 

 

SMART concept Description 

SMART 

transportation/management 

 In global, SMART transportation and SMART 

transport management is related to the system that 

enables tracking and controlling transportation, 

activating alternative ways through CPS, IoT, and 

sensors.  

SMART intersections/traffic 

lights 

 SMART intersections and SMART traffic lights are a 

subgroup of the SMART transportation. This concept is 

related to tracking and controlling traffic flows through 

the intersection and managing traffic lights remotely 

based on the collected data or signals that may come 

from vehicles. 
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SMART monitoring/control 

SMART transportation monitoring and SMART 

transportation control are related to the usage of cameras 

that can identify traffic accidents, vehicles that are 

violating traffic rules, drivers that are wanted by the 

police, etc. Furthermore, it can be used for tracking 

vehicle or goods through implementation sensors on 

them.  

SMART transportation 

infrastructure 

SMART transportation infrastructure is related to 

charging possibility of the electric vehicles through 

charging infrastructure that is implemented into the 

road. Furthermore, SMART transportation 

infrastructure is related to the, based on collected data 

from the sensors, to change traffic signs such as speed 

signs.  
Source: Authors 

 

As shown in Table 1, the most significant impact of industry 4.0 technologies 

on transportation are the automatization of the system and the possibility to track and 

manage the transport process or the infrastructure remotely. Automatization of 

transportation management is the most important benefit of industry 4.0 when it 

comes to urban transport because of the limited capacity of the human operator to 

control and track several complex flows. Furthermore, Industry 4.0 also has an impact 

on the usage of new ways of transport like drones that can be used for the last mile 

transport.  

Besides automatization, there is also an impact on the development of 

autonomous vehicles. This type of vehicle does not need a human driver to operate 

them. Regarding human drivers, the autonomous system can independently drive 

through traffic and decide on its own based on the situation on the road (Martínez-

Díaz & Soriguera, 2018). Industry 4.0 have also significant impact on creating 

SMART concepts in logistics. Some of the most significant SMART concepts in 

logistics systems are shown in Table 2. 

 

Table 2. Description of SMART concepts in logistics  

SMART concept Description 

SMART 

warehouse/picking 

  Most related to the managing warehouse through 

collecting data and use of CPS and IoT. When it comes to 

picking, SMART picking is related to the usage of AR and 

autonomous vehicles such as robots for independent 

picking or as help to the human operators.  

SMART cargo logistics 

  SMART cargo logistics is related to the tracking of the 

cargo package or tracking of the cargo vehicles. 

Furthermore, SMART cargo logistics within it has 

technologies such as cloud computing that enables better 

communication and the possibility of controlling the 

package.  
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SMART logistics 

management 

  It is related to the usage of AI, IoT, blockchain, and other 

Industry 4.0 technologies. For example, through blockchain 

technology, there is the possibility to increase safety during 

financial transactions. AI can be used for predicting and 

creating the base for decision making, etc. 
Source: Authors 

 

Table 2 showed some of the SMART concepts in logistics. Basically, the main 

impact of new technologies on transportation and logistics can be divided into the 

most important: 

 Interoperability: interoperability is related to communication between two or 

more systems and the possibility of exchanging data. Technology that 

enables interoperability is mainly IoT. IoT can be used in both, transportation 

and logistics for different purposes such as managing process. Emergency 

services or vehicles that are transporting human organs for transplantation, 

blood, etc. can be equipment with IoT that will activate the green light on 

their pass before they go through the intersection. In logistics, IoT can be 

used for remote controlling and managing automatic systems for transport or 

picking (Burns et al., 2019). 

 Transparency: mainly related to the usage of blockchain. Blockchain as such 

enables control of data in a decentralized way because of the design of 

blockchain. Namely, blockchain is designed as a network of computers that 

are validating and storing data in different areas. This approach results in 

decreasing the risk of deleting stored data. Besides blockchain, 

decentralization in managing systems using CPS and IoT is also one of the 

ways of increasing transparency (Chauhan et al., 2021). 

 Support: related to the usage of different technologies such as AR or AI for 

supporting the human operator in the operationalization of different tasks. AI 

can increase the capacity of analyzing a big amount of data in a short period 

that can be significantly important for developing a competitive advantage. 

In another hand, AR can increase the capacity of human operators through 

navigation on how to perform tasks. 

 Decentralization: with the usage of remote control and remote management 

of systems there is also the possibility of decentralization of the decision 

making (Gräler & Pöhler, 2018). 

So, through the development of Industry 4.0 and implementing such technologies 

into the system, humans and digital systems can be functioning in symbiosis. Human 

operators use digital systems to support decision-making and increasing their 

efficiency. Furthermore, described technology and possibilities that such technology 

is providing can increase competitive advantage that is a significant factor for supply 

chain and organizations that are involved in the supply chain. 

 



The influence of Industry 4.0 on transport and logistics in context of supply chains 
Krešimir Buntak, Matija Kovačić and Maja Mutavdžija 

  

412 

 

3.2. Impact of SMART transportation and SMART logistics processes on supply 

chain 

 

Supply chain enables normal functioning of organization and society because it 

is ensuring all resources such as raw materials, products for the customer, etc. With 

the increasing of turbulence in the environment and requirements of the society there 

is also an increasing need for capacity and flexibility of the supply chain. Furthermore, 

all supply chains that are organized as global supply chains i.e. supply chains that are 

crossing two or more different continents, face challenges related to management and 

different business environment. 

Changes in transportation and logistics processes, that were described in chapter 

3.1, also have an impact on the supply chain, but before taking into consideration how 

changes in the transport and logistics process based on the changes that are driven 

with Industry 4.0 have an impact on the supply chain, it is necessary to analyse how 

Industry 4.0 changes the supply chain as such. 

Mainly, Industry 4.0 have four main impacts on the supply chain: 

 SMART factories: With the development of automated systems and AI, there 

are significant changes that are related to the manufacturing process. 

SMART factories have technologies such as cloud computing that enables 

exchange of information, Industrial Internet of things (IIoT) that is like the 

IoT but involves interaction between manufacturing equipment, usage of 

robots for production, usage of AI in design and testing products before the 

product goes to the manufacturing process, etc. Besides, there is also 

possibility to create such called ghost factories that for normal functioning 

only have robots and autonomous systems. In such factories, human 

operators are only support for the process (Radziwon et al., 2014). 

 Advanced analytic: for analyzing data it is necessary to collect data. For data 

collection, there is a possibility to implement different kinds of sensors on 

the machines and devices. Such sensors can collect data about the state of 

the machine and its performance. With creating and collecting a large amount 

of data, the organization can create big data from which AI can provide 

different kinds of predictions through data mining techniques (Khan et al., 

2017).  

 Efficiency: With the usage of robots and automatic systems there is also the 

possibility to increase the efficiency of the system regarding the capacity of 

such system when compared to the humans and their capacity. Furthermore, 

such systems can be used for performing more tasks in a shorter time (Ferrera 

et al., 2017). 

 New products: Industry 4.0 can provide new ways of manufacturing 

products. Regarding that, organizations can produce products that enable 

ensuring added value to the customers (Nunes et al., 2017). 
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The impact of industry 4.0 technologies on the supply chain is mainly 

determined with type of supply chain. The table 3 shows how different technologies 

can impact supply chain activities. Table 3 shows traditional way of performing 

activities and technologies that disturb it. 

 

Table 3. Impact of Industry 4.0 on activities in supply chain  

Activities Traditional way 
Disturb 

technology 

New way 

Transactions Bank transfers Blockchain 

With help of blockchain 

transaction between supply 

chain stakeholders are 

easier and much safer. 

Communication 

Information 

system, e-mail, 

telephone 

Cloud computing 

  Enables not only 

communication between 

stakeholders but also the 

exchange of files. 

Last mile delivery Small trucks Drones 

Drones can be used for 

last-mile delivery with 

programming to deliver 

goods to the buyer's 

doorstep and return them 

to the sender. 

Risk analysis 
Experts and 

special tools  
AI 

AI can be used for 

analysing a large amount 

of data and based on 

conducted analysis to 

predict possible risks in the 

future 

Products 

Without 

possibility of 

interaction with 

costumer 

IoT 

IoT provides the 

possibility to exchange 

data between different 

devices and to provide 

costumer the possibility to 

manage such devices 

through one device. 

Furthermore, products are 

more personalized. 

Marketing 

Traditional 

marketing 

through media, 

creating plans 

and segmentation 

done by the 

marketing 

specialist 

AI 

  AI can provide faster 

analysis of the market and 

to personalize marketing 

campaign through showing 

different segments of the 

market different 

advertisement 
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Analysis 

With help of 

tools and 

methods, experts 

Big data, AI, data 

mining techniques 

  Big data, AI, and data 

mining techniques can 

provide faster analysis and 

analysis that is related to a 

large amount of collected 

data. 
Source: Authors  

 

As shown in the table 3, Industry 4.0 can be used for different purposes in the 

supply chain from predicting, analysing, simulating, producing, etc. It should be 

highlighted that almost all described technologies are disturbing technologies that 

enable creating competitive advantage if the organization in the supply chain uses 

such technologies. 

Furthermore, since logistics can be viewed as a support process and in the 

context of supply chain support processes it can be related to ensuring normal 

functioning of the warehouse, picking, cargo, etc., SMART logistics processes are 

support processes for normal functioning of the supply chain that is ensuring 

efficiency. Without warehouses and related logistics infrastructure and suprastructure, 

the supply chain could not function efficiently. Within all organizations that are 

involved in the supply chain many different technologies could be used, and examples 

of such technologies are described in the table 3. But it should be highlighted that for 

making supply chain SMART it is necessary to conduct digital transformation in all 

organizations in the supply chain. Also, all organization must ensure all four 

components of competence. 

On other hand, in case that only one organization have developed and 

implemented SMART solutions like SMART transportation or SMART logistics, the 

entire supply chain does not have to be affected by changes, which is supported by 

the general system theory. In other words, for increasing efficiency and making the 

entire supply chain SMART, all organization in the supply chain must implement 

SMART solutions. So, the main impact of SMART logistics and SMART 

transportation on the supply chain can be view through the usage of technologies 

described in the table 3 for increasing performances of transportation and logistics 

processes. One of the characteristics of SMART systems such as SMART logistics 

and transport is the usage of different ways of exchanging information between 

devices. One of the technologies that enable exchanging of information is RFID 

(Radio-frequency identification) that can also store limited amount of data. RFID tags 

can be placed on the products and scan with an RFID scanner that could be connected 

to the machine or device. Regarding the data stored in the RFID machine or device 

could perform operations. Such a system is enabling the automatization of the 

production system (Zhong et al., 2013). Such a system of production requires antennas 

and controllers that are placed on the machine and devices and read data from the 

RFID. Besides production, RFID tags could be placed on the package and enable 

tracking of the package during transport. 

For managing logistics and transportation processes there is the possibility to 

implement DT technology. DT enables translation of the physical system to the digital 

system and provides the possibility of making a different kind of simulations. Such 
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simulations could be used for the improvements and testing how different solutions 

could impact the system and its functionality (Stark, et al., 2019). For example, in the 

logistics system, DT can be used for the virtualization of the warehouse and 

examination how the process can be improved or for presenting to the customer how 

the final product will look i.e. presenting how the new warehouse will function.   

 

Figure 4. Impact of Industry 4.0 on transport and logistics SMART concepts    

 
Source: Authors 

 

Technologies of Industry 4.0 have mainly impact on automatization and usage 

of automatic systems for different activities such as picking, transportation, etc. In 

other words, the traditional supply chain with the development and implementation of 

Industry 4.0 becomes SMART and that can result in increased efficiency and 

effectiveness. 

 

 

4. DISCUSSION 

 

With digitalization there is a significant impact on the decreasing number of 

documents that are needed in the processes and supply chain (Zhang et al., 2020). On 

another hand, less bureaucracy in the supply chain can result in increasing flexibility, 

decreasing errors in the package, increasing efficiency, and decreasing the costs of 

delivery. However, for the digitalization of documents, it is necessary to provide the 

adequate infrastructure that is related to the computers and other devices that enable 

entry of data and browsing such data. For the normal functioning of such a system is 

necessary to ensure a secure connection between stakeholders and to implement an 
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information system that enables the entry of data from all workplaces. One technology 

that can provide a good base for the digitalization of documents is RFID or QR (Quick 

Response) codes because RFID and QR can contain information that can be showed 

to the reader (Durak & Ozeskin, 2016). Usage of RFID and QR decreases the need 

for documentation that tracks the shipment or enables easier paying. For example, a 

shipment i.e. package can contain a QR code with information such as a delivery note 

or the bill that the recipient must pay. Scanning QR with QR reader there is the 

possibility of paying the bill for delivery, overview delivery note, etc. Also, such a 

way can be used in warehouses for receiving and tracking goods. 

Digitalization as such is also related to the challenges such as risks of 

information leak or risk of endangering the informational system of the organization 

or digitalized documents (Fenz et al., 2014). This kind of risk is significantly 

important because all Industry 4.0 technologies are using internet connection to 

communicate with each other and to exchange data that is necessary for the normal 

functioning of such a system. So, the main challenge of digitalization of the system is 

related to the risk of cyber-attacks that will as a result have a leak of information or 

could lead to financial losses (Antonescu & Birău, 2015). One of the possible answers 

to such risks is implementing different kinds of security protocols that enable 

encrypting of data or use technologies such as blockchain. Financial risks and risks of 

cyber-attacks are one of most important risks when it comes to the supply chain 

because it may endanger financial transactions and data that is exchanged between 

stakeholders in supply chain. Cyber-attacks also can impact autonomous systems that 

could stop functioning or will be misused if such attack accrue. So, development 

measures such as creating security protocols, encryption of data and communication 

between stakeholders is imperative when it comes to the normal functioning of supply 

chain and autonomous systems in transport and logistics. 

Besides, with implementing different technologies and creating a system that 

consists of different kinds of partial systems there is also the risk of decreasing the 

reliability of such a system. Reliability is related to the possibility of the normal 

functioning of the system i.e. providing tasks for which the system is designed. In 

different words, because most of the technologies are interconnected, the shutdown 

of one device can lead to decreasing the possibility that all other devices that are 

connected to the one that stopped to work can perform their tasks (Lazarova-Molnar 

& Mohamed, 2019). Such a problem can be solved by implementing sensors that can 

be used for predicting errors in devices or can signalize that one of the devices has 

variability that will result in a shutdown (Fujishima, et al., 2017). Such sensors can 

collect data that can be stored in databases i.e. can create big data. With the usage of 

AI for data mining in the created database there is the possibility to predict when the 

device will stop working. So, big data analytics can be used for predictive 

maintenance that could result in increased reliability. Predictive maintenance have is 

significant when it comes to the SMART factories and transport and logistics vehicles. 

One of the main advantages of using Industry 4.0 technologies is the possibility 

of interoperability. In other words, different kinds of technologies could be used for 

creating a system that can perform tasks without the intervention of the human 

operator. In other words, the autonomous truck can be used for the transportation of 

goods or raw materials between the factory and the warehouse (Lelli, 2019). In the 
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warehouse, autonomous vehicles can be used for transporting goods to places where 

goods will be stored. Finally, picking operators, with help of the autonomous vehicles 

that are equipped with systems like AI and AR, can use this technology for navigating 

where the picked goods need to be placed. When it comes to transporting goods to the 

customer, drones and autonomous vehicles can be used with the help of AI (Cunneen 

et al., 2019). Interoperability and autonomous systems can also help human operators 

in their tasks. For example, autonomous vehicles can transport goods to the human 

operator that can perform the task on delivered goods without significant stress of the 

operator to raise or lower the load. When it comes to the usage of drones, drones can 

be programmed to transport items from the warehouse to the customer autonomously 

and back to the warehouse when items are delivered (Pugliese et al., 2020). One of 

the advantages of using drones for such purposes is the possibility to fast delivery and 

to deliver items in areas in which there is a lack of traffic infrastructure. 

Digital twins’ (DT) technologies can be used by all organizations in the supply 

chain, logistics, and transport for simulating and testing what changes to the system 

will result in a significant increase in inefficiency (Agostinelli et al., 2020). Also, DT 

could be used for testing changes in demand. For example, changes in market demand 

could be tested in DT because DT can represent a physical system i.e. supply chain. 

According to the result in the DT simulation, the physical supply chain can be 

adjusted. If DT is connected to big data and AI, AI can use big data to simulate and 

test how the physical system will perform, and through generation, improvements can 

be defined. Besides the supply chain, DT can be also used in the warehouse for the 

same purposes. DT can be used for modelling transport and logistics processes before 

the logistics process is launched in the logistics system. In combination with VR, DT 

can be used also for educational purposes (Lu, et al., 2020). Operators that will work 

in a logistics system that is digitalized with DT can see and be educated about all 

processes within the system. In other words, DT can enable the virtual walk-through 

logistics system, interaction with machine and devices, possible testing what will 

happen if device or machine stop to work, etc. 

One possible usage of DT is also testing supply chain, logistics, or transport for 

resilience or simulating how different risks could impact the supply chain. When 

performing such testing there is the possibility to create a continuity plan for the 

system or to create measures that will decrease the risk of interruption of the process. 

Besides the supply chain, DT can be also used in transport and logistics. For example, 

in transport DT enable testing and optimization of transport routes that can impact the 

efficiency of the supply chain (Reed, et al., 2021). For such testing, DT is enabling 

viewing of different routes and identifying which route is optimal. Adding in such a 

system AI, AI can faster and more accurately test and optimize transport routes that 

will impact the entire system. 

So, usage of Industry 4.0 technologies can result in creating of SMART system. 

The main characteristics of the SMART system are interoperability, transparency, and 

possible decentralized management. When this is applied to the supply chain, 

transport, and logistics global, AI can be used for conducting complex analysis, 

predictions, optimizing systems, and data mining of data collected by interconnected 

devices by IoT (Liao et al., 2017). Furthermore, transport vehicles could through IoT 

communicate and exchange data about tasks that are performed and, because transport 
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is part of the logistics process, this can result in increased efficiency of the entire 

logistics system i.e. supply chain when it comes to performing tasks. Also, the usage 

of AR can help human operators in their tasks related to production, picking, 

development of the product, etc. 

So, when comparing traditional supply chain technologies that are mainly 

analogue to the Industry 4.0 supply chain technologies (same for the transport and 

logistics) there is a significant difference that is mainly seen through time, costs, 

efficiency of the process. The traditional supply chain is mainly based on humans and 

human labour efficiency that can be challenging especially with complexity 

increasing, but it may be more reliable than the autonomous systems because humans 

have a creative component in thinking and performing activities. In other words, 

digital systems that are based on Industry 4.0 technologies can have a problem with 

decision-making and creativity or emotions. 

Global, when it comes to the advantages of Industry 4.0 technologies in logistics, 

transport, and supply chain, main advantages are increasing efficiency and the 

possibility to develop a system that can be more resistant and reliable in the context 

of the fulfilment of customer needs. On other hand, the main disadvantages can be 

related to the costs of implementing Industry 4.0 technologies i.e. conducting digital 

transformation and system security. 

 

 

5. CONCLUSION 

 

Industry 4.0 imply different industries. Transport and logistics processes need to 

use the possibilities of Industry 4.0 that are mostly related to implementing AI and 

automatic systems. Furthermore, one of the most significant advantages of the 

Industry 4.0 is the possibility of the interconnection of the different kinds of 

technologies. Interconnection could increase the autonomy of all connected systems 

because all systems can be used for different purposes. 

For implementation and usage of such systems, it is necessary to conduct digital 

transformation of the system and to ensure technical, technological, structural, and 

competence of human resources. Usage of Industry 4.0 technologies in transport and 

logistics could result in increased flexibility and increase in the efficiency of the 

system i.e. transport, logistics, and supply chain. It is necessary to highlight that with 

all advantages of the usage of industry 4.0 technologies some risks are related to 

information security and cyber-attacks. But, when compared, the advantages of digital 

transformation and usage of Industry 4.0 technologies are higher than risks. 

Results of this research can be based on the development of SMART logistics 

system in practice i.e. supply chain in the context of possibilities that are provided by 

different technologies described in research. 

Recommendation for future researchers in this area is to focus on efficiency of 

usage of described technologies in this paper in practice and to compare the efficiency 

of Industry 4.0 technologies with efficiency of the conventional way of conducting 

activities in the supply chain. Limitation of this research are related to access to 

literature. Through research authors identified that there are many different papers 

that are describing Industry 4.0 technologies but there is lack of papers that are 
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describing possibility of combing different kind of technologies in one compact 

system i.e. models. 
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Abstract 

 

Digital transformation of business is inevitable today, that is, companies include 

and incorporate new technologies into their business processes, all with the aim of 

creating added value, securing and achieving competitive advantage. For the purposes 

of writing this article, new Croatian and world literature has been used and analyzed 

and authors can be considered as representative authors in the field of interest of this 

topic. A systematic literature review was undertaken to provide an overview of 

application and use of new technologies such as blokchain and artificial intelligence 

in filed of digital supply chain. The papers were selected by searching databases Web 

of Science and Scopus using the search phrase ("artificial intelligence” OR 

“blockchain technology”) AND (“digital supply chain”). The intention and goal of 

this research was to make aware logistics organizations about importance of the 

artificial intelligence and blockchain technology as key factors that can affect and 

improve logistic process. There are not many studies that explore the application of 

artificial intelligence and blockchain technology in a field of digital supply chain and 

its importance and contribution to strengthening supply chain management, so this 

research contributes to strengthening the awareness of organization about its 

application. Implementation of artificial intelligence and blockchain technology is 

relatively new in a field of logistic and specially in field of supply chain so it needs to 

be strongly and systematically developed further especially with the development of 

digital supply chain. By analyzing the relevant scientific sources it can be concluded 

that a strategic approach to the adoption and implementation of artificial intelligence 

and blockchain technology can provide a numerous of advantages and benefits. The 

aim of this paper was (1) to analyze and investigate the importance of digitalization 

and digital transformation and the impact on digital supply chain (2) to analyze and 
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explore innovation and new technologies in the logistic sector (artificial intelligence 

and blockchain technology) (3) to provide an overview of the research literature in 

these areas.  

 

Key words: management, supply chain management, digital supply chain, artificial 

intelligence, blockchain 

 

 

1. INTRODUCTION  

 

Digitalization and the associated digital business transformation are changing 

existing and well-known traditional business models and directing companies towards 

new, modern and digital business models. New digital technologies create new 

opportunities and improve business performance by creating recognition but also 

greater flexibility of organizations. New digital technologies are changing traditional 

ways of doing business and creating new digital business models through which 

companies create recognition, flexibility and preconditions for ensuring a sustainable 

competitive advantage. Without new digital technologies today there is no progress, 

no innovation so it is crucial to identify appropriate digital technologies that will 

improve the business processes of the organization and consequently create a 

sustainable and long-term competitive organization in the market. Industry 4.0. brings 

new challenges to companies, especially in the field of supply chain, where the 

contribution of new technologies is pronounced and visible. The key goal of any 

organization is to ensure sustainability and create sustainable business models where 

new technologies such as artificial intelligence and blockchain technologies can 

develop, improve but also facilitate sustainable business models in the field of digital 

supply chain management. Innovations such as the Internet of Things (IoTs), big data, 

cloud computing, edge computing, blockchain, and artificial intelligence are just some 

new digital technologies and are the most remarkable technological innovations of the 

21st century. 

This paper aims to explore the process and importance of digitalization and 

digital transformation on business and application of new technologies such as 

artificial intelligence and blockchain technology in the field of digital supply chain 

management. According to its aim this paper is sectioned into three parts. First part of 

the paper is dedicated to understanding basic terms related to logistic 4.0 and digital 

supply chain, digitalization and digital transformation of business. This part gives 

focus on new digital technologies, artificial intelligence and blockchain technology. 

The second part of paper, deals with artificial intelligence and blockchain technology 

and its correlation to supply chain management in terms of its application and 

implementation, while used methodology and a literature review are presented.  The 

goal of the paper is to present a systematic literature review of papers that present new 

digital technologies, blokchain and artificial intelligence, and its application and use 

in the digital supply chain. In our research approach, we focus only on papers in the 

field of digital supply chain that are linked to blokchain and artificial intelligence. 

Lastly, the fourth part is a discussion and recommendations about the conducted 

research and conclusion.  
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2. THEORETICAL BACKGROUND 

 

2.1. Logistics 4.0 and digital supply chain management  

 

In the last 30 years’ logistics and supply chain is evolving rapidly and this 

development is in accordance with technology development. The process of logistics 

development according to the degree of complexity can be divided into four periods 

(figure 1.) First period is related to the process of mechanization and transportation 

where at the end of the first period capacity for transportation increased. Logistics 2.0 

is characterized with many automation system implementations in warehouses and 

sorting centers and this brought to the replacement of conventional warehouses and 

use of electrically driven machines in every day operations. During 80’s of the last 

century with computer and IT development, logistics got innovated and 

systematization of logistic activities started which lead to the increase of logistic 

management capabilities. Then, during 90’s with just in time system implementation, 

increasing demand for quicker customer response and IT development lead to new 

ways of delivering good and services to customers. Further, the increasing use of 

smart devices that use infrastructure services based on cloud computing was one of 

the significant advances in the last decade (Demir et al., 2020) where industry 4.0 

brought new challenges for the logistic industry and supply chain and impacts the 

development of new paradigms, principles and models in supply chain management 

(SCM).  

 

Figure 1. Development of logistics according to the degree of complexity 

 
Source: Author’s according to Wang, 2016. 

 

Digitalization and fast technological adaptation in everyday business, has even 

more been driven by corona crises, and has affected almost every industry. This trend 

has influenced series of processes that involve coordination, planning and controlling 

of products and services between suppliers and customers, that is supply chain 

(Büyüközkan and Göçer. 2018:157). Due to new technologies adaptation and the 

whole new digital movement, organizations have to adapt their organizational 

structures in order to manage this new processes. In such environment supply chains 
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are not limited to national territory, in contrary they spread across countries 

boundaries and become global.  The part of the organizational processes in logistic 

industry, that is constantly changing and evolving (Garay-Rondero, 2019), driven by 

many factors mentioned above, is certainly digital supply chain. Digital Supply Chain 

(DSC) can be defined as “a smart, value-driven, efficient process to generate new 

forms of revenue and business value for organizations and to leverage new approaches 

with novel technological and analytical methods” (Büyüközkan and Göçer. 

2018:157). Also, DSC can be defined as the development of information systems and 

the adoption of innovative technologies strengthening the integration and the agility 

of the supply chain and thus improving customer service and sustainable performance 

of the organisation (Ageron, and Gunasekaran, 2020:133). Some author state that it 

has the potential to disruptively change how traditional supply chains function 

(Tjahjono et al., 2017; Muthusami and Srinivsan, 2018; Stevens and Johnson, 2016, 

Frederico et al. 2020).  The research of Frederico et al. (2020) showed that there are 

limited papers that address supply chain and industry 4.0. They included literature 

review analysis from 2011, however first articles about using disruptive technologies 

started to arise in 2016 and later. This review of articles considering disruptive 

technologies and supply chain can be seen in the figure 1. The most articles published 

consider the use of IoT (11 articles) and blockchain (10 articles) in supply chain while 

artificial intelligence includes 6 articles (figure 2). 

 

Figure 2. Number of articles considering each technology  

 
Source: Adopted from Frederico et al., 2020:210 

 

Digital supply chain has five main characteristics. It is customer-centric, 

interconnected, automated, transparent and proactive. This characteristic is seen 

through products that are created according to customer requirements with the use of 

innovative manufacturing technologies where customers, suppliers and partners 

communicate in real-time through platforms. In this process efficiency is increased 

since different smart technologies are used which increase visibility   in different parts 

of the supply chain. Also, digital supply chain offers real-time data through data 
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analytics, machine learning and AI therefore organizations can react faster to new 

changing conditions (Hoffman et al, 2019). Further, Farhani, Meier and Wilke 

(2017:161) state that DSC consists of six dimensions based on the Porters value chain 

and consists of four primary dimensions (customer, logistics and inventory, 

production, and supplier) and two secondary dimensions (IT and technology and 

performance measurement) (figure 3.)  

 

Figure 3. Six dimensions of DSC management. 

 
Source: Adopted from Farhani, Meier and Wilke, 2017:162 

 

The benefits of DSC may be seen in greater visibility of the material flows along 

the value chain as well as the real-time information need for managers to make 

accurate and on time decisions that correspond to realizing company’s objectives 

(Ageron, Bentahar and Gunasekaran, 2020). Other benefits are seen in cost-efficiency, 

more responsive supplychain, supply chain lead times efficiency and flexibility of 

designing the supply chain and sustainability (Korpela, Hallikas and Dahlberg, 2017; 

Ameri and Patil, 2012; Horenberg, 2017; Strandhagen et al. 2017; Tang and 

Veelenturf, 2019). The research of Tjahjono et al. (2017) showed that in supply chain, 

the order fulfilment and transport logistics will have the most impact from introducing 

new technologies stating that certain technologies may represent both opportunities 

as well as threats. This is supported by the increase in connections between different 

areas, where there are no clear boundaries between them. Companies who will adopt 

new technologies have to transform their traditional processes which includes 

organizational transformation which is not easy to carry out (Rutkowsky et al. 2015). 

Transformation of supply chain management will depend on the fact whether the 

company has already implemented digital business model or has to change its current 

model to digital. This transformation will bring to the creation of new added value 

(Mikkonen et al., 2016) and sustainability of companies. Reyes et al. (2021) perceive 

barriers in the context of organizational, technical deficiencies or deficiencies in 

supply chain which include little understanding of what new technologies are capable 

of and what are main limitations, as well as the privacy and security questions.  
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2.2. Digitalization and digital transformation  

 

Most of contemporary business systems are not efficient enough and do not 

respond to the needs and demands of the market. Inefficient business systems lead to 

non-transparency and business errors, which requires great efforts from organizations 

to solve these problems. Precisely with the emergence of digitalization and the closely 

related digital transformation of business, business processes are improved through 

increased efficiency and effectiveness, improved operationalization and productivity 

growth, with clear business transparency. Coreynen et al. (2017) defines digitalization 

as the use of digital technology to achieve faster and better connections between 

people, systems, companies, products and services. Likewise, digitalization is the 

process of transferring from analog to digital form. Digital business transformation 

implies the transformation of traditional business models into digital business models 

through the application of new digital technologies, which affects existing business 

processes, thus improving business performance and creating and increasing added 

value of the company (Thomas et al., 2016; Li, F, 2018; Westerman et al., 2014; 

Sebastian et al., 2017). Vial (2019), on the other hand, interprets digital transformation 

as “a process that aims to improve an entity by initiating significant changes in its 

properties through a combination of information, computing, communication, and 

connectivity technologies”. Digitalization is the first step towards the digital 

transformation of business. The process of successful digitalization and digital 

transformation of business involves the introduction and use of modern digital 

technologies and applications with the necessary education and ensuring the necessary 

business competencies of employees to be able to meet the requirements of new 

technologies. Digitalization is achieved on two levels, internally and externally. 

Internally, digitalization affects and changes the current way of working and 

communication between employees, while at the external level it implies the change 

of existing traditional business models to digital business models. Digitalization 

simplifies business processes, provides control and supervision in the work process, 

and reduces human error. The value of digital technologies and products is invaluable 

to both manufacturers and customers around the world, which is just visible through 

the COVID pandemic where digital technologies, ie their implementation and 

application have proven to be key factors of sustainability and business success. The 

emergence of new digital technologies (IoT, big data, augmented reality, robotics, 

blockchain technology, artificial intelligence) requires rapid changes both at the 

strategic level and at the operational level of the company's business. Recognizing the 

needs for digitalization and digital transformation of business implies primarily the 

creation of a digital strategy that leads to the digitalization of products and services 

and ultimately the digital transformation of business. 

 

2.3. Blockchain technology  

 

Blockchain technology is one of the newer technological innovations, a new 

digital technology that operates through a platform that enables development and 

multiple applications in business transactions. Likewise, a blockchain can be defined 

as a decentralized database in which transactions take place anonymously. Blockchain 
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is changing the way the business is done as companies that recognize and implement 

blockchain technology optimize their business processes and create a competitive 

advantage. Chuen (2017) claims blockchain to be “the main game-changer” in the 

fourth industrial revolution. Blockchain technology works on the principle of a 

general ledger in which each transaction remains recorded (Tschorsch and 

Scheuermann, 2016; Zyskind et al., 2015). The system that uses blockchain 

technology was developed according to peer-to-peer system (Cunjak Mataković and 

Mataković, 2018). Blockchain was first mentioned in 2008 under the title "Bitcoin: A 

Peer-to-Peer Electronic Cash System" and is the result of the actions of one person or 

a group of people under the pseudonym Satoshi Nakamoto. Further development of 

the idea and its implementation appear in 2009 by “releasing” the bitcoin network 

when the first bitcoins (the first cryptocurrency) were created. Private and public 

blockchain and blockchain consortia are distinguished (Wang et al., 2021). There are 

no restrictions on public blockchains, anyone can submit a transaction and participate 

in the mining process without protecting privacy because the transaction data is 

transparent to the public. A private blockchain has certain restrictions where a certain 

person or organization has the right to perform transactions, so transaction data is kept 

private. The blockchain of the consortium is partially decentralized and consists of 

several organizations with limited access but it requires a significantly better operating 

environment which improves the efficiency, execution and security of the system. 

With the development of new digital technologies, the connection between blockchain 

technology and 5G network is increasingly being explored, with 5G network and 

blockchain guaranteeing comprehensiveness, reliability, and speed of traceable data 

transfer (Wang et al., 2021). Decentralization of the blockchain enables data security, 

authenticity of identity as well as privacy protection (Wang et al., 2021). Blockchain 

decentralization is its main feature and advantage that makes the system fairer and 

more secure by emphasizing the most revolutionary quality of blockchain, which is 

the value of decentralization precisely because of the way data is recorded and 

processed. 

 

2.4. Artificial intelligence  

 

Any machine that can simulate human cognitive skills is defined as artificial 

intelligence (AI) and it can be used in every aspect of a human life such as exploring 

space, self-driving cars, drones, weapons systems, medical diagnosis, etc. (Demir and 

Paksoy, 2021:158). The term “artificial intelligence” is coined by John McCarthy and 

it’s not a new thing in the IT industry. Its development can be seen in the table 1.   

 

Table 1. The History of AI  

Year Event 

1945 Bush’s paper “As We May Think” published in the “Atlantic Monthly” 

1950 Turing’s seminal paper “Computing Machinery and Intelligence” published 

in the philosophy journal “Mind” 
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1955 Oliver Selfridge’s paper, “Pattern Recognition and Modern Computers”, 

was published in Proceedings of the Western Joint Computer Conference 

1956 Arthur Samuel’s checker-playing program was able to learn from 

experience by playing against human and computer opponents and 

improve its playing ability 

1956 John McCarthy coined the term “Artificial Intelligence” in a conference at 

the Dartmouth College 

1966 The first chatbot was developed by MIT professor Joseph Weizenbaum.  

The program was able to simulate real conversation like a conversation 

partner. 

1972 MYCIN, an expert system that used artificial intelligence to treat illnesses, 

was invented by Ted Shortliffe at Stanford 

 

University. 
1986 Terrence J. Sejnowski and Charles Rosenberg developed a program called 

“NETtalk” that was able to speak, read words and pronounce them 

correctly. 1997 IBM’s AI chess computer “Deep Blue” defeated the incumbent chess world 

champion, Garry Kasparov. 

2011– 

2015 

Powerful processors and graphics cards in computers, smartphones, and 

tablets led AI programs to spread in everyday life. Apple’s “Siri”, 

Microsoft’s “Cortana”, and Amazon’s “Echo” and “Alexa” were 

introduced to the market. 

2018 IBM’s “Project Debater” debated complex topics with master debaters, and 

performed unusually well. Google’s “Duplex” called a hairdresser and 

made an appointment on behalf of a customer while the lady on the other 

end of the line did not notice that she was talking to a machine. 

Source: Adopted from Buchanan 2005; Bosch Global 2018 in Demir and Paksoy, 2021:158 

 

 

3. CORRELATION BETWEEN BLOKCHAIN TECHNOLOGY, 

ARTIFICIAL INTELLIGENCE AND DIGITAL SUPPLY CHAIN  

 

3.1. Blockchain technology and digital supply chain  

 

The application of digital technologies and Industry 4.0 in companies and 

increasingly in the field of supply chain management significantly influences changes 

within existing business processes, creating faster, transparent and flexible business 

conditions. Digitalization of business processes in order to influence the quality of 

products, to reduce production costs and increase the flexibility and efficiency of 

production is just one of the main goals of Industry 4.0. In order to achieve this within 

the supply chain management, the application of blockchain technology occurs. 

Technological progress enables faster development of the organization, opens new 

possibilities but also brings with it numerous challenges. Digitalization and change of 

new digital technologies within the supply chain offers solutions on how to face 

market challenges and how to take advantage of the opportunities available to 
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businesses (Abdalla and Nakagawa, 2021). The digital transformation of the supply 

chain ensures better customer service, greater and better integration of suppliers and 

partners, and affects sales growth and improvement of the overall business of the 

organization (Agrawal et al. 2019). Relying on the application of new digital 

technologies, previous studies show an increase in operational efficiency. 

Transformation from traditional to digital models (application of digital technologies 

and thus blockchain technology) reduces costs, delivery times, optimizes business 

processes and increases and improves the already mentioned operational efficiency 

(Büyüközkan and Göçer, 2018; Calatayud et al., 2019; Du et al., 2016; Gust et al., 

2017). Digital transformation is a prerequisite for improved business supply chain 

performance in terms of efficiency and adaptability (Abdalla and Nakagawa, 2021). 

Due to the globalization and internationalization of business, companies are facing 

increasing expectations of customers and business partners, finding new digital 

technologies to improve the supply chain and to satisfy all parties involved along the 

way. A number of constraints faced by supply chains such as high operating costs, 

lack of capacity, low level of operationalization of blockchain technologies can be 

affected (Tapscott and Tapscott, 2016). “The blockchain allows information to be 

securely exchanged between producers, suppliers and customers across the supply 

chain” (Wang et al., 2021). According to Wang et al. (2021:114) important attributes 

of a blockchain are: (1) immutable, (2) decentralized, (3) trust, (4) transparency and 

visibility, (5) security and (6) global network. All of the above increases the efficiency 

and effectiveness of the business and can affect the improvement and increase the 

efficiency of the supply chain. According to Astarita et al. (2020) immutable as one 

of the blockchain attributes can improve the traceability in supply chain and logistic 

operations. Trust is a key prerequisite for the supply chain to function adequately and 

thus strengthen the relationship between business partners where blockchain 

transactions within the supply chain make it “trust free” (Beck et al., 2016). 

Decentralization of blockchain within the supply chain improves visibility and easier 

access to information. Transparency and visibility are not characteristics of traditional 

and centralized supply chains, where blockchain technology within the digital supply 

chain provides all partners with almost instant access to information, faster tracking 

of information and information transfer where blockchain can reduce data 

transmission costs and thus facilitate transparency and visibility within supply chain 

(Wang et al., 2021). Transactions and data passing through the blockchain system are 

almost impossible to change which creates and ensures a high level of data security 

for the digital supply chain. As mentioned before, blockchain technology is based on 

a peer to peer system, and thanks to blockchain, “businesses may no longer need a 

third party/intermediary to sell the products and/or services” (Wang et al., 2021). 

Authors' Wanger et al. (2021: 115) "consider the use of blockchain for supply chain 

collaboration and integration because it provides a conceptual idea to collaborate 

different nodes / parties / people, and integrates finance, information, and goods flows 

and technologies in a supply chain". The practical application of blockchain 

technology within the supply chain is investigated by the authors Wang et al. (2021) 

and they list several key elements linking the blockchain and supply chain: (1) 

information sharing, (2) traceability (carrefour), (3) automation in digital 

transformation. Characteristic of traditional supply chains (especially international 
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supply chains) is the large number of documents and high costs as well as extensive 

and long-term communication where blockchain can reduce costs and reduce efforts 

in communication and document transfer (Benton et al. 2018). Traceability in the 

supply chain through blockchain can be of great importance through tracking blocks 

in the network that can have key information about products, processes, shipments 

and the like and thus blockchain increases the transparency and visibility of the digital 

supply chain. Blockchain cannot create business autonomy and disruptive changes on 

its own, but with the interaction and inclusion of IoT, 5G, AI technology can create 

and gradually develop a smart and digital supply chain network leading to complete 

business autonomy (Christidis and Devetsikiotis, 2016; Gilchrist, 2016). Blockchain 

technology changes the way business is done and the way of thinking, and precisely 

because of a number of advantages it provides, it creates a network of trust between 

the parties involved but also influences the optimization of goods, information and 

financial flow in the digital supply chain. The supply chain ensures the flow of goods, 

services, information and money, while it is necessary to ensure transparency, speed 

and security, which blockchain technology ensures. 

 

3.2. Artificial intelligence (AI) and digital supply chain 

Barlow (2015) said that the future development of organizations will lie on 

developing organization capabilities for sourcing and distributing relevant data 

content at every link and life cycle of the value chain. To reach such a demanding task, 

organizations will have to use new technologies such as artificial intelligence (AI). 

The use of AI in supply chain has significant impact in parts addressing continuous 

process change, product lifecycle, real-time monitoring and forecasting future 

demands, eliminate waste, and achieve error-free production (Dash et al., 2019). Also, 

Juniper Research (2018) states that organizations invest money in AI to increase trend 

analysis, logistics planning and stock management (Dwivedi et al, (2021:7). The 

research of Accenture reports that 85% of C-level managers think that AI is the key 

to reach organizational growth and the majority think if they don’t use this new 

technology they will be out of the business in the long run (Bersohn and Douglass, 

2020). According to the Next Generation Supply Chain Market study, the technology 

impact of AI until 2025 will be 85% versus the current adaptation of AI at 25%, and 

by 2030 digital supply chain market will reach more than 100 billion $. 1  AI 

tehnologies are used to make efficient designs to.  Therefore, the importance of 

adopting AI in business in a such way that gives the new value through the whole 

supply chain seems to be the matter of a life for many organizations nowadays. 

Ivanov, Dolgui and Sokolov (2019:838) argue that in the future, the successful supply 

chain “will be as good as the digital technology behind it”. According to Ahmad et al 

(2019:5), AI will be the part of every technological system such as power system 

cybersecurity, financial markets, payments, nuclear power plants, electrical grids, IoT, 

logistics, manufacturing, building construction, etc. Reyes et al. (2021:158) state that 

the main challenge from implementation of AI in global supply chain management 

lies in “having the accurate information in order to reduce costs and lead time in the 

whole supply chain along with improving responsiveness to changing demand 

                                                           
1 LogisticsIQ, https://www.thelogisticsiq.com/research/next-gen-supply-chain-market/ 
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requirements”. Further stating, that the main challenge lies in using the AI to link 

smart replenishment systems with smart demand planning systems. Ivanov, Dolgui 

and Sokolov (2019) analysed contributions of digital technologies on disruption risk 

management and ripple effect in supply chain. The main challenges of SCM in the 

part of predictive analytics are seen in data transparency and safety regarding 

complexity which increases in logistics cross-channels. Also, time risk increases 

because of complexity increase, while demand risk diminishes as well as information 

disruption risks. Further challenges are perceived in manufacturing process 

organization, reduction in SC layers, re-qualification of employees, organization re-

design, data security and complex control.   

 

 

4. RESEARCH APPROACH 

 

In our research, we have used the systematic literature review to summarize past 

findings in a research field, in our case findings about digital supply chain and new 

digital technologies (blokchain and artificial intelligence) and impact of blokchain and 

artificial intelligence on supply chain management. 

Our selection process of the papers for the systematic literature review is 

presented in figure 4. First, we identified relevant databases for our research, and we 

have decided to focus on the peer-review journals that are cited in Scopus and WoS 

(SSCI and SCI papers).  Tables 2 and 3 present our search strategies in WoS (SSCI 

and SCI) and Scopus, with the period (2017 – 2021). We conducted a search using the 

scientific databases Web of Science (WoS) and Scopus in August 2021. Through the 

first part of the search, we checked WoS and Scopus using keywords: “DIGITAL 

SUPPLY CHAIN” AND “ARTIFICIAL INTELLIGENCE AND BLOKCHAIN”. 

The search was focused on peer-reviewed papers in journals in English language. This 

approach resulted in 340 hits (305 in Scopus and 35 in WoS). 

In the next step, the search strategy was refined. Since digital supply chain and 

new technologies (artificial intelligence and blokchain) are applied in different areas 

of scientific research, we decided to limit our research to papers in the fields business 

and economics and This criterion was related to Scopus subject areas and WoS 

categories (table 2 and 3). The Following Wos categories were used:  Business or 

Management or Economics or Computer Science Information Systems (Sci-

Expanded, Ssci, A&Hci, Cpci-S, Cpci-Ssh, Bkci-S, Bkci-Ssh, Esci, Ccr-Expanded, 

Ic.). The following Scopus categories/areas are used: Business, Management and 

Accounting. This approach resulted in 26 hits (18 hits in Scopus and 8 hits in WoS) 

(table 2 and 3).  

 

Table 2. WoS (SSCI, SCI) search strategy (2017-2021) 

Search strategy  Hits Time span Indexes 

((digital supply chain) AND (artificial 

intelligence and blokchain)  

35 All years SCIEXPAND., 

SSCI, A&HCI, 

ESCI 
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Refined by: DOCUMENT TYPES: 

(ARTICLE) AND PUBLICATION 

YEARS: (2021 OR 2020 OR 2019 OR 

2018 OR 2017) AND WEB OF 

SCIENCE CATEGORIES: (BUSINESS 

OR MANAGEMENT OR 

ECONOMICS) AND RESEARCH 

AREAS: (BUSINESS ECONOMICS) 

8 2017-

August, 

2021  

(last five 

years) 

SCIEXPAND., 

SSCI, A&HCI, 

ESCI 

Source: Authors work, 2021. 

 

Table 3. Scopus search strategy (2017 – 2021) 

Search strategy  Hits Time 

span 

Indexes 

(TITLE-ABS-KEY ( digital  AND supply  AND 

chain ) )  AND  ( artificial  AND intelligence  AND  

blockchain ) 

305 All 

years 

Scopus 

AND  (  LIMIT-TO ( OA ,  "all" ) )  AND  ( LIMIT-

TO ( PUBYEAR ,  2021 )  OR  LIMIT-TO ( 

PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  

2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  

LIMIT-TO ( PUBYEAR ,  2017 ) )  AND  ( LIMIT-

TO ( DOCTYPE ,  "ar" ) )  AND  ( LIMIT-TO ( 

SUBJAREA ,  "BUSI" ) )  AND  ( LIMIT-TO ( 

LANGUAGE ,  "English" ) ) 

18 2017-

August

, 2021 

(last 

five 

years) 

Scopus 

Source: Authors work, 2021.  

 

In our analysis, we have included 26 papers (8 from WOS and 18 from Scopus). 

However, after merging all papers, we excluded 2 papers that were found in both 

databases. Therefore, 24 papers remained for the analysis. After reviewing the 

abstracts and keywords of all 24 papers, we eliminated papers that did not report the 

description of digital supply chain and artificial intelligence and blokchain. We used 

the following criterion that the paper was considered relevant if it specifically covers 

the application of artificial intelligence and blokchain in digital supply chain 

management (figure 4). 
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Figure 4. The selection process of the papers for the literature review 

 
Source: Authors work, 2021. 

 

Finally, after applying this exclusion criterion 12 publications remained, and 

they represent the basis for our further analysis. Next, we extracted and coded relevant 

data of surveys (e.g. authors, title, and journal, year of publication, digital supply 

chain, artificial intelligence, blokchain) for our analysis (figure 4). 

 

 

5. RESULTS  

 

5.1. Analysis of papers with described digital supply chain, artificial intelligence 

and blokchain  

 

The objective of this work was (1) to study and explore the importance of digital 

supply chain management and its impact on company productivity and 

competitiveness (2) to analyze and explore artificial intelligence and blokchain that 

are connected to digital supply chain management (3) to ensure a systematic review 

of the research literature in these fields. To achieve the set goals, numerous world 

literature was analyzed, which explores the field of artificial intelligence and 

blokchain and its impact on digital supply chain management. 

Figure 5 depicts the annual number of publications from 2017 – 2021 in the 

amount of 24 articles. A growing trend of published papers is revealed. A growing 

trend in this area is from 2019 until 2021 (in 2017 and 2018 none paper has been 

published) where 24 articles were published regarding the area of artificial 

intelligence, blokchain and digital supply chain management where in that period 

most of the papers (13) were published in 2020. As shown a very small number of 
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articles deal with implementation and application of artificial intelligence and 

blokchain in digital supply chain. This shows and proves that this area is insufficiently 

researched and that a small number of researchers are engaged in research of the 

application and use of artificial intelligence and blockchain in the field of digital 

supply chain. 

 

Figure 5. Number of papers published per year from 2017. – 2019. about artificial 

intelligence and blokchain in field of digital supply chain 

 
Source: Authors work, 2021. 

 

Further, table 4. shows al of 24 papers that were the result of research work 

within the Wos and Scopus database. 

 

Table 4. Literature review 

 
Author 

name, year 
The name of the work Research description 

Connection 

between digital 

supply chain, 

artificial 

intelligence 

and blokchain 

SCOPUS base 

1 

Al Hilali, 

R.A. and 

Shaker, H., 

2021 

Blockchain 

technology's status 

of implementation 

in Oman: Empirical 

study 

Authors research new 

technologies and 

emphasize blockchain as 

a very important 

technology for industry 

development (case study 

on its application in 

Oman's sectors) but does 

not connect blockchain 

with digital supply chain 

NO 
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2 

Creazza, 

A. et al., 

2021. 

Who cares? Supply 

chain managers’ 

perceptions 

regarding cyber 

supply chain risk 

management in the 

digital 

transformation era 

Explores risk 

management and 

resilience within the 

digital supply chain but 

does not link the digital 

supply chain to artificial 

intelligence and 

blockchain 

NO  

3 

Herold, 

D.M.  et 

al., 2021. 

The emergence and 

adoption of 

digitalization in the 

logistics and supply 

chain industry: an 

institutional 

perspective 

Explore the development 

of digitization within 

logistics and supply 

chain through a concrete 

example of selected 

industry  

NO  

4 
Hallikas, J.  

et al., 2021 

Digitalizing 

procurement: the 

impact of data 

analytics on supply 

chain performance 

Authors explore the 

importance of 

digitalization in the 

supply chain and 

consider digitalization a 

key factor in improving 

business performance 

within the supply chain  

NO  

5 

Mathivatha

nan, D., et 

al., 2021.  

Barriers to the 

adoption of 

blockchain 

technology in 

business supply 

chains: a total 

interpretive 

structural modelling 

(TISM) approach 

Using Total Interpretive 

Structural Modeling 

(TISM) and Matrix 

Cross-Impact Matrix 

Multiplication Applied to 

Classification 

(MICMAC), the authors 

explore and identify 

potential barriers to the 

application and adoption 

of blockchain technology 

within the supply chain 

that they believe has the 

potential to revolutionize 

supply chains. 

YES 

6 

Jurčić, V. 

et al., 

2020. 

Optimizing the 

Resource 

Consumption of 

Blockchain 

Authors research 

blockchain and consider 

it applicable in various 

fields (science, biology, 

medicine, finance, etc.) 

and consider it one of the 

important factors 

influencing the 

NO  
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improvement of business 

processes and cost 

optimization - no 

connection between 

digital supply chain and 

blokchain 

7 

Epiphanio

u, G., et 

al., 2020. 

Electronic 

Regulation of Data 

Sharing and 

Processing Using 

Smart Ledger 

Technologies for 

Supply-Chain 

Security 

Authors explore the 

importance of 

digitization specifically a 

digitized platform for 

data management in the 

supply chain, exploring 

the ability to 

electronically regulate 

the exchange of data 

within and between 

businesses in the supply 

chain - no connection 

between digital supply 

chain and artificial 

intelligence and 

blokchain 

NO  

8 

Lohmer, J. 

et al., 

2020. 

Analysis of 

resilience strategies 

and ripple effect in 

blockchain-

coordinated supply 

chains: An agent-

based simulation 

study 

Through a simulation 

study the authors link 

blockchain and supply 

chain. They consider that 

blockchain is a new 

technology that enables 

secure and timely data 

exchange and automation 

through smart contracts. 

Likewise, the authors 

present the impact of 

blockchain on risk 

management within the 

supply chain 

YES 

9 

Filimonau, 

V., 

Naumova, 

E., 2020. 

The blockchain 

technology and the 

scope of its 

application in 

hospitality 

operations 

Authors investigate the 

existing applications of 

blockchain technology in 

different economic 

sectors and in different 

consumption markets 

NO  

10 
Ivanov, D., 

2020. 

Predicting the 

impacts of epidemic 

outbreaks on global 

supply chains: A 

Authors investigate the 

impact of the COVID-19 

epidemic on global 

supply chains and 

NO  
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simulation-based 

analysis on the 

coronavirus 

outbreak (COVID-

19/SARS-CoV-2) 

case 

present the results of a 

simulation study  

11 

Kittipanya-

ngam, P., 

Tan, K.H., 

2020. 

A framework for 

food supply chain 

digitalization: 

lessons from 

Thailand 

The paper explores the 

importance of 

digitization within the 

food supply chain on a 

concrete example of 

three companies showing 

the practice, challenges 

and opportunities of Thai 

food producers who 

apply digitalization of 

their supply chain  

NO  

12 

Schniederj

ans, D.G, 

et al., 

2020. 

Supply chain 

digitisation trends: 

An integration of 

knowledge 

management 

Authors explore 

neglected areas of 

digitalization within the 

supply chain, explore 

new areas of top 

optimization of digital 

supply chain 

performance 

NO  

13 

Berawi 

M.A. et al., 

2020. 

Digital Innovation: 

Creating 

Competitive 

Advantages 

Authors consider new 

technologies 

(blockchain, artificial 

intelligence) to be 

important factors in 

increasing efficiency and 

business performance as 

well as key factors in 

meeting customer 

requirements in product 

development or service 

delivery throughout the 

process chain 

YES 

14 
Martinez, 

V., 2019.  

Blockchain-driven 

customer order 

management 

The paper explores and 

connects the blockchain 

and supply chain by 

placing emphasis on the 

understanding and use of 

blockchain within the 

supply chain in the 

YES 
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customer order 

management process 

15 

Hughes, 

A., et al., 

2019. 

Beyond Bitcoin: 

What blockchain 

and distributed 

ledger technologies 

mean for firms 

Authors consider 

blockchain to have great 

potential in various 

areas, including within 

the supply chain, and 

through the paper they 

give an overview of its 

importance and features  

YES 

16 

Calatayud, 

A., et al., 

2019. 

The self-thinking 

supply chain 

Authors note that 

Internet of Things (IoT) 

and artificial intelligence 

(AI) technologies have a 

great ability in resolving 

the key challenges and 

opportunities that arise in 

the supply chain 

YES 

WOS base 

17 

Wang, M., 

et al., 

2021. 

Blockchain and 

Supply Chain 

Management: A 

New Paradigm for 

Supply Chain 

Integration and 

Collaboration 

Authors present the 

application of blockchain 

technology within the 

supply chain, considering 

blockchain important for 

efficient and effective 

supply chain 

management 

YES 

18 

Zouari, D., 

et al., 

2021. 

Does digitalising 

the supply chain 

contribute to its 

resilience? 

The paper investigates 

the relationship between 

supply chain resilience 

and supply chain 

digitization, defining the 

degree of digital maturity 

and digital supply chain 

tools adopted for supply 

chain resilience 

NO  

19 

Agrawal, 

P., Narain, 

R., 2021.  

Analysis of 

enablers for the 

digitalization of 

supply chain using 

an interpretive 

structural modelling 

approach 

Through their research, 

authors prove that new 

technologies, blockchain 

and artificial intelligence 

are the most powerful 

drivers for digitalization 

of the supply chain. 

YES 

20 

Schneider, 

S., 

Kokshagin

Digital 

transformation: 

What we have 

The authors explore the 

process of digital 

transformation and its 

NO 
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a, O., 

2021.  

learned (thus far) 

and what is next 

significance to business 

and society 

21 
Rymarczy

k, J., 2020. 

Technologies, 

Opportunities and 

Challenges of the 

Industrial 

Revolution 4.0: 

Theoretical 

Considerations 

The paper investigates 

the impact of new 

technologies and 

industry revolution 4.0 

on the production 

process of goods and 

services (effect on supply 

chain) 

YES  

22 
Chod, J., et 

al., 2020.  

On the Financing 

Benefits of Supply 

Chain Transparency 

and Blockchain 

Adoption 

Authors claim 

blockchain important for 

achieving transparency 

in the supply chain 

YES 

23 

De 

Bernardi, 

P.,et.al., 

2020. 

Innovative and 

Sustainable Food 

Business Models 

The paper explores the 

impact of blockchain and 

artificial intelligence on 

the food sector 

YES 

24 

Hartley, 

J.L., 

Sawaya, 

W.J., 2019.  

Tortoise, not the 

hare: Digital 

transformation of 

supply chain 

business processes 

The paper presents AI 

and blockchain and the 

way these new 

technologies are 

changing supply chain 

business processes 

YES 

Source: Authors work, 2021. 

 

Common to all researched papers is that they emphasize the importance of 

digitalization on business process, especially on digital supply chain management. As 

shown, there is insufficient research that connects blokchain technology and artificial 

intelligence with digital supply chain, which represents the basis for further research 

in this area. Still, papers that deal with blokchain and artificial intelligence and link it 

to digital supply chain claim and prove its effect on companies’ overall productivity, 

efficiency and competitiveness in the field of supply chain. 

 

5.2. Influence of artificial intelligence and blokchain on digital supply chain  

 

Our research of relevant data basis on the influence of artificial intelligence and 

blockchain on digital supply chain found 6 papers dealing with AI in supply chain and 

11 papers using the blockchain technology in supply chain (table 5).  
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Table 5. Correlation between supply chain management and digital technologies 

Digital technologies and supply chain - 

correlation 

Paper ID #of 

papers 

Artificial intelligence  3, 6, 8, 9, 11, 12 6 

Blokchain  1, 2, 3, 4, 5, 7, 8, 9, 10, 

11, 12 

11 

Source: Authors work, 2021.  

 

Further, table 6 represents in detail the used research methodology for every 

paper analysed. 

 

Table 6. An overview of the methodology, area and industry that deal with blockchain 

and artificial intelligence within the supply chain management 

Research methodology  Paper ID #of 

papers 

Total Interpretive Structural Modelling 

(TISM) and Cross-Impact Matrix 

Multiplication Applied to Classification 

(MICMAC) 

1 1 

Agent-based simulation model of a complex 

supply network affected by disruptions 

2 1 

Review paper 3, 5, 9, 11 4 

Single in-depth case (with direct data 

collection from primary sources at the 

company case: interviews, shadowing 

orders, mapping processes, skills and times, 

and a validation workshop) 

4 1 

Systematic literature review 6 1 

Case study 7 1 

Interpretive structural modelling (ISM 

approach) 

8 1 

b_verify (open-source blockchain protocol – 

new method by authors) 

10 1 

Interviews 12 1 

Research area   

New Zeland 7 1 

Industry type   

C Manufacturing 4, 11, 12 3 

S Other service activities 12 1 
Source: Authors work, 2021. 

 

The emergence of new technologies presents innovative way of managing 

supply chain.  This innovative supply chain will lead to an intelligent supply chain 

which will represent the integration of processes of ordering storage, production, 

distribution, and customer on horizontal, and vertical level which will be digitalised, 

automatic, autonomous, decentralized, and personalised (Rymarczyk, 2020). De 
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Bernardi et.al., (2020) investigate adaptation of new disruptive technologies in food 

sector throughout the whole supply chain, from making the products to storage 

processes. Specially start-ups are beginning to use new technologies to be more 

customer oriented through customization and offering more safety and healthier 

products. Such orientation of start-ups is changing the far known business models into 

innovative business models which leads to quicker and agile response to market 

demands. 

Blockchain technology defined by Wang et al. (2020:113) considers a 

“decentralised network for supply chain integration and collaboration beyond 

currency, payment, and economics”. The paper discusses the important attributes of 

the blockchain such as immutability, decentralization, trust, transparency and 

visibility, security and global network. The focus is on adopting the blockchain 

technology in companies in order to improve the information sharing as well as 

material and final products tracing along the supply chain. Also using the blockchain 

technology in terms of automation in digital transformation which leads to efficiency 

of the internal and external processes is analysed. The fact is that an integrated and 

collaborative supply chain creates value for its interested parties (Chen et al., 2017) 

and the value of using blockchain technology together with other new technologies 

has a big potential in the future development of digital supply chain management.  

Furher, Hartley, J. L., and Sawaya, W. J. (2019) state that the big potential in 

supply chain digitalization lies in robotic process automation (RPA), artificial 

intelligence (AI)/machine learning (ML) and blockchain. The potential of adopting 

blockchain lies in traceability such as documentation flows or food flows from 

supplier to retailers. Hughes et al. (2019:277) state that blockchain technology has 

matured enough to disrupt supply chain management. Problems that arise from supply 

chains handling can be eliminated or reduced since the process handling goods is 

recorded and this allows monitoring along the whole chain. Blockchain technology 

ads to purchase security since registered purchase has its authentication certificate and 

this protects the buyer. Among first case studies to investigate the influence of 

blockchain in the customer order management process showed that blockchain 

technology influences process efficiency in terms of reducing the number of 

operations as well as the average time of orders, workload, increases order traceability 

and improves visibility along the supply chain (Martinez et al. 2019). 

Artificial intelligence is seen as the “enabler of autonomous, predictive supply 

chain” (Calatayud, et al., 2019:30) and in practice, the use of AI in supply chain is 

seen in using the autonomous delivery vehicles or in stocking by detecting lack of 

inventory. Further, using the AI in supply chain increases the capacity for accurate 

demand prediction and maintenance, can be applies in specific supply chains areas 

and for optimization of supply chain problems (Calatayud, et al., 2019). Also a great 

emphasis is on ML in order to gather data and improve decisions to make supply chain 

more efficient. For instance, ML can be used for route optimization in shipping 

industry, or predicting time delays in airplane transportation, also for monitoring data 

on social medias. However, many companies today are not ready to adopt disruptive 

technologies’ but since this is the future yet to come, Hartley and Sawaya (2019:707) 

state that organizations have to prepare them for that step to come by; “identifying a 
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supply chain technology visionary, developing a digital technology roadmap for their 

supply chain processes, and by updating their foundational information systems”. 

There are many problems companies face when adopting new technologies to 

make their supply chain efficient. The work of Agrawal and Narain (2021) makes a 

scientific and practical contribution to this problem by applying interpretive structural 

modelling (ISM) model for adopting new technologies in sequential mode to make 

the digitalization of the supply chain more systematic and efficient. Further Calatayud 

et al. (2019) proposed a self-thinking supply chain model presenting the high level of 

connectivity between cyber systems and physical objects through the use of IoT and 

also with the use of AI enormous data can be generated and this can enable monitoring 

of supply chain performance and early risk analysis in real-time. Therefore, the system 

becomes agile and resilient. The simulation study of Lohmer et al. (2020) confirmed 

that the use of blockchain technology in supply chain risk management leads to the 

increase of the supply chain resilience. This means that applying blockchain 

technology enables company to respond more quickly and adapt fast to new changes. 

However, the study showed that resilience to disruption is achievable when company 

has efficient processes and together with blockchain technology impacts total costs 

reduction, shortens the time of network recovery and propagation of disruption affects 

less entities.  

 

 

6. DISCUSSION AND RECOMMENDATIONS 

 

Most of the papers analysed gave theoretical point of view on the analysed 

problem. However, there are few cases that applied artificial intelligence and 

blockchain technologies into their supply chain and business processes, but they are 

rather the exception than the rule. The practice shows that many managers are still 

observing what other companies are doing and which technologies they apply. Most 

often, the barrier to adopt blockchain technology lies in the lack of knowledge about 

the benefits they get from its application (Mathivathanan, 2021) which often puts 

managers into the “observing mode” as well as the lack of technology leader in the 

company (Hartley and Sawaya, 2019). Some evidence from the food sector industry 

refer that in the future, the synergy between big companies and small companies and 

dynamic start-ups will occur. Through their cooperation most benefits will occur since 

start-ups are creative and they easily adopt different logic of conducting a business, 

nowadays (De Bernardi, P. et.al., 2020). 

The findings of our research indicate that the impact of artificial intelligence and 

blockchain technology on digital supply chain management is on the verge to disrupt 

current supply chain processes and overall business processes in companies. Also, this 

is the research area that needs more empirical evidence, theoretical and quantitative 

evidence and presents a scope for many studies to be carry out in the future. 
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7. CONCLUSION 
 

Through this paper, the importance of digitalization and digital transformation, 

digital supply chain and its connection with new digital technologies is highlighted. 

This paper provides an overview of new digital technologies innovations such as 

blockchain technology and artificial intelligence and its correlation to digital supply 

chain. 

Traditional logistics is transforming as companies adapt new technologies in 

everyday business. This brings many challenges to logistics and managing the digital 

supply chain. In the future, logistic operations will change accordingly with the 

technology used. At the end this will bring to the establishment of smart logistics 

systems since with the use of new technologies, company will have agile supply chain 

and those who adapt faster will gain competitive advantage on the market. The main 

question for researchers and managers remains how to integrate and manage these 

new technologies in an efficient and effective way in order to optimize whole supply 

chain of the organization. The future anticipations about the impact of the use of AI 

and blockchain are optimistic and fast growing since its use will increase drastically 

by very near future. In such a context, organizations will have to adapt and implement 

new technologies in order to gain competitive advantage on market. It is important to 

combine blockchain technology with other digital technologies (e.g. IoT, smart 

contract, AI, 5G, big data and others) to achieve the maximum effect of their 

interaction that will lead to innovation and efficiency gains within the supply chain. 

The results of the presented research show that new digital technologies 

nowadays are imperative in doing business. Blockchain technology and artificial 

intelligence affect business process and increase efficiency and effectiveness of a 

company. The idea and the aim of the paper was to present and to show that 

blockchain technology and artificial intelligence are indispensable elements within 

digital supply chain that facilitate process of supply chain. As for stating the benefits 

of this research, we can point out some recommendations for further research. This 

research deals and explores the areas of blockchain technology and artificial 

intelligence while other digital technologies are not covered. In terms of future 

research of this study other technologies and their impact on digital supply chain 

remains to be analysed. This research gives a brief overview of researched field that 

is actually insufficiently explored through the scientific literature, and presents a wide 

area for further researchers. 
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Abstract 

 

Goods transported on wheeled vehicles are subjected to road-induced vibrations. 

Verification of protective packaging is accompanied by random vibration testing in 

standard procedures, which utilize power spectral density (PSD). Since PSD is time-

invariant, it produces stationary Gaussian signals; however, stationarity is hardly the 

case in road vehicle vibrations (RVV). Various attempts had been presented on 

nonstationary vibration simulations and unique signal segmentation methods are 

presented to understand the real nature of RVV. 

 

Key words: Changepoint detection, Nonstationary random vibration, Packaging 

vibration testing, Road vehicle vibration 

 

 

1. INTRODUCTION 

 

Since supply chain management is involved in the quality control of products 

transported, available methods applied for the verification and validation of packaging 

systems -as a prevention against transport damages- must be summarized. Current 

paper is distinguished from the following reviews in terms, that here the utilized signal 

segmentation methods are in scope, which are often inherent the analysis and 

preceding the simulation of non-stationary vibration simulations. 

Road vehicle vibrations (RVV) are often characterized by power spectral density 

(PSD) functions, which is a wide-spread procedure in packaging vibration testing 

(PVT) according to standards like International Organization for Standardization 

(ISO), International Safe Transit Association (ISTA), American Society of Testing 

and Materials (ASTM) or United States Military Standard (MIL-STD), as discussed 

in (Lepine, Rouillard and Sek, 2015; Griffiths et al., 2016; Bonnin et al., 2018). PSD 

profiles are usually averaged from longer time-history records and several journeys. 

The averaging process moderates the effect of sporadic shocks in the spectrum (Kipp, 

2008). Besides, the inverse Fourier transform with uniformly distributed random 

phase yields a Gaussian distributed random signal, which is stationary with respect to 

time (Sek, 1996; Rouillard and Sek, 2000). However, stationary signals contradict the 

fundamental of RVV because the non-Gaussianity is caused by the nonstationary 
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nature of RVV (Rouillard and Sek, 2010). Therefore, an RVV might be represented 

by the composition of distinct segments with varying duration, and root mean square 

(RMS). Scholars developed different approaches to decompose RVV into segments 

and to produce nonstationary signals in change. 

Lepine et al. presented the simulation approaches as of date classifying methods 

on packaging testing purposes, such as standardized methods, time-history 

replication, non-Gaussian simulations, and nonstationary simulations; appended by 

transient events and harmonic simulations (Lepine, Rouillard and Sek, 2015). A 

sufficient simulation method should account for the three modes in RVV: the non-

stationarity, transient and harmonic modes, according to ibid. Albeit nonstationary 

simulation is a well-disputed phenomenon, unfortunately, no definitive method has 

been developed and validated to identify and characterize the two other modes of 

transient and harmonic processes. 

Fernando et al. reflected on fruit quality deterioration during transportation 

(Fernando et al., 2018). Id. identified three experimental approaches, such as in-transit 

experiments, performed in real transit passages under live conditions; transit-

simulation experiments, measuring RVV in real-life conditions and deriving vibration 

profiles to apply in shakers; and simulation experiments, as laboratory studies under 

controlled circumstances of interest, e.g., standard vibration profile. The discussion 

of factors on fruit quality deterioration in the context of RVV complements ibid.  

The current article reviews in the first place the columns of changepoint 

detection algorithms applied before nonstationary simulations in PVT. Whereby 

possible, process flow diagrams are reproduced. The reader can see this evolution 

through the collocations of time-, frequency-, time-frequency- domain approaches; 

finally, the contemporary mixed methods are highlighted. Each method is queued in 

the following manner: (i) introduction, (ii) discussion, and (iii) summary. 

 

 

2. SEGMENTATION IN THE TIME DOMAIN 

 

Let [ ]x i  denote the i -th element 1,2, ,i N   of a realization of the  x t  

continuous process sampled with an equidistant t  sampling on T N t   period. 

Segmentation aims at finding changepoints within [ ]x i , such that sections can be 

considered homogenous with respect to a certain criterion in-between and different 

from adjacent sections. The following methods are established on various measures 

of  x t  considering only time-domain characteristics. 

 

2.1. Moving statistics 

 

(i) Different moving statistics can be evaluated in windows sliding over the time 

domain. Common approaches are the moving root mean square, - crest factor, and - 

kurtosis ( ) (Bruscella, Rouillard and Sek, 1999). If a predictor reaches a 

predetermined threshold, an event can be detected. 

(ii) The moving statistics can be calculated in different window lengths, which 

might seem an appealing solution, accounting for shorter or longer variations of the 

given statistic over time. This advantage, however, implies a drawback by defining a 
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justifiable window size, which is similarly true for the threshold values. The reader is 

referred to (Lepine, 2016) for the sensitivity of factors , ,rms cfx x x  in the presence of 

non-stationarities, shocks, and harmonics. 

(iii) The moving statistics are heuristic approaches for signal segmentation. Still, 

it can assert the nonstationary nature of RVV. The simultaneous use of different 

window sizes of the same statistics can be implemented, as well. 

 

2.2. RMS drop-off distances 

 

(i) Constant RMS sections and transients in the spatial acceleration domain had been 

separated in (Bruscella, 1997) consisting of 415 km records, which utilize the mean 

square and kurtosis. The mean square gives an unbiased estimate of the power of a 

signal 
2

ms rms
x x . 

(ii) Due to scanning resolution, the process arrows had been lost. Thus, a 

subsequent article is used here to visualize the referred process diagram (Rouillard, 

Bruscella and Sek, 2000) 

 

Figure 1. Flowchart for stationary and transient identification 

START : Locate
mean-square maximum

Gradually increase window size
to left until a 10 % change
in RMS level is detected

Remove section and store
as transient

Gradually increase window size
to right until a 10%  change

in RMS level is detected

Compute RMS level of this
section and store in 

appropiate stationary RMS bin

Locate next maximum
mean-square

Set minimum window size
 to 3.5 m & compute

initial window RMS level

Detect left co-ordinate
where there is a

significant drop in level

Detect right co-ordinate
where there is a 

significant drop in level

Locate next maximum
 mean-square

* Is distance between drop-
off points less than 2.5 m?

** Is local crest factor 
greater than 3 ?

y y

n n

* **

 
Source: reproduced from (Rouillard, Bruscella and Sek, 2000). 

 

Transients are detected by “sufficiently short moving mean square drop-off 

distance” and “sufficiently large spatial acceleration local crest factor.” The 

transient-free road segments are classified into bins of quasi-constant RMS levels 

[mm/m2]. 

(iii) The presented method deploys arbitrary window size, bin widths, RMS 

levels, and crest factors as carefully selected parameters. Id. admit that „different 

values may affect the results” but claim the remaining validity of the procedure. 
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2.3. Shock extraction method 

 

(i) Shock extraction method is introduced in (Zhou and Wang, 2018). The 

original signal is decomposed into a series of approximated Gaussian segments and 

one shock segment. The segmentation is based on the moving crest factor and the one-

tenth peak (OTP) value. 

 

Figure 2. The decomposition workflow of Shock extraction method, S  referring to 

shock, nG  denoting the n -th approximately Gaussian vibration. 

x S

~
G1

S

~
G2

S

~
Gn  

Source: reproduced from (Zhou and Wang, 2018). 

 

(ii) The method is further studied in (Zhou and Wang, 2019). Albeit a pseudo 

code is provided, ibid. remains silent about the algorithm. But it is apparent that events 

with [ ]x k  greater than a threshold are extracted. A code calculates the optimal 

threshold value, such that   of the remainder part is close to three. Another parameter 

(Hsize max. 0.5 s) is introduced to extract shocks, and ± 0.25 s around the peak 

location is found to be the duration of a shock. The lower limit on the duration of 

segments 5 s reflects on vibration table sensitivity. For simulation purposes, segments 

are simulated as stationary Gaussian signals, concatenated to match the total 

simulation time. Uniquely, segments are ordered ascendingly according to their RMS, 

and one shock segment is appended at the end. 

(iii) It is reckoned that OTP is equivalent to drop-off distance; however, a 

confusing definition is provided: “a horizontal line drawing from one-tenth of the 

wave height intersects with the shock spectra, the time distance of those two 

intersection points is deemed to be the duration t of that shock spectra” (Zhou and 

Wang, 2018). It is unclear how the time-domain is interpreted on a spectra; or what 

wave height points out the estimation’s initial point. Wave is also underdefined: if the 

vibration acceleration is meant, OTP is hard to define since shocks tend to fluctuate 

around an equilibrium. Albeit MCF is often used to index transients, it is not always 

reliable and is often not appropriate for signals containing strong non-stationarities 

(Lepine, Rouillard and Sek, 2017). Fatigue life prediction may also be unrealistic 

since suffered damages may vary by the sequence of high- and low- or low- and high-

stress fluctuations (Ibrahim, 2017, p.365). 

 

2.4. Bayesian detector  

 

(i) Thomas (2005) introduced a Bayesian detector to find homogenous sections 

separated by changepoints within IRI and rutting measurement series from different 

countries. The resulted segments of the measurement series are considered 

homogeneous “with respect to a certain criterion if the associated measurement series 

can be described by a single first-order autoregressive process” (ibid.). 
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(ii) The Box-Cox transformation brings the series closer to the model assumption 

of normal distribution. The heuristic at-most-one-change (AMOC) algorithm 

expresses the probability of inserting a changepoint ( )p change ; secondly, selecting 

the location with the highest posterior support ( | )p location change . 

 

Figure 3. Steps in the execution of the algorithm. 

Box-Cox
transformation

First
run

StopMeasurement
series

Subsequent
run

First part

Second part

Changes?

n
y

 
Source: reproduced from (Thomas, 2005). 

 

Heuristics are motivated by placing changepoints sequentially instead of 

simultaneously to avoid a numerical burden by the binomial coefficient. The first run 

scans the series block-wise, obtaining the probability of the overall existence of a 

change somewhere. Given a changepoint, the block steps further; otherwise, the block 

slides to the right with an overlap. Blocks containing one changepoint are further 

analyzed in subsequent runs. The first part seeks for additional changepoints between 

preliminary borders. The second part checks the changepoint’s actual necessity given 

the neighboring ones and its correct position. If neither the number nor the location of 

the changepoints is altered, the algorithm is terminated. 

(iii) The method is a fast iterative algorithm that needs to undergo further 

experimentations (Lepine, Rouillard and Sek, 2015). Sometimes the method can get 

into an endless cycle of recurrent partitions. The approach objectively allows 

probability-based decision-making, even though various coefficients need to be 

determined. 
 

2.5. Random Gaussian sequence decomposition and the modulation function 

 

Charles formulates the idea of Random Gaussian Sequence Decomposition, as 

non-Gaussian RVV can be decomposed into random Gaussian distributions (Charles, 

1993); Lepine reports (Lepine, Rouillard and Sek, 2015). The idea is worked out later 

by Rouillard (Rouillard, 2007a). Sek in [5] summarizes other procedures of 

environment descriptions recommended by Charles. Rouillard uses Hilbert transform 

to obtain the magnitude of a vibration signal (Rouillard and Sek, 2000). The reduced 

form of the magnitude is called vibration intensity, which can describe the statistical 

characteristics of an RVV. Id. introduces a different form of data reduction technique 

in (Rouillard and Sek, 2002) by a so-called dynamic bin width. Followingly id. works 

out the RGSD (Rouillard, 2007a) and later presents a cumulative-sum/bootstrap 

algorithm to find stationary segments in an RVV (Rouillard, 2007b). The synthesis of 

non-Gaussian RVVs is presented by id. in his thesis (Rouillard, 2007c), which is 

currently under permanent embargo; still, the research (Rouillard, 2007d) is published 
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in the same year, presenting RGSD with the changepoint detecting algorithm and 

introduces the concept of modulation function. Id. introduces different distributions 

to characterize the nonstationary nature of RVV in (Rouillard, 2009). 

 

2.5.1. Reduction of the analytic signal 

 

(i) Rouillard and Sek (2000) hypothesize that a nonstationary random vibration 

signal can be modeled as the amplitude-modulated version of a steady-state random 

signal. Given a time-series a , the analytic signal a  is obtained by Hilbert-transform. 

The magnitude M of the a  is reduced and named vibration intensity (VI ), which can 

be later used for amplitude modulation of a stationary Gaussian series. 

(ii) Two methods are given for data reduction: a) 
1iM 

 is eliminated, if 

i i kM M M   , where the selected magnitude bin is denoted by M . Thus, 

consecutive 
iM  can be thought redundant, where those are between a tolerance limit; 

b) the VI can be further compressed according to VI  probability density 
VIPDF . 

(iii) Ibid. is concerned in first place with reduction of M; however, a-b) are also 

apprehensible as segmentation methods, albeit M  and 
VIPDF  bin width are 

subjective parameters. 

 

2.5.2. Dynamic reduction of the analytic signal 

 

(i) Segmentation with peak-valley considerations is presented in (Rouillard and 

Sek, 2002) to characterize the non-stationarity of RVV. Given a signal and its Hilbert-

transform, the magnitude of the analytic signal is obtained. The magnitude is 

smoothed and fed to an algorithm to detect quasi-stationary sections. The algorithm 

reduces the number of points in M  but utilizes a dynamic segmentation bin width 

and considers the peaks and valleys, Mpv . 

(ii) The absolute difference dM  between current 
nVI  and the subsequent 1i 

-th magnitude peak/valley 1iMpv   is computed. The dynamic segmentation bin width 
bVI  is, simply put, a bin size to differentiate regions on the magnitude axis. If dM  

is greater than the actual bin size corresponding to 
nVI , a new segment is initiated at 

the investigated 1iMpv   being the new initiative VI . If the difference is smaller than 

the actual threshold, the 1iMpv   is included in the VI  average and 1iMpv   is 

discarded. An operation “ I ” is not discussed. 

(iii) The smoothing algorithm needs a window width, but the parameter is not 

introduced. Neither the identification of 1iMpv   is discussed, nor the derivation of 
bVI  is available, whereas 0.5b   exponent is found to produce very satisfactory 

results. 

 

2.5.3. Random Gaussian sequence decomposition 

 

RGSD is a theoretical framework proposed by Charles and implemented by 

Rouillard (Rouillard, 2007a). The fundamental hypothesis covers that RVV is 

composed of zero-mean Gaussian processes with varying standard deviation. It is 

tested by comparing the sum of Gaussian estimates against the PDF of the original 
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RVV. The algorithm does not provide changepoints within a measurement series; 

thus, it cannot indicate stationary segments’ place and duration. 

 

2.5.4. CUSUM – Bootstrap algorithm 

 

(i) Rouillard presents a changepoint detection algorithm to find the length of 

stationary segments in RVV (Rouillard, 2007b). Instantaneous magnitude computed 

by Hilbert transform is subjected to a cumulative sum-bootstrapping method. The 

algorithm assesses the probability of a changepoint being present, thus deals with 

amplitude-type non-stationarities. A variety of RVV measurements and simulated 

time-domain signals were used to derive a distribution of segment lengths. 

(ii) In lack of a process diagram, the script is quoted here (ibid.): 

1. The instantaneous magnitude of vibration is computed using the Hilbert 

Transform. 

2. Compute the cumulative sum of the instantaneous magnitude vector normalized 

with respect to the mean magnitude. 

3. Apply the bootstrap algorithm sequence whereby the entire instantaneous 

vibration vector is randomly re-samples a number of times and the cum-sum re-

computed for each re-sampled vector. 

4. The maximum and minimum envelopes from the bootstrap samples are 

computed. 

5. The largest extremum of the original record is detected and identified as a 

change-point. Its value is compared with that of the bootstrap sample (…). 

6. The change point is identified as significant or valid if the ratio of the largest 

extremum to the bootstrap extremum exceeds a predetermined value. In all cases 

studied, the ratio threshold of 5.5 was identified as adequate (…). 

 

The record is bisected at a valid changepoint, and resulting segments are 

subjected to the same CUSUM-bootstrap procedure until no more changepoints are 

identified, or a minimum segment length is reached. It is worth noting that CUSUM 

here refers to the cumulative sum of differences between each value and the total mean 

of the series 1: 

 
1

( )
k

k i i

i

c x x


  , (1) 

for 1,...,i k . The validity of candidate changepoints must be quantified, for which 

bootstrapping is applied. Certain factors are unknown, such as the number of 

replications for the reference set or whether a resampling 2  with- or without 

replacement is implemented. Usually, bootstrapping is applied to derive the 

significance level of a changepoint being present in x , such as 

                                                           
1 An upward- or downward trend in kc indicates values tending above or below the overall average, 

respectively. Sudden changes in trend imply sudden shift or change in the mean (Taylor A., 2000). 
2 Bootstrapping and permutation are resamplings with and without replacement, respectively (Kowalewski 

and Novack-Gottshall, 2010). 
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1

ˆ ˆ# x R
p c c

R
  
 

, (2) 

where p  is the estimated p -value, R  is the number replications,  #   denotes 

number of elements, such that ˆ
xc  extremum is greater than extrema from ˆ

R
c  in 

replications 1,...,r R . Id. uses a different approach: 

 ˆ ˆ5.5x R
c c  , (3) 

–seemingly heuristically, since the 5.5 multiplier is found adequate. Against too many 

changepoints, individual thresholding was necessary instead of significance levels. 

(iii) Albeit the algorithm skips the possibility of significance levels, and some 

factors are hidden, several RVV signals subjected to this algorithm had produced 

consistent estimates on the probability density function of segment lengths by 

considering amplitude-type non-stationarities. 

 

 

3. SEGMENTATION IN THE FREQUENCY DOMAIN 

 

Following methods consider spectral characteristics, for which Fourier-, wavelet 

-, and Hilbert-Huang transform is often favored. Their introduction is set aside here 

due to the limited space available, and the reader is referred to actual references. 
 

3.1. Wavelet decomposition 

 

(i) Wei et al. introduce a wavelet decomposition procedure, retrieving 

supplementary information to pavement roughness indices (Wei, Fwa and Zhe, 2005). 

Id. investigates the capability of wavelets in the detection of local pavement distresses 

and provides the following algorithm. 

(ii) International roughness index (IRI) signal given in the distance domain is 

decomposed by DWT into frequency sub-bands 
id . A suprathreshold amplitude in the 

sub-band 
5d  indicates possible surface distresses for field inspection. 

 

Figure 4. Wavelet decomposition 

x d i

d 5≥5mm

i=0 , ...,5 y
Distress

 
Source: individual representation from (Wei, Fwa and Zhe, 2005). 

 

(iii) The decomposition given Daubechies wavelet (DB3) is found proper until 

the fifth sub-band. The specific number of sub-bands shows that the necessary number 

of decomposition levels must be investigated per application, just like the threshold’s 

justifiability. Unfortunately, the detection capability has been presented only on IRI 

series having artificial distresses. Despite the manual transients in the signals, the 

article served as initial points in later research to investigate the wavelets in high-

sampled time-series, such as vertical acceleration vibrations. 
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3.2. Separation by filtering  

 

(i) Rouillard et al. present separation by filtering in (Rouillard and Richmond, 

2007) for railcar vibration environment. Shocks are removed in frames from the time-

domain signal via thresholding. Filtering in the frequency domain is introduced as an 

alternative approach, for which different assumptions are necessary. The simulation 

superimposes intermittently occurring structural vibrations (transients or shocks) onto 

the rigid-body random vibrations. 

(ii) A numerical lowpass filter separates the rigid-body- and structural vibrations 

at the cut frequency. Id. believes that impulsive vibrations can be described by their 

“amplitude and their statistical likelihood of occurrence” given their similar 

characteristic. It is assumed that a) rigid-body motions are bandlimited up to a cut-off 

frequency and intermittent vibrations lie within a different frequency band; b) rigid-

body motions have the same frequency characteristics, i.e., quasi-stationarity 

throughout the record. Finally, the similar characteristics of impulsive vibrations must 

be investigated -unfortunately, no guidance is provided. 

(iii) From a simulation perspective, this is the Shock-on-random method. Shocks 

are simulated according to their amplitude PDF and triggered by a random clock. 

Random vibration is modeled as a steady-state Gaussian signal from the average rigid-

body PSD. Here the author presumes that assumptions a-b) are closely related to the 

investigated scenario of railcar vibrations, whereby those cannot be guaranteed in 

RVV. 

 

3.3. Intrinsic mode functions 

 

(i) Rouillard introduces the Hilbert-Huang transform (HHT) for the analysis of 

railcar vibrations aimed to describe prevalent frequency-type non-stationarities 

(Rouillard and Sek, 2005). 

(ii) By HHT, the random signal is sifted into intrinsic mode functions (IMF), and 

the analytic signal from each IMF is computed. The absolute value of the analytic 

signal corresponds to instantaneous magnitude. Id. assumes that modes 1-4 represent 

higher, modes 5-7 represent lower frequency components, and modes 8-12 are 

ignored, describing very low frequencies. It is concluded that the method has a special 

significance in the simulation of railcar vibrations since it may be well advantageous 

to simulate these two processes separately. The superior resolution of IMF is 

highlighted, and a spectrogram is presented, but methods for changepoint detection 

are not offered. 

(iii) The paper successfully corresponds to the introduction of HHT in PVT; 

however, no process is offered to identify changes in the spectrogram. 
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4. SEGMENTATION IN THE TIME-FREQUENCY DOMAIN  

 

Following methods operate in the time-frequency domain. Typical choices are 

continuous wavelet- and Hilbert-Huang transform, whereby short-time Fourier 

transform is rarely used in the presented methods. 

 

4.1. Wavelet-based Gaussian Decomposition 

 

(i) Griffiths et al. developed the Wavelet-based Gaussian decomposition 

(WBGD) to decompose RVV into series of segments with different kurtosis, which 

can be separately simulated and concatenated to obtain a nonstationary random 

vibration in total (Griffiths, 2012; Griffiths et al., 2016). The approach uses the 

continuous wavelet transform (CWT), evaluating the frequency spectra’ variation 

through time. 

(ii) The process can be articulated along the following ideas. Given a vibration 

signal 
my and its power spectral density ,y mS , an equivalent stationary Gaussian 

vibration 
mx  can be derived. The CWT of each signal is obtained by a complex 

wavelet, resulting in positive and negative absolute coefficients , ( , )y mC a b  and 

, ( , )x mC a b . A decomposition envelope DE  is derived from the extrema through the 

translation b  of , ( , )x mC a b . Regions of , ( , )y mC a b  outside DE  are candidates of 

non-Gaussian regions; in turn, inlying regions are considered Gaussian parts. “The 

data windows surrounding locations that exceed the envelope are extracted from the 

vibration signal,” here at shortest 1 s. Out- and inlier regions , ( , )O

y mC a b and 

, ( , )I

y mC a b  are concatenated, forming two signals, and their wavelet coefficients are 

inversely transformed, yielding 
O

my , and 
I

my , respectively. If the kurtosis 2 ( )O

my  is 

smaller than a threshold 
2T , the vibration signal 

1my 
 is replaced by the outlier 

O

my
, and the decomposition is repeated from 1-7) yielding 1 ...I I O

M My y y y . The 

iteration continues until the iteration limiting number M  is reached or 2 2( )I

m Ty  
. The second stage of iteration might begin to form: 

 
1 1 2 1

2

, ,

, , 1

1

( ) ( ) ( ), 1,...,
S

I I I I O

i i i i S

i

y t y t y t i M


    (4) 

 
1 2

2

, ,

, ,

1

( ) ( ) ( )
S

O O I O O

M M i M S

i

y t y t y t


   (5) 

Steps 1-8) are repeated given a supra-threshold kurtosis or until the iteration limiting 

number S  per component 1i . Through simulation, final components can be 

simulated by individual ,m sS  corresponding to the duration ,m sT  ordered in a desired 

sequence. 
O

My  is likely to contain most of the high-level shock events, which can be further 

decomposed in the second stage arriving at 
,

,

O O

M Sy , which still encompass most of the 

non-Gaussian characteristics, constituted by mainly the high-amplitude events. 

“These segments will have highly non-Gaussian distributions, thereby strengthening 

the limitation that the wavelet decomposition method will always produce one 

Gaussian approximation that is highly non-Gaussian” (Griffiths, 2012, p.190).   
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Figure 5. Wavelet-based Gaussian decomposition 
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Source: reproduced from (Griffiths et al., 2016). 
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(iii) WBGD operates in the scale-translation domain and iteratively partitions 

the CWT of an RVV into quasi-Gaussian- and remaining parts concerning the 

kurtosis. The main idea to highlight here is that a section is labeled as Gaussian if its 

CWT fits within the CWT extrema of a Gaussian equivalent at any iteration stage.  

The simulated signal has a good match in PSD and kurtosis to the measured RVV, 

albeit the RMS distributions of the original and simulated signals are significantly 

different, although it is expected by id. (Griffiths et al., 2016, pp.788-789); however, 

it remains inconsistent with other empirical studies concerned with the RMS 

distribution of Gaussian segments. 
 

4.2. Hilbert amplitude spectrum 

 

(i) Mao et al. presented their method based on the Hilbert amplitude spectrum to 

characterize and simulate nonstationary random vibrations (Mao et al., 2015). Note 

that the current section chooses slightly different notations for readability. 

(ii) Given an ( )s t  sample, the Hilbert-Huang transform yields the ( , )sH t  

time-frequency domain. The CUSUM approach is responsible for changepoint 

detection per each frequency section over time. The instantaneous magnitudes 

between changepoints are fitted by five different distributions P  as gamma, 

exponential, Rayleigh, log-normal, and Weibull distributions for  : , , , ,G E R LN W
. The Kullback-Leibler divergences for P  of inst. magnitude within segments 

( , )ih t are calculated: 

 10( || ( , )) log 0
( , )

i

i

P
KL P h t P dt

h t


   


  , (6) 

and averaged through segments of each frequency yielding ( )iKL  . The idea to 

highlight here is that each frequency section is characterized by one family of fits 

having the lowest ( )iKL  .  

 

Figure 6. Flow diagram of simulation method 

Simulated time
series

Sample signal

Target Hilbert
Spectrum 

Segmentation of

Obtain all the parameters of the family 
of probability distribution

Step 1.  HHT

Step 2.  Changepoint analysis

Step 3. Estimate statistical parameters

Step 4.

Step 5.

Ψ(t)

Pθs(t)

H s(ω, t)

H s(ω, t)

Simulated Hilbert
spectrum H x(ω, t)

x(t)

 

Source: reproduced from (Mao et al., 2015). 
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By simulation, random variables are generated according to P , and in 

conjunction with a phase function ( )t , finally ( )x t  can be simulated.  

(iii) Further improvements might be obtained by choosing the best-from-the-five 

fits directly in each segment. This can be justifiable if ( )iKL   are biased by the 

outlier KL . Besides, the method is capable of segmentation in the time-frequency 

domain, but as the virtue of the fitted distributions, it can also be considered a random 

simulative approach. 

 

 

5. MIXED-METHODS 

 

Here an algorithm is referred to as a mixed-method if it can consider time- and 

frequency domain characteristics simultaneously. 

 

5.1. Machine learning classifiers 

 

(i) Lepine presented a continuous contribution to PVT by studying machine 

learning classifiers (MLC) to detect shocks in RVV. The foundation of MLC is 

presented in the thesis (Lepine, 2016). The support vector machine (SVM) had been 

compared to the moving crest factor via receiver operating characteristics (ROC) in 

(Lepine, Rouillard and Sek, 2017). Four different MLC (decision tree, k-nearest 

neighbors, bagged ensemble, SVM) are investigated by synthetic RVV in (Lepine and 

Rouillard, 2018). Ibid. is constituted by a detection enhancement algorithm (Fig. 8.). 

The above MLC are further analyzed, and validation by real RVV is proposed in 

(Lepine, Rouillard and Sek, 2019). 

(ii) RVV measurements with registered shocks are mostly unpractical. Thus 

artificial RVV might be generated (Lepine and Rouillard, 2018). The synthesis 

mimics natural RVV as far as the dynamic model is accurate. Different predictors are 

used, such as , ,rms cfx x x , DWT, instantaneous amplitudes, and frequencies of the 

IMF from HHT.  
 

Figure 7. The workflow of the classification algorithm 

Model
Learning
dataset

mrms ; mcf ; mκ ;

DWT ; HHT

Predictors
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Partitioning
Classification algorithm

ts

vs

ts – training set
vs – validation set

 
Source: reproduced from (Lepine and Rouillard, 2018). 

 

The validation and calibration of MLC hold several possibilities, such as ROC 

curves, the distribution of absolute peak acceleration of shocks can be compared 
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among the validation signal and detections, the purpose-developed pseudo energy 

ratio - fall-out (PERFO) curves. Optimal operating point (OOP) definition has various 

possibilities; however, OOP by synthetic calibration is inadequate for real RVV 

applications in (Lepine, Rouillard and Sek, 2019). In consequence, a synthetically 

setup MLC may not be directly suitable for real-world applications. Definition of 

shock also has special considerations as of application, e.g., “sudden and severe 

accelerations of a finite and measurable duration” (Lepine, Rouillard and Sek, 2017); 

or “a sequence of data points instead of individual data points” together with the 

“detection has to overlap at least 75% of the shock duration to be considered true” in 

the validation (Lepine, Rouillard and Sek, 2019). The enhancement algorithm covers 

a window size in (Lepine and Rouillard, 2018). All data in the window is classified as 

a shock if it contains “at least 10% of data points”. 

 

Figure 8. Detection enhancement algorithm 

Candidate
shock segment

Find peak
 in segment 

Define a local
window around

*

n

y

* at least 10 % of points are classified as shock?  

Source: individual representation from (Lepine and Rouillard, 2018). 

 

(iii) A “considerably more accurate and reliable” detection performance of the 

MLC is claimed against the conventional moving crest factor (64 s), producing 13% 

better area under the ROC curve (AUC index) (Lepine, Rouillard and Sek, 2017) –but 

one should consider the numerical expenses of this improvement. Development of 

performance assessment methods is presented, such as ROC - and PERFO curves, 

distribution of absolute maximum accelerations of shocks. Furthermore, the definition 

of shock might be necessary to adjust. Since inconsistencies are shown for 

synthetically setup MLC in real-world applications, validation on real-world RVV 

was proposed (Lepine, Rouillard and Sek, 2019). Consequently, the on-site 

measurements with a precise indication of shock-inducing instances are hardly 

avoidable. Additional validation of the MLC must be undertaken for the general 

implementation of MLC to specific RVV (ibid.). 

 

 

6. DISCUSSION 

 

A concise appraisal platform is provided in Table 1, discussing various aspects 

of the dilemma of adaptability. Each method is investigated by a) reproducibility, b) 

heuristics, c) subjective thresholds and d) accompanying simulations, discussed in the 

followings. A method is considered reproducible a) if it can be translated into 

programming languages solely on the published information, given the same dataset 

is on-hand. For instance, a method being silent about sub-steps in the reference cannot 

be considered reproducible in the author’s recognition. Point b) corresponds to the 

need for manual parameters and settings in the approach.  
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Table 1. Appraisal matrix of segmentation methods proposed before non-stationary 

simulations or introduced as standalone methods 

Domain 
Segmentation method 

and first reference 

a
) 

R
e
p

ro
d

u
ci

b
le

?
 

b
) 

A
v

o
id

 o
f 

h
e
u

r
is

ti
c
s?

 

c
) 

A
v
o

id
 o

f 
su

b
je

c
ti

v
e
 

th
r
e
sh

o
ld

s?
 

d
) 

A
c
c
o
m

p
a

n
ie

d
 b

y
 

si
m

u
la

ti
o

n
?
 

Time 

Moving statistics 

(Bruscella, Rouillard and Sek, 1999) 1 
● ○ ○ ○ 

RMS drop-off distances 

(Bruscella, 1997) 
● ◐

2 ● ● 

Shock extraction method 

(Zhou and Wang, 2018) 
○3 ◐

4 ○ ● 

Bayesian detector 

(Thomas 2005) 
● ○ ● ○ 

Reduction of analytic signal 

(Rouillard and Sek, 2000) 
● ◐

5 ● ● 

Dynamic reduction of analytic signal 

(Rouillard and Sek, 2002) 
● ● ◐

6 ● 

CUSUM—Bootstrap algorithm 

(Rouillard, 2007b) 
● ◐

7 ◐
8 ● 

Frequency 

Wavelet decomposition 

(Wei, Fwa and Zhe, 2005) 
● ◐

9 ○ ○ 

Separation by filtering 

(Rouillard and Richmond, 2007) 
● ● ○ ● 

Intrinsic mode functions 

(Rouillard and Sek, 2005) 
● ◐

10 ◐
11 ○ 

Time-

frequency 

Wavelet-based Gaussian Decomposition 

(Griffiths, 2012) 
● ◐

12 ● ● 

Hilbert amplitude spectrum 

(Mao et al., 2015) 
● ● ◐

13 ● 

Mixed 
Machine learning classifiers 

(Lepine, 2016) 
◐

14 ● ◐
15 ● 

Legend: ● - yes; ◐ - conditionally yes; ○ - no 
1 Noting, that it is a cross-disciplinary technique. 
2 Apart from the moving window size. 
3 Since “pseudo code flow” remains unexplained e.g., “Hsize”. 
4 Apart from unexplained steps, the algorithm seems to work autonomously. 
5 Accepting the selected magnitude bin ∆M, as a data driven solution. 
6 The threshold value itself is derived from a subjective parameter (dynamic segmentation bin width VIb). 
7 Apart from Eq. (3) above. 
8 Apart from Eq. (3) above. 
9 Accepting, that type of wavelets and the level of decomposition are inherent to DWT. 
10 Since the number of IMFs separating low- and high frequencies are only “assumed”. 
11 If the “assumed” number of IMFs -separating low- and high frequencies- are accepted. 
12 Accepting, that type of wavelets and the level of decomposition are inherent to CWT. 
13 Accepting, that significance limits in hypothesis testing have traditional uses. 
14 Accepting, that machine learning classifiers are “grey-boxes”, and its skills depend on the training. 
15 Since some predictors are moving statistics. 
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While some algorithms are designed for heuristic solutions (e.g., to avoid 

computational overflow) and others had to experiment with the methods itself in those 

days, one now can have preferences toward data-driven solutions, as well. However, 

the new adoption of such techniques and some form of heuristics does not mean 

obsoleteness. Question c) investigates unexplained threshold values, while a few of 

them have traditional uses noted in the table notes. Finally, question d) reflects mainly 

on the early adoption of the segmentation methods in the simulations. Papers devoted 

only to detection still possess an important place in the history of technology. In 

conclusion of the appraisal platform, it is advised to perceive the legend entries of 

Table 1. as state-switches or toggles instead of scores. The following paragraphs 

discuss and summarize the above methods.  

Moving statistics have the longest history because of simple implementation, 

thus, an early introduction to the discipline, as well. The window size and the 

threshold value often need heuristics to arrive at a sufficient solution. RMS drop-off 

distance partially uses such techniques thoroughly investigated in the thesis. Shock 

extraction method is a young algorithm, mostly relying on older approaches. It is not 

easily implementable, until new insights in the algorithm are provided. Bayesian 

approaches represent a traceable procedure with transparent insight into decisions. Its 

performance must be presented on high-sampled datasets, as well. Section of Random 

Gaussian Decomposition, incl. subordinative methods have the strongest 

establishment in the research of packaging vibration testing. However, a few details 

are only provided on a seemingly investigatory basis. 

Frequency characteristics are often in the interest, relying on Fourier-, wavelet- 

and Hilbert- transforms. Apart from theories applied to arrive in this domain, 

distinctive approaches can be mentioned here. Wavelet decompositions present a good 

resolution in time (DWT) and in time-frequency (CWT) representations. Mainly 

contributing to the promotion of the theory, Wavelet decomposition (Wei, Fwa and 

Zhe, 2005) per se uses thresholds to find transients. Separation by filtering is a well-

established method, leaving the cut-frequency the only investigatory parameter beside 

general necessities (e.g., windowing) in discrete Fourier transform. Albeit no 

changepoint detection had been presented above in regard to Intrinsic mode functions, 

it is still regularly used nowadays because of its superior resolution. Wavelet-based 

Gaussian decomposition (Griffiths, 2012) presents a unique approach, utilising CWT. 

The concerns addressed in terms of simulated signals must be investigated on an 

individual basis before implementation. Hilbert amplitude spectrum by Mao et al. 

(2015) is successful both in segmentation and simulation.  

MLC applications show promising results, but only in a costly manner. The 

presented PVT applications show good accuracy on shock detection; presumably, 

further developments are ahead. 

In summary, moving statistics are recommended only in an explanatory phase of 

the analysis. For detection in time domain, the CUSUM—Bootstrap- along with the 

Bayesian approaches are favourable. The sample of frequency domain approaches is 

smaller; thus, any of the three procedures can be easily tried. Both time-frequency 

domain method produces transparent results, therefore those encompass preferably 

successful implementations. 
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Hence, a favorable algorithm is numerically parsimonious, utilizes as few 

heuristics and subjective thresholds as possible -preferring data-driven solutions. It 

provides a transparent decision making and above all it remains reproducible. The 

author is of the opinion that the non-stationary state-changes, transients and harmonic 

components are best observable in the time-frequency domain and therefore the 

author’s future research will elaborate on multiple comparison procedures (e.g., by 

paired- or two sample t-tests) among consecutive time-slices of the short-time Fourier 

transform plane.  

 

  

7. CONCLUSION 

 

It is agreed that packaging systems set up a safety factor in the assurance of the 

transported goods’ quality. However, different costs can be associated to over- and 

underinsurance of the shipment. Therefore, the academic community developed 

various vibration simulation methods beneath standardized procedures, each 

containing unique signal segmentation practices.  

Standardized methods in PVT remain in position for the expected conformability 

toward standards. Concurrent new methods emerge to account for the deficiencies of 

PSD-based methods, viz. the produced random vibrations are stationary and Gaussian. 

No universally accepted method for RVV simulations exist as pointed out by Lepine, 

Rouillard and Sek (2015), who also addressed some segmentation techniques. In line 

with this, the applied changepoint detection algorithms -including new ones- present 

a wide toolbar. Harmonic excitation in RVV is still hardly discussed; the above 

approaches can partially address the phenomena. Thus, the discussed methods mainly 

apply to transient event- and nonstationary segment border detection. Unfortunately, 

some algorithms are hardly reproducible, which does not facilitate the acceptability 

of proposed methods and delays improvements in standards. 

The amplitude- and frequency type non-stationarities in RVV can be 

simultaneously approached from the time-frequency domain. Frequency modulation 

detection is less discussed than amplitude disturbances, as apparent from the number 

of methods. Numerically parsimonious methods are mostly heuristics, based on 

window statistics and thresholds, which may produce satisfactory results, given the 

corresponding parameters are justifiable. Sophisticated signal processing methods 

still often encounter some form of subjective thresholds. Therefore, data driven 

approaches are favorable. 
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Abstract 

 

        Transport packaging ensures the preservation of all product specifications, 

protects against negative external influences, but in certain cases it further raises the 

presentation value of the product on the shelf. Theoretical part of the paper will deal 

with the importance of transport packaging, logistics and communication in the 

development of packaging boxes and the marketing part of product positioning on the 

shelves of retail chains. Herewith, will be shown the results of a research conducted 

among the employees of the purchasing sector on the territory of the Republic of 

Croatia, exclusively among employees who are engaged in the work with the transport 

packaging. The research has included the most important factors when developing 

transport packaging, including the modern trends, levels of cross-functions of 

cooperation of procurement and other functions at the development of the transport 

boxes. The importance of transport packaging will be also shown on the example of 

the dairy industry of a large agricultural company. Numerous dairy products are 

produced in two dairies owned by the above said company and different types of 

packaging boxes are used. Numerous specifications make the transport boxes almost 

identical, but also numerous factors make them very different. We will show the 

practical differences between the individual boxes and describe all the factors when 

creating transport packaging, an indicative annual consumption, a comparison of the 

same box when observed with different varieties of produced quality, percentage price 

difference due to the different parameters and the quality of the used material. The 

main research limitation is the lack of public data related to the types of transport 

boxes used by dairies in the Republic of Croatia. 

 

Keywords: transport packaging, strategic procurement management, dairy industry, 

cross-functional cooperation, cost optimization.  
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1. INTRODUCTION 

  

        Procurement, regardless of whether it was a strategic or operational procurement 

method, is in charge of numerous groups of materials. Companies that have 

production facilities, especially the dairy industry, must have extremely developed 

methods of procurement of packaging. Any food industry has its own specifics in 

terms of development and procurement of packaging materials; however, this paper 

will focus on transport packaging. The survey questionnaire was conducted among 

the employees of the procurement sector, and respondent’s answers related to the 

transport packaging will be presented in detail, also the other most important factors 

as well as the level of cross-functional cooperation. The above research was conducted 

in order to confirm or reject the hypotheses that were set in advance. When 

commencing additional research, the situation was clear that it was impossible to find 

public data of large dairy companies related to the packaging they use, especially 

transport packaging. Since there are numerous dairies in existence, this paper will 

study the transport boxes used by a large agricultural company. The abovementioned 

agricultural company in its complex has an extremely developed agriculture structure, 

animal husbandry, viticulture, production of delicatessen products and dairy 

industry. With regard to its own milk production, it produces dairy products from its 

own milk, obtained on its own farms where the cows are fed with the animal fodder 

from their own production facilities. Such encircled production “from the field to the 

table” offers exceptional quality dairy products from the two dairies owned by the 

aforementioned large agricultural company. Precisely because of the stated quality, 

the task of procurement, marketing, sales and production is a joint cooperation in 

creating quality, marketing attractive and logistically and price affordable transport 

packaging. Hypotheses were set before the start of the research: 

  

H1. Employees' attitudes about packaging characteristics will differ significantly with 

regard to seniority (length of service), with those with less seniority agreeing more 

that quality, appearance and design are more important than the price and savings of 

packaging than those with more seniority. 

  

H2. Modern trends in cardboard packaging design, such as the natron (brown) box 

variant, have significant support from purchasing sector employees. 

  

H3. Quality cross-functional cooperation is a prerequisite for satisfactory results when 

creating and redesigning the cardboard packaging.  

 

 

2. PREVIOUS RESEARCH AND LITERATURE OVERVIEW 

 

       Supply of cardboard packaging is an extremely specific area within the 

procurement sector, because it is quite restrictive to search for the previous research 

that has been done strictly on that topic. Because of such limitations, also work that 

demonstrated   the results of the research that were proceeded among the employees, 



21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

475 

   

students and consumers from other geographical areas have also been included, but 

on the topic of cardboard or transport packaging. 

       By means of survey questionnaire encompassing 28 questions, 200 employees 

from the largest group of dairy industry “Pegah” were observed. In terms of 

infrastructure, durability is considered as number one priority, followed by texture 

and materials. In terms of product awareness, production data is the most important 

factor in promoting a product, followed by the expiry data. Other factors including 

producers' information, product specifications and brand name are also considered as 

secondary important factors. In terms of technical factors, temperature is the most 

important factor followed by the environmental factors. Finally, communication was 

the last important factor, which influenced on consumers (Azad & Mohammadi, 

2013).        

       The research was conducted on the consumer’s habits of consuming milk, yoghurt 

and drinks based on yoghurt. Participants did not perceive milk products as tasty or 

pleasurable. For yoghurt and yoghurt drinks, only product packaging that 

communicated a certain 'flavour' was perceived as tasty by the participants. 

Participants divided yogurt drink into only four impressions. The explanation for this 

may be that yoghurt drink is a relatively new product category with only a few product 

variants of this category available in the Dutch supermarkets. The goal of the research 

was to support packaging designers when developing packages that better align with 

consumer perception (Gelici-Zeko et al, 2013). 

       In total of 300 respondents were submitted to research for the purpose of visibility 

(by testing) on shelf ready transport packaging, and also their specific functions and 

quality of this type of packaging. It was concluded that customers mostly notice shelf 

ready boxes in smaller stores (100%), however, they are less visible in hypermarkets 

(85%) and supermarkets (80%). According to respondents, they replied that for them 

the most important is to have no problems of taking out the product from the transport 

"shelf ready" boxes and also that they can return the product back if they change their 

minds, with regard to the product purchase.  Interesting design, technical appearance 

and its simplicity are not positioned so high. The conclusion is that the transport boxes 

should contain more visible information about products (Korzeniowski, 2009).  

        Packaging is a witness of time and it follows industrial and economic 

development, social events and demanding conditions of consumers and markets 

(Bolanča et al, 2019). Cardboard boxes meet packaging requirements are cheap, 

provide a good visual impression and adapt to the product, to the method of 

distribution and the consumer needs (Petrić et al, 2012). The use of appropriate 

packaging materials and systems is of utmost importance to safeguard the 

improvements introduced in the manufacturing process as a whole and to ensure that 

the product lives up to the expectations of the people that consume these products 

(Cruz et al, 2007). The main function that companies have traditionally assigned to 

packaging has been related to the protection of products during distribution from a 

producer to the end consumer (Rundh, 2013). Creating an efficient packaging process 

demands correct, systematic standardization of documentation, information and 

criteria (García Arca et al, 2019). 

        Transport packaging has its primary role to protect products during transport and 

to preserve their basic properties. Whether it is products that are packaged in their 
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own packaging (dairy products) or products that are transported in their original form 

(tomatoes), transport packaging must fulfil its role. Packaging manufacturers, 

together with the procurement, must carefully weigh between the specification of the 

transport boxes and their price. 

        The logistics of milk bricks has no special requirements for conservation as it 

happens with other milky products like cheese, yogurt and cream (Garcia Arca et al, 

2014). The nature and the characteristics of the dairy product to be packaged define 

the selection of the appropriate packaging material and method (Ščetar et al, 

2019). The effectiveness of a package can be determined during shelf-life testing or 

by combining information’s together from the break-point testing (Tehrany & 

Sonneveld, 2010). During transportation from manufacturer to the retailer’s 

distribution warehouse there can be logistical consequences if the capacity measured 

by pallet changes due to manipulating the different cartons. In this case there is a 

chance to obtain a larger capacity with the adding new boxes, primarily when add one 

row of cartons onto the pallet (Erceg & Trauzettel, 2016). 

        The transport of dairy products can represent a particular challenge due to the 

sensitivity, shelf-life and structure of milk-based products. The basic packaging must 

meet all the set criteria by the production, and the transport packaging has the task of 

ensuring the logistical safety of the product and the basic marketing purpose on the 

shelves. If the specifications of the transport boxes are observed, there will be no 

difference between the milk boxes and those for delicatessen products or wine. Due 

to its high circulation, there may only be a procurement requirement to reduce the 

number of colours used and the complexity of the design in order to achieve the best 

possible price. 

        The assumption that packaging is recycled can only be made if it is recyclable 

by its design and if the packaging is actually collected, sorted and recycled in the 

respective country. Only then, a country-specific recycling rate for a type of 

packaging may be used (Wohner et al, 2019). For the packaging of the UHT milk, 

there is currently no more acceptable material than multilayer cardboard impregnated 

with the metal foil, which prevents the passage of light and thus prevents oxidation, 

but without any additional plastic closures added, but with a slightly perforated edge 

so that it can be torn off and open with fingers (Šćedrov & Muratt, 2008).  

        Ecological trends in the development and use of transport cardboard packaging 

affect modern marketing activities, and thus influence directly on the procurement 

activities related to transport boxes. Cardboard is increasingly becoming the best 

alternative to plastic, and even the natron paint found on the plastic containers is 

becoming an upward trend. The consumer’s value and reward 

environmentally conscious companies that adapt their packaging towards the 

environmental standards. However, the price of organic products must in no way be 

higher than standard packaging, especially in the case of dairy products. It is precisely 

in these types of products that the elasticity of demand is extremely present. 

        Although traditional packaging covers the basic needs of food containment, 

advances in food packaging are both anticipated and expected (Ozatay, 

2019). Innovative packaging technologies for milk and milk derived products are very 

important in the distribution process, development of extended life of the product, 

storage and the value added to the food and food products. Packaging is defined as a 
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tool that protects and contains goods with also the aims to minimize the environmental 

impact during the consumption of this product (Ghenai, 2012). 

        Traditional designs, advertising campaigns and other marketing activities have 

certain transience through the generations that such activities are reminiscent of youth 

and products that were present before, but the younger generations are looking for 

innovations and following modern marketing trends. Dairy products generally belong 

to the class of products that may not be attractive, but with a simple, modern, “wacky” 

and different approach, their packaging can be noticed. 

        Whipped cream, plain yogurt, and sour cream are the items that are most often 

affected by damage (e.g., the aluminium lid covering the cup gets torn). Dairy 

products are ordered daily, except by the larger hypermarkets that hold larger 

quantities of stock. Ordering takes an average of 38.2 (σ = 26.6) minutes per day 

(Reiner et al, 2013). Drinking yoghurts were kept in HDPE containers which were 

delivered from a nearby factory. All of the containers were sealed with tapes made of 

polyethylene and packaged in cardboard boxes with plastic film (González-García et 

al, 2013). 

        Dairy products that are liquid within their packaging are particularly sensitive to 

transport and the role of transport packaging is here particularly emphasized. During 

transport, several yoghurts may be damaged in the area of the cup or aluminium lids, 

which may result in the yoghurt spilling all over the entire product range. Often 

customers return the entire palette, which is a difficulty for the customer, and 

especially for the supplier due to the additional costs, lost time and profit. The dairy 

manufacturer by making an effort to create a satisfactory transport packaging reduces 

the risk of product damage and ensures safe delivery to the target warehouse or 

delivery location. 

        Most paper and cardboard food packaging materials are printed in offset print 

because it gives a better commercial appeal to the stored product (Richter et al, 

2009). Natural fibres have gathered increasing attention because of their internal 

structure, which can generally guarantee high porosity. Among these fibres, cellulose 

is the most representative biopolymer and it is widely used for producing paper and 

cardboard (Asdrubali et al, 2015). 

        Natron box variants in 2021 are a proposed alternative by suppliers, 

procurement, but also consultants related to the development of transport 

packaging. With the simple transition from a white test liner to a plain (natron) test 

liner does not change the properties of the box, but there are achievements on 

additional savings. A certain negative side of the natron box variant is visible when 

printing the design. On a white test liner or box with a white background print, all 

colours come to a better expression. It is up to the procurement, marketing and sales 

to find a common agreement on how to harmonize all the mentioned specifications of 

the transport packaging. 

  

 

3. RESEARCH METHODOLOGY AND ITS LIMITATIONS 

  
        Research done by the survey questionnaire was conducted among the supply 

business employees from the areas of the Republic of Croatia. Research was 
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undertaken during the June and July of 2021. In total of 64 respondents have 

answered, what is a small sample for the acceptance of important conclusions, but it 

can be determined that the number of respondents is relatively satisfactory, with 

respect that respondents were targeted exclusively from the territory of the Republic 

of Croatia, and that it’s about a specific topic prevailing in the supply business.  

       The purchasing employees were targeted and contacted via Linkedln social 

network, and also through personal contacts, and it was emphasised that it was about 

a research dealing with the transport packaging, therefore replied the employees, 

stemming from the supply business that are directly concerned with the packaging, 

i.e., by purchasing and producing of transport boxes. The abovementioned targeted 

research is limiting in its scope, because it simply do not exist a very large number of 

companies on the territory of the Republic of Croatia, which are engaged in production 

activities that requires transport boxes to bring finished product to the end customers 

and the consumers. In Table 1 is shown the structure of the sample and research 

results.  

 

Table 1. Sample structure (N = 64) 

    n Percentage 

Gender 
Male 28 43,8 % 

Female 36 56,3 % 

Education 

Secundary education 3 4,7 % 

Professional study 6 9,4 % 

University study 55 85,9 % 

Company size 

From 11 to 50 employees 4 6,2 % 

Between 51 and 250 employees 21 32,8 % 

More than 251 employees 39 60,9 % 

Source: authors 
 

  

4. RESULTS AND DISCUSSION        

 

       Before beginning of the research, the goal was set that the purchasing employees 

will solely be contacted, so to gain the more relevant replies. As a result of such 

limitations, it’s difficult to assess that the specified research has been relevant to the 

global frameworks, but it can bring interesting findings on the national level.  Results 

clearly follow a set of hypotheses, showing opinions and conclusions from the 

employees of the supply business on the issue of making and redesign of the transport 

boxes. It’s an extremely specific area, but crucial in the entire chain of production and 

delivery of the final products to the distributors, customers and consumers. On Figure 

1 is shown the most important factors when creating new transport packaging. 
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Figure 1. The most important factors when creating a new transport packaging 

 
Source: authors 

 

       Participants consider the price of the box (65,3%), the material from which the 

box is made (67,2%) and the delivery time of the box (65,8%), to be the most 

important factors when creating new transport packaging. The basic priority for the 

procurement employees is to procure a quality product or service at the best price, so 

it is not surprising that the most common answer is related to the price. It is interesting 

to see that after comes the quality of the box and the delivery time. Deadline of 

delivery can be agreed upon, but with the careful planning, the impact of this factor 

can be eliminated. The quality of products in each case must occupy an important 

place in the priorities when making new boxes, if not the most important one. Without 

quality box construction from quality materials, the box cannot satisfy its primary 

function.   The quality of the machine on which the box is made is considered as the 

least important factor (5,2%). On Figure 2 it’s shown how the relevant procedures for 

the creation of new transport box depend on the size of the company.  
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Figure 2. Procedure for making a new box or packaging 

 
* On presented data for the companies sized from 11 to 50 employees has not been shown 

because only four contributors participated. 

Source: authors 

 

       Employees who work in companies that have 51-250 employees, 61,9% stated 

that in their company does not exist prescribed procedure for making new boxes or 

packaging, while 64,1% of those who work in companies that counted more than 251 

of employees, stated that such procedure does exist.  Results show that most large 

companies have developed procedures for the development of transport packaging, 

which in large measure helps better quality and up to date cross-functional 

cooperation. By the rule, small companies have more agile communication, so they 

can quickly react to changes and to implement them, and this is a possible reason for 

the absence of the aforementioned procedures. Additional question has been related 

to the need for a set procedure, when the majority of participants in research (81,2%) 

considered that the necessary quality set of procedures of making the new boxes is of 

upmost necessity, which regulates what sector within the company has the determined 

level of responsibility, and also which activities should be carried out by means of the 

development of the new boxes. In Figure 3 is shown the answer to the current question 

in the procurement business, i.e., whether the boxes should be switched to the natron 

variant, in line with the modern trends.  
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Figure 3.  Colours of the boxes. 

 
Source: authors 

 

       This chart represents a divided opinion of employees about the brown colour of 

the box as a modern trend that should be applied to all transport boxes. Half of the 

participants agree to specified colour (brown) that should be applied to all transport 

boxes, while half of them disagree and considered that it’s not to be the case. The 

above result shows the division of agreement with the modern trends favouring the 

more usage of the natron box, i.e., for the more natural appearance of the box that is 

linked to the environmental awareness and recycling. The added value to the future 

research will be the present results of research of the opinions of customers and 

consumers on the topic of assessing the visual impact of ecological transport boxes, 

to incite the consumer’s decision to final purchasing of the product. On Figure 4 is 

shown which sectors are involved in the development of transport boxes. Additional 

analysis of the opinion of marketing employees on this topic would be of extreme 

interest to present and compare with the opinion of employees of the procurement 

business.  

 

 Figure 4. Sectors which initiate changes in packaging 

  
Source: authors 

 

       To the fullest extent, the participants perceive marketing sector as a sector that 

initiate a change in packaging (67,3%). However, finance sector, procurement and 
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manufacturing sectors at least participate in initiatives to change the box appearance, 

and in most of the cases is expected from the marketing sector to take a key initiative 

to the changes of transport packaging. Sales feedback information can be obtained 

directly from the market, from distributors and buyers of the product. Marketing, on 

the other hand, comes up with its own initiatives for change by following marketing 

trends on the market or when changing the brand image. 

       The second question was connected to participating of the sector in the 

development of new boxes, with the procurement sector in accordance to estimates of 

participants which, to the fullest extent participates to the development of transport 

packaging (78,6%), and to the lesser extent also participates the marketing (65,2%) 

and the production sectors (58%), respectively. The finance and legal services sectors 

are not at all involved in the production of transport packaging. The results clearly 

indicate that the cooperation between procurement, marketing, sales and production 

sectors is crucial in the process of developing of a new packaging. The established 

procedures standardize cooperation, and clearly define responsibilities and activities. 

Regardless to the set procedures, individual employees from each of the sector by 

their behaviour, knowledge and experience mostly contribute to the quality of change 

and development of packaging. On Figure 5 is presented the cross-functional 

collaboration, and shows dynamics of the meetings between sectors for the purpose 

of development and redesign of cardboard packaging.  

 

Figure 5.  Frequency of meetings between sectors 

 
Source: authors 

 

       The companies in which employees hold the meetings between sectors at issue of 

changes the packaging and the status of current packaging, - in the most cases, 

meetings are usually hold as needed – only when it comes to a change (66,0%). We 

should pay attention to the fact that 25,4% of participants stated that such meetings 

6,2% 2,4%

66,0%

25,4%
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do not take place at all. It was confirmed that regular and quality communication 

between sectors improves cooperation, especially in situation of crisis. Respondents 

have confirmed that the relatively small number of meetings are held in accordance 

to the need, when it is, perhaps, too late to bring about the quality solutions, or to set 

deadlines for the execution of complex tasks that would be better resolved if the 

frequency of meetings were increased.  In Table 3 are displayed purchasing 

employee’s responses to the set claims, with regard to the length of their work service. 

 

 Table 3. Results based on years of service 

 Length of service  

 
2 to 14 years of 

service 

(n =31) 

15 to 26 years of 

service 

(n = 33) 

 

  M SD M SD t 

The transport box should 

primarily have the best 

price; quality is the second 

priority 

2.19 1.17 2.64 1.27 -1.45 

The load capacity of the 

box should be more 

important than the design 

and appearance of the box 

3.87 1.12 4.27 1.01 -1.51 

An initiative to improve the 

box is expected from the 

supplier 
2.90 1.07 2.39 1.36 1.65 

Insufficiently attractive 

appearance of transport 

packaging is direct cause of 

a decrease in product sales 

2.94 1.03 3.21 1.08 -1.05 

Savings on shipping boxes 

are more important than 

box design / printing 
3.52 1.03 3.18 1.04 1.29 

Weakening of the box 

(reduction of layers) is 

acceptable if 

significant savings are 

achieved 

2.48 1.18 2.58 1.27 -0.29 

The design of the box is 

desirable to often changes 

and it align with the 

modern marketing trends 

2.90 1.19 2.88 1.11 0.08 

During the production and 

revision of transport 

packaging, procurement 

and marketing consult with 

the logistics service 

4.10 1.14 4.00 1.06 0.35 
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The change of the 

recognized visual / design 

of transport packaging is 

not required due to market 

trends 

3.52 1.21 2.52 1.00 3.62** 

The design of the transport 

box should be as simple as 

possible, with a maximum 

of use of two colours 

3.81 1.25 3.76 1.06 0.16 

** p < 0.01 

Source: authors 

 

       By analysing of the arithmetic means of participant’s responds on particular 

subjects, it can be observed that employees with fewer years of work service have 

somewhat different attitudes from those respondents with more years of work service. 

The cause can be found in the level of experience, from a different perception of 

modern trends, or a desire for a change. Therefore, those employees with more than 

15 years of working service in something larger degree consider quality as a second 

priority, and for the transport box primarily to have the most favourable price, that the 

load ability of boxes should be more important than the design and the appearance, 

and the weakening of the box has been found acceptable if with its significant savings 

can be achieved. It can be concluded that the price is the key factor, and the quality of 

the box immediately occupies the second place. Employees with more years of work 

service, the box design do not place among the most important priorities. However, 

also there are more those respondents with less years of work experience, and 

therefore less the length of the work service, do believe that the box design should 

change frequently to harmonize the box design with modern marketing trends, and 

also that procurement and marketing consult with the logistics department when 

making and auditing the transport packaging. Here I would like to stress that by said 

I do not mean that the employees with less working service and experience are wrong, 

but it is interesting to conclude that there are significant differences in priorities 

between employees with different years of work service.   

 

 

5. TRANSPORT PACKAGING ON THE EXAMPLE OF A LARGE 

AGRICULTURAL ENTERPRISE 

 

        Through the analysis of the theoretical framework related to cardboard 

packaging, it is concluded that this type of packaging is considered extremely 

important, but only for the protection of the product it transports. This conclusion can 

be observed in different ways, but each type of packaging is equally important for the 

procurement. In Table 4 is shown the share of cardboard packaging in the purchase 

values of the observed large agricultural enterprise. 
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Table 4. Share of cardboard packaging in purchase values. 

 Value of cardboard packaging in the total purchase value of 

packaging 15,59% 

The value of cardboard packaging in the total value of procurement 0,59% 

Share of cardboard packaging for the dairy industry in relation to 

the value of total procurement for two dairies 2,92% 

The share of the value of cardboard packaging in the value of 

packaging procurement for two dairies 12,19% 

 Source: authors 
 

        The first comparison shows the share of the purchase of cardboard packaging in 

the total value of the purchase of all packaging. The procurement of packaging 

comprises transport boxes, plastic cups and lids, winery bottles, corks and bottle lids 

and pallet packaging. Cardboard packaging occupies 15,59 % of the total value of the 

purchase of packaging, which is a large percentage, if we take into account the various 

types of packaging that are ordered. The total purchase value of all orders is extremely 

high, given that it is an agricultural company engaged in farming, animal husbandry, 

pig farming, animal fodder factory, etc. In the total purchase value, the purchase of 

cardboard packaging makes only 0,59 %. If the comparison focuses on only 

two dairies owned by a large agricultural company, it is concluded that the purchase 

of cardboard packaging occupies 2,92 % of the purchase value of all materials and 

services observed for the two dairies. If we look at the procurement of packaging for 

two dairies, cardboard packaging occupies 12,19 %. In Table 5 is shown the list of 

boxes used by the two dairies, box dimensions, number of cardboard layers, wave 

type, outer layer material expressed in grams, and the material and weight in grams of 

the inner layer. 
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Table 5. Cardboard packaging specifications 

      Outer layer   Inner layer 

The box name 

Standard 

dimension 

Numb

er of 

layers 

Layer 

designati

on (A, 

B, C, E, 

F, BC, 

CE, 

EF…) 

Layer 

thickne

ss 

(mm) 

Material 

name 

Weig

ht (g 

/ m2) 

Material 

name 

Weig

ht (g 

/ m2) 

BOX OF 

SEMI-HARD 

CHEESE 

315 x 260 

x 208  5 BB 5,5 Test liner 100 Test liner 100 

BOX OF 

FRESH 

CHEESE 500G 

343x230x1

00 3 B 2,69 

White test 

liner 120 Test liner 120 

BOX FRESH 

CREAM 

CHEESE 

100G-200G 

321x153x1

15 3 B 2,5-3,0 

White test 

liner 140 Test liner 135 

BOX FRESH 

CREAM 

CHEESE 70G 

 

365X186X

112 3 B 2,69 

White test 

liner 120 Test liner 120 

BOX MILK 

WITHOUT 

DESIGN 1L 

295X231X

200 3 B 2,75 Test liner  120 Test liner  120 

BOX MILK 

WITHOUT 

DESIGN 0,5L 

303X220X

118 3 B 2,75 Test liner  120 Test liner  120 

BOX 

YOGHURT / 

CREAM 180G 

392X265X

50 3 B 2,70 

White test 

liner 120 

White test 

liner 120 

BOX FOR 

BRANDS 

YOGHURT / 

CREAM 180G 

372x292x3

8 3 E 

1.50-

1.65 

White test 

liner 125 

White test 

liner 125 

BOX OWN 

BRAND 

CREAM / 

YOGHURT 

180G 

372x292x3

8 3 E 

1.50-

1.65 Test liner  110 Test liner  110 

BOX OWN 

BRAND 

MILK 1L 

288x230x2

13 3 B 

2.50-

3.0 Test liner  115 Test liner  115 

Source: authors 

 

        It has been shown the ten boxes which are the most circulating type of boxes and 

the most important for the business of the two aforementioned dairies. The dimensions 

are adapted to the packaging of the products that need to protect and ensure adequate 

transport to the final destination, store or storage space. Most boxes are of B wave, 

while only the box for semi-hard cheeses is BB wave, which is a specific wave 

designation produced by only one manufacturer of the cardboard packaging in the 

Republic of Croatia, but it does not differ significantly from B wave. The material of 

all boxes is a testliner, but there is a difference in colour. The basic colour of the test 

liner is brown or natron colour, which represents the base colour of recycled 

cardboard. The white test liner is used in five boxes, mostly due to the need for quality 

printing and achieving more vivid and striking colours. In Table 6 is shown which 
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boxes have a design, what is the print type, number of colours, and a colour box 

coverage in percentage.  

 

Table 6. Cardboard packaging design 

The box name  

FEFCO box type 

designation Design 

Type of 

printing 

Number 

of 

colours 

Colour 

coverage 

of the 

box 

surface 

(% of 

surface) 

BOX OF SEMI-HARD CHEESE 204 yes flexo 1 30,00% 

BOX OF FRESH CHEESE 500G 451 yes flexo 1 10,00% 

BOX FRESH CREAM CHEESE 100G-

200G 201 yes flexo 1 20,00% 

BOX FRESH CREAM CHEESE 70G 406 yes flexo 1 10,00% 

BOX MILK WITHOUT DESIGN 1L 406 no - - - 

BOX MILK WITHOUT DESIGN 0,5L 406 no - - - 

BOX YOGHURT / CREAM 180G / no - - - 

BOX FOR BRANDS YOGHURT / 

CREAM 180G 990 yes flexo 2 20% 

BOX OWN BRAND CREAM / 

YOGHURT 180G 990 yes flexo 2 10% 

BOX OWN BRAND MILK 1L 990 yes flexo 2 15% 

Source: authors 

 

        If we look at Table 6 in more detail, it can be concluded that only three of the 

boxes do not have a design. These boxes are not anyway unique and they do not 

represent a specific strategic decision to reduce the number of colours, but it is a 

requirement of customers of large retail chains. These three boxes intended for 1l 

milk, 0,5l milk and 180g yogurt / cream have their “sister” boxes in variants of the 

own brand of a large agricultural company. Boxes that transport products of their own 

brand have a specific design that has been carefully considered, but the number of 

colours and coverage of the box have been taken into account, so as not to drastically 

increase the price of the box. To achieve the best purchase price, it would be most 

efficient to work all boxes in the natron variant, without or with basic printing in one 

colour (company logo only). However, such a procurement requirement, as a rule, 

always comes to extremely high criticism of marketing and sales, which have the 

extremely demanding task of making products as recognizable as possible, especially 

if they are packed in shelf-ready boxes.  
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6. CONCLUSION 
  

       The first from the set of hypotheses (H1), namely, employees' attitudes about 

packaging characteristics will differ significantly with regard to seniority (length of 

service), with those with less seniority agreeing more that quality, appearance and 

design are more important than the price and savings of packaging than those with 

more seniority, has been confirmed. Employees from the purchasing sector who have 

more than 15 years of work service have confirmed that to them are the most important 

costs and potential savings, while the employees with less of 15 years of work service 

have confirmed that to them still are the most important factors of the design and 

technical characteristics of the box. Among the particles that examined the attitude of 

employees about the characteristics of packaging with respect to work experience, the 

most significant difference was for the particle “Recognized visual / design of 

transport packaging should not be changed due to market trends” (t = 3.62, p <.01). 

Significantly more employees with fewer years of service agree with this statement 

(M = 3.52). Previous research done by Azad and Mohammadi (2013) was carried out 

among a larger number of respondents from different sectors of dairy industry, and on 

the territory of Iran. In the above study was confirmed that to the staff is the most 

important factor the endurance of the box, followed by texture and material 

development. The results may be partially related, but here exists the limiting factor 

for that the research done in this paper covers only the procurement employees. 

       The second hypothesis (H2), - for the modern trends in cardboard packaging 

design, such as natron (brown) variants of boxes have a significant support from the 

employees of the procurement sector, the hypotheses is partially confirmed, given that 

53,1% of procurement employees agreed with the statement that the natron box colour 

represents a modern trend that should be applied to the all-existing boxes. Future 

research would have to include the opinions of employees pertained to sales and 

marketing, as would be rendered results on the cross-functional level. Employees with 

fewer years of service from the supply sector are more inclined to the modern 

marketing trends in relation to the employees with the more work service. Partial 

confirmation of the hypotheses has to be taken with caution with respect to the small 

sample encompassed during the research; it would be interesting to obtain opinions of 

employees from the purchase sectors throughout Europe. Conclusion for the second 

hypothesis is to be linked with the remaining of the two mentioned research at the 

beginning of the paper, in which they are, on one hand, the students (Gelić-Rabbit, 

Lutters, Klooster, Weijzen, 2013), who confirmed that the customers are  attracted to 

the specific colours present on the  cardboard packaging; however, the results of the 

other research (Korzeniowski, 2009) stated that for the customers, the most important 

thing is the practicality of the box and the ease to take out the product. 

       The third hypotheses (H3) - quality cross-functional cooperation is a prerequisite 

for satisfactory results when creating and redesign of cardboard packaging, can be 
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considered confirmed. The cross-functional cooperation between the procurement 

sector and other sectors that effect on development of transport packaging is 

inevitable; without it there is no quality and rapid change or development of 

packaging. Procedures are the basis of cross-functional cooperation, and it is 

especially true in large companies where 64,1% of respondents have confirmed that 

such procedures do exist. The medium companies, these 38,1% of them, have 

developed procedures, but the aforementioned can be attributed to the greater 

dynamics through the cross-functional cooperation between sectors in medium 

companies. Larger companies, with more manufacturing plants, large number of 

employees and with a complicated hierarchy, by means of procedures is governing 

the mutual relations and makes an improvement of business operations. Cross-

functional meetings are held as needed (66%), once a week (6,2%) and once a month 

(2,4%), which is an indicator of the presence of the cross-functional cooperation and 

understanding of cooperation between teams, when the topic indicate the further 

changes in packaging. An example of the procedure of creating and revising of the 

transport packaging is still one of the greatest examples where one can observe a clear 

involvement of multiple sectors, all with their clear responsibilities and tasks. 

       On the example of a large agricultural company on the territory of the Republic 

of Croatia, which owns two dairies, transport boxes were presented according to their 

detailed characteristics. Particularly has been shown the value of the packaging of the 

dairy industry in the total procurement of the company, i.e., the value of the 

procurement of packaging, the value of the total procurement of the two dairies and 

the value of the procurement of packaging for the two dairies that were 

presented separately. Transport packaging accounts for 15,59% of the value of total 

packaging procurement and 12,19% of the total value of packaging goes for the dairy 

industry. It is this data that shows the significant share of aforementioned packaging 

in the procurement sector. The observed large agricultural company is engaged in a 

number of other activities, and therefore the share of total procurement 

of transport boxes amounts only 0,59%. A total of 10 boxes were observed, which are 

quite similar in their characteristics, but they are also different. Several boxes differ 

only in design, as one type is intended for brands while the other types are used for 

their (company) own brand.  

       The real contribution of science can be observed through confirmations or partial 

confirmations of set hypotheses. By directly examining procurement employees 

dealing with transport packaging, the obtained results helped to understand modern 

trends in the development of transport packaging, awareness of the importance of 

cross-functional cooperation and what is more important for procurement employees 

- price or quality. Future surveys and research should cover more sectors (sales, 

marketing, manufacturing, logistics), but also the buyers from the areas of the 

Republic of Croatia, in order to bring concrete results and confirmation of hypotheses 
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on the issue of design of transport packaging. It would be interesting to see an impact 

of design and practicality of transport packaging or the boxes on the sales results of a 

particular product. 
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Abstract 

 

Thousands of new products and services have been introduced over recent 

decades and are sold and distributed to consumers all over the world. In view of these, 

market has thus become increasingly competitive over the last two decades, in 

particular, companies have found it increasingly difficult to maintain traditional profit 

level and growth rates. These companies have not only had to increase in complexity 

to meet the challenges of demand and expanding markets, products and services but 

must constantly be investigating new strategies for improving their competitive 

advantage and profitability. This paper examines the effect of logistics outsourcing 

management on cost reduction and companies’ profitability of consumer goods 

industries. The study was carried out in six states within the six geopolitical zones in 

Nigeria. Twelve (12) manufacturing companies with 12,054 staff strengths were 

selected from the list of quoted consumer goods companies (Nigerian Stock 

Exchange, 2019). Multistage sampling procedures such as cluster sampling was used 

to pool the manufacturing firms within the study area; stratified sampling was used 

to group the firms into sectors; and purposive sampling was used to select twelve (12) 

consumer goods companies. Total of 12 consumer goods industries were selected out 

of 21 consumer goods industries. This also cut across the six geopolitical zones in 

Nigeria. The respondents for the study were chosen from senior staff and directors 

from the logistics department, financial department and procurement department of 

the industries due to their involvement in decision making for the smooth operations 

of the industry. The sample size represents 15% of the staff strength of each 

department under study; 81 respondents were sampled from logistics department of 

mailto:fomamoo@gmail.com
mailto:oasomuyiwa@lautech.edu.ng
mailto:bbayantoyinbo@lautech.edu.ng
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the 12 companies, 49 respondents from the finance department form 12 companies, 

61 respondents from procurement department from 12 companies and 36 directors (1 

director from each department) from 12 companies, this makes 227 respondents. 227 

questionnaires were therefore administered and 200 were returned (88.1percent) and 

used for the analysis. and secondary data sourced from the financial records of the 

companies were used for the study. Regression model postulated for the findings 

showed that logistics outsourcing has positive significant effect at 0.05 level of 

significance on cost reduction and companies’ profitability. It is therefore important 

that Companies should recognise the importance of logistics management 

outsourcing in a competitive business environment. 

Keywords: Cost Reduction, Outsourcing, Logistics Management, Profitability, 

Consumer Goods Industry 

 

 

1. INTRODUCTION 

 

Over the years, services and products have improved in complexity and variety, 

as have the needs of customers so is also the logistics services which have superior 

as countrywide and global markets of products and services have expanded. 

Thousands of the latest services and products had been added over many years and 

are offered and distributed to customers all around the world. In view of these, the 

marketplace has, for this reason, grow to be more and more aggressive over the past 

decades, in particular, organizations have observed it an increasing number of hard 

to keep conventional profit level and growth rates. 

These organizations have now no longer only needed to grow in complexity to 

atisfy the demanding situations of demand and increasing markets, services, and 

products, however, have to continuously be investigating new techniques for 

enhancing their aggressive benefit and profitability. Logistics Management affords 

the main supply of aggressive benefit to groups through making sure that they are 

able to usually reply quicker and effectively than the competition to their customers’ 

necessities on an international basis. 

Outsourcing of logistics requirements holds the potential to optimize the role of 

logistics of a company, which may therefore lead to many improvements and other 

possibilities for the organization. It increases customer service level, reduces supply 

chain costs, reduces capital requirements, increases competitive advantage and 

profitability. Outsourcing is a sensitive issue for employees as it is accompanied by 

the consciousness of retrenchment that leads to unemployment (Kujuwa, 2010). It can 

also result in the loss of certain skills and knowledge and loss of morale and 

dedication of employees. Another problem with regard to outsourcing is the degree 

to which there is perceived and/or actual loss of control, over the outsourced activity. 

Furthermore, the service provider may also be unable to reduce costs or comply with 

the set standards. They may provide inadequate skills, knowledge and technology, 

and fail to provide improvements in service and a reduction in time and effort spent 

on the outsourced activity. Other problems also arise due to companies’ serching for 
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shortcuts to handle incompetence, financial pressures or technological weakness. In 

order to ensure success, outsourcing must be a strategic decision, planned, and 

executed initiative. Therefore, it is important to verify how manufacturing resolves 

the issue of operational cost. Based on this premise, the objective of the study study 

is to analyze the effect of logistics Outsourcing Management on Cost Reduction and 

Companies Profitability of Consumer Goods Industries. 

 

 

2. LITERATURE REVIEW, METHODOLOGY AND FINDINGS 

 

2.1 Logistics Outsourcing  

 

Outsourcing is the subcontracting of an organization's non- core function 

including including the product layout of a production company to a third- party agent 

Logistics outsourcing is a technique that includes the usage of outside logistics 

businesses to carry out activities that have historically been done within a company, 

wherein the shipper and logistics company enter a settlement for deliverindelivering 

services at particular charges over a few identifiable time horizons.  The choice to 

outsource is frequently made in the interest of reducing a firm's cost and conserving 

strength directed towards the core functions of the firm, to make extra use of labor, 

capital, technology, and resources (Vallespir et al., 2001, Quinn et al., 1994). The 

choice to outsource is likewise made at a strategic level, the company going into 

outsourcing and the provider enters into a contractual agreement that defines the 

transferred services (Weele, 2005). 

According to Sohail et al,(2003), as far back as the early 1990s, the global 

practices of outsourcing logistics activities had been at the upward push ensuing in 

an annual 10% increase. This is corroborated through the “Cap Gemini Ernst & 

Young” survey (2002), that the costs of resorting to logistics providers have reached 

94% in Europe, 78% in North America, and 92% in Pacific Asia. 

According to Harrison et al. (2002), the significance of outsourcing is is 

specifically obvious whilst organizations look significantly at their internal structure 

and resources.  Outsourcing offers organizations more capability, for flexibility 

particularly in the acquisition of swiftly developing new technologies. Firms can save 

on capital investment, and as a result, reduce economic risks through 

outsourcinglogistics activities. Investment in logistics assets, which includes physical 

distributioncenters or information networks, usually needs a big sum of money, which 

involved high financial risk. 

Outsourcing can also be seen as the transfer of the management of the day‐

to‐day execution of an entire business or organizational function to a third-party 

service provider. In the agreement, the supplier takes over the means of production in 

the form of a transfer of people, assets, and other resources from the contracting 

partner while the contracting partner agrees to procure the services from the supplier 

for the term of the contract. Business segments typically outsourced include logistics 

and distribution services. The process begins with the client identifying what is to be 
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outsourced and building a business case to justify the decision, often called a “make 

or buy” decision (Selviaridis & Spring, 2007). 

In business, logistics includes handling the flow of materials and services 

between the point of origin and intake to satisfy the demand for consumers or 

organizations. Several sources-controlled ranges within movable items consisting of 

foods, materials, animals and equipment’s; summary objects, which include 

information. The logistics of movable items involve integrating the flow of 

information, coping with substances, transportation, packaging, inventory, 

warehousing and security. Logistics outsourcing and 3PL commenced within the 

1980s as a vital approach to enhance the effectiveness within the principal delivery 

chain. Further, Khairu (2011) argued that outsourcing has grown as a powerful 

approach for plenty of businesses in pursuit of an awesome operation to satisfy the 

demanding situations of the globally aggressive market. 

 

2.2 Outsourcing in Organizations 

 

Outsourcing is described as the procurement of services or products from 

sources that can be outside of the company (Rundquist, 2007, Ono & Stango, 

2005)Thus, outsourcing is basically called a technique wherein an agency delegates 

in-residence operations or procedures or services to a 3rd party. The organizational 

overall performance is additionally referred to as cost efficiency, productivity, and 

sustainable funding. According to Chaffey (2008), judgments of performance are 

primarily based totally on a few concepts of ‘wastage’. Houseman (2006) additionally 

described productivity as the volume to which a quantity of output in a corporation is 

produced with a positive quantity of input and the volume to which cost is created 

through a corporation in contrast to the time required to create that cost. 

Rundquist (2007), considered that in the commercial revolution, outsourcing 

was not officially recognized as a commercial enterprise method for enhancing 

organizational overall performance till 1989. Development of unique services 

brought about improved outsourcing as a method for enhancing organizational overall 

performance throughout the second one commercial revolution withinside the 

overdue nineteenth century, as agencies commenced to focus greater on price- saving 

measures (Rundquist, 2007; Slack, 2003; Piore & Sabel, 1990). 

More recently, outsourcing as a commercial enterprise method has moved to 

intangible activities or knowledge extensive activities including information 

technology, product development or studies and development (R&D), (Quinn, 2000) 

and kts far an indispensable part of an organizational method of enhancing 

organizational performance (Behar et al).  Typically, Outsourcing is completed with 

an eye fixed towards performance and cost saving for the organization (Houthfood, 

2006). Therefore, outsourcing can be as easy as hiring a freelancer to edit an 

organization’s e-newsletter or as large scale hiring an outsourcing company to deal 

with accounting and payroll functions. Besides, an outsourcing organization may 

send employees to its client’s workplace or offer a work space. Sometime, 

outsourcing businesses exercise domestic shoring through hiring domestic – base 
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employees or they will exercise offshoring through contracting outside then client’s 

country for the services. 

 

2.3 The Outsourcing Decision Matrix 

 

2.3.1 Analyzing the Make-or-Buy Decision 

 

When considering outsourcing, many organizations start with the same 

question: Which activities should we outsource, and which tasks should we do in-

house? For instance, in the health care industry the question of outsourcing cleaning 

staff, or hire in-house cleaners arises, this decision will vary from the IT company 

and Airline Industry because each industry is in the dilemma of what and how to 

outsource. The questions are complicated and the answers will have a great effect on 

the organization's short-term and long-term success. Making right decisions can add 

significantly to the organization's bottom line in terms of cost savings and increased 

efficiency. 

Outsourcing allows the input of fresh minds in the business, and it can also allow 

free time for innovation and other vital tasks. However, making the wrong decision 

can put the business at a competitive disadvantage. The Outsourcing Decision Matrix 

helps to see clearly which tasks, processes, or functions that should be kept in-house 

and the one that can be safely outsourced.  

 

2.3.2 Understanding the Tool 

 

The Outsourcing Decision Matrix in Figure 1 according to Corbett (2004), helps to 

consider two important factors in outsourcing a task: 

 How strategically important is the task to the organization? This is due to 

the fact that strategically important tasks are sources of competitive 

advantage; 

 What is the task's impact on the organization's operational performance? 

Tasks which have a high impact on operational performance are those 

which, if done well, contribute greatly to the smooth running of the 

organization or, if done badly, greatly disrupt it. 
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Figure 1.  Outsourcing Decision Matrix 

 
Source: Corbett M.F, (2004).  

 

The quadrants are as follows: 

 Form a strategic alliance – Tasks in this quadrant are high in strategic 

importance, but contribute little to operational performance. Although there 

is need to retain control of them to ensure they are done exactly as you want, 

or you get the quality you want, they are relatively insignificant in terms of 

cost or smooth running and so not worthy of full in-house focus. This means 

that there is the need should form a strategic alliance  

 Retain – Tasks in this quadrant are high in strategic importance and have a 

big impact on operational performance. These tasks should be kept in-house 

so that your organization keeps maximum control, it should be one of the 

organization's core competences. 

 Outsource – Tasks in this quadrant are important for successful operational 

performance, but are not strategically important. These tasks could safely be 

outsourced; they are simply not worth spending in-house time managing.  

 Eliminate – Tasks in this quadrant are not important to your organization's 

overall strategy and neither do they make a significant contribution to its 

day-to-day operational performance. Although you might not be able to 

eliminate these tasks completely, it's important to check why you're doing 

them.  

 

2.4 Merits of Outsourcing Logistics Activities 

 

Lieb et al. (2004), vies that across many industries, outsourcing logistics 

activities has become a rapidly expanding source of competitive advantage and 

logistics cost saving. He reported that some firms routinely have achieved 30 – 40 %   

reduction in logistics costs and have been able to greatly streamlined global logistics 

processes as a consequence of outsourcing. Logistics significantly contributes to 

company’s competitive advantage. The most obvious reason behind outsourcing 

logistics activities is to provide very effective means of reducing costs by contracting 

with a third-party who can provide   better services   and high quality at a lower cost. 

https://www.mindtools.com/pages/article/newSTR_67.htm
https://www.mindtools.com/pages/article/newTMC_94.htm


21st international scientific conference Business Logistics in Modern Management 
October 7-8, 2021 - Osijek, Croatia 

 

 

499 

   

By reducing costs through outsourcing, you gain the ability to improve operating 

efficiency, increase return on assets, and improve profitability.  

Outsourcing is also an effective means of generating new revenues. A firm 

which outsources can contract with a third-party to provide products and services 

which it cannot offer on a profitable basis. This form of outsourcing enables a client 

firm to test market demand   for a services or product if it is less risky, more cost-

effectively way than creating the service internally with scarce resources (Panayides 

et al., 2005).  

 

2.5 Transaction Cost Theory 

 

From a transaction cost approach, make-or-buy choices are stimulated with the 

aid of using asset specificity, frequency, and uncertainty (Walker and Weber, 1984). 

From a resource-based view, the outsourcing choice is stimulated via way of means 

of the cap potential of an organization to put money into developing, core 

competencies, resources and capabilities, and maintaining an advanced overall 

performance role relative to competitors (McIvor, 2008). From an energy and 

dependence perspective, outsourcing choices are stimulated by the relative monetary 

value of the exchanged assets, how crucial the activity is, the need for particular 

technological expertise, availability of alternatives, and switching costs (Caniels and 

Roeleveld, 2009). In outsourcing choices, businesses also need to address problems 

that have an impact on costs over the years including studying the effects, possible 

loss of quality, in the beginning, de-motivation, or the opposite, strong motivation 

(Van de Water and Van Peet, 2006). 

Bolumole et al. (2007), Mclvor (2000), and Caniels and Roeleveld (2009) 

understand the constraints of viewing outsourcing from a single theoretical 

perspective.  Bolumole et al. (2007) integrate Transaction Cost Theory with the 

Resourcebased View and Network Theory in an outsourcing framework. Transaction 

costs constitute the costs of physical and human assets incurred to finish a change of 

products and offerings among parties.   

 

2.6 Methodology 

 

2.6.1 Study Area 

 

Nigeria is located in western Africa on the Gulf of Guinea and has a total area 

of 923,738km2 making it the world’s 32nd largest country (after Tanzania). It is 

comparable in size to Venezuela and is about twice the size of the US state of 

California. Its borders span 4,047km and it shares borders with Benin, Niger, Chad, 

Cameroon, and has a coastline of at least 853km. Nigeria lies between latitudes 40 

and 140 N and longitudes20 and 150 E. Nigeria is divided into thirty -six states and 

one Federal Capital Territory, which are further divided into 774 Local Government 

Areas. The states are aggregated into six geopolitical zones, North West, North East, 

North Central, South East, South-South, and South West. (Constitution Amendment, 
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2012). Nigeria has eight cities with a population of over 1 million people according 

to the 2006 census, some of which are Lagos, Kano, Ibadan, Benin City, Port 

Harcourt, among others. 

Nigeria is classified as a mixed economy emerging market. It has reached a 

lower-middle-income status according to the World Bank (World Bank, 2011) with 

its abundant supply of natural resources, well-developed financial, legal, 

communications, transport sectors, and stock exchange which is the second-largest in 

Africa. Nigeria was ranked 21st in the world in terms of GDP(PPP) in 2015 (World 

Bank,2017). Agriculture used to be the principal foreign exchange earner (Ake, 

1996). Major crops include beans, sesame, cashew nut, cassava, cocoa beans, 

groundnuts, gum Arabic, etc. (Ake, 1996). Nigeria's manufacturing industry includes 

leather and textiles and currently has an indigenous auto manufacturing company; 

Innoson Vehicle Manufacturing located in Nnewi. 

 

2.6.2 Study Population 

 

For the purpose of this research work, the study population consists of list of 

quoted consumer goods Sector among the 11 sectoral groups on the Nigeria Stock 

Exchange. The sectors include; Agricultural Sector, Conglomerates Sector, 

Construction/Real Estate Sector, Financial Services Sector, Health Care Sector, ICT 

Sector, Industrial Goods Sector, Natural Resources Sector, Oil and Gas Sector, 

Services Sector.  (NSE, 2019). Consumer goods sector was chosen because of its 

prominence (numerous sub sectors) among the sectoral group. The choice of this 

sectoral group was equally predicated on the fact that their products are directly 

consumed by most people (Somuyiwa, 2010). 

Sequel to the above, the population of the study are the staffs from the twenty-

one (21) manufacturing companies listed under the consumer goods sector on the 

Nigerian Stock Exchange. 

 

Table 1. List of companies under the Consumer Goods Industries with their staff 

strength  

S/N 

Name of Industry Description 

Staff 

Strength 

1 Cadbury Nigeria PLC. CADBURY 700 

2 Champion Brew. Plc. CHAMPION 500 

3 Dangote Flour Mills Plc DANGFLOUR 890 

4 Dangote Sugar Refinery Plc DANGSUGAR 694 

5 Dn Tyre & Rubber Plc DUNLOP 8 

6 Flour Mills Nig. Plc. FLOURMILL 1950 

7 Golden Guinea Brew. Plc. GOLDBREW 400 

8 Guinness Nig Plc GUINNESS 1332 
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9 Honeywell Flour Mill Plc HONYFLOUR 1392 

10 International Breweries Plc. INTBREW 500 

11 Mcnichols Plc MCNICHOLS 500 

12 Multi-Trex Integrated Foods Plc MULTITREX 221 

13 N Nig. Flour Mills Plc. NNFM 64 

14 Nascon Allied Industries Plc NASCON 593 

15 Nestle Nigeria Plc. NESTLE 1578 

16 Nigerian Brew. Plc. NB 1425 

17 Nigerian Enamelware Plc. ENAMELWA 1010 

18 P Z Cussons Nigeria Plc. PZ 3500 

19 Unilever Nigeria Plc. UNILEVER 777 

20 Union Dicon Salt Plc. UNIONDICON 250 

21 Vitafoam Nig Plc. VITAFOAM 652 

Source: NSE, (2019) 

 

2.6.3 Sampling Method and Sample Size 

 

This study adopts multi-stage sampling procedure. This involves three sampling 

designs. At stage 1, industries under the consumer goods sector were clustered based 

on their appearance within the study area using cluster sampling. At the second stage 

stratified sampling technique was used to group the industries according to their staff 

strength. Industries with staff strength lower than 500 were not considered for the 

study. Purposive sampling was used at the third stage to select the industries that 

engaged in the production of consumer staple and food and beverages products. Total 

of 12 consumer goods industries were selected out of 21 consumer goods industries. 

This also cut across the six geopolitical zones in Nigeria. The respondents for the 

study were chosen from senior staff and directors from the logistics department, 

financial department and procurement department of the industries due to their 

involvement in decision making for the smooth operations of the industry. The sample 

size represents 15% of the staff strength of each department under study; 81 

respondents were sampled from logistics department of the 12 companies, 49 

respondents from the finance department form 12 companies, 61 respondents from 

procurement department from 12 companies and 36 directors (1 director from each 

department) from 12 companies, this makes 227 respondents. 227 questionnaires 

were therefore administered and 200 were returned (88.1percent) and used for the 

analysis. 
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Table 2.  Selected Companies for the Study 

Source: Field Survey, (2020) 

S/N Name of Industry State Staff 

Strength 
No Sampled in the Department and Directors 

    No of 

staffs in 

Logistics 

Dept 

No 

Sampled 

(15%of 

staff in 

Logistics 

Dept) 

No of 

staff in 

Finance 

Dept 

No 

Sampled 

(15% of 

staff in 

Finance 

Dept 

No of 

staff 

Procure-

ment 

Dept 

No Sampled 

(15% of 

staff in 

Procure-

ment Dept) 

No of 

Directors 

for all 

Depts 

1 Cadbury Nig. Plc. Lagos  700 40 6 12 2 15 2 3 

2 

Champion Brew. Plc. 

Akwa 

Ibom 

500 20 3 15 2 25 4 3 

3 Dangote Flour Mills Plc Lagos  890 48 7 20 3 35 5 3 

4 

Dangote Sugar Refinery Plc 

Kwar

a  

694 25 4 24 4 20 3 3 

5 Flour Mills Nigeria. Plc. Kano  1950 50 8 50 8 40 6 3 

6 Guinness Nigeria Plc Edo 1332 60 9 45 7 55 8 3 

7 Honeywell Flour Mill Plc Lagos  1392 76 11 32 5 42 6 3 

8 

International Breweries Plc. 

Anam

bra 

500 26 4 22 3 32 5 3 

9 Mcnichols Plc Ogun 500 15 2 15 2 10 2 3 

10 
Nascon Allied Industries Plc 

Lagos 593 25 4 18 3 24 4 3 

11 Nestle Nigeria Plc. Lagos 1578 100 15 38 6 54 8 3 

12 Nigerian Brew. Plc. Abia 1425 55 8 35 5 55 8 3 

Total Sampled 540 81 326 49 407 61 36 
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2.6.4 Result and Discussion 

 

The study evaluates   the effect of logistics outsourcing on cost reduction and 

companies’ profitability. Cost reduction as it affects companies’ profitability is 

operationalized according to running the organization as the independent variable as 

it relates to transport, this includes Reduction in salaries and wages (RSW), 

Competitive Advantage (CA), Market Share (MS), Inventory Management/Control 

(IM), Lesser Administrative cost (LAC). 

The regression line outsourcing logistics on cost reduction and companies’ 

profitability is written thus: 

CRCP = b0 + b1CA + b2MS + b3LAC +b4RSW +b5 IM 

CRCP = 3.214 + 0.125CA + 0.030LAC + 0.047RSW 

From the above equation it shows that only competitive advantage is significant 

to the dependent variable as it is shown in Table 3. This assertion can be buttress that 

when companies outsource their non - core activities to third party agent it will reduce 

their cost and increase their profitability as they will be able to work more on securing 

the market and maintaining their customer’s loyalty. By outsourcing logistics 

activities, firms can save on capital investment, and thus reduce financial risks. 

Investment on logistics assets, such as physical distribution centres or information 

networks, usually needs large lump sum of money, which involved high financial 

risk. 

Regression Coefficient (R) is given has 0.852 it shows the combined effect that 

the independent variable has on the dependent variable. R2 is also given has 0.699, 

this implies that 69.9 percent of the variance in cost reduction and companies’ 

profitability could be predicted from the independent variables attributed to, 

accounted for and explained by the variance in the set of predicators variable taken 

as a whole. F – ratio of 2.243 which is significant at P<0.05. 

Table 4 reveals that Competitive Advantage (b = 0.125; t = 1.998; p <0.05), has 

positive and significant influence on cost reduction and companies’ profitability. This 

implies that cost savings together with flexibility and customer service are major 

motives for outsourcing. According to Attari et al, 2013; cost reduction is one of the 

advantages of outsourcing logistics activities. Furthermore, market share (b = 0.189; 

t = 1.874; p<0.062), has positive and insignificant influence on cost reduction and 

companies’ profitability, this implies that despite the effort of companies to outsource 

part of their logistics activities that is the non- core activities, they are yet to attain the 

height of covering or owning the large market.  

Lesser Administrative cost with a positive coefficient (b = 0.030) and significant 

at p<0.05 implies that a unit increase in administrative cost tends to a unit increase in 

cost reduction and companies’ profitability. Transportation is essential in the 

distribution of finished goods it adds more to the administrative cost of running the 

operation, since companies has engaged in outsourcing it has helped them to leverage 

on their cost and increase their profit level by diverting their resources to their in 

house activities. 
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Table 3 shows that Reduction in Salaries and wages (b= 0.047; t= 0.642; p<0.05) 

has a positive significant relationship to the dependent variable, it implies that 

outsourcing enables companies to spend less on wages and salaries of staff as it 

reduces their staff strength in the area of vehicle utilization. Finally; inventory 

Management/ control (b = -0.041; t= -0.487; p<0.05) has a negative and insignificant 

influence on cost reduction and company’s profitability. The higher the inventory 

held the higher the cost of operation and the lower the profit, since transport can also 

serve as inventory, managers will in no way see to it that the cost of holding cost is 

reduced in order to maximize companies profit level and increase her performance. 

According to Berger’s, (2007), logistics outsourcing helps oil and gas companies put 

all costs under control by utilizing their supply chain to take advantage of contract 

expertise, working with third-party engineers and drillers to reduce overhead. 

Working with contractors can lower the company’s overhead costs and labour cost 

and enable it to accommodate ebbs and flows in its production cycles. 

 

Table 3. Model Summary  

Table 4. Regression Model of the Effect of Logistics Outsourcing on Cost Reduction 

and Companies Profitability 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. B Std. Error Beta 

1 (Constant) 3.214 .898  3.579 .000 

Competitive 

Advantage 

.125 .063 .144 1.998 .047 

Market Share .189 .101 .144 1.874 .062 

Lesser Administrative 

Cost 

.030 .144 -.015 .210 .034 

Reduction in Salaries 

and Wages 

.047 .073 -.047 -.642 .022 

Inventory 

Management/Control 

-.041 .085 -.037 -.487 .627 

 

Source: Field Survey, 2020 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .852a .699 .663 .931 

Source: Field Survey, 2020 
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3. CONCLUSION 

 

Companies as a whole often seek ways to compete in a developing and growing 

globalized world this has led them to outsource their logistics functions to third- party 

companies (3PL) in order to focus on their core competencies. From the findings, it 

was evident that outsourcing takes a strategic initiative that w results in far-reaching 

consequences that require careful consideration and a thorough process to promote 

changes. Logistics outsourcing has a significant effect on cost reduction and 

profitability of companies which overall improves companies’ performance. 
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Abstract  

 

The award of small-scale public contracts in the Armed Forces of the Czech 

Republic (CAF) is transparent thanks to an information system called the National 

Electronic Tool (NET). The tender documentation, competitors and the results of the 

procurement procedure are among the most important data that are published in this 

system. The main goal of the paper is to find critical points in public procurement in 

the CAF through an analysis focused on 3 178 small-scale public contracts being 

awarded in 2020. Pareto rule and ABC analysis were used to find commodities, 

services and works being procured with the highest frequency during 2020 in the CAF. 

Within these public contracts, the types of procurement procedures, numbers of 

tenders, length of award procedures and reasons for their extension were examined. 

Then, a SWOT analysis was applied in combination with questionnaires and multiple 

criteria evaluation of the CAF experts to find efficiency gaps related to the process of 

small-scale public contracts awarding in the NET system. Proposals to improve the 

efficiency of public procurement are focused on training staff responsible for small-

scale public contracts awarding in military units. Based on the SWOT analysis, this 

aspect was identified as the most important weakness from the perspective of military 

units’ practitioners. 

 

Key words: efficiency of public procurement, Czech Armed Forces, National 

Electronic Tool 
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1. INTRODUCTION AND LITERATURE REVIEW 

 

Public procurement in the Czech Armed Forces (CAF) is based on three main 

levels of legislation: 

 level EU, 

 level state, 

 level contracting authority (Ministry of Defence - MoD). 

        Level EU means that the Czech public procurement system is based on the EU 

directive 2014/24/EU OF THE EUROPEAN PARLIAMENT AND OF THE 

COUNCIL of 26 February 2014 on public procurement and repealing Directive 

2004/18/EC. The directive focusing on the above-treshold public contracts and sets 

out general rules for EU member states regarding public procurement. 

        Level state is represented by the Act on public contracts. The Act deals with 

above-treshold public contracts, as well as below-treshold public contracts, has the 

section dedicated to the military sector, but does not include a detailed approach in 

case of the small-scale public contracts’ awarding. 

        The main rules for small-scale public contracts’ awarding  in the CAF are 

contained in two MoD internal guidlines.     

        Military units’ commanders are responsible for small-scale public contracts’ 

awarding in the context of decentralised procurement. This means that they work with 

unit’s budget and their subordinates prepare and organize purchasing of goods, 

services and public works with an estimated value of less than 2 million CZK, 

excluding VAT. 

        National Electronic Tool (NET) is an information system used by the Czech 

contracting authorities to manage public procurement. Each contracting authority has 

its special profile on this website, where all basic data on public procurement is 

accessible not only to potential suppliers but also to the general public.  

        Contracting authorities should publish the following documents and data in the 

NET system: 

 tender documentation, 

 deadline for submission of tenders, 

 explanation of the tender documentation for economic operators, 

 publication of the result of the award procedure, 

 publication of the contract document (worth over 500 000 CZK). 

        Specialists for the decentralised procurement can choose the type of award 

procedure based on the MoD internal directives. The following procurement 

procedures are most commonly used: 

 direct communication/procedure, 

 general procedure, 

 open procedure. 

        Direct and general procedures can be managed without the NET system (table 

1). 
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       The open procedure is applied to the estimated values between 750 000 and 2 

million CZK excluding VAT. In practice, however, it is used as the most transparent 

way of public procurement for almost all purchases.  

        In some situations, the internal guidelines of the MoD are stricter than state-level 

legislation (table 1).  

 

Table 1. Small-scale public contracts: financial limits on the state and on the MoD 

level 

 
Source: authors’ representation based on Government Resolution No. 467 of 21 June 2017 on 

imposing the obligation to use NEN in public procurement and MINISTRY OF DEFENCE 

NORMATIVE ORDER No. 60 of 12 December 2017 

 

Electronization of public procurement is one of the trends not only in the Czech 

Republic but also in the CAF. It can help increase the transparency of the process, the 

number of potential suppliers and, ultimately, speeds-up information and material 

flows concerning stakeholders. Based on the experience of experts, the electronic 

system that they have to use when procuring goods and services, also has its negatives. 

Therefore the research focuses on the NET system and the possibilities of its 

improvement in connection with the logistical aspects of purchasing. 

Most scientific papers published in the world's citation databases in the last five 

years focus on public procurement and possibilities of increasing the efficiency in 

terms of the above-treshold public contracts, especially public works’ contracts. 

Contracting authorities and their tenderers come mainly from the civilian 

environment.  

Inefficient public procurement and its reasons focused on prices of contracts and 

measures related to overpricing prevention are analysed in (Grishmanovskii et al., 

2020). Research in the partial centralization and growth of the professionalization of 

the procurement system aiming at public works’ contracts is carried out in 

(Chiappinelli, 2019). The author recommends increasing the level of centralization of 

purchases due to the higher competencies of employees. An appropriate procurement 

strategy focusing on supplier early involvement and long-term cooperation was 

investigated in Sweden and the Netherlands (Eriksson et al., 2019). The authors 

emphasize the importance of long-term cooperation with suppliers in the framework 

of infrastructure projects, which reduces tendering costs and increases efficiency of 

public procurement. 

Factors influencing the length of awarding procedure in terms of public works’ 

contracts in the Czech Republic were analysed in (Placek et al., 2019). In the public 
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process, the contracting authority faces the problem of meeting contradictory 

objectives that is to comply with strict public procurement rules, and at the same time, 

fulfil its needs as quickly as possible with the smallest transaction costs (Placek et al., 

2019, p. 314). According to the results of this study, the contract price and the duration 

of the procurement procedure are not related. However, the nature of the contracting 

authority, the expected value, the openness of the procurement procedure, and the 

method of evaluation have a statistically significant impact on the length of the 

contract. As for other factors regarding the length of awarding time, the use of the 

subcontractor, the division of a contract into parts, and a review by the Office for the 

Protection of Competition extend the time required (Placek et al., 2019, p. 313).  The 

authors also support the creation of long-term partnerships between contracting 

authorities and suppliers, which can speed-up the entire process and reduce 

transaction costs. This article was a major inspiration for conducting research on 

small-scale public procurement in the CAF. 

The reasons of procurement procedures’ extensions were analysed in (Gallego 

et al., 2021). Based on their findings, the researchers applied two different machine 

learning models to predict the possible inefficiency and corruption in public 

procurement in Colombia. These instruments can help practitioners reduce these risks 

in public procurement worldwide. 

The possibilities of using block chain in public procurement and transformation 

of public contracts into smart contracts were analysed in (Debono, 2019). The author 

suggested the use of block chain to verify the performance and trustworthiness of 

suppliers. Thanks to smart contracts, it should be possible to automatically penalize 

suppliers for breach of contract.  

Measures increasing the competitiveness of public tenders were identified in 

(Borowiec, 2017). Facilitating access to information on tenders, with the exception of 

unreliable entrepreneurs and improving the appeal process through establishment of 

a specialized court belong to the most interesting issues of the paper. The vision of 

the components of the public procurement performance evaluation system is given in 

(Pysmenna et al., 2019). The analysis of selected characteristics on filing petitions 

with the regulators of public tenders was conducted in (Placek, 2017). Authors 

examined the reasons why the tenderers submit proposals to the competition 

regulator’s office which included the size of public contracts, the choice of evaluation 

criteria, openness of the tender and the type of the contracting authority. These types 

of proposals are rare in case of small-scale public contracts. 

The effectiveness of public procurement in the armed forces was analysed only 

in (Chapela et al., 2019). The authors dealt with the determinants of cost savings in 

the field of public services procurement. By using a flexible nonlinear regression 

model of savings, they found that savings rise proportionally to the cost estimate. The 

research team proposed restrictions on negotiated contracts as this may reduce 

competition and lower number of bidder can decrease probability of savings in service 

contracts prices. Authors also examined the weight of the price criterion set before the 

process of tenders’ evaluation. They assumed that a reduction of 10 percentage points 

in the weight given to price in the award criteria reduces savings in the neighbourhood 

of €5600–€7700, i.e., by approximately 2% of the average cost estimate (Chapela et 

al., 2019, p. 679). 
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Staff training in the field of public procurement was discussed in (Nkwanyana, 

Agbenyegah, 2020). The authors analysed the level of knowledge related to supply 

chain management from the public sector perspective. Supply chain management led 

to increased efficiency in public procurement, but there is still a lack of training for 

responsible employees in this area. (Dzuke, Naude, 2017) conducted research on 

improving delivery services in Zimbabwe. They examined all phases of the public 

procurement process from preparation, advertising, bids’ evaluation, award and 

conclusion of the contract. Insufficient training of the evaluation team members in 

procurement, lack of knowledge in procurement ethics and lack of expertise in tender 

evaluation were highlighted as the most important risks in the tender evaluation phase. 

Recommendations to include public procurement in the curricula of universities and 

to continue with refreshment courses in this field are involved in the paper. 

Based on the above mentioned results of the literature review, it can be assumed 

that research problems related to the factors which can influence the length of the 

award procedures and analysis of weaknesses of the electronic systems being used in 

the small-scale public procurement were not discussed in the world's citation 

databases during the last five years.  

The two main research questions were created based on the literature review 

gaps and discussions with small-scale public procurement experts in the CAF: 

 Which parameters of procurement procedures fundamentally influence their 

length within small-scale public contracts being awarded in the CAF?  

 What are the main weaknesses of the NET system operation? 

 

 

2. METHODOLOGY  

 

During the first phase of the research, 3178 small-scale public contracts awarded 

in 2020 in the CAF were selected from data available in the NET system and analysed 

in relation to the following aspects: 

 code of the subject-matter of the public contract, 

 deadline for submission of tenders, 

 number of tenders, 

 date of conclusion of the contract, 

 length of the procurement procedure, 

 changes in the tender documentation and their reason, 

 time for evaluation of tenders, winner announcement and objections of 

tenderers against the decision of the contracting authority. 

 Pareto rule and ABC analysis were used to determine the groups of commodities 

that were most frequently purchased. Then, for these groups of commodities, selected 

characteristics of descriptive statistics were calculated for the following random 

variables: length of the tender procedure, number of bids, deadline for submission of 

tenders, time for evaluation of bids. Histograms were used to graphically represent 
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the frequency of occurrence of individual random variables and scatter diagrams were 

applied to express the relationships among these variables.  

In the next phase of the research, analysis of strenghts (S), weaknesses (W), 

opportunities (O) and threats (T) was applied to find the most important inefficiencies 

in the NET system operation in the CAF. The research was based on semi-structured 

interviews with the specialists for procurement in the CAF. The questions for the 

interviews were prepared in advance by the authors of the paper, and one of the 

authors then implemented them in practice. The experts came from four different 

military units of the CAF, they were employees of acquisition departments, the head 

of logistics and in one case a purchasing specialist of a supplier who focuses on trading 

with MoD via the NET system. A total of 6 experts were selected. Factors for the 

SWOT analysis were identified according to the results of interviews with experts.The 

weight of each criterion/factor of the SWOT analysis was determined by the method 

of one hundred points allocation and the points were assigned on the basis of a 5-point 

scale questionnaire. Point 1 means the lowest satisfaction (dissatisfaction for 

weaknesses and threats) of the specialist with meeting the criterion, 5 points means 

maximum satisfaction (dissatisfaction for weaknesses and threats). The partial 

evaluation is the result of the formula: 

                                              PE = Wi * Pi                                                           (1)                                                                                              

       where: 

        PE – partial evaluation, 

        Wi  - weight of each criterion, 

         Pi – points assigned to each criterion. 

       The overall rating is the sum of the sub-ratings for each group S, W, O and T. 

All the above methods were used to answer two research questions set out in the 

first part of the paper. 

 

 

3. RESULTS 

 

Acquired commodities were divided into 70 commodity groups for further 

comparisons. The Pareto diagram was created based on the comodity division and 

ABC analysis was performed to show the frequency of procurement within the 

particular commodity group (figure 1). Public works were identified as a commodity 

purchased with the highest frequency in 2020 (298 public contracts, 9%). The second 

was the equipment of specialized workplaces (232 contracts, 8%) and the third 

vehicles’ repairs and maintenance (217 contracts, 7%). The cumulative absolute 

frequency of these three groups is 23,5% which, based on the  principles of ABC 

analysis means, that the group A represents 4,3% of the number of commodity groups 

(3 out of 70),  but 23,5% of the total number of contracts. This is the reason why A 

group of commodities was examined in more detail. 
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Figure 1. ABC analysis of the small-scale public contracts in the CAF awarded in 2020 

 

 
Source: authors
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      Public works, equipment of specialized workplaces and maintenance and repairs 

of vehicles were analysed in terms of the length of the procurement procedure and 

factors which may influence it. If we took a closer look at the length of procurement 

procedures from the descriptive statistics point of view, the results were as follows 

(table 2, fig. 2-4): 

 

Table 2. Descriptive statistics: length of the procurement procedure in days 

Commodity 

group 

Mean Mo

de 

Med

ian 

Min and 

max  

Var. SD Skew. Kurt. 

Public works 34,78 

33 31 

<15;180> 261,0

9 

16,1

9 3,55 23,46 

Equipment of 

specialized 

workplaces 

30,03 

29 27 

<13;129> 

206,4

2 14,4 3,37 16,85 

Maintenance 

and repairs 

of vehicles 

29,63 

21 27 

<15;76> 

94,14 9,73 1,21 2,18 

Source: authors 

 

Fig. 2-4. Histograms: the length of the award procedure 

  

 
Source: authors 
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      A detailed statistical survey of the frequency of bids for each public contract 

within the examined commodity groups was performed (table 3, fig. 5-7): 

    

Table 3. Descriptive statistics: frequency of bids expressed in number of tenders per 

each contract 

Commodity 

group 

Mean Mode Median Min 

and 

max  

Var. SD Skew. Kurt. 

Construction 

works 5 3 4 

 

<1;24> 9,56 3,1 2,03 

 

7,79 

Equipment 

of 

specialized 

workplaces 3 1 3 

<1;13> 

3,36 1,84 1,43 3,73 

Maintenance 

and repairs 

of vehicles 2 1 2 

<1;7> 

1,35 1,16 1,21 1,64 

Source: authors 

 

Fig. 5-7. Histograms: the frequency of bids  

  

 
Source: authors 

 

Results related to the deadlines for submission of tenders were as follows (table 

4, fig. 8-10): 
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Table 4. Descriptive statistics: deadline for submission of tenders in days 

Commodity 

group 

Mean Mo

de 

Med

ian 

Min 

and 

max  

Var. SD Skew. Kurt. 

Public works 13 9 12 <8;36> 15,94 3,99 1,73 4,82 

Equipment of 

specialized 

workplaces 

12 

9 11 

<7;39> 

14,52 3,82 2,75 13,19 

Maintenance 

and repairs 

of vehicles 

12 

9 11 

<8;39> 

22,61 4,77 2,83 10,57 

Source: authors 

 

Fig. 8-10. Histograms: deadline for submission of tenders 

 

 
Source: authors 

 

       The last application of descriptive statistics was focused on the time period for 

evaluation of tenders (table 5, fig. 11-13): 
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Table 5. Descriptive statistics: time for evaluation of tenders in days 

Commodity 

group 

Mean Mo

de 

Med

ian 

Min and 

max  

Var. SD Skew. Kurt. 

Public works 22 

14 19 

<3;164> 227,7

2 

15,1

2 3,88 27,93 

Equipment of 

specialized 

workplaces 

18 

10 15 

<2;115> 

179,2

0 

13,4

2 3,75 20,21 

Maintenance 

and repairs 

of vehicles 

17 

14 15 

<4;66> 

69,73 8,37 1,64 5,22 

Source: authors 

 

Fig. 11-13. Histograms: time for evaluation of tenders 

 

 
Source: authors 

 

Three types of possible statistical dependencies were analysed in terms of the 

three chosen commodities: 

 relationship between the length of the procurement procedure and the 

number of tenders, 

 relation between the length of the procurement procedure and the deadline 

for submission of tenders, 
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 link between the length of the procurement procedure and the time for 

tenders’ evaluation. 

Results are visible from the following scatter diagrams (fig. 14-22): 

 

Fig 14-16. Public works: scatter diagrams 

 
 

 
 

 
Source: authors 
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Fig. 17-19. Equipment of specialized workplaces: scatter diagrams 
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Source: authors 

 

Fig. 20-22. Maintenance and repairs of vehicles: scatter diagrams 
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Source: author 

 

        Based on the results of interviews with the CAF experts, a SWOT analysis was 

prepared regarding the strengths and weaknesses, opportunities and threats in the use 

of the NET system in the process of small-scale public procurement in the CAF (table 

6): 

 

Table 6. Small-scale public contracts awarding in the MoD: SWOT analysis  

Strengths Weight Points Partial evaluation 

Electronization of 

public 

procurement 

0,15 4 0,6 

Funding of the 

NET system 

0,25 5 1,25 

Number of 

registered 

0,15 3 0,45 
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economic 

operators 

IT support of the 

NET system 

0,05 4 0,2 

Financial stability 

of MoD  

contracting 

authority 

0,2 5 1 

Financial control 

of MoD 

0,2 5 1 

Overall evaluation: 

strengths 

1  4,5 

Opportunities    

Inovation of users’ 

interface 

0,3 4 1,2 

Marketing for 

potential suppliers 

0,1 3 0,3 

Acceleration of 

public 

procurement 

process 

0,2 5 1 

Opportunities Weight Points Partial evaluation 

Regular MoD staff 

training 

0,4 5 2 

Overall evaluation: 

opportunities 

1  4,5 

Weaknesses    

Technical 

deficiencies of IT 

systems 

0,25 4 1 

User unfriendly 

NET system 

0,2 3 0,6 

Ineffective staff 

training 

0,3 5 1,5 

Overly 

burdensome 

paperwork 

required by the 

MoD contracting 

authority 

0,25 5 1,25 

Overall evaluation: 

weaknesses 

1(weight)  4,35(overall 

evaluation) 

Threats    

Outflow of 

potencial suppliers 

0,3 4 1,2 

NET system failure 0,25 3 0,75 

Corruption 0,2 4 0,8 
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Competition of a 

tool different from 

the NET system 

0,1 4 0,4 

Frequent 

amendments to 

public 

procurement 

legislation 

0,1 4 0,4 

Non-fulfillment of 

the obligation by 

the supplier 

0,05 2 0,1 

Overall evaluation: 

threats 

1  3,65 

Source: authors based on semi-structured interviews with MoD specialists for public 

procurement 

 

 
4. DISCUSSION 

 

All three commodity groups are characterised by a high deviation of the length 

of the procurement procedures. An extreme deviation was found in the case of public 

works. All distributions of the frequency are asymmetric and concentrated in the left 

part of the graphs around their median values. High, resp. non-zero values of 

skewness indicate an asymmetrical distribution of frequencies in the statistical data 

set. A high value of the sharpness coefficient means a greater concentration of values 

around the median. 

      The duration of the procurement process may be affected by the complexity of a 

particular commodity, modifications to specifications after publication in the NET 

system and possible objections submitted by unsuccessful tenderers. The objections 

were examined through all 3187 small-scale public contracts in the CAF and nothing 

was found. The situation was slightly different with modifications to the tender 

documentation which may prolong the public procurement process if necessary to 

extent the deadline for submission of tenders. The tender documentation was 

modified in eleven cases. Another possible reason for extending the length of the 

awarding procedure is the situation when no economic operator submits a tender. This 

fact was discovered in the commodity group Equipment of specialized workplaces. 

In such a case, it is possible to extent the deadline for submission of tenders or cancel 

the contract and anounce a new one. All of these reasons for extending the duration 

of small-scale public contracts’ awarding were rare, so it is obvious that this is not 

the main reason for the time inefficiency.  

The highest average number of tenders is visible for public works contracts, the 

lowest for maintenance and repairs of vehicles. Construction works are similar both 

in civilian and military sector and there is wide portfolio of potential suppliers, so the 

number of tenders tend to be slightly higher. Vehicles used in military can be special, 

obsolete, so there are fewer operators who can maintain and repair them. Maintenance 
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and repairs of vehicles are irregular, preparation for the winter or summer season 

takes place at relatively short intervals and the number of these activities is limited 

for the rest of the year. The mode value equals 1 in case of bids relating to equipment 

of specialized workplaces and maintenance and repairs of vehicles. On the basis of 

legislation, it is possible to conclude a contract with an economic operator in such a 

situation, but only if the contract price is usual at a given time and place. The highest 

variance and standard deviation in bid frequencies were found for construction works. 

All bid frequency distributions are asymmetric and are concentrated on the left side 

of the graphs around their median values.       

As regards the deadline for submission of tenders, the mode value equals 9 days 

for all of the three commodity groups. This may be due to the  internal directive of 

the CAF, where the minimum time period for tenders’ receipt is set at 6 working days. 

The highest deviation in the deadlines for submission of tenders was found for the 

commodity group maintenance and repairs of vehicles. Histograms are oriented to the 

left and sharp, especially in the case of equipment of specialized workplaces.  

The most frequent value in the case of the deadline for evaluation of tenders 

oscilates between 10 and 14 days. The extreme deviation in time is visible for the 

commodity group of public works. The histograms are also oriented to the left and 

even sharper compared to the previous ones. 

Based on the results of scatter diagrams, a linear statistical dependence is highly 

probable for the relationship between the length of the procurement procedure and 

the time for tenders’ evaluation in case of public works and equipment of specialized 

workplaces in the CAF. Therefore, the period for tenders’ evaluation should be the 

subject to further investigation.  

The funding of the NET system is the most important strength with the highest 

partial evaluation in the SWOT analysis, because if the system is properly funded, 

innovation can be introduced more quickly. NET is "free" for all contracting 

authorities in the Czech Republic, including the MoD. The operation of the system is 

covered by the Ministry of Regional Development.  

The need for regular training of staff responsible for small-scale public 

procurement has been identified as a key opportunity to improve the efficiency of the 

procurement process. This goes hand in hand with the most important weakness - 

ineffective staff training. Staff training is organised either by the MoD or by NET IT 

specialists, but only in the form of presentations, so that the participants cannot work 

actively with the system.  

Overly burdensome paperwork on the part of the MoD as a contracting authority 

is associated with internal directives that are stricter fot the MoD than at the state 

level (table 1). 

Technical deficiencies and user-unfriendliness of the information systems used 

in MoD public procurement are also sources of inefficiency. Every public 

procurement starts with the publication of the tender documentation in the NET 

system and the contacting potential suppliers being registered in the NET system. 

However, it is sometimes necessary to click with the mouse on each company in the 

database, which is time-consuming. There is also a lack of an interactive guide for 
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filling in forms in the NET. The NET system does not alert if a user makes a mistake, 

which significantly slows down the procurement process. The contract must be signed 

with an electronic signature, which can be problematic for both small businesses and 

MoD contracting authorities. In order for contracts to be signed electronically, 

another information system has to be used in the MoD. Data relating to each contract 

must be manually entered into four different information systems that do not work 

together (e.g. the Financial information system and the NET system must be run on 

separate computers to protect sensitive data). The speed of the Internet connection is 

also important. Unless procurement officers within the military services or economic 

operators are properly equipped, the procurement process can extend from weeks to 

months. 

The outflow of potential suppliers represents the most significant threat from the 

external environment based on a questionnaire completed by the MoD personnel. The 

use of NET is really complicated for companies because of the problems with 

electronic signatures and all the associated transaction costs. It is not their duty to do 

business with the MoD so they may prefer trading with private sector partners. This 

can lead to a reduction in competition among economic operators and may result in 

higher contract prices for the public sector. 

Two types of staff training were proposed to support the efficiency of small-scale 

procurement under the CAF: introductory training and periodic training. 

The introductory training covers basic information on small-scale procurement 

in the CAF framework, with a focus on the the NET system and the main mistakes 

made by those responsible for procurement. 

This type of training should be attended by all personnel responsible for the 

preparation and organisation of procurement within military units. Attendance is 

verified by the MoD statutory authority. The training is conducted by the responsible 

NET specialist and the MoD specialist in this area. The format of the training is on-

line and all the NET approaches (types of the procurement procedures) are presented 

through case studies along with an explanation of the related legislation and 

application of internal directives. After the training, an electronic record is made with 

the name of the trainer, the date of the training and the date of completion of the 

training. An attendance list is kept in which the participants confirm the completion 

of the training. The training is carried out when a new employee starts. The duration 

shall be approximately 3 hours. 

The content of the initial training is as follows: 

1. Principles of small-scale public procurement 

a) Exceptions to the Act on public contracts for small-scale public 

contracts. 

b) Main principles of public procurement based on section 6 of the 

Act on public contracts. 

2. Obligations of the contracting authority of the MoD on the basis of Article 

14 of the Ministerial order No. 55/2017. 
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3. Types of public procurement in the CAF based on the Ministerial order 

No. 55/2017. 

4. Types of procurement procedures, their financial limits and deadlines 

based on the Normative decree No. 60/2017. 

5. Preparation of public procurement in the NET system 

a) Preliminary market consultations and market research. 

b) Preparation of tender documentation and its registration in the 

NET system. 

c) Selection of an appropriate award procedure and preparation of 

the call for tenders. 

d) Providing answers to questions from tenderers. 

e) Assessment of compliance with the conditions of participation 

and evaluation of tenders. 

f) Evaluation and selection of the most advantageous tender. 

g) Handling of tenderers’ objections. 

h) Options for cancelling the award procedure. 

i) Publication of structured data on the concracting authority’s 

profile. 

6. Registration of information related to the public contract 

a) Registration of the public contract in the NET system. 

b) Registration of the public contract in the Financial information 

system. 

c) Registration of the public contract in the Register of contracts. 

7. The most common mistakes made in the context of small-scale public 

procurement in the CAF and their prevention 

a) Administrative errors. 

b) Errors affecting the length of the award procedure 

i. Modifications related to the parts of tender 

documentation (draft contract, quotation, invitation to 

tender, modification of parameters, specifications, price 

calculation, qualifying conditions). 

ii. Adition of missing parts of the tender documentation. 

iii. Delayed answers to questions of economic operators. 

        Regular training will be provided on basic information on small-scale 

procurement in NET and common mistakes made by responsible staff. The training 

format, documentation and responsibilities are the same, but the validity of the 

training, the timing and the content differ from the initial training. The training is 

carried out annually and the duration is approximately 1,5 hours. In terms of content, 

the training is shorter, focusing on points 5, 6 and 7 of the initial training. 
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     Both trainings should be interactive, focusing on real case studies based on 

practice. Participants should complete questionnaires at the end of each type of 

training and the content of the further training should be adapted to their requirements 

where possible.        

Suggestions regarding technical deficiencies of the NET system:  

 re-implementation of the electronic guide to the public procurement 

process in the NET, 

 reintroduction of a possibility to list all economic operators registered in 

the NET database within each commodity,  

 the introduction of software capable of detecting and preventing mistakes 

made by those responsible in the procurement process, 

 automatic transcription of data from the NET system to the Register of 

contracts, 

 ensuring that electronic signatures of documents can be used directly by 

the responsible staff in the NET system, rather than through a separate 

software. 

 

 

5. CONCLUSIONS  

 

The following research questions were identified in the first part of the paper: 

 Which parameters of procurement procedures fundamentally influence 

their length within small-scale public contracts being awarded in the CAF?  

 What are the main weaknesses of the NET system operation? 

Answer to question 1: According to the results of the scatter diagrams, the length 

of the award procedure is most affected by the time for which the offers of potential 

suppliers are evaluated. Correlation analysis and verification of linear statistical 

dependence between these random variables should be the subject of further 

investigation. 

Answer to question 2: Insufficient training of acquisition experts of the MoD 

regarding the use of the NET system represents the main weakness of the operation 

of this software in the CAF. 

Research outcome - the design of the staff training system extends the range of 

possibilities how to facilitate the procurement process. The authors' suggestions 

regarding the content of employee training can be applied not only in military but also 

in civilian practice, as the NET system is used by the majority of contracting 

authorities in the Czech Republic. 

The research was limited by the quality of data published in the NET system and 

by the year 2020. The results can be compared with those of civilian contracting 

authorities. Similar research can be done from the perspective of the above-threshold 

procurement. International comparisons can then be made. It is very problematic to 
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make international comparisons in the field of small-scale public procurement, 

because the databases of these contracts are difficult to access publicly, unlike above-

treshold public contracts. 

For future research, it would certainly be interesting to compare the length of the 

award procedures with the value of the contract, to test this relationship statistically 

and see if they correlate. 

It is not possible to reduce all inefficiencies that occur in public procurement. For 

example, contracting authorities cannot force economic operators to bid via the NET 

system. This situation can lead to less competition and higher procurement prices. 

But it is important to at least try to reduce the sources of inefficiency and thus achieve 

a smoother flow of materials, goods and services to their end-users. 

Based on the literature review conducted in the first part of this paper, the Pareto 

principle, ABC analysis and SWOT analysis were not applied either in the civilian 

environment, or in the military in order to determine the risk of inefficiency in public 

procurement. This research can therefore contribute to the enrichment of scientific 

theory. 
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Abstract 

 

In accordance with modern environmental, legal, social and economic factors, 

this has attracted a large number of academics and industry workers to attend to 

matters relating to the reverse supply chain and the closed-loop supply chain. This 

interest has been reflected in the vast number of publications published in scientific 

journals in recent years. As a result of the limited presence of some natural resources 

in the supply chain as part of the physical supply in the chain, companies turned to 

recycling, turning to the concept and using it to their advantage in order to determine 

the costs of purchasing raw materials and recycling in such a way as to allow purchase 

at the lowest price while avoiding waste of financial resources. The idea of a closed-

loop supply chain (CLSC) revolves around restoring resources from customers, 

remanufacturing them and then re-marketing them. The current study recommends 

highlighting the social aspect of clients and the role of this concept in the realization 

of green practices. Therefore, a comprehensive review of past literature with up-to-

date and evolving papers is vital to frame this concept from the past to the present, 

and to highlight future trends. The aim of this paper is to review papers recently 

published in the reverse supply chain with reverse loops in scientific journals. 

Similarly, this will include models of closed-loop supply chains, factors affecting 

closed-loop supply chains, and their types. 

 

Keywords: closed-loop supply chain, environmental management, sustainability, 

biomarkers, operation programs and sustainability 
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1. INTRODUCTION 

The CLSC concept is a traditional supply chain management with a forward-

facing trend, starting with suppliers through supply chain loops and distribution 

channels to customers. In addition, the concept also includes reverse supply chain 

management from the consumer to the company, and factories try to retrieve their 

products back from the market in case the product does not meet the needs of the 

customer or does not sell the on the market, and the company tries to repair or remake 

them again. The CLSC concept has always contributed to reducing the waste rates of 

manufactured products.  

A green supply chain is a supply chain in which environmental considerations 

are addressed during its design. For example, new raw materials would have higher 

prices if the manufacturing process had lower energy consumption. Recycled 

materials will have a lower purchase price while processed with higher energy 

consumption. Implementing sustainable supply chain management is a key factor that 

pressures organizations to reduce their negative environmental impacts and increases 

social and economic benefits (Soleimani et al., 2017; Gupta, 2018).  

In addition, the life cycle of many products in the market has become short due 

to the technological development of some industries (Kazemi et al., 2019), which has 

forced companies to manufacture modern products continuously and rapidly to put 

them on the market, adding to the importance of the CLSC concept of how to retrieve 

expired products and how to dispose them, as well as introducing new products to the 

market (Masi et al., 2018). To implement these practices, the CLSC concept was 

adopted by supply chain associations (Panda et al., 2017), through which some basic 

considerations of interest to any company (environmental consideration and 

collective consideration) that can be achieved through CLSC have been incorporated, 

which also provides benefits such as saving in spent natural energies, saving in costs 

and improving the public image of the company in society (Mangla et al., 2018). 

CLSC is a framework through which certain activities are conducted and controlled 

to ensure increased long-term profitability of a company because of the cost savings 

incurred by companies following this concept (Amin & Zhang, 2013). It includes all 

forward supply chain practices (Paksoy et al., 2011), the most distinctive of which 

are the recycling practices, the basic strategy for restoring the product from the market 

and re-rotating it (Abdallah et al., 2012). For example, Xerox succeeded in saving 

about 40% to 65% in assembly costs from recycling printers, and the same approach 

became true for other companies such as HP and Kodak, where they focused on 

recycling the components of the product, which greatly benefited from cost saving. 

There are some factors that may affect some companies in the application of the 

CLSC concept, represented in the limited financial resources that allow the company 

to conduct reassembling and recycling within the company (Farrokh et al., 2018). 

There must also be full coordination between distribution outlets and clients with the 

company and service providers to facilitate the recovery of products back to the 

company (De Angelis et al., 2018). Over time, many legislations and environmental 

constraints have emerged that can affect companies in their normal operation, giving 
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rise to the CLSC concept, which in turn has given rise to standardized strategies that 

can be implemented in how to handle products or materials that have been recovered 

from the market to the company.  

A supply chain is a structured process that works to ensure goods flow from 

suppliers to producing companies and then distributors until they reach the customer, 

while dealing with another group of companies that provide services that support the 

company's supply chain performance, while paying attention to practices that work 

to ensure that the product is recovered from the market until it reaches the producer 

again to close the whole loop in supply chain management (Konyalıoğlu & Beriketli, 

2020). 

To ensure market continuity, companies may need to solve problems efficiently 

and ensure that production resources’ availability is not hampered, which gives them 

continuity in the market competition. One of the problems of companies is to reduce 

costs, which can be achieved significantly by restoring unwanted products in the 

market and by trying to recycle them. This saves the company a lot of costs, as well 

as reducing the depletion of natural energies used in manufacturing, such as 

petroleum materials and their derivatives. Interest has therefore increased 

significantly towards sustainable supply chain management, and a culture of 

sustainable supply chain management has begun to be spread within companies to 

ensure that the flow of goods is sustained, enhancing productivity and reducing 

natural threats due to resource scarcity (Durakbasa & Gençyılmaz, 2020). 

Returns of clients is also a very large part of the threats that companies face, 

especially in highly competitive markets, and the cost of returns is a significantly 

borne by the companies (Diabat & Govindan, 2011). That cost could be assessed to 

reach thousands of dollars per store, so there was a need to use closed supply chain 

management methods to decide how best to deal with returns and reduce costs (Jayant 

et al., 2012; Beamon, 1999). Therefore, companies are required to design CLSC 

closed-loop supply chains and define their practices and policies when designing their 

traditional forward supply chain (Seuring, 2004). The closed supply chain is therefore 

an effective approach to sustainable supply chain management (Solvang et al., 2007). 

Companies implementing sustainability practices will benefit greatly from the use of 

their operations financially and administratively. Although there is considerable 

academic effort in sustainability management research and green supply chain 

management, there is some shortcoming in the literature on CLSCs and their 

association with sustainable activities (Seuring, 2004). Practices that manage the 

reverse logistics system are still under continuous development (Savaskan et al., 

2004). It should be noted that there are few attempts to carry out CLSC-specific 

research, and this study is designed to integrate some of the previous literature in 

order to come up with some information aimed at the concept of CLSC dimensions 

and to reveal the latest information in the same field after analyzing previous studies 

to reach the most up-to-date trends in the field (Shaharudin & Zailani, 2012). This 

research intends to examine previous CLSC-related research from the literature 

during the period 1999-2021 to understand changes in the closed supply chain during 

that period. The research consists of four basic sections: an introduction to the 
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concept and origin of CLSC, a presentation of previous studies related to the CLSC 

area, research methodology and finally the findings of the study. 

Accordingly, the present paper aims to answer the following questions: 

RQ1: What are the benefits of applying the concept of closed-cycle supply chain 

management? 

RQ2: What are the types of closed-cycle supply chain management practices? 

RQ3: What are the challenges that companies face in applying the concept of closed-

cycle supply chain management? 

 

 

2. LITERATURE REVIEW 

 

2.1. Logistics, SCM, and Reverse Logistics 

According to the Council of Supply Chain Management Professionals (CSCMP 

2019), logistics is known as a part of an organization’s business that deals with the 

process of efficiently planning, implementing, and controlling the flow and storage 

of products as well as the services and associated information, covering from the point 

of origin to the point of consumption in order to meet consumer requirements, 

including suppliers, manufacturers, transport companies, warehouses, retailers, and 

customers (Chopra & Meindl, 2010). Logistics is highly associated with the supply 

chain management (SCM) concept, which comprises the planning and managing of 

all activities related to the supply, procurement, transformation, and administration 

of the logistics system, in addition to managing the logistics system, coordination, 

and collaboration with the business (chain) partners (Simchi-Levi et al., 2014). 

Another concept is reverse logistics (RL), opposed to forward logistics, which begins 

with end-users of the logistics chain in order to collect or return used products or 

returned products without use or defects to some part of the supply chain, from 

decisions that may involve recycling, remanufacturing, repair, or final disposal 

(Govindan et al. 2015). A generic supply chain with forwarding and backward supply 

flow is shown in Figure 1; the solid lines refer to the forward logistical flows, and the 

dashed lines represent the reverse flows. The closed-loop supply chain (CLSC) 

simultaneously considers an integrated process of forwarding and reverse flows 

(Oliveira & Machado, 2021). 
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Figure 1. A generic model of direct/reverse logistics 

Source: Oliveira & Machado (2021) 

2.2. Closed-Loop Supply Chain 

The supply chain is a bunch of exercises that incorporate buying, producing, 

coordination, appropriation, and advertising that play out the capacity of conveying 

worth to the end client (Paksoy et al., 2011). Green financial aspects have been filling 

in the previous twenty years in a heap of various fields. In that capacity, there have 

been a lot of examinations in the fields associated with supply chains and 

coordination. Various trendy expressions have been utilized, for example, Green 

Supply Chain Management (SCM), Closed-Loop Supply Chain Management 

(CLSCM), Reverse Supply Chain Management (RSCM), Reverse Logistics (RL), 

Sustainable Supply Chains (SSC), Sustainable Transport and so forth (Aleš Groznik 

& Jure Erjavec). CLSCM, RSCM, and GrSCM issues included are more 

unpredictable and need more endeavours to control forward and inverse coordinates 

at the same time thinking about the ecological effects. SCM has “made associations 

consider closing the supply chain loop” to accomplish harm to the ecosystem 

fabricating the upper hand and higher benefits (Kumar & Kumar, 2013).  

According to Guan et al. (2020), the concept of CLSCM is implemented in many 

countries and companies. In terms of waste recycling, improvement of environmental 

protection, recycling e-waste, reduction of usage of certain hazardous substances, 

sustainability, and circular economy matters. In general, CLSC can be seen as the 

traditional forward supply chain but supplemented by reverse operations for 

recovered products that are reprocessed and ultimately re-enter the forward supply 

chain (Stindt & Sahamie, 2014). Now, meeting the legal and regulatory requirements 

and economic reasons is the strong driving force that practitioners take CLSC into 

consideration in order to dispose of their end-of-life products. The CLSC is not a 

mere a method for minimizing costs, but rather it is a way to gradually create more 

revenue opportunities for producers (Peng et al., 2020). Stindt & Sahamie (2014) 

noted that the central decision within a CLSC strategy is about the aspired level of 

recovery or the recovery option. This recovery option determines the amount of value 

that is recovered from the reprocessed product, which can be one of six different 

options described in the academic literature: repair, reuse, refurbishing, retrieval, 
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remanufacturing, and recycling. However, the uncertainties pose a serious challenge 

to the planning and actual operation of reverse activities, compared to the traditional 

forward supply chain. These uncertainties occur regarding the amount and quality of 

the available secondary feedstock. Further stochastic impacts are the reprocessing 

time and the effective yield, as well as the common uncertainty regarding the final 

customer demand for the reprocessed products. 

CLSCM organizations may grow financially and ecologically supportable of 

mechanical framework (Braz et al., 2018). The recoverable item climate that GrSCM 

is making “is a closed-loop system incorporating traditional logistics forward streams 

with coordination channels turned around” (Ferdows, 2018). 

2.3. Factors Affecting Closed-Loop Supply Chain   

The closed-loop supply chain (CLSC) expects firms to be engaged with item 

recreation subsequent to gathering centres (we will utilize centres, utilized items, and 

item returns reciprocally) from shoppers. Item remaking requests inventory network 

accomplices to be occupied with reusing, renovating/reconditioning, and 

remanufacturing of items offered to the commercial centre (Gaur et al., 2016). 

Generally, 130,000 organizations across the US are occupied with item remaking, 

producing yearly deals surpassing $300.  

According to Shekarian (2020), turnaround coordination exercises start with 

securing centres. Accordingly, centre obtaining gets quite possibly the most basic 

strides in overseeing CLSC. Be that as it may, centre procurement is likewise one of 

the significant boundaries for effective item remaking (Kannan et al., 2010) because 

of vulnerabilities related to timing, amount, and nature of centres. One of the 

techniques to diminish such vulnerabilities is offering monetary motivators to 

customers for bringing cores back. Caterpillar Inc. guarantees the quality and nature 

of the centres by receiving a store discount strategy (Wei et al., 2015). In addition, 

CLSC writing proposes that purchasers are normally not roused to return their items 

back to firms if there should be an occurrence of absence of motivations and data of 

company’s reclaim strategy (Morana & Seuring, 2007). 

2.4. Evolution of Closed-Loop Supply Chain   

Uncertainties in securing and handling the market, and different phases of the 

closed-loop supply chain have extraordinarily added to the intricacy of 

remanufacturing and have diminished interaction productivity, hindering the 

supportable improvement of businesses and the circular economy. As of late, an 

expanding number of studies have been conducted that emphasize the uncertainty 

examination of closed-loop supply chain. Under the ebb and flow centre around the 

“green, low-carbon, and feasible” industry, a closed-loop supply chain (CLSC) has 

progressively pulled in research interest from various researchers (Mohammed et al., 

2017; Ma & Li, 2018; Asim et al., 2019). As a significant method of understanding a 

circular economy and manageability, CLSC can limit asset input, squander 
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discharges, and energy spillage through a durable plan, support, fix, reuse, 

remanufacturing, revamping, and reusing (Peng et al., 2020).  

At first, the scholarly regard for the CLSC started from public mindfulness 

(Dowlatshahi, 2000). From there on, governments passed enactment to permit makers 

to discard their finish-of-life/end-of-life items, like the “Squander Electronic and 

Electrical Equipment” order utilized by Besiou (Georgiadis & Besiou, 2010; Neto et 

al., 2010). CLSC is not a strategy for limiting expenses but instead is an approach to 

set out more income open doors for producers progressively. The inventory network 

in its traditional structure (forward store network) is a blend of cycles that meet client 

necessities, including every conceivable element, like providers, makers, carriers, 

distribution centres, retailers, and the actual clients (Govindan et al., 2020).  

Then again, invert supply chains as a rule starts by gathering items utilized by 

end clients, which are subsequently reintegrated into the inventory network or 

discarded suitably (Govindan et al., 2015). Recycled materials can be gotten back to 

the inventory network through reuse (recycled market), fix/restoration (guaranteeing 

the pre-owned item quality meets new item quality), and remanufacturing 

(guaranteeing the pre-owned item meets similar exacting quality guidelines as 

another item). As per the US Reverse Logistics Executive Committee, reverse 

logistics (RL) is “a proficient and practical cycle from the point of utilization to 

arranging, execution, and control of crude materials, stock, completed items, and 

related interaction data to recapture the esteem or appropriately discard the 

objective”. 

“Uncertainty” alludes to an expression that can't be straightforwardly 

communicated by a specific measure of data (Liao et al., 2019a). It portrays a 

circumstance that cannot be found out or where there are various prospects. Every 

conceivable state compares to a specific chance (Liao et al., 2019b). Uncertainty is 

an intrinsic and unavoidable trait of a CLSC. These elements increment the 

administration intricacy of the CLSC (Liao et al., 2018). Late investigations have 

shown that profound uncertainty in the inventory network frustrates the change to a 

CLSC (Velte & Steinhilper, 2016). Certain writing surveys on the shut circle and 

reasonable inventory network the executives have demonstrated the requirement for 

extra uncertainty components to be methodically contemplated.  

To improve comprehension and the executives of the uncertainty factors in the 

CLSC, it is critical to sort various kinds of uncertainty and how to make up for them 

(Coenen et al., 2018). In any case, a few ongoing remarks propose that a couple of 

articles have unequivocally focused on the sorts and additionally wellsprings of 

different uncertainties, especially in regards to uncertainty figuring and strategies. 

Concerning arrangements, barely any researchers have done point-by-point insights 

(Govindan et al., 2015). 

 

 

3. METHODOLOGY 

This paper presents a critical reviews regarding general analysis for the CLSC. 

At the micro-level, this study focuses on an analysis of the literature content. In 
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addition, prospects for future research are examined from the perspectives of factors, 

methods, and solutions, and the gaps in future research are defined, laying the 

foundation for follow-up research. 

 

 

4. RESULTS 

 

By listing some studies of closed supply chain management (CLSCM), we 

found that many of the practical advantages in companies that follow closed-cycle 

supply chain management are recycling production wastes, which saves wasted costs, 

in addition to protecting the environment and society from the harms of production 

waste. This requires intervention by certain organizations to monitor factories and 

companies in production and recycling practices and to increase corporate awareness 

of green supply chain management practices. Applying the concept of closed-cycle 

supply chain management. CLSCM requires managing market-to-company returns 

as it is not only about production practices and manufacturing waste management, 

but it is also about logistics practices and returns management. Also, this concept has 

other forms such as repair, reuse, renovation and recycling. Company managers must 

also understand the uncertainties because this concept differs from that of traditional 

supply chains, because it manages the types of overproduction in stores and how it is 

managed so as to achieve the lowest possible costs. 

4.1. Future Studies 

There are several topics on the subject of CLSCM that could be studied in the 

future, such as the role of closed-cycle supply chain management in reducing 

companies’ operational costs, the role of green logistics practices in providing 

competitive advantages to companies, the role of CLSCM in petrochemical 

companies, and the role of lean production in supply chain management network 

practices. 

4.2. Limitations of the Study 

The study presents previous studies on CLSCM, listing some studies from 2020 

to 2021. 

 

 

5. CONCLUSION 

 

CLSCM has been recognized as a methodology for improving the execution of 

the interaction and items as per the prerequisites of the ecological guidelines. CLSCM 

is the summarizing of Green Operations (Reverse Logistics), Green Design, Green 

Manufacturing, Waste Management, and Product Life Cycle Assessment. CLSCM 

accepts contemplations to natural causes just as financial matters as a goal, while 
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regular SCM typically focuses on financial aspects as a solitary goal. In this paper, 

information on different shut circle inventory networks the executives’ issues enlisted 

in the writing has been examined. Shutting the production network gives the 

operational and monetary benefits for an association, and all the while, it works in the 

courtesy of natural manageability. CLSCM gives a serious edge and improves the 

monetary status of an association. Powerful execution of CLSCM prompts a decrease 

in squander, decrease in natural contamination, enhancement of asset usage, and 

decrease in costs. Planning of legitimate approaches is needed to address the 

distinctive natural issues for which comprehension of the means which may prompt 

maintainability ought to be known, and one ought to have a reasonable 

comprehension of the obstacles and entanglements of the framework prior to going 

for the execution. 
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Abstract  

 

At the beginning of the 21st century, smart cities became a favourite concept 

worldwide. There are many reasons why cities should be redesigned and continuously 

evolved into smarter ones. Of course, the realization of a smart society requires the 

cooperation of all stakeholders and various organizations. The concept of smart cities 

includes transport and transport systems management, smart urban and micro-

mobility, logistics, smart infrastructure construction, etc. Noteworthy is also mobility 

to create connected transport systems that allow flexibility and efficiency. There is 

increasing emphasis on creating 'walkable neighbourhoods, i.e., safe walking and 

cycling infrastructure, preferably completely free of vehicles, with a regulated public 

ecosystem in interconnected areas, with quick access to a public or micro-mobile 

provider. Introducing walkable neighbourhoods and making; therefore, the city more 

liveable is one of the most talked-about methods of transforming a city into a smart 

city. The notion of walkability and walkable neighbourhoods has recently become an 

emergent narrative in city planning. Improving walkability in cities is very important 

and must ensure citizens safe walking environments, sidewalks and excellent and 

secure cycling infrastructure to meet most of their daily needs by foot, bicycle or local 

transport a few minutes from home. This study investigates smart mobility concepts, 

walkability, and walkable neighbourhood principles through a comprehensive 

literature review, representing essential dimensions of the smart city concept. This 

study aims to describe the conceptual framework for a better understanding and 

mailto:maja.rosi@um.si
mailto:lora.strmsek@student.um.si
mailto:dejan.dragan@um.si
mailto:bojan.rosi@um.si


Walkable neighbourhoods in smart cities 
Maja Rosi, Lora Strmšek, Dejan Dragan and Bojan Rosi 
   

   

548 

 

define the idea of walkable neighbourhoods that are fundamental to creating a 

liveable, smart city. 

 

Key words: smart cities, smart mobility, walkability, walkable neighbourhoods 

 

 

1. INTRODUCTION  

 

"The 19th century was a century of 

empires, the 20th century was a century 

of nation states. The 21st century will 

be a century of cities." 

– Wellington E. Webb, former Mayor of Denver, Colorado (2000) 

 

Urbanization and economic development go hand in hand. In 1800, only 2 % of 

the world's population lived in urban areas; by 1900, this had risen to 13 %. In 2000 

this figure reached 47 %; according to the United Nations (2018), the urban 

population in 2018 had already exceeded 55 %. The United Nations thus predicts that 

by 2050, almost 70 % of the world's population will live in urban environments 

(United Nations, 2018). 

Cities play an increasingly important role in every individual's life and are 

crucial for global social and economic development. Urbanization is a process of 

urban development that includes increasing the urban population, expanding existing 

cities, and establishing new ones. Such changes, therefore, also affect cultural, social, 

demographic, economic, and spatial transformations. Thus, to achieve sustainable 

development, it is necessary to consider all aspects of the urbanization process 

(Brdulak, 2017). 

The city is a large and durable human ecosystem that provides various activities 

and opportunities for residents. According to Kumar (2018), rapid urbanization and 

population growth burden the city's infrastructure and public services. Current 

urbanization requires sound strategies and innovative planning to modernize urban 

life. Many cities are improving the quality and performance of urban services by 

making them more digitalized and smarter. The city's policymakers are exploring 

solutions to deliver new services efficiently, responsive and sustainable way that will 

suit a large population. 

British Department of Business, Innovation, and Skills note that urban leaders 

in developed countries are increasingly recognizing that a smarter approach is needed 

to address the challenges facing today's society. Mainly this is important for 

improving the efficiency of public services, the sustainability of urban environments, 

and the quality of life in cities for its citizens. In addition, these cities use and promote 

sustainable and smart concepts to increase competitiveness to attract new businesses 

and talents because Smart Cities are attractive locations for living, working, and 

tourism (DBIS, 2013). One of the factors to improve the quality of life that has been 

promoting more lately is creating so-called walkable neighbourhoods or city centers. 
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It should be noted that there is no single definition of "walkability." Still, we know 

that this is an essential factor that raises the quality of living in cities or communities. 

In this respect, this paper aimed to answer the following questions. (1) How is the 

correlation between walkability and smart city? (2) What are the essential dimensions 

of the smart city concept? (3) What is the main idea of walkability and walkable 

neighbourhoods in smart city concept? 

We conducted a literature review where we set up a conceptual framework to 

better understand walkability within the concept of smart cities and define walkable 

neighbourhoods, which are fundamental for creating a livable, smart city. The paper 

is structured as follows – the first part of the paper presents a literature review. At 

first, the meaning of the smart city is introduced, then follows the literature review of 

smart mobility, and the walkability is defined. The second part of the paper 

summarizes interlinked concepts that provide a comprehensive understanding of 

walkability in connection to the smart city in the conceptual framework. In the last 

part of the paper, conclusion thoughts are presented, and additional research proposals 

are given. 

In this study, the limitation is put on walkability as an important component of 

the smart city system. It is a phenomenon of the multidimensionality of smart cities 

and the broader community issues. Another limitation was put on selecting the 

multidisciplinary data in the literature review, whereby we followed the Jabareen 

(2009) criteria for data analysis and searched the variety of data types (books, articles, 

newspapers, etc.). The limitation was also put on phases of conceptual framework 

analysis, whereby we limited our research only to six out of eight Jabareen purposed 

(2009) phases of conceptual framework analysis.  

 

 

2. LITERATURE REVIEW  
 

2.1. Smart cities 

 

When did the idea of smart cities first appear? Hollands (2008) and Vanolo 

(2013) anticipate that the concept of smart cities grew in conjunction with two 

academic literary periods. One was the era of new urbanism, which began in the 

United States in the early 1980s. The movement criticized the urban development 

model, which focused primarily on car use and urban sprawl. The motion suggested 

that the quality of life could be improved by reducing urban development and land 

use. Many of today's smart city indicators (e.g., liveability, walkability, and 

sustainability) are associated with this (Konomi and Roussos, 2017). Another 

intellectual resource is the discussion of intelligent cities. This debate was triggered 

by the phenomenon that many cities worldwide have increased their budget in 

information and communication technology (ICT) for infrastructure, innovation, and 

e-governance (Crivello, 2015). According to Crivello (2015), both expert discourses 

most likely contributed to the first idea of "smart cities," but current smart city 

discourses mainly were developed outside of academic circles. Technology 
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corporations such as IBM, Cisco, and Siemens were the first advocates of smart cities. 

Their arguments are new technological solutions (such as IoT, Cloud) that will bring 

a better future for cities. As private stakeholders, these companies anticipate having 

the capacity to allow people to experiment with new ways of living, working, and 

moving safely. 

The idea of smart cities emerged after an increased population in urban areas, 

followed by the economic growth and technological development of the last decade 

of the twentieth century. Advancements in information and communication 

technology have introduced a new way of identifying requirements and managing 

services to improve the quality of life for the residents (Keshavarzi, 2018). 

As Maddox (2017) notes, the number of smart cities is overgrowing and is 

expected to continue to grow as smart cities have grown from about 20 to more than 

100 in recent years, with more than 600 cities currently in development to become 

smart in the next few years. The term smart city is in use since 1998 (Van Bastelaer, 

1998). Giffinger et al. (2007) defined smart cities as cities that work well in six areas 

built on a "smart" combination of talent and activity, decisive, independent, and aware 

citizens. However, Anthopoulos (2015) and the ITU-International 

Telecommunication Union note no clear definition of smart cities. The ITU (2014) 

found 116 definitions in its research. The ITU, therefore, identifies a smart city as one 

that uses ICT and other means to improve the quality of life, the efficiency of urban 

operations, and the competitiveness of activities while ensuring that the needs of 

present and future generations are met from an economic, social and environmental 

point of view. In its research, the ITU identifies eight categories that are key to smart 

cities; quality of life and lifestyle, infrastructure and services, ICT, communications, 

information and intelligence, people, citizens and society, environment and 

sustainability, leadership, governance and administration, economics and finance, 

and mobility. Smart life, smart people, smart environment and sustainability, smart 

leadership, smart mobility, and smart economy were exposed as the six main 

indicators of smart cities. European Parliament also recognizes the same indicators 

(European Parliament, 2014). Tsoutsa et al. (2020) define smart city as smart 

economy, leadership, mobility, healthcare, buildings, and plumbing. Giffinger et al. 

(2007) make a similar finding and describe smart cities as shown in Figure 1. 
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Figure 1. Activities and characteristics of smart city indicators  

 
Source: Giffinger et al., 2007 

 

The United Nations (2015) also has a significant influence on the development 

of smart cities, and in 2015 they presented 17 Sustainable Development Goals (as 

shown in Figure 2).  
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Figure 2. 17 sustainable development goals  

 
Source: United Nations, 2015 

 

They plan to achieve all 17 goals by 2030. 11th SDG's goal is Smart Cities and 

Communities. SDG11 was established to make cities and settlements safe, resilient, 

and sustainable. U4SSC-United 4 Smart Sustainable Cities (2017) has dedicated a 

large part of its plan of achieving Goal 11 to smart and sustainable mobility, letting 

us know that smart and sustainable mobility is a crucial factor in smart cities. 

 

2.2. Smart mobility 

 

Over the last decade, smart and sustainable mobility has become an essential 

solution to the problems associated with the intensive use of motor vehicles. For many 

years, cities were planned according to the needs of motor vehicle traffic. Still, the 

basic human needs for active movement and the harmful effects of motor traffic on 

the natural environment were neglected. However, walking is an environmentally 

friendly mode of transportation and a healthy way to engage in physical activity. 

Therefore, walking has become a crucial part of transport and urban strategies to 

achieve more sustainable development (Fonseca et al., 2019). Fonseca et al. (2019) 

note that the last century has been the century of cars. Private motor vehicles have 

nurtured a sense of individual independence and radically changed the way cities 

were designed and built. In the last century, cars have colonized the spaces of 

everyday life by creating a visible impact in cities worldwide, e.g., the occupation of 

public spaces with parked vehicles, wide streets serving huge suburbs. That has a 

considerable effect on uncontrolled urban growth that led to social isolation and 

segregation. 

The concept of smart mobility was created mainly from the convergence of the 

digital revolution with the transport industry. Thus, new technologies have been used 

to improve the efficiency of the transport network, especially those related to ICT. 

According to Munhoz et al. (2020), the concept of smart mobility, which is closely 

related to smart cities, is an essential link for improving the intelligence of cities. 

Nowadays, the use of private cars is intensive, even for short distances. About 

30 % of car rides are shorter than 3 km, and 50 % are shorter than 5 km (Hooffman, 
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2018). A viable alternative to such short routes would be walking. The intensive use 

of cars in urban environments affects space and distance and has an impact on health 

and the environment. In European cities, 40 % of CO2 emissions and 70 % of other 

pollutants are due to intensive car use (Nanaki, 2017). The European Union plans to 

reduce at least 60 % of transport emissions by 2050 with respect to 1990, to make 

cities more sustainable and liveable (European Commission, 2011).  

The transition to a low-carbon society requires a new concept of mobility, 

supported by less car use. Thus, to overcome these problems, a new concept of smart 

cities and smart mobility has emerged. However, for mobility to be considered smart, 

it must also be sustainable. So basically, when we talk about smart mobility, we are 

also talking about sustainability. The concept of smart and sustainable mobility 

promotes more sustainable modes of transport, especially active options such as 

cycling and walking. According to Litman (2003), the best way to improve urban 

transport is to improve the conditions for walking and cycling. While this will not 

improve travel speed, it will enhance destinations' overall relevance, comfort, and 

affordability. 

Walking is an environmentally friendly mode of transport and, at the same time, 

a viable alternative of transport for shorter routes in an urban environment. Walking 

has tremendous advantages over a car. In environmental terms, walking consumes 

much less non-renewable resources and reduces air pollutants, CO2, and noise 

(Mizdrak et al., 2020). Walking and cycling are much more affordable and 

environmentally friendly than motor transport, as summarized in Table 1. It does not 

mean that they can serve any purpose, but they can save money and natural resources 

(Litman, 2003). 

 

Table 1. Non-motorized transport is generally cheaper than alternatives 
AFFORDABLE AND EFFICIENT EXPENSIVE AND RESOURCE-INTENSIVE 

Walk and bike for transport Own and operate an automobile 

Walk and bike for exercise Join a health club 

Walk and bike children to school Chauffeur children to school 

Build sidewalks Build roads and parking facilities 
Source: Litman, 2003 

 

Walking reduces healthcare costs, improves work productivity, has high 

accessibility, and is very uncomplicated. In addition to having a significant impact on 

health and recreation, walking is also crucial active access to public transport. As the 

situation for pedestrians improves, the need to use motor transport reduces, which 

reduces many challenges urban transport is facing nowadays, such as congestion, 

pollution, road accidents, and personal safety. Walking has gained much interest in 

promoting sustainable mobility and a healthier lifestyle (The World Bank Group, 

2018). 

According to Turon et al. (2017), transport should be suitable for drivers and 

other people and their health, the environment, and the economy. As such, transport 

is linked to sustainable mobility strategies. Sustainable mobility seeks to reduce the 
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scale and effects of the dominance of individual car traffic in the urban environment. 

One of the ideas for achieving sustainable mobility goals was to focus on the demands 

of the population to create people-friendly cities. The idea of making cities more 

pedestrian-friendly has led to the concept of what we call Walkable Cities. The main 

principle of such cities is to create and manage public urban areas intended for 

pedestrians and walkers. 

Ardila-Gomez (2020) notes that the pandemic has made walking even more 

attractive as it is Covid-safe. Pedestrians on sidewalks can mostly avoid three Cs, 

which significantly increase the risk of infection when they overlap; closed spaces, 

crowded places, and close-contact settings. Sidewalks are open spaces. Pedestrians 

can mostly avoid crowds and keep a safe distance of at least one meter. Pedestrians 

very rarely come into contact with strangers walking by; close interactions are very 

uncommon. If necessary, wearing a mask can be an added protection. The pandemic 

has forced cities worldwide to take urgent action to take a step closer to sustainable 

transport. Avoid unnecessary travel and improve transport infrastructure and services. 

The Covid-19 crisis has dramatically changed conversations about transport; people 

now see more clearly the value of sustainable mobility and are more receptive to the 

idea of moving resources to public transport, cycling, and walking. 

The pandemic had an immeasurable impact on our daily life. Changes in our 

habits and routines came rapidly, from wearing masks to social distancing. Of all 

these changes, our movement from point A to point B has changed the most. 

Therefore, in the last year, mobility has wholly altered. We began to avoid previously 

faithful and reliable methods and replaced them with new transportation systems. 

People avoided overcrowded trains and buses and resorted to bicycles and e-scooters. 

With the development of cities and the phasing out of cars from city centers to 

improve air quality and citizen health, the pandemic has provided a unique 

opportunity to renovate urban mobility (Appleton, 2020), where walkability and so-

called walkable neighbourhoods are becoming increasingly important aspects of it.  

 

2.3. Walkability 

 

Walkability means the ability to walk. Walkability is the appeal of an area for 

walking; a particular site's essential features offer easy walking without unnecessary 

turns and excessive effort (Mihelič et al., 2015). 

Walkability is the set of capacities of any neighbourhood involved in urban 

morphology in three main ways: density (concentration) of buildings and population, 

diversity of activities and attractions, and the system of accessibility we use to move 

between them (Dovey & Pafka, 2018). 

Walkable cities are not just a pleasant, idealistic idea. But they are simple, 

practically oriented solutions to a group of complex problems we face as a society, 

issues that daily harm economic competitiveness, public welfare, and environmental 

sustainability. Wealth, health, and sustainability are the most important arguments for 

establishing walkable cities (Speck, 2015). 
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Non-motorized transport (walking, cycling, and other variants) plays an essential 

and unique role in an efficient transport system (Litaman, 2003): 
- Walking is a universal human activity that provides mobility, exercise, and 

satisfaction. 

- Typically, 10-20 % of trips are made entirely non-motorized, and most motor 
vehicle trips include non-motorized connections, such as access to public 
transport and transport between parked vehicles and destinations. Parking 
spaces, transport terminals, airports, and commercial centers are an 
environment for pedestrians. Improving areas for non-motor vehicles is the 
best way to enhance motor transport. 

- Walking and cycling provide affordable, basic transportation. Physically, 
economically and socially disadvantaged people tend to rely on walking and 
cycling. So improving non-motor transport can bring social equality and 
economic opportunities to them. 

- Active transport is the most common way to exercise. Increasing the use of 
walking and cycling is the most practical way to improve public health. 

- With non-motorized modes of transport, we can achieve traffic planning goals, 
including reducing congestion in traffic and parking, energy consumption, and 
pollution emissions. They can also help achieve goals in land use planning, 
urban renewal, and the more complex development of "smart cities." 

- Walking and cycling are popular recreational activities. Improving walking 

and cycling conditions provides users with better conditions for enjoyment and 

health and can support related industries such as recreation, tourism, and retail. 

 

In 2004, LtF-Transport for London published the first city walking plan, which 

set out London's vision to become one of the world's first walking-friendly cities by 

2015. The walking program identifies several goals: improving the coordination 

between institutions for walkability planning, promoting walking in London, 

improving street conditions, improving the walkability of public spaces and public 

transport links, and improving pedestrian safety and protection (The World Bank 

Group, 2018). 

Speck (2015) defines walking neighbourhoods as safe, full of choices, and 

qualities that offer walking as a positive experience. A positive walking experience 

means that the streets, sidewalks, and paths are comfortable and exciting. 

Technology and data are essential building blocks for creating a smart city. 

However, it is the city residents who can help make the most significant changes 

happen. By launching projects that focus on improving the lives of individuals and 

communities, smart cities can start growing on their own. One of the most mentioned 

methods of transforming a city into a smart city is introducing 15-minute 

neighbourhoods. Also known as 15-minute cities or even 20-minute cities, these 

strategies focus on improving the lives of citizens in a way that makes the city more 

accessible to all people (Appleton, 2020). 

Because of the pandemic, many urban residents became confined to their homes 

with limited time to spend outside, so urban residents began to explore their 
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immediate surroundings. Many noticed a lack of pedestrian-friendly green spaces. 

Critics pointed out the disproportionate amount of space devoted to wide roads and 

parking lots instead of parks and recreational areas. Making cities more livable has 

become one of the main highlights for urban developers around the world. A good 

exaple are so called15-minute cities and walkable neighbourhoods, which are 

becoming an integral part of the development of the cities of the future (Appleton, 

2020). 

The 15-minute city is an urban planning strategy that aims to improve the quality 

of life for city residents. In short, the plan focuses on meeting the needs of residents 

by giving them access to everything they need within a 15-minute radius of their 

home. Work, school, healthcare, shops, restaurants, sports facilities, and parks should 

be accessible to all community members. All within a 15-minute walking distance 

(Appleton, 2020). Some cities promote 20-minute city programs; the principle is that 

it only has a wider radius. The concept of 20-minute neighbourhoods has been 

adopted as the main principle of all levels of government throughout Australia. 

Simply put, a 20-minute neighbourhood can be defined as "the ability to meet the 

daily needs of the surroundings, especially within a 20-minute walking radio (Plan 

Victoria: 2017-2050, 2017), as shown in Figure 3. 

 

Figure 3. Features of a 20-minute neighbourhood 

 
Source: Plan Victoria: 2017-2050, 2017 

 

Historically, cities have evolved with a clear separation between industrial, 

commercial, and residential areas. By separating residential areas from heavy 

industry, residents can enjoy cleaner air and fewer crowds. The separation price was 

in longer transit times and dependent on private cars and public transport to travel to 

and from work, shopping, and the city. Today, cities have continued to develop. The 

industry has moved to the outskirts of cities so that there is currently no need for a 

clear separation between commercial and residential areas. However, the 

infrastructure remains, and the residents are still dependent on private cars and public 

transport to meet their needs. By moving the needs of residents closer to their homes, 
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the city can succeed in reducing its dependence on cars. It would allow the city to 

repurpose roads and parking spaces for more community-friendly projects. The latter 

would consequently make the city more accessible to all. By encouraging 

communities with a broad mix of residential and commercial buildings, cities can 

reinvent themselves for a car-independent future (Appleton, 2020). 

 

 

3. METHODOLOGY 

 

In this paper, we used Jabareen's (2009) methodology for building a conceptual 

framework. We generated and identified major smart cities concepts with conceptual 

framework analysis as an interpretative approach to social reality. They constitute the 

theoretical framework for better understanding the walkability issue. The concepts 

support each other, articulate their respective phenomena, and establish a framework-

specific philosophy (Jabareen, 2009). 

Following the procedure of conceptual framework analysis, our research 

followed the following phases (Jabareen, 2009):  

- Phase 1: an extensive review of the multidisciplinary texts was made. 

Regarding the research aim and questions, the elected spectrum of 

multidisciplinary literature was mapped. 

- Phase 2: Selected data was read and categorized within each topic. 

- Phase 3: Main concepts were identified. 

- Phase 4: The concepts were deconstructed – main attributes were identified, 

the description and categorization was made 

- Phase 5: Integrating concepts and grouping concepts: smart people, smart 

economy, smart mobility, smart environment, smart life, smart governance 

- Phase 6: In this phase, the synthesis of concepts into a theoretical framework 

was made. 

 

This research did not validate the conceptual framework (Phase 7) and 

rethinking it (Phase 8). For applying those phases, we need a broader society from 

different fields to study this phenomenon. Those two steps are intended for future 

research, whereby we need a system approach to achieve a required holistic 

consideration of this multidisciplinary phenomenon. 

 

 

4. CONCEPTUAL FRAMEWORK 

 

Based on conceptual framework analysis, we formed a conceptual framework. 

We synthesize the key factors of smart cities that significantly affect the concept of 

walkability. The conceptual framework shows the complexity of smart cities 

respecting sustainability, which illustrates the integration and co-dependence of the 

following key concepts: 
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- Smart people: are reflecting social and human capital, creativity, 

cosmopolitanism, an affinity for lifelong learning, social and ethnic 

plurality, etc. (Nam & Pardo, 2011). 

- Smart economy: A smart economy is characterized by the use of human 
capital (knowledge, skills, and creativity), which transforms ideas into 
essential processes, products, and services and focuses on creating a 
"green economy" by developing "green companies" (engaging renewable 
energy sources) (Schaffers et al., 2011). 

- Smart mobility: Smart mobility is a multifaceted theme that incorporates 
all smart city paradigms and creates a set of diverse benefits for all smart 
city stakeholders (Benevolo et al., 2016). 

- Smart environment: use of technology to improve knowledge of 
environmental conditions and services (electricity, water, and gas), which 
would change people's habits and reduce waste, benefit the environment 
and improve resource efficiency (Talen & Koschinsky, 2013). 

- Smart life: distinguished by solid and shared values of people, vibrant city 
centers, safety and protection of people, care for natural and cultural 
wealth for quality of life, access to public spaces and services, donation 
of art, culture, and natural heritage (Kumar & Dahiya, 2017). 

- Smart governance: Smart governance covers all aspects related to 

political participation and services for citizens and the functioning of local 

government (Giffinger & Gudrun, 2010). 

 

In the conceptual framework, we connected six smart city factors defined by 

Giffinger (2007) with walkability, which permeates all these factors and respects the 

sustainabilty goals. In this way, we have made the framework more comprehensive 

and, therefore, more practical. With the conceptual framework, we want to show the 

position of walkability within the concept of smart cities. We conclude that safe 

walking is associated or connected with all the components of the conceptual 

framework. Namely, these are synergy connections and effects that create a quality 

of life in cities and communities, so they must be included in the urban development 

plans of cities and neighbourhoods. 
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Figure 4. Conceptual framework 

 

 
Source: authors 

 

The conceptual framework shows that walkability as an alternative to smart 

mobility is based on understanding not only the concept of smart mobility but, more 

broadly, i.e., smart cities and communities as defined in our study. The conceptual 

framework shows connections between walkability and smart cities criteria that 

create better conditions for the development and future of smart cities and 

communities (in terms of sustainability, liveability, health, greener mobility, and 

safety, lower living costs, etc.) in co-dependence. Suppose we want to treat and 

understand walkability holistically enough - in that case, it is essential to consider it 

as a vital part of smart cities (concerning sustainability), in which different concepts 

are synergistically intertwined (Figure 4). Without them, the creation of walking 

neighbourhoods or city centers is impossible. 

 

 

5. CONCLUSION 

 

' "We are at a unique stage in our history. Never before have we had such an 

awareness of what we are doing to the planet, and never before have we had the 

power to do something about that. Surely we all have a responsibility to care for 

our Blue Planet. The future of humanity and indeed, all life on earth now depends 

on us."  

David Attenborough 
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Despite the development of technology and technical goods, there is a shortage 

of space in cities for their use. On the one hand, we are facing an increase in the 

ownership of the superstructure, and, on the other hand, there is a lack of adequately 

located infrastructure. As a result, we will be even more forced to walk and/or use 

bicycles in the future. Given the modern way of life, people are increasingly running 

out of time for daily chores, so it is becoming more and more important to have 

everything at our fingertips. That could be achieved by the so-called walkable 

neighbourhoods or walkable cities that enable non-use of personal automobiles, 

consequently raising the quality of our living and health. 

Through a literature review, we have shown the complexity of understanding 

the concept of walkability as part of smart mobility, respecting sustainability that, 

together with other factors, defines smart cities and communities. We summarized 

the findings from the literature in the initial conceptual framework that helps us 

understand the idea of  walkability and safe, walkable neighbourhoods in a 

sufficiently comprehensive way that represents the paradigm of the modern way of 

life.  

Since obvious limitation also refers to Jabareen's (2009) fact that different 

researchers can have different conceptions of the same phenomenon and may create 

other conceptual frameworks, the conceptual framework can be reconceptualized and 

modified according to new data in the future research. We also encourage future 

research on safe walkability factors that give a city or neighbourhood the walking 

neighbourhood stamp. The literature review otherwise shows that many studies about 

walkability and walkable neighbourhoods have been made. However still, many 

European countries have the potential to create better conditions that define such 

communities.  
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Abstract 

 

Enabled access and mobility for people with disabilities are crucial for a 

customarily developed society. Violation of fundamental human rights in the 21st. 

century is by no means out of the question, and only as a society do, we show an 

attitude towards those who are due to incapacity and limited to normal movement. 

The European Union talks a lot about equality, the rights of all residents. The 

legislation is clear, but not all of these regulations governing accessibility and other 

people's issues with disabilities are fully implemented in practice. In the article, the 

accessibility of disabled people with limited mobility was analyzed in Celje, Slovenia. 

In the research paper, the current legislation and regulations were analyzed. Based on 

the obtained data, a model was defined with which later the real suitability of access 

to buildings and public areas was checked. These includes banks, post offices, the 

municipality, educational institutions, bus and railway infrastructure, ATMs, and 

footpaths in the city center. It was founded that access in the urban area is still poorly 

regulated and not following the European Union's regulations and the Republic of 

Slovenia. It was also founded that to solve the mentioned problems, the main paths, 

which would enable people with reduced mobility to access more critical buildings, 

would have to be arranged. It would also be essential to set or inspect the ramps' 

slopes, access to sentences, and toilets for people with reduced mobility. It is also 

advantageous that all of the above can also be used by the elderly and mothers with 

prams. No similar research was founded in the Republic of Slovenia, nor there is a 

model that would allow logical verification of legislation during the construction of 
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areas that are in line with the prescribed access for the disabled. To facilitate and 

better understand the importance of landscaped areas, facilities, and paths, it is 

necessary to include in the research of the existing situation all the previously listed 

stakeholders and experts who are closely related to the topic of any disability. For 

further research focus on transport, public or private, could be checked and all the 

necessary elements that people with disabilities need to cover distances smoothly and 

safely. 

 

Key words: suitability, disability, mobility, urban  

 

 

1.     INTRODUCTION 

 

Unhindered movement, sports, dancing, visiting a museum or library can enrich 

every individual's life. Every step that a person can do without pain, troubles, and 

tools is invaluable. While a visit to an administrative unit, a school, or a park presents 

a healthy daily treatment, which does not pay special attention to it, the same visit to 

mobility-impaired disabled is an issue and, ultimately, an insurmountable obstacle. A 

barrier that can cut off and finish the intended trip, thus disabling an individual and 

depriving him of the benefits that healthy people receive in their everyday lives. Due 

to the growing number of people, disability is recognized as an essentially political 

issue connected with the guarantee of universal human rights. With the development 

of technology, the possibilities for a better life for people with disabilities are also 

evolving. It will be easier for people with disabilities to overcome distances and 

perform daily activities in the future. However, despite the continuous improvement 

of such technologies, we can stop access to public buildings, and an even bigger 

problem is the accessibility of people to other facilities, shops, cafeterias, etc. It is 

also worth mentioning the high level of urbanization, which according to the 

Sze&Christensen (2017) could affect the quality of life of the individual, but the 

currently built urban environment and access to essential facilities is not always 

favorable to the needs of vulnerable groups, including the elderly and disabled. 

According to Rudwiarti et al. (2021) urban public space should be designed and used 

for all. Urban area needs an inclusive and accessible design and needs to offer aspects 

of safety and security. It must be a people friendly design for all.  

The Law in European Union dictates that every disabled person has the right to 

unimpeded access, entry, and use of buildings in public service and multi-apartment 

facilities (European commission, 2020). However, even during a walk through major 

Slovenian cities, it is noticed that this is not the case. 

In the European Union, disabled people represent at least 17 % of the working 

population's total population. In 2012 there were 70.0 million people with disabilities 

aged 15 and over. More than 45 million European Union inhabitants have long-

standing health problems as disabled persons (Sendi et al., 2015). According to 

Eurostat (2018), around 60.9 %, people with disabilities in the EU said that their 
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disability restricted their participation in leisure pursuits, with this share reaching just 

above 52.9 % for mobility. The share of people with disabilities reporting a disability 

for three other life areas was nearer to one in three. Those areas are employment 

(38.6 %), accessing buildings (37.0 %) and transport (31.7 %). Approximately one in 

four people with disabilities reported a disability concerning education and training 

(25.6 %) and paying for the essential things in life (22.7 %). One in five people with 

disabilities felt unfairly treated because of their basic activity difficulty and long-

standing health problem. The two living areas least commonly reported by people 

with disabilities were the use of the internet and social contact, reported by 4.6 % and 

2.0 % respectively of people with disabilities as areas where they faced barriers. The 

World Health Organization (WHO) estimates that there are more than a billion people 

with special needs globally, and up to 190 million have major functioning problems 

(World Health Organization, 2011). According to Patterson, Darcy, & Mönninghoff 

(2012), this number is increasing because there is a causal link between aging and the 

onset of disability limiting normal movement. The rights of people with disabilities 

in the modern world receive much attention in the United Nations and other 

international organizations dealing with human rights and the issues of people with 

disabilities. The Universal Declaration of Human Rights speaks about the freedom of 

every human being who has the same dignity and equal rights (United Nations, 1948). 

The trend in the incidence of disability is similar in Slovenia as elsewhere in the 

European Union. In Slovenia, the status of a disabled person is between 160,000 and 

170,000 people (Čuk, 2014). 

The ability to move in urban areas is the foundation of a progressive society that 

also includes people with disabilities.  There are also many studies on the mobility of 

people with disabilities and the factors that affect their mobility. To ensure the 

sustainable and reliable movement of goods and people, especially in transportation 

and urban space planning is fundamental right (Azevedo et al., 2021). Pearson and 

Joost (1983) researched the evacuation capabilities of disabled people in an urban 

environment, which included wheelchair bound. Also of interest is a study by Sime 

and Gartshore (1987), who examined the evacuation rate of disabled people in 

wheelchairs from multistorey buildings without assistance. Rubadiri et al. (1997) 

introduced a method for assessing the success of evacuation and the accessibility of 

people with disabilities with three factors covering construction design. Jiang, Zheng, 

Jia, Zhan, & Wang (2012) successfully tested the speed in the movement of disabled 

people whose mobility was reduced in horizontal corridors of different widths and 

uphill on the ramps along the stairwells. The WHO further recognizes that poorly 

planned access hinders their full and effective participation in society. Many studies 

have also identified barriers in the tourism context as one of the many reasons why 

participation rates and tourism experience characteristics are lower in larger urban 

areas than in the general population (Buhalis & Darcy, 2011). 

The fact is that people with disabilities arise in any public place, and the 

proportion of disabled people in the community will increase the proportion of 

disabled people in the trial population. People with disabilities are more at risk due to 
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impaired mobility. In public places with a relatively high population density, although 

it is more difficult for disabled people to evacuate without assistance in emergencies, 

the presence of a large number of disabled people will complicate the evacuation 

process more. Access problems also occur (Jiang, Zheng, Jia, Zhan, & Wang, 2012). 

Mobility-impaired disabled persons face discrimination and barriers that restrict them 

from participating in society on an equal basis with others every day. They are denied 

their rights to be included in the general school system, to be employed, to live 

independently in the community, to move freely, to vote, to participate in sport and 

cultural activities, to access justice, to choose medical treatment, to enjoy social 

protection and to enter freely into legal commitments such as buying and selling 

property (Bachelet, 2018). Sendi et al. (2015) state that disabled people, despite their 

relative abundance, are exposed to various forms of obstruction. Most often, there are 

obstacles in the urban environment and obstacles to the accessibility of information 

and communications. 

Countries of the European Union have adopted several measures in this area, 

relevant legal acts, and by-laws, but the adopted legislation, strategic documents, and 

the ratification of international conventions do not yet represent the real situation in 

practice (Uldry, 2016). European countries implement the adopted laws inefficiently 

and poorly. Control over implementation is imperfect and incomplete. According to 

Manyanye (2015), public toilets accessible to people with disabilities constitute the 

biggest problem. Public restrooms are arranged irregularly. 

When we come out of the law, we can quickly find that the statutory regulations 

clearly state that every disabled person has the right to unimpeded access, entry, and 

use of facilities in public service and multi-apartment buildings. However, in practice, 

in many cases, it turns out compliance with legislation is ineffective or is a significant 

deviation between the legal basis and the real situation. With the help of statutory 

regulations, the state's commitment represents only the first step towards improving 

the actual situation. The second step is the effective implementation of commitments 

and their consideration in the environment in which we live. 

By using the established model for checking access to buildings of a public 

character, based on legal regulations related to disabled persons, the analysis of the 

suitability of the urban environment in the city center of Celje will be performed. 

 

1.1. Definition of Mobility-impaired disabled persons 

 

When talking about people who have a mobility or physical impairment, the talk is 

about people with reduced ability to move or control movement. As a rule, these 

people need adjustments or help at every step. Types of defects vary in both origin 

and consequence, and persons can be classified into (Disabled persons and persons 

with reduced mobility in public passenger transport [Handbook for Carriers], 2014): 

 persons with spinal cord injury: they have suffered a spinal cord injury 

due to an injury or illness, resulting in a partial or complete loss of all motor 

and sensory functions. Most of these people can only move around with a 
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wheelchair. Paraplegics - persons with spinal cord injury lower than the neck 

level, have untouched upper limbs and can use a hand-operated trolley for 

movement. Persons with damage to the cervical spinal cord - tetraplegics, 

which have chromium upper and lower limbs, or the upper limbs can move 

only partially in the shoulder and elbow, can only be moved by a hand-held 

cart to another person or using an electric carriage. 

 persons with neuromuscular disorders: these are people who have 

suffered from the loss of muscular strength of all firm muscles, limited 

flexibility in the joints, and deformations of the spine. As a rule, there is a 

relatively well-preserved fine hand finger motor with these people, so they 

can perform minimal activities by hand, provided the objects are within 

range. The critical limitation of this group is moving with an electric 

wheelchair. 

 persons with multiple sclerosis: this disease of the central nervous system 

causes motor damage, which is seen as muscle weakness, an increase in 

muscle tone (spasticity), a disorder of coordination of movement, and a 

sensor is also affected. People who suffer from multiple sclerosis move with 

a disability trolley (manual or electric), but their movement is more 

obtrusive because of the nature of the disease. Minimal activities with upper 

limbs are collected, but sufficient finger hand motility is usually low. 

 persons after a head injury or after having a stroke: this disease of the 

central nervous system causes motor damage, which is seen as muscle 

weakness, an increase in muscle tone (spasticity), a disorder of coordination 

of movement, and a sensor is also affected. People who suffer from multiple 

sclerosis move with a disability trolley (manual or electric), but their 

movement is more obtrusive because of the nature of the disease. Minimal 

activities with upper limbs are collected, but sufficient finger hand motility 

is usually low. 

 persons with cerebral palsy: cerebral palsy is a central nervous system 

disorder (the brain - most often it involves bleeding into the brain) that 

occurred before, at, or in the early postpartum period. The motion is 

damaged (it is a spasmodic paralysis of all four or only the lower limbs or 

half of the body); however, there may be additional sensory impairments 

(vision and hearing) and malfunctions of higher nervous activity. People 

with cerebral palsy can be moved by berthing or walking or a wheelchair 

depending on the degree of disability. The severely affected persons with 

cerebral palsy cannot independently control the wheelchair; therefore, they 

need an escort, control, and protection. 

The following chapter shows the degree of physical disability. These rates can 

be classified into four categories. Logaj and others (Logaj, Zadnik, Korenčan, Banko, 

& Antosiewicz, 2014) define the degree of physical impairment on the level of 

disabled people of the first level, representing the lighter mobility of people with 

disabilities. The second level represents a group of people with a moderate mobility 
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disability; disabled people in level three represent a group of people with severe 

physical disabilities. Level four represents a group of people with severe mobility 

impairment. 

 

1.2. Level of mobility impairment 

 

The levels of mobility impairment are divided into four categories, which will 

be presented below. The authors of the publication entitled educational program for 

physically challenged children and adolescents in the daily form of training, describe 

these categories as follows (Logaj, Zadnik, Korenčan, Banko, & Antosiewicz, 2014): 

 Level I - mild mobility impairment: movement disorders cause mild 

functional impairment. They also walk longer distances independently; they 

may have difficulty running and walking longer on uneven terrain. They are 

independent in all daily activities, except for those that require the excellent 

skill of both hands. They do not depend on accessories, and they need minor 

adjustments (chair, table, dress). 

 Level II - moderate mobility impairment: movement disorders cause mild 

functional impairment. They walk shorter distances independently; some 

use aids (special shoes, orthoses, crutches). They have problems on uneven 

terrain and stairs where they are slower as they need control or grip. They 

can use an active wheelchair or orthopedic bike for longer distances or help 

and supervise another person for longer distances. Fine motor skills are not 

significantly disrupted. For more demanding daily activities, they need 

supervision and support. They manage any incontinence on their own 

without any interventions; they just need control. 

 Level III - severe motor impairment: movement disorders can cause more 

severe functional impairment. Walking short distances without aids is not 

possible or. Not functional. Some use orthoses and stilts for shorter distances 

part of the day. For most of the movement indoors and outdoors, they need 

a hand-powered wheelchair or. An orthopedic bicycle or the assistance of 

another person. Walking up the stairs is very difficult or not possible. Fine 

motor skills are impaired and interfere with useful hand function. They 

regularly need partial help with daily activities. Likely, incontinence is 

regulated by self-squeezing of the bladder or intermittent self-

catheterization. 

 Level IV - severe motor impairment: very severe movement disorders 

cause complete functional dependence. They are not capable of independent 

movement or. They only move with an electric wheelchair. They need 

specially adapted accessories for sitting. They are capable of little functional 

hand movements. Some need special feeding adjustments (probe, 

gastrostomy) or respiratory support (tracheostomy, assisted ventilation 

through a tracheostomy or nasal mask, oxygen). They depend on outside 

help for all their daily chores, some of which feed themselves in part. 
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Possible incontinence is severe and requires catheterization or editing with 

the help of another person. " 

 

1.3. Review of legislation and definition of criteria in EU 

 

The main instruments for assessing the accessibility of publicly owned 

facilities are the rules, regulations, and standards that specify the requirements for 

ensuring barrier-free access. In the Republic of Slovenia, the area is managed by the 

Equalization of Disabled Persons Act, the Rules on minimum technical requirements 

for providers of social security services, the Rules on the equipment of railway 

stations and stops, the construction legislation, the Rules on the Requirements for 

Providing Unauthorized Access, Entry and Use of Facilities in Public Use and Multi- 

buildings, rights and obligations of persons with reduced mobility in rail traffic, rights 

and obligations of persons with reduced mobility in bus and coach transport, and the 

Road Transport Rules. In the following paragraph a clear table of the laws and critical 

regulations related to physically disabled persons will be presented. According to 

Sendi et al. (2015) accessibility is necessary and enables the integration of disabled 

people into the family, working, and broader social environment. Therefore, 

accessibility is essential from the point of view of social inclusion and a prerequisite 

for promoting political and civil rights. Table 1 below presents a set of all legal acts, 

regulations and instructions that are present in the territory of the European Union 

and the Republic of Slovenia. 

Table 7. Set of legal acts, regulations, and instructions 

Legislation, regulations, 

acts, ISO 

Focus Detailed regulation 

 Rights of Persons 

with Disabilities 

(CRPD)  

 EU directive 

2016/2102 on the 

accessibility of 

website and mobile 

applications of public 

sector bodies 

 European 

accessibility act, EU 

directive 2019/882 

 EU directive 

2000/78/EC 

establishing a general 

framework for equal 

treatment in 

 Prohibition and 

elimination of 

discrimination 

against persons with 

disabilities in the 

way of equal 

opportunities  

 Prohibition of 

discrimination in the 

access of people 

with disabilities to 

facilities in public 

use (urgent 

adjustment) 

 Allowed access to 

various services 

 Surface suitable for 

disabled person 

(length 1,50 m, 

width 1,20 m, 

height 1,50 m) 

 Cross slope 3 % 

 An appropriate 

slope angle with 

respect to its length, 

the maximum 

recommended 

inclination is 8.3 % 

and 1:12 

 A ramp of at least 

1200 mm width, 

between the 
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employment and 

occupation 

 European Pillar of 

Social Rights 

 European Semester 

 EU disability card 

 EU parking card 

 EC 1107/2006 

 Zakon o 

izenačevanju 

možnosti invalidov 

(ZIMI) 

 Zakon o 

uresničevanju načela 

enakega 

obravnavanja 

(ZUNEO) (Uradni 

list RS, št. 93/2007) 

 Zakon o delovnih 

razmerjih (ZDR-1) 

(Uradni list RS, št. 

21/2013) 

 Zakon o zaposlitveni 

rehabilitaciji in 

zaposlovanju 

invalidov  (ZZRZI-

UPB2) (Uradni list 

RS, št. 16/2001) 

 Zakon o 

preprečevanju nasilja 

v družini (ZPND) 

(Uradni list RS, št. 

16/2008) 

 Zakon o urejanju 

prostora (ZureP-1) 

(Uradni list RS, št. 

110/2002) 

 Zakon o prostorskem 

načrtovanju 

(ZPNačrt) (Uradni 

list RS, št. 33/2007) 

 Odločba o 

razveljavitvi 4. člena 

iz pravilnika 97/2003 

 Respect for human 

rights 

 Exercising the right 

to technical 

assistance 

 Accessibility of 

goods and services 

 Fines in relation to 

regulatory violations 

 The inclusion of 

disabled people in 

education 

 Access to 

information for 

people with 

disabilities 

 Access to cultural 

goods and cultural 

heritage 

 The right of people 

with disabilities to 

public passenger 

transport 

 Co-financing 

specific social 

programs for the 

integration of people 

with disabilities into 

society 

 Dimensioning the 

surfaces 

 Obligatory design of 

objects on the way 

of smooth 

movement of 

physically disabled 

persons 

 Precisely defined 

technical 

requirements, 

conditions, and 

norms in relation to 

disabled persons 

handrails, must be 

at least 1000 mm 

 Contrast colors of 

the edges and 

platforms of the 

ramp 

 From 3 % to 6 % of 

the longitudinal 

slope, at a distance 

of up to 30 m, an 

adequate resting 

point of 3 m in 

length and a 1.5 % 

inclination 

 Footpaths without 

communication and 

built-in obstacles 

 Mandatory direct 

connection to the 

level of the 

sidewalk and the 

edge of the road 

 Recommended 

width of the access 

path 1800 mm 

 A solid and non-slip 

road 

 Marked change in 

the width of the 

sidewalk 

 Deep sidewalk to 

the level of the road 

 Deepening the 

sidewalk at the 

pedestrian crossing 

 Reserved parking 

spaces within a 

distance of 50 m 

 Parking place width 

3900 mm and 

length 5400 mm 

 Properly marked 

parking space 
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(Uradni list RS, št. 

77/2009) 

 Odločba o 

razveljavitvi 4. člena 

iz pravilnika 97/2003 

(Uradni list RS, št. 

77/2009) 

 Pravilnik o 

projektiranju cest 

(Ur. l. RS, št. 

92/1999) 

 Zakon o prostorskem 

načrtovanju 

(ZPNačrt) (Uradni 

list RS, št. 33/2007) 

 Pravilnik o zahtevah 

za zagotavljanje 

neoviranega dostopa, 

vstopa in uporabe 

objektov v javni rabi 

ter večstanovanjskih 

stavb ((Uradni list 

RS, št. 97/03, 33/07 

– ZPNačrt, 77/09 – 

odl. US in 61/17 – 

GZ) 

 Pravilnik o 

minimalnih tehničnih 

zahtevah za izvajalce 

socialnovarstvenih 

storitev (Ur. L. RS, 

št. 36/04) 

 Pravilnik o 

opremljenosti 

železniških postaj in 

postajališč (Ur. l. RS, 

št. 88/07). 

 Uredba (ES) št. 

1371/2007 

Evropskega 

Parlamenta in Sveta 

z dne 23. Oktobra 

2007 o pravicah in 

obveznostih potnikov 

 Enabled access to 

public spaces 

 The adequacy and 

availability of 

sanitary facilities 

 Defined surfaces 

along the road 

 SIST ISO / TR 9527 

 Access path 

 Entrance to the 

building 

 Parking 

 Sanitary facilities 

 Rampage 

 Vertical and 

horizontal 

communications 

 The land 

configuration 

according to 

availability for 

physically impaired 

persons 

 Observes the law on 

the construction of 

buildings 

 Infrastructure: 

Defined parking 

space for disabled 

persons, Intended 

access for disabled 

persons 

 A customized place 

to buy a ticket 

 An arranged route to 

the platform (ramp, 

stairs, lanes, 

elevators and lifting 

platforms) 

 Standard SIST EN 

81-40 

 The parking height 

is between 800 and 

1100 mm 

 Main entrance 

without obstacles 

 The aligned 

threshold in front of 

the main input 

height up to 20mm 

 Recommended door 

width between 900 

mm and not less 

than 850 mm 

 Flat staircase frame 

 The minimum 

width of the steps is 

1200 mm 

 Width between the 

holders 1000mm 

 Step height max. 

150mm, stair depth 

at least 300mm 

 Holder height min. 

850 to max 

1000mm 

 Stairs to the max. 

16 

 Good lighting on 

the stairs 

 Elevator: minimum 

cabin size 1100 x 

1400 mm, if only 

one elevator is 

installed in the 

building 

 Lift minimum size 

of at least one cabin 

1100 x 2100 mm, if 

at least two lifts are 

installed in a 

building above 8 

floors 

 The width of the 

entrance to the 
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v železniškem 

prometu 

 Uredba (EU) št. 

181/2011, katera 

obravnava pravice 

invalidov in oseb z 

zmanjšano 

mobilnostjo 

 Uradni list RS, št. 

82/13 

 Slovenski standard 

SIST ISO 

21542:2012, Gradnja 

stavb – Dostopnost 

in uporabnost 

grajenega okolja (v 

času priprave 

priročnika dostopen 

le v angleškem 

jeziku) 

 Strategija o 

dostopnosti 

Slovenije. 

Nacionalne 

usmeritve za 

izboljšanje 

dostopnosti 

grajenega okolja, 

informacij in 

komunikacij za 

invalide 

 Akcijski program za 

invalid 2014–2021 

 Accessories for 

wheelchair access 

and exit 

 Elevator 

 The defined path to 

the platform for 

physically disabled 

people 

 Defined information 

and accessibility of 

these 

 Defined liability and 

liability of carriers 

 Definition of rights, 

protection, and 

assistance to persons 

with disabilities 

(Station assistance, 

train assistance, 

conditions for 

providing 

assistance, right to 

transport, 

information, 

accessibility) 

 General rules on the 

enforcement agent 

 Compensation for 

mobility equipment 

and other special 

equipment 

 The right to 

transport 

 Exceptions and 

special conditions 

 Accessibility of 

information 

 Determination of 

stations 

 The right to 

assistance 

 Conditions for 

providing assistance 

elevator cab is 900 

mm and must not be 

less than 800 mm 

 The length of time 

for opening the 

door for a safe and 

smooth transition 

 A horizontal holder 

in the cabin at a 

height between 800 

and 950 mm 

 Control panel in the 

elevator from 900 

to 1200 mm 

 The appropriate 

spatial arrangement 

of the lifting 

platform at or on 

the stairwell, if it is 

not possible to 

mount a ramp or 

elevator to 

overcome the level 

differences 

 Sufficient space for 

maneuvering from 

access to the lifting 

platform or 

descending from it 

 Clear and simple 

instructions for the 

use of the lifting 

platform together 

with information on 

assistance 

 The appropriate 

height of the bell to 

call the assistance 

when using the 

lifting platform 

 Minimum platform 

size 1100 mm x 

1400 mm for safe 

use with hand and 
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 Training 

 Defined 

compensation for 

wheelchairs and 

other equipment 

 Definition of 

beneficiaries for 

issuing a parking 

card for the disabled 

 Definition of 

parking lots 

 Definition of access 

to buildings 

 Definition of path 

width 

 Defining the ramp 

 Elevator definition 

 Hall 

motorized 

wheelchairs 

 Easy use of the 

lifting platform and 

its controls 

 Sufficient space for 

maneuvering before 

and behind the 

information desk 

(minimum 1500 

mm x 1500 mm, 

recommended 1800 

mm x 1800 mm) 

 The appropriate 

height of the 

counter is between 

740 and 800 mm or 

at least 1/3 of the 

counter at this 

height 

 At least one adapted 

sanitary space with 

the appropriate 

marking of the 

route and the door 

with the 

international 

symbol 

 Recommended door 

width 850 mm, but 

not less than 800 

mm 

 The doors are 

opening outwards 

from the room 

 Door locking 

system from the 

inside 

 The horizontal 

handle on the inside 

of the door at a 

height of 700 mm 

for easy closing 
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 Sufficient sanitary 

space for 

wheelchair 

maneuvering 

(minimum width 

1700 mm and depth 

2200 mm, in case of 

corner sanitary 

space 

 A sanitary bowl at a 

height between 400 

and 480 mm 

 An empty space 

with at least one 

side of a toilet bowl 

with a width of 

1200 mm 

 Console washbasin 

at a height of 750 to 

850 mm from the 

ground 

 A tilt mirror with a 

lower edge at a 

height of 900 mm 

from the ground 

 A hanger at a height 

of 1050 to 1400 mm 

from the ground 

 

 

2. METHODOLOGY 

The research was conducted with cooperation with Laboratory for 

sustainable logistics and transport, as well as prior cooperation with the Institute 

Vozim and the Society of Paraplegics of the South-East Steyer region. In the 

research's theoretical part, firstly, scientific literature was reviewed. Carefully the 

legislation, regulations, and regulations governing the rights of people with 

disabilities were studied. A set of critical legal regulations (Table 1) was prepared, 

which allow normal movement of physically disabled persons with wheelchairs. 

Based on legal regulations and ISO standards, Model 1 was designed (Figure 1) to 

check the appropriateness of public institutions' adjustment and access to disabled 

people. The research was limited to the city center municipality of Celje (MOC). 

Also, model POM was used. With a set of crucial regulations from a predefined 

model, and POM survey a map and a rating sheet was prepared and later performed 
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a snapshot of a restricted area. Based on the obtained data, the data was analyzed that 

was subsequently interpreted and graphically displayed in the continuation of the 

research.  

A descriptive research method was used. The research approach is 

quantitative empirical research. An assessment table was created to assess 

accessibility. The evaluation table was formed based on the requirements previously 

established by reviewing legislation and regulations. The rating table evaluates eight 

accessibility elements. Individual accessibility elements were assessed numerically 

with YES (accessible) and NO (inaccessible) ratings. Ratings are provided with 

descriptive criteria for each accessibility element. In addition to the evaluation table, 

orientation questions to help with observation and evaluation were also compiled. 

The objectives of the study were to determine do the selected public buildings in the 

city of Celje have adapted: accesses to the buildings themselves (path to the entrance 

to the building, parking lot), adapted entrances to the building, accessible and adapted 

elevators, accessibility, and adapted toilets. It was also determined which elements of 

accessibility of selected public buildings in the City of Celje are the most suitable or 

the least appropriate and are following the law. 

 

Model 1 development 

The scenario is crucial for building a model. Knowledge of the types of 

entities and phenomena in the model is presented as sample fragments. The model 

scenario consists of the appropriate fragments that define the process. The model must 

contain the contents of the scenario and the task limit (Forbus, 2008). 

Based on the abovementioned facts, the development of the model was 

undertaken systematically. The legislation's scope was studied and the key parameters 

that were structurally classified in the database were defined (Table 1). After 

determining a database (regulations, regulations, ISO, and laws), the scenario has 

been modeled. The model itself is based on the definition of an area where, using a 

map, the area's boundaries to be studied were accurately determined. When a space 

was defined, the points that has been check below were determined. In our case, 

public buildings, museums, music schools, parks, access roads, parking lots, ATMs 

were scoped. After selecting a point, the focus was on checking the situation using 

specific basic parameters. The basic parameters are related to the database of 

theoretical data (prescribed criteria in the field of regulations, legislation, acts, 

regulations, ISO standards in the area of physically impaired persons). After 

reviewing the base and the real state at a predetermined point, the decision model was 

used (Is compliant - YES, not compliant - NO), comparing the record's natural form 

with the static state from the base data. Based on the obtained result, the analysis of 

data was performed, and the results were given. 
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Figure 12. Model 1 

 
 

Sampling procedure according to model 1 

The research and test of the model was limited to the area of the city center 

of Celje. The city core was divided into four areas, as shown in Figure 2, 3, 4, 5. 

Collected data for each area were merged into a table using the Excel software tool. 

In the end, the obtained information was analyzed and interpreted and the results were 

graphically shown. Below is a list of all the locations that were analyzed. The points 

below are shown (Figure 2, Figure 3, Figure 4, Figure 5), which were carefully studied 

using pre-set criteria and parameters. 
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Model 2 development 

Next method used in this research was POM (problem-oriented method) method. 

According to Shahraki (2020), this method is used in many studies in the field of 

urban planning. Thus, as part of the research, 40 public buildings out of all observed 

buildings were analyzed. 

With the help of the mentioned method, the real situation and suitability can be 

determined, which refers to the accessibility of the disabled. Thus, according to the 

standards and regulations, a questionnaire was compiled, which was filled out by 

disabled people from the Association of Paraplegics who were present at the research. 

Based on the model, many possibilities can be assessed and at the same time many 

criteria can be considered. The model thus provides a comparative technique for 
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comparing buildings with the optimal structure. The model is based on the following 

equation (Shahraki, 2020): 

 

Bi = ∑ wj𝑎𝑖𝑗

𝑛

𝑗=1
      𝑖 = 1,2,3, … . . , 𝑚  (1) 

 

WBS represents the sum of the building weights. The criteria for the detailed 

assessment were presented with the measurements performed and the personal 

experiences of the disabled. In Equation 1, the number of buildings (m) was 

quantified, the standard (n) was determined by measuring, and then whether the 

building met the needs of the disabled was decided. The building is most suitable 

when it reaches the highest weight rating. Number 1 was assigned as the lowest 

weight (does not meet standards) and 10 the highest weight (meets all regulations and 

standardization). It was also emphasized that Wj represents the standard weight Sj 

and that aij is the executive coefficient in evaluating and scoring Bj according to the 

standard Sj. The sum of the weighted significance of Bi is determined by the 

following equation (Shahraki, 2020): 

 

B𝑖(T) = ∑ 𝑊𝑗𝑎𝑖𝑗
𝑛

𝑗=1
      𝑖 = 1,2,3, … . . , 𝑚  (2) 

 

To build the model, 40 buildings as a sample community for measurement were 

used and are represented by Table 2. In the following Table 3 six indicators (Si) are 

presented. The sum of the indicators is 100 %. Table 4 shows 40 buildings with 

defined index groups. In this matrix, the weight of each group of indicators is 

determined for each building based on the ideas of the transponders. The right column 

of Table 4 calculates the total weight of each building as follows (Shahraki, 2020): 

 

WS of B0 = (16 x 0,16)  (18 x 0,18)   (18 x 0,18)  (17 x 0,17)  (17 x 0,17)    

                     (14 x 0,14) = 16,78  (3) 

WS of B1 = (8 x 0,16)  (8 x 0,18)   (10 x 0,18)  (7 x 0,17)  (10 x 0,17)    

                     (10 x 0,14) = 8,81  (4) 

WS of B2 = (4 x 0,16)  (6 x 0,18)   (3 x 0,18)  (7 x 0,17)  (2 x 0,17)    

                     (8 x 0,14) = 4,91   (5) 

… 

 

WS of B40 = (4 x 0,16)  (5 x 0,18)   (7 x 0,18)  (8 x 0,17)  (5 x 0,17)    

                     (0 x 0,14) = 4,91  (6) 
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Table 2. Analyzed buildings 

Address of building Symbol 

Address of 

building Symbol 

Oblakova ulica 1 B1 Mariborska c 2 B21 

Ljubljanska c. 12 B2 Mariborska c 7 B22 

Ljubljanska c. 14 B3 Kosovelova ul. 4 B23 

Gregorčičeva ul. 2 B4 Kosovelova ul. 1 B24 

Gledališki trg B5 Kosovelova ul. 2 B25 

Trg Celjskih knezov B6 

Prešernova ulica 

27 B26 

Trg Celjskih knezov 

8 B7 Prešernova 18 B27 

Prešernova ulica 22 B8 Miklošičeva ul. 4 B28 

Stanetova 13a B9 Prešernova ul. 20 B29 

Stanetova ul. 3 B10 Prešernova ul. 23 B30 

Muzejski trg 1a B11 Jurčičeva ul. 6 B31 

Slomškov trg 10 B12 Razlagova ul. 14 B32 

Krekov trg 4 B13 Mariborska c. 3 B33 

Slomškov trg 2 B14 Aškerčeva ul. 20 B34 

Ulica XIV divizije 12 B15 Stanetova 15 B35 

Gubčeva ulica 1 B16 Cankarjeva 1 B36 

Krekov trg 1 B17 Krekov trg 3 B37 

Krekov trg 6 B18 Aškerčeva 12 B38 

Prešernova ulica 8 B19 Vodnikova 4 B39 

Krekov trg 9 B20 Krekov trg 7 B40 

 

 

Table 3 shows indicators and assigned weights, which were taken into 

account when using the POM methodology Numerical weight of indices (%). 

 

Table 3. Numerical weight of indices in connection with indicators 

Indicators S1 

(%) 

S2 

(%) 

S3 

(%) 

S4 

(%) 

S5 

(%) 

S6 

(%) 

WS 

(%) 

Numerical weight of 

indices (%) 

16 18 18 17 17 14 100 
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3. RESULTS 

In the chapter of results, data were analyzed from the obtained from field 

monitoring with help of model 1 and model 2. Current status of the inspected 

locations in the field was checked, using a predetermined legend. The following 

properties were observed: 

 entrance to the building, 

 access to the entrance, 

 parking, 

 road obstacle, 

 ramp, 

 stairs, 

 elevator, 

 ATM. 

Firstly, the data obtained from the performed snapshot of model 1 was analyzed. 

The city of Celje was divided into four areas.  Each area's data were merged using the 

Excel software tool. With the help of the analysis Chart 1 was generated. 

 

Chart 1. Percentage display of the landscaped area 

 
 

Chart 1 shows the percentage display of the arrangement of the examined area. 

Out of all selected locations, which were 76, 56 sites were able to handle and observe 

the entrances. According to the given criteria, it was estimated that there are 45 sites 

or 80 % of the locations, a well-arranged entrance, suitable for entry for persons with 

reduced mobility. In contrast, 11 places, 20 % of places have no regulated entrance, 

suitable for reduced mobility. It was also discussed whether the area is accessible for 
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people with reduced mobility. It was dealt with a total of 69 locations. It was founded 

that 42 sites or 61 % of the places are regulated access, while 27 sites, or 39 % of 

them have nothing to do with it. The situation, in this case, is significantly worse than 

at the entrances. It can be said that about 20 % more are unregulated access compared 

to unregulated inputs. The graph also shows the percentage of the slopes' arrangement 

and disorder in 63 locations that were discussed. 20 places out of 76 rated or 32 % 

have an appropriately raised ramp for physically disabled people. 43 locations or 68 

% of observed sites do not have a proper ramp. ATMs among the selected areas were 

also included. The total number of ATMs counted was 7. Only 2 or 29 % ATMs have 

regulated access and adjusted height, the other 5 or 71 % do not have proper 

arrangements. The graph also shows the number and percentage of the stairs' 

arrangement and disorder in all 76 selected locations. Among all selected sites, 49 

locations have stairs at the entrance to the building. More than half of the observed 

sites, i.e., 55 % or more. 27 places have no arranged staircase for convenient access 

and entry into the building for physically disabled persons. 22 sites or 45 % have a 

stairway put. The graph shows the percentage of lifts present in selected places. All 

the locations that were dealt with are 54. 39 places or 72 % does not have an elevator 

while 15 sites or 28 % of them have the elevator. In 62 places, out of a total of 76 

locations, car parks designed for people with disabilities were observed. Only 23 sites 

or 37 % have a parking lot for persons with disabilities; 39 locations or 63 % do not 

have a suitable car parking area. 

The next step shows the results obtained using the POM model 2. Based on the 

selected model, it was founded that all 40 selected buildings (Table 4) according to 

the alternative curve are not entirely suitable for the disabled. However, it should be 

noted that the assessed buildings have varying degrees of suitability. The following 

Table 4 shows the results, which were performed with the help of a snapshot of the 

real situation and were assessed by disabled people with the regulatory data 

considered. This is how the ratings are shown. Based on the use of the POM 

methodology, the calculated WS data are also shown, which also considers the 

weights. 

 

Table 4. Matrix 40 buildings and 6 standards 

Indicator  

building S1 S2 S3 S4 S5 S6 WS 

B1 8 8 10 7 10 10 8.81 

B2 4 6 3 7 2 8 4.91 

B3 8 6 3 6 4 5 5.30 

B4 8 7 8 8 7 7 7.51 

B5 4 4 5 4 5 5 4.49 

B6 10 7 10 8 8 8 8.50 

B7 4 4 5 8 5 6 5.31 

B8 8 8 2 8 3 3 5.37 

B9 5 5 7 3 6 0 4.49 
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B10 6 6 5 3 5 0 4.30 

B11 8 2 4 10 5 10 6.31 

B12 2 2 0 4 0 0 1.36 

B13 6 7 6 7 5 6 6.18 

B14 2 3 4 2 3 0 2.43 

B15 3 4 3 2 2 0 2.42 

B16 8 2 6 3 8 10 5.99 

B17 5 4 6 8 2 0 4.30 

B18 6 6 7 3 7 10 5.00 

B19 4 4 6 4 6 5 4.84 

B20 6 6 3 6 5 6 5.29 

B21 6 6 5 6 6 0 4.98 

B22 8 8 8 7 4 10 7.43 

B23 6 6 4 6 4 10 4.46 

B24 4 4 3 4 4 0 3.26 

B25 4 5 3 4 4 0 3.44 

B26 7 7 7 7 8 10 7.59 

B27 2 2 3 5 6 6 3.93 

B28 3 5 6 4 5 8 4.83 

B29 6 7 4 4 6 8 5.48 

B30 6 8 6 4 4 7 5.82 

B31 7 7 5 6 7 8 6.33 

B32 3 4 4 5 6 7 4.77 

B33 5 6 5 6 7 0 4.99 

B34 3 4 3 5 4 0 3.27 

B35 3 4 3 6 6 0 3.78 

B36 6 2 6 7 8 0 4.95 

B37 4 4 3 5 5 8 4.72 

B38 4 5 4 6 6 7 5.28 

B39 5 6 5 7 8 0 5.33 

B40 4 5 7 8 5 0 5.01 

B0 16 18 18 17 17 14 16.78 

 

As you can see from Table 4, however, the total weight of each building is low 

between an average of 8 and 2. Consider 16.78 as the total weight of an ideal building 

suitable for the disabled. Figure 6 illustrates this fact graphically. The last dot on the 

right side of Figure 6 shows the curve of the optimal number 16.78 (B0). 

The curve in Figure 6 shows that all buildings are lower than the optimal 

number. There are many differences between the 40 buildings. Some are far from 

capable and stand at a minimum point of about 1 weight. Some show up to about 8, 

which is 50 % of the desired number. The curve generally shows that the studied 

buildings do not meet the needs of the disabled. 
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Figure 6. Assessment of the building according to the POM model 

 

 
 

As an example, building B1 is one of the more organized and disability-friendly 

health facilities and is rated with an average score of 8.81. Due to the location itself, 

the building has remote packing areas, some ramps are not entirely suitable or is too 

much inclination. In the building, certain front doors do not open well. Toilets and 

elevators are suitable. 

The health facilities also include the B4 building, which has an average rating 

of 7.51. Here it was possible to notice that the toilet contains handles, which prevents 

access for people with reduced mobility on wheelchairs. It was also founded that the 

elevator could be wider. Access, entrance, and ramp are appropriate, but the 

regulations dictated by law are not fully complied with. There are deviations. 

The public buildings were also observed. Building B2 represents the Police 

Office and has an extremely poor entrance to the building, an unsuitable ramp, too 

far a parking space, an unsuitable toilet, and a narrow elevator. Thus, the average 

score building is 4.91. Building B3 has a score of 5.3. In this case, the toilets and 

ramp are very poor. Buildings B5, B6, B7, B8 are below average. Church B14, B29, 

Museum B30, B32, B35, B37 and B38. The lowest rated is building B12, which 

represents spiritual care. Access is almost impossible here due to the granite base, 

unsuitable ramp, no adequate toilet, no elevator, and there is also an unsuitable 

parking space that is too narrow. A very low standard is achieved by building B34 

(public passenger transport), which has extremely poor access, and access to the toilet 

was denied during the observation, despite requests. The building does not have an 

elevator, the entrance to the building is narrow. Among all the observed buildings, 

the mentioned building represents one of the least arranged buildings of public 

character. 

Business buildings B10, B15, B16, B17, B18, B19, B28, B30, B33 according to 

the criteria also achieve a below-average rating, which ranges from an average rating 
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of 5. In most cases, access to buildings is poor, ramps are not made according to the 

criteria, security fences are missing, buildings have narrow entrances and unsuitable 

toilets, which are otherwise intended for the disabled, but do not meet the prescribed 

criteria. Among all the observed buildings, the B26 building, which has average 

access, has a slightly steep slope, and in other criteria it achieves an average rating, 

but the mentioned building has the only elevator that meets all the prescribed criteria. 

An assessment of Educational Institutions marked with B21, B22, B23, B24, 

B25, B27, B36 was performed. It was founded that the buildings are rated with an 

average rating of 6.23. The B22 building has the best rating, namely 7.43. Which 

represents one of the higher grades than all the assessed buildings. It was found that 

access to buildings, entrance width and unsuitable ramps are largely a problem with 

selected buildings. It was also found that buildings have toilets intended for the 

disabled, but toilets are not built entirely according to regulations dictated by law.  

 

 

4. DISCUSSION 

 

In the first phase of research, physically disabled persons and the degree of their 

disability were identified. It was found out that physically disabled persons are 

classified into four groups, from minor motion disorders (Level I) to those who are 

utterly incapable of movement (Level IV). The forms of disability were briefly 

summarized. In the second phase of the research, a review was performed in this field 

of legislation. It was discovered that legislation in this area is well defined by the 

European Union and the Republic of Slovenia. It can be concluded that all citizens 

have the same rights, which means that all have the right to unimpeded access, entry, 

and use of facilities in public service and multi-apartment buildings. The problem 

often arises in the enforcement of laws, so contractors must subsequently correct 

completed construction projects, which increases costs. 

A snapshot was also performed in the core of the town of Celje. The previously 

defined area from the roundabout on XIV Street Divisions, past the train station to 

the Faculty of Logistics and then past the General Hospital Celje and the MOC 

embankment were examined. 40 locations of a public character were checked. On 

each of the identified locations, the entrance, accessibility to the building, possible 

loggia, elevator, toilet, and parking were examined. 

It was found out that only one of the observed points is completely adapted for 

the movement of physically disabled people. All other locations are inappropriate or 

partially inappropriate for the movement of physically disabled persons. According 

to the recording of the condition of the regulation of buildings in the MOC, it can be 

argued that the main problem lies in the public institutions responsible for the 

issuance of new building permits, any renewal of public institutions, and supervisory 

services (inspections) whose main task is to review plans following the defined laws 

of the Republic of Slovenia, as well as the European Union. According to the current 

situation, it was estimated that the current state of accessibility of physically disabled 
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persons in the MOC is not satisfactory or is not following the prescribed laws, 

regulations, acts, and ISO standards. The routes to the city center of Celje are poorly 

regulated, and the entry and exit from them are hindered or impaired. In other words, 

they are too harsh. Paths that are paved additionally make it difficult to overcome the 

route to the desired location and back. 

The research results showed that access to buildings is best adapted for public 

buildings, followed by entrances to buildings, then the interior of facilities and toilets 

proved to be the least adopted. The architectural barriers most encountered in 

accessing buildings were different height differences (e.g., stairs, too high curbs, 

shallow sidewalks, steep slopes). Also, some parking lot facilities did not have 

properly arranged accessible parking spaces or did not have enough of them. At the 

entrances to the buildings, the buildings' entrance doors, which were either too 

difficult to open, too narrow, or had the hook placed too high for a person in a 

wheelchair to reach, often proved to be unsuitable. Stairs and too high thresholds and 

the lack of space in front of the entrance door for maneuvering with a wheelchair also 

often proved to be an architectural obstacle at the entrance. Inside the buildings, the 

biggest problem is the stairs between the floors or the elevator's absence. 

Since several types of public buildings were included in the research, point of 

interest was also to find out whether individual types of buildings differ in terms of 

accessibility. An analysis of the results showed that the answer to this question is yes. 

In terms of arithmetic mean, buildings for trade and services and facilities for 

healthcare proved to be the most accessible, followed by office buildings, 

entertainment buildings, and educational buildings, while structures for transport and 

communications proved to be the least accessible. These results are consistent with 

the surveys conducted by Sendi et al. (2012) with persons with disabilities. Namely, 

they feel the least built obstacles in health and social care (hospitals, health centers, 

homes for the elderly), while in the field of public transport, they feel many obstacles, 

especially in intercity passenger transport. 

To conclude, it is necessary to regulate the main routes in the future, which 

would allow physically disabled persons to access public buildings easier. It is also 

essential to arrange or inspect slopes of slopes, accessibility to buildings, and toilet 

facilities, as they do not comply with the prescribed standards. 

Due to time constraints, only the existing situation in the center of Celje was 

checked. At the same time, only a public character, including the bank, the post office, 

the municipality, the schools, the museums, the hospital, the railway station, the bus 

station, the ATMs, and some sections of the footpaths were considered. For further 

research in the mobility of people with disabilities, it would be suggested that the 

research focus on other forms of disability or other restrictions. For further research 

it is recommend that, blind and visually impaired, deaf, and deaf-blind people could 

identify accessibility problem using the model. It is suggested that an overview of the 

remaining infrastructure and facilities, such as shops, shopping centers, parks, or the 

city's broader area, and others not so often visited, are nevertheless essential objects, 

is made. To facilitate and better understand the importance of landscapes, facilities, 
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and routes, all the stakeholders above should also be included in the survey of the 

current status and have other experts closely related to the topics of any disability. It 

could also be focused on the means of transporting itself in the sense that all the 

necessary elements that disabled persons need to check for the smooth and safe 

overcoming of distances either of their means of transport or public transport. As an 

option for further research, it would be interesting to include facilities from other 

regions and to check the differences between individual parts. It would also be 

interesting to analyze the impact of legislation regulation on the actual situation 

regarding accessibility. Many problems stem from legislative shortcomings that need 

to be addressed to improve practice. It would also be interesting to expand the 

research to cover a wider outdoor built environment. One of the key elements in all 

this is undoubtedly the voice of people with special needs, so it would make sense to 

include more of them in researching the accessibility of the built environment. 
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Abstract 

 

The primary aim of this paper is to analyse and estimate the volume of public 

passenger transport in the Northern Adriatic functional region. Its purpose is to 

estimate the volume of public urban traffic between the major centres of the 

functional region. The paper’s main hypothesis is: The establishing of functional 

regions should contribute towards gaining a higher level of transport interaction, 

within each of the regions as well as within the entire territory of Croatia. To 

accomplish the objective and purpose of research and prove the set hypothesis, 

several scientific methods were applied, in particular the analysis and synthesis 

method and the mathematical method. The research results are based on a computer-

supported gravity model. The paper’s main finding points to the modest volume of 

public passenger transport between major county centres in the Northern Adriatic 

functional region, which is mostly based on road transport, that is, bus transport, 

which is neither ecologically nor economically acceptable.  

 

Keywords: public passenger traffic, Northern Adriatic functional region, gravity 

model  
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1. INTRODUCTION 

 

The development of the transport system in the Republic of Croatia is seen as 

exceptionally important for both the country’s economic and social growth, and its 

international connectivity. Although the division of Croatia into counties resulted in 

improved intra-county traffic connectivity, inter-county traffic connectivity has been 

neglected. Hence, the Transport Development Strategy of the Republic of Croatia for 

the period 2017-2030 was devised and adopted. The Strategy divides Croatia into six 

functional regions (FR) characterized by a high level of traffic interaction within their 

respective areas. These functional regions are 1) Central Croatia, 2) Eastern Croatia, 

3) Northern Adriatic, 4) Northern Dalmatia, 5) Central Dalmatia, and 6) Southern 

Dalmatia (Figure 1). With regard to the above, the following working hypothesis was 

formulated: The establishing of functional regions should contribute towards gaining 

a higher level of traffic interaction, within each of the regions as well as within the 

entire territory of Croatia. The aim is to make the public transport of passengers more 

competitive relative to other forms of transport. To prove the hypothesis, this paper 

uses the methods of analysis and synthesis, the methods of induction and deduction, 

the mathematical method and the information modelling method. A computer-

supported gravity model was developed to estimate the volume of public urban traffic 

between the major centres of the Northern Adriatic FR. 

 

 

2. LITERATURE REVIEW 

 

Transportation is often referred to as the lifeblood of cities and regions because 

it provides the essential link of constantly moving population in this area, thereby 

helping to shape the region (Vuchic, 1999, Zelenika, 2001). Public transportation is 

a form of travel offered locally that enables more people to travel together along 

designated routes. Typical examples of types of public transportation include buses, 

trains, and trams. High-speed rails, airlines, and coaches dominate public 

transportation between cities. Regional public transport covers all collective 

passenger transport services excluding most public transport within cities and urban 

centres. In general, regional transport services bring captive riders from lower-density 

and suburban areas to larger city centres and serve small- and medium-sized cities. 

The transition of passengers from public transport to private transport means 

increasing the social costs (Gnap at all, 2006). That means that it's necessery to find 

the effective methods to increase public transport competitiveness. The main aim of 

public passenger transport is to increase the level of mobility. Accordingly, 

organisation of public passenger transport especially in rural areas is a complex 

process. The transport demand in rural areas is often low, which makes it hard to 

establish and run an economically sustainable public passenger transport system 

(Maretić & Abramović, 2020). Public passenger transport can hardly be financed only 

from revenue from fares. This fact is also confirmed by the studies Tscharaktschiew 
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and Hirte (2012), Poliak (2013) or Drevs et al. (2014). Subsides tend to decrease the 

level of fares and increase the frequency of public transport links. Subsidies in public 

passenger transport make sense if they contribute to the improvement of the quality 

of transport or are of help to those for whom they are intended (Pupavac, Krpan, 

Maršanić, 2017). 

As a framework for studying the quality in the public passenger transport 

authors often use elements such as (Hanson, et al., 2019): availability, accessibility, 

information, time, customer care, comfort, safety, environmental impact (cf. table 1). 
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Table 1. Studies about the relative importance of quality attributes in regional public transport 

Reference 
PT 

modes 
Measure 

Travel 

distance 
Cost Availability Accessibility Information Time 

Customer 

care 
Comfort Safety 

Environmental 

impact 

Bouscasse, Joly, & 

Peyhardi, 2016 

Bus and 

rail Modal choice Long x    x  x   
Majumdar & Lentz, 

2012 Bus Modal choice Medium x x i  x x x i i 

Rashedi, Mahmoud, 

Hasnine, & Habib, 

2017 

Bus and 

rail Modal choice Long x i i i i  x   
Zhou, Du, Liu, Huang, 

& Ran, 2017 Bus Modal choice Short i x i x x i x   

Asensio, 2000 Rail Demand N/A i x     x i  
Berežný & Konečný, 

2017 Bus Demand Short    x x i i   
Román, Martín, & 

Espino, 2014 Bus Demand Medium i i  i i i x i  
Eboli & Mazzulla, 

2011 Bus Satisfaction Short i x  x x i x   
Garrido, de Oña, & de 

Oña, 2014 Bus Satisfaction Short i x i x x i i i i 

Grisé & El-

Geneidy,2017 Rail Satisfaction Medium x x x i x i x i  
Guirao, García-Pastor, 
& López-Lambas, 2016 Bus Satisfaction Short  x i i x i i x  

Ramesh, Rao, & 

Sarkar, 1998 Bus Satisfaction Medium i x x  x  x x  
Rojo, Gonzalo-Orden, 

dell’Olio, & Ibeas,2011 Bus Satisfaction Long x x  i i  x i  

Stern, 1981 Bus Satisfaction Short i x   x     
Quality categories included in the analysis (marked by i) and discussed by the authors as being important (x). 

Source: Authors' prepared according: Hansson, J., Pettersson, F., Svensson, H. et al. (2019). Preferences in regional public transport: a 

literature review. Eur. Transp. Res. Rev. 11, 38.
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3. PUBLIC PASSENGER TRANSPORT IN THE NORTHERN ADRIATIC FR  

 

The Northern Adriatic FR is one of the six functional regions of Croatia (Figure 

1). 

 

Figure 1.  Zones for FR analysis   

 
Source: Transport Development Strategy of the Republic of Croatia for the period 2017 – 2030  

 

Public passenger transport in the Northern Adriatic FR is carried out through 

road, rail, maritime, and air transport. With regard to road transport, the functional 

region comprises inter-county, county, and urban passenger transport systems, and is 

served by 469 inter-county lines and 118 county lines with 263 departure points. The 

towns of Rijeka and Pula have urban public transport systems, with Rijeka being 

served by 19 urban lines and 33 suburban lines, and Pula, by 9 urban lines and 5 

suburban lines. The region’s rail passenger transport system is set up through the 

national rail transport system and is served by 43 rail lines. With regard to maritime 

transport in the functional region, public passenger transport is maintained by two 

shipping lines and two fast shipping lines. With regard to public air passenger 

transport, the region is served by three airports, Rijeka Airport, Pula Airport, and Mali 

Lošinj Airport. Daily, these airports have 12 flights on average during the off-season, 

and 41, during the peak season. 

Figure 2 illustrates the major political, economic and cultural centres of the 

Northern Adriatic FR and the distances between them. 

 



Analysis and estimation of the volume of public passenger transport in the Northern Adriatic…  
Drago Pupavac, Ljudevit Krpan and Robert Maršanić 
   

   

598 

 

Figure 2. Number of inhabitants of, and distances by road between, major centres of 

the Northern Adriatic FR  

 

 
Source: Authors’ own construction 

We chose to evaluate public passenger transport between the towns of Rijeka 

and Pula, and Rijeka and Gospić, because these towns are county centres and because 

there are no direct public transport lines connecting, for example, Pula and Gospić, 

or Vrbovsko and Gospić. Rijeka and Gospić are connected by only two daily direct 

bus lines, with departures at 6.00 a.m. and 4.15 p.m. Being the eastern-most point of 

Primorje-Gorski Kotar County, the town of Vrbovsko was selected because it is a 

junction point for road and rail transport between the Northern Adriatic FR and the 

Central Croatia FR. As there is no connection between the railway network of Istria 

County and the railway networks of Primorje-Gorski Kotar County and Lika-Senj 

County, travelling between Pula and Gospić by train, takes from 9 hours and 14 

minutes to as much as 22 hours and 19 minutes, with three layovers, while travelling 

from Pula and Vrbovsko can last from 4 hours and 35 minutes to 17 hours and 50 

minutes, with three layovers. Travelling by rail from Vrbovsko to Gospić can take 

from 2 hours and 56 minutes to 13 hours and 51 minutes, with one layover. These 

numbers suggest that public road transport of passengers is dominant between the 

county centres of the Northern Adriatic FR. 
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4. RESEARCH PROBLEM 

 
The largest issue in the public passenger transport system of the Northern 

Adriatic FR is its exclusive reliance on road transport. Being a relatively large and 

jagged geographical area, with a low number of inhabitants and poor railway 

connections, the Northern Adriatic FR does not favour the development of integrated 

public transport. Accordingly, at present, no novel, innovative, sustainable forms of 

public transport are being implemented in this functional region. Public passenger 

transport is largely based on road transport which is neither ecologically nor 

economically acceptable.  

Another issue is that county and inter-county transport operates solely on a 

commercial basis. Hence, only those lines exist that are considered to be financially 

viable. This has resulted in the very poor public transport coverage (both spatial and 

temporal) of areas that are farthest from the larger towns of the Northern Adriatic FR. 

Over the years, a “vicious cycle” has emerged in this segment, where there is no bus 

service because there are no passengers, and there are no new passengers because 

there is no bus service. The inhabitants of the more remote areas are thus compelled 

to own one or more cars per household, which is not acceptable either financially, or 

economically, or ecologically.  

In general, the public transport infrastructure in the Northern Adriatic FR is not 

in good condition. Investments are needed in railway stations, terminals, bus stops, 

and roads that fail to meet even the minimal requirements for the movement of public 

passenger transport vehicles. In particular, investments are needed in the railway 

infrastructure, which is in very poor condition. Rijeka, the regional centre, is in need 

of a new intermodal passenger terminal (road, rail, ship). The condition of the fleet 

vehicles in bus transport is far from ideal. Most buses serving the Northern Adriatic 

FR are more than 10 years old. The integrated ticketing systems used in public 

transport also are not at the level of those in developed European countries.  

 

   
5. MODEL  

 

The gravity model is the most common formulation of the spatial interaction 

method (Božić, 2009, 118). It is named as such because it uses a formulation similar 

to that of Newton’s law of gravity. The attraction between two objects is proportional 

to their mass and inversely proportional to their respective distance. According to 

Evans (1973), a gravity model for trip distribution describes the number of trips 

between two zones as a product of three factors: 1) zone in which a trip begins, 2) 

zone in which it ends, and 3) the separation between the zones. The separation factor 

is a decreasing function of travelling costs, time of travel, or distance travelled. 

Consequently, the general formulation of spatial interactions can be adapted to reflect 

this basic assumption to form the elementary formulation of the gravity model: 
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𝑇𝑖𝑗 = k
𝑃𝑖𝑃𝑗

𝑑𝑖𝑗
         (1) 

 Pi and Pj - importance of the location of origin and the location of 

destination. 

 dij - distance between the location of origin and the location of destination. 

 k is a proportionality constant related to the rate of the event. For instance, 

if the same system of spatial interactions is considered, the value of k will 

be higher if interactions were considered for a year compared to the value 

of k for one week. 

Thus, spatial interactions between locations i and j are proportional to their 

respective importance divided by their distance.  

The gravity model can be extended to include several calibration parameters: 

𝑇𝑖𝑗 = k
Pi

λPj
α

d
ij
β          (2) 

 P, d and k refer to the variables previously discussed. 

 β (beta) - a parameter of transport friction related to the efficiency of the 

transport system between two locations. This friction is rarely linear as the 

further the movement, the greater the friction of distance. For instance, two 

locations serviced by a highway will have a lower beta index than if they 

were serviced by a regular road. 

 λ (lambda) - potential to generate movements (emissivity). For movements 

of people, lambda is often related to an overall level of welfare. For instance, 

it is logical to infer that for retailing flows, a location having higher income 

levels will generate more movements (customers). 

 α (alpha) - potential to attract movements (attractiveness). Related to the 

nature of economic activities at the destination. For instance, a centre having 

important commercial activities will attract more movements (Rodrigue, 

Comtois, Slack, 2006, 167-168). 

 

 

6. RESEARCH RESULTS AND DISCUSSION 

 
The Northern Adriatic FR encompasses three counties: Istria County, Primorje-

Gorski Kotar County and Lika-Senj County (see Figure 3). 
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Figure 3. Range of the Northern Adriatic FR  

 
Source: Authors’ own construction, after: https://www.google.com/maps 

 

Figure 3 demonstrates that the town of Ogulin (Karlovac County) is in the 

overlapping zone of the Northern Adriatic FR and the Central Croatia FR. Namely, 

Lika-Senj County and Primorje-Gorski Kotar County are connected via Ogulin by a 

rail and road (motorway) transport network. Pula, Rijeka and Gospić are major county 

centres and places regulating public passenger transport within their respective 

counties. 

Of the total number of passengers transported on land on typical days in a year 

in Primorje-Gorski Kotar County, 457 passengers are transported by rail and 72,831, 

by bus, accounting for 99.4% of passengers in land transport. When the number of 

passengers (3,652) carried in maritime transport on typical days in a year is added, 

road transport passengers account for 94.6% of the overall number of passengers in 

public transport; however, as a certain part of road transport also uses maritime, that 

is, ferry lines, a substantial number of the passengers carried in maritime transport are 

also passengers carried in road transport.  

Of the total number of passengers in public transport on typical days in a year 

in Istria County, 633 passengers are transported by rail and 2,418, by bus, accounting 

for 85.3% of passengers carried in road transport.  
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Of the total number of passengers in public transport on typical days in a year 

in Lika-Senj County, 5 passengers are transported by rail and 491, by bus, accounting 

for 99% of passengers carried in road transport.   

The above illustrates the obvious dominance of road passenger transport over 

other forms of transport. These facts suggest that other forms of transport are poorly 

developed and their potential, underutilised. In particular, this applies to rail transport 

and to the inadequate offering of rail lines, within the entire territory of the Northern 

Adriatic FR, that would be able to compete with road transport, that is, the public 

transport of passengers on inter-county and county bus lines. Also evident is the lack 

of a satisfactory public maritime transport offering, particularly with regard to Istria 

County, as there is no maritime alternative to public road transport of passengers, 

such as county or local shipping lines between towns on the west coast of Istria.  

In Lika-Senj County, passengers carried by road transport account for fully 

100% of the total number of passengers in public passenger transport, indicating that 

rail transport has been completely neglected. Hence, there is no demand for travel by 

rail due to the inadequate transport and exploitation features of railway lines and 

networks in this county.  

Being major county centres, Pula, Rijeka and Gospić also regulate the public 

transport of passengers among their respective counties. The potential volume of 

public passenger transport between the centres is estimated using the gravity model, 

which is the best known, the most often used, but also the most disputed model 

(Pupavac, 2017).  

Based on equations (1) and (2) and the data presented in Figure 1, a gravity 

model was developed using the Excel spreadsheet (Table 2). 
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Table 2. Computer-supported gravity model to estimate the weekly volume of public 

passenger transport in the Northern Adriatic FR  

 
Source: Authors' own construction 
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The first and second parts of the table comprise input data: number of 

inhabitants, parameters (α, β, λ), the constant (k), and the distances between the 

various towns in the Northern Adriatic FR. As the values of the parameters and the 

constant (k) are the result of experiential estimation by the authors, objective 

calibration of these values should be the focus of a separate study. The calibration of 

parameters (Naser et. al., 2020) has to be based on real data. Formulas in accordance 

with model (1) in the address field B23:E:23 and model (2) in the address field 

B30:E:33 were pasted into the second part of the table. 

The estimated volume of weekly passenger transport between the above-

mentioned centres is given in field F34 and amounts to 13,733 passengers, or 1,962 

passengers per day. The highest volume of weekly passenger transport was estimated 

for transport between Rijeka and Pula, which is understandable considering these are 

the two largest towns in the Northern Adriatic FR (Figure 5)  

 

Figure 5. Estimated volume of weekly public passenger transport  

 
 

 

7. CONCLUSION 

 

The Northern Adriatic FR is one of six functional regions in Croatia. Functional 

regions were established to improve inter-county transport connectivity and, in turn, 

ensure more balanced transport connectivity within the entire territory of Croatia. 

Public passenger transport in the Northern Adriatic FR consists of road, rail, 

maritime, and air transport. Public road transport of passengers is the dominant form 

of transport, and reasons for this are small numbers of inhabitants, a lacking and 

inadequate transport offering, no connections between railway transport networks, 
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poor transport infrastructure, and the financial unsustainability of certain transport 

lines. The overall volume of public passenger transport is estimated at 13,733 

passengers per week. Areas farthest from the larger towns of the Northern Adriatic 

FR are very poorly covered by public transport. The largest weekly volume of public 

passenger transport was estimated for the Rijeka-Pula route, while the weekly 

volumes of public passenger transport for the Rijeka-Gospić route and Rijeka-

Vrbovsko route are almost negligible. In both of the former cases, transport demand 

is greater in the direction of Rijeka than from Rijeka in the directions of Gospić and 

Vrbovsko. The main limitation of this paper is the subjective experiential calibration 

of gravity model parameters by the authors.  Future studies should focus on carrying 

out further research to obtain a more objective estimation of the model’s parameters 

and, in turn, a more objective estimation of the volume of public passenger transport. 
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