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Foreword

Tradition continues - the Faculty of Economics in Osijek organizes for the 17%
year in a row an international scientific conference on Business Logistics in Modern
Management 2017. Certainly the reasons can be found in the outstanding importance
of business logistics for the European and world economy. In the past year, logistics
once again adopted and implemented large technological advances, increased
multidisciplinary and growing importance within individual companies. At the same
time economy figures point to even more logistics service delivered and further
growth of demand for new logistics and interdisciplinary services in future. On the
other hand, the interest of the scientific community for the Conference is increasing,
which is evident in a large number of participants - 92 authors from Estonia, Poland,
Germany, Slovakia, Montenegro, Serbia, Hungary and Croatia presented the results
of their research through 39 papers.

Proceedings of international scientific conference Business Logistics in Modern
Management, as a representative of scientific part of logistics and supply chain
management, responds to all these challenges in the economy, and sets new scientific
and professional standards for companies and countries in the region and across
Europe. Proceedings publication is divided into 9 sections: transportation, production
logistics, purchasing logistics, contemporary supply chain challenges, retail and
distribution logistics, technology in logistics, maritime logistics, green logistics, and
interdisciplinarity in logistics practice. Although section titles represent established
logistics sectors, papers in them are contributing with new exciting unpublished
research results from these areas. Actuality, significance and quality of issues raised
and presented in scientific papers, and consistency and professional standards of the
review process of earlier Proceedings of this Conference have also been recognized
by relevant scientific databases like Thomson Reuters Web of Science Conference
Proceedings Citation Index — Social Science and Humanities, EBSCO — Business
Source Ultimate and Business Source Corporate Plus, Econlit Full Text, IDEAS,
EconPapers, and Hrcak.

All the papers went through two double blind international reviews thanks to
enviable group of international scientist gathered in Review Committee who have
significantly contributed to the quality of the Proceedings and Conference as a whole.
Our appreciation also goes to all participants of the Conference, to Ministry of
Science, Education and Sports of Republic of Croatia, and to Faculty of Economics
for its support.

This year’s Conference was significantly enriched with plenary lecture from our
keynote speaker, distinguished professor Stefan Seuring from Kassel University in
Germany who talked about development and directions in sustainable supply chain
management.
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The success of the scientific conference is measured by the quality and quantity
of papers that are being publicized through it, but perhaps even more by the people
involved in it and the relationships they develop through it. Taking into account all of
the above aspects of success, it is my pleasure to say that Business Logistics in Modern
Management 2017 is a successful conference.

Davor Dujak,
Editor

VI
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TESTING GIBRAT’S LAW ON CROATIAN FREIGHT
TRANSPORT AND LOGISTICS FIRMS

Helga Pavli¢ Skender
University of Rijeka, Faculty of Economics, Croatia
E-mail: helga.pavlic.skender@efri.hr

Petra Adelajda Mirkovié
University of Rijeka, Faculty of Economics, Croatia
E-mail: petra.adelajda.mirkovic@efri.hr

Vinko Zaninovi¢
University of Rijeka, Faculty of Economics, Croatia
E-mail: vinko.zaninovic@efri.hr

Abstract

Gibrat’s law states that growth rate of the firm is independent of firm’s size. This
paper tests Gibrat’s law on the panel data of Croatian freight transport and logistics
firms during the period from 2006 to 2015. The data from Bureau van Dijk’s Amadeus
database is used to test the Law. The sample includes 565 firms. The aim of the paper
is to analyze whether the growth of the freight transport and logistics firms in Croatia
depends of its size. The number of employees and sales of the firm are used as
independent variables, while yearly sales growth is taken as the depended variable.
In analysis is also included the age of the firm in order to control for variable other
than the size that affect the growth rate of the firm. Using econometric model (fixed
effects estimator) we find that there is statistically significant proportional connection
between size of the firms and their respective growth rates, moreover the results shows
the growth in number of employees has a positive impact on the growth rate while the
growth in sales and age of the firm have negative impact on the growth rate. It means
larger and older firms have slower growth rate. That is why the Gibrat’s law is rejected
in case of Croatian freight transport and logistics firms.

Key words: Gibrat’s law, freight transport & logistics, panel data, fixed effects

1. INTRODUCTION

Logistics is one of the tools that play a key role in the change and improvement
of the economy. Logistics and transport industry provides significant macroeconomic
contributions to national economy by creating employment, and creating national
income and foreign investment inflow. On the microeconomic level, logistics industry
is a key industry in increasing the competitive power of firms. Moreover, the logistics
and transport industry has an important mission in revitalizing and improvement of
the competitiveness of other industries. Today, all industries are dependent on
logistics sector (Sezer & Abasis, 2017). Considering the significant role of the
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logistics and transportation firms in generating employment and innovations with
which they contribute to their local economies, firm growth rates represent an
important field of interest for researchers and growth support policy makers. One of
the significant contribution to the firm growth theory was the one introduced by
Robert Gibrat (1931) known as the Law of Proportionate Effects or commonly used
Gibrat's law (hereinafter: the Law) where he states that the growth rate of a given firm
is independent of its size at the beginning of the examined period.

Many authors who are introduced in the Section 2 have tested the Law on diverse
industries, in different countries using different models and the results were similar
when it comes to the industry. The focus was mostly dedicated to the manufacturing
industry while later papers included service sector in their analysis. The differences
between distribution of firms’ sizes between manufacturing and service industry vary
as well as the different structure of ownership relationship within firms in 1930s when
compared to 21th century (Host & Zaninovi¢, 2017).

There is evident a considerable number of studies showing the relationship
between size and growth of firms in the developed nations i.e. Italy, UK., US, Spain
etc. However, the researchers have come across only a few studies that had analysed
the growth pattern of firms in developing countries (Aggarwal & Chander, 2008). The
Law brings interesting connotations for determining the intensity of industry
concentration and the significance attributed to testing its validity is quite
understandable (Vukovi¢ et al, 2014).

The aim of this paper is to analyse whether the results of testing the Law on
Croatian freight transport and logistics firms show the independents of the growth and
firm size. The analysis was based on the panel data of 565 Croatian freight transport
and logistics firms during the period from 2006 to 2015. It is important to emphasize
that the time span of 10 years includes also the period before and after the EU
accession which for sure had its impact on examined industry considering the dictated
macroeconomic policies of the largest countries and integration by itself.

The paper is divided into the 6 sections. After the Introduction, section 2 gives
the review of the relevant literature covering the Gibrat’s law. The methodology of
the research is explained in section 3. Section 4 presents the description of the data
and descriptive statistics while the results and discussion are contained in section 5.
Finally, section 6 concludes and gives suggestion for the potential further
development of the analysis.

2. LITERATURE REVIEW

A common interpretation of the Gibrat’s law presented in numerous paper is
that a firm’s growth rate and its size are independent of each other. In other words,
the Law states that small firms grow at the same rate as large firms. As mentioned
above in the introduction, the considerable literature has rejected the Law, but various
papers have found that the Law is valid for certain subsamples or time periods. Hence,
the question is not whether Gibrat’s law is valid, but rather when and in which industry
it is valid. The main research question of this paper is whether the Law is valid for the
Croatian freight transport and logistics firms. Robert Gibrat stated that “the
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distribution of firm’s size which can be measured by sales and number of employees
of firms, could be well approximated with a lognormal distribution, and the reason
could be the nature of the firm’s growth process, that is multiplicative and independent
of the size” (Gonzalez-Val, Lanaspa & Sanz, 2010).

Earlier studies based on small subsamples of well-established and large firms
tended to confirm the Law, because of the market structure which was mainly
controlled by a smaller number of firms. This means that the earlier studies were
showing faster growth of large firms than smaller ones (Teurel & Carrioza, 2008).
The Law continued to receive more attention in the theoretical and empirical literature
during 1960s and 1970s, but Sutton (1997) made a great contribution in understanding
the Law clearer when stated that it is important to distinguish between absolute and
relative growth of the firm and therefore the Law states only that the relative growth
is independent of the firm’s size. Furthermore, in his work Gibrat’s Legacy he stated
that the reason for incompatible results lies in the systematic differences in the sample
selection, for example in the case of manufacturing sector, the findings mostly show
that the Law in not valid whilst it is valid in the case of the service sector (Nassar,
Almsafirb & Al-Mahrougc, 2014). Another important fact is that the papers were
mainly focused on testing the particular industry, while ignoring the attributes of a
given country or region. What is specific for Croatia freight and logistics firms is that
firms which are operating in Croatia mostly have their own logistic networks for their
needs therefore integrated logistic service specialist suppliers are not numerous. It is
still a young and growing field of business in Croatia.

After more than 70 years of Gibrat’s seminal book, Bottazi et al. (2009) returned
to the study of the French manufacturing sector. They examinated which properties
of firm size distributions and growth dynamics characterize the aggregate dynamics
and if they are, at the same time, robust under disaggregation, hence they analysed the
size distribution, Gibrat’s law, the growth rates distribution, and growth rate
autocorrelation at both aggregate and disaggregate levels. The results rejected the
Law, by showing that the growth process is independent of firm’s size.

Audretch et al. (2004) examined whether Gibrat’s law can be rejected for the
services as it was for the manufacturing industry. His research was based on a large
sample of Dutch firms from service industry. His findings showed that for the Dutch
services industry, Gibrat’s law was generally valid. Almus & Nerlinger (2000) tested
the Law on the sample of West German manufacturing firms where they subdivided
them into young firms which are technologically intensive and non-technologically
intensive as well as in distinct size classes. The results showed the Law was rejected
for both, technologically intensive and non-technologically intensive in all periods
examined but there was no significant difference between both firm groups. This
confirmed the thesis that smaller firms have larger growth potential than larger ones.

Goddard et al. (2002) and Oliveira & Fortunato (2003, 2006) used panel data
analysis to test if Gibrat’s law holds for Japanese and Portuguese manufacturing firms
and the results were not supportive, hence the Law was rejected. In the case of Turkish
companies, the results were two-fold, Gibrat’s law did not hold in the case of cement,
plastic and pipe, textile, medicine and chemical, steel iron, automobile and other
industries because results showed that firm size and firm growth were not independent
of each other. In the case of food, electrical machinery, electronics and transportation
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firms the Law was valid as the relationship between firm size and firm growth was
independent. It important to emphasize that by using different approach, considering
cross sectional correlation, the results were quite opposite because the Law was
rejected in all industries except ceramics and electronics (Aslan, 2008). Calvo (2006)
analysed whether small, young, and innovating firms have experienced a greater
employment growth than other Spanish firms over the period from 1990 to 2000. The
study was based on a sample of 1272 manufacturing firms in which only 967 of the
firms survived for the entire ten-year period. In the case of Spanish young and
innovative firms, the Law failed to hold since the results showed that old firms grow
less than young ones, and innovating activity (both process and product) is a strong
positive factor in the firm’s survival and its employment growth. Moreover, it is
possible that firm, as it grows, loses flexibility and organizational efficiency which
can lead to the more difficult growth for large firms than to the small ones (Kwangmin
& Jinhoo, 2010).

A significant number of empirical papers spanning an extensive range of
countries, and including both small and as well large firms, resulted in a peculiar
result; growth rates (of surviving firms) tend to systematically decrease with
increasing firm size. The transport and logistics market in Croatia is quite young and
in the process of growing. As far as we know, this is this first time that an analysis of
the Law is tested on specifically freight transport and logistics firms. The conclusion
of the analysis is that a considerable number of researches showed that small firms
indeed grow faster than large firms. This is supported both by both theoretical and
empirical evidence.

3. DATA AND DESCRIPTIVE STATISTICS

In paper is used panel data available from Bureau van Dijk’s Amadeus. The
sample consists of 565 firms involved in the freight transport and logistics industry
(Division 52 according to Nace Rev. 2) during 2006 to 2015 period. More specifically,
division 52 consists of two groups and six classes and includes warehousing and
support activities for transportation, such as operating of transport infrastructure, the
activities of transport agencies and cargo handling. Group 52.1 includes operation of
storage and warehouse facilities for all kind of goods while group 52.2 includes
support activities for transportation (land, water and air transportation). Last class
(52.29) of the group 52.2 is very broad and includes: forwarding of freight, arranging
or organizing of transport operations by rail, road, sea or air, organization of group
and individual consignments (including pickup and delivery of goods and grouping
of consignments), issue and procurement of transport documents and waybills,
activities of customs agents, activities of sea-freight forwarders and air-cargo agents,
brokerage for ship and aircraft space, goods-handling operations, e.g. temporary
crating for the sole purpose of protecting the goods during transit, uncarting, sampling,
weighing of goods (NACE, 2008, p. 241).

In order to test the Law, three variables were used; sales, measured in thousands
of euros, number of employees and age of the firm. Original sample consisted of 735
firms, but we eliminated all observations that had at least one missing value for any
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of the three aforementioned variables during observed period (roughly 23% of the
firms). As a robust check, it is tested the model that will be explained in the next
section on the original sample and the results were not significantly different.

Figure 1. Aggregate sales across industry classes

5210 5221 5222
400000 -
300000
200000 -
100000 //
—
0
5223 5224 5229
400000
300000 /\/\—/
200000
100000
—_—
oA
T T T T T T T T T
2005 2010 20152005 2010 20152005 2010 2015

Source: Authors’ calculations

Figure 1 presents aggregate sales across industry classes, where can be seen
positive trend of sales in division 5210 and 5223 e.g. air transport, which is quite
obvious considering the trend in the world where air transport mark positive trend.
Moreover, according to the International Air Transport Association (IATA, 2017) the
global air freight markets are showing that the demand, measured in freight ton
kilometers (FTKSs) grew by 3.8% in 2016 compared to 2015. Furthermore, the
industry’s average growth rate was 2.0% over the last five years. The trend regarding
other two variables, 5222 and 5224 is relatively stagnant throughout the period, while
the trend in 5221 shows significant decrease in the period after 2010, when the
economic crises in Croatia was at its peak.

Unlike the trend in aggregate sales, Figure 2, number of employees shows the
stagnant trend in 4 out of 6 observed industries. The only industry where is evident
oscillating trend is land transport, where, as in the previous figure can be seen
significant drop in the period during 2011 and 2012.
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Figure 2. Aggregate number of employees across industry classes
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Table 1 contains descriptive statistics for division 52 in general, as well as for
each of the particular classes within division. It can be noted that group 5229, other
supporting industries makes the most important share in the division 52 while air
transport makes the smallest share in division. The most employed persons are in air
transport industry while other supporting industries have the smallest humber of
employees. When considering the average amount of sales, air transport with more
than 12 million euros on average has the dominant position, while the land transport
with 500 000 euros on average, the last position in observed sample. The highest
standard deviation can be noted in land transport sales, as well as the coefficient of
variation, while the lowest standard deviation is present in water transport sales, but
coefficient of variation shows that standard deviation is 3 times higher than average.

Table 1. Descriptive statistics of the three main variables across industry classes
Division /Class | No. of Variables Obs. | Mean | Std. Min Max
firms Dev.
employment | 3,447 | 48.75 | 335.5 1 7455
52 565 sales 3,447 | 2530 | 11593 | 0.0185 201598
age 3,447 | 13.65 | 10.73 0 70
5210 - employment | 231 48.24 | 149.0 1 919
warehousing & 48 sales 231 4689 | 12936 | 0.980 100887
storage age 231 13.32 | 8.414 0 32
5291 _ Jand employment | 459 143.7 | 871.2 1 7455
transport 86 sales 459 500 | 25177 | 0.0185 | 201598
age 459 14.31 | 10.07 0 69
employment | 352 24.87 | 49.72 1 278
525;;{‘)’5?:” 57 sales 352 | 1748 | 4413 | 0.226 | 28397
age 352 16.21 | 13.44 0 70
5223 — air employment | 119 220.3 | 276.5 1 878
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transport 19 sales 119 | 12040 | 24528 | 6.409 147344
age 119 1594 | 12.14 0 53
employment | 121 171.4 | 258.1 1 983
52&;"”;'?2;90 19 sales 121 | 4556 | 6779 | 2.927 | 26689
age 121 2792 | 2441 0 70
employment | 2,165 | 16.27 | 49.42 1 609
5229 — other 336 sales 2,165 | 1267 | 3854 | 0.136 47060
supporting age 2,165 | 12.20 | 8.309 0 69
industries

Source: Authors’ calculations

4. METODOLOGHY

The most simplest way to test the Law is the one that includes regression with
two variables, dependent (yi), that is the growth of the firm, usually proxied by the
change in sales between years, in time period t and independent variable (xi1), that
is, the size of the firm in time period t-1 (proxied by the level of sales). Practically,
this means estimating the following equation:

Inyy = Bo+PiInx;;_ 1+ & [1]

We emphasize that we did logarithmic transformation of the variables in order
to be able to interpret the B; as the elasticity, although this is not technically required.
If By is around 0, then the Law holds, while if B, is significantly different than 0O, the
Law doesn’t hold. We used [1] as the backbone of our econometric model, although
we expanded it with two variables that affect the growth of the firm, namely number
of employees (other proxy for the size of the firm) and the age of the firm, that can be
proxy for competitiveness of the firm.

If we were to use approach model in aforementioned process of econometric
modelling, the basic econometric model could be the following:

growth;, = By + Byisales;, + Bemply, + Bzage +a; + A, +uy; [2]

Equation 2 presents our econometric model. Growth of the firm is calculated as
the difference in the log of sales between t and t-1 period. Sales and employment are
log-transformed while the age is in absolute terms. Individual effect is denoted with
ai, aggregate time (yearly) effects are denoted with Ay, while uj is a stochastic error
term.

In order to estimate it, we first employed both fixed effects (FE) estimator and
random effects (RE) estimator, although even before using them, we suspected that
FE will be more suited to our data, since it is plausible to assume that idiosyncratic
component (a;) will be correlated with the regressors. Hausman test (results of the test
are contained in Table 2) confirmed that RE is not consistent and that we should stick
with the FE.
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Table 2. Results of the Hausman test

(b) (B) (b-B)
FE RE Difference
L1. Insales -0.552 -0.317 -0.235
L1. Inempl 0.0416 0.243 -0.201
L1.age -0.0201 0.00335 -0.0235
year
2008 -0.0298 -0.0509 0.0211
2009 -0.116 -0.174 0.0580
2010 -0.108 -0.154 0.0454
2011 -0.0424 -0.0916 0.0492
2012 -0.0711 -0.182 0.111
2013 -0.0720 -0.200 0.128
2014 -0.0515 -0.212 0.161
chi2(10) 474.2
Prob>chi2 0

Source: Authors’ calculations

5. RESULTS AND DISCUSSION

Results of the estimation of Equation 2, shown in Table 3, clearly indicate that
the Law doesn’t hold for the division 52 as well as for each of the particular classes
within division. Moreover, results indicate that smaller firms grow faster (this is
noticeable from the sign of the coefficient lagged log of sales, which is negative). If
the size of the firm grows by 1%, the growth of the firm will be lower by 0.5% on
average. Regarding the variable number of employees, the coefficient is only
significant for the support activities in the air transportation, higher the number of
employees (by 1%), higher the growth of the firm (by 0.2%). Coefficient for the age
of the firm is mildly negative and significant for the division 52. This indicates that
performance gets worse with age due to organizational rigidities that are possibly
developed throughout the years etc.

Generally, we can see that the explicative power of the model (R-squared) is
quite high, given the sample limitations and relatively low number of variables that
are included in the model, it varies from 30 to 46%.

Table 3. Results of the estimation of Equation 2

(@) 2 ©) 4 ©) (6) )
52 5210 5221 5222 5223 5224 5229
VARIAB growth growth growth growth growth growth growth

LES

L.Insales | -0.552*** | -0.671*** | -0.462*** | -0.563*** | -0.543*** | -0.505** | -0.574***

(0.0462) (0.185) | (0.0555) | (0.130) | (0.106) | (0.203) | (0.0637)

Linempl | 0.0416 0.0323 0.0557 0.228% | 0.00437 0.124 0.0441
(0.0340) | (0.0736) | (0.156) | (0.115) | (0.0305) | (0.149) | (0.0421)
Lage | -0.0201*** | 0.000480 | -0.0385 | -0.0442** | 0.0296 | -0.0128 | -0.0169*
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(0.00754) | (0.0153) | (0.0239) | (0.0183) | (0.0215) | (0.0217) | (0.00987)

2008.year -0.0298 -0.0166 -0.121 0.0800 0.176 -0.0665 -0.0411
(0.0473) (0.156) (0.187) (0.0715) (0.140) (0.0729) (0.0602)
2009.year | -0.116*** 0.00942 0.162 -0.162 0.0823 -0.247* | -0.156***
(0.0432) (0.117) (0.195) (0.0973) (0.148) (0.118) (0.0556)
2010.year | -0.108*** 0.0555 -0.0393 -0.0802 -0.152 -0.246 -0.127**
(0.0400) (0.120) (0.101) (0.123) (0.154) (0.145) (0.0558)
2011.year -0.0424 -0.0236 0.176 -0.0380 0.187 -0.224* -0.0849
(0.0415) (0.127) (0.115) (0.0965) (0.140) (0.126) (0.0575)
2012.year | -0.0711** -0.0946 0.0654 -0.134 -0.0387 -0.301** | -0.0753*
(0.0330) (0.149) (0.0904) (0.108) (0.144) (0.136) (0.0442)
2013.year | -0.0720** 0.0666 -0.0689 -0.0822 -0.00135 -0.233* -0.0822
(0.0363) (0.105) (0.0975) (0.0695) (0.107) (0.129) (0.0512)
2014.year -0.0515 0.0636 -0.138 -0.00692 -0.0935 -0.178 -0.0433
(0.0403) (0.110) (0.124) (0.0769) (0.176) (0.232) (0.0553)
2015.year - - - - - - -
Constant 3.405*** 4.122%** | 3.135*** | 3.591*** | 3. 757*** | 3.777** | 3.308***
(0.275) (1.248) (0.439) (0.674) (1.035) (1.714) (0.360)
Observati 2,830 178 365 288 99 102 1,798
ons
R-squared 0.330 0.383 0.306 0.466 0.441 0.342 0.335
Number 513 43 74 54 19 16 307
of id

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: Authors’ calculations

6. CONCLUSION

Since Gibrats’s original formulation, the Law has been intensively tested. In the
earlier researches, it was mainly focused on manufacturing industry and later on, on
service industry. The results of testing vary across different countries, subsamples and
market structures. In this paper is used panel data analysis to test the validity of the
Law focused specifically on the Croatian freight transport and logistics firms. The aim
was to analyse whether the holds in case of Croatian freight transport and logistics
firms, namely if the growth is independent of the firm's size. The analysis was based
on the panel data of 565 Croatian freight transport and logistics firms (division 52,
Nace Rev. 2) during the period from 2006 to 2015. To test the Law, three variables
were used; sales, measured in thousands of euros, number of employees and age of
the firm. The results of the estimation showed that the Law doesn’t hold in the case
of Croatian freight transport and logistics firms, namely for division 52 as well as for
each of the particular classes within division. Furthermore, results indicate that in our
case smaller firms grow faster than larger ones. The analysis showed the same results
in most of the empirical works dedicated to service sector. Hence Gibrat's law was
rejected for Croatian freight transport and logistics industry as the growth rates have
been found to be associated with firm size. As for the future research, there should
contain more variables that best describe the structural relations between classes
within the group.
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Abstract

Monitoring synergies of logistics processes in railway transport is currently
considered a novelty and it is very actual. The main reason of solutions synergies are
their growing importance in the case of necessary operational responses. Synergy is
the creation of a whole that is greater than the simple sum of its parts. It is an
innovative resolution because synergies in logistics processes related to the railway
transport have not been addressed in research and scientific projects in the greater
extent thus far. The integral part of the synergies is the quality in railway transport
which includes the never-ending logistics processes. Railway undertakings in
cooperation with other participants of the transport market and suppliers are
constantly working on the quality of logistics processes and their improvement.
Methods to improve logistics processes in railway transport are technical standards
(1SO) or different methods: Total Quality Management, Deming cycle - PDCA cycle,
Six Sigma, DMAIC Improvement Cycle and EFQM Excellence Model. Qualities of
services in railway transport significantly affect all stakeholders in international
transport chain. This paper is focused also on monitoring the costs of quality, which
is done monthly and yearly with the exact division of the costs of this kind. The
internal and external quality cost, prevention and evaluation costs are added to the
total cost of quality. The result of the research should create a report about costs of
quality logistics processes in railway transport.

Key words: synergy, synergies, logistic process, costs of quality, railway transport

15


mailto:borna.abramovic@fpz.hr
mailto:eva.nedeliakova@fpedas.uniza.sk
mailto:michal.panak@fpedas.uniza.sk
mailto:denis.sipus@fpz.hr

Synergy in logistics processes for railway transport
Borna Abramovié, Eva Nedeliakova, Michal Panak, Denis §ipus’

1. INTRODUCTION

Choice, watching and efforts to manage parameters of logistics processes in
railway undertakings depend on the conditions of internal and external business
environment. These are processes that take place in space and time, at which
increasing their dynamics and grows chaotic their course. It raises the quantity and
quality of the interaction of these processes, which, if not controlled or regulated, can
be deepened (Nedeliakova et al., 2015). These mentioned interactions are as one of
conditions formation of synergies.

The main reason for synergies in railway transport is their growing importance,
and if required - operative interventions to railway operations that affect the quality
of services. In these cases, there are a lot of dynamic factors that affect the quality
negatively, which evolve constantly over time (Kampf et al., 2016). In most cases, it
goes about unsatisfactory communication between managers infrastructure and
carriers which significantly affects quality of services provided. This situation then
ultimately affects satisfaction and the needs of existing customers of railway
undertakings as decisions of potential customers about the use of railway transport for
the future.

It is about an innovative view on the issue of synergies because until now the
synergy related to railway transport has not been researched to a greater extent in
research and scientific projects.

2. SYNERGY AND SYNERGIES

Due to the very wide range of tasks and cooperative collaboration of two or more
subsystems (external business partners, internal organizational units and teams and
etc.), synergy in their management applications is very widespread with diverse
content. Therefore, it is necessary to establish appropriate classification effects arising
from their acts (Vodacek & Vodackova, 2009, p. 170).

2.1. Research synergies of logistics processes in railway transport

For the classification of the type of synergy that can be a source of inspiration
for modern management, synergies are defined as a cooperation between manager
infrastructure and carriers according to these prominent authors:

A) Peter A. Corning (Corning, 2003, p. 468)

— Synergy of functional complementarities - are the cases synergy that accrues from
accouplement accessories. Nowadays, the emphasis is placed on the effective
cooperation within the meaning of the communication between manager of the
railway infrastructure and the carriers whose services for customers each represent
complements, i.e. they are linked, unable to exist without each other.

— Synergy of emergent phenomena - present in the cases of qualitative changes that
occur due to mutual internal interaction of partial subsystems. In the implementation
of the quality management system of railway undertakings, it is about an effort to
improve services. Qualitative changes are necessary for the effective functioning of
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railway undertakings on the transport market. Their implementation is difficult in
terms of time and people factor but they bring significant effects in logistics processes.
Moreover, it is usually difficult to convince managers railway undertakings and
employees that change is necessary.
— Synergy of augmentation or facilitation - in this category synergy are expectations
about synergies that alter the character of existing logistics processes, as they activate
their change respectively. When crossing railway undertakings on the process control
has been a significant change their character compared with previous processes.
— Synergy of joint environmental conditioning - can go about cooperative effects that
arise from joint efforts by groups of people to influence both the internal and external
environment in which they operate. An example is the cooperation between manager
infrastructure and carriers in favour of railway transport in order to increase
competitiveness.
— Synergy of risk and cost sharing - it goes about the joint reinsurance against adverse
effects respectively about the reduction of their occurrence and drop. On the railway
network it gives rise to various risk situations that affect traffic flow, services of
manager infrastructure, carriers and ultimately customer satisfaction. In this case, it is
necessary to share the risk between individual participants of respective service
providers so that customers do not perceive it in these situations.
— Synergy of a combination of labour - the case of this synergy refers to the creation
of conditions for the collection of the same or similar activities, so that individual
activities is not conducted twice and so that the division of labour would stay fair.
— Synergy of convergent effects - these are the cases that warn of the permanent
effect of random phenomena and processes. This type of synergy can have large
effects, and in railway operation stochastic effects (for example: failure of the drive
railway vehicle, failure of wagon, failure of safety device, a suicide attempt an
unnatural death, unplanned closures, adverse weather, natural disasters and etc.) can
act on the necessity of demanding operative interventions.

B) Igor H. Ansoff (Ansoff, 1990, p. 499)
— Sales synergy - it arises when different services use shared distribution channels
or selling points. In the case of railway passenger transport it is the sale of different
types of travel documents on the whole railway network and transport alone.
— Operating synergy - it results from the economical use of facilities and personnel
of railway undertakings.
— Investment synergy - this synergy category is the result of improved recovery of
resources. In railway undertakings it refers to a more effective management of
logistics processes (management of wagons, management of drive railway vehicles,
management of invest resources to maintenance and repairs of railway infrastructure,
and etc.).
— Managerial synergy - it occurs when the new railway undertakings recover existing
well-established management knowledge.

C) Robert S. Kaplan and David P. Norton (Kaplan & Norton, 2008, p. 336)
— Financial synergy - it is the integrated management of logistics processes in the
value chain of business activities of the railway undertakings.
— Customer synergy - creation and implementation of joint offers to customers. In
relation with transport services it comes to getting and keeping satisfied customers.
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— Synergy of internal processes - in this type of synergy goes about practical and
effective changes in logistics processes railway undertakings for providing better
quality services.
— Learning and growth synergy - association of innovative technologies in the field
of logistics processes and customer services.

D) Michael Goold and Andrew Campbell (Goold & Campbell, 1998, p. 221)
— Integration type synergies
— Emergence type synergies

Integration type synergies belong to the synergy whose effects can be
quantitatively evaluated. They arise by the cooperation between minimally two partial
processes of different levels of management railway undertakings. They are processes
that can be objectively monitored using, for example, statistical methods of quality
management. Projecting and using the integration type synergies and their effects are
expected in the needed time period as it is characterized in the following figure.

Figure 1. Projection and use of integration type synergies and their effects in a time
sequence

Setting targets and restrictive conditions
in the railway undertaking

Creating interaction links between manager infrastructure
and carriers

Ensuring efficient use of resources
in the railway undertaking

Coordination / evaluation of logistics processes within a given time using
objective methods of quality assessment

The adoption of measures seeking to continuously improve the quality of services
in the railway undertaking

Source: authors

The basic idea for the formation of models synergies of integration type is
suitable distribution (allocation) or redistribution (reallocation) activities and
considered resources subsystems and their use in favour of functioning of systems that
create these subsystems. Contrario sensu emergence type synergies are synergies in
which arising effects are completely or largely qualitatively different from resources
subsystems. In one of their publications Goold and Campbell reported that “the results
of emergence effects are manifested in the features, in the abilities to behave and in
the results system of managerial work as a whole”.
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There are various types of models closely related to this synergy. One of them is
Model of Critical Success Factors (Zefreh et al., 2017). For modification logistics
processes with focus on the railway transport see the following figure.

Figure 2. Model Critical Success Factors railway undertaking and their book bands
on the internal synergies
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Source: authors

The purpose of the Model of Critical Success Factors is to focus attention of
managers railway undertaking on those aspects of their work that are essential for a
more efficient provision of services. As far as the outputs are concerned, there are
suitable selected arrangements of indicators activities for this undertaking. These
indicators are characterized by prosperity, stability, competitive position and others.
The functioning of individual sub processes is modified depending on their
interactions with each other. This interaction can vary in time, and emerging synergies
may change over time, such as changing the quality of services.

Synergies are closely linked to quality, which has origin in Latin and generally
describes the “value” of something or some object (Nedeliakova et al., 2016).

2.2. Quality and costs of quality

Quality is a matter of judgement made by customers or users of a product or
service. It is the extent to which customers or users believe a product or service
surpasses their needs and expectations. Howard Gitlow et al. inform that quality also
encompasses the never-ending improvement of a firm’s extended process. This term
refers to the expansion of the organization to include suppliers, customers, investors,
employees, and the community. These are all integral parts of the firm’s extended
process (Gitlow et al., 1989, p. 603).

The extended process brings together all stakeholders in logistics processes and
is of great importance for the monitoring of synergies that arise from the provision of
services in railway transport. The following figure defines the view on the extended
process of service provision.
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Figure 3. Extended process provision of services
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Source: Gitlow et al. (1989), edited by authors

Based on Figure 3, it is to be noted that the extended process begins
communicating about the needs of the customer and it is important to realize the
ultimate goal. Railway undertaking in cooperation with other participants of the
transport market and suppliers work together on the quality of logistics processes and
services, and on the improvement of the extended process.

Qualities of services in railway transport significantly affect all stakeholders in
international transport chain. Indispensable parts of the quality are its costs, whose
monitoring is very important. Quality costs represent a sum of costs incurred in
maintaining acceptable quality levels plus the cost of failure to maintain that level
(cost of poor quality).

2.3. Impact of international organizations on the quality in railway transport

Quality of service and logistics processes in railway transport significantly affect
international organizations whose members include railway undertakings in whole
Europe.

2.3.1. International Union of Railways (UIC)

UIC is the largest worldwide railway organization with members from all five
continents. It maintains and develops connection of the railway system and allows for
interoperability. Its basic objective in the field of service quality in railway transport
is the development of specific-railway methods for optimizing logistics processes -
improving efficiency and economy.

2.3.2. Organisation for Cooperation between Railways (OSJD)
OSJD was established as the equivalent to the International Union of Railways,

in order to create and improve the coordination of international railway transport.
Concerning especially the transports between Europe and Asia, it has helped to
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develop cooperation between railway companies and other international
organisations. The members of this organisation issued an international transport law.
OSJD is presently working in the following areas:

— Specification of technical parameters for high-quality freight lines

— Confirmation and simplification of legal regulations on procedures at frontiers
related to transportation across the Eurasian continent, delivery terms, financial
responsibility, and etc.

— Creation of competitive conditions for acceptance and carriage of large freight
volumes to improve OSJD members' financial conditions

— Development of new forms of freight carriage by block freight trains from large-
scale senders to large-scale receivers in shortest possible time at competitive prices
(OSJD, 2017).

2.3.3. The Voice of European Railways (CER)

The role of CER is to represent the interests of its members on the European
Union policy-making scene, in particular to support an improved business and
regulatory environment for European railway carriers and railway infrastructure
undertaking. Its members and partners come from all states of the European Union,
Norway, Switzerland, Albania, Bosnia and Herzegovina, Croatia, Macedonia,
Montenegro, Serbia including Kosovo, Turkey, Japan, Georgia, Moldova and Ukraine
(CER, 2017). CER’s vision for the European railway sector:

— A competitive and viable first-choice transport mode in terms of price and service
quality for both passengers and freight customers

— The backbone of a seamless and integrated transport system — in close cooperation
with the other transport modes

— An enabling factor for the competitiveness of the European economy, supporting
economic growth and job creation, and contributing to an inclusive society

— Central to the delivery of Europe’s goals of cutting greenhouse gas emissions,
achieving energy security and relieving congestion.

2.3.4. RailNetEurope (RNE)

RNE was created in January 2004 on the initiative of a number of European
railway Infrastructure Managers and Allocation Bodies, who wished to establish a
common, Europe-wide organisation to facilitate their international business.

Several business activities in RNE are related to the quality of services in railway
transport. One of these activities is, e.g. collecting data about the current position of
international trains in relation to timetable and the exchange of these data in real time
i.e. already during running train with participating managers infrastructure and
carriers. Parts of these logistic processes are the provision of data about estimated
train arrival times. The same data is stored in the database and according to the
requirements of managers infrastructure are used to create reports and analyses of the
accuracy of the movement of trains in international transport.
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2.4. The background and concept of quality logistics processes applied in terms
of railway transport

Railway undertakings and railway organizations are constantly working on the
quality and improvement of logistics processes. Methods to improve logistics
processes in railway transport are several. Set of 1SO standards is a set of standardized
procedures and recommendations in the field management of quality.

2.4.1. STN EN 1SO 9001

The basic technical standard is standard ISO 9001:2015 “Quality Management
Systems. Requirements”. Certification to ISO 9001 is typically used in private, as well
as in public sector to increase confidence in the products and services that provide
certified undertaking. It is also used to increase confidence between partners in
business, for example, by the choice of suppliers in supply chains. Standard 1SO
9001:2015 builds on the foundation of ISO 9001:2009, which specifies requirements
for quality management system for demonstration purposes that undertaking is able
to consistently provide according to customer requirements. This standard applies
process approach management and quality assurance in order to increase customer
satisfaction. The requirements for this standard are generally useful in the creation of
new logistics processes.

Another important standard is standard STN EN 13816 “Transportation.
Logistics and services. Public passenger transport. Service quality definition,
targeting and measurement”.

2.4.2. STN EN 13816

This European standard specifies requirements for defining objectives and
measuring quality of service in public passenger transport. Its aim is to use providers
services in presentations and monitoring of their services. The main purpose of this
standard is to increase the level of quality in the operation of public railway transport,
as well as to warn customer needs and expectations by establishing practices in
logistics processes that will most likely:

— turn attention to the competent sites

— lead to substantial and deliberate decisions given on to division of competences
— allow customers and other participants of transport market to reliably compare
quality of services from different alternative suppliers

— contribute to the introduction of continuous improvement quality of services

2.4.3. Regulation (EC) no. 1371/2007 of the European Parliament and of the Council
of 23. October 2007 on rail passengers’ rights and obligations

Regulation on the rights and obligations of passengers in railway transport was
adopted on 23 October 2007 with a view of to ensure basic protection of passengers
in railway transport throughout the European Union. The regulation entered into force
on 3 December 2009 and applies to all services railway passenger transport
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(international, national, regional, urban, suburban) in the EU, which provide licensed
railway undertakings.

The railway undertakings generally apply regulation relatively effectively. In the
report compliance with regulation on the basis of ten fundamental rights passengers
in the statement of the rights of passengers in all transport modes is assessed. These
rights are no-discrimination, assistance for persons with disabilities or reduced
mobility, information, benefits, rerouteing reservation or rebooking, assistance in the
event of a stop-over, compensation, responsibility for the carriage of passengers and
baggage, complaints handling, implementation and enforcement law. Different
methods are used to improve logistics processes in railway transport in addition to
technical standards and regulations. The first such method is management method
“Total Quality Management”.

2.4.4. Total Quality Management (TQM)

The concept of TQM came into use in the 1970s for systems enterprise-wide
management quality in Japanese undertakings. Gradually, this concept was also in-
process in the American and European business environment. TQM is a new way of
thinking that prefers quality over quantity. The common features of this method can
be read from its abbreviation:

— T = Total (full participation all employees of railway undertaking)

— Q = Quality (concept principles of quality in whole railway undertaking)

— M = Management (principles cut across all management levels and all management
functions).

As defined by the ISO, TQM is a management approach for an organization,
centered on quality, based on the participation of all its members and aiming at long-
term success through customer satisfaction, and benefits to all members of the
organization and to society (ISO, 2014). It is a very comprehensive technology that
places emphasis on the quality control in whole dimensions of life railway
undertaking. It exceeds the framework of management quality and it also becomes the
method of strategic management and management philosophy for the entire conduct
undertaking. The basic concept of TQM is focused on the customer, own employees
in undertaking, processes, work environment, goals and results, forming the basis of
ISO 9001:2000 (Quality management systems - Requirements) and 1SO 9004:2000
(Quality management systems - Guidelines for performance improvements).

The most important part of TQM are its principles. These principles include:
next process is your customer, quality first, speak with data and Deming cycle - PDCA
cycle.

2.4.5. Deming Cycle - PDCA cycle
Deming stresses the importance of permanent cooperation between research,

development, production and sales. To achieve better quality, such a cycle ,which is
shown below, should take place permanently.
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Figure 4. PDCA cycle
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Source: Moen, R. & Norman, C.

Process approach is based on the PDCA cycle (plan - do - check - act) as follows:
— Plan = set objectives and processes necessary to deliver results in accordance with
customer requirements and policy undertaking
— Do = introduce processes
— Check = monitoring and measuring processes, comparing them with politics,
objectives and requirements and the subsequent communication of the results
— Act = realization activities for continuous improvement of process performance.

2.4.6. Six Sigma

The Six Sigma is a set of techniques and tools for process improvement. It has a
positive effect on four central requirements of competition which are quality, time,
costs and innovation. As a result, railway undertaking can be better, faster and cheaper
slimmer than its main competitor. This method is particularly suitable for
undertakings that provide services in innovation.

Six Sigma uses a few basic tools to improve quality of logistics processes and
services. Innovations are based on the DMAIC Improvement Cycle that is used for all
improvements. It is aimed at finding and removing weaknesses in undertaking. Phases
of this cycle include definition, measurement, analysis, improvement and control.
Each phase of the entire cycle helps to achieve real improvement of customer services.

2.4.7. EFQM Excellence Model (EFQM)

The EFQM is a tool used to help organizations do the aforementioned by
measuring where they are on the path to excellence, helping them to understand the
gaps and stimulating solutions. The main advantage is its clarity and simplicity in
applying new or existing logistics processes. It helps to reveal strengths of
undertaking, as well as opportunities for improvement, and encourages solutions in
the undertaking. It also allows us to get an independent view on the undertaking and
its operation.
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This model is based on nine criteria: leadership, people, strategy, partnerships
and resources, processes (enablers — that which undertaking has) and people results,
customer results, society results, business results (results - that, which undertaking
achieves). The criteria for this model are very carefully sophisticated in whole railway
undertaking, and similar for its surrounding. EFQM emphasizes the ethical principle
that is essential for all undertakings.

3. REPORT ABOUT COSTS OF QUALITY LOGISTICS PROCESSES IN
RAILWAY TRANSPORT

The railway undertakings have based conducted research on defined strategic
goals which provide a number of basic goals on the enterprise level in time horizon
one year and further specify on the lower organizational levels, i.e. departments,
sections or other hierarchically below workplaces (Satanova et al., 2015). In this
manner individual goals are divided in all railway undertakings. The results of the
research state that classification and identification of costs of quality in respondents
railway undertakings is not sufficient. It is based on personal consultation with experts
(representatives of railway undertakings) that have expressed a clear need for
monitoring and precise classification of costs of this kind.

The result of research is presented in “Report about costs of quality logistics
processes in railway transport” which will be monitored in monthly intervals. A
summary report about costs of quality will be compiled on an annual basis. Draft
report has horizontal and vertical structure, which is depicted in Table 1 and based on
the basic formula of calculating costs of quality by Harrington (Nedeliakova et al.,
2013, p. 184):

NC =NI+NE+NP+NH [€]
where:

Nc — total cost of quality

N — internal cost of quality
Ne — external cost of quality
Np — cost of prevention

Nn — cost of evaluation

Horizontal structure includes planned values of costs, actual values of costs,
deviation in one month and cumulative value = deviation in one year. Vertical
structure consists of costs of quality divided into internal and external costs, costs of
prevention and evaluation. Costs of quality should be adjusted depending on what
actual railway undertakings costs to ensure its operation.
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Table 1. Report about costs of quality logistics processes in railway transport

Watching period (month) Cumulative value (year)
Code Cost item Plan Fact Variation Plan Fact Variation
cln]lelwnleln]le]n]leln]ec]%
N 1 - internal costs of quality
Errors employees
N 1.1 : :
railway undertaking
N12 Extra w9rk in removing
repairable errors
N13 Losses from
uncorrectable errors
N 14 Losses from faulty equipment
; railway undertakings
N 2 - external costs of quality
N2 Losses from errors other
railway undertaking
N22 Losses from er'rors external
suppliers
N223 Losses from
uncorrectable errors
N 3 - costs of prevention
N3l Imer.nul
audits
N32 External
audits
N3 Education and training of
T employees internally
N3 Education and training of
o employees externally
N 4 - costs of evaluation
N4.1 Costs on the test
tools
N42 Costs of professional quality
assessment
N43 Costs on the laboratory
researches

Source: authors

Report about costs of quality logistics processes in railway transport will be
processed due to increased costs, in the event of different disorders and other
stochastic effects such as fire, war, riot, strike of employees railway undertakings, and
etc.

4. CONCLUSION

The report created in this research highlights the gaps which give rise to higher
total costs of railway undertaking. Its use leads every railway undertaking operating
on transport market to economic understanding and enables cost reduction which
significantly affects quality of services provided. Increased costs of quality arise
because of frequent errors on the part of employees of railway undertaking but also
employees of external environment. A report is versatile tool that will be worked out
separately for each type.
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Application of this methodology has been practically implemented in various
railway undertakings of Europe and it is essential for it to continue in this process
through further research and development. The report is prepared by the department
of internal audit and serves the purpose of effective cost-cutting logistics processes in
railway transport and their prevention.

The railway sector in the European Union has carried out vertical separation of
the system. On the one side are infrastructure managers (IM) and on the other side are
railways undertakings. For both stakeholders, costs represent driving factor for future
development. Further research will focus on the impact of railways undertakings costs
with synergy effects associated with logistic processes.
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Abstract

Containers, as intermodal transport units, not only reduce loading time in sea
ports; but they also help to protect cargo against its damage, loss and theft. Nowadays
different types of containers are carried by cellular container ships among the
continents. In maritime transport there are three main container trade routes that link
the developed to developing countries located in Asia, Europe and America. One of
these routes links top Asian and European container ports. Vessels, which operate on
this route, have to sail through important maritime canals and straits. Some of these
places are dangerous because of piracy or local war conflicts.

The goal of this paper is to choose an appropriate method of cargo transport
between a selected Asian container port and the Slovak Republic. At the beginning
we will describe the container trade route Asia and Europe, Asian and European
container ports that handle containers. Then we would like to identify the criteria such
as transport time, transport costs, risks during transport which be used for the analysis
of the proposed routes. At the end we will use the critical path method, one of the
methods of Operation Analysis that will help to evaluate and identify the optimal
container route between Asia and Slovakia.

Key words: containers, container trade routes, critical path method, evaluation and
identification, maritime transport
1. INTRODUCTION
Most of consumer goods that are sold in the shopping malls come from Asia,
especially from the Far East. The developed countries have moved their production

subsidiaries to the developing countries of the Far East due to cheap labour force or
tax benefits. Most of these goods are transported into containers due to the protection
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of goods against their damage, loss or theft during transport, transhipment and storage
and better manipulation of containers in the sea ports (Klapita, 2015; Tengler et al.
2015).

The basic goal of this paper is to focus on transport of containers between Asia
and the Slovak Republic and compare it from the different points of view. In the
research we have decided to use the critical path method that is one of the methods of
operation analysis. Loading of containers will be carried out in the port of Singapore
that belongs to the top 20 world container ports. Then, they will be transported by
container vessels to four different European ports (Rotterdam, Hamburg, Koper and
Constantza), where they will be loaded on the wagons and will be transported to the
container terminal Dunajska Streda. We will compare these transport routes from the
points of view such as transport time and price.

2. THE CURRENT CONTAINER TRANSPORT SYSTEM BETWEEN ASIA
AND EUROPE

In 2015 about 175 million TEUs (over 1.69 billion tons of cargoes) were carried
by container vessels in the world. In maritime transport there are three main container
trade routes that link the continents:

«  Transatlantic (North America - Europe),
»  Transpacific (Far East — North America),
»  Europe - Asia.

One of the busiest routes is the route that lies between Europe and Asia. It links
Western Europe (the Netherlands, Belgium, Germany or France) with the Far East
(West Malaysia, Singapore, Thailand, Hong Kong, the Philippines, Taiwan, South
Korea, China and Japan). Vessels sail from the North Atlantic through the
Mediterranean Sea, the Suez Canal, the Red Sea, the Indian Ocean, the Strait of
Malacca, and the South China Sea to the North Pacific. On one hand this maritime
route is the shortest route between Europe and Asia, on the other hand it is one of the
busiest routes in maritime transport (Hanstt, 2015; Cerna et al., 2017).

Table 1. Containerized cargo flows on major east-west (millions of teu)

Trans-Pacific Europe-Asia Transatlantic
Eastern
Asia- North Asia- EUrope- | \orth
America Europe North .
North Europ . . America
. -Eastern -Asia Americ
Americ . e -Europe
a Asia a
2014 15,8 74 15,2 6,8 39 2,8
2015 16,8 7,2 14,9 6,8 4,1 2,7
Percentag
e change 6,6 -29 -2,2 0,0 5,4 -2,4
2014-2015

Source: (Review of Maritime Transport, 2016)
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Most of containers are transhipped in the biggest European ports such as the port
of Rotterdam or the port of Hamburg. For the countries of Central and Eastern Europe
(also for the Slovak Republic) it is better to use the port of Koper or the port of
Constantza because these ports are closer to the Asian markets than sea ports of the
North Sea. After transhipment of containers in the sea ports they are transported to the
container terminals located in hinterland by railway or road transport. We chose the
container terminal Dunajska Streda for our comparison because this terminal belongs
to the best built terminals in Slovakia. It was built according to the criteria of AGTC.

In spite of the fact containers can also be transported by railway transport from
Asia to Europe through the Trans-Siberian railway (this transport route saves transport
time about 50 %) most of containers are still transported by ultra large container
vessels due to cheaper transport costs (Internal materials of the Ministry of Transport,
2016).

3. EUROPEAN MARITIME PORTS

These days there are about 400 world container ports that handle containers; the
top 60 ports handle about 98 per cent of world container port throughput
(Grobarcikova & Sosedova, 2014).

The top 20 container ports usually handle about half of the world’s container
port throughput. In 2015 the list of top 20 container ports included 15 ports from
developing economies, all of them were located in Asia. The remaining five ports
were from developed countries, three of which were located in Europe (the
Netherlands, Belgium and Germany) and two in North America (Los Angeles and
Long Beach, California) (Review of Maritime Transport, 2016).

In this part we focused on four European container ports that are important due
to transport of containers from Asia to Slovakia.

3.1. Port of Rotterdam

The port of Rotterdam is the biggest port in Europe. It lies on the coast of the
North Sea and the river Nieuwe Mass. Navigable network of this port is very dense
with lots of canals.

The port is largely located in the city centre of Rotterdam, which was caused by
historical development of the city. The total length of the port is 42 km. Nowadays,
the total area of the port is 12.603 hectares (ha), of which land area is 7.793 ha and
water area is 4.810 ha.

Ultra large container vessels and bulk carriers that carry iron ore from Brazil can
enter the part called Maasvlakte. Water depth in this part is about 24 metres. The port
of Rotterdam is connected with the other world ports through a large number of line
companies. The port has got a very good connection with hinterland through road and
railway transport (A 15 motorway and railway Betuweroute that links the Netherlands
with Germany) (Port of Rotterdam, 2016).

Transhipment and storage of containers is carried out in the different parts of the
port of Rotterdam (Maasvlakte, Europoort, Botlek, Eemhaven and Waalhaven).
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Container terminals are divided according to the size of container ships that anchor
there. Ultra large container vessels are operated in the container terminals
(ECT Delta and Euromax APM or APM 2) that are located in the parts Maasvlakte |
and Il

Smaller container vessels are operated in the terminals such as ECT City, RST,
Uniport and Barge Center Waalhaven that are situated in the parts Eemhaven and
Waalhaven. These ships carry containers between the port of Rotterdam and the
United Kingdom / Scandinavian states, respectively between the port and hinterland.
The containers are stored in parts Botlek and Waalhaven (David & Jurkovi¢, 2013).

3.2. Port of Hamburg

The port of Hamburg (Figure 1) was the third busiest European port in
transhipment of containers in 2015. It is located on the banks of the river Elbe, about
115 km from its estuary into the North Sea. The total area of the port is 7.250 ha, of
which land area is 4.331 ha. The maximum allowable draft of vessels is 12.8 metres.
In the port bulk, general, liquid cargoes including containers are handled there. The
port is directly connected with the hinterland of Germany by road and railway
transport. Road transport has the most important role in transport of cargoes between
the port and hinterland (about 40 million tons of cargoes are transported by trucks),
railway transport links the port with 15 countries. The port area has three main railway
stations; the length of railway tracks is about 375 km. The port fills the function of
collecting place. The part of containers that are unloaded in the port of Hamburg are
transhipped on smaller container vessels. They transport containers to the
Scandinavian or Baltic States. It is called feeder service. In the port there are four
container terminals (Altenwerder, Burchadkai, Eurogate and Tollerot), two of them
use automated handling devices in their handling systems (Port of Hamburg, 2016).

Figure 1. Port of Hamburg and its container terminals
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Source: (Port of Hamburg, 2016)
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3.3. Port of Koper

The Slovenian port of Koper is located in the northern part of the Adriatic Sea.
It links the countries of Central and Eastern Europe with the Asian and African
countries. This port is intermodal centre; there are used different transport and loading
systems such as RO-RO technology, handling devices for transhipment of different
types of bulk, general and liquid cargoes (oversize cargo, containers, cars, livestock,
and raw materials) (Port of Koper, 2016).

The port of Koper has got 11 special terminals (Figure 2) which carry out various
functions such as transhipment and storage of cargoes, and different additional
services. Each terminal is equipped by transhipment; shipping and storage technology.
Container terminal that is located in the southern part of the port is equipped by cranes
Panamax and Post Panamax. It has got four berths where vessels anchor during
transhipment of containers. The port of Koper has got a good connection with other
modes of transport. Rail transport conveys about 70 % of cargoes, the rest is
transported by road transport (Port of Koper, 2016).

Figure 2. Port of Koper and its terminals

Il Container and RO-RO Terminal Fruit Terminal B European Energy Terminal
[] CarTerminal B Timber Terminal Bl Passenger Terminal
I General Cargoes Terminal Dry Bulk Terminal Il Liquid Cargoes Terminal

B Quays and Moorings
Source: (Port of Koper, 2016)

The Port of Koper has an important role for import of the spare parts located into
the containers from South Korea to the automobile factories KIA and Hyundai located
in Slovakia and the Czech Republic. About 140 000 TEUs (1 250 000 tons of cargoes)
are imported by ships every year, twice a week (Twrdy et al., 2012).

3.4. Port of Constantza

The Port of Constantza (Figure 3) that is the biggest Romanian port is located on
the western coast of the Black Sea, 179 nautical miles (nm) from the Bosporus Strait

33



The critical path method as the method for evaluation and identification of the optimal container...
Luka$ Han$at, Andrej David, Jozef GaSparik

and 85 nm from the Sulina Branch. It covers 3.926 ha, of which land area is 1.313 ha
and water area is 2.613 ha. The total quay length is 29, 83 km. The maximal allow
draught for vessels is 19 metres. The port is part of the Romanian maritime port system
under the coordination of Maritime SA Constantza. The south part of the port is linked
with the Danube River by the Danube-Black Sea Canal. There are also located river
port and Ro-Ro terminal and container terminal. In river port cargoes are loaded on
inland vessels (barges, motor cargo vessels) that transport them to hinterland of
Romania or other Danube countries. Constantza South Container Terminal was put in
the operation in 2004. This terminal is equipped by container gantry cranes that
tranship containers between the terminal and container vessels Panamax or Post
Panamax. It provides the standard services such as other world container terminals
(Port of Constantza, 2016).

The Port of Constantza has got a good connection. The rail network of the port
that is about 300 km long, is connected with the Romanian and European rail network.
The Port is an important part of TRACEA corridor that provides connection between
Europe, Caucas and the Middle East. The Port of Constantza (Figure 3) became Free
Zone in January 2007. It allows operating all types of cargoes.

Figure 3. Port of Constantza and its terminals
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Source: (Port of Constantza, 2016)

4. THE POSSIBILITIES OF TRANSPORT CONTAINERS BETWEEN
ASIA AND SLOVAKIA AND THEIR COMPARISON

During the proposal of a suitable way for transport of containers between the

Slovak Republic and Asia (the Far East) we focused on the aspects which influenced
mainly on transport processes that were carried out by sea and railway transport.
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Containers are mainly transported by sea transport between the continents. In this part
we analysed possible transport routes between Asia and Europe and four maritime
ports that are important for Slovakia. After containers were unloaded in one of the
ports they were transported by railway transport to the container terminal Dunajska
Streda in Slovakia. We used the critical path method (CPM) for the comparison and
selection of the optimal transport route (Hansut, 2015).

The critical path method (CPM) is one of the basic deterministic methods of
network analysis. Its goal is to determine the duration of a project based on the length
of the so-called critical path, which is the sequence of interdependent activities with
the least time reserve. CPM enables to facilitate effective time coordination of the
partial inter-related activities of the project.

The critical path is defined as the longest possible path from the starting point to
the endpoint of the graph. Each project has got at least one critical path. Each critical
path consists of a list of activities which the project manager should focus on if he /
she wants to ensure timely completion of the project. The end date of the last task on
the critical path is also the completion date of the project.

If the duration of the activities is not known with certainty, the Program
Evaluation and Review Technique (PERT) can be used to estimate the probability that
the project will be completed by a given deadline (Winston, 2004; Fan et al., 2016).

4.1. Singapore — Rotterdam - Dunajska Streda

Between the port of Rotterdam (Europe) and Singapore (Asia) there are five transport
routes (Figure 4). One of limiting elements for choosing the best transport route is
transport time that depends on the length of transport route and the speed of vessel
that is 15 knots (kn).

Figure 4. Transport routes between Singapore and Rotterdam
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The shortest route from the point of time is the route that passes through the
Strait of Malacca, the Indian Ocean and the Red Sea, the Suez Canal, the
Mediterranean Sea, the North Atlantic and the North Sea. Transport time is about 23
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days (Table 2). The price for transport of one TEU is 612 EUR. This price also
includes charges for bunker adjustment factor, terminal handling charge, seaway bill,
seal and report of goods in advance. We chose APL, one of the world’s leading ocean
carriers, for transport of containers (Hansut, 2015).

Table 2. Maritime transport between Singapore and Rotterdam

. Vessel speed Time
Route Distance (km) (nautical miles/hour) | (days / hours)

Suez Canal 15 349 15 23/1
Cape of ~ Good 21770 15 32/16
Hope
Panama Canal 28 400 15 42/14
Strait of Magellan 31295 15 46/23
Cape Horn 31414 15 4713

Source: (Sea Distances, 2016)

After arrival of the container ship in the port of Rotterdam containers are
transhipped on railway wagons. The whole handling process takes about 36 hours.
Then, they are transported by railway transport from the Netherlands through
Germany, the Czech Republics to the terminal Dunajska Streda located in the Slovak
Republic. The total length of this transport route is 1 515 km and takes about 32 hours
and 9 minutes. The price for transport of one TEU is 800 EUR (Hanstt, 2015).

4.2 Singapore — Hamburg - Dunajska Streda

Figure 5. Transport routes between Singapore and Hamburg
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As in the previous case the shortest maritime route between Singapore and the
port of Hamburg leads through the Strait of Malacca, the Indian Ocean and the Red
Sea, the Suez Canal, the Mediterranean Sea, the North Atlantic and the North Sea
(Figure 5). This voyage takes about 23 days 17 hours (Table 3); the speed of the vessel
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is 15 kn. The price for transport of containers is 612 EUR and includes all charges as
in the previous case. We chose the same carrier for transport of containers as in the
previous case. In the case we chose another route transport time would be prolonged
at least 10 days (Hansut, 2015).

Table 3. Maritime transport between Singapore and Hamburg

. Vessel speed Time
Route Distance (km) (nautical milis/hour) (days / hours)

Suez Canal 15 818 15 23/17
Cape of -~ Good 22 239 15 33/9
Hope
Panama Canal 28 869 15 43/7
Strait of Magellan 31764 15 47/15
Cape Horn 31 882 15 47/20

Source: (Sea Distances, 2016)

After arrival of the container ship in the port of Hamburg containers are
transhipped on railway wagons. The whole handling process takes about 22 hours.
Then, they are transported by railway transport from Germany through the Czech
Republics to the terminal Dunajska Streda located in the Slovak Republic. The total
length of this transport route is 1.053 km and takes about 30 hours and 9 minutes. The
price for transport of one TEU is 650 EUR. (Hanstt, L., 2015)

4.3 Singapore - Koper - Dunajska Streda
In this case we also chose the shortest transport route between the ports. It leads
through the Strait of Malacca, the Indian Ocean, the Red Sea, the Suez Canal, the

Mediterranean and Adriatic Sea (Figure 6).

Figure 6. Transport routes between Singapore and Koper
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The port of Koper that is the part of NAPA (North Adriatic Ports Association)
has got a very good position. Transport time (Table 4) between this port and the ports
of the Far East is at least one week shorter than between the ports of the North Sea
(the port of Rotterdam, the port of Hamburg) and the ports of the Far East. The price
for transport of containers is 1.236 EUR on this route. We chose the maritime carrier
Evergreen for this transport (Hansut, 2015).

Table 4. Maritime transport between Singapore and Koper

. Vessel speed Time
Route Distance (km) (nautical miles/hour) | (days/ hours)

Suez Canal 11 675 15 17/12
Cape of  Good 22 832 15 34/6
Hope
Panama Canal 30 564 15 45/20
Strait of Magellan 32 388 15 48/14
Cape Horn 32 503 15 48/18

Source: (Sea Distances, 2016)

After arrival of the container ship in the port of Koper containers are transhipped
on railway wagons. The whole handling process takes 29 hours. Then, they are
transported by railway transport from Slovenia through Hungary to the terminal
Dunajska Streda located in the Slovak Republic. The total length of this transport
route is 660 km and takes about 24 hours. The price for transport of one TEU is 350
EUR (Hansut, 2015).

4.4 Singapore - Constantza - Dunajska Streda
In this case we also chose the shortest transport route that leads through the Strait of
Malacca, the Indian Ocean, the Red Sea, the Suez Canal, the Mediterranean and

Black Sea (Figure 7).

Figure 7. Transport routes between Singapore and Constantza
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The port of Constantza has a very good position due to saving of transport time.
Itis at least one week shorter than between the ports of the North Sea and the ports of
the Far East (Table 5). The price for transport of containers is 723 EUR. We chose the
maritime carrier Blue Anchor America Line for this transport. (Hansut, 2015).
Table 5. Maritime transport between Singapore and Constantza

. Vessel speed Time
Route Distance (km) (nautical miles/hour) | (days / hours)

Suez Canal 15 16
Cape of - Good 23483 15 32/5
Hope
Panama Canal 32216 15 46/20
Strait of Magellan 33 040 15 49/13
Cape Horn 33 155 15 49/17

Source: (Sea Distances, 2016)

After arrival of the container ship in the port of Constantza containers are
transhipped on railway wagons. The whole handling process takes 26 hours. Then,
they are transported by railway transport from Romania through Hungary to the
terminal Dunajska Streda located in the Slovak Republic. The total length of this
transport route is 1.226 km and takes 5 days and 7 hours. The price for transport of
one TEU is 1.000 EUR. (Hansut, L., 2015)

5. COMPARISON PROPOSED VARIANTS

We decided to use the CPM for the determination of optimal transport route
between Singapore and Dunajska Streda. Each transport route was evaluated
according to total transport time. The shortest transport route would pass through the
Suez Canal and the port of Koper and would take 19 days and 17 hours (Figure 8),
(Table 6). On the other hand the longest one was the route that passed through the port
of Rotterdam or the port of Hamburg. In both cases it was 25 days and 21 hours
(Hangut, 2015).
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Figure 8. Criterion: Transport time [day/hour/minute]

Legend:
ul — Singapore u2 — Rotterdam u3 — Hamburg
u4 — Koper uS — Constantza u6 — Dunajska Streda

Source: Authors

For the part of customers transport price is sometimes more important than
transport time. From the point of view of transport price the cheapest transport route
passed through the port of Hamburg (Figure 9). The total price for this route was 1.262
EUR for 1 TEU. On the other hand the most expensive route was the route that passed
through the port of Constantza that was 1.723 EUR for 1 TEU (Hansut, 2015).

Figure 9. Criterion: Transport price [€]

Legend:
ul — Singapore u2 — Rotterdam u3 — Hamburg
u4 — Koper uS — Constantza u6 — Dunajska Streda

Source: Authors

The comparisons of transport routes from different points of view are presented
in the table 6.
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Table 6. Table of results

s Transport Transport

‘= route of Value of : Value of

1] o o route of rail o Total

£ maritime criterion criterion

S transport transport

por
£ . SGP - RTM 15 349 km RTM - DS 1515 km 16 864km
§ § SGP - HAM 15818 km HAM - DS 1053 km 16 871km
g g SGP - Koper | 11675km Koper - DS 660 km 12 335km
= SGP - CT 11 105 km CT-DS 1226 km 12 331km
£ SGP - RTM 23d 1h RTM - DS 2d 2h 9m 25d21h9m
§ g SGP - HAM 23d 17h HAM - DS 2d 4h 9m 25d21h9m
E = SGP - Koper 17d 12h Koper - DS 2d 5h 19d17h
= SGP -CT 16d 16h CT-DS 6d 9h 23d 1h
t SGP - RTM 612 € RTM - DS 800 € 1412€
o
é',-g SGP - HAM 612 € HAM - DS 650 € 1262 €
E = | SGP- Koper 1236 € Koper - DS 350 € 1586 €
SGP -CT 723 € CT-DS 1000 € 1723 €

Source: Authors

6. CONCLUSION

The critical path method can be used as a tool for the estimation of the duration
of a project. It is applied for the projects where durations can be estimated with a high
degree of accuracy. The durations are usually known according to past experience and
knowledge of the data of previous projects. It means that the durations are not
statistically determined. This type of method can be used in logistics and transport.

In our research that was focused on the evaluation of the optimal transport route
between the Singapore and Dunajska Streda from the point of duration we found out
that the shortest route would go through the Suez Canal and the Slovenian port of
Koper and it would take less than 20 days.

However, a lot of customers prefer transport price to transport time. According
to our calculation that we did, the cheapest route was the route that led through the
port of Hamburg.

At the end everything depends on the decision that the customer will make. If he
/ she prefers transport time to transport costs or vice versa.
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Abstract

Business logistics is important for delivering products in time, without damage
and with the lowest possible costs. With current technology developments, there are
many ideas and projects about how to reach this goal. One of these developments
includes unmanned aircraft systems (UAS) - widely known as drones, for use in
logistics as a tool to deliver products to their final users.

The use of unmanned aircraft systems is not new and they are presently used for
different applications worldwide, from military purposes to filming and crop control.
Recently the idea about using drones in logistics has been tested by different logistics
companies for different purposes, from last mile deliveries of ordered products to
deliveries from fast food restaurants. Due to this the question arises - can it be done
in Croatia? If yes, by whom, and for what purposes in logistics?

This paper will provide a definition of unmanned aircraft systems and present
various applications thereof, as well as the types currently used throughout the world.
Since unmanned aircraft systems are starting to become a part of logistics, different
examples of drones’ use in logistics worldwide are presented. We will analyse legal
regulation in Croatia, possible problems, and will also consider who could be potential
users of unmanned aircraft systems in logistics, either for last mile deliveries or for
some other purpose. In conclusion, we will propose further research in this field and
how it may influence further development of business logistics

Key words: unmanned aircraft systems, drones, legal regulation, logistics, Republic
of Croatia
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1. INTRODUCTION

Business logistics is considered as a part of supply chain, which includes
inventory management, transportation and distribution. Due to its importance,
business logistics is part of management in every company, regardless of whether it
is a manufacturing or service company. This importance is stressed further because
logistics creates value for customers and suppliers of the firm, and value for the firm's
stakeholders (Ballou, 1997: 118). Although the marketing system of business logistics
also encompasses the consideration of profit, business logistics has the same idea as
modern military logistics (Ito, 2016). This means that besides the efficiency in
transporting things, mobility is also common Drones were put into practice in military
but they also have potential in other areas of use, one them being business logistics.
A statement by Amazon CEO Jeff Bezos that drone delivery will be as normal as
seeing mail trucks (O’Brien, 2015) shows that change is coming to business logistics.
This statement is confirmed by research conducted by The Material Handling Institute
(Deloitte, 2015) about the future of supply chain technology. The findings showed the
importance of driverless vehicles and/or drones as emerging technologies that will
play an important part in the supply chains of future.

The aim of the paper is to investigate the legislation and potential for drone use
in business logistics in Croatia. The paper gives an overview of the term unmanned
aerial vehicle. Different types and applications of drones are presented and explained.
The third section examines legal regulation of drone usage in Europe and Croatia. The
paper presents global examples of different uses of drones for deliveries of fast food
orders, mail, or for last mile delivery. It looks upon current and potential use of drones
in Croatia. Finally, the paper provides implications for further research of the use of
drones for last mile delivery of goods and their potential impact on business logistics
in Croatia.

2. UNMANNED AERIAL SYSTEMS — DRONES

Since the first airplane and the Wright brothers, there was an idea of unmanned
aerial systems, and this was a huge challenge for engineers and scientists. The first
unmanned aircraft (balloons filled with explosive content) were used by the Austro-
Habsburg Empire in 1849 during their attack on Venice (Consortig, 2016). History
remembers the Wright brothers’ airplane from 1916 and the drones used by the British
Navy for target practice from 1933 (Gonzalez-Aguilera and Rodriguez-Gonzalvez,
2017). To have and to control an aircraft without a pilot was always a huge challenge,
both from the military and civilian standpoint.

When speaking of drones in the European context, it should be noted that there
is no established terminology that regulates this matter. The current nomenclature for
unmanned civilian or military aircraft is varied: drone, unmanned aerial vehicle
(UAV), unmanned aircraft system (UAS), remotely piloted aircraft system (RPAS) or
aircraft (RPA). The terms RPAS and RPA refer to the rules set by ICAO, and ICAO
does not use the term ‘drone’. To avoid confusion, including concerns about liability
and insurance, it would be advisable to work towards using the ICAO terminology in
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the European context. In accordance with the Commission communication, the term
UAV is used to mean an unmanned, autonomously functioning aircraft. An RPAS is
an aircraft controlled remotely by a third party. The term ‘drones’ is now firmly
established in public parlance for all types (European Parliament, 2014: 90). A drone
can be defined as an aircraft without a human pilot on board (Estampe, 2015: 15).

Previously, drones were mainly connected to the military, where they were used
largely for two purposes: reconnaissance and surveillance, and ground attacks. The
use of drones has many benefits based on their flight system (either remotely
controlled or autonomous) and their sensory system needed to attain precise
positioning information and a great variety of data. The number of developed types of
drones has been significantly increased recently, and their use has been moving away
from military to civilian purposes (Figure 1)

Figure 1. Global trends in UAV proliferation
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Source: adapted from Horowitz and Fuhrmann, 2015

Black areas are countries that are developing armed UAV programs, while grey
areas represent countries that are developing unarmed UAV capabilities. It is
important to state that the proliferation of drones is still poorly understood (Horowitz
& Fuhrmann, 2015) and that it is today’s reality for regulators, start-ups, policy
makers (local, regional, national) and companies around the world. Purchase of drones
and investments in their research and development will continue to grow in the next
years (Figure 2).
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Figure 2. World drone forecast
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Source: adapted from Cavoukian, 2012

Another study (Finnegan, 2015) predicts that the value of the worldwide
production of drones will grow from current 4 billion USD/year to 14 billion
USD/year within the next ten years. Based on current and future developments in
drone R&D and potential areas of use, the main advances of drones can be seen in (1)
the emergence of new sensors that allow the improvement of the geometric and
radiometric resolution, as well as the spectral range; (2) the evolution of new
platforms that improve robustness and increase autonomy; (3) the development of
software, from the navigation and communication with the platform to the processing
and analysis of the images captured; (4) new applications in emerging sectors:
logistics, disaster assistance, security and surveillance, health and marine science,
among others (Gonzalez-Aguilera and Rodriguez-Gonzalvez, 2017: 1). UAV market
today is mainly intended for military applications (72%), followed by consumer
(23%) and civilian applications (5%). The most rapid growth is predicted for civilian
application of UAVS, but application in this sector is starting from a very low base
(Finnegan, 2015). Since the UAV civil and commercial market is still in its incipient
phase, there is a significant potential and a potentially wide range of applications
where UAVSs can be used to replace current solutions or be used in areas where there
are no existing solutions (European Commission, 2007).

2.1. Types of UAVs

Today, there are many different types of UAVs available on the market for
commercial and civilian purposes. Generally, UAVs are usually classified according
to measurements or specifications, which are not only related to endurance or range,
but also to price, maximum take-off weight, the engine used, and price. Thus, there
are possible categorizations of drones based on their range (short or long), price
(expensive or inexpensive), payloads (high or low), complexity of models (complex
or non-complex), number of blades (quadcopter, octocopter, multicopter), etc.
Heutger (2014) and Kelek (2015) divide UAVs based on build type into several
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groups: fixed-wing, tilt-wing, unmanned helicopter and multicopter, which are known
mostly as drones (Table 1).

Table 1. Advantages and disadvantages of different types of UAVs

Types Advantages Disadvantages Example
Horizontal take-
off,  requiring
substantial
space or support
. . Long range Inferior
Fixed wing Endurance maneuverability
compared to
VTOL (Vertical
Take-Off and
Landing)
Tilt wing Combination of | Expensive
fixed wing and | Technology
VTOL complex
advantages
comerred |vroL | 20 -
P Maneuverability hi P y - —
. igh =2
High payloads . -
. maintenance =
possible .
requirements
Multicopter | Inexpensive, Limited —a . Ty
Low weight payloads G, 7
Easy to launch | Susceptible to \é\{l’@\(
wind due to low
weight

Source: adapted from Heutger, 2014 and Kelek, 2015

Another possible categorization of UAVS is into three groups: rotary wings,
fixed wings and lighter than air. This categorization looks upon launching capabilities,
areas needed for manoeuvring, speed, endurance, load capacity and altitude capability.
Each of these groups have their own advantages and disadvantages, but they all have
enormous potential in the future for all different applications UAVs can be used for.

2.2. Application of drones
With increased demand and production, the drone market is being accepted by a

growing number of different industries. The drone market is predicted to see
significant growth in the media and entertainment industry (Global Market Insights,
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2016). Civil and commercial market applications of drones can be divided in several

different ways (Figure 3).

Figure 3. Civil and commercial drones market segmentation
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The importance of different drone applications can be seen in the value of
businesses and labour in different industrial sectors which can use drones (Figure 4).

Figure 4. Value of drone powered solutions addressable industries (in billions USD)
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Source: adapted from Mazur & Wisniewski, 2016: 4

The total drone powered solutions value in presented industrial sectors is more

than USD 127 billion. The highest potential for the application of drones is in
infrastructure (railways, roads, energy, and oil & gas) with a total value of USD 45
billion (Mazur & Wisniewski, 2016). Other sectors in which drones have or will have
significant use are: insurance, media and entertainment, telecommunications,
agriculture, security, and mining.
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In the transport sector, development projections for the use of drones are
admirable due to technology improvements, which are seen every day. Although
drones were not seen as an integral part of the transport industry, nowadays the
transport sector uses drones for their accessibility, cost of operations and their speed
compared to other transport choices. The main areas for drone use in transport are
parcel deliveries, spare parts deliveries, food delivery, and medical logistics. Since
drones and helicopters are very much similar, it is possible to predict that some
operations currently performed by helicopters will be performed by drones in the
future (Smith, Mazur & Wisniewski, 2017). Further use in the transport sector faces
several key opportunities and key challenges (Figure 5).

Figure 5. Key opportunities and key challenges for use of drones in the transport
sector
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Source: adapted from Smith, Mazur & Wisniewski, 2017: 12

The key opportunities for further drone use in the transport sector are in finding
financial and legal support (like Israeli and Chinese governments do for their drone
industries) and to continue with rapid technology development, which leads to lower
prices of final products — drones. The key challenges primarily include the issue of
safety, where it is needed to develop complex air management systems to prevent
possible air collisions, and secondly, the issue of privacy, since drones fly over various
types of sites and collect a massive quantity of information, and currently there is no
regulation regarding the collected data. Additionally, Rosenberg (2009) stated several
significant market barriers for commercial and civil application of drones: (i) lack of
operator training and safety standards; (ii) limited payload capacity and space
restrictions; (iii) no secure non-military frequencies; (iv) liability for civil operations;
(v) incomplete or immature air space regulations that encompass UAV systems; (vi)
negative consumer perception.
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3. LEGAL REGULATION

With the advancement of technology, the ever-increasing use of drones is
becoming more and more common. To date, most flights conducted by drones have
taken place in segregated airspace to avoid danger to other aircraft. Drones are
increasingly being used in the EU, but under a fragmented regulatory framework,
since each Member State has its own rules. So far, only a few countries, including the
Republic of Croatia, have legally regulated this area, but due to unexplored
possibilities and constant progress of unmanned aircraft, this area will need to be
constantly upgraded and legally regulated. In May 2015, the Republic of Croatia
adopted the Ordinance on unmanned aircraft systems (Official Gazette, 49/2015,
77/2015).

Table 2. Regulation by country

Country Possibility License | Possibility | License Insurance Training
of required | to perform | required required for | required
commercial | to fly BVLOS for commercial | for
flights flights BVLOS flights pilots to

flights obtain
license

Poland v v ' N v v

UK v v v v v v

China v v v X v v

Canada v v v X v v

Germany v v X X v v

France v v v X X v

South v v v X X v

Africa

Indonesia v v X X v v

Australia v v X X v v

Brazil v v v X X X

Mexico v v X X X v

USA v v X X X X

Japan v X X X X X

Russia X X X X X v

Argentina X X X X X X

Source: adapted from Mazur & Wisniewski, 2016: 21

The legal issues of drones are regulated at three levels: international, European
and national (Croatian) (Table 2). Solving this legal issue is initiated through work of
International Civil Aviation Organization (ICAO), European Aviation Safety
Agency (EASA) and Croatian Civil Aviation Agency (CCAA), but also includes the
European Organization for the Safety of Air Navigation (EUROCONTROL), Joint
Authorities for Rulemaking on Unmanned Systems (JARUS), etc.

Observing the international regulation, it should be emphasized that according
to Article 8 of the Convention on International Civil Aviation (ICAO, 1944) no
aircraft capable of being flown without a pilot shall be flown without a pilot over the
territory of a contracting State without special authorization by that State and in
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accordance with the terms of such authorization. Each contracting State undertakes
to ensure that flight of such aircraft without a pilot in region open to civil aircraft
shall be so controlled as to obviate danger to civil aircraft. In accordance with the
above-mentioned, European countries are increasingly adopting ordinances governing
the legal framework for the implementation of UAS flight operations. Most of the
adopted legal frameworks regulate this matter in a similar way, and differ according
to the categories of unmanned aerial vehicles, the areas above which flight operations
are performed, the conditions for flying operations, etc. (Mudri¢ & Katuli¢, 2016:
126). It must be mentioned that ICAO has published Circular 328 (2011) on
Unmanned Aircraft Systems (UAS) and amended Annexes 2, 7 and 13 to the Chicago
Convention to accommodate Remotely Piloted Aircraft Systems (RPAS) intended to
be used by international civil aviation (EASA 2015b).

The development of unmanned aircrafts has started a new chapter in the history
of air transport. The current situation, regarding drone regulation in the EU is not fully
satisfactory since legislation in Member States is not harmonized and there is no
obligation of mutual recognition of certificates or authorizations. An unmanned
aircraft operator authorized in one Member State must obtain another authorization in
another Member State if they want to operate there. Furthermore, current EU
legislation assumes that unmanned aircraft below 150 kg are operating locally.
However, there are small unmanned aircraft that can fly very high or can operate at
long distances, which could affect several Member States and thus need multiple
authorizations. For that reason, the Commission has proposed, under the 2015 EU
Aviation Strategy, to create a risk-based framework for all types of drone operations,
which will ensure the safe use of drones in civil airspace and create legal certainty for
the industry. Concerns related to privacy and data protection, security, liability and
insurance or environment will also be considered (European Commission, 2017).

The Commission works together with the EASA. Regulation (EC) No 216/2008
of the European Parliament and of the Council of 20 February 2008 on common rules
in the field of civil aviation and establishing a European Aviation Safety Agency, and
repealing Council Directive 91/670/EEC, Regulation (EC) No 1592/2002 and
Directive 2004/36/EC (Text with EEA relevance) (European Commission, 2008),
known as Basic Regulation (European Parliament, 2008) mandates the EASA to
regulate UAS and RPAS, when used for civil applications and with an operating mass
of 150 kg or more. Experimental or amateur-built RPAS, military and non-military
governmental RPAS flights, civil RPAS below 150 kg, as well as model aircraft, are
regulated by individual Member States of the European Union.

The current division of competence between Union and Member States
regarding regulation of unmanned aircraft, which is based on a threshold of 150 kg, is
generally deemed obsolete. The rules for unmanned aircraft should evolve towards an
operation centric approach, where risk of an operation is made dependent on a range
of factors (European Commission, 2015:7).

European Commission published the Proposal for a Regulation of the European
Parliament and of the Council on common rules in the field of civil aviation and
establishing a European Union Aviation Safety Agency, and repealing Regulation
(EC) No 216/2008 of the European Parliament and of the Council, COM (2015) 613
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final (2015/0277 (COD), which prescribes new demands based on past experiences
and problems encountered.

Aviation safety is the main objective of the European Commission’s (2015)
proposal, but it is also a part of a larger context - fostering jobs and growth, developing
the internal market. Unmanned aircraft manufacturing has a cross-border dimension,
since many unmanned aircraft are bought online, are imported or at least have
imported parts. Mutual recognition in the internal market is difficult to achieve in the
presence of detailed and diverging national standards and rules. In addition, many
operators are developing cross-border activities, so they should be able to use the same
unmanned aircraft and the same operating requirements with the same pilot at
different places in the Union to develop their businesses. Large delivery companies
have expressed their intentions to organize their services at European level, which
requires common rules. (European Commission, 2015:4).

The Proposal contains provisions (Articles 45-47) that create the legal basis to
provide for more detailed rules on unmanned aircraft. Annex IX of the Proposal
contains the essential requirements concerning the design, production, operation and
maintenance of unmanned aircraft that need to be complied with to ensure safe
operations.

These provisions bring legal certainty to this rapidly expanding industry that
includes many small and medium-size enterprises and start-ups. For safety reasons,
all drones are covered, from small 'toys' to large unmanned aircraft. As risks arising
from drone operations vary, the rules should be proportionate and consider the extent
to which other air traffic or people on the ground could be endangered. Higher-risk
operations will require certification, while drones presenting the lowest risk would
just need to conform to the normal EU market surveillance mechanisms (European
Council, 2016).

Figure 6. Aviation operations - today and future

Aviation operations today

NO DRONES

Future aviation operations

YES DRONES

Source: a ed from European Commission, 2017a: 3-4

EASA published a Technical Opinion (EASA, 2015a) that does not include new
draft legal text beyond the one that has been proposed by the Aviation Strategy. Its
purpose is to lay the foundation for future work, illustrate the contents of the draft
changes to the Basic Regulation and serve as guidance for Member States (MS) to
develop or modify their regulations on unmanned aircraft. It includes 27 concrete
proposals for a regulatory framework and for low-risk operations of all unmanned
aircraft irrespective of their maximum certified take-off mass (MTOM). The EASA
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also produced ’prototype’ regulation (supplemented by an Explanatory note) in 2016
that presents a ‘prototype’ regulation for to the operation of unmanned aircraft in the
‘open’ and ‘specific’ categories and its purpose is to inform and consult stakeholders
in view of the ongoing negotiations on the review of Regulation (EC) No 216/2008
and in view of giving indications on the possible direction that EASA will take on its
implementation (EASA, 2016).

We can say that although there are obvious efforts to bring a suitable legal
framework for drones at EU level, it is obvious that this job will be difficult and long-
lasting. All civil aviation activities carried out on the territory and in the airspace of
the Republic of Croatia are regulated by the Air Traffic Act (Official Gazette, No.
69/2009, 84/2011, 54/2013, 127/2013, 92/2014). Air Traffic Law prescribes in Article
93a that conditions for the safe use of unmanned aircraft, unmanned aircraft systems
and model aircraft, as well as the conditions to be met by persons involved in the
management of these aircraft and systems are determined by a special regulation.
Based on this provision, the Ordinance on unmanned aircraft systems was adopted in
2015.

In accordance with Article 2, point 2 of the Ordinance, an unmanned aircraft is
an aircraft intended for the operation without a pilot in aircraft, which is either remote
controlled or programmed and autonomous, and the term unmanned aircraft system
(UAS), according to point 13, is a system designed to perform flights with aircraft
without a pilot that is remote controlled or programmed and autonomous. It consists
of unmanned aircraft and other control or programming components necessary for the
control of unmanned aircraft, by one or more persons.

The provisions of the Ordinance, in accordance with Article 1, paragraph 2, shall
apply to unmanned aircraft systems, with operating mass up to and including 150
kilograms that are used in the Republic of Croatia. The provisions of the Ordinance,
pursuant to Article 2, paragraph 3, shall not apply to unmanned aircraft systems when
they are used for state activities (military, police, security intelligence, customs,
search and rescue, firefighting, coastal guarding and similar activities or services).

With regard to operating mass, unmanned aircraft, according to Article 3 of the
Ordinance, are divided into three classes. In Article 4, the Ordinance clearly defines
the classification of flight areas in relation to buildings, population and presence of
people. The flight operations category is determined by the level of risk that their
performance represents for the environment, in accordance with Annex 1 of the
Ordinance (Table 3).

Table 3. Flight Operations Categories

Avrea of flight performance class
Unmanned Aircraft | 1 I v
System Class Unbuilt Built uninhabited Inhabited Highly
area area area inhabited area
Class 5
OM* < 5kg A A B C
Class 25
5<OM<25kg A B C D
Class 150
25 <OM <150 kg B c D D
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Source: Ordinance on unmanned aircraft systems, Annex I., 2015
*OM - operating mass of an unmanned aircraft

Regarding the safety of flying, Article 11 of the Ordinance prescribes general
conditions for flying unmanned aircraft. Flight must be performed in a manner that
does not represent a danger to life, health, or property of people due to impact with a
surface or due to loss of control over UAS and that does not endanger or interfere with
public order, and this must be ensured by the operator. Some provisions from Article
11, paragraph 2 will in practice lead to the greatest restrictions on the use of unmanned
aircrafts.

One of the most problematic provisions is the one on flight performance during
daylight (Article 11, paragraph 2, point a) because it prevents full exploitation of the
technological capabilities of unmanned aircraft. This is especially true in cases of
night-time recording, delivery, protection and rescue, etc. It has already been
suggested that under such strict conditions and with the use of additional night-time
equipment, such night flights could be performed. As Mudri¢ and Katuli¢ (2016: 137)
cited, the CCAA has concluded that performing UAS flight operations at night is not
a reliable and safe way to conduct UAS flight operations, and has rejected such
proposal.

Article 11, paragraph 2, points f), g), h) and j) prescribe flight distances from
certain objects: from humans, animals, buildings, vehicles, vessels, other aircraft,
roads, railways, waterways or transmission lines — not less than 30 meters during the
flight; from a group of people — minimum 150 meters; unmanned aircraft flight takes
place within the operator's visual line of sight and at a distance of not more than 500
m from the operator; unmanned aircraft flight takes place at a distance of at least 3 km
from the airport. However, Article 14 of the Ordinance predicts some exceptions to
these provisions, so that flight operations (which are performed in a way different than
the one prescribed in Article 11, paragraph 2, points f), g), h) and k)) exceptionally
can be performed if the operator has previously obtained the approval of the Agency,
and in the case from point i) (that an unmanned aircraft flight takes place outside the
controlled airspace) if it obtains approval for the special use of airspace from the
competent air traffic control.

As one of the problems of UAS, we can mention the fact that we do not have an
UAS registry, which should be implemented based on comparative legal solutions. As
Mudri¢ and Katuli¢ (2016: 147) cited, UAS registries or registries of operators of UAS
flight operations are present in legal frameworks for performing UAS flight operations
in the Czech Republic, Italy, the Netherlands and Sweden.

Although Annex 5 of the Ordinance provides the fulfilment of certain
requirements relating to flight operations, relating to the age of the operator, the
psychophysical ability, knowledge of the aviation regulations and ability to manage
the system depending on the category of flight operations, they are not strict;
therefore, questions concerning the safety of performing such flights as well as issues
related to liability for damage in correlation with the sufficient ability of the operator
of flight operations are raised. These problems should be considered in the following
revisions or amendments of the Ordinance, especially if one considers that changes to
the legislation envisaged at the European level will certainly be necessary.
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4. DRONES IN LOGISTICS - WORLDWIDE EXAMPLES

Drones in logistics are being tested for last mile deliveries of parcels. Last mile
delivery is considered as the last part of the supply chain and as the most inefficient
due to its specificities such as a spatial distribution of relatively small receiving
points, demands for more frequent but smaller shipments, delivery time windows, etc.
(Slabinac, 2015: 1). Big multinational e-commerce companies (Amazon, Google)
have significantly invested in research and development of drone technology for last
mile deliveries. Various other companies worldwide are currently working on
developing technology, drones and resources (people, warehouses) to put drones in
use for logistics purposes. Estampe (2015) noted five ways in which drones will be
impacting future transport possibilities and logistics in the not-so-far future: (i) save
money, (ii) eliminate human error, (iii) keeping humans at home, (iv) delivering goods
to places where people would not usually deliver, (v) monitoring and protecting
transport lanes.

Heutger (2014) divided the use of drones in logistics into four sub-categories: (i)
urban first and last mile, (ii) rural delivery, (iii) surveillance of infrastructure, and (iv)
intralogistics. The demand for urban first and last mile will significantly grow due to
the e-commerce annual growth rate. Use of drones will secure huge help for cities by
taking traffic into air from roads. Drones will provide a huge relief for rural delivery
services, since companies will be able to surpass poor infrastructure or challenging
geographical settings. Drones will improve the cost side of rural deliveries, as well as
quality of delivery services. Use of drones will help in monitoring and surveillance of
logistics infrastructure (warehouses, docks, yards,) and in guiding various logistics
operations (e.g. moving of forklifts and other vehicles on sites). In the final, fourth
sub-category, the use of drones will be of great importance, since drones can support
intra-plant transport and emergency transports, which are today performed by
helicopters. From the previous four sub-categories, the two most promising are urban
first and last mile (improvements in speed and flexibility) and rural deliveries
(connecting people in remote locations to worldwide trade networks). Table 4 presents
some of the examples where drones are used in logistics for last mile deliveries.

Table 4. Current examples of drone usage worldwide

Company Application

DHL DHL Parcel successfully tested its third Parcelcopter
generation for deliveries of parcels in Bavaria (Germany)
and urgent deliveries of medical supplies to the island of
Juist in the North Sea.

Amazon Testing Prime Air delivery service with drones. Parcels will
weigh up to a maximum of 2.36 kg and should be delivered
up to 30 minutes after the order. This delivery option should
take over up to 80% of all the deliveries Amazon makes.
Successfully conducted a 13-minute drone delivery trial in
England — in Cambridge.

Google Testing drone deliveries in Virginia, USA. The project is
currently on hold, due to the regulation and technical issues.
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7-eleven Tested drone fast food deliveries in Nevada, USA.

J.D.com Chinese online store delivered purchased products to their
customers.

Domino’s Pizza In New Zealand, they have started with drone deliveries of
ordered pizzas.

National postal | Swiss Post tested drone deliveries during 2015;

companies Finish post tested delivery of parcels in inhabited urban

environment — from Helsinki to the island of Suomenlinna;
Croatian post in Mostar has tested drones for parcel
deliveries in autumn 2016;

French post started with regular drone deliveries in
Provence —drones deliver parcels once a week;

Australia — started testing parcel deliveries within cities due
to drones’ flight range.

Maersk Tested use of drones for spare parts deliveries, which could
lead to savings in logistics — the company used drones to
deliver a box of cookies to a tanker from a nearby seaside
town.

Mercedes Benz Presented a complete logistics system for delivery of
products, which consists of vans with an automated
warehouse part and drones that will be delivering packages.
The goal is that all parts of the supply chain are digitally
connected (from supplier to delivery receiver).

Source: authors’ research, 2017

The latest report from Gartner presented a not so bright future for drones in
logistics (J. D., 2017). Although Amazon is promoting its drone delivery and has
patented their flying storage, Gartner predicts that market share for drone delivery by
2020 will not be higher than 1% of total deliveries. Their prognosis is based on
complex logistics problems and that return on investments has yet to be proven in this
segment. Since all companies look upon costs, earnings and return on investment, this
could be the main problem for greater use of drones for logistics purposes worldwide.

5. DRONES IN CROATIA — USAGE AND OPPORTUNITIES

Due to the development of technology and current trends in use of drones
worldwide, Croatia will also be a place where drones will be used in many different
applications. There are already several Croatian companies that are using, and even
more that are considering using of drones in their businesses. This will mean that
Croatia will be part of global trends, from drone operators and pilot education, to
production of drones. Currently, there are more than 130 companies in Croatia which
use drones for their businesses. Most companies offer different media and
entertainment services, surveillance of land, graveyards, and infrastructure. Until
recently, there was only one drone manufacturer in Croatia (Hipersfera), but a few
months ago two new companies started drone production (Tarsier drones and
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Kapetair) (Ivezi¢, 2017). Current and potential drone use in Croatia was a research
subject, and authors (Vlahovi¢, Knezevi¢ & Batali¢, 2016: 3985) concluded that
implementing delivery drones is in line with business processes perspective. This
offers potential for further automatization of organizations’ processes and potential
for further improvements in efficiency of organizations’ operations, especially in
areas of flexibility, service responsiveness, costs and maintenance. The next table
presents several examples of current use of drones by some of the biggest companies
in Croatia.

Table 5. Current examples of drone usage in Croatia

Company Application

Agrokor Already uses drones in agriculture with which they have
some savings in production, and at the same time they have
increased productivity. They are preparing for use of drones
in other companies and doing pilot training. In their
newspaper and parcel distribution company, they see huge
potential for drone use in logistics.

Hrvatski telekom They are evaluating the use of drones in automation of
mobile network planning to save on operating costs. Inside
the Deutsche Telekom group, drones are already being used
for testing signal quality around mobile base stations and
for examining mobile base stations. They are also
examining drone development and will assess when they
will use drones in development of different parts of their
business.

Zito grupa The company is very interested in testing new technologies
and potential use of drones in their business. They are
evaluating the use of drones for collecting data from planted
seeds, for creating digital orthophoto charts, and for
analysing the condition of farmland.

Hrvatska The company uses drones for controlling power lines in
elektroprivreda — inaccessible terrain. With drones, they do not need to switch
off the electricity while they check for potential
malfunctions.

Vipnet They consider drones as one of elements which, with smart
and innovative application can provide huge benefit to their
business and are willing to try them as soon as possible.
Source: adapted from Baceli¢, 2016

Most of the current use of drones in Croatia is connected to production or to
technology use in telecommunications companies. There is currently only one
Croatian company preparing to test drones for logistics purposes — Tisak. They are
currently waiting to receive the first delivery of drones for logistics purposes and will
start with preparations for first trial deliveries of parcels. The Overseas Trade
representative (UPS licensee in Croatia) sees drones as the future and concludes that
drone deliveries will suit the users who accept new technologies better and faster the
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most. According to them, the future of logistics industry in Croatia and in the world,
will be shaped by new technologies as the telecommunications industry was shaped
by smartphone development. The Croatian Post is looking at global trends in parcel
deliveries, but for them, drones are not such a reliable delivery tools since they depend
on weather conditions, have short-range for deliveries and there is an issue with
airspace regulation (Logistika.com, 2014).

Dronefest conference, which is being held every year in Zagreb, is also important
for future drone use in Croatia. This conference presents the latest information about
drones from several aspects of doing business (drone legislation and regulation,
different business possibilities, drone types, etc.) and presents an excellent place for
the promotion of further use of drones in Croatia. The conference organizer, IN2
company is one of the leaders in introduction of drone usage in Croatia, since they
work on development of software for controlling and using drones in agriculture and
infrastructure sectors.

Currently, the main barriers for faster and massive introduction of drones in
Croatian businesses and logistics are lack of and slow introduction of legal regulation
of drone usage.

6. CONCLUSION

Drones are already being used for civil purposes and are expected to increasingly
affect our daily lives. The most promising uses of drones are in safety inspections or
infrastructure monitoring, in disaster relief or photography, with good potential for
transport of goods. The key opportunities for the use of drones are financial and legal
support and continuation of rapid development, while the key challenges are the
question of safety and privacy issues.

RPAS are controlled by a pilot from a distance and form part of the broader
category of Unmanned Aerial Systems (UAS), which also includes aircraft that can
be programmed to fly autonomously without the involvement of a pilot. To use their
full potential, drones should be part of air transportation, and regulated in an
appropriate manner. A key factor in safely integrating UAS in non-segregated
airspace will be their ability to act and respond as manned aircraft do. European legal
framework must enable progressive development of the commercial drone market
while protecting the public interest. Safety and privacy are the most important
concerns. Therefore, an appropriate regulatory framework is required. The principal
objective of the aviation regulatory framework is to achieve and maintain the highest
possible uniform level of safety, thus drones must comply with aviation safety rules.
Enlargement of the drone market is hindered because there is no adequate regulatory
framework in most Member States. Several Member States have started developing
national rules, the Republic of Croatia being one of them, but the absence of European
standards will slow down the development of drone market. Development of the
complete regulatory framework for UAS will be a long effort, lasting many years.

The main use of drones in logistics is seen for last mile deliveries of parcels, and
the main four logistics categories are: urban first and last mile, rural deliveries,
surveillance of infrastructure, and intralogistics. Although many companies are testing
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drones in logistics, the latest reports, which are based on complex logistics problems
are not promising. Croatian companies primarily use drones for various media and
entertainment services, surveillance of land and crops, and infrastructure. Currently,
there are several Croatian companies thinking about testing drones in logistics, but
there is still no definite decision for introducing them in delivery operations. The main
barrier for faster introduction of drones in logistics in Croatia is lack of and slow
introduction of legal regulation of drone usage.

Since the use of drones in logistics is still new in Croatia, we recommend further

research in the following directions:

a) Investigate possible connection between legal regulation and the use of
drones in businesses, especially in logistics;

b) Investigate if the development of drone production industry in Croatia can
initiate greater use of drones in Croatian companies in different sectors and
not only in logistics;

c) Investigate possible savings for companies in Croatia by introduction of
drones for last mile deliveries instead of traditional logistics vehicles.
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Abstract

When packaged dangerous goods (DG) are transported by road, it is critical to
follow both legal requirements as well as meet suggested safety regulations in order
to prevent accidents during activities with chemicals that are harmful for man, assets
and environment. Due to the fact that there are multiple parties involved into handling
and transportation procedures, plenty of different risks can occur during these
activities with DG. As the importance of human factor has been underestimated, this
paper focuses on analysing different types of risks within a dangerous goods
transportation chain related to specific participant. By analysing and prioritising risks,
the most critical of them are identified and evaluated upon possible harm to entire
chain. The paper presents a combined overview study based on theoretical aspects and
which is supported by results of previous studies regarding risk assessment of DG
transport in practice. Additional results of research regarding how involved parties in
Estonia evaluate possible harms resulted by their activities while handling and
transporting DG confirm the main finding that human factor is one of the crucial
factors why accidents occur. Despite the limited study group generalisations of
research results are applicable widely in Europe due to the universal features of risks
as well as common legal requirements (The European Agreement concerning the
International Carriage of Dangerous Goods by Road; i.e. ADR). In scope of further
research, results of present study are milestones to focus on managing risks affected
by human factor in road transport of DG.

Key words: dangerous goods, road transport, ARD regulations, risks, human factor
1. INTRODUCTION

All substances that induce severe risk for health, that can harm people,
environment and surrounding properties, or other living organisms, are characterized
as dangerous goods (DG) (Tomasoni, 2010). Dangerous goods transport (DGT)
includes all goods - liquids, gasses, and solids - that include radioactive, flammable,
explosive, corrosive, oxidizing, asphyxiating, biohazardous, toxic, pathogenic, or
allergenic materials (Berman et al., 2007) and (ADR, 2017). In scope of road transport
these are all the substances and materials described in Annex A and B of the ADR,
the European Agreement concerning the International Carriage of Dangerous Goods
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by Road (ADR, 2017). Regulations are essential to prevent not only risk, but also to
reduce hazard. In the transport of DG the key problem is how to optimize transport
and distribution, minimizing the risk of accident (Tomasoni, 2010).

Major activities in logistics include both inbound logistics and outbound
logistics, and transportation is one of two critical functional areas besides inventory
(Choi et al., 2016). A transportation chain maps the whole route between the place of
origin and the destination as well as describes the individual transportation for each
route segment along the transport route. A typical transportation chain of DG may
include many parties, from consignors and consignees, freight forwarders and carrier
companies. From the perspective of present paper, transportation chain starts at
consignor's with loading and ends at consignee's with unloading procedure.
Considering possible risks in regards with DG, it is vital for transportation chain to
operate efficiently and effectively by all the corresponding members function
properly. In other words, if any member fails to perform, the system will easily
collapse and fail to achieve its objectives (Choi et al., 2016).

DG logistics is a complex system of which the DGT system is a specific
subsystem which can be in turn be modelled in several other subsystems (Tomasoni,
2010). The scope of this paper is to survey operational risks within the DGT system
based on transportation chain where three different parties are involved — consignor/
consignee, carrier and freight forwarder. When a dangerous event happens, caused by
human error, and involving DG, the consequences cannot sometimes be reduced or
contained. So, it is essential to apply preventive measure to reduce the probability of
occurrence, or/fand magnitude of the consequences (Tomasoni, 2010). The aim is to
evaluate impacts of risks that are resulted by different operations within the
transportation chain during the transport process of DG.

Based on conducted survey research and interviews with different parties of a
DG transportation chain in Estonia, a comprehensive operational risk impact
assessment framework is developed. Results can be used in further researches to
determine proper risk management tools in order to minimize the risks arising from
transportation or maximize the level of security in DGT.

2. LITERATURE REVIEW

During the last twenty years, several researches have been carried out by
different researchers on the issue of risk assessment on the DGT (Conca et al., 2016).
These studies were focused especially on safe transportation using pipelines (Citro &
Gagliardi, 2012 via Conca et al., 2016), railway transportation (Liu et al., 2013; Saat
et al., 2014 via Conca et al., 2016), and road transports (Fabiano et al., 2002, 2005;
Yang et al., 2010 via Conca et al., 2016). The research on road transport of HazMat
(Hazardous Materials) follows three topics. The first is related to methodologies
aimed at improving emergency response based on road properties, weather conditions
and traffic factors (Fabiano et al., 2005). The second is based on methodologies for
survey and accident risk analysis from historical data aimed at divulging accident
characteristics such as frequency of occurrence, accident consequences, and
identification of causal factors (Fabiano et al., 2002; Yang et al., 2010; Shew et al.,
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2013 via Conca et al., 2016). The last topic focuses on decision making aimed at
improving choice of truck capacity (Guo & Verma, 2010 via Conca et al., 2016) and
route (Fabiano et al., 2002 via Conca et al., 2016).

As a fact the improvement of road traffic safety is one of the most important
objectives for transport policy makers in contemporary society, and represents a
strategic issue for enhance life quality. This is strongly supported by the fact that many
studies regarding DGT risk assessment focuses on technical aspects and quantitative
methods rather than on risks related to human factor that is studied and analysed by
applying qualitative methods to formulate outcomes.

According to the qualitative studies of managing risks in DGT (Krasjukova,
2010) there are three main decision criteria in the sphere of DG road transportation,
which can be accepted as sets of preventive means derived out of technical, procedural
or personnel factors. Particular risk preventive means related to human factor in road
transport of DG that consequently refer to possibly related operational risks are
structured as following.

1) Risk preventive means concerning procedures within DG transportation

chain:

a. loading procedures at loading areas according to safety requirements;

b. labelling of packaging (clear and easily identifiable labelling of cartons
to reduce risk of picking errors);

c. loading order and placement of dangerous load in the transport unit;

d. restricted parking authorization;

e. fixed traffic routes with the necessity to get the confirmation from
institutions in control;

f. additional road permissions system for third countries;

g. higher prices for ferry tickets and tunnel passes;

h. daily temporal and seasonal driving bans;

i. special procedures when accident occurs;

j. compulsory transport documentation and remarks on documents;

k. DG shipment tracking system;

l.

marking and labelling the shipment and vehicle (Erceg & Trauzettel,
2016; Krasjukova, 2010).
2) Risk preventive means concerning personnel and parties involved:
a. ADR training for drivers;
b. ADR training for safety advisers (freight forwarders and logisticians);
c. work safety and ergonomics trainings for personnel;
d. economic driving training for drivers;
e. performance appraisals with personnel (Krasjukova, 2010).

In relation to the main topic of this paper specific human related risk preventive
means are defined above. Preventive means, pointed out, are currently widely in use
in road transport sector and have become as binding requirements and compulsory
procedures in the overall process of DGT.

Transport is always associated with human risk factors that cannot be completely
excluded. This paper deals with human related risk preventive means in details by the
evaluation of possible harms resulted by activities while handling and transporting
DG within the transportation chain. In following parts, the semi-quantitative method
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to evaluate impacts of operations within the DG transportation chain is applied and
results are presented. Despite the limited study group adequate data is collected and
operational risk assessment is performed on example of DG transportation chain
parties of Estonia.

3. BACKGROUND
3.1. ADR regulations

In ADR appear the limitations applicable to the various operators of the logistics
chain (buyers, transporters, manufacturers of packaging and tankers etc.) giving
specific treatment to their field of activity. The regulation topics of law ADR are as
following:

1) the method of identification of DG;

2) the lists of DG permitted for transport on the roads;

3) the modality regarding transport, type of packaging and the connected

approval tests;

4) the planning and construction of the tankers;

5) the checks and the recognition of technical suitability of the vehicles used

to transport the DG;

6) the training and recognition of the vehicle drivers (Tomasoni, 2010).

Laws and regulations on the use, loading, unloading, storing, transporting, and
handling of DG may differ depending on the activity, status of the material, and
modality of transport used. Most countries regulate some aspect of DG at UNECE
(The United Nations Economic Commission for Europe) level (UNECE, 2010), that
is the most widely applied regulatory scheme. The UN Recommendations on the
Transport of Dangerous Goods form the basis of several international agreements,
such as UNECE regulations and many national laws (UN Recommendations on the
Transport of Dangerous Goods, 2015).

The transport of DG is an activity which is increasingly international and multi
methodological. Regulations involved can therefore not disregard connect itself to
international level to sustain a future integrated logistics system with multi method
efficiency (Tomasoni, 2010).

3.2. Responsibilities of parties involved into DGT

With regards to transportation of DG on roads there are traditionally same parties
involved as when transporting general goods. The main difference is noted related to
responsibilities of participants in the carriage of DG and obligations on those that
ADR considers the main participants. According to ADR there are main parties
(consignors; carriers; consignees) and so-called other parties (loaders of packages;
packers; fillers; tank-container/ portable tank operators; unloaders of packages or of
tanks/ bulk vehicles) mentioned.

There are even more participants involved in the safe transport of DG that are
not mentioned in ADR Chapter 1.4 on safety obligations of the participants. From the
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perspective of transportation chain of DG the foremost amongst these are drivers, who
are not mentioned but whose safe driving is perhaps one of the most critical factor for
ensuring the safety of the general public during the transportation of DG. The driver
is usually responsible for checking that they have the right fire extinguishers, in the
correct condition, as well as the other emergency and personal protective Kit
prescribed in ADR. The driver is also usually considered responsible for ensuring the
correct paperwork for themselves, their load and, if applicable, the vehicle is present
and in order (Waight, 2015).

Another party whose safety obligations are not mentioned in ADR are freight
forwarders. A freight forwarders might not come into direct contact with the goods,
even though they will be passing on the documents and instructions to those who are.
The role of freight forwarder is vital in transmitting critical information within the
transportation chain and should not be underestimated. Other parties that may also be
important but that are not directly included into transportation chain of DG are the
following:

1) those who manufacture, test and certify packages, tanks and bulk vehicles;

2) those who test DG for their properties;

3) those who provide a classification of the goods;

4) cleaners and decontamination workers;

5) manufacturers and distributors that use other parties (such as freight
forwarders) to consign on their behalf (Waight, 2015).

The UN Recommendations on the Transport of Dangerous Goods — Model
Regulations outlines the steps that need to be taken to ensure the safe carriage of DG
(UN Recommendations on the Transport of Dangerous Goods, 2015). Most of the
international or major regional requirements that reflect the UN’s provisions,
generally do not detail the responsibilities of those involved (Tomasoni, 2010). ADR
Chapter 1.4 cites the arrangements concerning safety which must be taken into
account by every person involved in the transport of DG. In this chapter the carriers
and all others involved in the transport of DG at high risk are required to adopt, carry
out and follow a safety plan. This must include:

1) specific roles of responsibility in the matter of safety;

2) the recording of the DG in question and their typology;

3) the monitoring of the vehicles;

4) definition of the measures to adopt to reduce the safety risks;

5) efficient procedures to identify and face threats, safety violations and
incidents connected to safety;

6) procedure of evaluation and verification of the safety plans;

7) measures to assure the physical protection of information connected to the
transport contained in the safety plan;

8) measures to assure that the distribution of information connected to the
transport operation, contained in the safety plan, is limited according to
necessity (Tomasoni, 2010; ADR, 2017).
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3.3. Risks

On a national scale it is shown that DGT accidents on the roads make up no more
than 0.1% of total accidents (Eurostat, 2016). But, even though this probability is
minimal, the consequences are important when dangerous substances are involved.
Regulations are essential to prevent not only risk, but also to reduce hazard. Firstly,
the risk attached to the transport of DG by road is a risk that is hard to understand as
it is connected to all the road network and depends on multiple factors such as traffic
density, weather conditions, the necessities of undesired events (road accidents,
natural phenomenon etc.). Secondly, this risk is also strongly linked to the nature of
the transported goods and to the presence of exposed humans and materials in
proximity to the place of incident. For example, the transport of fuel such as petrol or
GPL (a.k.a. liquefied petroleum gas, liquid propane gas, LPG, LP Gas) can provoke
considerable fire or the explosion of the tankers in which it is transported, with heat,
excess pressure and missile effects (Tomasoni, 2010). Thirdly, the risk of DGT is
strongly related to a human factor as all decisions, processes and procedures within a
transportation chain are made by different parties involved.

According to classical definition of a risk it is a measure of frequency and
severity of harm due to a hazard. The hazard in this context is the presence of DG
having toxic, explosive, and/ or flammable characteristics with the potential to cause
harm to humans (and property or the environment if a broader context is considered).
In the context of public safety, risk is commonly characterized by fatalities (and
injury) to members of the public (Risk Assessment — Recommended Practices for
Municipalities and Industry, 2010).

Risk arising by DGT represents a particular threat which needs strategies and
tools to reduce risk rate of society, property and environment (Conca et al, 2016).
Several factors contribute to making it difficult to assess risk in transporting DG,
including:

1) the diversity of hazards in addition to main danger characteristic: the
substances transported are multiple and can be flammable, toxic, explosive,
corrosive or radioactive materials at the same time;

2) the diversity of accident sites: highways, county roads, local roads, in or out
of town (75% of road accidents take place in open country), facilities,
pipelines, etc.;

3) thediversity of causes: failure mode of transport, containment, human error,
etc. (Tomasoni, 2010).

4. PROBLEM DESCRIPTION

DGT is a worldwide problem of growing interest, mainly because of the
increasing transported volumes of materials that can be classified as DG, and because
of a global challenge in the goods transportation performance (Tomasoni, 2010).
Based on statistics the transport of DG in the EU-28 slightly increased from 74 billion
tkm in 2013 to 75 billion tkm in 2014 (+1.5%). The largest specific product group was
flammable liquids, taking over more than half of the total. Two other groups, gases
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(compressed, liquefied or dissolved under pressure) and corrosives, accounted for
14% and 10% respectively. This represents very little change compared with previous
years showing a very similar distribution between product groups (Eurostat, 2016).

When the transport network crosses heavily populated areas, a large number of
persons could be affected by an accident such as a toxic spill or an explosion (Leonelli
et al., 1999). There is a substantial difference between incident and accident. The
accident begins with an incident (Crowl et al., 2007). An incident is defined as an
event involving the transportation of DG that results in an unanticipated cost to the
shipper, carrier or any other party (Tomasoni, 2010). In scope of this paper incident
is considered as an operation or a procedure involved into the transportation chain of
DG. It has been reported that human error is in fact the most common individual cause
of DG related accidents. According to European Community’s data on road
transportation of DG it was found that almost half of the accidents are caused by a
human error, or at least error due to human factor was a major contributor for the
accident, whereas at the same time only some 8% of accidents were caused by a
technical failure (Eurostat, 2016).

Risks facing different parties and their operations within the transportation chain
of DG can result from factors both external (culture, regulations, board composition)
and internal (accounting controls, information system, requirement, supply chain) the
organisation (A Risk Management Standard, 2012). Operational risks in logistics as
well as in DGT have both external and internal key divers. Operational risk can be
summarized as human risk; it is the risk of business operations failing due to human
error. Industries with lower human interaction are likely to have lower operational risk
(Investopedia). In the DGT, most operations are run in contribution of a personnel
involved, apparently operational risks are higher. Despite the fact that the probability
of operational risk emerging in DGT is minimal, consequences can be crucial. The
problem lies in the fact that the importance of human factor has been clearly
underestimated - it is unknown what are exact operational risks within the
transportation chain of DG and how severe they are. For effective DG risk
management it is important to pay attention to operational risks within complete
transportation chain of DG from the perspective of all parties — consignor/ consignee;
freight forwarder; carrier. The aim of present paper is to commit detailed analysis of
operational risks of different parties that allows to understand clearly the contrasts of
risks of participants as well as assess them.

5. METHODOLOGY

To assess the risk, then analyse and estimate the level of risk of accidents three
different methods: qualitative, semi-quantitative and quantitative are defined
(Dziubinski et al., 2006). Qualitative methods are used mainly in the validation of
safety standards with regard to legal rules on the transport behaviour. These rules are
usually considered as a minimum requirement that must be used to achieve certain
levels of acceptable safety. The semi-quantitative methods are applied to identify
hazards and to select the so-called incidental events reasonably foreseeable (credible
failure events). The quantitative assessment of risk is complex and involves a series
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of analysis and calculations, using many simulation models, particularly the physical
analysis of the effects (Tomasoni, 2010).

Figure 1. Semi-quantitative DG risk assessment

DG risk

Classification

B4

A3 |B3 | C3

Probability

[ N

A2 |B2 | C2 | D2

1 |al1|Bl|c1|D1
A B Cc D E

Consequence

I:l UNACCEPTABLE risk - must be reduced immediately
I:lTOLERABLE risk - 1s undertaken only if a benefit is desired

I:lACCEPTABLE risk — any activity not be required

Source: Dziubinski et al., 2006, adapted by authors

Considering the specifics of operational risks in DGT, semi-quantitative risk
assessment methodological approach, as shown above (Figure 1) can be adjusted in
order to identify incidents leading to accidents (i.e. risks) and to estimate the level of
risk. Based on this methodology risk probability is scaled in range of 1-5 (1 - rare; 2
— unlikely; 3 — likely; 4 — certain; 5 — imminent) and severity of risk that may arise
from the possible event or outcome is scaled in range of A-E (A — minor; B — medium;
C — major; D — catastrophic; E — catastrophic external) (Dangerous Goods Safety
Guidance Note, 2013).

In the risk assessment definition, many concepts are involved. Risk is most
commonly defined as the combination of the probability (frequency; likelihood) of
occurrence of a defined hazard and the magnitude of the consequences of the
occurrence as it is described by formula (1) below (Royal Society, 1992).

DG Risk = Consequence * Probability (D)

At this point it is important to emphasize that hazard and risk are not the same.
Risk is a function of hazard, as hazard is related to the intrinsic characteristic of a
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material, good, condition, or activity that has the potential to cause harm to people,
property, or the environment, and it is often defined in terms of a probability (EEA,
1998). Danger is defined as all processes involved in the chain or sequence of events
leading to an undesirable event which could have a destructive nature on population,
ecosystems and goods. Probability is defined as a value between 0 and 1 and in some
words is the likelihood of a sequence of events to an event not desired (Tixier et al.,
2010).

In the risk evaluation it is essential to say that the zero risk does not exist. In
DGT the zero risk is excluded as long as the DG moves along the transportation chain
from starting point to point of destination. In the process of DGT there is always a
level of acceptability, even if the perception of hazard, danger, and also of risk is not
so0 easy to quantify (Tomasoni, 2010). The risk assessment may include an evaluation
of what the risks mean in practice to those affected. This will depend heavily on how
the risk is perceived. Risk perception involves people's beliefs, attitudes, judgements
and feelings, as well as the wider social or cultural values that people adopt towards
hazards and their benefits. The way in which people perceive risk is vital in the process
of assessing and managing risk. Risk perception will be a major determinant in
whether a risk is deemed to be ™"acceptable™ and whether the risk management
measures imposed are seen to resolve the problem (EEA, 1998).

This paper focuses on evaluating operational risks of different parties within the
transportation chain. In order to map risks within a transportation chain of DG, risks
were evaluated among different parties in Estonia affected to identify what they mean
to them. Data collection was performed during a comprehensive survey research with
the focus to evaluate frequency (probability) and possible harms resulted
(consequences) by their activities while handling and transporting DG. The survey
covered companies related to DGT by road — consignors and consignees, freight
forwarders and carrier companies. Due to the fact that the majority of carrier and
freight forwarding companies in today's market situation have somehow been related
to the transportation of DG - all of these companies turned out to be in the selection.
Consignor and consignee companies as a single party were selected according to their
primary activity. Most of them represent companies that produce different chemicals,
building materials or use hazardous materials on a daily basis in their activity. By
implementing semi-quantitative risk assessment method, it finally allows to
differentiate operational risks according to their levels into acceptable, tolerable and
unacceptable operational risks when transporting DG on roads as on figure upon
(Figure 1).

6. RESULTS

This chapter describes results of DG risk assessment based on conducted survey
research and detailed interviews among different parties of a DG transportation chain
in Estonia. Based on ADR Chapter 1.4 on safety obligations of the participants of
transportation chain of DG and according to ADR Chapter 1.10, which cites the
arrangements concerning safety which must be taken into account by every person
involved in the transport of DG operational risks of all parties are defined. As a first
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step of risk assessment, operational risks of different parties were defined on a basis
of Estonian companies that represent different roles within the DG transportation
chain.

The data collecting on operational risks within the transportation chain was
performed in forms of non-anonymous online survey (carrier companies, freight
forwarders) and structured interviews (consignors/ consignees). To ensure the
representativeness, the sub-samplings were formatted in a non-probability sampling
technique where the samples are gathered in a process that does not give all
individuals in the population equal chances of being selected (Babbie, 2010). Within
this study samplings are also qualified as purposive samplings where subjects are
chosen to be part of the sample with a specific purpose in mind that sufficient to draw
objective conclusions concerning methodological approach of some subjects are more
fit for the research compared to other individuals (Ibid.). The distribution of the online
questionnaire was provided via email invitations (136 companies that work with DG
on a daily basis). Altogether 74 replies were gathered: 17 responses from freight
forwarders; 57 responses from carrier companies. Some main descriptive statistics for
research sample of carrier and freight forwarder companies and their shares of total
sample is presented below in Table 1 and Table 2. According to these tables the
majority of carriers within a sample represent companies with a considerable
experience in DG transport. The experience of freight forwarder companies is
considerably even. Based on volume of handled DG per year 11 most important
consignors/ consignees were selected for interviews. The total products capacity of
these companies form up to 80% of all dangerous goods substances handled by
consignors/ consignees’ companies of Estonia.

Table 1. Working experience in DG transportation
Experience in DG

road transport in <1 1-2 2-5 5-10 > 10
years
Carrier 2 (4%) 0 (0%) 5(9%) 11 (19%) 39 (68%)

Freight forwarder 2(12%) 5(9%) 2(12%) 3(18%) 5 (29%)
Source: Authors

Table 2. Average number of DG shipments

Average number of DG

shipments per month 1-2 35 6-10 > 10
Carrier 20 (35%) 3 (5%) 4 (7%) 30 (53%)
Freight forwarder 6 (35%) 3 (18%) 2 (12%) 6 (35%)

Source: Authors

According to questionnaire responses and additional detailed interviews, main
activities that involve risks while handling and transporting DG from the perspective
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of consignors/ consignees, freight forwarders and carriers are presented below in
Table 3. The table is supplemented with some descriptive statistics that indicates on
how highly was peculiar operational risk evaluated as an operational risk that is
influenced by human factor from the perspective of specific party itself within a DG
transportation chain. Parties named operational risks independently and evaluated
them on a scale from 1 to 5 points. Hence, 1 point was for the smallest influence and
5 points for the greatest influence of a human factor by specific operational risk.
Taking into account the fact that there were different number of companies involved
info sub-samplings, the highest possible score for evaluating operational risks differ
hereby. It is also important to note that many operational risks have a repetitive nature
in case of activities of different parties (e.g. improper/ incomplete transport
documentation; inaccurate customer communication).

Table 3. DG operational risks named by participants

Consignor/Consignee
(11 companies; max score
55 of points)

Freight forwarder
(17 companies; max
score of 85 points)

Carrier company
(57 companies; max
score of 285 points)

Improper transport

documentation (51p)
Incomplete transport
documentation (44p)

Inaccurate customer
communication (29p)
Wrong classification of
DG (21p)

Improper packing material
(22p)

Inadequate packaging
(31p)

Missing marks and labels
on the package (21p)
Wrong marks and labels
on the package (19p)
Insecure loading/
unloading (25p)

Incomplete transport
documentation (37p)
Inaccurate customer

communication (46p)

Wrong route planning
(26p)

Incomplete transport
documentation (140p)
Missing transport
permits and licenses
(108p)

Not safe load securing
(105p)

Inadequate load
securing (89p)

The use of incorrect
load restraints (86p)
Wrong / missing
vehicle placards (89p)
Inaccurate customer
communication (137p)
Wrong route planning/
choice (85p)

Driver’s caused error /
accident (80p)

Source: Authors

By defining operational risks within the DG transportation chain makes it
possible to evaluate both consequence and probability of these risks. According to
structured questions in the questionnaire, respondents evaluated these indicators in the
range of A-E (consequence) and 1-5 (probability). Following table (Table 4) presents
an overall rating to DG operational risks from the perspective of different parties.
Rating represents a combination of letter and number — the letter stands for risk
consequence value and the number describes its probability. According to rating, each
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risks can be positioned in a DG operational risk matrix for final specification as
acceptable, tolerable or unacceptable risk.

Table 4. Ratings of DG operational risks

Consignor/ Freight

DG operational risk consignee forwarder Carrier
Inaccurate customer communication B4 C3 D2
Incomplete transport documentation - C2 D2
Improper transport documentation C2 D2
Missing transport permits and licenses B2 C2 D1
Not safe load securing Cc2 Cc2 D2
Inadequate packaging D2 C1 D2
Insecure loading/ unloading B1 C1 D2
Wrong classification of DG Bl C2 D1
Inadequate load securing B3 C1 D1
The use of incorrect load restraints B3 C1 D1
Driver’s caused error / accident B3 C1 D1
Improper packing material B2 Cc2 D1
Wrong / missing marks and labels on

the package B1 Cc2 D1
Wrong route planning /choice Bl C2 D1
Wrong / missing vehicle placards Bl C1l D1

Source: Authors

By implementing semi-quantitative DG risk assessment methodology
operational risks are differentiated according to their levels into acceptable, tolerable
and unacceptable. Detailed results of participants’ operational risk matrixes are
presented below (Figure 2).

Figure 2. DG operational risk matrixes

Consignor/ consignee Freight forwarder Carrier
5 5 5
z | 4 B4 21 4 £ 4
§ 3 B3 E 3 E 3
=1 £ 5
A B Cc D E A B ¢ D E A B ¢ D E
Consequence Consequence Consequence

Source: Authors
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Figure 2 shows existing operational risk matrixes of consignor/ consignee;
freight forwarder and carrier separately in combination of consequence of an incident
and its probability within the DG transportation chain. The results underline how
differently operational risks influence participants’ activity within DG transportation
chain. The empirical result indicates consignor’s/ consignee’s and carrier’s risks as
most severe when handling and transporting DG by roads. Based on results of risk
assessment, unacceptable risks are related to incomplete or improper transportation
documents and exist clearly outstanding only from the perspective of consignor/
consignee, i.e. in the beginning or at the end of the transportation chain. Inaccurate
customer communication is a great concern for all parties and is defined as tolerable
risk. This may indicate on deficiency of information flow. Even the smallest loss of
information between the parties of DG transportation chain may lead to additional
costs. Hence, freight forwarder’s risks do not need any additional activity and the
activity of this party can be considered as the most risk free within the DG
transportation chain. Mainly half of carriers’ operational risks are classified as
tolerable risks with major consequences and with a slight possibility to take place.
Identifying operational risks of different parties in Estonia within the DG
transportation chain increases the awareness of role of human factor when handling
and transporting DG.

7. CONCLUSION

Risk management is one of the key issues during planning safe handling and
transportation of DG. Examining risks by means of semi-quantitative risk assessment
method it allows to focus strictly on operational risks that are resulted by activities of
different parties within DG transportation chain. There are plenty of activities when
handling and transporting DG that are considered as incidents but do not necessarily
lead to accidents. In order to identify which of human factor activities are closer to
emergence of the accident in practice it is necessary to:

1) examine the transportation chain of DG as a complex of loading,

transportation, freight forwarding and unloading procedures;

2) identify operational risks from the perspective of main parties involved,;

3) assess risks in the combination of risk consequence and its probability.

The human factor has a considerable impact on ensuring safety in DGT. The
number of DG operational risks of different parties and detailed operational risks
assessment confirm that human factor is one of the crucial factors why incidents turn
into accidents. Accidents within the DG transportation chain are caused mainly due
to the number of parties involved, repetitive nature of operational risks at parties
involved and the possible consequence of an event. Probability is a secondary aspect
when assessing DG operational risks. Results of the study highlight, in particular, the
important role of consignor/ consignee as the number of different operational risks is
the largest and their levels the highest. In the scope of further studies, the exact
knowledge of operational risks in practice creates opportunities to manage these risks
individually (from the perspective of each party separately) within the DG
transportation chain. The focus of further studies is to find possibilities how to manage
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operational risks within the DG transportation chain by providing methodologically
effective ADR regulations training courses.

8. REFERENCES

A Risk Management Standard 2012. (2017). The Institute of Risk Management,
London [available at: https://www.theirm.org/media/886059/ARMS 2002 IRM.pdf,
access April 15, 2017].

ADR. (2017). European Agreement Concerning the International Carriage of
Dangerous Goods by Road [available at
http://www.unece.org/trans/danger/publi/adr/adr2017/17contentse0.html, access
March 27, 2017].

Babbie, E. (2010). The practice of social research. Belmont: Wadsworth Publishing.

Berman, O., Verter, V. & Kara, B. Y. (2007). Designing Emergency Response
Networks for Hazardous Materials Transportation, Computer & Operational
Research, Vol. 34, p. 1374-1388.

Choi, T.-M., Chiu, C.-H. & Chan, H.-K. (2016). Risk Management of Logistics
Systems, Transportation Research Part E, Logistics and Transportation Review, Vol.
90, p. 1-6.

Citro, L. & Gagliardi, R. V. (2012). Risk Assessment of Hydrocarbon Release by
Pipeline, Chem. Eng. Trans., 28, p. 85-90.

Conca, A., Ridella, C. & Sapori, E. (2016). A Risk Assessment for Road
Transportation of Dangerous Goods: A Routing Solution, Transportation Research
Procedia, 14, p. 2890-2899.

Dangerous Goods Safety Guidance Note, Risk Assessment for Dangerous Goods
2013. (2017). Government of Western Australia, Department of Mines and Petroleum,
Resources Safety [available at: http://www.dmp.wa.gov.au/Documents/Dangerous-
Goods/DGS_GN_RiskAssessmentForDangerousGoods.pdf, access March 20, 2017].

Dziubinski, M., Fratczak, M. & Markowski, A. S. (2006). Aspects of Risk Analysis
Associated with Major Failures of Fuel Pipelines, Journal of Loss Prevention in the
Process Industries, Vol. 19, p. 399-408.

Erceg, A. & Trauzettel, V. (2016). Packaging in retail Supply Chains, Proceedings:
The 16" International Scientific Conference Business Logistics in Modern
Management [available at:
http://hrcak.srce.hr/ojs/index.php/plusm/article/view/4670/2522, access April 15,
2017].

European Environmental Agency (EEA). (1998). Environmental Risk Assessment -
Approaches,  Experiences and Information  Sources [available at:
http://www.eea.europa.eu/publications/GH-07-97-595-EN-C2, access April 3, 2017].

76


https://www.theirm.org/media/886059/ARMS_2002_IRM.pdf
http://www.unece.org/trans/danger/publi/adr/adr2017/17contentse0.html
http://www.dmp.wa.gov.au/Documents/Dangerous-Goods/DGS_GN_RiskAssessmentForDangerousGoods.pdf
http://www.dmp.wa.gov.au/Documents/Dangerous-Goods/DGS_GN_RiskAssessmentForDangerousGoods.pdf
http://hrcak.srce.hr/ojs/index.php/plusm/article/view/4670/2522
http://www.eea.europa.eu/publications/GH-07-97-595-EN-C2

17t international scientific conference Business Logistics in Modern Management

October 12-13, 2017 - Osijek, Croatia

Eurostat 2016. (2017). Energy, Transport and Environment Indicators [available at:
http://ec.europa.eu/eurostat/documents/3217494/7731525/KS-DK-16-001-EN-
N.pdf/cc2b4de7-146¢-4254-9521-dchd6e6fafab, access April 30, 2017].

Fabiano, B., Currd, F., Palazzi, E. & Pastorino, R. (2002). A Framework for Risk
Assessment and Decision-Making Strategies in Dangerous Good Transportation,
Journal of Hazardous Materials, 93(1), p. 1-15.

Fabiano, B., Curro, F., Reverberi, A. P. & Pastorino, R. (2005). Dangerous Good
Transportation by Road: From Risk Analysis to Emergency Planning, Journal of Loss
Prevention in the Process Industries, 18( 4-6), p. 403-413.

Guo, X. L. & Verma, M. (2010). Choosing Vehicle Capacity to Minimize Risk for
Transporting Flammable Materials. J. Loss Prev. Process Ind., 23(2), p. 220-225.

Investopedia. (2017). Operational Risk [available at:
http://www.investopedia.com/terms/o/operational risk.asp#ixzz4gWTRv0q8, access
March 7, 2017].

Krasjukova J. (2010). Possibilities to Manage Effectively Risks in the Transport of
Dangerous Goods, Journal of International Scientific Publications: Economy &
Business, 4(2), p. 27-36.

Liu, X., Saat, M. R. & Barkan, C. P. L. (2013). Integrated Risk Reduction Framework
to Improve Railway Hazardous Materials Transportation Safety, J. Hazard. Mater.,
260, p. 131-140.

Royal Society. (1992). Risk: Analysis, Perception and Management - Report of a
Royal Society Study Group. The Royal Society.

Shew, C., Pande, A. & Nuworsoo, C. (2013). Transferability and Robustness of Real-
Time Freeway Crash Risk Assessment, Journal of Safety Research, Vol. 46, p. 83-90.

Tixier, J., Dusserre, G., Rault-Doumax, S., Ollivier, J. & Bourely, C. (2002). OSIRIS:
Software for The Consequence Evaluation of Transportation of Dangerous Goods
Accidents, Environmental Modelling and Software, Vol. 17, p. 627-637.

Tomasoni, A. M. (2010). Models and Methods of Risk Assessment and Control in
Dangerous goods Transportation (DGT) Systems, Using Innovative Information and
Communication Technologies. Chemical Sciences. Ecole Nationale Supérieure des
Mines de Paris; Universita degli studi di Genova - Italie [available at:
https://pastel.archives-ouvertes.fr/pastel-00006223, access March 30, 2017].

UN Recommendations on the Transport of Dangerous Goods, Model Regulations
2015. (2017). New York and Geneva: United Nations [available at:
http://www.unece.org/trans/danger/publi/unrec/rev19/19files e.html, access April
15, 2017].

UNECE, Transport of Dangerous Goods 2010. (2017). [available at:
http://www.unece.org/trans/danger/danger.htm, access March 30, 2017].

77


http://ec.europa.eu/eurostat/documents/3217494/7731525/KS-DK-16-001-EN-N.pdf/cc2b4de7-146c-4254-9521-dcbd6e6fafa6
http://ec.europa.eu/eurostat/documents/3217494/7731525/KS-DK-16-001-EN-N.pdf/cc2b4de7-146c-4254-9521-dcbd6e6fafa6
http://ec.europa.eu/eurostat/documents/3217494/7731525/KS-DK-16-001-EN-N.pdf/cc2b4de7-146c-4254-9521-dcbd6e6fafa6
http://www.investopedia.com/terms/o/operational_risk.asp#ixzz4gWTRv0q8
https://pastel.archives-ouvertes.fr/pastel-00006223
http://www.unece.org/trans/danger/publi/unrec/rev19/19files_e.html
http://www.unece.org/trans/danger/danger.htm

Human factor as the main operational risk in dangerous goods transportation chain
Jelizaveta Janno, Ott Koppel

Waight, D. (2015). Responsibilities under ADR. Wolters Kluwer (UK) Limited
[available at https://app.croneri.co.uk/feature-articles/responsibilities-under-adr-
0#WKID-201506041046360414-99402794, access April 30, 2017].

Yang, J., Li, F., Zhou, J., Zhang, L., Huang, L. & Bi, J. (2010). A Survey on Hazardous
Materials Accidents During Road Transport in China from 2000 to 2008, J. Hazard.
Mater., 184(1-3), p. 647-653.

78


https://app.croneri.co.uk/feature-articles/responsibilities-under-adr-0#WKID-201506041046360414-99402794
https://app.croneri.co.uk/feature-articles/responsibilities-under-adr-0#WKID-201506041046360414-99402794

17t international scientific conference Business Logistics in Modern Management

October 12-13, 2017 - Osijek, Croatia

1. PRODUCTION LOGISTICS

79



17th international scientific conference Business Logistics in Modern Management

October 12-13, 2017 - Osijek, Croatia

80



17t international scientific conference Business Logistics in Modern Management
October 12-13, 2017 - Osijek, Croatia

ANALYSING THE VALUE OF INFORMATION FLOW BY
USING THE VALUE ADDED HEAT MAP

Dagmar Piotr Tomanek
Technische Hochschule Ingolstadt, Zentrum fiir Angewandte Forschung (Research
Center), Esplanade 10, 85049 Ingolstadt, Germany
E-mail: Dagmar.Piotr. Tomanek@thi.de

Jiirgen Schroder
Technische Hochschule Ingolstadt, Business School
Esplanade 10, 85049 Ingolstadt, Germany
E-mail: Juergen.Schroeder@thi.de

Abstract

Inadequate internal communication and insufficient information transfer is
already recognized as a non-value-adding waste. To achieve a higher value creation,
an identification and categorization of information transfer is necessary. Common
methods are unsuitable especially for visualizing information media disruptions and
lead to errors in the added value. Moreover, media disruptions mostly cause
redundancy and additional effort, which are reflected in non-value added activities.
The Value Added Heat Map is a visualization tool that categorizes and visualize the
information flow different from other visualization tools e.g. the value stream
analysis. The first step in categorizing the information flow using the Value Added
Heat Map is the value analysis of the information transmission. In a second step, the
information flow is visualized in the factory layout depending on the value. The
innovative method Value Added Heat Map is described and exemplarily applied to an
information flow of a production shop floor. The results show that the Value Added
Heat Map method can contribute to a better transparency of the often not fully
documented internal information flows. This innovative approach enables the
visualization of media disruptions via colour transitions and thus helps value added
processes by identifying and eliminating possible sources of waste.

Key words: Value Added Heat Map, Value of an Information, Value Added
Concentration, Information Flow, Digitalization, Digitalization Degree, Media
disruptions

1. INTRODUCTION

An information flow uses data and documents to describe the communication
between production and controlling processes (Erlach, 2010, p. 32-33 as well as Koch,
2015, p. 138). In literature, there are data visualization methods in application to big
data (Gorodov & Gubarev, 2013, p. 3-7), but there are only a few approaches for
visualizing information flows for intralogistics processes (Glinthner & Schneider,
2011, p. 32). Know visualizing tools, e. g. Value Stream Analysis or Sankey-Diagram,
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focus on the material flow than on the information flow. Moreover to date there exists
no adequate methods, including the Value Stream Analysis or Sankey-Diagram that
classifies the value of an information flow.

1.1. Scientific Aim of Analysing the Value of Information Flow by Using the
Value Added Heat Map

Inadequate internal communication or defective information transfer is already
recognized as waste (Schroder & Tomanek, 2012, p. 17). Notwithstanding the
importance of information in the era of digitalization, the visualization of information
flow in production shop floor has still a marginal meaning. The aim of this paper is to
point out the value of information flow and media disruptions. For this reason the
authors developed an innovative evaluation scale to classify information flow
following the added value. There is no comparable method existing for evaluation of
information to date. This value added scale has been verified by the authors in the
shop floor of a production. The collected data was visualized by using the Value
Added Heat Map by Schroder and Tomanek, which has been for the first time adapted
to the analysis of the value of information.

1.2. Value Stream Analysis

Value Stream Analysis is a proven method for identifying and avoiding wastage
within a production process. Originally developed in the 1990’s and linked with the
Toyota Production System, Value Stream Analysis is used today in many industries
for process improvement. In the Value Stream Analysis arrows are generally used as
a symbol for the information flow (Table 1). A jagged arrow symbolizes electronic
information, e.g. a master over the ERP system. A straight arrow represents a manual
information transfer. This may, for example, be the master giving the worker
previously received oral instructions from the company software. Transmission of
information, in particular in the production sector can also be mapped through a go-
and-see planning, a levelled production planning or a Kanban symbol (Balsliemke,
2015, p. 9 as well as Rother & Shook, 2000, p. 100-101).

Table 1. Value Stream Analysis - symbols for the visualization of an information
flow

Symbols for the information flow Meaning
— manual information flow
—_— electronic information flow
b0 electronic information flow
levelled production planning
F:" Route of a kanban card

Source: Balsliemke, 2015, p. 9 as well as Rother & Shook, 2000, p. 100-101
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1.3. Sankey-Diagram

The Sankey-Diagram had originally only been used for thermodynamic systems.
Heat losses could be easily identified with this tool. Step by step this method has been
successfully applied to other disciplines (Sankey, 1896, p. 182-212 as well as
Schmidt, 2008, p. 82-94). Today the Sankey-Diagram is a well-known analyzing tool
is used to. Applied to a shop floor it can be used to visualize the flows of materials or
costs and identify material losses, for instance by production faults or inefficient
processes. The main component of a Sankey-Diagram are arrows. They interlink the
individual process steps and the direction of the flow. The thickness of the visualized
arrows represents the quantity of the substance, which occurs in the flow (Sankey,
1896, p. 182-212 as well as Schmidt, 2008, p. 82-94).

The visualization of a Sankey-Diagram can be combined with a layout of a shop
floor. The drafting of this diagram starts always with recording the flows of the
occurring substance within the analyzed subsystem. The result is a simple, model-like
diagram of the analyzed process steps and material flows, which allows a practical
assessment of the regarded system. Within a shop floor the Sankey-Diagram can e.g.
display crossing material flows, which cause production backlogs. Transport
bottlenecks or material loops are further examples that can be visualized by this
method. Consequently, waiting times in the production could be explained.

1.4. Value of an Information

The transmission of electronic information in an oral form constitutes a media
break. A media break is a change of medium during the transmission of information
within the transmission chain (Gabler Wirtschaftslexikon, 2015, online). If received
information is further developed into another form, then this development may create
communication problems. Mistakes in the transmission of information can lead to
errors in the added value. Moreover, media disruptions cause redundancy and
additional effort, which are reflected in non-value added activities such as printing,
copying and scanning. From an added-value perspective, media disruptions should be
minimized, or, better still, eliminated.

Identifying media disruptions is sometimes very difficult in practice. The
problem lies both in the lack of transparency in the information flow within the
company and in the absence of adequate forms of design. In the literature, for
example, no independent symbol exists for the visualization of media disruptions.

1.5. Value Added Concentration

Operational activities that are not creating value are equal to wastage that should
be minimalized or eliminated. Wastage is defined as a creation effort that a customer
is not willing to pay for (Bergmann & Lacker, 2009, p. 161 as well as Bhasin &
Burcher, 2006, p. 56 - 72). An approach to assess the added value is the analysis of
the Value Added Concentration. The Value Added Concentration negatively
correlates to wastage. The less wastage occurs within a process the higher is the Value
Added Concentration. The same applies vice versa.
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Three key factors covers the assessing of the Value Added Concentration:
personnel deployment, resource usage and space usage (Schroder & Tomanek, 2012,
p. 21). A maximum utilization of the personnel, which is directly participating in the
value creation, is expedient because they perform the creation of products or services.
In order to concentrate the value added, the value added staff members should focus
their working capacity and on their core tasks. Optimization of the resource usage,
e.g. equipment or machines, should also be pursued to ensure the maximum
concentration of benefit. Spaces within the shop floor are usually a highly limited
good. Unused or reserved space create no or only limited value. The primary aim
should be to reduce spaces that do not create value, to ensure that sufficient space for
the actual value adding process is available (see Fig. 1).

Figure 1. Value Added Concentration

VALUE CONCENTRATION

Maximum utilisation of Minimal space consumption for
value added staff non-value added
The value added staff should use their Valuable space must be used for value added
capacities for the actual core tasks and not and should only be used minimally for non-
be burdened with other non-value added value added.

activities.

Optimum use of resources

The available resources must be optimally
used for value added.

Source: own research

An innovating method for the analysis of the Value Added Concentration in a
shop floor is the Value Added Heat Map by Schréder and Tomanek.

2. METHOD DESCRIPTION - VALUE ADDED HEAT MAP

The Value Added Heat Map by Schroder and Tomanek is an innovative
visualization tool that indicates the level value creation concerning production
relevant factors. It is following the methodically of a thermal heat map camera.

This method is e. g. already used to visualize the usage of production space with
regard to their value. Spaces in a shop floor have different values. For example, spaces
are maximum, limited and no value added.

Spaces that are directly used for value creation, e.g. production machines, are
maximum valuable. But in production, you can also find spaces that are not directly
used for value creation. These spaces are necessary for operating the plant - e g.
staging areas for required materials, spaces for intermediates and finished goods or
transport routes for reaching the plants. These spaces have limited added value
contribution. Spaces do not contribute to value creation, when they are not used at all.

84



17t international scientific conference Business Logistics in Modern Management
October 12-13, 2017 - Osijek, Croatia

In a Value Added Heat Map, each square meter of an analysed shop floor is
evaluated with regard to a value level (Tomanek & Schréder, 2016, p. 315-323). The
Value Added Heat Map supports the optimizing of a production layout. It aims to
generate smaller area with the same value.

In general the Value Added Heat Map helps to visualize the value added level of
production relevant factors by using colour scaling and develops a conclusive key
performance indicator. The graphical result of the analysis resembles a thermal image;
therefore, it is called Value Added Heat Map. Potentials for improvement can easily
be recognized by using this method. The Value Added Heat Map is not limited to
improve the usage of available space. It can be applied to further production relevant
factors like internal traffic (Tomanek & Schroder, 2017) or information flow.

2.2. Value Added Heat Map - Evaluation Scale for Information Flow

Concerning the information flow, it is important to note that information
contribute differently to the added value. As shown in Table 2, the information flow
is classified by the authors in six value added levels from zero to five. As a scale for
the categorisation serves the effort that is need for the information exchange. The
higher the effort, the lower the value added level and vice versa.

Insufficient, incorrect or unnecessary exchange of information cause effort by
failures. This not value added and has the level “0”. The colour dark blue represents
this category.

Written exchange of information (e.g. paper document, fax, e-mail, etc.) is
limited added value, but it has still a high potential for improving. The time needed
for writing consumes human resources. It is classified with the level “1”.

Verbal or visual exchange of information is classified with the value added level
of “2” because it’s less time-consuming than writing. Nevertheless speeches or visuals
cues can be often get misunderstood that leads to a low added value.

A higher categorisation has an electronic exchange of information. In the case
of electronic exchange, it makes sense to differentiate between an information flow in
real-time and not real-time. A spreadsheet application for example is a time-delayed
presentation of the data. Furthermore the data maintenance of a spreadsheet is time-
consuming than a system application. This is why an electronic information flow not
in real-time has the value added level of “3” and in real-time the level “4”,

The highest value added level for information flow is represented by
digitalisation. Implementing Internet of Things and Services in a shop floor workers
and machines communicates in a network in real-time. The digital exchange of
information is maximum added value and has the level “5”.
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Table 2. Value Added Heat Map - Evaluation Scale for Information Flow

Value Dimension of
Categorization | Added : Scale
Information Flow
Level
No 0 Insufficient, incorrect or unnecessary A
Added Value exchange of information
Written exchange of information (e.g.
paper document, fax, e-mail, etc.)
L 2 Verbal or visual exchange of information
Limited -
Ci?gg 3 Electronical exchange of information not é
real-time (e.g. by spreadsheet application) L
4 Electronical exchange of information real-
time (e.g. by system-application)
Maximum Digital exchange of information real-time
Added Value (e.g. by Internet of Things and Services)

Source: own research

3. SURVEY DESCRIPTION

A current layout of the analysed shop floor is required to draft a Value Added
Heat Map. The layout serves as the basis for the assessment of the information flow.
The information flow is represented by arrows. In a Value Added Heat Map, the
arrow’s thickness represents the quantity of the substance, which occurs in the flow.
In the case of analysing the information flow, the thickness refers to the amount of
information units.

To identify the information exchange of a process it is helpful to visualize and
quantify the material flow first. It is important to investigate, which information
enhance the material flow. It is also relevant to record the number of information units,
which generated and transferred by the process. It is advisable to adjust the dimension
of the information flow to a time unit. The authors recommend a shift or a day as a
suitable time unit.

Each information transfer has to be determined according to the evaluation scale
for information flow (Table 2). The pursued information flow corresponds to a digital
exchange of information in real-time without media disruptions.

Consequently the value added level of the information exchange determinates a
digitalisation degree. The Value Added Heat Map for the production relevant factor
information flow is supplemented by the key performance indicator “layout-specific
digitalisation degree”. The layout-specific digitalisation degree is calculated from the
quotient of the sum of each information transfer multiplied with the corresponding
value added level and the amount of transferred information per time unit multiplied
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with the highest possible value added level (see Equation 1). Following the evaluation
scale for information flow in Table 2, the highest possible value added level is “5”.
The layout-specific digitalisation degree indicates, which percentage the degree of
information flow promotes added value.

Equation 1. Key Performance Indicator “(Layout-specific) Digitalisation Degree”

(Layout — specific) DIGITALISATION DEGREE =

_ N .(Information Transfer X Value Added Level); 100
B N x Max(Value Added Level) X

Information Transfer i =1, ...,N;

N = Amount of transferred information per time unit

Value Added Level = 0,...,5;

Source: own research

4. RESULTS

The authors applied the Value Added Heat Map method at a production facility
of an automotive supplier. The information flow of a production process including the
rework are analysed with said method. The analysed production line area contains six
working stations. From these working stations ok-parts are transported directly to the
distribution depot and not-ok-parts have to be reworked in two rework stations. For
the reason of a high rework effort, not-ok-parts has to be temporary stored in a depot.
The resulting Value Added Heat Map for Information Flow is shown in Fig. 2. It
displays the colour scaling and the relative to value added levels. The layout-based
digitalisation degree of the shown example is 21%.
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Figure 2. Example of a Value Added Heat Map for a Production Line Analysing the Information Flow
I
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D Rework station Information Flow

Source: own research
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Based on data from a multi-moment-recording, an information flow of 1.491
information units per day was identified. A total of 308 information units per day were
no added value. They were classified with the value added level “0”. This corresponds
to 20% of the recorded information flow. This group contains missing notification for
physical transport of goods. Based on observations, the forklift operators were
searching for the boxes with ok-parts and not-ok-parts. This insufficient exchange of
information caused non-value-adding wastage: unnecessary searches and handling for
the forklift operators, stock keeping in the production line, and empty journeys of the
forklift. In Figure 2, the non-value-adding information flow is coloured in dark blue.

A total of 983 information units per day were written notification that were
classified with the value added level “1”. This corresponds to 66% of the registered
information flow. In Figure 2 written exchange of information has the colour light
blue.

Verbal or visual exchange of information corresponding to the value added level
“2” was not identified in the analysed production line.

A non-real-time electronical exchange of information was found 200 times a
day. This matches to 13% of the registered information flow. In Figure 2 this
information flow is represented in by yellow arrows that corresponds to the value
added level “3”.

Both electronical and digital exchanges of information in real-time, which are
classified with the value added levels “4” and “5”, were not identified.

5. CONCLUSION

The value stream method visualizes in an outstanding way the material flow. By
contrast the potentials of the description of the information flow is not visible at first
appearance. Stock, latency or lay time get negative influenced by missing, sluggish
and incomplete information flow and consequently they extend generally the cycle
time. The presented method of the Value Added Heat Map analysing the information
flow shows a possibility, how losses of time can be visualized through deficient or
defective information. Key recommendations from this work are: optimize the
information flow, benchmark the information flow and transfer the VValue Added Heat
Map to other production relevant factors.

5.1. Optimize the Information Flow

The information flow promotes added value. A layout-based digitalisation
degree of 21% in the shown example points out potential for improvement regarding
the value added degree. In the first step the information flow with the value added
level “0” has to be eliminated immediately. In the shown example the notification for
the transport of ok-parts and not-ok-parts must be available to the forklift operator. A
technical possibility is that the already existing electronic system log-on of finished
goods request a physical transfer of good directly by the forklift operator.

89



Analysing the value of information flow by using the value added heat map
Dagmar Piotr Tomanek, Jiirgen Schréder

In a second step the information flow with the value added level “1” has to be
minimized. A to 66 percent paper-based production line in Figure 2 disclosure savings
potentials. Through digitalisation 983 written documents per day can be saved. This
reflects not only in saved costs, but also in time saved by reducing the writing effort.
In general the intension of an improvement of the information flow through
digitalisation is an improvement of the value creation. This includes also the
minimisation of media disruptions. Multiple media disruptions in Figure 2 are
visualised by colour shifts of the information flow.

Summarizing the application of the Value Added Heat Map can be used to
optimize the information flow by pointing out a missing information exchange,
determining the digitalisation degree and visualizing media disruptions.

5.2. Benchmark the Information Flow

The Value Added Heat Map method can be used to visualize and benchmark the
information flow of different single production lines or even different production
plants of one company. An industry-wide benchmark is also possible. Furthermore
the Value Added Heat Map can be applied to analyse and benchmark the information
flow in service companies. The benchmarking could be carried out for cross-industry
comparison of business service and production sectors.

5.3. Transfer the Value Added Heat Map to other Production Relevant Factors

The Value Added Heat Map by Schréder and Tomanek has been applied so far
to production relevant factors like space usage, traffic load and information flow. This
methodology can be adapted easily to other factors. Possible example to apply this
method in future could be the equipment utilization in manufacturing companies.
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Abstract

Strong dynamics of social, political and economic changes in 21st century
generates new problems the citizens, politicians and managers need to face.
Significant increase in the variety and scale of the problems has been evident in the
economic sphere, particularly in case of manufacturing companies. It resulted in the
continuous search for better solutions to be implemented in company organization and
management.

The analysis of academic studies in logistics indicates one of the serious issues
is the existing knowledge implementation and its long-term improvement. Lean
Supply Chain, Agile Supply Chain, Leagile Supply Chain, Flexible Supply Chain,
Resilient Supply Chain, Green Supply Chain are some of the new concepts developed
for the complimentary use in logistics. The legitimate questions arises whether the
above-mentioned logistics management concepts could be combined into one
coherent idea called Total Logistics Management.

The article presents the concept and assumptions of Total Logistics Management
used as the 21st century manufacturing company management perspective.

Key words: concept, logistics, management, company, TLM

1. INTRODUCTION

The range of theoretical and practical academic studies in manufacturing
enterprises management in 20th century is exceptionally wide. Concepts of Lean
Management, including Lean Manufacturing (LM), Flexible Manufacturing Systems
(FMS), Just in Time method (JiT) used in Toyota Production System (TPS) had an
enormous impact on the companies operation at the end of the 20th century.
Simultaneously, the need for continuous quality improvement was acknowledged.
Total Quality Management (TQM), SiX Sigma and quality management standards
developed by the International Organization for Standardization (ISO) are the best
examples. The application of specific tools related to the above-mentioned concepts,
such as waste reduction (Muda), Value Stream Mapping (VSM), 5S practices or the
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use of quality improvement methods and techniques, f. ex. Quality Function
Deployment (QFD), Failure Mode and Effect Analysis (FMEA) and SiX Sigma
(DMAIC - Define, Measure, Analyze, Improve, Control or DMADV - Define,
Measure, Analyze, Design, Verify) are becoming insufficient to enhance company’s
competitiveness in the global market. Similarly, quality standards based on 1SO, have
become excessively bureaucratic tools which promote the organization’s development
to a lesser extent. The quality theory of ,,full customer satisfaction” put forward by
Deming has been confronted by an economic challenge. Excellent products have not
been replaced, thus decreasing the demand in the market. At the same time, facing the
exceeding globalization process, many companies have realized the significance of
the effective and efficient goods and information flow reflected in the Supply Chain
Management (SCM) concept. It is worth noting numerous companies have adopted
the presented organizational solutions as their standard procedures, however, they
have not been able to address the 21st century challenges. The evolving Supply Chain
Management following the 7Rs principle - right product delivered at the right quantity
and condition to the right place at the right time and price to the right customer,
(Shapiro & Heskett, 1995, p. 6), at the turn of the centuries, had to respond to the
globalization consequences such as the offers individualization or extended networks
between supply chain participants. It was an incentive to search for new organizational
solutions which might rationalize and optimize the goods, materials, products and
related information flow, providing the ground for the new logistics concepts
development.

2. SELECTED CONCEPTS OF LOGISTICS MANAGEMENT IN
MANUFACTURING ENTERPRISES

Based on the literature review, the following concepts related to the logistics
management or supply chain management are currently frequently discussed:

¢ lean (management, manufacturing, supply chain, logistics),
agile (management, manufacturing, supply chain),
leagile (manufacturing, supply chain),
resilient (supply chain),

o green (manufacturing, supply chain, logistics).

In order to give and overview of the issues connected with the above-mentioned
concepts and incorporate them adequately into the TLM philosophy, their key
elements will be briefly discussed.

The first concept discussed, Lean Logistics, is deeply rooted in Lean
Management and Lean Manufacturing principles. Lean Thinking idea was developed
by Womack and Jones in their book of the same title (Womack & Jones, 2001, p. 27).
Toyota Production System, based on TQM philosophy, and JiT method (transferred
to any production type, including unit and low-volume production) provided the
foundation for their considerations. They also highlighted concepts such as: value
(value stream), flow, waste and excellence/perfection. Another Lean concept key
element is the change from “push” production system based on forecasts to “pull”
production system based on actual customer needs. On that basis, a number of ,,lean
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thinking” elements have been transferred to logistics. According to Hines, Jones
and Rich, Lean logistics is based on TPS, implementing extended TPS principles
throughout the whole supply chain from the customer to the raw materials and
materials necessary for production. As the authors point out, Lean Logistics key words
are identical as the above-mentioned TQM philosophy key concepts: value, value
stream, flow, pull system and excellence (Jones et al., 2004, p. 153-156). The authors’
explicit reference to excellence indicates a great impact of TQM and continuous
improvement KAIZEN philosophies. Therefore, it seems Total Logistics
Management concept assumptions should include selected TQM elements.
Additionally, the same authors, referring to the book by Womack and Jones (1996, p.
12, 129, 134) developed an idea of lean thinking in logistic processes, i. e. lean
manufacturing, lean storage, lean orders handling, which could be naturally followed
by lean packaging or lean transport. Swamidass (2000, p. 346) defines Lean Logistics
as the Lean Management philosophy principles implementation into supply chain
processes. The statement could be extended to functional and phase logistics division.
Therefore, Lean Logistics philosophy is an implementation of principles connected
with waste reduction, value creation, flow improvement, pull production system,
striving for perfection in all logistics phases (supply, manufacturing, distribution,
disposal and returns) and functions (transport, storage, inventory management, orders
handling, packaging) in the enterprise. Lean Logistics refers to the idea of Lean
Supply Chain, which focuses on the waste reduction at every supply chain phase. In
many cases Lean Supply Chain is presented as the logistic chains strategy (Goldsby
et al., 2006, p. 58), however, having analyzed the above-mentioned facts, one might
challenge this approach.

Whereas Lean-based management concentrates on generating maximum output
value while reducing any waste, Agile management focuses on increasing efficiency,
flexibility to adjust to the customer needs as quickly as possible.

Agile management or manufacturing is strongly related to the supply chain
flexibility. The concept of Agile Supply Chain was defined by Harrison and van Hoek
(2010, p. 273). They indicated four basic agile supply chain dimensions:

o client orientation (market sensitivity), understood as the ability to identify and

satisfy the actual customer needs,

o partnership in relations (partnership cooperation) among all supply chain
participants understood as joint and compliant cooperation of the supply chain
participants,

e process approach to supply chain (processes integration), interpreted as
combining and integrating all supply chain business processes into one
coherent system,

o IT use in supply chain (virtuality), promptness, accuracy and efficiency of the
information transferred becomes the key to the whole system flexibility.

Saadoon Al. Samman (2014, p. 1093) claims that agile manufacturing, the basis
for agile supply chain, should indicate the following features:

¢ high quality and high adjustment level to the customer needs (customization),

o high information availability related to the products and services and added
value maximization,

o key competences absorption,
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sensitivity to social and environmental issues,

use of numerous technologies combination,

capability to respond to a volatile and multidimensional demand,
internal and external enterprise integration.

The same author pointed out some of the basic advantages of Agile
manufacturing which include: prompt and effective response to the customer needs in
the changing market, ability to adjust and deliver the products according to the
customer needs, the ability to produce and deliver new products while optimizing
costs, decreasing manufacturing costs, increasing customer satisfaction, higher
competitiveness, reduction of no-added-value processes.

The decision which concept (Lean/Agile) should be superior, in the view of
presented Agile supply chain and Agile manufacturing dimensions, is challenging. It
should result from the concepts comparison and identifying key differences between
them. Additionally, such comparison should facilitate understanding the assumptions
behind the Leagile Supply Chain concept.

Christopher (2000, p. 38-39) performed the comparison and recommended Lean
concept for high-volume and mass production, with little product diversity and
predictable environment. Agile concept, according to Christopher, should be
dedicated to more dynamic environment, with the tendency to an increased product
diversity. In his opinion, a crucial barrier for the company to experience full benefits
of Agile concept is product diversity caused by the extensive marketing activities. The
synthesis of both concepts inevitably leads us to the Leagile concept presentation.

Leagile supply chain concept was accurately defined by Mason-Jones, Taylor
and Towill (2000, p. 4064). They define Leagile concept as a combination of lean and
agile concepts in supply chain management. It is based on material decoupling point,
the furthest in material flow to which the customer orders can reach. In other words,
it is the place where the orders handling-related activities (demand) meet
manufacturing-related and forecasting activities. Saadoon Al. Samman (2014, p.
1094) claims the decoupling point is a place where manufacturing efficiency and
effectiveness are more important than other supply chain elements. Mason-Jones,
Taylor and Towill indicate that demand-driven processes should follow Agile
philosophy principles, forecasting activities should rely on Lean philosophy
principles, thus creating Leagile idea. The authors also highlight the Lean processes
direction which, according to pull production system concept, should be opposite to
materials flow — pulling in the goods from the system in a way that the Agile concept
processes follow the same direction as the materials flow. This should ensure meeting
the diversified market needs. Leagile concept is a lean, flexible response with a given
product to volatile customer needs at the turbulent market acquired by lean processes
used to manufacture the product. It clearly shows the Leagile concept’s dichotomous
nature of lean production and agile response to customer needs (not necessarily based
on Lean philosophy) (Pietron et al., 2016, p. 48).

Another concept that deserves to be discussed is the Resilient Supply Chain
(RSC) Christopher and Peck (2002, p. 2-3) describe it as constantly developing branch
in management studies. They define resilience as the system ability to return to its
initial state or new, desired state after the negative processes that influence the system
have been eliminated. The resilience is strongly related to risk. Deloitte (2013, p. 6)
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determines the need to create Resilient Supply Chains addressing the following risk
types:

e macro environment risk (resulting from globalization and gaining access to
new markets which increases the supply chains complexity and vulnerability
to issues such as natural disasters, political turmoil or economic crises),

o extended value chain risk (resulting from outsourcing and core competences
issues — dependence on suppliers and sharing outsourcing and commissioning
risks),

o operational risk (resulting from enterprise internal processes and their risk —
development, planning, manufacturing, distribution, returns and resources) ,

o functional risk (relating to the business functions that support supply chains,
such as Finance, Human Resources or IT).

In the same Report Deloitte proposes four key pillars of Resilient Supply Chain:
visibility, flexibility, collaboration and control. In fact, the key attributes of Resilient
Supply Chain could easily become a foundation for any supply chain. All four pillars,
supported by processes, human resources and technology, constitute the Resilient
Supply Chain concept.

Bukowski (2012, p. 530) presents RSC as a supply chain management strategy
aimed to reduce risks within the entire supply chain and the enterprise itself. He
indicates a number of the concept’s characteristic features such as demand-adjusted
supply chain design, creating alternative ways, supply chains reduction, taking
dependability into account when designing supply chains, increasing inventory and
pace of goods transfer in the supply chains, generating spare capacities in the process,
partners’ collaboration and trust, the use of decoupling point initiating the Agile and
Lean concepts implementation, relations management with the suppliers, processes
standardization and unification and visibility understood as information availability
for all supply chain participants. Bukowski points out there is a threat when
implementing Resilient concept to reduce the existing supply chain efficiency where
the processes are stable and predictable. Another study by Shefei and Rice defines
RSC as capable of responding to unexpected situations and restoring the regular
functions (Shefei & Rice, 2005, p. 41). Bukowski and Feliks (2012, p. 529) stress the
RSC concept’s multidimensional context. They concentrate on the dependability
qualitative definition (in terms of resilience) which includes the idea of trusted
(reliable) services supply. Interestingly, such dependability definition has been so far
rather used in the Information Technology and computer sciences.

Original approach to supply chains safety measurements was presented by Rice
and Caniato (2003, p. 24). They notice the companies usually refer to safety measures
undertaken in three areas: physical, information and transport.

The literature review of RSC concept leads to a conclusion it has become one of
the most widely discussed and dynamically developing issues in logistics. If we
combine it with the issues of company security in 21st century it will definitely remain
the key element of logistics management.

The final concept to be presented is called Green Logistics (GL) or Green Supply
Chain Management (GrSCM), a pro-ecological logistics management concept.
According to Srivastava (2007, p. 53) the increased significance of GrSCM directly
stems from the deteriorating environment condition reflected in lower supply of raw
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materials, excessive waste and increased pollution levels. The author sees GrSCM as
a natural consequence of the evolutionary change in manufacturing companies which
replaced a reactive approach to environment management based on developed
programs with a more pro-active approach reflected in ”various Rs” principle:

e Reduce,

Re-use,
Rework,
Refurbish,
Reclaim,
Recycle,
Remanufacture.

Green Supply Management concept is in fact a combination of environment
management and supply chain management. The scope of GrSCM definition is
extensive. The notion “green” (meaning eco-friendly) has been assigned both to
purchasing and integrated supply chains which forward the goods from the suppliers
via manufacturers to the final customers (Zhu & Sarkis, 2004, p. 266). Srivastava
(2007, p. 54) defined Green Supply Chain Management as an integrated
environmental thinking within the framework of supply chain management which
includes product design, search and selection of materials and raw materials for the
given product, manufacturing and delivery to the final customer, pro-active approach
to exploited product — Reverse Logistics. It is important to note here the notion of
“green design” which takes environmental aspects into account throughout the whole
product life cycle. This enforces a multivalent approach to product design which takes
into consideration issues of environmental risk management, occupational health and
safety, rational materials use or waste reduction.

Green Logistics concept has been defined in a wider company strategic
perspective. Shihi and Eglese (2007, p. 99) claim Green Logistics focuses on goods
manufacturing and distribution related to sustainable development idea which
considers social and environmental factors. Not only do logistic processes economic
aspects matter but also their widespread impact to the society. Additionally, the
authors argue any GL activities should include the environment impact measurements
of the distribution strategies used, minimizing energy use in logistic processes, waste
reduction and precautionary measures undertaken.

It is clearly seen both GrSCM and GL concepts have roots in Lean philosophy
and Resilient Supply Chain concept, particularly in the areas of security, safety and
risk (although from a different perspective). Such similarities and differences become
a perfect foundation to define the basic assumptions of the total company management
through logistics.

The discussed logistics management concepts differ slightly in the essence and
the comparison between all of them might be difficult. Agarwal, Shankar and Tiwari
(2006, p. 212) compared Lean, Agile, Leagile Supply Chain concepts according to the
following criteria — Table 1.
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Table 1. Comparison between Lean, Agile, Leagile Supply Chain concepts

Lean Agile Leagile
Market demand Predictable Volatile Volatile and
unpredictable
Product range Low High Medium
diversity (Optimized)
Product life cycle Long Short Short
Buyers preferences Cost Lead time and Service quality
availability
Dominant costs Actual Costs to Actual operating
operating costs | maintain market | costs and costs to
availability maintain market

availability

Ways to make the Long-term Immediate and No possibility to
products available contracts changeable run out of stock,
permanent
availability
Purchase policy Goods purchase Suppliers Purchase
capabilities management by
management the supplier
Information Highly desired Essential Significant
enrichment
Typical goods Goods Fashion goods Customer-
adjusted goods,
Customized goods
Lead time reduction Significant Significant Desired
Waste reduction Significant Desired Optional
Relations stability Optional Significant Desired

Source: own work based on (Agarwal et al., 2006, p. 212)

As can be seen in the Table presented, the authors indicate a number of approach
differences between Lean and Agile concepts. They also highlight where Leagile
concept draws the most from Lean and Agile Supply Chain concepts. The authors
confirm that supply chain ,leanness” in certain conditions can be an element of
“agility”, at the same time it impedes the organizations ability to meet the customer
needs promptly. It is important to note that the criteria selected by the authors are
mainly based on two operational elements — meeting the customer needs and the
elements characteristic to those activities as well as the processes operationalization
which leads to meeting the needs. In particular, the last four items, i.e. quality, cost,
lead time and service quality level are only partly realized to the benefit of the
customer and three quarters become an element of the market supply-demand “game”
and are controlled by the market hidden hand.

From the presented table we can see that the “agility” concept mainly refers to
fashion goods for which style and originality are more important than price. This in
turn suggests Leagile concept should address the precise customer needs in
accordance with the market supply, therefore the product range should be highly
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customized and the offered service quality should be a major concern. It seems that
the comparisons included in Table 1 are somewhat in their extreme, as in case of
forecasting mechanisms.

It indicates Lean Supply Chain concept is based on algorithmic supply forecasts
which is more relevant to push manufacturing system rather than pull manufacturing
systems (an integral part of Lean concept). Similarly, determining supply as
predictable for Lean and unpredictable and volatile in case of the two remaining
concepts seems unjustified. Supply predictability in Lean concept is a result of its
“manufacturing” approach to the offered product range rather than concentrating on
goods aimed to meet any possible imaginable customer needs. These concerns do not
impact the importance of the comparison in the attempt to define the assumptions of
Total Logistics Management concept (Pietron et al., 2016, p. 52).

The criteria selected by the authors make it difficult to include Resilient Supply
Chain and Green Supply Chain into the comparison. In many cases they constitute an
additional criteria supplementation. It proves the Total Logistics Management
multidimensional character which results from the complexity of conditions in which
modern logistics and supply chains operate nowadays. In the author’s opinion, the
discussed concepts seem insufficient to define thoroughly the Total Logistics
Management.

3. TOTAL LOGISTICS MANAGEMENT

The review of selected Logistics Management concepts may serve as the basis
to define the assumptions of Total Logistics Management (TLM) concept. At the same
time, there is the need to perform a literature review of the studies which discussed
the issue.

Bukowski is one of the Polish authors who covers the TLM issues and his
findings are worth mentioning. He maintains (Bukowski, 2014, p. 1709) the essence
of Total Logistics Management concept should be based on a combination of three
dominant concepts in Logistics Management, namely Lean, Agile and Resilient. One
needs to notice that part of those concepts — Table 1 are contradictory in nature which
might impede the attempt of complete and systematic Total Logistics Management
conceptualization. The author justifies his approach by formulating the main strategic
and operational goals in supply chain and they are the rational risk management and
supplies continuity in his opinion, with such goals defined, the issues of safety
and security, dependability, survivability and resilience needs to be taken into special
consideration. However, it should be noted, his TLM definition ignores two
significant aspects: ecological aspect addressed within the framework of Green
Logistics concept and Leagile Logistics concept. What is more, there are other
fundamental areas in company management, for example, quality management, which
have strong impact on the TLM concept. With his approach one can assume TLM
concept puts Logistics and Supply Chain management in the sphere of operational
company management.

If we adopt a different view of the TLM concept seen as a strategic tool in
company operations, similarly as the idea of global logistics, we can find numerous
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references in literature. Kotabe and Helsen (2010, p. 322) define global logistics as
a designed and managed system in which managing and monitoring the goods and
information flows takes place in three dimensions: internally within the organization,
by the organization and externally at the global scale. The whole system is aimed at
the strategic goals achievement at the lowest possible total cost. It is difficult to
achieve due to regional differences concerning transport, storage, packaging, orders
handling and inventory managing. It requires taking a strategic look at the company.

The assumptions of the TLM concept first need to be embedded in Logistics
Management and Supply Chain Management concepts either in the view of the
enterprise’s strategic/operational functioning or its functional/process categories.

If we take a closer look at the TLM concept proposed by Bukowski we can
clearly distinguish internally and externally integrated operational approach to
logistics characterized in functional/process categories for the whole company.
Obviously, strategic decisions on adopting Lean, Agile, Leagile or Resilient concepts
are crucial for the company, however, they concern only company logistic functions
and they should not enforce other organization processes subordination to logistics.
Purely operational and slightly process approach has been adopted by the Global
Logistics Excellence authors. Similarly to TLM concept, strategic choices are limited
to key supply chain elements, regarded as one of the organization management aspects
— a more functional approach. In both cases the organization searches for solutions
optimizing their activities with respect to 7Rs (right product, client, price, place,
amount, quality (condition), logistic activities). Logistics does not become a superior
element of the business model creation but is one of the functional areas which
undergoes management processes (Pietron et al., 2016, p. 61).

It seems that Global Logistics Management or Global Supply Chain
Management enforces a different look at the company’s logistic issues. For many
enterprises marketing-supported logistics should become a strategic operating
element and other company operations are subordinated. According to this approach,
TLM should be defined as the realization of all organization operations and processes
in order to obtain an effective and efficient goods and information flow. The
subordination should not have a “monopoly” character. Logistics (effective and
efficient goods and information flow) should be the main and superior assumption in
the company functioning. Two dimensions of the phenomenon need to be indicated
here. The first one concerns the physical flow of goods and information beginning
from the raw materials, through manufacturing and final customer to reverse logistics.
The other concerns the products and services development from the logistics
perspective. Neither of the two presented approaches undermines the existing
practical and theoretical knowledge. They are complimentary and constitute a new
and more mature stage in the logistics development within the organization.

The second assumption seems particularly important. The product design
processes are key elements in this Total Logistics Management definition. Quality
Management concept mainly focuses on continuous processes improvement,
however, the very product is equally important. In many cases it is modified to meet
the requirements of internal and external clients. The care about the external client
satisfaction is obvious, whereas the conceptual product design which takes into
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consideration process and staff needs reflects the enterprise’s maturity and high
organizational culture (Bielecki & Szymonik, 2013, p. 5).

Similarly, in Logistics Management and Integrated Supply Chain Management,
the very product, with respect to its properties and features, is of great importance.
Depending on the possible range in design changes, the appropriate strategy can be
selected. Bielecki (2013, p. 176) proposed two strategy types: conceptual and
adjustment, both related to the same product. In case of adjustment strategy, there are
few possibilities to implement changes in the product and this, in turn, determines the
necessity to use the adjustment logistics management (effective and efficient is limited
to specific logistic activities optimization). As for conceptual strategy, it is oriented
to new products and processes development in terms of logistics, the product role is
stressed and the notion of logistically efficient product appears.

Logistically efficient product is defined as a material object in market exchange
characterized by a set of properties and features which enable an effective and
efficient internal and external flow of the product itself and the related information in
the spheres of supply, manufacturing, distribution, disposal and returns. The
properties and features at the internal level allow for an effective and efficient
integration of IT, transport, storage, packaging, inventory management, order
handling processes within the framework of an Integrated Supply Chain Management
concept. Logistic product efficiency enforces an inquisitive product analysis and a
selection of an appropriate strategy: conceptual or adjustment and the use of relevant
methods, techniques and tools to adapt the chosen strategy to the market conditions.

Neither of the two options should, however, impact the Total Logistics
Management underlying assumptions. Bielecki and Szymonik (2015, p. 31)
formulated 6 Total Logistics principles. They have been slightly modified and
amended by the author and are presented below:

1) Logistic quality guarantees full customer satisfaction and continuous

logistic quality improvement and supply chain optimization should become
a routine.

2) The pursuit of logistic partnership is based on professionalism and trust.

3) The safety and security assurance for people and goods and information

flows

4) The pursuit of “one click” activities implementation based on flow

processes automation and computerisation.

5) Sustainable logistics development ensures an appropriate organization’s

impact on its environment.

6) Total Product Management based on product logistic efficiency is the

foundation to secure effective and efficient goods and information flow.

All the above-mentioned principles have been briefly discussed and justified
below.

Logistic quality is the first notion used in the TLM concept. Naturally, logistic
quality should be interpreted in the view of the previously mentioned 7Rs principle,
which is described in detail by Szymonik and Bielecki (2015, p. 31). It seems,
however, logistics quality should be closely related with three basic Logistics or
Supply Chain Management elements: product, processes, relations. Referring to the
first element, in the initial phase of product design, to ensure the product is innovative,
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no boundary conditions should be imposed on the designer. In the next phase the
concept should be challenged in the view of four basic dimensions: marketing,
manufacturing, quality and logistics. If we adopt TLM concept, logistics criterion
should be superior, however, there should a common ground for all areas. The
developed product should be right for the customer (the customer wishes to purchase
the product), “easy” to manufacture, allowing to meet quality standards and flow
effectively and efficiently through all the logistic phases in the supply chain (supply,
manufacturing, distribution, disposal and returns (Pfohl, 2010, p. 17-19).
Development of such products, in many cases, will not be possible. The concept,
however, highlights the close relationship between various organization and
management functions. Logistics quality in the process context aims to quantify the
designer’s idea on the basis of 7Rs principle. Organization must adopt knowledge-
based management assumptions in which every process is modelled with an active
participation of stakeholders and the emphasis is put on waste reduction and added
value. Continuous collaboration and logistic quality improvement borrowed from
Kaizen, Logistics Small Group Activities (LSGA) within the company and
collaboration with suppliers in the form of Supply Chain Group Activities should
result in internal and external customer satisfaction (Pietron et al., 2016, p. 64).

Partnership and professionalism in supply chain constitute the second principle
of the TLM concept. Ellram and Cooper (1990, p. 4) define strategic collaboration
between supply chain participants as a collaboration within the framework of
determined goods and information flow channels where the main aim is to obtain
diversification and benefits for all supply chain elements in medium and long-term
perspective. The same authors argue this collaboration type is future-oriented and
relies on the mutual trust. The partners share information, risks and benefits of joint
operations/activities. Main advantages of this approach include benefits for the
suppliers, economic benefits resulting from shared risks, reduced costs, increased
quality level, managerial and strategic benefits. Trust is also often indicated as the key
element in Deming’s TQM concept (Latzko & Saunders, 1995, p. 78), among the
organization weaknesses he points out the emphasis on the short-term profitability,
lack of persistence to act consequently and high legal costs which are usually a starting
point in any collaboration between organizations. Professionalism is another
important issue to be concerned. Greenwood (1957, p. 45) describes a professional
using four features. It is a person who always acts based on their knowledge, socially-
recognized authority and ethical principles governing the relationships within the
society and among the clients and it occurs within an organization with a professional
organizational culture. Leadership plays an important role in TQM concept and is also
vital, at a bit smaller extent, in Total Logistics Management concept.

The third basic element of Total Logistics Management concerns the
implementation of modern technologies in the aspects of material processes and
information. Obviously, this point should not be regarded as an incentive to
implement specific activities but as an encouragement to apply an innovative
approach of “one click” concept. The idea was developed by Ericsson company based
of their telecommunications services market research. The concept, described in the
report, is based on the client expectations in their mobile devices use. They expect to
have the “step-by-step” procedures simplified without any unnecessary options. It is
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a challenge that undermines the current organizations’ approach to the issue. It
enforces the management and data synchronization within the internal and external
organization integration. ,,One click” concept in Logistics and Supply Chain
Management should be supplemented further. One click should generate one activity
that gives a specific added value for the company and the client in the whole logistic
chain. Automation, bar codes and constantly developing Radio-frequency
identification technology (RFID) should become the tools for effective “one click”
concept implementation.

Another basic element in Total Logistics Management concerns sustainable
approach to logistic aspects which guarantees the right supply chain impact on the
widely-understood environment. According to Sadowski (2008, p. 129) practical
aspect of sustainable development is based on integrated governance where
ecological, social, land, institutional and political aspects become the superior spheres
of politics and management. Therefore, sustainable approach to logistics should be
founded on two key areas:

e ecological supply chain optimization concentrated on the goods and
information flow from the raw material acquisition to the delivery to the final
client,

o the use of Reverse Logistic concept interpreted as (Rogers & Tibben-Lembke,
2001, p. 130) the activities that are encompassed in traditional logistics
concept but the emphasis is put on their reverse operation.

Rogers and Tibben-Lembke define Reverse Logistics as the process of planning,
implementing and controlling the efficient, cost effective flow of raw materials, in-
process inventory, finished goods and related information from the point of
consumption to the point of origin for the purpose of recapturing value or proper
disposal. Therefore, it seems accomplishing the logistics ecological aspect and the use
of Reverse Logistics might become one of the biggest challenges for the researchers
and practitioners in the coming decades. It is important to note that nowadays the
consumption goods generally are not designed in a way to facilitate future value
recapturing or proper disposal of the used goods. Product designs often assume waste
and strengthened consumption rather than rational management. This creates a space
for the product and its total management in the Total Logistics Management concept.

Product logistic efficiency and related issue of total product management have
been defined on the basis of the author’s own research. Logistic product efficiency or
logistically efficient product was defined by Szymonik and Bielecki (2015, p. 41) as
a material object of market exchange possessing specific properties and features
which allow for the effective and efficient internal transfer of the product and related
information through supply, manufacturing and distribution phases, and externally
enable to integrate effectively and efficiently processes of storage, transport,
packaging, inventory management, handling orders within the concept of Total
Logistics Management. The product logistic efficiency additionally contributes to
achieve goods and information flows coherence between all supply chain participants.
The idea of product logistic efficiency has been extended and also includes the issues
of the design, transport, storage and organizing adaptability which might become the
basis for the product logistic efficiency appraisal. Total Product Management should
be closely related to the product logistic appraisal and become the foundation for the
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appropriate logistic strategy adoption (Bielecki, 2013, p. 180). High product design
adaptability in the supply chain enables to choose conceptual logistic strategy, the
approach where the product, the processes necessary to form and withdraw it from the
market (Reverse Logistics) can be precisely planned at the design stage. However,
there is a group of products with low product design adaptability (the properties and
features are impossible to modify due to legal, economic or market reasons). In such
situation the adjustment logistics strategy should be adopted and Total Logistics
Management is then based on continuous current processes improvement and the
search for innovative ways to implement Total Logistics Management concept.

The presented assumptions are summarized in the conclusions as well as the
directions for the future authors’ research.

4. CONCLUSION

The assumptions of Total Logistics Management concept remain closely
interrelated. The product analysis and logistics strategy choice (between conceptual
and adjustment strategies) are crucial starting points when implementing Total
Logistics Management concept. Both strategies are acceptable in TLM approach,
however, the conceptual logistics strategy has higher potential to implement more
innovative approach to Logistics Management. This does not necessarily make the
implementation of Total Logistics Management impossible in case of low design
adaptability products (f. ex. a building brick with standardized dimensions). In such
cases, the continuous Logistics and Supply Chain Management improvement is the
basis to shape the pro-logistics company culture. If the company does not strive for
continuous logistics improvement and Total Logistics Management principles
implementation, it should adopt a passive approach in the context of Logistics
Management. It refers to corrective actions in logistics processes which allow to
reduce problems resulting from wrong decisions taken in the spheres of logistics and
supply chains.

Proper product management means considering the mass production aspect and
product range limitations accompanied by a high customization rate. The first two
parameters let optimize logistics stages (supply, manufacturing, distribution, disposal
and returns) and logistics functions (transport, storage, inventory management, orders
handling, packaging). The third parameter is responsible for the customer satisfaction.

A thorough product analysis allows to build a logistics system based on TLM
assumptions. The system should be purposefully designed and organized around the
available human, material, financial and information resources taking into
consideration people and goods and information flows security and safety, as well as
the automation of goods and information flows with the use of “one click” type
activities. The system should be based on sustainable logistics development where the
pursuit of logistics partnership built on professionalism and trust creates logistics
quality that guarantees full customer satisfaction.

Further authors’ studies shall focus on the issue of Product Logistic Efficiency,
its impact on Total Logistics Management concept and phenomena such as
customization and modularity.
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Abstract

Insufficient and limited production capability is a common problem faced by
production enterprises nowadays. The production processes management is
continuously improving. Theory of Constraints (TOC) is an interesting concept of
planning and controlling production. TOC is a simple and most importantly, a very
effective technique of production systems management.

The aim of this article is to present the possibilities offered by the application of
TOC in practice. The first step in investigating the production system under analysis
was identifying bottlenecks in two production lines. Improvement proposals were
presented for each line.

The subject of the study is an existing automotive enterprise producing a variety
of components. This article analyses two production lines. LP0O1 — a production line
which produces only one product and LP02 which produces many different products.
The authors’ research method was employed - based on the analysis of i.e.: tact time,
productivity and the level of machine exploitation, profit margin.

The explorations of the authors do not exhaust all the other possible variants of
improvement in production systems managed with TOC logic. The presented ways of
proceeding are designated to support production managers in decision-making
processes. Reducing the impact of bottlenecks to a minimum entails independence
from constraints. Due to such operations production processes will be much more
productive.

Key words: production line, theory of constraints (TOC), bottleneck, productivity,
automotive industry

1. INTRODUCTION

According to the theory of constraints (TOC), the central task of effective
production management is to find and eliminate the impact of a bottleneck in a
company. A bottleneck is an element of resources (e.g. a job position) with the lowest
potential (production capacity). It marks the capacity of the entire production system.
Production system capacity is a crucial element of manufacturing companies
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competitive advantage. It has an influence on company's costs and ecological issues
(Kolinski, 2017, pp. 161-177).

Taking the occurrence of bottlenecks into account, production management may

be divided into (Kolinski & Tomkowiak, 2010, pp. 16-17):

- management in a situation with no bottlenecks in the production process,

- management in a situation with one bottleneck in the production process,

- management in a situation with many bottlenecks in the production process,

The absence of bottlenecks in the production process means that the production
productivity is enough to achieve forecast sales. If one bottleneck occurs, it needs to
be determined whether there is only one production process or whether alternative
production processes are possible. Contribution margin analysis for individual
combinations of products and processes is a useful tool in this case. If it turns out that
there are several parallel bottlenecks in the production process, the decision becomes
more complex. In such an event, solutions to these problems should be seeked with
the use of linear programming methods.

2. THE THEORY OF CONSTRAINTS AS AN EFFECTIVE TOOL OF
ANALYSING BOTTLENECKS IN THE PRODUCTION PROCESS

The theory of constraints was formulated by Dr. Eliyahu M. Goldratt, an Israeli
physician. He applied the methods of exact sciences to improve the functioning of
business companies. The theory of constraints was created in the 1970s. Its concept
has been developing through the years. It initially focused only on selected functional
areas of companies, such as production, whereas presently it is used for the purpose
of managing an entire company, or an entire supply chain. Described above trend is
strictly connected with integration of supply chain (Cyplik et al, 2014, pp. 4465-4470;
Hadas et al, 2015, pp. 225-239).

In 1984, E. M. Goldratt published a book describing the DBR (Drum-Buffer-
Rope) method — one of the tools used by the theory of constraints (Goldratt & Cox,
1984). An example of implementation of TOC in production area was described in
paper (Cyplik et al, 2009, pp. 1-12). In his new book, published in 1990, Goldratt
extended the theory of constraints with the possibility to make measurements in
selected production processes (Goldratt, 1990). In 1994, the second part of his best-
selling book "The Goal", which presented the possibilities of applying the TOC
concept in other areas of company operations at the strategic level (Goldratt, 1994),
was published. 1997 marked the publication of Goldratt's next book, "Critical Chain",
showing the use of tools of the theory of constraints in the area of project management
(Goldratt, 1997). In 2004, G. I. Kendall’s book, describing practical application of the
theory of constraints in an entire company, was published (Kendall, 2004).

The basic assumptions of TOC are as follows (Hadas et al, 2012, p. 93):

- each system has a goal,
- a system is expected to improve its achievements (related to the goal),
- achievements of every system are limited with constraints.

Thus, the theory of TOC assumes that every system has at least one constraint.

According to these assumptions, smoother delivery of a system's goal depends on the
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removal of the constraint which prevents its achievement. Efforts should therefore be
focused on the constraint, defined as every factor which prevents the system from
achieving better results, such as profit.

TOC defines a set of tools which may be used to control and manage constraints
and, consequently, increase profit. One of the basic tools is the five focusing steps
method. Its essence lies in continuous perfection of the system. In relation to the fact
that TOC sees a production system as a chain whose strength depends on the strength
of its weakest link, the method assumes focusing attention on the point where
maximum effect may be achieved, namely on the system's constraint.

As part of step 1 (identify), the constraint must be identified. In a production
company, there is always at least one resource that will constrain maximum
productivity. Inside the company, there may be one or more work stations forming a
constraint (the so-called critical resource). Identification of a bottleneck in a
production process is not a difficult task — as early as at the stage of planning
(balancing of loads) it is possible to indicate positions with the highest load (close to
100% or above it), which may represent a constraint. Identifying a constraint marks
the start of actions aiming at improving the situation.

As part of step 2 (exploit), a decision on how to exploit the constraint must be
made. Everything that causes the waste of time of this resource's work, i.e. disrupts
the continuity of its work, should be eliminated. At this stage, streamlining the work
of the critical resource is of organisational nature, e.g. adapting employees' breaks so
that they do not cause a break in the constraint's work, without incurring any extra
costs. An important rule should be taken into account: an hour lost in a bottleneck is
an hour lost in the entire system.

Step 3 (subordinate) concerns subjecting all decisions to work and the
constraint's productive. It should be borne in mind that effectiveness of the production
process depends on undisturbed work of the bottleneck. It results in the planning of
all activities ensuring the continuity of the constraint's work. All the resources should
therefore work according to the rhythm of the critical resource, while their production
volume should not be higher than the constraint which limits throughput.

Step 4 (elevate) focuses on improving the bottleneck's work productivity, as it is
the only activity which influences the growth of productivity of the entire production
process. There is a number of ways to achieve this goal: purchase of additional
resources performing operations which form a constraint; change of technology,
which will result in lowering the load of the critical resource; outsourcing. The step
usually forces an organisation to incur additional costs.

As part of step 5 ("go back to step one™), which is the last step, an analysis if the
constraint has been eliminated is carried out. If it has, step 1 should be taken again to
identify a new constraint. The purpose of the last step is to continually strive to
improve the system (Hadas et al, 2012, pp. 94-96; Woeppel, 2009, pp. 14-20). The
five focusing steps method will be applied in practice in sections 4-7 of the article.
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3. CHARACTERISTICS OF THE OBJECT OF RESEARCH - A SELECTED
PRODUCTION COMPANY

The company is one of the world's leading manufacturers. It applies different
types of solutions used in numerous car brands produced all over the world, such as
Volkswagen, Honda, Ferrari, Fiat, Toyota, Chevrolet, Mazda, General Motors, Lexus
and many more. Its product portfolio includes shock absorbers, batteries, radiators,
condensers, evaporators and air-conditioning systems.

The company has its branches in 36 countries. It owns 159 production plants and
41 joint-venture production plants. In also operates 53 customer service centres and
33 technical inspection centres.

The company started its operations in Poland in 1994. It already has 4 factories
located in Gdansk, Blonie, Jelesnia and Krakoéw. The company's technical centre is
located in Krakow. Until recently, the company also had a branch in Ostrow
Wielkopolski, which has been closed. Study results are based on data from this
location.

4. ANALYSIS OF THE PRODUCTION PROCESS DEDICATED TO THE
PRODUCTION OF ONE TYPE OF PRODUCT

The analysed production line LP01 consists of 12 work stations. Due to the fact
that the line is dedicated to the manufacture of one product type (product A), in the
production process a part of employees performs more than one operation. The layout
of LPO1 is therefore U-shaped.

In the analysed production company, operational data are defined as follows:

- ta— nominally available working time during one shift (480 min.),

- tc — cycle time, i.e. time of performing one operation for one item,

- ts — set-up time, i.e. time spent on preparing the station before starting work and on
cleaning it up after ending work,

- tu — machine's unproductive time, providing for production downtimes (such as
planned breaks, failures etc.)

The analysed production line manufactures product A during each of the three
shifts in the form of mass production. Table 1 presents operational data concerning
time for individual work stations.

Table 1. Data of individual operations for production line LPO1

Operation related to Work Operational data
production stations Time Value

tc [min] 2

OPO1 ST1 ts [min] 30

tu [min] 50

OPO2 ST1 tc [min] 5

ts [min] 30
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tu [min] 35

tc [min] 6

ST2 ts [min] 50

tu [min] 40

tc [min] 3

OP03 ST1 ts [min] 10
tu [min] 20

tc [min] 5

ST1 ts [min] 15

tu [min] 10

OPo4 tc [min] 3
ST2 ts [min] 30

tu [min] 20

tc [min] 2

OP05 ST1 ts [min] 15
tu [min] 22

tc [min] 1

OP06 ST1 ts [min] 7
tu [min] 40

tc [min] 2

OPO7 ST1 ts [min] 14
tu [min] 32

tc [min] 3

OP08 ST1 ts [min] 20
tu [min] 15

tc [min] 3

OP09 ST1 ts [min] 15
tu [min] 40

tc [min] 2

OP10 ST1 ts [min] 15
tu [min] 15

tc [min] 1

OP11 ST1 ts [min] 10
tu [min] 10

tc [min] 2

OP12 ST1 ts [min] 2
tu [min] 0

Source: materials obtained from the company

Operations OP02 and OP04 re performed on two work stations. The productivity
of these two operations should therefore be determined as a sum of productivity of
individual work stations. Other operations as part of LP01 are performed by single
work stations, which is why the productivity of these work stations is at the same time

the productivity of particular operations.

The first step in analysing the bottlenecks of LPOl is to determine the
productivity of particular operations. In the case of the first operation (OPO1), there is
one work station performing it. To determine the productivity of operation OPO1,
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productivity of the work station should be calculated with the use of the following
formula (description of parameters — bullets at the beginning of the section):

The productivity of operation OPO1 is therefore:

480—-30-50
Peo,,. = — = 200 [szt]

In the case of operation OP02, we have two work stations, thus to determine the
productivity of OP02, productivity of these two work stations should be summed up:

480-30-35 480-50-40
+

EOop, - 5

—83+65=148 [szt]

Productivity for the remaining stations is determined in a similar way. Table 2
presents a list of productivity of individual operation of production line LPO1.

Table 2. Productivity of individual operations of production line LP01

relategﬁsrs::)?jr:mtion Work stations Station productivity [pcs/shift]
OPO1 ST1 200
ST1 83
OP02 ST2 ot 148
OPO03 ST1 150
ST1 91
OP04 STo 143 234
OP05 ST1 222
OP06 ST1 433
OPOQ7 ST1 217
OP08 ST1 148
OP09 ST1 142
OP10 ST1 225
OP11 ST1 460
OP12 ST1 239

Source: own study

Analysing the productivity of individual operations and bearing in mind the basic
assumption of the theory of constraints which states that the productivity of the entire
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production process is equal to the productivity of the weakest link, it should be stated
that the productivity of production line LPO1 is 142 pieces during one shift. Thus, it
is reasonable for all of the operations to work in accordance with the bottleneck's
productivity. As a result, most of the work stations will not have maximum load.

The degree of using particular operations is determined by the quotient of
productivity of the whole production line (142 pieces) against the productivity of
individual operations. For OP01, usage indicator is:

142
POPOl = % = 70,83%

For the remaining stations, the indicator is calculated in a similar way. Table 3
presents the degree of using individual work stations in production line LP01.

Table 3. Degree of using individual stations of production line LP01

Operation related to Pro(c)j]tj fﬁg"ty Usage of the

production station station
OP01 200 70.83%
OP02 148 95.95%
OP03 150 94.67%
OP04 234 60.68%
OP05 222 63.96%
OP06 433 32.79%
OPQ7 217 65.44%
OP08 148 95.95%
OP09 142 100.00%
OP10 225 63.11%
OP11 460 30.87%
OP12 239 59.41%

Source: own study

A 100% usage of a work station which performs operation OP09 comes as no
surprise, as it is an identified bottleneck of production line LPO1, which should use its
production capacity to the maximum. Despite unsatisfactory value of the production
capacity usage indicator for individual operations (e.g. OP06), it should be borne in
mind that increasing the degree of their usage may cause the generation of excessive
stock (applies to all the operations located before the bottleneck), resulting in higher
production cost. Lower usage of stations performing operations after the bottleneck
(e.g. OP11) is caused by a much lower production capacity of the weakest link (the
critical resource).
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5. ANALYSIS OF THE PRODUCTION PROCESS DEDICATED TO THE
PRODUCTION OF MANY TYPES OF PRODUCTS

Production line LP02 manufactures products characterised by a high degree of
technological similarity. As a rule, all of the products manufactured on this type of
production line are ordered by the same customer. Specific nature of the industry in
which the analysed company operates and specific nature of products manufactured
has a fundamental influence on production technology. As in the case of production
line LPO1, LPO2 also consists of 12 operations, in accordance with specific features
presented in Table 1. Due to the variability of products, each employee is assigned to
one work station, and the production process is classically shaped. Production line
LP02 manufactures 4 products which are technologically similar: product B1, product
B2, product B3 and product B4. Forecast number of customer's orders for individual
products is provided on a daily basis and does not change throughout the year.
Operational data concerning the volume of weekly orders, margin of particular
products and cycle times have been presented in Table 4.

Table 4. Operational data for production line LP02

Product B1

Product B2

Product B3

Product B4

Forecast number of

orders

70

110

60

100

Margin

100

200

150

]
(6]

OPO01 [min]
OPO02 [min]
OPO03 [min]
OP04 [min]
OPO05 [min]
OPO06 [min]
OPO7 [min]
OPO08 [min]
OP09 [min]
OP10 [min]
OP11 [min]

OP12 [min] 1
Source: materials obtained from the company
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The first step of analysing bottlenecks for this type of a production line consists
in checking if the production line is capable of executing all of the orders in full. Cycle
time for individual operations should therefore be multiplied by the volume of orders
for particular products. Assuming 3-shift production (8h x 3 x 60 min = 1440 min), it
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should be checked if all of the operations are able to deliver production in accordance
with available time.
Daily OPO1 usage time is:
OP01=70x2+110x3+60 x 1 + 100 x 2 = 730 min

For the remaining stations, the indicator is calculated in a similar way. Table 5
presents summary results for the identification of bottlenecks in production line LP02.

Table 5. Identification of bottlenecks

Product B1 | Product B2 | Product B3 | Product B4 | Total
Forecast number of

orders 70 110 60 100 340

Margin 100 200 150 75 -
OPO01 [min] 140 330 60 200 730
OP02 [min] 210 220 120 300 850
OPO03 [min] 140 110 120 100 470
OP04 [min] 350 440 240 500 1530
OPO05 [min] 140 330 120 300 890
OP06 [min] 70 220 60 200 550
OPO7 [min] 140 220 120 200 680
OPO08 [min] 210 440 180 300 1130
OP09 [min] 210 220 120 300 850
OP10 [min] 140 330 180 200 850
OP11 [min] 70 220 120 100 510
OP12 [min] 70 220 60 100 450

Source: own study

Table 5 allows concluding that operation OP04 exceeds available time (1440
min) on one working day. It means it is not capable of manufacturing products
meeting daily demand for individual products. Thus, the next step of analysing
bottlenecks will consist in reducing the number of manufactured products in order to
make maximum use of the weakest link. To this end, relative contribution margin
must be determined:

relative contribution _ contribution margin per piece

margin (RCM) - time of bottleneck usage

The value of relative contribution margin (RCM) presents the level of
profitability of a given product. As a rule, the higher the value of this indicator, the
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more cost-efficient the production of the particular product. The relative contribution

margin (RCM) indicator for B1 is:

For the remaining products, the indicator is calculated in a similar way. Table 6

RCMB]_:?:ZO

100

presents the RCM indicator for individual products.

Table 6. Relative contribution margin for individual products

Product B1 | Product B2 | Product B3 | Product B4
Forecast number of
orders 70 110 60 100
Margin 100 200 150 75
OP04 [min] 5 4 4 5
RCM 20 50 375 15

Source: own study

Table 6 leads us to a conclusion that product B2 is most cost-effective, while B4
is least economic. Therefore, if it is obligatory to resign from a part of production, the
least cost-effective part of production should be given up. According to the theory of
constraints, with a defined bottleneck we focus on its work exclusively.

Thus, to reduce time spent on performing operation OP04, time of manufacturing
product B4 should be decreased by 90 minutes (1530-1440=90). According to Table
5, 500 minutes a day is required to manufacture the entire order for product B4.
Considering the need to decrease working time by 90 minutes, OP04 operation usage
time should be reduced to 410 minutes. As Table 4 shows that the time of
manufacturing one product B4 on operation OP04 is 5 minutes, with 410 minutes we
may produce 82 pieces of B4 (410/5=82). In the present situation, the best solution
will be:

- production of B2 in maximum order volume (110 pcs)
- production of B3 in maximum order volume (60 pcs)
- production of B1 in maximum order volume (70 pcs)
- production of B4 in the amount of 82 pcs.

Knowing the volume of orders for individual products, it is possible to calculate
revenue:

P =70x100+110x 200+ 60x150 +82x 75 = 44150 [z

6. IMPROVEMENTS IN PRODUCTION LINE LPO1

Taking the specific nature of production line LPO1 into account, first of all work
stations should be evenly loaded (for an operation performed by more than one work
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station), providing for the degree of operation usage. Only two operations from
production line LPO1 were performed by more than one work station. They were:

- OP02,

- OP04.

Table 3 allows concluding that production capacities of OP02 are used in over
95%, whereas in the case of OP04 it is hardly 60%. It should be borne in mind,
however, that the productivity of operation OP02 (148 pcs/shift) is close to the
productivity of the bottleneck (142 pcs/shift), which makes it more probable that the
operation may in the near future become a potential constraint. Table 7 presents a
suggestion of even load put on both work stations performing operation OP02.

Table 7. Suggestion of even load put on both work stations performing operation
OP02

Operation Work
related to . Manufactured | Degree of
. stations . .
production quantity station usage
ST1 0
OP02 80 96.39%
ST2 62 95.38%

Source: own study

In the case of operation OP04, we are dealing with an insufficient degree to
which production capacities of individual work stations are used. Table 8 presents a
suggestion of even load put on both work stations performing operation OP04,
providing for the current status of the machinery park.

Table 8. Suggestion of even load put on both work stations performing operation
OP04

Operation Work
related to : Manufactured | Degree of
. stations s ;
production quantity station usage
ST1 )
OP04 55 60.44%
ST2 87 60.70%

Source: own study

The degree to which both work stations performing operation OP04 are used
may be considered insufficient. Accepting an assumption that production for stock is
not cost-effective, the only way to improve the situation is to reduce the usage of work
stations to one machine. In should be borne in mind, however, that in this specific
case using station ST2 to produce 142 pieces will result in a nearly maximum
(142/143=98.84%) usage of this work station's production capacity. It may create a
risk of forming another bottleneck in production line LPOL.

In the case of other operations, which are performed by one work station, the
only suggested improvement was to take additional orders for performing this
operation in collaboration with partners in the supply chain. In the case of operation
OP12, i.e. product quality control, one may suggest to allocate the remaining time of
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employees (unused in accordance with product A controlling scheme) to other
activities aiming at streamlining production in production line LPO1 (e.g. by the
monitoring and control of machines manufacturing product A).

7. IMPROVEMENTS FOR PRODUCTION LINE LP02

In the case of production lines dedicated to manufacture a larger amount of
products, improvements should be analysed in a different way. Considering the fact
that the company's management decided not to buy new machines, the only suggested
improvements are those of technological nature, which shorten the time spent on
performing operations for individual products. The present section analyses the
profitability of introducing technological changes suggested by company employees,
according to the assumptions of the theory of constraints.

The planned undertaking assumed shortening the time spent on performing
operation OP04 by 1 minute for product B1 (other data of the remaining operations
have stayed the same — Table 4). Table 9 presents operational data for production line
LP02 providing for the suggested change.

Table 9. Operational data for production line LP02 - suggested improvements

Product B1 | Product B2 | Product B3 | Product B4
Forecast number of
orders 70 110 60 100
Margin 100 200 150 75
OP04 [min] 4 4 4 5

Source: own study

Analysis of the data above allows brings us to a conclusion that the situation
related to production will change only in the case of OP04. The use of working time
of other operations against the situation preceding the improvements has not changed
(the results have remained the same as in Table 5). Table 10 shows a suggested
situation related to production following the introduction of improvements.

Table 10. Identification of bottlenecks in production line LP02 - suggested

improvements

Product B1 | Product B2 | Product B3 | Product B4 | Total
Forecast number of
orders 70 110 60 100 340
Margin 100 200 150 75 -
OPO04 [min] 280 440 240 500 1460

Source: own study

Despite introduced improvements, the constraint in operation OP04 is still
present. However, attention should be drawn to the fact that the shortage of time to
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fully execute orders dropped to 20 minutes (formerly it was 90 minutes). It allows us
to conclude that we will be able to manufacture more products, which will result in
higher revenues.

According to the theory of constraints, a step aiming at determining relative
contribution margin should be repeated. In the case of products B2, B3 and B4, it will
be the same as before (Table 6). In the case of product B1, the relative contribution
margin indicator is:

RCMm:%O:zs

Table 11 present current values of the RCM indicator after the improvements.

Table 11. Relative contribution margin for individual products - suggested
improvements

Product B1 | Product B2 | Product B3 | Product B4
Forecast number of
orders 70 110 60 100
Margin 100 200 150 75
OP04 [min] 4 4 4 5
RCM 25 50 375 15

Source: own study

Analysis of Table 11 allows concluding that the hierarchy of the profitability of
individual products has not changed. B4 is still the least cost-effective product. To
reduce the time spent on performing operation OP04, the time spent on manufacturing
product B4 should be shortened by 20 minutes (1460-1440=20). According to Table
11, 500 minutes a day is still required to manufacture the entire order for product B4.
Considering the need to decrease working time by 20 minutes, OP04 operation usage
time should be reduced to 480 minutes. As Table 9 shows that the time of
manufacturing one product B4 on operation OP04 is 5 minutes, with 480 minutes we
may produce 96 pieces of B4 (480/5=96). In the present situation, the best solution
will be:

- production of B2 in maximum order volume (110 pcs),
- production of B3 in maximum order volume (60 pcs),
- production of B1 in maximum order volume (70 pcs),
- production of B4 in the amount of 96 pcs.

The last step of the analysis of bottlenecks is to compare the result of revenues
generated before and after introducing the improvement (Table 12).
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Table 12. Comparison of revenues before and after improvements of production line
LP02

Product Product Product Product
B1 B2 B3 B4 Total
Before the
improvement 7000 22000 9000 6150 44150
After the improvement 7000 22000 9000 7200 45200

Source: own study

The suggested improvement, aiming at shortening the time spent on performing
operation OP04 by 1 minute, will cause the growth of revenues by PLN 1050 a day.
On this basis it needs to be stated that the improvement is cost-effective, because the
production system meets daily demand for products to a greater degree, and,
consequently, generates higher revenues.

8. CONCLUSION

A bottleneck may be a reason for a number of unfavourable situations at a
company, leading to significant financial losses. The entire production process should
therefore be carefully monitored. It allows early identification of a bottleneck and
reduction of its impact to a minimum level.

The theory of constraints focuses on increased throughput of a constraint, which,
consequently, allows the increase in the throughput of the entire production system.
Thus, the most important element of TOC is the throughput, i.e. the speed at which a
company manufactures and sells its products and services, receiving cash in exchange.
The practice of applying the theory of constraints shows that one's attention should be
focused not on what should be limited, but on what should be increased. Thus,
companies should absolutely concentrate on activities increasing throughput
("throughput thinking™).

The authors of the article presented ways to identify bottlenecks and suggestions
of various streamlining activities upon their identification in a production line
manufacturing products of varied characteristics. The suggested solutions are chiefly
of an organisational (costless) nature, according to the accepted criterion of choice.
Future research will be directed to developing more detailed variants of calculations
of relative contribution margin in the production system.

The solutions do not exclude the possibility to take advantage of other innovative
options. The study may be an inspiration particularly for practitioners who apply the
theory of constraints at their companies.
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Abstract

Efficiency of processes determines the success of companies competing in
contemporary market. The efficiency of production companies are heavily dependent
on the efficiency of material flow. This is mostly due to high the cost-manufacturing
processes. The efficiency of material flow depends on many factors. One of key factor
is the task environment of company.

The authors focused their research around the integration of planning processes
in companies. They noted that companies with integrated planning processes are less
dependent to changes in the task environment. Continuing with this topic, authors
have developed two models: model of integration planning processes in
manufacturing companies and model of material flow.

The aim of the paper is to verify the following research hypothesis: the efficiency
of material flow in companies with integrated planning process is less dependent on
the volatility of the task environment.

The article presents the results of simulation conducted in the software iGrafx
Process for SixSigma. In the simulation experiment reflects the volatility of the task
environment and planning processes at different levels of integration. The conducted
experiments allowed to collect the results on the efficiency of material flow. The
authors measure the efficiency of material flow in many dimensions: as operational
efficiency (measured by customer service level indicator) and financial (measured by
profitability indicator).

The results were statistically analysed. Authors examined the correlation
between the efficiency of material flow and the volatility of the task environment in
conditions of different levels of integration of planning process. The research
hypothesis was verified statistically with using an ANOVA method.

Key words: planning processes integration, task environment, material flow
efficiency
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Influence of task environment on efficiency of material flow in companies with different level of ...
Michat Adamczak, Piotr Cyplik

1. INTRODUCTION

Globalisation is related to customers’ increasing requirements and this causes
that it is more difficult to maintain a competitive position. The competitive position
maintenance is possible due to the efficiency improvement of operational processes.
Not only the mere companies but also entire supply chains compete with each other
at the market. Production companies in the supply chains conduct their operational
activity combined with numerous procurement and sales partners. This causes a
necessity to function in the conditions of high uncertainty and changing input data.
The planning processes in production companies aim at decreasing the environment
change influence (task environment in particular) on the material flow efficiency.

The aim of the paper is to present an influence of integration of planning
processes on efficiency of material flow in companies in conditions of volatility of the
task environment. Authors of the paper use ANOVA statistical method to verify
hypothesis: the efficiency of material flow in companies with integrated planning
process is less dependent on the volatility of the task environment.

2. THEORETICAL BACKGROUND
2.1. Integration of planning processes

Based on the concept valid in contemporary literature references it is possible to
state that the process integration makes it feasible to enhance its efficiency (Cyplik et
al., 2014, p. 4468; Danese et al., 2013, p.127; Hadas et al., 2015, p.228; Pagell, 2004,
p.459; Seo et al., 2014, p.740). One of the possible planning process integration tools
is sales and operations planning (SOP). There are many definitions of SOP. According
to Muzumdar and Fontanella SOP is a set of business and technological processes that
make it possible for a company to correlate the market demand with the manufacturing
and procurement potential of the company in the possibly most efficient way
(Muzumdar & Fontanella, 2007, p.36). The presented definition clearly indicates the
SOP relationship with the company environment. The SOP influence on the efficiency
of company (and material flow as an integral element of production companies) was
indicated. The most complete SOP definition is presented in the APICS dictionary
(Blackstone, 2010, p.123). In this book SOP is defined as a tactical planning tool that
enables connection of customers’ needs with the supply chain possibilities in the
medium term. Such an SOP interpretation is perceived in numerous works. In their
work Tuomikangas i Kaipia (2014, p.257) describe SOP as a key business tool that
makes it possible to obtain balance between the customers’ orders and the supply
chain possibilities. The confirmation of these observations might be found in the
publication (Collin & Lorenzin, 2006, p.424), in which their authors present a solution
in which integrated planning influences an increase in the supply chain elasticity
O’Leary-Kelly S.W. and Flores, B.E.. (2002, p.238) performed research related to the
integration level within decision-making processes by sales and production functions.
According to the research results, the integration level increase influences the
production enterprise efficiency improvement.

126



17t international scientific conference Business Logistics in Modern Management
October 12-13, 2017 - Osijek, Croatia

2.2. Task environment

Environment of the organization is generally defined as: all what is external to
it, beyond its boundaries and what has influence on it. Due to Hatch (1994, p.54),
organization's environment can be divided into two groups: general environment and
task environment. In this paper only task environment will be considered.
Organisation’s task environment consists of the specific customers, suppliers,
financiers and other entities with which it must interact to grow and survive
(Castrogiovanni, 1991, p.557). The task environment may include a companies
competitors, customers, suppliers, strategic partners and regulators (Scott & Lane,
2000, p.52). Task environment has a strong relations with companies and especially
with its production-logistics system (Adamczak et al. 2016, p.670). The environment
changeability (and task environment in particular) is largely implied by the
globalisation phenomenon and economy networking (Castells, 2009, p.17).

A chaos in the environment is caused by strong dependencies between entities
located in various globe parts. Lorenz (1963, p.137) described the chaos behaviour
mechanisms for the sake of management named it as a ,,butterfly effect “ that relies
on making large changes by seemingly trifling causes.

3. RESEARCH MODEL

One might distinguish three fundamental parts in the developed research model:

- model of the planning process integration in production enterprises,

- model of operational processes executed by production enterprises,

- model of task environment.

The most significant element of the developed research model is the model of
integrating planning processes in production enterprises. The model was formed based
on the results of literature research and the empirical research performed among 149
production enterprises in the territory of Poland. A detailed description of the results
of the research on the planning process integration in the active production enterprises
in the territory of Poland is presented in Adamczak et al. (2013, pp.12-59). Table 1
includes a qualitative description of the planning process integration levels which is
developed for the sake of the research model.

Table 1. Description of planning process integration levels

Planning

_ Process Characteristics of level

integration

level
No planning process integration, production plan developed
adaptively to the sales plan, available resources at a constant
D level in the process duration based on standards specified in the

past, no financial plan and marketing actions included in the
plan.
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Corrective procedures implemented in the area of the sales and
production planning and in the area of production and
procurement. The objective of the procedures is to select the
most appropriate solution to executing the proposed sales plan
in terms of the planned profit and return on sales by the
financial plan simulation, available resources specified at a
constant level in the process duration based on standards
specified in the past, no marketing actions included in the plan.
Corrective actions as at level C with the financial plan,
available resources specified based on real data about repairs
and/or developing the resources as a result of the conducted
investment actions, no marketing actions included in the plan.
All the actions conducted as at level B without the marketing
plan. At integration level A the marketing plan is formed based
on real data (plan promotional campaigns, extending and
enlarging market areas, product portfolios, etc.). The plan is
included in the planning process structures and therefore
influences the material flow plan which is under construction.

Source: own study

In model of operational processes executed by production company one
modelled basic material flow processes in production company. In this regard one
used the SCOR supply chain referential model in version 12 (material flow was
modeled with use of 5 types of processes: plan, source, make, deliver, return). The
material flow processes are planned according to the procedures which were
developed based on the defined planning process integration levels (table 1). The
material flow performance lasts one year (material flow on every work day, planning
processes once a month).

In model of task environment 3 factors were distinguished. Each of the factors
is related to demand. In the planning model one specifies the demand as forecasted
for each of 12 months included in the plan. The forecast for consecutive months is
implied by 3 parameters: constant quantity (adopted in the model and referred to the
capacity of production system) seasonality of demand and trend of demand.

The seasonality of demand was modelled in two steps. In the first step one
specified a seasonality strength (Ss) was calculated according to the formula:

Dsg, —D
Ss = —m&
D
where:

Smmax sales forecast in the month with the highest sales volume
D — average forecast for the entire year
Seasonality strength (Ss) was specified as simulation scenario parameter and
underwent changes in the consecutive simulations. In the next step one modelled the
seasonality phenomenon throughout the entire year according to the formula:
Dg, = Ss-Scy
where:
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Ds, - additional demand caused by seasonality of the demand
Sc,- seasonality coefficient to m-month

The monthly coefficient values of the seasonality strength are presented in
Figure 1.

Figure 1. Values of monthly coefficients for the seasonality strength
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Source: own study

In order to keep the conditions (equal demand sum) unchanged in the case of all
experiments independent of the seasonality strength the sum of the values of the
coefficients for the entire year equals 0.

The trend of demand and the seasonality of demand were modelled at 2 stages.
At the first stage one specified the trend strength (Ts) was calculated according to the
formula:

Dy, —D
D

Ts =

where:
Dy, — last-month sales forecast (in the planning horizon)
D — average forecast for the entire year

Trend strength (Ts) was specified as a simulation scenario parameter and
underwent changes in the consecutive simulations. At the next stage one modelled the
demand trend phenomenon throughout the entire year according to the formula:

Dr, =Ts Tcy

where:
Dy, - additional demand caused by trend of the demand
Tc,,- trend coefficient to m-month

The monthly coefficient values of the seasonality strength are presented in
Figure 2.
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Figure 2. Values of monthly coefficients for the seasonality trend
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In order to keep the conditions (equal demand sum) unchanged in the case of all
experiments independent of the trend strength the sum of the values of the coefficients
for the entire year equals 0.

The real demand, which will appear this month, is implied by the forecasted
demand (calculated based on the parameters as described above) and the forecasting
error. The real monthly demand (laid out to consecutive work days of the month) is
specified by means of normal distribution (authors assume that simulation was
conducted in the terms of MTS model - to fast rotation items). The distribution
parameters are: monthly (average) forecast, monthly forecast multiplied by the
demand fluctuations (standard deviation) parameter. The demand fluctuations were
specified as a simulation scenario parameter and underwent changes in the
consecutive simulations. It is required by the drawing in accordance with the normal
distribution to perform simulations in numerous iterations.

Each of the 3 scenario parameters, which determined the task environment
changeability, occurred in the simulation experiment in 3 states: 1-L — low
changeability, 2-M — medium changeability, 3-H — high changeability. In table 2 there
are numerical values of the parameters that correspond to each of the defined states:

Table 2. Values of changeability parameters in the case of selected factors of task
environment

State of task Demand Trend of Seasonality of
environment factor fluctuation demand demand
1-L 0.10 0.00 0.00
2-M 0.20 0.15 0.15
3-H 0.30 0.30 0.30

Source: own study
Efficiency of a material flow in manufacturing company will in this article be

interpreted as a sum of two factors (Clermont, 2016, p.1358; Frankowska & Jedlinski,
2011, p.78):
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- effectiveness of action — ability to achieve set goals;
- efficiency of action — an optimal use of owned resources (may be related to
the rationality of management, economy or profitability).

Two factors presented above could be treated as a special economic efficiency
cases. The economic efficiency might be specified as a result of a business entity’s
activity. It is a result of the relation between the obtained effects and the borne costs
(Farrell, 1957, p.268). The most frequently used economic efficiency measures are:
logistic cost level, general cost level, profit and sales profitability. The measures might
be found in the work by Hahn and Kuhn (2011, p.518). The operational efficiency is
most frequently expressed by means of such measures as customer service level,
delivery time, prognosis accuracy, inventory level. These measures were applied by
Kolinski and Sliwczynski (2015a, p.215), Kolinski and Sliwczynski (2015b, p.178);
Kolinski el al. (2016, p.135) and Sodhi and Tang (2011, p.529).

4. ANALYSIS OF RESULTS

4 factors are considered in the simulation experiment. According to the presented
model the factors could occur in 3 states (3 factors reflecting the task environment
changeability) and 4 states (factor reflecting the planning process integration level).
The simulation was performed in 10 iterations due to the necessity to eliminate the
random factor influence within the simulation results. Thereby, 1080 (3%-4-10)
simulations were performed in the experiment. According to the adopted efficiency
interpretation (chapter 3) the following measure values were analysed: profitability
and customer service level. More details about simulation model are described in one
of the previous paper of the authors (Adamczak et al. 2014).

In the first place it was checked whether the model reflected the adopted
solution: the higher planning process integration level causes an increase in the
material flow efficiency. The indicator values in the case of particular planning
process integration levels are presented in Figure 3.

Figure 3. Profitability and customer service level indicator values in the case of the
specified planning process integration levels
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The planning process integration has a positive impact on the material flow
efficiency indicator values. As implied by the charts presented in Figure 3, the
profitability and customer service level indicator values are higher in the case of
higher planning process integration levels (value of indicators: profitability and
customer service level is the highest in conditions of A level of integration of planning
processes). Once the model assumptions were confirmed by the result analysis the
authors moved on to the stage of verifying the research hypothesis: the efficiency of
material flow in companies with integrated planning process is less dependent on the
volatility of the task environment This hypothesis verification was performed by
means of 2 methods: the quotient and regression one.

In the quotient method the obtained results were divided into 4 subsets that
reflected each of the planning process integration levels. As to each subset and each
parameter reflecting the task environment changeability, one calculated a ratio of the
indicator values in 2 consecutive parameter states. The ratio calculation formula is as
follows:

value;; — valuep,

uot. =
1 |value|

where
valuejs -indicator value with the lower state of the parameter reflecting the task
environment changeability
valuens -indicator value with the higher state of the parameter reflecting the task
environment changeability

The values of ratios at each planning integration level are presented in tables 3-
6.

Table 3. Coefficient value quotients in the case of neighbouring task environment
parameter states at planning process integration level A

. Demand
Parsa;;r:gter Seasonality of demand | Trend of demand fluctuations
Prof. CSL Prof. CSL Prof. CSL
L-M 1.7668 0.0000| 0.8480| 0.0098| -0.3122| -0.0020
M-H 2.5551 0.0000| 1.6819| 0.0277| -0.2249| 0.0036
Average 2.1609 0.0000| 1.2650| 0.0187| -0.2686| 0.0008

Source: own study

Table 4. Coefficient value quotients in the case of neighbouring task environment
parameter states at planning process integration level B

. Demand
Parsatlgrtlgter Seasonality of demand | Trend of demand fluctuations
Prof. CSL Prof. CSL Prof. CSL
L-M 0.9973 0.0000| 0.7571| 0.0077| 0.1620| 0.0015
M-H 2.6319 0.0001| 2.3463| 0.0145| 0.2474| 0.0098
Average 1.8146 0.0001| 1.5517| 0.0111| 0.2047| 0.0056

Source: own study
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Table 5. Coefficient value quotients in the case of neighbouring task environment
arameter states at planning process integration level C

Seasonality of Demand
Pa;atlgrtl:ter demang Trend of demand fluctuations
Prof. CSL Prof. CSL Prof. CSL
L-M 0.0035 0.0000| 1.4305| 0.0649| -0.0930| 0.0138
M-H 49,7739 0.0004| 2.7560| 0.0670| -0.2997| 0.0087
Average 24.8887 0.0002 | 2.0932| 0.0660| -0.1964| 0.0113

Source: own study

Table 6. Coefficient value quotients in the case of neighbouring task environment
parameter states at planning process integration level D

Seasonality of Demand
Parsatlgr::ter demand Trend of demand fluctuations
Prof. CSL Prof. CSL Prof. CSL
L-M 0.0046 0.0000| 3.0078| 0.0568| 0.8191| 0.0186
M-H 4,3232 0.0402 | 1.4352| 0.0583| 3.1727| 0.0290
Average 2.1639 0.0201| 2.2215| 0.0575| 1.9959| 0.0238

Source: own study

In order to simplify the presentation one calculated average quotient values in
the case of particular process integration levels. The analysis results are presented in
table 7.

Table 7. Average values of the indicator value quotients in the case of neighbouring
task environment parameter states at all planning process integration levels

PTG | profitabiliy |  SUSOme”

evel service level
A 1.0524 0.0065
B 1.1903 0.0056
C 8.9285 0.0258
D 2.1271 0.0338

Source: own study

The average values of the quotients presented in table 7 tend to be increasing.
This is accompanied by the decrease in the planning process integration level. There
are two exceptions from this rule: quotients of the profitability indicator at planning
process integration level C and the customer service level indicator at planning
process integration level B. The quotient values show the task environment
changeability influence on the material flow efficiency in production companies. The
smaller the difference between the values of the efficiency indicators, the smaller the
task environment changeability influence on the material flow efficiency. To make a
conclusion based on the results in table 7 it might be (although ambiguously) stated
that the efficiency of material flow in companies with integrated planning process is
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less dependent on the volatility of the task environment — therefore, the formulated
hypothesis is positively verified.

The second research hypothesis verification method is based on specifying
regression equations in the case of sets of task environment parameter values and
indicator values at particular planning process integration levels. To simplify the
interpretation, the research was confined to linear regression equations. In the case of
such an assumption the task environment changeability influence will be specified by
the value of the regression line slope. Before one began the regression analysis it had
been checked by means of the ANOVA method whether the indicator values in the
case of various task environment changeability states were statistically significantly
different from each other. In the ANOVA method one formulated a pair of statistical
equation hypotheses in the case of each indicator and each task environment factor:
Ho: The indicator values in the case of all the task environment factors are not different
from each other.

Hi: The indicator values in the case of all the task environment factors are different
from each other.

The analysis was performed on the assumption that significance level a=0.01
The p-value in the case of the consecutive ANOV A-verified pairs of hypotheses were
presented in table 8.

Table 8. p-value values obtained in the ANOVA method

Task environment factor Profitability Customer service level
Demand fluctuation 0.984 0.039
Trend of demand <0.001 <0.001
Seasonality of demand <0.001 0.412

Source: own study

According to the adopted assumption related to the significance level values
there is no need to withdraw the null hypothesis in the cases. The null hypothesis is
about no differences between the efficiency indicator values (the p-value value in
those cases is higher than the adopted significance level). This means that the
profitability indicator value will not get statistically significantly changed if the
demand fluctuation parameter values are changed. As regards to the customer service
level indicator, the profitability value will not get changed if the factors of demand
fluctuation and seasonality of demand are changed. Due to the above these cases will
be excluded from further regression analysis. As regards to the remaining 3 cases, one
performed the regression analysis. It was supposed to specify the linear regression
equations for the relationship between the efficiency indicator value and the task
environment changeability parameter value in the case of each of the planning process
integration levels. The regression function formulas are presented in tables 9 and 10.
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Table 9. Regression function formulas in the case of the profitability indicator

Planning level Regresion line R?
Trend of demand
A 0.1185 —0.3218 Trend of demand 13.6%
B 0.09212 — 0.2562 Trend of demand 13.9%
C 0.09648 — 0.3932 Trend of demand 59.9%
D 0.06829 — 0.3539 Trend of demand 64.0%
Seasonality of demand
A 0.1853 — 0.7670 Seasonality of demand 77.0%
B 0.1418 — 0.5877 Seasonality of demand 73.0%
C 0.06654 — 0.1936 Seasonality of demand 14.5%
D 0.03269 — 0.1166 Seasonality of demand 6.9%

Source: own study

Table 10. Regression function formulas in the case of the customer service level
indicator

Planning level Regresion line R?
Trend of demand
A 1.002 - 0.1211 Trend of demand 48.9%
B 0.9317 — 0.06782 Trend of demand 19.7%
C 0.8617 — 0.3445 Trend of demand 82.0%
D 0.8298 — 0.2929 Trend of demand 63.2%

Source: own study

It was assumed in the analysis that the smaller the slope value means a smaller
influence of a given factor on the efficiency indicator value. Thereby, one should
expect smaller values (absolute values) of the slope in the conditions of higher
planning process integration levels. As implied by the regression function formulas in
tables 9 and 10 such an unambiguous situation exists in no case. The situation relies
on reflecting the proposed trend of changes in the case of all the planning process
integration levels. However, one might find certain regularities. The profitability
indicator level is less dependent on the trend of demand parameter values at higher
integration levels (A and B) than at the lower ones (C and D). Similarly, the customer
service level indicator value is less dependent on the trend of demand with the higher
planning process integration levels than with the lower ones. The dependency of the
profitability indicator value on the seasonality of demand is exact the opposite. The
value of the both indicators is higher in the case of higher planning process integration
levels. The divergent values of the coefficient of determination make it more difficult
to interpret the results. If this indicator value goes under 0.6, the interpretation might
be significantly flawed. In the authors’ view it is therefore impossible to verify the
research hypothesis as it depends on the above presented results.
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5. CONCLUSION

One of the key tasks of planning processes in production companies is to make
the material flow efficiency independent of the task environment changeability. In the
article the authors searched for an answer to the question about whether the above
objective is possible to be achieved by means by the authors’ own planning process
integration model (with respect to both the contents — integrated plans and process—
integrated plan development). The formulated research hypothesis: the efficiency of
material flow in companies with integrated planning process is less dependent on the
volatility of the task environment was verified by means of 2 methods: quotient and
regression.

In the quotient method one analysed the differences in the efficiency indicator
values between the consecutive parameter states. They reflected the task environment
changeability in the conditions that corresponded to various planning process
integration levels. One averaged the results from various environment-changing
factors. The focus was merely put on average values of the measure quotient values
of efficiency indicators in the case of particular planning process integration levels.
The analysis conducted by this method made it possible to positively verify the
forumlated research hypothesis.

In the regression method the focus was put on analysing the dependencies
between the efficiency indicator values on the changeability of the task environment
parameter values (separately in the case of each task environment changebaility
parameter). The analysis conducted by this method did not make it possible to
unambigously verify the forumlated research hypothesis.

To conclude the above considerations one should notice that the planning
process integration in accordance with the presented model makes it feasible to make
the material flow efficiency independent of the task environment changeability.
However, it is impossible to indicate what integration influence is on the material flow
independence on particular task environment changeability aspects (demand
fluctuation trend of demand, seasonality of demand). The conducted experimental
research does not make it feasible to prove the relationships of particular factors of
the changing task environment. While defining the next research objectives, one
should increase the number of factors that would describe the task environment
changeability and extend the number of states in which the factors might occur. Such
an action would enable obtainment of an even larger result database. As a
consequence, the results would be more profoundly analysed.
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Abstract

In order to meet the aimed financial result and market competitiveness, the
management of a manufacturing enterprise's operating system and supply chain
requires a system connection and the use of many tools, among others, financial and
operational analysis, value management of processes and development of business
models of cooperation with partners in the supply chain. Controlling assists result-
oriented management and creates a subfunctional management system which supports
management personnel in making decisions and creating mechanisms of efficient and
effective management. The aim of the article is to determine the scope of use of the
operating controlling system and its impact on the management of the availability of
spare parts and the effectiveness of the production process. The article presents a
system of indicators for assessing the efficiency of spare parts management in their
supply chain as well as the results of empirical verification of the controlling system.
The results of the research carried out by the Authors indicate that the process of
maintenance and the availability of spare parts, especially in highly machinized,
robotized and automatized production processes, is one of the most important factors
in their continuity, failure recovery rate, and repair performance rate.

Keywords: operational controlling system, spare parts availability, production
process efficiency

1. INTRODUCTION
In reference books on the continuity of production process, the authors revolve

around research and analyses of production flow processes as production product and
management of stock of finished goods, semi-finished products or raw materials. The

139


mailto:karolina.kolinska@itelligence.pl
mailto:boguslaw.sliwczynski@ilim.poznan.pl
mailto:lukasz.hadas@wsl.com.pl
mailto:adam.kolinski@wsl.com.pl

Operational controlling in the management of spare parts availability
Karolina Kolinska, Boguslaw Sliwczynski, Lukasz Hadas, Adam Kolinski

issue of the availability of spare parts that safeguards the continuity of production
resources is rarely addressed. The research results indicate that the process of
maintenance and spare parts availability, especially in highly machinized, robotized
and automatized production processes, is one of the most important factors in their
continuity, failure recovery rate, and repair performance rate.

Numerous discussions on maintenance and service issues can be found in the
reference books. According to ISO/TS 16949:2002 standard, the organization
identifies the key equipment to run the process, provides resources for machine/
equipment maintenance and develops the effective planned system of full preventive
maintenance. It is required that the system of operations of maintenance services
includes (ISO/TS 16949:2002(E), p. 34):

— planned maintenance activities,

— packaging and protection of equipment, instrumentation and
measuring devices,

— availability of spare parts for key production equipment,

— documenting, evaluating and improving service objectives.

With the development of scientific and technical knowledge and the complexity
of machinery and equipment construction, as well as their electronization, automation
and mechanization, there is a noticeable increase in the impact of faulty equipment on
the maintenance of the continuity of the production process and the development of
maintenance systems for equipment and machinery. The classic approach to managing
maintenance in a production environment highlights the importance of inspections,
maintenance, and repairs, while the new approach to maintenance focuses on the
following issues (Legutko, 2009, p. 9-10):

— decision support tools: risk assessment, damage intensity models and
analysis of their effects and expert systems,

— new maintenance techniques, e.g. state monitoring,

— changes in thinking about maintenance organization leading to joint
participation and teamwork.

Therefore, it can be said that the development of the controlling system for spare
parts availability management is a tool for supporting maintenance decisions, and in
a broader process perspective, that it influences the effectiveness of the production
process.

2. OPERATIONAL CONTROLLING IN ENSURING THE CONTINUITY
OF MATERIAL FLOW

According to P. Drucker, the most important features of an enterprise
management system include permanent and comprehensive monitoring and
improving the efficiency of processes, focused on the basic and most important result,
i.e. a client satisfied with the delivered product (Drucker, 2012). A system of strongly
related factors of the operation of an enterprise — clients, products, processes, and
resources — forms the scope and range of operational management (Christopher,
Juttner & Godsel, 2006; Lambert, Knemeyer, Gardne, 2009; Waters, 2002). The
results of long-term research (Sliwczynski, 2011; Franz, Kirchmer, 2012) on the
adaptation of the enterprise management system to the changing market environment
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conditions point to a shift in the weight of the enterprise management towards the
Score-Driven Management (SDM) model and the Value-Driven Business Process
Management (VD BPM) model. Controlling is a tool that supports effective enterprise
management in the conditions of a dynamically changing market. Logistics processes
oriented towards ensuring material flow continuity in the supply chain are one of the
key areas for applying operational controlling in an enterprise.

Controlling is a system that assists the management of an organization in
achieving objectives (Fig. 1) by coordinating the processes of planning, organization,
management and steering, controlling, as well as collecting and processing
information (Sliwczynski, Kolinski, 2016).

Figure 1. The controlling system in the process of supporting decisions
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Controlling integrates and coordinates the following in an enterprise (Fig. 1):

— management functions — planning, organization, management and
steering, control, response, and correction,

—  activity areas — sales, distribution, manufacturing, purchasing and
supply, marketing, research and development, customer service,
warehousing and inventory, transportation, human resources
management, outsourcing,
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— management levels and stages of developing management decisions
(strategic, tactical and operative) in the long, medium and short-term,

— value chains — integrating the needs of the market and the customer,
products, processes and resources, as well as business performance
(financial and operational), affecting the improvement of efficiency
and eliminating waste (including bottlenecks).

The resulting management of information supports the decisions of selecting the
methods and parameters of managing operations and resources in individual material
flow phases, shaping the achieved results and value chain. Integration of all these
elements is necessary to improve efficiency of logistics process. Integration is one of
the most important of management style (Turkalj, Fosic, Dujak, 2008) and is
successful tool in business practice.

Operational controlling is a system that assists operational management in
achieving goals through the integration and coordination of planning, organization,
steering, and control, as well as the collection and processing of information in
relation to the product, processes and resources in the full supply chain (Sliwczynski,
2011).

The processes and resources shaped by controlling in the material flow are the
result of the values of goals set for a manufacturing enterprise, its potential
(production capacity), and the demands of (internal and external) clients, suppliers
and subcontractors. Determining the methods of process management (e.g. purchasing
and supplies, warehousing, transportation of spare parts) takes place already at the
planning stage of operational measures and material flows in the supply chain.
Continuous feedback taking into account the uncertain and variable demand for spare
parts in production is the basis for correcting the plans, norms, methods, and
parameters of process steering, resource allocation, designing of procedures and
organizational structures, and budgets (material and financial plans). For this reason,
the Authors focused their scientific research on the further development of an analysis
of spare parts availability management within the controlling aspect.

3. MANAGEMENT OF SPARE PARTS AVAILABILITY WITHIN THE
CONTROLLING ASPECT

The primary source of information needed to perform the controlling analysis of
the management of spare parts availability is the linkage of the operating data
associated with the flow of materials and the corresponding cost data recorded in the
corporate chart of accounts. Data from the financial and accounting system make it
possible to designate the economic indicators and measures within the scope of the
spare parts availability model assessment system.

Based on the analysis of reference books (Pfohl, 2016; Sliwczynski, Kolinski,
2016; Twarog, 2003), a set of measures was determined, which was the basis for
calculating the indicators for a controlling assessment of spare parts availability
management.
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Table 1. Set of indicators for a controlling assessment of spare parts availability

management
Category | Indicator Formula Characteristics
lg — number of deliveries in a given period
between the supplier and the place of
repair
lkm — number of kilometers traveled by
individual means of transport on the
costs of supplier—place of repair route in a given
transport of period
a spare part Krpy = la* lem  Kiem kim — cost of 1 kilometer for an individual
from the “lsr | means of transport on the supplier—place
supplier to +1g - ke of repair route
the plaqe of Ist — number of individual means of
repair transport used on the supplier—place of
repair route in a given period
ke — cost of operation of the used means of
transport on the supplie-place of repair
route in a given period
lg — number of deliveries between the
supplier and the warehouse in a given
period
lkm — number of kilometers traveled by
costs of individual means of transport on the
transport of supplier-warehouse route in the given
= a spare part period
3 from the Ky = la lan * Kim [ cost of 1 Kilometer for an individual
2 supplier to “lsr | means of transport on the supplier—
c the +lg ke warehouse route
= wareh_ouse in Ist — number of individual means of
agiven transport used on the supplier—warehouse
period route in a given period
ke — cost of operation of the used means of
transport on the supplier—warehouse route
in a given period
ly — number of deliveries between the
warehouse and the place of repair in a
given period,
lim — number of kilometers traveled by the
costs of individual means of t_ransport_ on the
transport of V\;e;:ir&ous&place of repair route in a given
a spare part Kro =1g Lom  kim i 7' - —
from the MN km — cost of 1 kilometer for an individual
warehouse to “lsr | means of transport on the warehouse—
the place of +lg ke place of repair route,
repair in a Ist — number of individual means of
given period transport used on the warehouse—place of
repair route in a given period,
ke — cost of operation of the used means of
transport on the warehouse—place of repair
route in a given period,
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=
[ .
) costs of p — cost factor of maintenance of spare
x £ maintenance ; K
> o parts in stock,
(% =2 ofspa_re Kyr=u-Z-c
= parts in Z — average volume of spare parts stock in
= stock a given period
costs of I, — number of acceptances of spare parts
acceptance _ in a given period
KP = lp - k'P
of a spare J .
part kjp — unit cost of acceptance of a spare part
cost of a Z, — size of spare part stock according to
o spare part the accepted storage units (e.g. pallet
% storage in Ksg =Zcz - kjSK places, m_2, m3, etc.) _
3 the Kijsk — unit cost according to the accepted
<= warehouse storage unit
(5] n
] costs of Ik — number of completed spare parts in a
=2 completion Ke=1o -k given period,
K — k" Kjk
of a spare J . .
part kik — unit cost of completion of a spare part
costs of I\Ai,\;3 r:lur;li)g(rj of releases of spare parts in a
release of a Ky =Ly kjw given perioc,
spare part kjw — unit cost of release of a spare part
costs of Kizcz — cost of one order associated with
placing an the purchase of a spare part
order for a _
spare part at KZCZ - kuCZ lZCZ lzcz — number of placed orders for the
the purchase of a spare part in a given period
supplier’s
costs of kizu — cost of one order associated with the
a placing an purchase of a repair service,
(2]
s Or?:{);iorr a KZU =Kjzy* lzu Izu — number of placed orders for the
S . - ; .
S service at the purchase of repair services in a given
o supplier’s period
costs of Kizcz.u — cost of one order associated with
placing an the purchase of a spare part and a repair
order for a service,
ai%agergsgti ; Kaczrv = Kizesv L2z lzcz.u — number of placed orders for the
service at the purch_ase of spare parts and repair services
O in a given period
supplier’s

Source: own study
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In the case of transport organization by the supplier, this cost is determined by
the supplier, whereas in the case of transport organization by an enterprise this cost is
determined by:
external company — if an enterprise subcontracts such a service, then
the cost is determined by this company,

enterprise — if the enterprise carries out the transport with its own
rolling stock. In such a case, the cost components include: the number
of kilometers to be traveled by a particular means of transport, the
cost per 1 kilometer for a particular means of transport, the cost of
operation of the used means of transport, the number of a particular
means of transport, the number of deliveries.
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An independent element of the spare parts availability management model is
efficiency analysis. Efficiency analysis, based on the selected indicators, is becoming
an increasingly popular area of analyses, related to financial results and used in
enterprises. The research co-conducted within the operation of the Institute of
Logistics and Warehousing in Poznan shows not only an increasing interest in
analyses of the efficiency indicators of logistics processes but also the effectiveness
of decisions made on their basis, as evidenced by the positive changes of indicator
values in the annual observations®. Based on the analysis of the reference books
(Hajdul, Kolinska, 2014; Kolinski, Sliwczynski, Golinska-Dawson, 2016;
Krzyzaniak, 2015; Muchiri et al, 2011; Parida et al., 2015; Turkalj, Fosic, Dujak,
2010; Tsang, Jardine, Kolodny, 1999; Twarog, 2005; Stajniak, Kolinski, 2016) and
conceptual works in research projects, >4 a set of indicators and measures was
determined, which is presented in Table 2.

Table 2. Set of indicators and measures for the assessment of efficiency of spare
parts availability management

. . Measure
Category | Indicator Formula Characteristics unit
lezer — number of spare parts
supply ! delivered before deadline within
~ reactivity Wep = czpr The analyzed p;arlod, %
= index I, e — humber of spare parts
=3 delivered within the analyzed
S period
= index of Trr — transportation time within
. Trg the analyzed period, .
transportation Wep = — —— — h/delivery
l Iy — number of deliveries within the
demand d -
analyzed period
Z — average volume/value of the
- spare parts stock in the analyzed
o period,
g coverage index | W, = i 1l W — volume/value of the davs
=) g P = w, dni | consumption of spare parts in the 4
g analyzed period,
% lani — number of days within the
(,,9) analyzed period
index of share Zyr — value of not rotating spare o
- %
of not rotating parts stock,

Ynthe years 2008-2012, an analysis was conducted on the use of indicators at the global level. As of the
second half of 2013, the analysis of the use of individual indicators and their impact on decisions was
conducted using the Internet platform. The use of the Internet platform aimed to identify the trends of the
indicators’ changes, taking into account the specificity of individual industries and the possibility to
compare individual values of indicators on benchmarking principles (Kolinska, Cudzito, 2014, p. 21-32).
2 Development of a prototype of the Electronic Logistic Platform for handling enterprises using the
4PL/SPL concept, Institute of Logistics and Warehousing, Poznan 2007-2010.

3 Simulation of managing the flow of a company’s material as an instrument of multivariant analysis of
transport processes efficiency no. N N509 549940, Poznan School of Logistics, Poznan 2011-2013.

4 Development of methods and tools (including IT applications) supporting the analysis and improvement
of enterprise logistics processes and supply chains — Platform development — benchmarking of indicators
(LOGIBAR Platform), S-3737-4-2014, Institute of Logistics and Warehousing, Poznan 2014.
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ordered within this period

stock in the z Z\ — total value of spare parts
stock Wyr = W, | stock
VA
warehouse W, — volume _of turnover of spare
employee " parts stored within the analyzed
work W, =9 period, unit/person
> efficienc WM = Irr — Nnumber of employees in the
= y PR .
£ index War_ehouse within the analyzed
3 period
T lc — number of warehouse
g index of labor employee’s working hours within
intensity of the W lg the analyzed period )
stored spare PWM — W_W W — volume/value of stored spare
parts releases parts releases within the analyzed
period
lat — number of deliveries
index of Ly completed on time within the
timeliness of Wep = — given period, %
8 deliveries lg l¢ — number of deliveries in the
8 given period
S Cqy— number of items of the given
a balance of Cy spare part delivered by the
completed Wiy = — suppliers in the given period, %
orders C, C, — number of spare part items

Source: own study
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This division has been developed analogically to the concept of the cost analysis
of spare parts availability. In order to be able to compare the two elements of the
model of spare parts availability management, it was decided to divide the indexes
and measures of efficiency of activities associated with the assurance of production
process continuity in terms of processes having a direct impact on production
continuity (transport, storage, stock management, purchases).
Taking into account the defined set of indexes and measures, the procedure
algorithm (Fig. 2 and Fig. 3) has been developed, which enables to determine the costs
incurred to ensure the availability of spare parts and the index-based assessment of
spare parts availability assurance within the controlling aspect.




October 12-13, 2017 - Osijek, Croatia

17t international scientific conference Business Logistics in Modern Management

Figure 2. Algorithm for controlling analysis of spare parts availability assurance
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Figure 3. Algorithm for controlling analysis of spare parts availability assurance
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The total costs of spare parts availability assurance is the sum of costs of stock
consumption incurred due to the implementation of this process. Depending on the
course of this process, the elements making up the total costs of spare parts availability
assurance vary.

4. METHODOLOGY OF EMPIRICAL VERIFICATION

Empirical verification is a process of determination of the extent to which the
model faithfully reflects the actual system from the assumed point of view (Sargent,
2001). This aims at determining whether the simulation of the production environment
provides reliable results, to the assumed extent in line with the responses of the actual
system to identical input data. Thanks to verification, the model designer obtains
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information on its compliance with the assumptions adopted in the modeling process,
and the validation based on the simulation of actual conditions verifies the compliance
of the model operation according to the adopted assumptions in the actual conditions
of the production process.

The analysis of the literature concerning the research methodology indicates that
the research methods using the case study are not subject to evaluation of the test
sample representativeness (Siggelkow, 2007, p. 21). Depending on the purpose of the
conducted scientific research, the discussed method may take the form of an
individual or multiplied case study. The individual case studies are aimed at
confirming the theoretical assumptions, while the multiplied case studies enable to
test the theory by comparing the cases with oneanother (Barratt et al., 2011, pp. 235-
236). The multiplied case study is based on the selection of different or similar cases
which aim at providing different or similar results respectively (Yin, 2009, p. 54).

When performing the analysis of the literature on the subject, one can find
various opinions on the number of the conducted case study variants (Eisenhardt,
Grabner, 2007, p. 27; Ketokivi, Choi, 2014, pp. 236-238; Tsang, 2014, pp. 178-182),
which should be analyzed in order to obtain reliable conclusions of the validation test,
and results which are reproducible and of a scientific nature. The dominating opinion
suggests to conduct from four to ten variants of case studies (Eisenhardt, Grabner,
2007; Yin, 2009). Taking into account the specificity of spare parts availability
management in manufacturing enterprises, the Authors stated that performing an
empirical analysis for at least four variants of the case study will provide the validation
of the developed model.

5. EMPIRICAL VERIFICATION OF THE CONTROLLING SYSTEM IN
THE MANAGEMENT OF SPARE PARTS AVAILABILITY

In order to conduct the empirical verification, it was decided to adopt for analysis
the spare part which was assessed as the critical one, from the point of view of
assurance of production process continuity. Table 3 presents the detailed
characteristics of the analyzed spare part.

Table 3. Spare part A characteristic A (A4 variant) adopted for the verification of
the developed model

Criterion Actual variant characteristic
Work mode Unplanned
Group according to the criticality criterion Critical
Groups according to the consumption frequency (123 1
classification)
Does the Maintenance have authorizations for execution of the Yes
repair using the given spare part?
Who bears the costs of delivery from the supplier to the .

- Enterprise
enterprise?
Is equipment for the transport of a spare part from the supplier

. Yes

to the enterprise needed?
Does the enterprise have such equipment? Yes
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Who is responsible for the organization of the transport from Enterorise
the supplier to the enterprise and who implements it? P

Is the time of preparation of the device for the repair longer No
than the time of delivery of a spare part?

Subject of the purchase Material
Place of storage of spare parts Enterprise
The owner of the spare part Enterprise
Party responsible for making the decision on the volume and -

. ; Enterprise
time of ordering the spare part

Will the spare part be used immediately after delivery to the No
enterprise?

\r/;/:;iraerforms the transport from the warehouse to the place of Enterprise

Source: own study based on data from a manufacturing enterprise

Presentation of the spare part specification was made in A4 variant, which is a
reference variant, based on the real data obtained from the enterprise. Under the
empirical verification using the case studies, the variants which differ in the adopted
methods of supplementation of the spare part stock were used.

Performing the analysis of the costs of spare parts availability management, in
the first step, required the collection of cost data (Table 4) and then determining the
individual costs evaluating this area (Table 5).

Table 4. Data for determining the spare parts availability management costs

Variants A0 Al A2 A3 A4 A5

Cost of placing an cost of one order associated with 10.00 1000 | 1200 | 1400 | 1400| 1200

order with the the purchase of a spare part

suppller for the number of placed orders for the

purchase ofa spare purchase of a spare part 67.00 67.00 52.00 45.00 45.00 52.00
part
Cost of placing an cost of one order associated with
order WiFt)h theg the purchase of a repair service 0.00 0.00 0.00 0.00 o 0.00
supplier for the ;3?;ﬁgge"gf;af:ga‘l’r’g:r’jlfg’e’ the 0.00 000| o000| o000| 000| o000
purchase of a service
Cost of placing an the sum of the cost of one order

associated with the purchase of a 0.00 0.00 0.00 0.00 0.00 0.00

order with the spare part and a repair service

supplier for the number of placed orders for the

purchase of a material | purchase of a spare part along with 0.00 0.00 0.00 0.00 0.00 0.00
and service a repair service
number of deliveries 67.00 67.00 52.00 45.00 45.00 52.00
number of kilometers to be
Costs of transport traveled by the individual means of | 220.00 220.00 | 22000 | 220.00 | 220.00 | 220.00
. transport
with Own_fIEEt from cost of 1 kilometer for the given 130 130 150 1.60 160 150
the supplier to the means of transport . : . X d .
warehouse g‘;itr;r:s"’)zﬂa“"” of the used means | 1356600 | 13,266.00 | 9,152.00 | 6,930.00 | 6,930.00 | 9,152.00
?r‘;’r?s%e;lff individual means of 1.00 100| 1o0| zoo| 100| 100
Costs of transport number of deliveries 0.00 0.00 0.00 0.00 0.00 0.00
; number of kilometers to be
with Own.ﬂeet from traveled by the individual means of 0.00 0.00 0.00 0.00 0.00 0.00
the supplier to the transport
p|ace of repair cost of 1 kilometer for the given 0.00 0.00 0.00 0.00 0.00 0.00

means of transport
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Variants A0 Al A2 A3 Ad A5
z‘f’itr:rfs‘;zen’a“o” of the used means 0.00 0.00 0.00 0.00 0.00 0.00
{‘r‘;'r:‘st:)egnof individual means of 0.00 0.00 0.00 0.00 0.00 0.00
t(())ots;: \(I)Jatrr:ﬁggsgt by the carrier from the supplier 0.00 0.00 0.00 0.00 Gl 0.00
t((Z)Otshtz g{;zgn:lf)grt):i)r/ the carrier from the supplier 0.00 0.00 0.00 0.00 Gl 0.00
Costs of transport of w‘amiru‘;z ?2:2;2:)5 (number of 0.00 0.00 0.00 0.00 0.00 0.00
a spare part from the
warehouse to the Costs of transport of one delivery
place ofrepalr | ftegmepeniontie T oo om| oo oco| om| oo
executed by the executed by the external company
external company
C\;‘arpe?gu‘;z ?g:é‘z’fsg':)s (number of 61.00 61.00 | 61.00| 6100 61.00| 61.00
Costs of transport of  umber of kilometers to be
a spare part from the traveled by the individual means of 6.00 6.00 6.00 6.00 6.00 6.00
warehouse to the tc?sisg?? kilometer for the given
place of repair means of transport 1.40 1.40 1.40 1.40 1.40 1.40
executgd by the cost of operation of the used means 311.10 311.10 311.10 311.10 311.10 311.10
enterprise of transport__
?r‘;%t;eg:f individual means of 1.00 1.00 1.00 1.00 1.00 1.00
Cost of support of number of the given spare part
accepted to the warehouse (results 300.00 300.00 300.00 300.00 300.00 300.00
W?t';]e_hotlése process%es from the volume of acceptances)
within the scope o unit cost of acceptance of the given
acceptance spare part 1.39 1.39 1.25 1.10 1.10 1.25
average volume of the spare part
Cost of storage of the | stock stored in the warehouse 20.00 2000 30.00) 3100 3000 2400
spare part stock ;;)’;'r‘:;:ﬁt”f storage of the given 333 333 3.33 3.33 3.33 333
Cost of support of C‘g;;fe'ﬂgz’ of spare part subject to | o8 5 | 268,00 | 268.00 | 268.00 | 268.00| 26800
warehouse processes
within the scope of umt cost of completion of the 2.08 2.08 2.08 208 208 208
completion given spare part
Cost of It of the number of the given spare part
0s™ Of spport 0 released from the warehouse 268.00 | 268.00 | 268.00 | 268.00 | 268.00| 268.00
warehouse processes | (results from the volume of : ’ ’ : . :
within the scope of releases) i
release S;’;fecgjﬁt”f release of the given 1.25 1.25 1.25 1.25 1.25 1.25
Cost of spare part maintenance in the warehouse 22,555.32 | 5914.14 | 5914.14 | 6,118.08 | 6,322.02 | 6,118.08
Price of spare part purchase 1,019.68 | 1019.68 | 1019.68 | 1019.68 | 1019.68 | 1019.68

Source: own study based on data from a manufacturing enterprise

Table 5. Costs of management of spare part availability in the individual variants

Variants A0 Al A2 A3 Ad A5
Cost of placing an order with the supplier for the

purchase of a spare part 670 670 624 630 630 624
Cost of placing an order with the supplier for the
purchase of a service

Cost of placing an order with the supplier for the
purchase of a material and service

0 0 0 0 0 0

0 0 0 0 0 0
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Costs of transport with own fleet from the supplier

to the warehouse 32428 | 32428 | 26312 | 22770 | 22770 | 26312

Costs of transport with own fleet from the supplier

to the place of repair 0 0 0 0 0 0
Costs of transport by the carrier from the supplier 0 0 0 0 . 0
to the warehouse

Costs of transport by the carrier from the supplier 0 0 0 0 " 0

to the place of repair

Costs of transport of a spare part from the
warehouse to the place of repair executed by the 0 0 0 0 0 0
external company

Costs of transport of a spare part from the
warehouse to the place of repair executed by the 824 824 824 824 824 824
enterprise

Cost of support of warehouse processes within the

417 417 375 330 330 375
scope of acceptance

Cost of storage of the spare part stock 97 97 100 103 100 80

Cost of support of warehouse processes within the

- 557 557 557 557 557 557
scope of completion

Cost of support of warehouse processes within the

335 335 335 335 335 335
scope of release

Cost of spare part maintenance in the warehouse 5914 | 5914 | 6118 | 6322 | 6118 | 4894

Total cost of assurance of spare part

o 41241 | 41241 | 35245 | 31871 | 31664 | 34001
availability

Source: own study based on data from a manufacturing enterprise

In order to interpret the results, the variants which differ by the adopted methods
of supplementation of spare parts stock were selected (Fig. 4).

Figure 4. The annual total costs of management of spare part availability in the
individual variants

45000

41241 41241

40000

35000 35245 34001

31871 31664
30000
25000
20000
15000
10000
5000
o
A0 Al a2 A3 ~l AS

Source: own study

Under the analyzed group of variants, the lowest total costs were achieved by
A4 variant, so the recommended one. Therefore, it can be concluded that the selected
method of spare parts stock supplementation is appropriate for the given spare part
with the remaining criteria assumed.

The factor supplementing the controlling analysis is the evaluation of the
efficiency of spare part availability management using the developed system of
indexes. For this purpose, for validation of the model, the additional operational data,
necessary for effective evaluation of the efficiency of the analyzed process were used.
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Data necessary for performing the analysis of the efficiency of spare part availability
management come from the manufacturing enterprise and are presented in Table 6.

Table 6. Input data for the analysis of the efficiency of spare parts availability
management

Variants A0 | Al | A2 | A3 | A4 | A5
number of spare parts
Reactivity of delivered before the deadline 10110 112110 ) 10 | 12
delivery (W1) total number of the delivered 268 | 268 | 268 | 268 | 268 | 268
spare parts
Index of transportation time 29 | 29 | 24 | 18 | 18 | 24
transportation
demand (W2) total number of deliveries 67 | 67 | 52 | 45 | 45 | 52
volume of turnover of spare
Warehouseman | parts stored within the given 268 | 268 | 268 | 268 | 268 | 268
work efficiency | period
index (W3) average number of employees 1 1 1 1 1 1
in the warehouse
number of warehouse
Index of labor | o1 ee’s working hours | 0.27 | 0.27 | 027 | 0.27 | 0.27 | 0.27
intensity of the D0y &
within the given period
stored spare parts volume of releases of the
releases (W4) 268 | 268 | 268 | 268 | 268 | 268
stored spare parts
average spare parts stock in a 29 | 20 | 30 | 31 | 30 | 24
given period
Coverage ratio volume of consumption of
(W5) spare parts in a given period 268 | 268 | 268 | 268 | 268 | 268
number of days in a given 365 | 365 | 365 | 365 | 365 | 365
period
Index of share of Vahtje ct)f nlgt rotating spare 0 0 0 0 0 0
not rotating stock parts stoc > > 1 242
in the stock (W6) | total value of spare parts stock 7915 7915 39005 3106 39005 72
number of deliveries executed
Index of timeliness | on time 67 | 67 152 ] 45 | 45| 52
of deliveries (W7) | total number of deliveries in a 67 | 67 | 52 | a5 | a5 | 52
given period
number of units of a particular
Balance of spare part delivered by the 300 | 300 | 300 | 300 | 300 | 300
suppliers in a given period
completed orders i £ UNits of
(W8) total number o units of a
spare part ordered in this 300 | 300 | 300 | 300 | 300 | 300
period

Source: own study based on data from a manufacturing enterprise

Due to the fact that measures of particular indicators also concern various
material flow processes, which directly affect the continuity of the production process,
all the designated indicators are considered equivalent.

In order to evaluate the efficiency, a score comparison method was developed
for individual results of efficiency analysis. The scale of obtained points was
determined on the basis of the hierarchy of results obtained from a given indicator.
Table 7 presents a scoring scale for particular places in the hierarchy.
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Table 7. Scoring scale
I place 1l place 111 place IV place V place VI place

10 points 8 points 6 points 4 points 2 points 0 points

Source: own study

Summary of results for individual indicators and ranking of variants (total points
obtained by the analyzed variants) are presented in Table 8.

Table 8. Results of efficiency assessment

Results of efficiency analysis Points obtained according to the scale

Total
W1 | W2 W3 | W4 | W5 | W6 | W7 | W8 |WL1|W2|W3|W4|W5|W6| W7 |W8

AO | 3.73% | 0.43 | 268 | 0.001 | 39 0% | 100% | 100% 8 8 10 10 8 10 10 10 74

Al | 3.73% | 043 | 268 | 0.001 | 39 0% | 100% | 100% | 8 8 10 10 8 10 10 10 74

A2 | 431% | 0.46 | 268 | 0.001 | 41 0% | 100% | 100% | 10 6 10 10 10 10 10 10 76

A3 | 3.73% | 0.40 | 268 | 0.001 | 42 0% | 100% | 100% | 8 10 10 10 10 10 10 10 78

A4 | 3.73% | 0.40 | 268 | 0.001 | 41 0% | 100% | 100% [ 8 10 10 10 10 10 10 10 78

A5 | 431% | 0.46 | 268 | 0.001 | 33 0% | 100% | 100% | 10 6 10 10 6 10 10 10 72

Source: own study based on data from a manufacturing enterprise

The presented results of total costs and the assessments of the efficiency of
providing spare parts availability confirm that the most reasonable solution is A4
variant, i.e. the variant indicated by the controlling system (in a limited space for the
consideration of variants — the quasi-optimum variant). Therefore, this analysis
confirms the correctness of the logic of the developed controlling system for
managing the availability of spare parts.

6. CONCLUSION

The issue of the availability of spare parts is an important element of the efficient
management of a production enterprise that requires in-depth analysis and research.
There is no unequivocal solution in the current scientific work on the scope and
method of analyzing the availability of spare parts in terms of maintenance of
continuity of the production process. The lack of a defined method of comprehensive
network analysis of factors influencing the spare parts availability management
process prevents making proper decisions in this regard. Research conducted by the
Authors confirm the need to implement three basic elements within the
comprehensive analysis of spare parts availability: analysis of securing the needs of
production continuity, analysis of the selection of methods of spare parts’ completion
and controlling analysis. In this article, the Authors focused only on the third element
that enables the assessment of the effectiveness of spare parts availability
management.
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The validation procedure conducted using case studies of 6 variants confirms the
complexity of managing the availability of spare parts to ensure continuity of the
production process. Using the case-study-based research method, a multidimensional
analysis was carried out, which allowed to verify the defined variants. The empirical
research discussed in this article also confirms the possibility of using the developed
tool in a spreadsheet to conduct prognostic analyses of efficient assurance of the
availability of spare parts in the production process.
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Abstract

Purchasing took significance in time of global competition for resources and
customers. It is one of the supply chain elements and provide resources needed to
produce finished goods. The goods create a value for final customers. The term
“strategic sourcing” emphasises the purchasing influence on constructing business
action plans. Problems in field of purchasing strategy of enterprise directly affect its
financial results. The aim of this paper is a presentation of concept developed on base
of researched case study of 7-step-change of purchasing strategy. Elaboration of the
idea was preceded by analysis of current state and by identification of key problems
in area of purchasing strategy of audited company. Current state was analysed by
using CRT and FMEA. The concept of 7-step-change of purchasing strategy, adapted
to working conditions of examined company, was proposed basing on results of
analysis. Its usefulness was also pointed out for other enterprises that fulfil specific
conditions of activity.

Key words: purchasing strategy, analysis and identification of problems, concept of
change of purchasing strategy

1. INTRODUCTION

The times when the margin was only regulated by the sales price are definitely
over. The Internet development caused almost unlimited access to the information on
resources, their localisation, accessibility and acquisition costs. The Internet also
became an invaluable comparative tool in the process of making business decisions. The
process was shortened to its minimum by immediate and direct communication with
numerous potential partners. This is used by all parties of each buy-sell transaction. Such
a defined operation transparency brought considerable changes in shaping both the
production costs and the price policy of business entities.
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The enterprises, which were functioning at the global market beforehand,
improved their processes. This was accompanied by the newly occurred changes. As
regards to many of the enterprises, the changes were a turning point and contributed to
redefining the conducted business activities. There still remained a certain group of
enterprises which treated the generalisation of the resource access very selectively, i.e.
to such extent as it was required by the situation at the market of that time.

2. ACHANGE OF THE PURCHASING DEPARTMENT ROLE

Globalisation is ,,the removal of free trade barriers and international close
economy integration” (Stiglitz 2004, p. 7) and provides numerous adavantages but
can also cause an economic crisis (Gills, 2007; Keeley & Love, 2010). The 2007
economic collapse contributed to revaluating certain world economy functioning
areas and revalauting the activity of enterprises in a microscale. One of such areas is
purchases which were indicated in the 2012 report entitled “The role and importance
of purchases in Polish enterprises” by the Marketplanet counselling enterprise and the
Polish Association of Logistics Managers (Filipowski et al., 2012, p. 28) as a key area
of direct influence on being successful in the conducted business.

The above thesis is supported by the definition of a supply chain with respect to
its formational processes. The supply chain is a network of partners who collectively
convert a basic commodity (upstream) into a finished product (downstream) that is
valued by end-customers, and who manage returns at each stage (Harrison & van
Hoek, 2014, p. 8). To make it more precise, it is necessary to add that the mere process
of transforming materials and information into products and services is the production
phase. Thereby, the supply network (chain) includes purchases as one of its stages by
giving them strategic meaning in the process of making economic decisions
(Adamczak et al., 2016).

The purchasing globalisation also has dangers that have been investigated for a
decade only (Stanczyk et al., 2017). There is a great variety of purchasing strategies
in the reference literature. The strategy selection depends on individual decisions of
an enterprise (Hadas et al., 2011). The evolution of procurement departments made
the traditional model changed into suppliers’ management (Bevilacqua & Petroni,
2010). The traditional model relied on purchasing production means (Lidegaard et al.,
2015). Purchases are more and more integrated with other enterprise functional areas
— strategy specification, marketing, supply chain management and the entire
enterprise management. The further development trends are related to honest,
balanced and digitalisation-followed purchases, risk management in the supply chain
and purchases in the public sector. The Kraljic matrix (Kraljic, 1983), TCO concept
(Ellram, 1993) or normative strategies (Skowronek & Sarjusz-Wolski, 2008, p. 158)
indicate possible trends of changes in purchasing strategies.
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3. CASE STUDY

The investigated enterprise exemplifies the activity in producing electronic
devices. The enterprise adapted to ongoing changes in economy and technology in a
fast way.

The purchasing activity includes the cooperation with national and European
catalogue distributors of electronic components and the already direct cooperation
with manufactuers of plastic casings and selected Asian electronic components. Non-
standard elements are a significant share in the purchases. The elements make it
possible to adapt goods to the customers’ wishes. The finished goods recipients are
mainly chains of retail stores inland and abroad. They bring 95% of the enterprise
revenue and ensure its dominating share at the national market. This family business
formula comes from the owner’s personal perfomance of all the works. This is
presently manifested by the central planning of each action and its performance
supervision, precisely according to the owner’s guidelines.

The purchase manager noticed the need for the purchasing strategy adaptation to
the functioning conditions of the investigated enterprise. In the purchasing process
one introduced such minor corrections as the separation of the purchases from the
production department, first buffer inventories in the suppliers, and partial
consolidation of purchases. These minor corrections with keeping the same resource
size did not bring the expected results. One decided to perform a profound analysis
of the current situation and introduce strategic changes to the purchasing area.

The authors’ case study analysis aims at making an attempt to find a method of
making changes to the purchasing strategy in enterprises of similar kind. It is
necessary to assess the current purchasing strategy of the investigated enterprise to
indicate a trend of its changes.

3.1. Current State Analysis

The everyday purchasing department activity is largely influenced by its
relations to other enterprise departments. The enterpise board specifies current
procurement priroties and its additional tasks whereby there are separate lists of
additional tasks for the enterprise chairperson and the executive director.
Furthermore, the board determined a two-week order processing date that should be
included in trade offers for customers. The date includes the time for delivering
components, manfacturing products and their delivery to the customers. As regards to
the national and foreign sales departments, it is a practice to declare immediate
deliveries. The salesmen’s active action system is oriented to an always unexpected
customer’s order and this makes it impossible for an action plan to be executed on its
development day. This plan is determined every morning by purchases. The
yesterday-planned request and demand are made and related to both large quantities
and minor transactions. The renumeration system of the salesmen is of key importance
in this case. The sales person gets a commission from each, even the smallest
transaction. The orders introduced to ERP are processed by the production
department from which a planner moves them to the purchase department as
generated order shortages. Skirmishes between the above departments are on a daily
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basis. This is caused by no production components and no chance to meet the supply
deadline. The skirmishes end up with time-consuming meetings in the board office to
make a step-by-step explanantion of the situation. Apart from the inventory shortage
policy, one also detects mistakes in ERP production recepies, delays in production
settlements, i.e. the warehouse state update. There is usually some information from
the warehouse on bringing out last component items from its stock. In this way the
purchasing department is supported in faster reacting to such a situation. Once the
items ordered by the purchasing department are accepted to the warehouse, the goods
received note (GRN) is passed by the warehouse to the purchasing department to get
it verified in terms of its content and quantity. The information on possible supply
shortages are transmitted in the same way whereas deviations from the specified
quality requirements are reported by the quality control department and the purchasing
department conducts further complaint proceedings. In this area there are common
quality tests of trade goods. Their results are then announced to the sales departments.
The research and development (R&D) department makes a list of materials and
services to be used in new projects and passes it to the purchasing department in order
to find new suppliers and specify the purchase prices. Samples of components for the
sake of pre-production tests are also purchased by the purchasing department as
commissioned by the R&D department. At this stage one also forms appropriate
warehousing indexes in ERP which are then used by R&D. The cooperation with the
accounts and financial department is crucial in the case of the purchasing actvity. On
the one hand, the cooperation means the document circulation and completeness
control. On the other hand, it means making fast payments to Asian suppliers who
will start executing their orders from the investigated enterprise as soon as
prepayments are posted in their bank accounts. One should also mention a foreign
department subordinate to the purchasing department in Poland in its operational area.
All trade and customs documents related to purchasing transations need to be sent to
an accountant in that country.

In the enterprise there is also a service department, although it is formally located
in the sales department. A service coordinator manages a group of external technicians
who perform ready-make goods installation and servicing. The purchasing department
satisfies the service demand for tools and materials to execute servicing tasks and
provides necessary manuals and technical documentations of external suppliers’
systems.

No production components were the embers of most conflicts in the investigated
enterprise. The conflicts were not eased by the parties’ knowledge of the reasons for
the lack. On the one hand, the domestic sales and export departments did not provide
any forecasts related to their activity. On the other hand, the inventory formation was
prohibited in the enterprise. This ban was implied by no forecasts and large amounts
of yet unusable components lingering in the warehouse as a result of carefree sales
and production planning a few years beforehand. For the above reason the owner
decided to purchase the amount of components and goods exactly according to their
customer’s order.

Such a formulated purchasing strategy element, actually an inventory
management element, exhausted the enterprise ability to manage the processes
efficiently. Due to the lack of components there were expensive production
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stoppages. The purchasing department “stopped the fire” by frantically getting parts
in an express pace and still in the amounts according to the customer’s order. The
salesmen excused themselves to their customers for the ready-made goods supply
dates which were longer than declared. On the other hand, any inventory left after the
completed production order was profoundly analysed with respect to the reason for
purchasing its larger amount and was named as “excessive”. The R&D department
participated in the above process. As an electronics development follower, the R&D
department modernised the present solutions and equipped new products with the
newest components. In the wake of the modernisation the production recipes needed
to be regularly changed and enriched by the solution multi-optionality — their “custom
sewing”. This leaded to increasing the number of goods with a diverse internal
structure. The purchasing department played a typically operational role oriented to
the fast and cheapest supply.

The identification of problems in the purchasing strategy area of the investigated
enterprise was begun by mentioning such symptoms that could be potential limits in
conducting the purchasing activity. The limits were considered to include: lacks of
production components and goods — frequent corrections of production plans and
production based on the “list of shortages”, no information on the real demand for
production components and goods.

In order to identify the source causes of the noticed symptoms one identified the
problems which were implied by the purchasing strategy of the investigated
enterprise. This was started by developing an Ishikawa diagram. The analysed
problem was formulated as follows: “The purchasing strategy inefficiency in the
investigated enterprise”. Selected elements of the present purchasing strategy were
used as problem categories. The analysis results are presented in Figure 1.
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Figure 1. Ishikawa diagram for purchasing strategy
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It is implied by the above diagram that the causes of the previously defined
problem symptoms are:
+ no Sale and Operational Planning team
* no sales forecasting
« cannibalisation of their own solutions
« lingering and yet non-sellable inventory — as a succession of the safety stock that
was wrongly calculated in the past.

Thereby, it was proven that there was no foundation which is purchase planning
and the inventory level specification in the case of the procurement department (Sincic
Coricetal., 2017). Asa result, the investigated enterprise made purchases exactly when
it received a customer’s order. This meant a huge time pressure and a risk of no
components in the suppliers. Such conceived purchases were oriented to fast action with
no partnership elements and no bargaining position construction.

The next analysis element was to form a Current Reality Tree (CRT) (Goldratt,
1994, p. 94) of the investigated enterprise — Figure 2.
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Figure 2. Current Reality Tree in purchasing department
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During the CRT construction one identified the major problem which was called
as ,,overloading the purchasing department staff with the number of a dispatching
operations”. In this way a hierarchy of problems and their causes was specified but it
did not reflect their significance. The “lack of production components” was the
greatest challenge in everyday work. The tree of its causes was much more complex
and was related to most internal processes in the enterprise.

The FMEA analysis (Tague, 2004) was prepared based on such selected
problems and their causes. In the next stage, the analysis was transformed into a
corrective actions coverage of problems matrix according to most probable dangers
as presented in Table 1.

Table 1. Corrective actions coverage of problems matrix

Corrective | RISk Priority | .ty of Q-ty of Part of total
Action (CA) | Number RPN |Failures (F) Undesired RPN (%)
/Problem (P) per CA Effects (UDE)

CAl RPN1 F1 UDE1 RPN1/RPN
P1 RPN (P1) P1F PIUDE  |RPN (P1)/RPN
P2 RPN (P2) P2F P2UDE  |RPN (P2)/RPN
P3 RPN (P3) P3F P3UDE  |[RPN (P3)/RPN
P4 RPN (P4) PAF PAUDE  |[RPN (P4)/RPN

CA2 RPN2 F2 UDE2 RPN2/RPN
P5 RPN (P5) P5F PSUDE  |RPN (P5)/RPN
P6 RPN (P6) P6F P6UDE  [RPN (P6)/RPN

CAX RPNx Fx UDEX CAX/RPN
Px RPN (Px) PxF PXUDE  |RPN (Px)/RPN

Source: own elaboration

Corrective Action CA1 covers problems P1...P4 and is sorted by diminishing
Risk Priority Number RPN. In particular cases RPN can be misleading because it
attempts to quantify risk without adequately quantifying the factors that contribute to
risk (Sankar & Prabhu, 2001). F1 specifies the number of errors which might be
eliminated by the CAL corrective action and corresponds to the sum of problems
P1...P4. The UDEI value is a total number of undesired results which be removed
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due to the CA1 implementation. The last column indicates an RPN1 share in the RPN
sum in the case of all CA. Such a developed matrix suggests a sequence of corrective
actions starting from the most frequently mentioned to the most highly assessed
failures.

16 failures, 26 results, 52 causes and 32 unique corrective actions were identified
in the investigated enterprise. Such a variety of the detected phenomena excluded the
Pareto Principle and meant a necessity to undertake numerous initiatives to improve
the situation.

The above research was supported by the customers’ ABC analysis that showed
as much as 94% of the group A customers in the total sales volume of the enterprise.
This gave an impulse to review the sales policy and to clearly indicate its further
direction. Such actions should be translatable into shaping the purchasing strategy and
the purchasing department operational functioning.

3.2. The Concept of the 7-step Purchasing Strategy Change in the investigated
enterprise

A source cause of developing the concept of the 7-step purchasing strategy
change was to overcome the resisitance of changes at the level of both the enterprise
board and departments directly related to the purchasing department, i.e. the sales
department and the R&D department. The objections were all the more motivated as
the departments appeared to have no ability to asorb the changes with no large impact
on their work (introducing minor corrections in the purchasing process).

It is assumed by the developed concept of the 7-step purchasing strategy change
in the investigated enterprise to fulfill 7 consecutive steps as presented in Table 2.

Table 2. The Concept of the 7-step Purchasing Strategy Change in the investigated
enterprise

Step Step name Short description

This step relies on both the qualitative and
quantitative assessment of the currently
functioning purchasing strategy.

The recommended methods to be applied
within this step are: Ishikawa diagram, current
reality tree, system virus analysis (Cyplik &
Hadas, 2015, p. 315) and indicator analysis.
This step aims at identifying the present
strategy advantages and disadvantages and
major problems/challenges and their source
causes.

This step relies on presenting a theory related
to the purchasing strategy role in the enterprise
strategy by means of workshops with an
internal and external coach.

The workshops are intended to present major
role that should be played by the purchasing

Present purchasing
strategy assessment

2 | Knowledge
complement
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Step Step name Short description

department in the enterprise at the strategic,
tactic and operational level. The workshops
also aim at presenting the possibilities to apply
contemporary tools to manage this area.

This stage aims at making the decision-makers
conscious of the purchasing role in the
enterprise based on contemporary market
trends.

This step relies on analysing the
problems/challenges that were identified in the
first step by means of qualitative methods. This
step also relies on analysing key performance
indicators  (KPI) of the assessment.
Benchmarking is the method applied in this
step.

This stage aims at convincing decision-makers
of the necessity to make changes in the
purchasing area based on potential
measureable results of the introduced changes.

Change necessity
realisation

This step relies on diagnosing the benefits of
potential changes in the purchasing strategy.
As part of this step, one analyses potential
benefits of changes in the investigated
enterprise with reference to the benchmarking-
implied indicator levels. One analyses i.a. the
financial result that would be possible to obtain
in the case of the improvement of the KPI
indicator values in the purchasing area
compared to the values obtained by other
enterprises. As part of this step one compares
what cost should be carried to increase the
margin by 1% by actions in the sales area and
what costs by actions in the purchasing area.
This stage aims at understanding the limited
possibilities to generate enterprise benefits that
are implied by the present purchasing strategy
or inappropriately selected strategy fulfilment
tools.

Change-related benefit
indication

This stage relies on diagnosing possible
methods of improving the purchasing area
functioning in the enterprise. One makes a list
of methods to achieve the objectives set in the
purchasing area — the list covers all the
identified problems within step 1. To fulfil this
step, one might use the FMEA analysis results.

Analysis of possible
change variants
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Step

Step name

Short description

One discusses possible actions related to
achieving strategic objectives in the purchasing
area within the modified purchasing strategy.
This stage aims at developing variant methods
of eliminating the problems identified in step 1,
preparing the organisation to get changed and
selecting the best purchasing strategy adjusted
to the enterprise limits.

New purchasing
strategy proposition

This step relies on proposing a change in the
purchasing strategy. The strategy is implied by
new possibilities as presented in the previous
stages and apparently indicates the differences
from the present activity methods.

This stage aims at presenting a proposition that
will not only enhance the efficiency of the
purchasing department activity but also
improve the entire purchasing process.

New purchasing
strategy transfer

This step relies on indicating corrective actions
which are implied by the conducted present
purchasing strategy analyses. The actions
should be implemented in other enterprise
departments. At this stage a division of
responsibility for implementing the actions in
particular departments need to be specified.
The RACI matrix is a tool to perform the
specification (Works & Price, 2017).

This stage aims at making the decision-makers
realise the necessity to introduce changes
outside the mere purchasing department to
obtain real benefits from the new purchase
strategy. The success key is to make the
decision-makers understand mutual relations
between purchases and other areas. Thereby,
the strategy becomes a prime mover of positive
changes in the entire enterprise.

Source: own elaboration

The Concept of the 7-step Purchasing Strategy Change is considered to be a
thought process that treats the considered problem in a complex way. The
identification of problems/challenges in the purchasing area was a point of departure
in the investigated enterprise. The identification was a basis of the more profound
analysis of the fulfilled purchasing strategy. Due to applying the problem
identification and analysis method one identified basic problems/challenges of the
purchasing area in the investigated enterprise. To visualise the problems/challenges

one used the Ishikawa diagram (Figure 1) and CRT diagram (Figure 2).
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In step 2 there were internal trainings in which an internal coach (the coach was a
purchasing department manager — a recent MBA programme graduate) presented the
theoretical foundations of the purchasing role in enterprises with respect to current
market trends. As part of the workshops one found considerable differences between the
purchasing area functioning in the investigated enterprise and the current market trends.

As part of step 3 one performed a profound analysis of the step 1 results. One
compared quantitative data (indicator analysis) with the results of the quantitative
analyses. As a result, one confirm the current purchasing strategy unadjustedness to the
enterprise functioning conditions. The comparison of major KPI indicator values in the
investigated enterprise with indicators of other enterprises (within benchmarking)
revealed that all of them are considerably under the values obtained by their competitors.

Step 4 relied on calculating potential cost reduction and revenue increase
possibilities. The KPI indicator values obtained in the benchmarking-compared
enterprise were used to do the calculations. The works resulted in a potential possibility
to improve the financial result by more 25%. The result was measured as ROS. This
result comes from the revenue leverage. It states that the procurement cost decrease by
1 dollar results in increasing the gross revenue by 1 dollar, whereas the sales increase
by 1 dollar results in increasing the gross revenue by the one-dollar margin only. The
second procurement cost decrease effect is the decrease in the goods inventory value,
i.e. assets value. Thereby, the ROA indicator (revenue/total assets *100%) of the
investigated enterprise has an increasing potential by more than 20%. This is if the sales
income amount is assumed to be maintained.

As part of Step 5 one performed the FMEA analysis. Due to the analysis one
selected the solutions (one made a list of corrective actions) that cover the diagnosed
problems in the purchasing area (cf. Table 1). One also discussed possible actions related
to achieving strategic goals in the purchasing areas within the modified purchasing
strategy. The proposed solutions are intended to increase the purchasing area efficiency.

In step 6 of the 7-step concept as implemented in the enterprise one proposed the
purchasing concept changes and the strategic role increase of the purchasing department
in the enterprise. The changes will be related not only to the relations with the suppliers
but also to a different location of the purchasing department in the enterprise structure
and to the changes in the mere department. The proposed changes developed within this
stage are presented in Table 3.

Table 3. Assumptions of new and former purchasing strategy

Purchasing strategy elements Approach within the strategy
Before changes After changes
Insourcing/outsourcing Own production | Insourcing calculated
first and then based on sales forecasts,
outsourcing BEP and ROI
Number of suppliers Unimportant Diversification of
supply sources
Max 75% of the
supplier’s share in the
purchasing category
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Purchasing strategy elements

Approach within the strategy

Before changes

After changes

Penetration areas

First of all China

Global and local,
including TCO

Type of relationships

Transactional

Partnership for strategic
goods and ,,bottlenecks”

Transactional for
standard goods and
»leverages”

Supplier selection criteria

Price and delivery
time

TCO

Audits and assessment
of the supplier

Segmentation of
suppliers

Centralisation

Full

Direct purchases - full

Indirect purchases -
competency delegation
to departments

Inventory management

Full availability-
informal buffer
inventory in the

Safety stock based on
sales forecasts

Buffer inventories

according to the
customer’s order
(make to order
logic)

suppliers (liquidatable) at 4
supply chain levels
based on forecasted
sales

Purchasing start Purchase Connection of the make

to stock logic with the
make to order logic

Search for a scale effect
in cumulated purchases

Purchasing role in the organisation

Operational,
tactical

Operational, tactical

Strategic

Source: own elaboration

Step 7 was very meaningful in the context of broadening the implementation areas
of the proposed changes with other enterprise functional areas. One added RACI
analysis elements to the list of corrective actions as made in step 5. This unambiguously
identified the places of making changes (organisational cells). In this way one obtained
a matrix of changes implied by the decision about correcting actions in the purchasing
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areas with reference to all the enterprise organisational cells. The decision-makers got
the arguments to introduce changes in the entire enterprise. The changes will lead to the
expected results which are implied by the purchasing strategy change.

4. CONCLUSION

The purchasing area is more and more appreciated and became an essential link
in the entire enterprise structure as a purchasing budget disposer. The purchasing area
is still grappling with challenges that are both implied by its internal organisation and
derived from other organisation areas. No cooperation of particular enterprise cells
causes difficulties in efficient purchase management. A particular case is that the
decision-makers do not realise the chances of an efficient purchasing strategy and its
influence on the entire organisation activity. Everyday purchasing department
experiences give appropriate, measurable and logical agruments and might be an
inspiration to introduce serious changes in numerous aspects.

The case of an enterpise with the above needs noticed gave rise to developing
the concept of the 7-step purchasing strategy change. The concept describes the step
sequence in detail and gives hints of how the steps might be used in similar cases.
Thereby, the concept becomes universal. Noticeably, initators of the purchasing
strategy change might encounter implementation barriers that might occur in each of
7 steps of the presented concept. In such a situation one should take a step backwards
and reanalyse the previous step results profoundly. In the authors’ view the developed
concept is a cohesive whole and enables smooth purchasing strategy implementation
in the enterprise.

The authors performed research on another 2 family enterprises (of the furniture
industry) and stated that they had problems similar to the ones as described in the
investigated enterprises in this article. The purchasing department managers in those
enterprises initatated the modification process of the purchasing strategies based on
the Concept of the 7-step Purchasing Strategy Change.

The proposed concept efficiency is especially high in family enterprises that are
managed by their owners in an authoritarian way. The owners cultivate their habits and
courses of action adopted at the business activity beginning. These methods are all the
more cultivated if they were successful. The owners create action procedures of their
enterprises based on the habits and methods and expect their unconditional execution.
This is how the owners create their image of the only leader and the source of
determining the most efficient courses of action in their team. These owners are the most
resistance to change their habits. The reason for their resistance is no trust in the
employed managers, unwillingness to delegate competences and the confidence in their
own methods only. Finally, the owners are simply afraid of the own enterprise future.
Furthermore, such a dominated environment of employees are the most endangered by
inertia and the least susceptible to undertake content-based discussions. Therefore, it is
efficient to make an application of the Concept of the 7-step Purchasing Strategy Change
as presented in this article. In the first place, the concept application presents local
benefits in the purchasing area which imply changes in the entire organisation in the
next place. The argumentation is constantly based on indicating measureable benefits
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gained from the changes. The concept implementation has a positive influence on the
financial result, increases the purchasing department significance and make the

enterprise owner trust the purchasing department manager.

The presented 7-step Concept is intended to change the Purchasing Strategy
Change which is its basic advantage. The change models in the reference literature
e.g. 8-Step Process (Kotter, 2011), 10-Step Process (Pendlebury et al., 1998, p. 40,
Kanter et al., 1992) or Deming’s PDSA Cycle (Donnelly, 2015), present courses of
actions which are admittedly applicable to investigate each process. Nevertheless, the
authors” own Concept of the 7-step Purchasing Strategy Change is a ready tool to be
applied in its respective area (purchases). The strategy provides a detailed description
of each step by mentioning its essence, what actions should be undertaken within each
step and what objective should be achieved. The strategy is characterised by being
easy & ready to use for each purchasing manager.

The authors emphasize that an essential issue in any process of change planning
and implementation is support from decision-makers. Described method presents a
comprehensive analysis of purchasing strategy with use of Ishikawa diagram,
benchmarking and KPI’s as well as FMEA analysis. Obtained results can be verified
by decision-makers on each stage of process. Conclusions and proposed correction
actions are logical consequence of stated root causes. Purchasing is a well measured
area and offer an opportunity to present positive results of arranged changes (e.g.
improvement of OTIF, identifying and managing bottle necks, TCO implementation)
basing on the Concept of the 7-step Purchasing Strategy Change. In this moment only
the crucial indicators have been listed. More indicators should be applied according
to balance scorecard (Kaplan & Norton, 2007) in course of the Concept
implementation.

An added value of such developed concept is a clear indication that purchasing
has a strategic role for enterprise. It is one of essential puzzles to achieve processes
stable and efficient. It crosses over purchasing itself and reflects entire organisation.
In this way a purchasing manager can contribute much more than operational
proficiency. Transparency and logic in concept application as well as its holistic
aspect enable to find a real synergy between internal processes of enterprise.

The Concept of the 7-step Purchasing Strategy Change creates a ground for
future research on effectiveness of tools for implementation purchasing strategy
changes in small and medium-sized family enterprise. Especial case is TCO concept
which expresses level of organizational maturity to manage purchasing processes.
This brings an obstacle at the same time — a limitation on access to such information
from organisation from this sector.
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Abstract

The article presented herewith analyses Activity Base Costing usability to
determine effective area and mode of outsourcing in supply chain based on a selected
case. It is well established that ABC is a right method for establishing a comparable
cost base for both typically considered generic scenarios: in-house and outsourced.
Such comparison is to address a problem usually named as “make or buy”. However
such analyses are often made on general level and results are automatically applied to
all activities. Moreover often a possibility to improve in-house operations in
overlooked. In the case presented the appropriate calculating model was created and
based on it, authors show potential of ABC method in creation of various scenarios
leading to enhance efficiency of a supply chain. It is demonstrated with use of real
case (however altered for academic purposes) study in Central Europe in an FMCG
industry. The article contributes to the existing body of knowledge on the application
of ABC method to measure efficiency of managerial decisions regarding use of
outsourcing in supply chains. With the model presented companies may define scope
and price level of outsourced services.

Key words: Activity Based Costing, make or buy analyses, outsourcing, supply-chain
management

1. INTRODUCTION

Activity Base Costing (ABC) is one of the most commonly used cost allocation
methods. Credit for its scientific presentation is usually given to Cooper and Kaplan
(1993), however attempts to use such approach had been earlier. ABC has several
advantages over so called conventional allocation (Atrill & Laney, 2015). ABC is
considered as a very useful method to evaluate outsourcing options as it directly
identifies costs of internal processes allowing for their effective comparison to offers
of external suppliers willing to take them over.

As logistic processes are relatively often outsourced (Dos Santos Gongalves
Leite, 2016), (Christopher, 2016) applying ABC to allocate costs and evaluating
effectiveness in this area is quite common (Sliwczynski & Kolinski, 2012). A
comprehensive overview of important scientific papers regarding application of ABC
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costing in Supply Chain Management was presented by Hald and Thrane (2016). They
indicated several particular application of the ABC in Supply Chain Management
context (Pawlyszyn, 2017). Amongst others the following refer to outsourcing related
decisions.

Primary they identified outsourcing as an important field since ABC provides a
method that can calculate cost to the firm of using different suppliers as such
accounting information proves useful for price negotiations. It has to be added in
addition final decision about outsourcing vs. internal solution has to be based on an
adequate cost comparison.

Secondly allocation of costs to customers has to be considered useful not only
on sales side but also shall influence strongly an outsourcing decision as, even if
external option proves to be in overall more efficient margins on certain groups of
customers might be negatively affected.

Thirdly applying ABC based recommendations often leads to re-allocation of
resources across entities. In order for such decision to bring positive effects an
adequate cost/profit re-distribution mechanism must be developed to eliminate the
involved parties’ concerns for opportunistic behaviour (Hald & Thrane, 2016, p 10).

This article presents a case study illustrating how ABC can be used in order to
capture the widest spectrum of parameters underlying an outsourcing decision and
what mistakes can be made if an oversimplified approach is used. It is based on a real
study made by authors for a commercial and still active Client which originally
encompassed various confidential information. For the purpose of an article they had
to be alternated. However a methodical ground and business context in the area of
discussion is maintained.

2. ABUSINESS CONTEXT
2.1. Market and characteristics

An internationally recognized toys producer, named “Super Toys” had a Polish
branch with activities in Poland limited to logistics, sales & marketing. Products
ranged from small, plastic figures to electronic devices and teddy bears exceeding in
size a basket-ball player. The total number of active SKUs reached 500 but the ERP
system in use carried several times more indices due to changes in packaging and
suppliers. Customers represented three dominating segments: big retail chains,
specialized shops (small shops with broader than toys product range were also
included) and petrol stations (chains of).

Toys themselves were actually produced in China and Portugal and sent directly
to a warehouse near Warsaw (in case of Asian direction with reloading in one of Baltic
ports). Similar system functioned in all European countries. It was deemed inefficient
as nearly 30 warehouses had to be operated with adequate inventory and wide
assortment anyway caused troubles with meeting orders in full.

“Super Toys” was operating on very competitive market with low entrance
barriers and shifting demand patterns. It’s value in Poland is estimated between 0.5
and 1 billion USD. Although truly big global corporations were not directly active,
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opting for licensing mode of operations (like Walt Disney), five local producers took
the lead (Cobi, Granna, Wader, Canpol and Trefl). They operated through different
distribution channels however always utilizing the following ones: big retailers,
specialized shops, general small retailers and petrol stations.

2.2. The outsourcing decision — targets and real results

Giving challenges outlined above and following general trend to centralize and
standardize operations, create volume in order to streamline auxiliary processes Super
Toys initiated a pan-European project aimed at centralization of all logistics
operations from ex-works manufacturing up to deliveries to retail outlets. It ended
with a recommendation of outsourcing of almost all activities. The one central
warehouse was to be created near the barry point and supplied from both: own plant
in Portugal and from China. From there deliveries were to be made directly to
customers (exception were made for several very distant countries where cross-
docking was to be applied).

Consequently, as of 1st of Jan. 2015, all logistics operations got outsourced to a
renowned supply chain operator. As a result of a complex tendering offer a global
operator: Swift Logistics was awarded the contract for 2 years with intention to
expand it to an infinite time should both sides are satisfied with its performance. The
contractor was made responsible for all warehousing activities (inbound, stocking,
outbound) as well as for carrying deliveries from the European warehouse (from
Frankfurt as near this city facility was located), directly to customers. Polish
operations were be to charged only for the deliveries from Frankfurt. Consequently a
cost structure became very simplistic. To the Cost of Goods Sold (COGS) defined as
ex works Frankfurt a relevant delivery fee was added, which in turn was defined in
two categories: per palette and parcel. Amongst other minor condition the Contractor
warrantied 3 days delivery time to each place in Poland and 99% accuracy ratio.

Potential savings, in Poland only, consisted of the following:

1) aninternally operated warehouse was shut down, eliminating roughly 2

million of annual costs;
2) upstream (deliveries to warehouse) and downstream (transport to
customers) costs were substituted with one, easy to control, cost line;
3) controlling and administration function were to be reduced.

Unfortunately results were far below the expectations. Not only qualitative
parameters failed to catch up with a contract’s provisions but Polish branch discovered
that instead of cost reduction it recorded an increase eating into margins. Costs in fact
skyrocketed, however not exactly in logistic areas. The total bill (sum of all invoices)
from Swift Logistics for 2015 amounted to 3,6M PLN, but only 2,9M PLN referred
to deliveries. The latter sum, compared to roughly 2M PLN of annual warehouse
operating costs plus upstream and downstream did not look especially bad. The real
cost problem seemed to laid in VAS which apparently costed an exorbitant amount of
0,7M PLN. These value was especially difficult to challenge in negotiations with the
Contractor albeit non-homogenous nature of these activities. In addition a comparison
to the previous scenario was complicated by the fact of using regular employees to
perform them if other duties allowed for such solution.
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2.3. Problem identification

Primary review reviled several additional facts. It turned out that CoGS of all
products was incremented by 12% to compensate for costs of the Frankfurt
warehouse. This represented, in case of Poland, an increase of 0,8M annually, still
below 2M incurred in own unit previously but hardly to be neglected in calculations.

Both Management Board in Poland and HQ agreed that the situation required
thorough analyses and issue of costs was absolutely essential. It was clear that a
puristic approaches: full centralization combined with outsourcing and return to the
previous arrangement with own warehouse represented only part of the options at
hand. The challenge was to properly identify value created in each activity in relation
to their costs in several scenarios in order to find the optimal combination. The only
feasible approach was the one based on ABC. Each of the supply chain components
had to be analysed in two dimensions:

1) asa separate activity;

2) in conjunction with other, related processes.

In addition qualitative and quantitative factors had to be considered as not all
parameters could be meaningfully translated into monetary units.

3. ABC analyses
3.1. Assumptions

At first the calculation model had to address a set of predefined alternative
scenarios. Two of them came natural:
1) the current one — based on full outsourcing to Swift Logistics;
2) the previous one — in house warehouse combined with external
transportation.
Other ones had to be generated based on solutions available on the market. These
encompass, among other the one based on a combination of outsourced warehousing,
but in Poland, & outsourced transportation. It was labelled as “local” for convenience.

An appropriate calculation model had to reflect a defined set of activities in each
scenario in consideration. It was easy to establish that the following ones had to be
included:

1) deliveries to final customers (downstream);

2) outbound;

3) stocking;

4) inbound;

5) deliveries to warehouse (upstream).

But in course of discussion it quickly become clear that the process of utmost
importance was the one hardly linked to logistics at first glance: so called value added
services (VAS). Under these capture an array of activities related to conversion of
selected articles, which came actually as components, into final goods fell. For
example for various reasons wizards flying on brushes came in two parts: wizards
themselves from China while brushes from Portugal and had to be assembled in
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warehouse. But a constant flow of such operations was a minor part. The bulk of
orders was coming from marketing and sales as a result of various promotional efforts:
bounded sales, Christmas actions etc. Near all of the included creating complete sets
of toys in various configurations and in specially designed, colourful and otherwise
attractive packaging. These were hardly managed activities as they appear quite
incidentally as an outcome of successful negotiations with big retailers or specialized
chains. Consequently VAS got included as an additional activity.

The relevant model had to consider an array of important parameters shaping
effectivity of logistics operations from point of view of Super Toys in Poland. The
leading one was certainly a total, annual cost of above defined activities. It had to
consider not only OPEX but, as scenarios varied in a necessary inventory also a NWC
capital has to be considered.

Application of the ABC method requires development of cost drivers for each
activity. This task was complicated by use of various packaging modes both for
upstream and downstream. Toy are not bulk commodity and vary significantly in
shape and weight. Completion of deliveries in this business is still more an art than
solving optimizing equitation. In upstream sometimes it was difficult to complete a
full container for delivery so individual pallets got used. In downstream many
deliveries were made in packages (parcels) with different standards. Finally it was
agreed to use, for calculation purposes, a standardized conversion table presented
Table 1.

Table 1. Packaging conversion units

Unit one Unit two Unit three

1 container = 10 pallets = 60 parcels

Source: Own assumptions based on http://www.euro-shipping.com.pl/?page_id=16 (access:
113.04.2017) but modified

Then it was decided to use a parcel as a cost driver for each activity except for VAS,
in which case labour hours was the only option (see Table 2).
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Table 2. Cost drivers

Activity Cost driver Remarks
Upstream Parcel delivered to a It is relatively easy to
warehouse negotiate one rate for each
of two routes used.
Inbound Parcel delivered to a
warehouse
Storage Parcel stored It would be more
appropriate to use pallets
however applying a
consistent packaging unit
across almost all activities
was very convenient.
Outbound Parcel delivered from a It was assumed that the
warehouse \volumes of incoming
outgoing parcels were
equal. In practice some
differences always appear
but they rarely can and are
planned.
VAS Labour hours
Downstream Parcel delivered from a In case of a regular flow of
warehouse deliveries to a stable pattern
of points negotiating a
single rate saves
administration costs.

Source: Own assumptions based on discussions with “Super Toys” management

Data were obtained from the following sources:
1) For the current scenario the Swift Logistic price list was used.
2) For the previous scenario existing records of then incurred costs were used
but key items were updated via appropriate research.
3) For the local scenario some data derived from other ones could be used but
it was necessary to run a tendering procedure to identify proper costs.

3.2. Calculating model

The calculating model based on the above outlined assumptions had to reflect
not only ABC method but also different nature of costs in various scenarios. In
scenarios | and Il suppliers offers were a predominant source of information. 2015
results served as a base (see Table 3). They also served as Scenario | description. For
the sake of comparability other two Scenario considered the same external parameters
and key logistic volumes, for example number of deliveries, packaging structure, etc.
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Table 3. 2015 Super Toys financial results in Poland — Scenario |

2015 results Big retailers Specialized Petrol Total
shops stations
H S B

Deliveries
Pallets units 350,0 5,0 50,0 405,0
Parcels units 2 000,0 3500,0 1000,0 6500,0
Revenues
Pallets ('000 PLN) 3500,0 75,0 500,0 4075,0
Parcels ('000 PLN) 2 000,0 5600,0 1000,0 8600,0
Total ('000 PLN, 5500,0 5675,0 1500,0 12 675,0
CoGS 0,7 0,5 0,6
Pallets ('000 PLN) 2 450,0 37,5 300,0 2 787,50
Parcels (000 PLN) 1400,0 2 800,0 600,0 4.800,0
Total ('000 PLN, 3850,0 2837,5 900,0 7587,5
I level Margin
Pallets ('000 PLN) 1050,0 37,5 200,0 12875
Parcels (000 PLN) 600,0 2800,0 400,0 3800,0
Total ('000 PLN, 1650,0 2837,5 600,0 5087,5
Total relative to sales % 30,0% 50,0% 40,0% 40,1%

Logistic costs

Pallets ('000 PLN) 147,0 2,1 21,0 170,1

Parcels ('000 PLN) 840,0 1470,0 420,0 2730,0

VAS ('000 PLN) 420,0 - 252,0 672,0

Total ('000 PLN, 1407,0 1472,1 693,0 3572,1

VAS workload hrs 5000,0 3000,0 8000,0
1EUR= 4,2 PLN

Il level Margin

Pallets ('000 PLN) 903,0 35,4 179,0 11174

Parcels ('000 PLN);{- 240,0 1330,0 - 20,0 1070,0

VAS ('000 PLN);- 420,0 - - 252,0 - 672,0
Penalties (revenue) ('000 PLN) 14,8 14,8
Total ('000 PLN, 243,0 1380,2 |- 93,0 1530,2
Total relative to sales % 4,4% 24,3% -6,2% 12,1%

Penalty calculations

Number of parcels 565,2

Indicator 0,25

SMGA costs 2 000,0

Gross result - 469,8

Source: “Super Toys” managerial accounts modified

After a discussion a difference in NWC (in practice in inventory) was neglected.
It was hard to estimate as it became clear that comparison of 2014 inventory in all
European warehouses to the total in Frankfurt of 2015 showed only minor
improvement (10% on average). At 10% WACC the corresponding increase in Poland
would not exceed 20k PLN of costs.
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On top of the data given above it was identified that Cost of Good solved
included 813k PLN of central warehousing costs (12% mark-up).

3.3. Results

As indicated in p. 3.1 three scenarios got analysed: current, previous and local.
Although they were meant as fully alternative for being based on different process
setups certain differences had to be recognized and considered appropriately. As a
starting point the current scenario was chosen and, since all calculations were based
on 2015 flows actual 2015 results could be adopted as valid for this option.

As far as previous scenario was concerned the previously unified warehousing costs
had to be broken amongst inbound, storage, outbound and VAS turning results shown
below (Table 4). The most significant finding was that storage costs reflected idle
capacity. Area of building surpassed by far what was really needed.

In case of the local scenario calculations were straightforward since bidders provided
input data according to the ABC methodology.
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Table 4. Total annual logistic costs in k PLN — the previous scenario

2016 simulation Big retailers | Specialized Petrol Total
shops stations
H S B
Inbound transport ('000 PLN) 203,7 175,4 64,6 443,7
Inbound ('000 PLN) 58,9 50,7 18,7 128,3
Storage ('000 PLN) 633,7 545,6 200,9 1380,3
Outbound ('000 PLN) 88,9 76,5 28,2 193,6
VAS ('000 PLN) 107,2 - 64,3 171,6
Outbound transport {('000 PLN) 150,0 141,0 50,0 341,0
Total ('000 PLN) 12425 989,3 426,7 2 658,6
Margins & profit
H S B 0
I level Margin ('000 PLN) 1650,0 28375 600,0 5087,5
Logistic costs - own wi (‘000 PLN) 1242,5 989,3 426,7 2 658,6
Logistic costs - operat (‘000 PLN) 1407,0 14721 693,0 35721
Il level Margin:
scenario with own
warehouse ('000 PLN) 407,5 1848,2 173,3 2429,0
scenario with an
external operator ('000 PLN) 243,0 1365,4 93,0 1515,4
scenario with own
warehouse % 7,4% 32,6% 11,6% 19,2%
scenario with an
external operator % 4,4% 24,3% -6,2% 12,1%
SMGA costs 2000
Gross result
scenario with own
warehouse ('000 PLN) 429,0
scenario with an
external operator {('000 PLN) 484,6

Source: Own calculations based on Clients’ data, modified
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Final results of annual logistic costs for each of three scenarios in consideration
are demonstrated below (Table 5, Figure 1).

Table 5. Comparison of total annual logistic costs in k PLN

Scenario | 1 i
Activity Cost driver Current Previous Local
full outsourcing | own local | third party local
on European | warehouse + | warehouse + external
level external transportation
transportation
Upstream parcels included in 444 444
storage
Inbound parcels included in 128 83
storage
Storage parcel 813 1380 151
places/month
Outbound parcels included in 194 213
storage
VAS hrs 672 172 120
Downstream parcels 2900 341 341
Total 4 385 2 659 1352

Source: Own calculations resulting from previous tables except for the local scenario.

Figure 1. Logistic costs in k PLN per year according to each scenario
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Results obtained allowed for a profound analyses of all activities in
consideration, margining influence of prejudices and particular interests of various
corporate units. The following became obvious:

1) Transferring labour intensive VAS operations to a country with very high

salaries was a clear mistake. It was caused by underestimating their value
and volatility. Moreover it was determined in discussion that these activities
require direct supervision from marketing staff to control quality.

2) Previous local warehouse so too big given the size of operations. The reason
was that several years earlier HQ had a plan to use it for backing operations
in FSU countries and requested Polish unit to assure additional space. The
plan was abandoned but the rental agreement for a building stayed. This
strongly impacted the storage cost level.

3) After adjusting storage for real needs (Scenario I11) and using an outsourced
capacity rather than own warehouse it turned out that local solution was only
10% more expensive on total of upstream, inbound, storage and outbound —
a difference savings on downstream and VAS would with no doubts
compensate.

4. ACOMPLEMENTING QUALITATIVE ANALYSES

In parallel to the above outlined ABC costing qualitative factors had to be
considered. The diagnosis part of virus analysis of the logistics system was used. The
logistics system virus analysis is a method to identify and analyse the reasons for
various problems. The final result of this method is to elaborate a logistics system
problem virus. To illustrate the problems one applied the medicine-based logic. The
virus, which affects healthy tissues (system elements), make them die or be
transformed into hybrids. In turn, the hybrids do not achieve the system aims. “Sick”
tissues cause disturbances in the system functioning. The key to eliminate the system
virus (including the reasons for source problems) is its unambiguous identification.
The elimination process is performed by dedicated improvement actions or at least by
limiting the virus action range. This results in an improvement of the system
functioning method. The methodology of the diagnosis part of distribution logistics
system virus analysis provides the following 6 stages (Cyplik & Hadas 2011):

1) Determining the system objective.

2) Designating an expert group.

3) Problem identification.

4) Statistical analysis of the identified problem.

5) Present state analysis (AS-1S).

6) Elaborating the production-logistic system virus

Based on an analysis of the current condition, the team of experts compared to
the existing state to the current trends in the market. One of the important aspects of
functioning of logistics in the area of customer service is ensuring completeness and
timeliness of deliveries. The research performed by the Institute of Logistics and

187



Activity based costing as a tool for effective use of outsourcing in supply chain management — case study
Piotr Cyplik, Robert Uberman

Warehousing (ILiM) indicated that completeness and timeliness of deliveries is one
of the key indicators of evaluation of the logistical customer service. Competitive
advantage can nowadays be gained by companies that maintain global standards in
this area (aggregated OTIF index on the level of at least 95% or 98% in the FMCG
sector). Another important logistics parameter in consideration was the lead time of
deliveries, which in the recent years has definitely been reduced (according to the
ILiM's research, in the case of European suppliers, the average time of order fulfilment
is approx. 3.5 days, while in the FMCG sector a much shorter time is expected, i.e.
not more than 48 hours. The delivery lead time proposed by Super Toys. (calculated
as the time from the moment an order is places until the delivery is received) was
equal to the average (nominally 96 h, in reality 80 h); however, sometimes it is
exceeded. The order fulfilment times expected by customers depend on the individual
agreements between the suppliers and the customers. However, an observation of the
market leads to the conclusion that this time tends to be shorter and that the customers'
expectations are changing to 48 hours; this is the challenge that Super Toys. will have
to meet. Companies have different concepts of complaints handling. According to one
concept, the customer should contact a designated representative of the company who
has provided service to the customer (most often a representative of the sales
department); in the complaints-handling process, such a representative forwards the
complaint to be considered by appropriate persons responsible for that process. In
another concept, the complaints-handling process is fully (start to end) performed by
the complaints department (person). In the case in question it is thus less important
who is responsible for the process itself. What is more important is the fact that the
limitations in the logistics process of Super Toys. lead to additional costs associated
with additional discounts and penalties for failure to meet the logistics conditions.
Such costs should be charged to the owner of the process, i.e. the logistics operator.
For this purpose, the level of untimely and incomplete deliveries must be monitored.
Contemporary businesses perform their logistics processes more dynamically than in
the past. A general contemporary trend in the market is the effort to increase the
frequency of deliveries, with simultaneous reduction of the size of individual
deliveries. This trend is created by, e.g. large distribution networks that expect
logistics services that conform to their specified parameters. Customers, too, highly
value provision of additional services by the suppliers, e.g. packaging of products in
conformance to strict requirements specified by the customers. Such operations are
becoming more and more important and constitute an important source of companies'
revenues.

A comparison of the problems identified by the Project Team of Super Toys
(Expert Group). with the above opinions of experts makes it possible to draw an image
of the virus of ineffective distribution logistics system of Super Toys., as shown in
Figure 2.
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Figure 2. Super Toys logistics system problems virus
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Source: (com. Cyplik & Hadas, 2015, p.315)

In conclusion, the main problems in the ineffective distribution logistics system
of Super Toys include:

= inthe "delivery performance" area:
- flexibility of the logistics partner;
- costs related to incomplete deliveries, which reduce the profit margins;
- frequent delays in deliveries;

= inthe "lead time" area:
- potential loss of customers if the average lead time level is maintained:;
- lack of possibility to take advantage of the end of month effect (compared
to the competitors);

= inthe "MOQ" area:
- the need to revise the size and frequency of deliveries in order to
determine the new values of applicable standards that match the needs of
the market;
- estimation of the share of the distribution logistics cost (downstream of
the chain of delivery) with smaller customer orders;

= inthe "reverse logistics" area:
- the customer complaint response time;
- the responsibility of Super Toys for the complaint process;
- the length of the complaint-handling process;

* inthe "VAS" area:
- lack of control over the process of performance of additional services;
- limited manageable of the VAS in the Central Warehouse;
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- lack of possibility to optimize the design of the stands in the context of
reduction of their assembly time to a minimum.

5. CONCLUSION

The above presented case and calculation model offer several insights in
applicability of ABC costing to evaluate outsourcing decisions.

Firstly ABC costing must be based on an adequate definition of scope of analyses
followed by process identification. It is beyond discussion that there are no two the
same organizations save industries. Certain patterns and terminology, however useful
shall be used only as frameworks to start a discussion (Coopers & Kaplan, 2000, pp.
141-144). Set of activities called VAS may be defined as belonging to manufacturing,
marketing, sales, etc. depending on approach and goal of analyses. But in the case
discussed it was obvious that they had to be treated as a part of logistic operation.

The second issue refers to cost drivers. They play a double role. Primary they
make pivots via which costs are allocated to different objects (activities, customers,
etc.) (Miller, 2000, p. 44). Secondly they often are deemed to reflect cost
determinants. Some authors differentiate cost drivers from activity drivers (Miller,
2000, pp. 44-48) but such differentiation is rare (Cooper & Kaplan, 2000, p. 127-133).
Scientists typically stress a need for careful identification of cost drivers with special
attention to information value versus measurement cost balance. But the practical
experience, among others exemplified by the case in discussion, proves that a proper
interpretation of their meaning and appropriate use for given decision making is much
more important. Here comes the issue of idle capacity & orphaned costs. Sometimes
it’s ineffective to utilize resources in full. One can imagine allocating storage capacity
on daily basis. However it would require an existence of ideally elastic warehouse
with all costs equally elastic (or existence of another user with precisely mirroring
needs). But in case of underutilization, orphaned costs have to be spread over active
targets.

In many cases this two dimensional approach is right. Actually current
management trends aim, maybe unintentionally, at unification of the two roles in
consideration. Structuring contracts in the simplest and easy manageable way often
leads to enhance this link. What adds to this trend is a desire to convert the biggest
possible part of the cost into variable ones. On a theoretical level having easy to
manage variable cost instead of complicated, dominantly fixed cost base is
advantageous. But in many cases one has to be careful. Costs do not disappear as from
a value chain albeit contracts signed. They just change an owner. It’s always worth to
run a comparable analyses of outsourcers’ and own cost base in order to verify
whether the former has really an advantage or is just taking the same risk aboard and
charging fee for that. This typically does not require nor in depth knowledge neither
access to restricted data. A common sense was enough to identify that VAS cannot be
less expensive near Frankfurt than near Lodz (Poland). If any accounting system says
the opposite the system itself requires analyses. Also a common sense supplemented
by general knowledge would be enough to identify that the Polish unit would have to
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be charged, directly or indirectly, for the central warehouse services. This omission
must have been significant.

Thirdly one shall be careful in interpretation of ABC costing results. The nature
of this methods require breaking company performance into separate activities.
However useful such detailed view might appear one cannot forget that a company
represents certain complex set of interrelations of which only a part can be quantified
directly. Therefore, once making an outsourcing decision, unquantified factors have
to be considered and somehow weighted.

Fourthly ABC costing is a fully quantitative method. Thus factors which cannot
be meaningfully expressed in numbers must be considered outside the model and final
decision shall always be based on managerial judgement. The process of it’s
development shall be organized around an applicable intellectual model — the virus
presented in p. 4 being very good example of.

Decision makers, if aware of the above indicated deficiencies, shall apply ABC
costing in various stages of outsourcing decisions: starting the process, selecting
partner(s) and evaluating results. Only ABC can deliver on one side such detailed but
on the another easy comparable information, creating unrivalled platform for efficient
decision.
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Abstract

The article presents a concept of a process approach to the supplies of goods and
services in a public higher education institution. The presented processes include also
the internal orders and the external ones. The supplies are implemented in line with
the public procurement law. It introduces a limitation for the proceeding which
follows the 1SO 9001 norm. The presented divagations are a development of the basic
concept based on a pure process approach which has been implemented for a few
years in public higher education institutions. After the first experience the concept
evolved into a new one due to the necessity to aggregate the orders and a reluctance
to single source procurement procedure.

Key words: process approach, quality management, supplies processes

1. INTRODUCTION

Public organizations in Poland have a functional approach to management.
Public higher education institutions are also in the majority of cases oriented on the
management in the functional approach which leads to a situation when the
achievements of the modern management and the advantages of a system approach to
the permanent improvement of the organization are not available for them. In the
functional approach the employees are highly specialized within their duties and they
concentrate on their function and not on an efficient and effective implementation of
processes which bring an added value for the organization (Wisniewski & Mnich,
2016, p. 432). Such an approach facilitates the planning and supervision of the
implementation and facilitates the cost calculation in the place where it is made. The
employees specialize in the tasks and responsibilities which were given to them. The
organizational discipline enforces a vertical communication maintaining the official
procedure (Wisniewski, 2015, p.42). The functional orientation impedes the total
optimization, lengthens the time of the realization of tasks, increases the costs and
decreases the flexibility of operation. The process orientation in which the single
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participants, implementers are responsible for the effect of the executed work rather
than for executing it is in the opposition to the functional approach.

The article presents the results of the mapping of the supply process in one of
the selected universities. The main research problem can be defined as follows: what
are the main problems related to applying public procurement law in a public higher
education institution? The purpose of the discussion is to analyze the way supply
system works in a public higher education institution and to try to improve the
procedures. The identification of the system irregularities is the basis for the
improvement. One can hypothesize: the application of public procurement law is the
most important principle in public higher education institutions and excludes the
possibility of applying qualification procedures for suppliers based on quality
management system. The research was conducted in the form of a case study at one
of the largest public higher education institutions in Poland. The obtained results can
be extrapolated to other public HEIs in Poland as they operate on the basis of the same
mandatory regulations. The university had a defined aim: to prepare a process
description in such a way as to identify the structure of the processes which take place
and to optimize them. While mapping, the process of the supply of goods and services
was identified. Thanks to a process approach, which is the main aim of the activities
in this university, it was possible to obtain effects which could not be achieved in a
traditional, functional approach.

The first iteration of the process approach to supplies in this university was
created in a non-optimized configuration. Its aim was to reveal a real structure of the
realization of tasks (Wisniewski & Mnich, 2016, p.432). The current iteration can lead
to an improvement of the process. An excessive allocation of the purchase tasks in the
units of the organization instead of concentrating them on the central level was one of
the disadvantages of the presented process. The supply process did not benefit enough
from the scale effect.

2. PROCESS APPROACH

In the organizations with a functional approach there is a high level of
bureaucracy, considerable problems with coordinating the activities around common
aims since the knowledge on the functioning of the organization as the whole one and
its parts is dispersed. It is dispersed among the specialists of the different areas. Many
units or even many departments are implemented in the given process. The
coordination of the activities is tedious since there are the rules of communication
which require the acceptance of the direct superiors. None of the employees is
responsible for the sequence of activities but only for the fragment which is attributed
to them. It is almost impossible to react in a flexible way to the changing needs of the
environment and the needs of other units within a given organization. However, the
worst is the fact that the decisions are not taken in the place where the problem
appeared because in this kind of organization there is a clear division between the
decision makers and the executors (Figure 1).

Such a style of management was highly effective in the times of the intense
development of the production structures based on the criterion of technical and
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economic efficiency. Nowadays it is not beneficial at all when the new challenges are
created which make it necessary to react quickly to the changing expectations of every
stakeholder in order to satisfy the needs for which the given organization was created
(Muhlemann et al., 2001; Kisielnicki, 2008; Wisniewski, 2010).

It leads to a situation when none of the units and none of the employees have a
need (resulting directly from their role in the organization) to identify their work and
duties in the reference to the product or a service offered to the clients on the market.
The employees do not distinguish from the whole the range of the executed tasks for
which they are responsible and provide it to the further processing in other working
positions. In the functional organizations the thinking in terms of the functions leads
to optimizing activities of the parts to the detriments of the totality and absorbs the
energy of the company for the coordination of the divided parts.

Figure 1. Official procedure of taking the decisions and solving problems —
a distribution channel and a channel of taking the decisions goes through the
supervisors of both stakeholders
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Source: own elaboration

The processes are artificially divided by the borders of the units and the vertical
division of work is in favor of the division into commanders and executors which
separates the thinking from the execution.

The information flow is long (Figure 1) and the decisions are taken in the places
where the activities are conducted (Bitkowska, 2009).

The form of the cooperation and the communication between the positions and
the processes is an important issue which is the obstacle in the effective usage of the
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potential of the organization. If the employee is accounted for the work which is done
and not for the process of making it, then the obtained effect is important. Therefore
instead of not reacting to the wrongly prepared input stream to the process (as is the
case in the functional structures) such as wrongly prepared documents, badly
processed material, wrongly configured software which result in the work which is
not done, the employee can take an initiative to submit a complaint to their supplier.
Every stakeholder which executes work is a client for their supplier. The work cannot
be done well if the supplier does not provide a source of a good quality for the entrance
to the process. In order to make such a mechanism work, an employee must know the
link between their process and the others: suppliers and clients. They will address the
first group - the suppliers- when the raw materials of an improper quality is delivered
and the second ones can be addressed in order to satisfy their needs in a proper way.

Such a self-regulating system is the best solution which guarantees an adjustment
of the single processes in the organization on the basis of the quality balancing and
ensuring the quality of the single processes.

Figure 2. The process of taking decisions and solving problems in a process
approach

i > i i

Source: own elaboration

The thinking in the category of processes means a perception of the
organizational system as a system in which the places and the roles are variable and
defined by the activities (operations) which must be conducted in order to create a
value expected by a client. This way of thinking helps to identify an own role in the
strategic operation of the whole company and places an employee within the activities
of the whole group and not within a closed space which specializes in the
implementation of the homogenous tasks of the unit. It facilitates the understanding
and a verification of the sense of own work taking into consideration its usefulness
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for the client and not only the evaluations of the superior as the substitute of the client.
It is also in favor of the adjustment changes by supporting the members of the
organization in gathering the resources of knowledge and learning which can become
a very important element of the competitive advantage (Bitkowska, 2009).

The process approach puts the emphasis of translating the strategic aims of the
organization into the aims of processes, the satisfaction of the clients’ needs, the
decrease of the costs of company’s operation as well as on the increase of the quality
and shortening the time of the realization of the tasks. The place and the role of
employees are variable and defined by the processes which must be executed in order
to create a value which fulfils the clients’ expectations. The employee is situated
within the activities of the whole organizations and not in the closed, specialized space
to implement the homogeneous tasks of the unit. The decision-making power is
transferred to the place where the activities are done and the information flow is
shortened (Figure 2).

Each process in the process organization is verified by the level of the values
assessed by the client, contrary to the functional organization where the measure refers
to the level of the realization of the tasks and is evaluated by the responsible managers.

Despite the advantages of the process approach over the functional management,
it is not always easy to implement it in an efficient and an effective way. The
attachment to the traditional way of management and a fear of change are the obstacle.
In case of the public organizations, the resistance is even greater. This results from
the fact that in such organizations which do not operate for the profit, it is difficult to
define a role of employees for the success of the company.

The more so that the success is not measured with the size of the profit, the brand
recognition or the level of the clients’ loyalty. The public organizations are in the
majority of cases monopolists on a given market and that is why they do not need to
attract the attention of the potential clients. It is slightly different on the market of the
educational services, particularly on the level of the higher education. There is a
greater competition which results in a necessity to try to attract the attention of the
clients- the students. There is a growing interest among university managers for a
modern management approach. For them, the chain of value creation and the
interrelation of elementary activities performed by staff with customer satisfaction are
important. The higher education institutions have one more element which really
strongly “protects” them against the usage of the modern approach. It is an “academic
tradition”. It is a collection of customs, rituals and even a management style which
derive from a long tradition of universities. The universities have worked out during
the dozens of years or even during the centuries based on approach attached to certain
behavior which defines the identity of the institution. That explains the reluctance to
implement new elements and what led to ineffective management. (Bogdanienko &
Piotrowski, 2013; Morawski et al., 2010).

Many universities understand the burden of the academic tradition, face the
challenges of the reality and try to operate in such a way to ensure a dynamic
development. The application of the process approach is a very important element of
challenge.

The article describes a situation of one of the biggest Polish higher education
institutions in which the management is convinced about a necessity to boost the
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activities, increase a flexibility, improve the internal flows, facilitate the building of
relations with stakeholders and that is why it decides to gradually implement a process
approach due to a desire to implement a system of the quality assurance (Piasecka,
2011). The very idea of the implementation of the system proves that the authorities
understand the role of the organization in the business environment.

3. PROBLEM OF PROCUREMENT IN A PUBLIC HIGHER EDUCATION
INSTITUTION

The public higher education institutions are the organizations in which it is very
difficult to implement a quality management system which is in line with the norm
1SO9001 which prefers a process approach. However, the application of the particular
requirements of the above-mentioned norms could improve the functioning of the
organization in many operation. In case of some processes the effectiveness of the
functioning of the organization greatly depends on a good relations with the external
partners. It is the case with the requirements which refer to purchase preferably to the
so-called “strategic purchases” which are important for the university key processes
— education and research.

In many higher education institutions, the internal units have a great deal of
autonomy, including in the financial area. This means that the management of these
units allocates financial resources at their discretion. This autonomy leads to the
reluctance of managers to give the right to choose suppliers of goods and services of
central administration. If goods and services were ordered globally for the entire
university, then unit costs would be lower. The consequence is that the university as
a whole suffers losses Wisniewski & Mnich, 2016). The centralization of the purchase
done within the higher education institution on a central and departmental level would
give visible financial advantages and shorten supply chain eliminating the repeatable
processes within the same organization. However, this approach often meets the
resistance and the barrier in the form of the objection of people on the different levels
of the management. The reasons for this situation can be found in a wrong conviction
that the centralization of the purchase process in one place (unit) would significantly
decrease the autonomy of the basic organizational units depriving them of a possibility
to decide about the kinds, amount of purchase and the choice of the suppliers. The
managers of the single internal units play the managerial roles due to their great
achievements in the field of a given scientific areas. The competencies due to which
they are the managers are not in line with the competencies which are required from
the managers and what, besides others, generate excessive costs of the functioning of
the companies.

It is important for the authorities of the universities to be able to identify the
groups of the goods and services important due to their share in the value of the whole
structure of the purchase and make the organizational units conduct the purchase on
the central level. It is very important for university authorities to identify the groups
of major goods and services due to their highest costs of purchase and to make the
units of the university purchase at the central level.
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The procurement process in a public higher education institution is multi-level
and multi-stage. It combines purchases for the levels of the central administration
(rector and chancellor administration) and for all other organizational units
(departments, institutes, colleges and so on). This causes many problems because the
central administration of the higher education institution buys independently of the
purchases made by the organizational units. The implementation of management
decentralization of the higher education institutions in the 90s caused the situation
when the university became a federation of the departments. They operate
autonomously but in the reality they do not have the full independence. The strategic
decisions are taken by the central authorities. The decisions referring to the staff
management and the financial issues greatly fall within the responsibility of the
central offices. That is why managers of the single units (departments, institutes,
chairs) want to maintain their autonomy in the purchase of the goods and services.
This leads to an increase of costs which was mentioned above. Each unit buys a big
number of stationary, equipment and computer services, software, pieces of furniture,
insurance services, cleaning services, protection services, laboratory equipment and
chemical reagents, construction services and so on. The purchase are conducted
separately for every unit. The managers of the units defend their autonomy in carrying
out their purchases and therefore do not wish to pursue the concept of collective
purchasing. This causes considerable shortcomings despite the introduction of a
process approach to shopping (Mnich & Wisniewski, 2016).

4. IMPLEMENTATION OF THE PROCUREMENT PROCESS IN THE
PUBLIC HIGHER EDUCATION

The considerations listed below are based on the solutions used in a big public
higher education institution. This organization, using a process approach in the
management, did a mapping of the processes which function within it. According to
the rules of the process approach, three main groups of the processes were
distinguished within the organization: the managerial ones, the main ones and the
supporting ones (Mnich & Wisniewski, 2016). In the group of the supporting
processes, next to the process of the management of human resources, infrastructure,
finances, there was also a process of supply of goods and services. The need to ensure
a continuity of the delivery of materials and services necessary to implement the main
processes at the higher education institution is a basis of the process. The process of
the purchase is done in parallel by the units of the central administration and the
selected services in the basic organizational units. Looking at it by the prisms of the
organizational scheme of the higher education institution, in the process of supply are
engaged in parallel: the units which are placed in the chancellor administration (the
unit of supply and public procurement) and people who are appointed to do so in every
basic organizational unit.

199



Process approach to supplies and orders in a public higher education institution
Zbigniew Wisniewski, Joanna Mnich

Figure 3. The process of supply of materials and services
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The unit of supply which functions within the chancellor administration ensures
the purchase of goods for the rector administration and to a small extent for the basic
organizational units. The central process of purchase presented in Figure 3 takes place
in two ways and is conditioned by availability of a needed material or a service in a
given moment. This solution is a good solution and allows to implement correctly the
processes of the purchase of goods and services. The central administration serves all
the departments of the university. Thanks to it, it is possible to implement a coherent
policy of ordering which includes almost 50% of the people employed in the higher
education institution. Unfortunately the value of the purchases (besides the
construction investment) constitutes only 25% of all the purchase of the university.
The remaining 75% is done by the departments which have a separate purchase policy.

The purchasing process implemented in accordance with the guidelines of the
quality management system is based on purchase information, commonly referred to
as the "specification" and on the subsequent verification of the purchased goods.
These elements are intended to facilitate the organization's implementation of a
quality management policy that communicates the need to build mutually beneficial
relationships with suppliers. If there is a need to buy the materials or services by the
supply unit, it starts the procedure which can be twofold. If a given purchase falls
under the requirement of the law on public procurement, than the procedure of the
purchase will be conducted by the Public Procurement Unit. When there is no need to
launch the procedure of the public procurement, the process is implemented according
to the requirements imposed by the system of the quality management. The procedure
presented in Figure 4 starts together with the choice of the suppliers from the
qualifying list. These are the suppliers which are accepted for the cooperation on the
basis of the qualifications and the positive evaluations of the current cooperation. This
list is a dynamic one which is updated all the time on the basis of the current
cooperation and includes simultaneously the previous cooperation. If a possibility of
a purchase goes beyond the choice of the proper supplier from the qualified list, the
process of the search for a proper supplier starts.

Source: Wisniewski & Mnich, 2016
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Figure 4. Process of the purchase using the single source procurement procedure
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Source: Wisniewski & Mnich, 2016

Initially, this approach to supply was implemented. Unfortunately this scheme
had to be verified due to the fact that although the list of the suppliers who had a long
history of the cooperation with the institution, there were the fears whether the usage
of the suppliers from the list will not expose the decision makers to the accusation of
omitting the rules of sound competition. That is why this scheme after a practical
verification was simplified (Figure 5).

Figure 5. The verified process of the purchase using the single source procurement
procedure
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Source: own elaboration

If it is possible, it is beneficial to have delivered a sample batch of goods, have
them tested in the conditions of functioning or eventually to choose a given supplier
only on the basis of the general widely available knowledge on him. The formal
submission of the order in the right form (a letter, an e-mail, a fax, a telephone, others)
defined earlier with a supplier is the activity which initiates the purchase. Since this
moment the monitoring of the execution of the order starts which depending on the
specificity of the purchase can take from a few days up to a few months. A passage to
the next stage is dispersed in time and finishes the moment when the purchased good
is delivered or a service delivered. It can be assumed that simultaneously it is the
moment of the beginning of the process of evaluation of a supply and a supplier.
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5. EVALUATION OF SUPPLIERS

The supply of every purchased batch of goods is registered both for the
accounting reasons and for a proper assessment. The evaluation of the correctness of
the implemented service or a delivery should be based on the predefined, clear criteria.
They should be measurable, the same for all the important features of the product or
asupply as only then one can make an aggregated collective evaluation of the supplier.
In the majority of cases the point evaluation is used according to the adopted scale
e.g. from 0 to 5. This evaluation is the assessment of the delivered goods or a service
but is also the evaluation of a given supplier. It is important to have a coherent system
of the evaluation of supplies and suppliers which follows the same guidelines and
enables the exchange of the information on evaluation in all the units of the higher
education institution as only then it is possible to use the evaluations done by other
participants of the process.

Figure 6. Process of the evaluation of suppliers
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The process of the evaluation of the supply and the supplier presented in Figure
6 is conducted both for the purchases which are made on the basis of the public
procurement and all the others done within the higher education institution. Despite
the fact that the law on public procurement does not provide a possibility to use the
evaluation of the previous cooperation while qualifying the suppliers, it is a good
practice (despite everything) to evaluate systematically the suppliers and their
supplies. This evaluation should be used and can be helpful for other internal units of
the higher education institution which in a given moment can purchase the goods from
a given supplier omitting the procedure of the public procurement.

It must be noticed that the usage of the evaluation of suppliers for the choosing
them for the second time is a breach of the Polish law. It is bizarre that while choosing
a supplier of a service or of a good one cannot use the knowledge on the current
cooperation since it is a violation of the rules of competitiveness. The interpretation
of the provision is such that the bidder which has a history of cooperation with a given
company would be treated differently than the others who compete in the tender.
Therefore one cannot use the current knowledge on the cooperation regardless of the
fact whether this knowledge speaks about a great fulfilment of the expectations so far
or whether a given bidder was disgraced during the previous contracts. This
troublesome for the quality of the development way of interpreting the provisions does
not exclude completely the application of the knowledge of stakeholders. It is possible
to include in the conditions of the call for tenders a requirement to deliver e.g. all the

A 4

Source: own elaboration
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opinions on the cooperation with the clients from the last year. However, it is a
difficult casus which can be applied.

Despite these difficulties, the process of the evaluation of supplies which is at
the same time the evaluation of suppliers is done in a parallel way in all the basic
organizational units of the university which conduct the purchase process. The results
of this evaluation are placed in the IT system which supports the management system.
There are two different kinds of the evaluation sheets: the first group is used for the
evaluation of the so called “qualified” suppliers, the second one for other suppliers.
The evaluation forms are available in every organizational unit of the higher education
institution for people who evaluate the supplies and allow at the same time to
introduce the evaluations from the single supplies and delivered services and sum
automatically the evaluations of the purchase done by the same provider. The
evaluation which is permanently updated, available on the IT platform, allows for a
current review of the evaluation by other units which also buy goods. This knowledge
can and should serve the more cautious purchase decisions. Taking the decisions
based on the facts is in reality the implementation of one of eight rules of management.
Additionally, the permanent comparison of the processes of supply between the
different organizational units of the same higher education institution can be another
positive aspect of the transparency of the evaluations of supplies and suppliers. This
internal benchmarking can and should lead to finding the most effective and the best
solutions and coping them within the whole organization.

The usefulness of using the evaluation forms of suppliers and the whole
knowledge on the proceeding which took place which is gathered refer mainly to the
proceeding which are conducted outside of the law on public procurement but this
constitutes a small part and due to the evaluation of the purchase towards the scheme
presented in Figure 5 - the less and less common.

6. IMPLEMENTATAION OF SUPPLIES IN THE UNITS OF HIGHER
EDUCATION INSTITUTIONS OUTSIDE OF THE CENTRAL SYSTEM OF
SUPPLIES

In single organizational units the purchase is done independently, parallel and
analogically as in the central part. The implementation of the purchase by the basic
organizational units is divided into: the purchase which does not require the
application of the procedures connected with the law on public procurements and the
supplies of goods and services which require the application of the procedures
described in the law on public procurements, the detailed internal regulations and the
regulations of the concerned unit. The scheme below (Figure 7) does not include the
purchase done by the organizational unit in a different organizational unit of the same
institution on the basis of the internal financial documentation. The first common
stage is the analysis of the relevance of a given purchase. On the level of the units, in
this place it is necessary to answer a question whether a given purchase will follow
the procedure of the law on public procurements or can be done on the basis of single
source procurement procedure. If a purchase is done on the basis of the procedure of
the public procurement, another important issue is taking the decision whether the
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procedure is done within the very unit. If within the basic organizational unit there are
no human resources able to conduct such a procedure according to the guidelines of
the law on public procurements, the need for such a purchase is directed to the unit of
public procurements which is a unit of the chancellor administration. If the procedure
of the purchase is done within the unit, than the central unit only gets a plan of the
purchase for the given time approved by the manager of the unit; it should be also
approved centrally.

Figure 7. Implementation of the process of supply in the basic organizational units
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Source: own elaboration

The purchase using the procedure of single source procurement procedure is
conducted on the basis of the guidelines included in the system of management and
include the usage of the qualified suppliers or the purchase from the new supplier to
make the order. As it was mentioned earlier, in practice on the central level the list of
suppliers from which the orders can be made again is not used. The fear of the failure
to comply with the rules of the competitiveness causes that the rules similar to the
ones imposed by the law are used. They are implemented in a simplified form. There
is even a possibility to use partially the knowledge on the current cooperation, that is
the evaluation form, but in a limited way.

Starting from the stage of the monitoring of the implementation of orders, the
following activities include a record, an evaluation of the previous supplies and a
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possible complaint procedure which is done jointly, regardless of the unit and the
purchase procedure.

The scheme which is presented in Figure 7 is different from the model included
in the original project presented by Wisniewski and Mnich (2016). The difference
comes from the elimination of the part of checking the availability of suppliers while
acting outside of the law (just as is the case of the modification of Figure 5 in
comparison to the original presented in Figure 4) and as well as from the duty to
aggregate the purchases.

7. CONCLUSIONS

An analysis of the way of functioning of supply services in a public higher
education institution allows to draw the following conclusions.

The public procurement law forces higher education institutions to apply the
principle of free competition, which means that all tenderers must have equal
opportunities when choosing a supplier of goods or services.

If a supplier has previously cooperated with the higher education institution and
failed to fulfil the contract, then in case of a re-selection, the higher education
institution has no right to use that knowledge against them.

On the other hand if this institution has a quality management system
implemented it is required to gather knowledge about how suppliers meet their
obligations and, at the next selection of suppliers, to use this knowledge reasonably.
The aim is to avoid unreliable suppliers. If the higher education institution does not
centralize the supply, it further increases the risk that the dishonest supplier can sign
again a contract with one of the university's internal units, because the knowledge of
the bad history of collaboration is the knowledge accumulated in each unit separately.

The centralization of strategic purchases is the solution proposed on the basis of
the divagations discussed here.

This results in the accumulation of knowledge on the reliability of suppliers in
one place of higher education institution. The second step which is possible on the
basis of a procedural approach, is to establish clearly exceptions to the application of
public procurement law - in such cases the higher education institution can freely use
the knowledge on existing partnerships with suppliers in the framework of the quality
management system.

And finally, the third step is to apply the rule that each supplier must provide
references from their recent contracts, including those made with the higher education
institution. In this way, the university has the right to use the knowledge on the
existing cooperation with a supplier who is re-applying for a contract.

The above principles make it possible, under Polish law, to apply the public
procurement law using the knowledge gathered in the processes of the quality
management system. This means that the hypothesis presented in the introduction of
this paper is untrue as long as the system approach is followed, preferably based on a
quality management system.

The presented concept of supply process and its sub processes in a public higher
education institution boils down to the description of the reality in a process approach.
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The presented map of the process shows all the possible variations of the supply
process in such a complex environment. The identification of a real structure of the
supply process and the knowledge on the methodology of optimization of processes
give an opportunity to improve this aspect of the functioning.

Figure 7 presents this very important change which is supposed to make the
managers of the single organizational unit check whether a given purchase is on the
list of central purchase. This plan includes also the needs from the different
organizational units and they are aggregated for the whole institution. It is valid to
make the plan for a long period of time (one year). Then it becomes possible to use
the effect of scale and to submit collective orders. This undermines the autonomy of
the units but brings significant savings within the whole higher education institution.
It turns out that in case of such orders as property insurance the savings of 13% per
year can be made and for cleaning services up to 7 %. This does not means that such
an aggregation is obligatory and it must be always applied. The economic rationality
sometimes involves the need to fragment the purchase. The insurance can be
mentioned as an example. It is a common practice of the insurance companies to
increase insurance premiums when in the previous period the payment of
compensation was made (e.g. because of a threat, fire, flood and so on). In such a case,
a small organizational unit such as a department should choose a purchase in a
company in which so far no compensation was claimed. It turns out that in such a case
the insurance purchased outside of the central system will be less expensive than if
the scale effect was used when the situation is unfavorable for the units within the
higher education institution. The optimization taking into account the economic
criteria should always be the choice of the supplier. But not the only. The second
example refers to security services. If every department purchases this service in a
different company than on the junction of the protected areas there is no cooperation
between the different protecting companies. In this case the supply of the service done
in the complex way is more beneficial for the economic reasons.

The presented processes revealed many aspects of the supply in the higher
education institution unknown before. The process approach made the managers of
the higher education institution verify the current basis of the purchases. The very
usage of the process identification allows to understand people who implement the
tasks in this area what the relations between their work and the realization of tasks in
the different positions are. The process approach made also the managers of higher
education institutions verify the current basis of purchases. The aggregation gives a
lot of saving so it is necessary to “deprive” the internal units of the university a part
of autonomy in order to conduct centrally the strategic purchases. It is necessary to
take into consideration the long-term economic situation which can show that just as
it was the case with the insurance, that the diversification of supply can give more
benefits than the centralization.

An analysis of the readiness of the public administration staff to adopt a new
standard for selecting suppliers should be the next stage of research. The choice made
using the current knowledge of suppliers is a very good option but higher education
institutions managers have concerns about whether this approach is in line with the
law of public procurement.
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According to the authors of the research the answer is yes, but the problem of
failing to apply a solution lies in the long tradition of using classic solutions. Few
public HEIs can be proud of implementing a process approach in management.
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Abstract

The paper presents a coherent methodology of a multiple criteria evaluation of
suppliers in clothing industry covering: definition of a set of variants — fabric
suppliers, definition of a consistent family of criteria that allows for their
comprehensive evaluation, modeling of decision maker’s (DM’s) preferences
(including: the definition of the importance of criteria and the DM’s sensitivity
towards changes of criteria values), computational experiments resulting in the final
ranking of suppliers and finally the selection of the most desired supplier.

The analysis of 5 suppliers namely fabric producers, operating on the Polish
market, whose factories are located in Poland, have been taken into consideration.
Also in the family of criteria evaluating the cooperating units (important for the DM),
9 measures have been taken into account. These have included, among others: product
price/cost and payment conditions, timeliness of delivery/ supplier, reliability of
delivery/ supplier, cost of delivery, accessibility of supplier. In the computational
phase a selected MCDM/A ranking methods (especially Electre 111/IV and AHP
methods) have been applied.

Key words: Suppliers selection problem, Ranking of suppliers, Multiple Criteria
Decision Making/ Aiding (MCDM/A), Electre 111/IV method, AHP method

1. INTRODUCTION

Each business entity carries out its own supply process regardless of one's
operating industry. Companies purchase wide range of raw materials, components,
semi-finished goods or final products. They are all necessary to conduct business
activity, mainly for manufacturing or service companies. Supply process, which is a
key component of one's successful functioning on the market, significantly affects not
only company's economic situation but also its position regard to competitors.

The selection of the desirable supplier plays a key role in the whole procurement
process. As it determines a future success of the company, it ought to be well-thought
and based on the set of criteria relevant from the company’s point of view. In terms
of suppliers selection process, a number of methods can be applied, including multiple
criteria evaluation methodology.
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The above mentioned method consists of the following procedures: defining the
set of variants (e.g. suppliers), defining a consistent family of evaluation criteria,
structuring of decision maker's preferences model in the given decision situation,
carrying out computational experiments aiming at obtaining the final ranking and
enabling the selection of the most desired variant. Conducting the effective process of
selection may help to obtain fruitful cooperation between potential supplier and a
parent company and may be a key factor of their future success.

The overall research goal of this paper is to present a universal, generic
methodology of evaluating suppliers and selecting the most desirable ones regarding
the considered business environments, supply conditions and external circumstances.
The authors claim that the suppliers’ selection problem has a multiple criteria
character, and thus develop the proposed approach based on the principles of Multiple
Criteria Decision Making/ Aiding. The challenge and the novelty of this work is to
present the comparison of the multiple criteria evaluations of suppliers across the
clothing industry, using the original methodology which is based on the previous
authors' works and experience.

The hypothesis of this works indicates the way of evaluating and selecting the
most desirable supplier, generating various possibilities based on the multiple criteria
analysis.

The object of the research is the company operating in the clothing industry,
which produces and distributes clothes for women, men and children. The company
is a leading entity within others operating in East-Central Europe retail market. Its
incoming collection will present clothes made of new quality of fabric with UV
stabiliser. As so far the company has not purchased this kind of fabric, it has been
decided to verify the potentiality of polish producers.

In terms of structure and methods used, the paper presents characteristics of 5
suppliers — manufacturers of fabric with UV stabiliser. The evaluation criteria (crucial
from the company Board of Directors' perspective — acting as decision maker) include
9 main criteria and their sub-criteria which are, among others: quality of fabric, price,
timeliness of shipments, safeguard supply (process) and supply flexibility. In terms of
computational procedures multiple criteria ranking methods have been applied,
including Electre 111/1V and AHP.

2. THE PROCESS OF EVALUATION AND SELECTION OF SUPPLIERS
2.1. Nature of the Process

Cooperation with suppliers plays the crucial role in procurement management
i.e. entities responsible for delivery of goods such as raw materials, components, semi-
finished goods or finished products required by the manufacturers, distributors or
service providers. Cooperation with the suppliers is a key component, which
determines the proper functioning of the company. What is more, the effective
logistics which is providing a high standard of delivery performance as well as the
lowest costs and high customer's satisfaction, nowadays are believed to be more
significant than product's advertising process or the final price. The supplier aims
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above all to attain a high quality by participating in production and purchase process
in the buyers company (Appelfeller & Buchholz, 2011, p. 71). Thus, the selection of
the most desired supplier is one of the most important economic decision which
determines existence and good functioning of the company. Also, operations relating
to the receipt of goods, settling payments and delivery are not enough to guarantee a
success. Discontinuity of supply may incur huge losses to the company i.e. loss of
consumer confidence, reduction of orders, deterioration of company reputation and
decline in market position (Kulinska, 2009, p. 24). Therefore, suppliers' selection is
becoming a relevant factor in logistics chain of the parent company.

The selection of the desired supplier is crucial for the company since it provides
for the short- and medium-term of the goods' protection. Thus, one has to create the
structure of suppliers who are able to provide necessary products (Piontek, 1993, p.
103) regarding reliability and high quality of delivery performance as well as the
competitive market price. The suppliers' final selection and evaluation is based on the
multiple criteria methodology (thoroughly described in the next section of this paper),
ensuring minimisation of the total purchase costs and maintenance of stocks. Other
reasons for undertaking cooperation with suppliers are (Sudolska, 2008, p. 110-111):

e improvement of products' quality,
increase of product assortment,
relative flexibility in procurement,
willingness to modernise existing technologies,
ability to obtain modern technologies,
continuity of deliveries in case of unexpected events,
possibility to negotiate prices of the deliveries.

The selection of the suitable supplier is a really significant economic decision
which will determine the future success of the buyer. Such decision ought to be
carefully analysed and well-thought. It is also an example of multiple criteria decision
problem, which means that the evaluation of the supplier should include both
qualitative and quantitative criteria. Also, such approach allows to select the most
desired supplier in order to guarantee a long-term, fruitful cooperation between
purchaser and vendor.

2.2. Suppliers Evaluation Criteria

In order to select the accurate supplier, number of different criteria, specifying
company's expectations, need to be taken into consideration. Such criteria are defined
with appliance of the following rules (Krawczyk, 2001, p. 333):

e the number of criteria ought to be reasonable, regarding the importance of
the issue,

e  criteria ought to be complementary, allowing for assessment of all necessary
selection aspects,

e criteria should be applied separately in order to avoid repetition in evaluation
process,

e criteria ought to be possible to arrange in terms of their meaning and value.

Regardless of the company's operating industry, one should evaluate the supplier
considering the following aspects (Mukherjee, 2017, p. 66; Piontek, 1997, p. 178;
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Piontek, 1994, p. 135-136; Liihrs, 2010, p. 114; Easton et al., 2014, p. 39; Piontek,
1997, p. 178):
e product's price,
e quality and variety of the raw materials, components and semi-finished
goods in offer,
e deliveries' conditions (including: supplier's location, reliability of the
delivery, payment terms and conditions).

Depending on the specific character of each company, its operating industry or
specification and relevance of one's procurement process, more detailed criteria
(including higher number of criteria) can be applied in order to evaluate potential
suppliers. It was originally described by Dickson (1966, p. 15-17), who carried out
extensive research in 60s of 20th century indicating 23 relevant factors used by the
companies in suppliers evaluation process. Considering the value of each criterion, he
indicated as the most significant: price, quality and performance of the delivery. The
other researcher Burton (1988, p. 38-41) introduced 10 criteria which are: quality,
delivery, production facilities and capacity, net price, technical capability, packaging
ability, geographic location, training aids, management and organization, operational
controls. Other researchers tried to reduce number of factors i.e. Bernard (1989, p. 1-
7), who described 5 attributes (quality, delivery, net price, management and
organization, service) or Chapman (1989, p. 1993-2007), indicating only 3 criteria
(quality, delivery, production facilities and capacity).

Different model presented by Yiicenur, Vayvay and Demirel (2011, p. 823-833)
indicates 4 supplier evaluation criteria (service quality, cost, risk factors, supplier’s
characteristics) and 28 attributes. However, Ordoobadi (2009, p. 314-327) also
describes 4 criteria (quality, delivery, service, costs), but only 12 sub-criteria. What is
more, exactly the same criteria are presented by Labib (2010, p. 6287-6299). Other
authors: Ertay, Kahveci and Tabanli (2011, p. 1152-1167) indicate 6 main criteria
(reliability, responsiveness, flexibility, cost and financial, assets and infrastructure,
environment) and 20 sub-criteria.

Most recent publication of Galinska and Zak presents the model of the supplier
evaluation process with an application of the following criteria (Zak & Galifiska,
2017, p. 132):

e Product Price/Cost and Payment Conditions,
Timeliness of Delivery/ Supplier,
Reliability of Delivery/ Supplier,
Cost of Delivery,
Accessibility of Supplier,
Customer Service Quality (during the supply process),
Market Position of the Supplier,
Performance of the Supplier,
Modernity of the Supplier.

This article presents the case study of suppliers evaluation process based on the
above mentioned criteria. All these aspects are thoroughly described in section 4,
whereas the computational experiments, carried out with the application of these
criteria, are presented in section 5 of this paper.
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2.3. Methodology in the Suppliers Evaluation and Selection Process

Suppliers evaluation considers one's ability to safeguard supply sources, develop
a trustworthy relationship with the supplier, reliability and trustworthiness in their
partnership, introduction of the clear selection process and maintenance of a
sustainable advantage over competitors.Within the scope of procurement process, the
final selection of the most desired supplier is the last stage of a decision process. It
also forecasts the profits for the company from establishing cooperation with the
potential supplier. Then, the parent company commissions the execution of some
services to the counterparty. Finally, the results of supplier's evaluation criteria and
their potential to build long-term cooperation with the customer should be taken into
consideration in the whole selection process®.

In addition, evaluation and selection process can be carried out with an
application of both qualitative and quantitative methods and procedures. The most
common are (Figure 1):

Figure 1. Ranking of suppliers' evaluation and selection methods

* Knowledge-based system
*Brainstorming
+ System based on the feedback about a supplier

qualitﬁtive - Scoring method+ pentagonal graph
method |, ythers

«Scoring method + pentagonal graph
«Pareto Rule / ABC Analysis
*CM Method (Catherogical Method)
*DEA Method (Data Envelopment Analysis Method)
*CA (Cluster Analysis)

quantative *CBR Systems (Case-based-reasoning)

method +MCDM (Multi Criteria Decision Methods)

*TCO Models (Total Cost of Ownership Models)
» Mathematical Programming Models
+ Artifical Intelligence based models
sothers

Source: self-study based on Nowakowski & Werbinska- Wojciechowska, 2012, p. 34

Modern literature provides a lot of tools, methods and procedures used in
suppliers evaluation and selection process. Recently however, Multiple Criteria
Evaluation Method has been becoming increasingly important. Next section of this
paper presents detailed description of the above mentioned method.

Shttp://www.ebz-beratungszentrum.de[access June 27,2016]
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3. MULTIPLE CRITERIA DECISION MAKING/AIDING METHODOLOGY
(MCDM/A)

3.1. Methodological Background of MCDM/A

Multiple Criteria Decision Making methodology, which derived from the
operational research, is a mathematical method supporting the decision making
process. It is applied to evaluate different aspects of the considerate variants (hardly
comparable) in order to select the best alternative. Such method supports decision
maker (DM) (person who defines decision problem) with rules, tools and methods in
solving complex decision problems, considering several — often contradictory — points
if view (Figueira et al., 2005, p. 21; Vincke, 1992, p. 33). Multiple criteria analysis
facilitates decision making process, starting with defining the objectives, creation of
the variants and finally, selection of the most desired one (Walentynowicz &
Jankowska-Mihutowicz, 2012, p. 207). It provides thorough analysis of all the criteria
defined by the decision maker in search for the most desired alternative (Roy, 1990,
p. 324-331; Roy, 1990, p. 71).

MCDM/A is a methodology in which, having defined a set of actions (variants/
solutions) A and a consistent family of criteria F, it tends to (Galinska et al., 2015, p.
140-144):

e determine the subset of actions (variants, solutions) considered as the most
desired in aspect of family of criteria (choosing problem),

e divide A into subsets according to concrete classification rules (sorting
problem),

e rank actions (variants, solutions) from the best to the worst (ranking
problem).

The set of A can be defined as set of objects, decisions, solutions, variants or
actions, which are analysed in decision process. The consistent family of criteria F
should be characterized by the following features (Zak, 2014, p. 7141-7153):

e itshould provide a comprehensive and complete evaluation of all considered
variants,

e it should have a specific direction of DM's preferences,

e the domain of each criterion should be disjoint with the domains of other
criteria.

Each criterion in the family of criteria F is used to evaluate the A set and
represents the DM’s preferences in relations to a proper aspect of a decision problem.

Various methods and tools are used to solve the multiple criteria decision
problems. In general, they can be divided into three groups:

1.  Methods derived from the multi-attribute utility theory e.g. UTA (Figueira et
al., 2005, p. 34), AHP (Saaty, 1980, p. 66; Saaty, 1995, p. 81-126),

2. Methods based on the outranking relation e.g. Electre -1V (Roy, 1990, p.
324-331; Roy, 1990, p. 127), Promethee (Figueira et al., 2005, p. 213),
Oreste,

3. Interactive methods called multiple objective local evaluation methods based
on the trial and error approach implemented in the specific interactions e.g.
Light Beam Search — LBS) (Ksigzek, 2001, p. 555-561).
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In this article, the computational experiments have been carried out with the
application of two multiple criteria analysis methods i.e.: Electre I111/1V and AHP
method. From a methodological point of view they represent two alternative schools
of MCDM/A. AHP method belongs to the American school of MCDM/A and it is
based on the multi-attribute utility theory (Keeney & Raiffa, 1993, p. 76). Electre
11/1V represents the MCDM/A method of the European/French originand is based on
the binary outranking relation. However, both methods can be used to solve the
multiple criteria decision problem of choosing the supplier for the manufacturing
company.

3.2. Characteristics of Electre 111/1V Method

Electre I11/1V method is the multiple criteria method of ranking the finite set of
variants which are evaluated with the application of the set of criteria. The method is
one of the universal multiple criteria ranking methods based upon the outranking
relation (Figueira et al., 2005, p. 33; Roy, 1990, p. 48; Vincke, 1992, p. 71; Zak, 2005,
p. 89). The procedures carried out with the application of Electre 111/1V method aim
at the construction of preference model on the basis of pairwise comparisons of all
decision variants taking into account the thresholds which define the relation between
these variants (Stachowiak, 2002, p. 132).

Computational algorithm of Electre 111/1V comprises of three stages: (Galinska
etal., 2015, p. 140-144)

I.  matrix evaluation construction and definition of the DM’s preference model,
Il.  outranking relation construction,
I1l.  outranking relation implementation.

First stage starts from the definition of the set of solutions (variants) A and the
consistent family of criteria F. Then, it is necessary to specify the value of particular
criterion functions and wage indexes for the each of criterion (criterion wages).
Finally, the DM’s preference model is defined via the thresholds of indifference qj’,
preference pj’ and veto vj’ as well as the importance indexes. It is bound by a principle
as follows: qj’<pj’<vj’.

On the second stage of the method, the consistency indexes C(a,b) are computed
for every pair of variants (a,b). These are presented in the form of a consistency
matrix. Their values indicate to what extent the a and b are consistent with the
statement that a outranks b in relation to all other criteria. Then, the inconsistency
index Dj(a,b) is computed for every criterion j. The inconsistency index contradicts
the statement that a outranks b. Finally, the outranking relation S(a,b) is structured
which is defined as the outranking degree d(a,b) that is the aggregated measure of
variants evaluation based on the consistency C(a,b) and inconsistency Dj(a,b) indexes.
S(a,b) is an overall measure which specifies to what degree a outranks b.
Outranking/Reliability degrees construct the reliability matrix.

On the third stage of Electre 111/1V algorithm, the variants are ranked on the basis
of the outranking degrees S(a,b). First it is a preliminary ranking structured with the
application of descending and ascending distillations which rank the variants form the
best to the worst. Afterward, the final ranking is structured on the basis of descending
and ascending preorders. As the result, the variants are finally ranked. Between the
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variants the following relations may occur: indifference “I”, preference “>”, non-
preference “<” and incomparability “R”.

3.3. Characteristics of AHP Method

Analytic Hierarchy Process Method (AHP) is based on hierarchical analysis of
decision problems. Using the method, it is possible to decompose a complex decision
problem and make the final ranking for the definite set of variants. AHP method
facilitates the process of choosing the decision variants which can be either some
physical objects (machines, goods) or some states which are represented by the
defined variants. The method encompasses the multiple criteria approach which is
based on the strategy of modeling the DM’s preferences and on the assumption that
the variants are comparable. Since the multiple criteria approach presumes that
preferences are natural in the process of evaluation carried out by a person, the method
takes into account the DM’s preferences which gives the evaluation a subjective
character (Downarowicz et al., 2000, p. 7).

The AHP method was formulated by Thomas L. Saaty (1990, p. 9-26; Saaty,
1980, p. 55) who claimed that human judgements are always relative and depend on
the DM’s characteristic, his role and his system of values. As the result, one may
observe various approaches to the decision problem (the object of evaluation) which
manifest itself in different importance wages of partial utilities of specific variants
which are the same with the criteria of evaluation. The above statement indicates that
the AHP method is in line with the utility theory (Downarowicz et al., 2000, p. 8).

The algorithm of the AHP method consists of four phases (Saaty, 1980, p. 55;
Zak, 2011):

. the making of the hierarchical structure of the decision process, so firstly the
overall description of the problem and secondly the deconstruction of the problem
to the simple parts which are the elements of the hierarchy; in particular the
definition of the aim of the decision process, criteria and sub-criteria of the
evaluation and evaluated variants;

the naming of the DM’s preferences in the form of the preferences matrix
expressed on the 1 to 9 point scale (implemented by Saaty) and calculation of
normalized absolute importance evaluation of all elements of the hierarchy;

the examination of the global consistency of the preferences matrix on the all
levels of the hierarchy through calculation of the matrix consistency index Cl and
comparison of it with the limit value (Cl< 0.1);

IV.  generation of the final ranking of variants based on the aggregated utility measure

Ui of each of the variants. The measure is represented by a utility function.

Ranking, which is the final result of the algorithm of the AHP method, ranks the
variants from the best to the worst in accordance with calculated utility values Ui
starting from the highest to the lowest value.

3.4. The proposed methodology of selecting the suppliers in clothing industry

216



17t international scientific conference Business Logistics in Modern Management
October 12-13, 2017 - Osijek, Croatia

Based on the literature review and the previous authors’ works they propose the
universal procedure for evaluation and selection of the most desirable supplier. The
proposed an approach which based on the universal procedure of solving the multiple
criteria decision problems and customized to specific features of the suppliers’
selection problem. It includes the following stages (Zak & Galinska, 2017, p. 131-
132):

I Investigation of the decision situation and its verbal description.

1. The suppliers’ selection problem structuring and mathematical modeling.
Formulating the suppliers’ selection problem as a multiple criteria ranking
problem. Definition of variants A and a consistent family of criteria F.

Il Analyzing, modeling and aggregating the Decision Maker’s preferences.

(AVA Review, evaluation and selection of the appropriate multiple criteria methods
(computational procedures, algorithms) to rank the suppliers from the best to
the worst.

V. Carrying out a series of computational experiments. Solving the suppliers’
selection problem with an application of the global model of preferences and
selected MCDM/A methods.

VI. Selection of the most desired variant — supplier, the winner in the generated
rankings and the compromises solution that best matches the trade-offs and
expectations of the Decision Maker.

The stages have a universal/ generic character and can be applied to solve any
category of the multiple criteria decision problems, further formulated as ranking
problems. Also, the presented methodology can be used to analyse and select the
suppliers operating in various industries, which is further analyzed and confirmed in
previous works' of the authors.

4. DESCRIPTION OF THE DECISION SITUATION
4.1. Verbal Characteristic of the Decision Problem

The issue considered in this paper is evaluation and selection of a supplier of
goods for a company operating in the clothing industry which specializes in
manufacturing and distribution of clothing, shoes and accessories to variety of clients
in different age groups. The company is one of the leading business entities in retail
clothing market operating in the Central and Eastern Europe.

Company’s business activity is divided into fashion and discount sector which
are substantially different. 700 entities operate within both sectors.

Discount sector comprises the chain of shops with cloths and accessories for
women, men and kids. The collection is complemented with household textiles and
shoes. Good relation of cloths’ quality to their price and broad network of distribution
(400 stores in Poland and abroad on the Romanian, Czech and Slovak markets) are
the most important advantages of the chain. In the stores often are available known
and branded goods of Polish manufacturers and importers. Moreover, the company,
in a dynamic way, develops e-commerce channel by selling its products online in the
biggest discount clothing store.
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In the sector of fashion, the company develops, promotes and distributes its three
well-known clothing brands created by designers who work for the company. The
sample collection is manufactured in the parent’s company factory whereas the final
collection is manufactured in over 100 factories in Poland and abroad, especially in
China, India, Bangladesh, Turkey, Hong Kong and Pakistan, which is in line with
outsourcing rules. The goods are distributed in the retail stores and online. The chain
of shops in fashion sector comprises about 300 entities in Poland and abroad.

The company is going to produce for the autumn-winter collection cloths made
of the fabric which contains the UV stabiliser. The fabric is light, breathable and does
not stretch out. Taking into consideration that the company has not used this kind of
fabric yet, the Board of Directors (acting as the Decision Maker (DM) in the decision
situation described) has decided to purchase the fabric from the local producer.
Afterward, the clothing with the UV stabiliser, being the sample collection, would be
manufactured in the parent’s company factory and not in a company of an external
supplier which is in accordance with the company’s policy. It allows the full control
over the process of production and guarantees fair quality of the manufactured
clothing. Such approach stands the company out of the competition and is highlighted
in many advertising campaigns in which the main focus is not only the fact that the
collections are fashionable but also that they are made of high-quality fabrics and with
the best technologies.

4.2. Definition of Variants

The following autumn-winter collection of clothing is going to be based on the
new fabric which contains the UV stabiliser. Taking into consideration the company’s
policy, the decision has been made that the fabric would be purchased from the
local/national manufacturers and the sample collection would be manufactured in the
parent company’s factory. The company decided to verify in detail, possibilities of
Polish manufacturers due to the fact that this type of the fabric has been never before
purchased by the company. Besides, the Board of Directors (the DM) decided to take
into consideration only local manufacturers who operate in the maximum proximity
of 150 km from the company’s main office. Such criteria for selection of the suppliers
are supposed to reduce the time of delivery and ensure the possiblity to supply
relatively often small batches of the fabric which directly enters the production
process. Moreover, it facilitates the usage of modern management strategies including
Just-in-Time concept. Another advantages of purchaising the fabric from the local
suppliers are: reduction of storage costs, improvement of the logistics and overall
economic profits. Finally, the location of the company’s main office enhances the
cooperation with local suppliers since in the lodzkie voivodship are located offices of
many successful companies from the clothing industry.

The company needs to cooperate with the trusted suppliers so that the
implementation of the Just-in-Time concept would be possible. The problem of
selection of the suppliers is defined as the multiple criteria task of ranking the variants.
Variants taken into consideration in the case study from D1 to D5 stand for the
suppliers of the fabric which contains the UV, what is described in Table 1.
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Table 1. Characteristic of variants — fabric suppliers — in the case study

SUPPLIERS | CHARACTERISTIC

Large production and service undertaking, located 30 km from the
D1 customer, existing 25 years on the market.

Medium production undertaking, located 15 km from the customer,
D2 existing 30 years on the market.

Large production undertaking, located 70 km from the customer,
D3 existing 22 years on the market.

Small production and service undertaking, located 50 km from the
D4 customer, existing 9 years on the market.

Medium production undertaking, located 35 km from the customer,
D5 existing 17 years on the market.

The DM has not cooperated yet with the manufactures who offer fabric with the
UV stabiliser so the selection of the supplier has to be well-thought and based on the
detailed analysis. The multiple criteria would be taken into consideration to carry out
the analysis. The criteria, which are believed by the DM to be the most important, are
e.g.. the quality of the fabric delivered, timeliness of the supply, its security and
flexibility.

4.3. Definition of the Consistent Family of Criteria

The decision process related to selection of supplier of the fabric with the UV
filter has been based on the evaluation of 5 suppliers. To verify them, the model
proposed by Galinska and Zak has been used (Zak & Galinska, 2017, p. 135-137).
The model points to 9 evaluation criteria. The importance wages of the criteria were
formulated on the basis of the interview with the DM, his preferences and aspirations.
Criteria K1-K9 are described in detail in the Table 2.

Table 2. Description of criteria on the basis of which the variants — fabric suppliers —
have been evaluated in the case study

CRITERIA SUB-CRITERIA DESCRIPTION
K1 K1.1: Unit cost of the | The sub-criterion specifies the total unit
Product price | product delivered cost of purchasing of 1 linear metre of
and payment the product — fabric with the UV
conditions stabiliser, expressed in PLN. The sub-
criterion is minimized.
K1.2: Payment | The sub-criterion specifies the payment
conditions date, expressed in the number of days.
This sub-criterion is maximized.
K2 The criterion specifies the share of the
Timeliness of deliveries completed in the due date. It
delivery/ is the maximized criterion, expressed in
supplier percentage.
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K3 K3.1: Share of | This sub-criterion stands for the
Reliability of | deliveries of products | delivery of the right product in the
delivery in appropriate quantity | proper quantity and quality. The sub-
and conditions | criterion is maximized and expressed in
(undamaged) percentage.
K3.2: Share of | The sub-criterion  specifies the
deliveries carried out as | percentage of deliveries performed in
agreed accordance with the timetable and
agreement. It is expressed in percentage
and equals to the share of applicable
agreement performance. This sub-
criterion is maximized.
K3.3: Quality of the | The sub-criterion  specifies the
product delivered percentage of products delivered in the
expected and demanded quality. This
sub-criterion is  maximized and
expressed in percentage.
K4 The criterion specifies the delivery cost,
Cost of expressed in PLN. It is the minimized
delivery criterion.
K5 K5.1:  Time-oriented | The  sub-criterion  specifies the
Accessibility | accessibility frequency of product delivery possible
of supplier to perform in the period of one week,
expressed in days. The sub-criterion is
maximized.
K5.2: Geographical | The sub-criterion specifies the spatial
accessibility distance/ the length of road to the
nearest warehouse of the supplier. It is
expressed in the number of kilometers.
The sub-criterion is minimized.
K6 K6.1: Level of | The sub-criterion comprises such
Customer customer support (info, | elements as: constant monitoring of the
Service monitoring,  problem | supply and giving the information about
Quality solving, reaction) the supply to the customer, ability of
(during the solving the problems which occur
supply during the process of delivery,
process) immediate response to the existing
situation.  The  sub-criterion is
maximized, expressed in 1-5 point
scale.
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K6.2: Flexibility of the
supplier (in changing
the order)

The  sub-criterion  enables  the
measurement  of the  supplier’s
responsiveness to the unexpected/
additional order. The sub-criterion is
expressed in the number of days that the
supplier needs to complete an
unexpected order made by the
company. The  sub-criterion s
minimized.

K7

Market
position  of
the supplier

K7.1: Market
experience  of the
supplier

The sub-criterion specifies the number
of years that the supplier exists on the
market. It is the maximized sub-
criterion, expressed in the number of
years.

K7.2: Market share

The  sub-criterion  specifies the
supplier’s share in the market. This sub-
criterion is maximized, expressed in the
percentage.

K8
Performance
of the
supplier

K8.1: Efficiency of
human resources
(sales/ employee)

The sub-criterion is expressed as the
index: sale per the worker. The sub-
criterion is maximized, expressed in
PLN.

K8.2: Assets turnover

The  sub-criterion  specifies  the
company’s effectiveness of the fixed
assets management. It is expressed as
the relation between the value of annual
sale to the value of assets of the
particular supplier. The sub-criterion is
maximized.

K9
Modernity of
the supplier

The criterion indicates to the supplier’s
technological and  organizational
advantages. It comprises such elements
as: technological know-how,
availability of advanced machines and
devices, their quality and modernity, the
implementation of modern
management concepts (lean
management, JiT), the implementation
of methods and technics related to
environment protection. The criterion is
maximized, expressed in 1-5 point
scale.

The criteria listed and discribed in the Table 2 would be neccessary in evaluation
of the suppliers taken into account in the case study. The DM indicated the following
criteria as the most important (the highest wage of the criterion): the quality of the
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delivered product, delivery timeliness, delivery security, price of the product and
flexibility of the delivery process.

The evaluation matrix has been constructed (Table 3) on the basis of the nine
suppliers evaluation criteria defined above and the original raw data.

Table 3. The evaluation matrix based on raw data in the case study

CRITERIA SUPPLIERS
D1 D2 D3 D4 D5
K1 K1.1 [PLN] 24,1 24,5 23,5 25 25,5
K1.2 [Days] | 30 21 21 14 30
K2 [%] 0,95 0,98 0,85 0,9 0,95
K3 K3.1 [%] 0,99 0,95 0,9 1 0,95
K3.2 [%] 0,9 0,95 1 0,85 0,98
K3.3 [%] 0,99 0,95 0,95 0,90 0,99
K4[PLN] 174 87 406 290 203
K5 K5.1 [Days] |5 4 5 3 5
K5.2 [KM] 30 15 70 50 35
K6 K6.1 [Points] | 5 4 3 4 2
K6.2 [Days] |1 2 1 3 2
K7 K7.1[Years] | 25 30 22 9 17
K7.2 [%] 0,083 0,061 0,092 0,012 0,056
K8 K8.1 [PLN] 48000 37000 53000 20000 35000
K8.2[-] 8,3 4,9 7,5 3,1 8,9
K9
[Points] 5 4 4 3 3

In the case study described the raw data have been properly processed.
Computational experiments are presented in detail in the following section of the

paper.

5. COMPUTATIONAL EXPERIMENTS
5.1. The Supplier’s Ranking Based on the Electre 111/1V Method

In accordance with the Electre I11/1V method algorithm, the evaluation matrix
has been constructed (Table 3), which contains the all variants’ evaluation — suppliers
of the fabric with the UV stabiliser (D1, D2,...D5) in relation to all criteria (K1,
K2,...K9). The data from the evaluation matrix have been processed in the computer
programme MCDM ToolKit, which is the computer implementation of this method.

Afterward, the DM’s preference model has been defined in the process of
naming the wages of criteria and thresholds: indifference threshold g, preference
threshold p and veto threshold v, which are the mode of expression the DM’s
sensitivity to the changing value of criteria. The model has been presented in Table 4,
which is the screenshot of the MCDM ToolKit programme.
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Table 4. The DM’s preference model in the case study

Criterion Preference direction Weight Indifference threshold Preference threshold Veto threshold
K1.1 Decreasing (Cost) 8,000 0,5 1 2
K1.2 Increasing (Gain) 2,000 0 9 30

K2 Increasing (Gain) 9,000 0,03 0,1 0,3
K3.1 Increasing (Gain) 7,000 0,03 0,1 0,3
K3.2 Increasing (Gain) 8,000 0,03 0,1 0,3
K3.3 Increasing (Gain) 10,000 0,03 0,1 0,3

K4 Decreasing (Cost) 3,000 50 200 500
K5.1 Increasing (Gain) 7,000 0 1 3
K5.2 Decreasing (Cost) 3,000 20 50 150
K6.1 Increasing (Gain) 2,000 0 1 3
K6.2 Decreasing (Cost) 8,000 0 1 3
K7.1 Increasing (Gain) 4,000 5 10 30
K7.2 Increasing (Gain) 5,000 0,005 0,02 0,1
K8.1 Increasing (Gain) 7,000 2000 10000 30000
K8.2 Increasing (Gain) 6,000 1 3 8

K9 Increasing (Gain) 5,000 0 1 3

In the second stage of the algorithm of Electre I11/IV method, the outranking
relation has been constructed. To build the outranking relation, the matrix of
concordance and discordance were generated. The concordance matrix comprises
concordance indexes C(a,b) and the discordance matrix comprises the discordance
indexes Dj(a,b). On that basis, the credibility matrix has been obtained which is
presented in Table 5. The matrix contains the outranking and credibility degrees
d(a,b), which are the aggregated measure of the variants evaluation and representation
of the outranking relation S(a,b). Each credibility degree specifies the extent to which
globally ‘a outranks b’.

Table 5. Credibility matrix in the case study

Credibility matrix
Alternative D1 D2 D3 D4 D5
D1 1,000 0,968 0,856 1,000 0,939
D2 0,449 1,000 0,333 0,979 0,660
D3 0,302 0,376 1,000 0,863 0,778
D4 0,000 0,063 0,000 1,000 0,026
D5 0,000 0,333 0,000 0,479 1,000

The outranking relation S(a,b) has been used on the third stage of the algorithm.
As the result of the ascending and descending distillations carried out, the complete
preorders were structured. Then, they have been averaged into the median ranking and
the intersection of preorders resulted in the final ranking — Figure 2.
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Figure 2. Final results of the computational experiments carried out with the
application of Electre 111/1VV method in the case study
Results

Descending distillation Ascending distillation Median ranking Final ranking

Graphical final ranking is presented in the tabular form as the so called
outranking matrix which is also known as the final relation matrix, depicted in Table
6. The matrix includes final relation of the variants — suppliers of the fabric with the
UV stabiliser, expressed in the following form: indifference (I), preference (>),
inverse of preference (<) and incomparability (R).

Table 6. The outranking matrix (final relation) in the case study

Relation matrix
Alternative D1 D2 D3 D4 D5
D1 | > > > >
D2 < | | > >
D3 < | | > >
D4 < < < | <
D5 < < < > |

The final ranking and the outranking matrix point to the D1 supplier, which is
the definite leader of the ranking, as the most preferable variant. Its most important
advantages are: delivery timeliness (K2) and supplier’s reliability (K3.1). Moreover,
the supplier offers outstanding quality of the fabric (K3.3), which is particularly
important for the DM — Board of Directors of the manufacturing company. Variant
D1 has at the same time few disadvantages. What is really interesting, this supplier
does not offer the cheapest fabric which means that positive features of the variant
compensate for that disadvantage.

The least desired variant is D4, which is presented as the one with many
disadvantages. It is the small production and service undertaking which offers the
fabric for high unit price (K1.1) and average quality (K3.3). Besides, the undertaking
does not guarantee enough security (K3.2) of the supply which is, together with the
quality of the fabric, one of the most important characteristic for the DM. Finally, the
D4 variant characterizes the least effectiveness of the supply (the supply frequency
which is possible to ensure within one week; K5.1).
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5.2. The Ranking of Suppliers with the Application of AHP Method

The variant and criteria for evaluation have been defined on the first stage of the
AHP method algorithm. Then, the authors of the paper set about forming the DM’s
preference model.

Forming the DM’s preference model (second phase of the algorithm), the
pairwise comparison has been used which is characteristic for the AHP method. Each
element of the hierarchy has been compared with another one and labeled with a
proper importance/preference degree on 1 to 9 point scale. Each number on that scale
corresponds to the preference strength of one element in relation to the other. All of
the indexes have compensatory nature which means that the evaluation value of less
important element is reversal to the evaluation value of the more important one. The
pairwise comparisons have been carried out for the criteria, sub-criteria and evaluated
variants — suppliers of the fabric with the UV stabiliser. The absolute and normalized
wage of criteria/sub-criteria/variants has been generated for each matrix.

Pursuant to the computational scheme of the AHP method, the consistency
indexes CI for each matrix of relative weights at each level of the hierarchy (criteria,
sub-criteria and variants) have been calculated in the third phase of the algorithm. In
the analyzed case study 23 CI-s have been computed, including 1 for criteria level, 6
for the sub-criteria levels and 16 for variants compared against each criterion.

In the fourth phase of the algorithm, absolute and normalized importance wages
of the elements of the hierarchy have been aggregated by means of the utility function
Ui. On this basis, the final rankings of the variants have been constructed and depicted
in the Table 7 and Figure 3.

Table 7. The values of utility of each variant generated in the computational procedure
based on the application of AHP method in the case study

Alternative Score
D1 0.827
D5 0.605
D3 0.601
D2 0.592
D4 0.286

Table 7 presents the computed utilities Ui of each variant — supplier, with its
absolute values. Figure 3 shows the classification of variants based on their generated
utilities in the form of graph. Each variant, presented on the graph, is featured by the
level of computed utility (from 0.286 — D4 to 0.827 — D1 in the absolute values). The
winner of the ranking generated with the application of AHP method is supplier D1.
The weakest variant that occupies the bottom position of the ranking is D4.
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Figure 3. Graphical representation of the final ranking generated with the application
of AHP method in the case study
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The results generated with the application of two different methods of multiple
criteria analysis i.e. Electre 111/IV and AHP are fast identical. Both methods clearly
indicate that the best supplier in the described situation for the examined company is
D1 variant which substantially outranks all other variants. The authors of this paper
recommend to choose D1 supplier as the most universal and desired from the
perspective of many different evaluation criteria.

6. CONCLUSION

This paper presents the universal methodology for solving the problem of
choosing the supplier of fabric with the UV stabiliser. In the presented methodology,
the rules of multiple criteria decision making/aiding (MCDM/A) are implemented, as
well as the traditional algorithm of proceedings in the situation of solving the multiple
criteria decision problem. The decision problem was formulated as the multiple
criteria problem of ranking variants. To construct the final ranking of suppliers, the
methods Electre 111/1V and AHP have been used.

The paper has methodological and utilitarian values. It indicates how the
complex analyses and evaluation of the suppliers should be carried out to construct
the final ranking of the variants from the best to the worst in the multiple criteria sense.

On the methodological grounds, the most important author’s achievement is
presentation of the all stages of proceedings applied in solving the multiple criteria
decision problem (ranking of variants), which is, in the described case study, selection
of the fabric supplier for the company operating in the clothing industry. The authors
present the procedure of defining the variants (suppliers), specify the consistent family
of criteria and their evaluation, identify and model the DM’s preferences, carry out
computational experiments using two different methods of multiple criteria analyses,
generate solutions and choose the most desired supplier. Moreover, the authors show
the advantages of Electre 111/IV and AHP methods as the universal tools of multiple
criteria analysis which are ideal for the process of evaluation of fabric suppliers.
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This paper can be used in practice since the authors demonstrate that the best
solution is supplier D1, who in terms of multiple criteria evaluation is characterized
by many advantages, offering at the same time not the lowest price for the product.
The authors of the article recommend this variant as the most desired solution of the
decision problem.

In the authors’ opinion further research should be carried out in two directions:

I Application of alternative MCDM/A methods (Promethee, ANP, UTA) to
the evaluation of different categories of suppliers and in-depth analysis of
their suitability, strengths and weaknesses.

1. Further analysis of suppliers’ selection processes in different industries.
Comparison of evaluation criteria, aspects considered and interests of
various stakeholders. This research should finally confirm the consistency
and universality of the proposed family of criteria.
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Abstract

A significant role within the framework of the European Union's policy of
sustainable transport development is assigned to the intermodal transport. The
development of the intermodal market, particularly with regard to the international
carriage of goods has been observed also in Poland over the last several years.
Nevertheless, the share of intermodal transport in the total cargo transport differs from
the best Western European models. In 2016 12.8 million tonnes of cargo (over 23%
more than in 2015) were carried using the intermodal transport in Poland. The
intermodal market in Poland has its specificities - it is a rail intermodal market on
which 96.4% of the transported intermodal units in 2016 were containers. Due to its
geographical location, Poland has a large potential for handling containerized cargo
flows in the framework of international supply chains. Intermodal transport is used on
several major routes: North-South - as transport to and from Polish seaports, transport
from Poland to Western European seaports, and the East-West transport (including
but not limited to transit through Poland). The main purpose of this article is to discuss
the current status of the development of the intermodal market in Poland in terms of
its role in handling cargo flows in international supply chains. In addition, the aim is
to identify factors supporting further development and the barriers that disturb this
development. Research of literature, analysis of statistical data published by the
Central Statistical Office, analysis of reports published by the Office of Rail Transport
(the Polish rail market regulator) and information from entities operating in the
intermodal market in Poland (including intermodal operators) were conducted to
accomplish the main objective of the article. The performed analysis related to both
the infrastructure issues concerning the intermodal market in Poland and its
organization-based, formal and legal, and economic aspects. Moreover, selected
external circumstances forming the intermodal market position in Poland in handling
international supply chains, including but not limited to the development the new Silk
Road initiative have been discussed. The findings and conclusions arising from the
conducted analysis can serve as examples and guidance for other countries in which
the role of intermodal transport should also be strengthened.
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1. INTRODUCTION

The development of intermodal transport constitutes one of the crucial areas of
interest for the EU transport policy. It provides grounds for the implementation of the
EU policy of transport sustainable development. References to intermodal transport®
and its role in balancing the transport system can be found in numerous transport-
related documents issued by the EU institutions. One of the crucial documents is
White Paper on transport from 2011, which determines the goals of competitive and
resource-efficient transport system: “Thirty per cent of road freight over 300 km
should shift to other modes such as rail or waterborne transport by 2030, and more
than fifty per cent by 2050, facilitated by efficient and green freight corridors. Meeting
this goal will also require appropriate infrastructure to be developed” (European
Commission, 2011, p. 9). Over the years, the EU institutions have implemented
various programs aiming at facilitating the development of intermodal transport, e.g.
PACT, Marco Polo I and Il (Grzelakowski, 2014, p. 13). The advantages of intermodal
transport are undisputable. Their pro-ecological character has been underlined in
numerous reports and discussed in reference publications.

The intermodal transport is used in freight services in the hinterland of seaports,
in particular in handling the flows of cargo in the global supply chains where the main
section involves transport by sea?. The development of intermodal transport has been
observed in Europe and North America. Each of these markets has its own specificity
(Colliers International, 2015, p. 7-9). The intermodal terminals operate as the so-
called dry ports or inland ports of various types (Talley, Ng, 2017, p. 175, 176). When
considering their role for the entire supply chain, it is assumed that such facilities
considerably affect the effectiveness of logistics corridors (Ambrosino et al., 2015, p.
106). The reference publications discuss also the role of intermodal transport for the
optimal supply chain logistics (Bhattacharya et al., 2014, p 73). Moreover, it is clear
that the possibility to provide various services is conditioned by proper logistics
infrastructure, and that the exchange of information and involvement of various
groups is also important (e.g. terminal operators, carriers), which is leading to the
Supply Chain Integration (Clott, Hartman, 2016, p. 131).

Poland, a large Central European country, thanks to the location has got potential
for the development of intermodal transport and for handling containerized cargo
flows in the framework of international supply chains. Intermodal transport is used on

LIn the article there is no additional distinction for combined transport. We need to add that intermodal
transport is understood here as: ,,The movement of goods in one and the same loading unit or road
vehicle, which uses successively two or more modes of transport without handling the goods themselves
in changing modes” , and combined transport as: ,,Intermodal transport where the major part of the
European journey is by rail, inland waterways or sea and any initial and/or final legs carried out by road
are as short as possible”. (UN/ECE, 2001, p. 17,18)

2 Following UNCTAD we need to indicate: “in 2015, world seaborne trade volumes are estimated to have
accounted for over 80 per cent of total world merchandise trade” —i.e. 10 047 millions of tons loaded,
with 1 687 millions of tons loaded among them as containerized cargo (UNCTAD, 2016, p. 6-7).
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several major routes: North-South - as transport to and from Polish seaports, transport
from Poland to Western European seaports, and the East-West transport. However,
there are also some obstacles. Among them, for a number of years we have indicated,
e.g.: status of linear and nodal transport infrastructure, shortage in rolling stock,
disproportions in financing the infrastructure of particular transport sectors or lack of
sufficient promotion of such services (UTK, 2012, p. 32). Over time, in some of the
above mentioned sectors we have observed some improvement. It results from
subsequent documents issued and from particular activities (e.g. regarding
infrastructure modernization). They are necessary since in recent years, in Poland, the
volume of foreign trade has been rapidly increasing. Poland has also been the transit
country. The cargo must be transported effectively and sustainably, and intermodal
transport is a solution.

The above mentioned geographical location and economic and political situation
place Poland in important position in handling the flows of cargo in international (also
global) supply chains. The Polish seaports and container terminals located there
constitute gateway to imported cargo to Europe and cargo exported from Europe by
sea (they undoubtedly compete for the role with the ports of Western Europe). The
role of intermodal transport should be strengthened by services in the hinterland of
the ports. When considering the flow of freight in international supply chains we also
need to pay attention to land transport between Europe and the Far East, in particular
within the new Silk Road. This direction will undoubtedly gain in importance. Poland
may potentially become an important European participant of this initiative, too.

Therefore the main purpose of this article is twofold: 1) to discuss the current

status of the development of the intermodal market in Poland in terms of its role in
handling cargo flows in international supply chains, 2) to identify factors supporting
further development and the barriers that disturb this development. Research of
literature, analysis of statistical data published by the Central Statistical Office,
analysis of reports published by the Office of Rail Transport (the Polish rail market
regulator) and information from entities operating in the intermodal market in Poland
(including intermodal operators) were conducted to accomplish the main goal of the
article.
The paper is divided into four chapters. After the Introduction chapter 2
(Characteristics of Intermodal Transport in Poland) and chapter 3 (Intermodal
Services in Poland and International Supply Chains) of this article involve analysis
of intermodal market in Poland and selected conditions for its development. Its
objective is to present details of the current situation and indicate opportunities for
strengthening the role of the market in international supply chain services. The
analysis relates to the infrastructure issues concerning the intermodal market in Poland
and its organization-based, formal and legal, and economic aspects. Moreover,
selected external circumstances (e.g. new Silk Road initiative) forming the intermodal
market position in Poland in handling international supply chains have been
discussed. Chapter 4 presents Conclusions.
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2. CHARACTERISTICS OF INTERMODAL TRANSPORT IN POLAND
2.1. Basic Information on the Market of Intermodal Transport in Poland

From the beginning of economic transformation in Poland we can observe
interest in the development of intermodal service market. In a formal manner, it was
noticeable already in 1994, when document entitled Transport policy was published,
including suggestions for the necessity to establish favourable conditions for the
development of combined services (Engelhardt, 2015, p. 11). Over time, other
documents were issued, regarding, e.g. the strategy for transport development and the
national transport policy including the concept of intermodal transport. Moreover,
specific effective legal solutions were provided, significantly supporting such
services. In 2006, intermodal trains were granted very favourable track access charge
(amounting only to ca. 15% of real own costs of access to infrastructure). However,
its time of validity was not long; the preferential charge was abolished in 2009
(Engelhardt, 2015, p. 15,16). For many years, the issue of track access charge has
been one of the main obstacles in the development of intermodal services in Poland
(UTK, 2012, p. 31). For several years the 25% intermodal discount is applicable in
Poland. The discount contributes to shifting the cargo from road to rail (Nietz, 2017,
p. 30). At present in Poland binding is the programme document entitled: The Strategy
for Transport Development until 2020 (with perspective until 2030). The objectives
related to the development of intermodal transport include mainly the modernization
and revitalization of rail infrastructure (linear and nodal) used in such services and
located within the AGTC network (MTBIGM, 2013, p. 63).

To answer the question to what degree the above mentioned regulatory initiatives
and granted reductions have contributed to the improvement of intermodal market, we
need to analyse the changes in fundamental parameters defining the market. The
analysis refereed to the last ten years, when the development became significant,
disturbed only by falls during the economic crisis between 2009 and 2010 (Table 1).
In terms of total volume of transported cargo, in the analysed time period, we can
indicate the increase in the volume of services from ca. 4,1 million tons in 2007 to
12,8 million tons in 2016 (which totals more than 300 %). We need to indicate that in
particular years (analysing the time period from 2010) their growth varied from 6%
to 37%. Similar regularities can also be observed in relation to changes in the volume
of transport output. In particular years (from 2010) we have also observed the annual
stable increase in the number of intermodal units (all types) and the volume of freight
expressed in thousands TEU (up to nearly 1.44 million TEU). It is indicated that the
increase in the number of intermodal units in recent years resulted e.g. from the
increased transit traffic (e.g. from China) or from the increase in the container traffic
of new cargo groups e.g. biomass (UTK, 2016, p. 4). As a result, in the analysed time
period, we observed the increase in the share of intermodal freight on the market of
rail services in total. Still in 2003 it amounted to 0.94 % (measured by mass of goods)
and 1.71% (measured by transport output), in 2011 2.37% and 4.53% respectively
(UTK, 2012, p. 14), and in 2016 the values totalled 5.8% and 8.8% respectively (UTK,
2017, p. 2). We need to add that the related European average (by transport output)
amounted to 17.6% already in 2010 (UTK, 2012, p. 6).
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Table 1. Basic information on rail intermodal services in Poland between 2007 and
2016

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
(in million tons) | 4,1 4,8 3,3 4,4 59 8,1 8,6 9,6 10,4 12,8
(in bn ton-km) 1,6 2,2 14 19 2,4 3,0 3,1 34 3,7 4,4
in thou. units 3424 423,8 267,0 344,6 488,9 644,6 689,3 699,6 745,3 951,0
w thou TEU 540,0 692,9 429,8 569,6 798,9 1054,2 1123,4 1114,2 1151,8 1436,3
number of rail | 6 6 7 5 7 9 10 12 12 13
carriers*
average distance in | 398 464 437 429 414 378 355 354 358 346
intermodal
transport (in km)

Source: own elaboration of the author based on: (UTK, 2017, p. 2-4; UTK, 2012; Matczak,
2013, p. 151)

The specificity of the market of intermodal transport in a particular country can
be additionally defined by the existence of particular type of intermodal units. In the
analysed time period, in Poland, we can clearly observe the dominance of containers
ISO (20’ and 40°). In 2016 alone their share totalled 89.7%, but the share of other
container capacities were much smaller (only several percent each), which in total
amounted to 96.4% share of containers of all types in the total number of all types of
intermodal units. The unusually small share, in the total volume of intermodal
transport, refers to heavy vehicles (0.01%) and swap bodies (0.7%) (UTK, 2017, p.
4). Such small transport share of heavy vehicles results e.g. from the lack of
specialized terminals in Poland and lack of rolling stock to handle such units. The
presented structure of intermodal units transported has been characteristic for the
Polish market for many years, hence we may indicate that intermodal transport in
Poland involves mainly rail container transport.

When considering the information on intermodal market in Poland we need to
indicate that over time the number of rail carriers has consistently been increasing
(Table 1), providing intermodal unit services. Also in this respect we can observe the
development of the said market (more on the subject in point 2.2.). By analysing the
information provided in table 1, we can observe that from 2011 the average distance
covered by the carriers has been shortening. It is unfavourable since the profitability
of such undertakings decreases. At the same time, it proves better availability of
intermodal services and, despite the existing obstacles, better intentions to provide
services at shorter distances. To complement the image of the Polish market of rail
container services we need to focus on the use of rolling stock. At the end of the third
quarter of 2015, 3 078 locomotives and 10 709 platform wagons were in operation.
Their average age totalled over 36 and over 30 years respectively. Therefore, the
rolling stock is extremely deteriorated (UTK, 2016, p. 8). The carriers have regularly
been replacing the rolling stock. It is crucial since the stock represents the carrier, in
particular on the international market. The dominance of international services is
characteristic for the market of intermodal transport in Poland. Together with services
provided in the hinterland of the Polish seaports they include also the flows of cargo
within the international supply chains. The factors affecting such direction for the
development of intermodal services in Poland shall be discussed further in point 3 of
the article.
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2.2. Subject-Based and Organizational Aspects of Intermodal Market in Poland

In Poland, as in other European countries, on the market of intermodal services
there are numerous different entities, providing diversified services. They include: rail
infrastructure and intermodal terminal managers, rail carriers, intermodal transport
operators and their customers (who may include shippers, freight forwarders or
logistics service providers) (Matczak, 2013, p. 153). Due to limited length of the text
and specificity of the Polish intermodal market, this part discusses entities directly
involved in the rail container transport®. The conditions of their operation on the
market are influenced by the rail market independent regulator, namely the Office of
Rail Transport. The Office supervises the correct application of laws regarding the
said market, and the activities of the rail infrastructure managers and rail carriers.

The main manager of rail infrastructure in Poland is PKP PLK S.A. company.
The entity manages over 96% of the Polish rail network and at the same time provides
economic conditions for rendering services in intermodal transport (e.g. through the
amount of charges imposed on rail carriers). One of the most important tasks
implemented by PKP PLK S.A. involves the modernization and other activities
aiming at improving the technical condition of railway lines. The funds for such
implementation come from own resources as well as the Railway Fund (UTK, 2016b,
p. 122). Moreover, the use of EU funds is also possible. At the same time, we need to
realize that track access charge (TAC) in Poland is of relatively high level compared
to those applicable in other European countries. In 2015, in Europe, the average track
access charge for freight trains amounted to 2.6 € per train kilometre. At that time in
Poland, the rate totalled 3.2 € per train kilometre, in Germany 2.9 €, in Spain only 0.2
€, and in Latvia 9.5 € (IRG-Rail, 2017, p. 21). The above mentioned 25% intermodal
discount constitutes the incentive to provide intermodal transport services.

The other important group of entities comprises rail carriers. As already
mentioned, the evolution of the Polish intermodal market (one of its dimension) is
undoubtedly reflected by the increase in the number of carriers. In 2007, there were 6
carriers on the market, in 2015 — 12 (Figure 1), and in 2016 the intermodal transport
services were rendered by as much as 13 rail carriers (UTK, 2017, p. 4).

3 Issues related e.g. to road carriers or road transport infrastructure managers are omitted.

238



17t international scientific conference Business Logistics in Modern Management

October 12-13, 2017 - Osijek, Croatia

Figure 1. Carriers’ share in intermodal transport in Poland (in 2015) by cargo mass
and transport output
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The intermodal operators are responsible for providing the service offer in
intermodal transport. The entities are characterised by various business models. The
reference publications differentiates their three main types (Matczak, 2013, p. 161-
163). Firstly, typical, universal intermodal operators — organizers (purchasing
particular partial services from other service providers, e.g. PCC Intermodal, Polzug).
Secondly, operators from the rail carriers group (or entities related by equity - e.g.
Cargosped — company of PKP Cargo Group) and thirdly, intermodal operators coming
from the group of logistics operators, shipowners or road carriers (e.g. Maersk Line,
Erontrans) (Matczak, 2013, p. 161-163). Moreover, there are also other hybrid models
and we may undoubtedly observe more of them in the future. Already at present many
intermodal operators act as intermodal terminal operators (Matczak, 2013, p. 156).
Among those who can provide significant number of intermodal terminals there are:
Cargosped, PCC Intermodal, Polzug, Loconi, Erontrans and Spedcont) (UTK, 2016,
p. 5-6). The available terminals or capital ties between the entities on the market
undoubtedly affect the operators’ service offer (e.g. services provided in particular
geographical directions). The intermodal operators exercise important function by
combining the flows of cargo, and integrate the flows within the supply chains. They
contribute to their implementation in a pro-ecological manner. Such activities are
defined in the reference publications as Greening the Supply Chain.
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Source: (UTK, 2016, p. 3)

2.3. Transport Linear Infrastructure in Poland for Intermodal Transport
Services

Poland as a country covering the area of over 312 thousand km?, has got well-
developed linear infrastructure network of particular transport modes. However, as
mentioned above, the condition of the said infrastructure is indicated as one of the
elements hampering the development of intermodal market. Therefore, we need to
conduct thorough analysis of the said issue. It will focus on the components of
infrastructure directly linked with rail and road container traffic in Poland. The basic
information is presented in table 2.
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Table 2. Transport (road and rail) infrastructure in Poland

Specification 1995 2000 2005 2010 2015
Railway lines operated in km 23 986 22 560 20 253 20228 | 19231
of which standard gauge 22 598 21 575 19 843 20089 | 19231
of which electrified 11627 11905 11884 11916 | 11865
of which single track 13 693 12814 11 096 11353 | 10505
Hard surface public roads (urban and 237 250 254 406 420
non-urban ) in thou km

motorways in km 246 358 552 857 1559
expressways in km -* -* 258 675 1492

*-no data available
Source: own elaboration of the author based on: (CSO, 2006, p. 523), (CSO, 2016, p. 537).

Over the twenty analysed years we have observed significant development of
road transport linear infrastructure in Poland. The evolution can be observed both in
the total length (in thou. km) of hard surface public roads (urban and non-urban) from
237 thou. km in 1995 to 420 thou. km in 2015. At the same time, we have also
observed considerably more: motorways (from 246 km in 1995 to 1559 km in 2015)
and expressways from several hundred kilometres to 1492 km at the end of 2015.
Actually there are in Poland, in total 1627,3 km of motorways and 1552,7 km
expressways (GDDKIA, 2017) and the average network density* in Poland (in 2014)
amounted to 92 km (CSO, 2016b, p. 315).

The significant improvement in the road transport infrastructure affects the
development of intermodal services in Poland in two ways. On the one hand,
adversely, since we can observe the development of services rendered only by road
transport. On the other hand, there is also positive impact. The services provided by
road transport constitute significant element (feeder system) of intermodal transport
services. It is important that they are rendered on good quality roads, smoothly and
quickly.

The rail transport infrastructure is of fundamental importance for the
implementation of intermodal services in Poland. At present, we have in operation
19 231 km of railway lines (which ranks Poland fourth in Europe behind Germany,
France and Italy in terms of the length of railway lines) (IRG-Rail, 2017, p. 14). About
54,6% of which are single track ways and over 61% of which are electrified (which
constitutes the value above the European average amounting for 22 countries to —
54.6%) (IRG-Rail, 2017, p. 16). We also need to add that in the majority they are
standard gauge lines (1435 mm), although we have sections of wide track (1520 mm)
(with small share in the network). Network density® amounted in Poland (in 2015) to
6.2 km (CSO, 2016b, p. 315), which provides a good result compared to other
European countries.

Looking back, we need to indicate that over the last twenty years (Table 2), the
length of railway lines used in Poland was significantly reduced (ca. 4 755 km railway
lines were withdrawn from operation). However, recently a lot of modernization
works on railway lines and other elements of infrastructure have been performed. As
a result, the share of railway lines which can be recognized as good quality lines, has

¢, Hard surface public roads per 100 km? of total area” (CSO, 2016b, p. 315).
5 Standard gauge railway lines operated per 100 km? of total area” (CSO, 2016b, p. 315).
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been increasing (Table 3). Although the condition® of rail infrastructure has been
improving, it still significantly differs from Western European standards. The said fact
requires necessary speed limitations (Figure 2) and limited permissible axle load
(UTK, 2016b, p. 123). These factors constitute barriers for the development of
intermodal connections (they include e.g. hinterland services to and from Polish
seaports). Too slow timetable speeds make intermodal transport, in terms of transit
time, much less competitive than the services provided by road transport.

Table 3. Technical condition of railway transport infrastructure* in Poland (between
2010 and 2015)

Condition of | 2010 2011 2012 2013 2014 2015
infrastructure

good 36% 40% 43% 47% 51% 55%
satisfactory 35% 32% 30% 27% 27% 27%
unsatisfactory 29% 28% 27% 26% 22% 18%

*Under the management of PKP PLK SA
Source: own elaboration of the author based on: (UTK, 2016b, p. 122).

Figure 2. Share of railway line length by max. speeds in 2015
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>
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Source: own elaboration of the author based on: (UTK, 2016b, p. 124).

When analysing the importance of existing transport infrastructure for cargo
handling in international supply chain, we need to realize that the main sections of
newly-built road transport infrastructure (motorways and expressways) and
modernized railway lines are part of the two core network corridors across Poland,
TEN-T — the Baltic-Adriatic Corridor (with rail freight corridor no.5) and the North
Sea — Baltic Corridor (with rail freight corridor no. 8) (Figure 3).

5 Good — no operational limits; satisfactory — lowered speed or other limitations; unsatisfactory - significant
lowering of speed and significant number of other limitations (UTK, 2016b, p. 122).
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frastrﬁz:-t-l] re/doc/ten -t-country-fiches/ten-t-corridor-map-

2013.pdf (accessed 10.03.2017)

We need to add that the European Union established special programme
Connecting Europe Facility to finance the TEN-T network. For the programme
beneficiaries, 11.3 billion EUR in total were allocated for transport-related
investments, including 4.3 billion EUR for Poland (Rydzkowski, 2015, p. 179).

2.4. Intermodal Terminals in Poland

One of the basic conditions for the development of intermodal transport is the
existence of proper number of intermodal terminals in the country and their spatially
optimal distribution. In Western European countries the average number of terminals
amounts to 4.2 terminal per 10 000 km? of the country’s area (in Germany over 4 per
10 000 km?, in Belgium over 7 per 10 000 km? and in the Netherlands over 11 per
10 000 km?. In Poland the said rate totals 1 terminal per 10 000 km?. The total number
of container terminals used in intermodal services amounts to 31 today (UTK, 2012,
p. 10; UTK, 2016, p. 5). They are located rather unevenly on the national scale;
however, we can determine three main areas where they are located (Figure 4): the
first — on the coast of the Baltic Sea (e.g.: in Gdansk, Gdynia, Szczecin and
Swinoujécie); the second — along the area in the central part of Poland (e.g.: near
Poznan, 1.6dz and Warsaw); the third — at Lower and Upper Silesia (e.g.: Brzeg Dolny,
Katy Wroctawskie, Dagbrowa Gornicza and Stawkow). In some parts of the country
there are no such facilities to provide the national and international services, in
particular in the northern and eastern part of Poland.
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Figure 4. Intermodal terminals in Poland (in 2015)
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Among intermodal terminals used to provide services in Poland there are a
number of facilities which in terms of their supra-structural equipment (RTG cranes),
technical parameters, e.g. (length of tracks with minimal standard ca. 600m — 750m)
or yard surface standard, meet Western European standards. These are modern
facilities in the Polish seaports, or e.g. the terminal in Kutno. However, a significant
number of the Polish intermodal terminals fail to meet Western European
requirements making it possible to handle larger flows of containerized cargo. The
main problem involves their unsatisfactory technical condition. It refers to: limited
handling and storage capabilities; low quality of handling equipment (in many of them
reachstackers dominate), low quality of terminal surface and storage yards, poor
condition of access roads (UTK, 2012, p. 11-12; Grzelakowski, 2014, p. 16).

Moreover, we need to indicate that in Western Europe e.g. in Germany
intermodal terminals, in many cases, constitute the integral part of the logistics centres
established, called freight villages. They are multi-entity structures — they include
many companies (mainly from TSL sector). In Poland, no plans regarding the
construction of such logistics centres were implemented. Therefore the location of the
majority of storage facilities without direct access to intermodal terminals limits the
possibilities to consolidate the flows of cargo and start regular full train services
(Grzelakowski, 2014, p. 16). It is especially important for international supply chain
cargo services.

3. INTERMODAL SERVICES IN POLAND AND INTERNATIONAL SUPPLY
CHAINS

In recent years, the intermodal services in Poland are clearly characterised by
dominant services in international transport compared to national services. Taking
into account transport output, the share of international services amounted on average
to 70.6%, and national services only to 29.4% in recent years (UTK, 2016, p. 11). In
order to refer these relations to issues presented in the title of article we need to
perform additional analysis. In Poland, due to general conditions, the international
supply chain flows of cargo fail to result only from the international trade of the
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country. In such case we need to take into account three main” groups of factors
managing the services:

- Polish international trade services (special attention shall be paid to the main
trade partners and their geographical location);

- hinterland services of the Polish seaports to and from selected terminals in
Poland and services from Poland to the seaports of Western Europe;

- transit services (mainly east-west and west-east) through Poland.

In recent years, within each of the defined areas we could observe changes
contributing to the development of intermodal service market and to influence its
specific character. Therefore, each of them were analysed below.

From the economic transformation the volume of foreign trade in Poland has
steadily been increasing. Over the last years, it was influenced by the Polish accession
to the European Union (in 2004) and the related freedoms of movement, goods,
services and capital. Upon analysing the value of trade volume we can observe their
rapid development after the accession. Still in 2000 the value of Polish import totalled
48 940 million USD, and export 31 651 million USD. In 2010 the value of Polish
import reached 178 063 million USD, and export 159 758 million USD, and in 2015
the values totalled respectively: 197 682 million USD and 200 343 million USD
(CSO, 2016, p. 327-328). We need to add that between 2005 and 2015 we could also
observe significant increase in the volume of exported goods from 76.6 million tons
to 106.1 million tons (Matczak, 2016b, p. 13). When analysing the directions of the
flows of cargo within the international supply chains, we also need to pay attention to
the main trade partners of Poland. From the 1990s, Germany has ranked first, both in
export and in import. In recent years, significant changes have been observed at two
subsequent places. It is worth mentioning that for several years China has been an
important trade partner of Poland in terms of the import of goods. In 2015, the largest
share in Poland’s foreign trade volume in terms of import, belonged to the following
countries: Germany (22,9%); China (11,6%) and Russia (7,3%), whereas in export
they included: Germany (27,1%); Great Britain (6,7%) and Czech Republic (6,6%).
In 2014 a group of countries — main trade partners of Poland was identical. The
difference in terms of particular places referred only to export: the Czech Republic
was second, and Great Britain third (CSO, 2016, p. 562). We can observe the relation
between the main trade partners of Poland, and destinations of the majority of
intermodal services per month, as for the number of trains provided by the carriers.
We need to remember that in Poland ca.® 1700 intermodal trains (per month) started
operations in 2014. It includes international freight services (export-import) from
Poland to Germany (in 2014 — over 260 trains per month), from Poland to Belarus (in
2015 — over 130 trains per month) and from Poland to Czech Republic (ca. 70 trains
per month) (UTK, 2016, p. 9-11).

In international services, apart from those related to the Polish foreign trade, we
need to pay attention to transit services. As mentioned above, it is related to the
location of Poland at the important transport corridors. In transit, from the East to the
West, the majority of trains (136) started operations per month from Terespol (eastern

" For clarity, and due to limited length of the text it was reduced to those recently recognized as the most
important.
8 Data for 2014, later comprehensive information on the subject is not available.
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border of the country — with Belarus) to Kunowice (western border of the country —
with Germany). In total with transit routes to other directions (also to Czech Republic)
there were 340 trains (UTK, 2016, p. 11).

We need to emphasize that the potential of Poland to play an active role in
transport services from the East to the West and from the West to the East is not
sufficiently used. Today, there comes an opportunity to improve the situation. The
intensity of services in this direction may contribute to such improvement with the
new concept ,,One Belt One Road” entering into force. The said solution constitutes
favourable option for freight transport from China. The land route to Europe is ca. 11
thou. km (its sea route via Suez Canal - 17 thou. km), and the time of transport by land
amounts to 12 to 15 days (sea route 28 to 35 days) (PKP Cargo after: Nietz, 2017, p.
29). Poland is located at the land section of that route. Its role should not only involve
making railway lines available. With the current state of market development and
further infrastructure investments scheduled there is an opportunity to make some of
intermodal terminals in Poland operate as hubs where containerized cargo is handled
and distributed among trains carrying them further to the west or north of Europe.
Many European countries compete for such role for their terminals. One of the
locations interesting for the partners from China is Lodz. There, on the area covered
by the Special Economic Zone we could have intermodal terminal — dry port for train
services from the Chinese city of Chengdu (Nietz, 2017, p. 30).

When we analyse the development of intermodal services in Poland from the
East to the West and from the West to the East, we need to pay attention to the terminal
in Stawkow (near Katowice). It has direct access to the longest in Poland (nearly 400
km) section of wide track (1520 mm), running to the eastern border. It gives the
terminal opportunity for further development in case of more services within the new
Silk Road. The terminal in Mataszewice located at the eastern border of the country
plays an important role for such services (Figure 4). Many terminal operators present
their facilities as potential hubs for the trains from China.

The importance of the Polish intermodal market for handling the cargo of the
new Silk Road will stem from ministerial contacts and business relations with Far
Eastern partners. They include, e.g. initiatives of rail carriers (e.g. memorandum
signed by PKP Cargo with the representatives of Xinjang region, where large dry port
shall be built) (Nietz, 2017, p. 29). The cooperation is also being established by other
entities of intermodal and logistics market, e.g. numerous logistics operators. The rail
company managers emphasize that important approach for the future involves
establishing business relations resulting in increased cargo export to the East. It would
lead to better balance of cargo mass in intermodal services to the Far East (Nietz,
2017, p. 29).

When analysing another direction of services we need to pay attention to the
services provided for the hinterland of the Polish seaports. In recent years, they have
gone through very rapid development of containerized cargo handling (Table 6).
Significant contribution resulted from the construction of Deepwater Container
Terminal in the port in Gdansk, which was opened at the end of 2007. The port is
entered by container vessels of the largest shipping alliances (Urbanyi-Popiofek,
Klopott, 2016, p. 521). In total in the country, in 2016 maritime terminals handled
2 031 369 TEU (Table 6). Moreover, we need to focus on handling unitized cargo at
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Polish ferry and ro-ro terminals, which amounted to 537 964 freight units in 2015
(Matczak, 2016, p.4).

Table 6. Container handling in the largest Polish seaports (in TEU)

Port 2004 2007 2011 2013 2015 2016

Gdansk 43739 96 873 685 643 1177626 | 1091202 | 1298352

Gdynia 377236 | 614373 | 616441 729518 684 796 642 195

Szczecin- 27 680 56 276 55098 78 439 87 784 90 822
Swinoujscie
Total 448 655 | 767522 | 1357182 | 1969451 | 1863782 | 2031369

Source: own elaboration of the author based on: (Matczak, Otdakowski, 2010; Matczak, 2016,
p. 4; Borkowski, 2017, p. 34)

The majority of intermodal operators in Poland have in their offer services
provided from container terminals located in the Polish seaports (in Gdansk and
Gdynia) with intermodal terminals in the hinterland of those ports. They include e.g.:
PCC Intermodal (to: Kutno, Brzeg Dolny, Kolbuszowa, Gliwice), Polzug (to: HUB
Gadki, Pruszkéw, Dabrowa Goérnicza), Erontrans (to: Radomsko, Strykéw, Poznan),
Maersk Polska (to: Katy Wroctawskie, Stawkow, Szamotuty), Loconi Intermodal (to:
Warszawa, £.6dz, Radomsko, Poznan), Spedcont (to: £odz, Terespol), Baltic Rail AS
Rail World Group (to: Siechnice, Wtosienica) (Raport, 2017, p. 15,16; Railing
Schedule, 2017, 20-21). Although in the reports the services are classified as national
services, we need to realize that the transported freight includes mainly cargo in
international supply chains. As a result of establishing more connections and
participating in the initiatives of more and more entities, the share of intermodal
services in container terminal handling in the Polish seaports has steadily been
increasing year by year. In 2015, the share in the Polish container terminals exceeded
30%. At present, it increased and, e.g. in the Baltic Container Terminal (Gdynia) in
2016 the share totalled nearly 40%. However, further increase in the handling of
containers in the ports of Gdansk and Gdynia, with today’s unsatisfactory condition
of road and rail infrastructure leading towards the seaports, may soon result in
significant difficulties in collecting and delivering the containerized cargo. In this
context, an important initiative includes the construction (by PCC Intermodal) within
dozens of kilometres from those ports - Intermodal Container Yard. The scheduled
annual handling capacity of the terminal shall amount to 1 million TEU (PCC
Intermodal, 2017).

As mentioned above, the hinterland intermodal services are also provided from
the terminals located in the western part of Poland to the ports of Western Europe.
Such connections are serviced mainly by the same operators who handle the
hinterland of the Polish seaports. The service providers include, e.g.: Hupac (to:
Duisburg), PCC Intermodal (to: Rotterdam, Hamburg), Erontrans (to: Rotterdam)
(Raport, 2017, p.15). The important connection here is: Swarzedz (near Poznan) — to
Rotterdam (22 trains per month) (UTK, 2016, p. 11). There are also regular
connections from Poland to the port of Koper Luka (Slovenia), provided by Baltic
Rail AS Rail World Group (Raport, 2017, p. 15).
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4. CONCLUSIONS

The contemporary international division of labour and tendency to implement
offshoring strategy increase the role of freight carriers on a global scale. The majority
of countries worldwide operate today within the international supply chains and large
flows of cargo are transported globally. Poland, with access to the Baltic Sea and
modern container terminals, takes active part in handling these flows from the North
to the South and from the East to the West, but the crucial role belongs to intermodal
transport. The conducted analysis makes it possible to determine that the Polish
intermodal market in many areas harmonizes and in many differs from the solutions
and standards characteristic for the Western European countries. Modernization is
necessary as well as the development of linear and nodal infrastructure of rail
transport, replacement of rolling stock, and rationalization of track access charge.
Moreover, we need actions taken by various groups of entities related to intermodal
markets and their cooperation (e.g. representatives of ports, rail carriers and
intermodal operators). Negligence, even if in one of the areas defined in the article,
may not only have adverse effects on intermodal market but also threaten various
aspects of the competitiveness of Polish economy and marginalize the importance of
entities from Poland within the international supply chain system. It may prove
hazardous, e.g. for the competitive advantage of Polish seaports. The increasing flows
of containerized cargo will not be quickly transported to the hinterland, which will
adversely affect the effectiveness of activities. The said fact may result in clients
choosing the ports of Western Europe. In the transport from the East to the West there
is also real threat of losing the flows of cargo. If, at the right moment, the infrastructure
or carriers are not ready to take active part in servicing the new Silk Road, the
transported cargo will bypass Poland since entities from other countries are eager and
ready to render the services.
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Abstract

The electrification of personal, public and commercial transportation is
considered as one of the possible solutions to challenges such as global warming,
sustainability, and the limited availability of fossil fuels. The integration of electric
vehicles into the electricity portfolio present many challenges, but also opportunities
to the operation and planning of the electricity supply chain. The supply chain of
electricity is a unique one of its kind; not only because of the fixed distribution routes
and strictly pull strategy, but because the end consumer has the option to directly
contribute to the chain as a producer/wholesaler/system influencer as well. This study
investigates consumer attitude towards incentives supporting electric car usage, and
towards the promotion of active consumer involvement for electric car owners as
contributors in supply chain optimization. Research was conducted in central Hungary
(N=211), and results indicate that given the sufficient amount of state support and
concrete consumer benefits, consumers have the willingness to cooperate with smart
grids whilst creating a more balanced, more stable and more efficient electricity
supply chain.

Keywords: consumer involvement, electric cars, smart grid, supply chain

optimization

1. INTRODUCTION
Local and global businesses, as well as consumer energy systems getting more

dependent on electric networks is a tendency worldwide (Veres, 2014). Besides
classical, fossil-fuel power stations and nuclear power plants, renewable energy
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sources also feed the electric networks in order to satisfy constantly growing
consumer needs. Increasing energy efficiency is one of the top priorities of the
European Danube Region Strategy (European Commission, 2010) and the Paris
Agreement, while the improvement of energy networks on a national level is of key
importance for countries; not only to increase the security of energy supply but also
to support macroeconomic competitiveness. As consumers are getting more
dependent on electric networks as never before, they have certain expectations
towards electric power services. They want electricity to be affordable, clean, reliable
and capable of supporting both the evolving economy and society (Sioshansi, 2011).
Energy efficiency aims to reduce the amount of energy required to provide products
and services (ISO 17743:2016), while worldwide energy demand is predicted to grow
with an average annual growth rate of 1.6% until 2035 (International Energy Outlook,
2016). While the number of energy consumers and the amount of consumed energy is
constantly growing, the electricity supply chain struggles with the lack of storage and
balancing opportunities within the system. This paper focuses on the role of consumer
involvement in optimizing the supply chain using the storage capacity of electric car
batteries, and on the willingness of consumers to cooperate with system operators. We
investigate if, and if so, how and to what extent individual users are ready for
cooperation and whether or not they are willing to sacrifice their freedom to some
degree in order to have a trustworthily operating and sustainable national electric
supply system. Therefore, our research questions are the following:
1. Whatis the individual users’ opinion and approach if their freedom of driving
range and charging access becomes limited?
Are they ready to give up on their freedom for figurative or indirect
advantages? If so, what do they expect in return?
2. Where and how do they require state support? What kind of support or offset
could they accept?
3. What do people think of electric cars as energy storage facilities? Are
customers aware of their role as potential system influencers? Are they open
and able to fulfill this new role and expectation?

2. ELECTRICITY IN THE 215T CENTURY: THE SMART GRIDS

As electricity demands increased through the late twentieth century, system
operators and power generators have searched for ways of managing peak loads. The
costs of building and maintaining capacity to handle peaks — capacity which would
not be used during long periods of non-peak load — led system operators to study
their demand periods, price them accordingly, and to encourage customers to switch
consumption from peak to non-peak periods. The goal was to match consumption to
generation, and it required meters, which could measure the time of day of the
consumption in addition to the cumulative consumption. Automatic meter reading
devices introduced in the 1970’s were the beginning of meters, which provided
information back to the utility, a basic requirement of any smart grid system. Smart
grids are ‘“‘automated, widely distributed energy delivery networks characterized by
a two-way flow of electricity and information, capable of monitoring and responding
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to changes in everything from power plants to customer preferences to individual
appliances” (IEEE, 2011).

What makes a grid smart? According to Amin and Giacomoni (2015), smart
grids are self-healing systems that empower and incorporate the consumers, tolerant
of attack, provide power quality needed by 21st-century users, accommodate a wide
variety of supply and demand, and are fully enabled and supported by competitive
markets. As seen on Figure 1, smart grids are complex networks, and usually include
a wide variety of operational and energy measures including smart appliances,
renewable energy resources, and energy efficient resources (Saleh et al., 2015).

Figure 1. The smart grid supply chain
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When thinking about electricity, it may seem that the product of a power station
is the alternating current power that travels from the power plants straight to the
consumer’s home. However, the real product provided by this supply network is not
simply electrical energy, but the availability of electrical energy - whenever and
wherever consumers need it. The main function of the electricity supply is to serve
the consumer demand with solidly available (security of supply) and satisfactory
(quality of supply) electrical energy (with adequate frequency and voltage), on as low
full costs as possible (Bajor, 2008).

National and worldwide energy networks bear every trait of a traditional supply
chain: they are integrated networks between various producers with different
transmission stages until the product reaches the final consumer (Hofbauer,
Wenninger, 2011). In order to reach the right customer at the right time with a right
amount and right quality of energy, system operators perform supply chain
management tasks like network design, production planning, order management, sales
and operations planning, collaboration with suppliers and customers and many other
processes to successfully plan, operate and manage this worldwide supply chain.

Compared to traditional supply chains, the electricity chain has many unique
features. The chains usually operate under strong state influence, are often vulnerable
to changes in national politics, and - despite being interconnected - mostly operate on
national markets. Moreover —as demonsrated on Figure 2-, the supply chain of
electricity is partly or fully a natural monopoly, where giant power generators,
transmission or distribution companies dominate the markets.
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Figure 2. Layout of the Italian electricity supply chain
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Prices are influenced by many factors: geological, political and economic
environments, the proportion of renewables in the portfolio, and vary significantly -
from 0,308 Euro/Kilo Watt hours (KWh) in Denmark to 0,065 Euro/KWh in Serbia
(Eurostat, 2017) - from country to country within Europe.

From the viewpoint of conventional logistics, the electricity supply is a typical
pull system, without significant storage possibilities at the final product level. Power
plants and other generators produce the required electrical energy from moment to
moment, otherwise the system loses its balance, and the service breaks off —

generating high balancing costs and enormous costs of restarting (Bajor, 2007).

Comparing the supply chain of electricity to the supply of water (see Figure 3.)
highlights the main differences between a push (water) and a pull (electricity) system.

Figure 3. Comparison of the supply chain of water and the supply chain of

electricity
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While the supply chain of water incorporates several storage facilities
(reservoirs, water towers, etc.) and pushes — in this case, pumps- the product directly
to the customers who get their water from already available stock, the electricity chain
works differently. Due to the very limited options for storing electricity, the chain
operates with a variety of protective capacities — power plants with different physical
abilities and different price-regulations —to ensure the availability of compensating
backup-resources. In the case of water, the product is waiting in the place of use for
the consumer who only needs to open a faucet, while in the case of electricity, the
consumer gets electricity straight from production by switching on the light.

3. THE IMPORTANCE OF STORAGE IN OPTIMIZING THE
ELECTRICITY SUPPLY CHAIN

In a pull supply chain, procurement, production and distribution are demand-
driven rather than to forecast. Toyota Motors is frequently used as an example of pull
production, yet the company follows the "supermarket model™ where limited
inventory is kept on hand and is replenished as it is consumed (Ohno, 1988). In the
electricity supply chain, the availability of these safety inventories is highly limited,
thus making the supply chain vulnerable to unforeseen events or sudden changes in
demand. While options like hydroelectric pumps, batteries, flywheels, compressed air,
thermal energy and hydrogen are all used in storing electricity, their production and
operation is expensive and their availability is limited (Energy Storage Association,
2012). The United States, the world’s second largest energy consumer has around
0,023 TW of storage capacity (of which 96% is generated by hydroelectric energy),
while the average daily consumption is more than 11,35 TWh (Electric Power Annual,
2015). Storage in the electricity supply chain has many important functions, like
providing resource transfer (TRN), networks savings (ISS) and kinetic advantage
(KIN) (see on Fig. 4).

Figure 4. The role of storage in electricity supply
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While energy storage is a great possibility by itself, the electricity of electrical
energy cannot be stored, or just in limited ways and amount. Electricity must be used
as it is being generated, or transformed to another form immediately. This means that
the system has losses in the process of transformations, but these losses are mostly
inferior to the losses of other processes, which operators apply to regulate the system
(Papp, 2015). Due to this condition, we believe that the behavior of all actors —
including consumers- in a smart grid may become vital.

4. THE ROLE OF ELECTRIC CARS AND ELECTRIC CAR OWNERS IN
STORING AND BALANCING ELECTRICITY

According to several researchers, with the emergence of technologies like plug-
in hybrid (PHEV), fully electric (EV), vehicle-to-grid (V2G) and grid-to-vehicle
(G2V) vehicles, the storage and management of electricity could better be secured
(Hannan et al, 2017; Putrus et al, 2015; Gennaro et al, 2014). One of the biggest
obstacles in electric car penetration has always been the price of the battery, which
takes up a significant amount of 30-40% of the total retail price. In 2010, 1 KWh of
electric car battery cost $1000, with predictions that by 2020, it can decrease to around
$225. In 2017, 1 KWh of electric car battery costs $195, and predictions believe it
may drop a further 40% in the upcoming year (Institute for Energy Research, 2016).

EV batteries have considerable energy storage capacity (from 20 up to 100 kWh)
that can be used in various ways to balance high and low demand periods, or even to
upload electricity to the grid when it is needed. Controlled charging allows a schedule
whereby EVs can be charged at a time when the grid has surplus capacity (e.g. surplus
renewable energy) and discharged when the grid has a shortfall in capacity (Putrus et
al, 2015). Smart chargers allow consumers and system operators to control the output
(charging rate and time) based on grid state (available power) and EV user
requirements, while EV aggregators are able to aggregate supply and demand for
electricity in EV batteries and to intermediate transactions between the different
consumers of V2G and G2V services (Niesten et al 2016). Vehicle-to-grid (V2G)
electric vehicles can return power stored in their battery back to the power grid and
be programmed to do so at times when the grid needs to reserve power. Since
providing this service can lead to payments to owners, it effectively reduces the life-
cycle cost of owning an electric vehicle (Parsons et al, 2014) (Hannan et al, 2017).

According to a research conducted by Pwc Hungary in 2015, the number of
electric cars is predicted between 53,000 (realistic scenario) and 140,000 (optimistic
scenario) by 2023. Calculating with an average battery capacity of 50 kWh, the
storage capacity controlled by electric car owners will be around 2,65-7 GWh, which
represents 2-5% of the predicted average daily electricity consumption in Hungary
(Pwc, 2015).

While an overall proportion of 2-5 % is not high, and does not require the
integration of additional generators or power plants into the system, considered as a
storage capacity and system-balancing tool, 2-5% of additional storage could be a
significant factor in the Hungarian electricity supply chain. Due to its geographical
location and characteristics, hydroelectric pumps can not be installed and cannot be
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operated effectively in Hungary, therefore, 2-5% of storage could eliminate many
risks and - with appropriate consumer involvement - could be an effective tool in
managing the peaks and valleys caused by the fluctuation of daily energy demand.

According to Lo Schiavo et al (2013), 80 % of the EV recharging activity will
take place at home, out of convenience. This requires relevant technological and
infrastructural developments and improvements in both households and in energy
networks, and a certain amount of orderliness and discipline from the consumers.
There are several options of cooperation for EV drivers, such as smart batteries and
chargers operated by system operators, scheduled charging, uploading electricity to
the grid when needed, and others (Yu et al, 2014). Co-operations with the supply chain
are regulated by contracts between the parties, and usually provide benefits for
cooperating consumers. Consumer benefits vary from country to country, and may
include tax credits, exempt of VAT or registration tax, free or discounted parking, the
possibility to use carpool lanes or public transport with a discounted price, reduced
electricity prices and other state funds. The purpose of incentives is to persuade
electric car owners to take part in the optimization of the electricity supply chain by
deliberate and scheduled charging or energy uploading.

Hungary currently has approximately 15,000 electric cars, but the regulation and
incentive system is still in the developmental phase (Central Statistics Agency, 2016),
therefore future owners are not fully aware of all incentives or of the possible ways of
cooperation. The next chapter investigates the attitude of potential electric car buyers
towards the existing incentive system, the expected benefits and the willingness of
electricity consumers to cooperate with the chain as electric car owners.

5. RESEARCH METHODOLOGY

As a research methodology, respondent-driven, or snowball sampling was
applied in the preliminary phase. First, a group of respondents (correspondence
students at Dunaujvaros University of Applied Sciences, Hungary) were chosen then
respondents recruited further subjects from among their acquaintances who fulfilled
the questionnaire online (N=211). The other group of chosen respondents have a
residence in a 40 km radius of the city of Paks, which is the flag-bearer city of
Hungarian e-mobility. Hungary’s only nuclear power plant is located just outside the
city, and both local and national governments are working on transforming Paks into
the first Hungarian city equipped with a complete electric transportation
infrastructure. Because of the proximity of the nuclear power plant, perceived income
and general knowledge on vehicle-to-grid (V2G) and grid-to vehicle (G2V)
technologies were expected to be higher than the Hungarian average. Generally, we
can say that our respondents originate from middle Hungary.

As snowball sampling is usually applied to locate and identify specific or hidden
groups in population, this research method enabled to study a group of people, who -
based on their geographical location and perceived high income - might be interested
in purchasing electric cars and in contributing to the optimization of the national
electricity network. Applying snowball sampling, however, also limited the research,
as with this sampling technique, it is impossible to determine the sampling error or
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make inferences about populations based on the obtained sample. Another limitation
is that most respondents were located in central Hungary, and results might be
different if sampling was made throughout the country.

6. RESEARCH RESULTS

Based on the theory of Diffusion of innovations by Everett Rogers, electric cars
with their complex infrastructure belong to the group of innovative products, therefore
their current Hungarian buyers are so called early adopters who “are typically younger
in age, have a higher social status, have more financial lucidity, advanced education,
and are more socially forward than late adopters* (Rogers, 2003). The results of this
research confirm Rogers’ theory, as the 70% of the respondents are between 25-45
years old, and 73,8% of them have at least a Bachelors’ degree.

As expected initially, the financial conditions of the respondents are above the
Hungarian average, as Paks region has the 9™ highest income in Hungary. While the
average net salary in the Hungarian administrative sector in 2016 was around EUR
500 and around EUR 580 in the private sector (Hungarian Central Statistical Office,
2017) the respondents’ net income is mostly either between EUR 645-1000 or above
EUR 1000. This is an important factor regarding e-mobility, as electric cars are still
relatively expensive vehicles.

According to a representative survey of Robert Bosch Hungary conducted by
Median Public Opinion and Market Research Institute, 44 % of the Hungarian families
had at least one car in 2016, and the average car owned by Hungarian households was
13,2 years old (Bosch Media Service Hungary, 2016). Average Hungarian buyers seek
used petrol cars up to EUR 7,000, similarly, the respondents of this research mostly
prefer used cars (72%), and 33% of them plan to buy - preferably used - cars in the
next 2-5 years. Despite the financial limitations, respondents are open to and aware of
new, environmental friendly ways of transportation, as 98% of them stated they are
familiar with hybrid, 88,2% with electric, and 74,4% with plug-in hybrid cars.

Before investigating the respondents’ attitude towards electric cars and offered
incentives for electric car users, the most important factors influencing car-buying
behaviors were reviewed — as a measurement tool, 5-point Likert-scales were used.
As seen on Figure 5, respondents indicated ‘safety and reliability’ of the car as the
most important. Despite the fact that respondents mostly seek relatively cheap and
used cars, fulfillers indicated environmental impact as the second most influential
factor considered before buying a car. While the number or conscious consumers has
grown significantly, Hungarian individual buyers became more deliberate (the size of
the market of electric cars has tripled in size between 2014-2016) (GfK Research,
2017), individuals participating in this research also consider the cost-benefit ratio and
consumption and cost of maintenance as highly important.

While the amount of money respondents are planning to spend on their next car
(around EUR 3225-12900) is relatively low, 14,8% of the respondents stated they
would buy a hybrid or pure-electric car as their next vehicle, while 36,2% would
consider buying an electric car given the sufficient amount of state support or
additional benefits.
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Figure 5. The most important factors considered before purchasing a car
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According to respondents, the most favored state aids provided for electric car
users are tax benefits, various state funds, and discounted electricity prices, while
discounted parking and public transport are less appealing, but still attractive options
(see Figure 6). Currently, the state funds provided by the Hungarian government
cannot be higher than EUR 3,000 or 21% of the retail price of the vehicle.

Figure 6. Favored incentives and state-supplied benefits of electric car ownership

B Tax
benefits

® Discounted
parking,
Discounted
electricity

® Discounted
pubic

® State funds

0

Source: own study

Regarding the main, perceived benefits of electric cars, respondents believe that
the biggest benefits are the low fueling costs and the greener households, while tax
benefits, low maintenance costs and expected price reductions are less attractive
options (see Figure 7). In Hungary electric fueling is free and currently this is the
largest state support. Fortunately there more and more fueling points throughout the
country therefore we can find more electric stations in Budapest and at least one in
towns as well. So this benefit is quite natural and expected. Environmental
consciousness has been developed in Hungary and this aspect may explain the found
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second important benefit. Respondents rated prestige as the least favored benefit of
an electric car ownership.

As chosen respondents (and many of their acquaintances) originate from and
around Paks (the city where the Hungarian Nuclear Power Plant is located), both
income and knowledge of this field are above national average.

Figure 7. Perceived benefits of electric car ownership
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When identifying the barriers of electric car penetration, there was no consensus
among respondents. As seen on Figure 8, respondents had to prioritize what they
considered as the most or least influential factors preventing electric car penetration —
it has been confirmed that respondents consider all investigated factors as important
barriers. These results indicate that further details and aspects should be investigated,
possibly through qualitative methodologies.

Figure 8. The main barriers of electric car penetration (means)
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When it comes to accepting the interference of system operators and smart
solutions into charging and availability, 44,2% of the respondents believe they would
be able to accept the limitations of the system (charging when electricity demand is
low, and uploading energy when electricity demand is high) if the government or
actors of the supply chain would offer concrete, measurable benefits in return. 17,5%
of the respondents believe, that the supply chain can only be balanced with direct and
centralized control over charging, and they state they would contribute to this effort
if they owned an electric or plug-in-hybrid vehicle. Out of 211 respondents, only 38
(18,4%) stated that they would categorically not give up their freedom of constantly
available, unlimited range (fossil-fuel vehicles), as their lifestyle or travelling habits
require them to be available at any time, in any range. Based on the results of
international researches (eg. Parsons et al, 2014) this level of consumer support is
surprisingly high and needs further investigation and validation.

7. CONCLUSIONS

The emergence and penetration of electric cars and the related technological
potential raise a number of questions — on both national and on a worldwide level.
Will this technology be greener, smarter, more sustainable and effective in reaching
goals like energy efficiency and conscious consumption of electricity? Based on our
research, we can say that it strongly depends on the consumers: their behavior, attitude
and perceived role in the electricity supply chain. Based on this research, we can say
that in order to balance, operate and control the uncertainties of the electricity supply
chain, the active and deliberate involvement and cooperation of electric car users is
inevitable.

Preliminary results of this research are encouraging, as respondents claim they
are open to the provided possibilities of this new technology, however, some results
are contradictory and require further and deeper — possibly international-
investigation. Contradictory results — like importance of environmental impact vs.
money spent on cars, or the willingness of using electric cars vs. intended amount of
money spent) may also be a result of direct or indirect social pressure or lack of
information, and also need further investigation.
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Abstract

Finished vehicle logistics is a complex activity focusing on outbound delivery
accuracy and quality in the automotive supply chain (outbound vehicle distribution).
Once the vehicle has been produced, it is transported from production plant to the
dealership via outbound logistics. The most important criteria that reflect performance
of successful automotive outbound supply chain are among other: on-time pickup,
delivery reliability, lead time, dwell time and damage-free delivery (damage level).
Therefore, the objective of this paper is to analyse delivery reliability as crucial factor
of successful vehicle logistic provided by logistic service providers (3PL, 4PL or
LLP). They play an important role in rising of efficiency in a complex automotive
supply chain as outsourcing partners of original equipment manufacturers (OEM's)
and evaluate their performance using Key Performance Indicators (KPIs) from which
is the most important; on-time delivery (OTD) as indicator of delivery reliability.
Premium segment of the automotive industry is creating optimised supply chain that
realize short delivery times and high delivery reliability in order to maximize
customer satisfaction. In formulating and analysing the research problem, the authors
explore performance using Key Performance Indicators (KPIs). The findings indicate
that continuously measurement of on-time delivery can improve overall automotive
supply chain and fulfilment of customer requirements.

Key words: finished vehicle logistics, delivery reliability, outbound distribution, On-
time delivery, key performance indicator (KPI)

1. INTRODUCTION

Outbound vehicle distribution is of crucial importance for an efficient
automobile supply chain and impacts on customer satisfaction. There are many
criteria that reflect a performance of successful automotive supply chain and most
important are among other: on-time pickup, delivery reliability, lead time, dwell time
and damage-free delivery (damage level).
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Delivery reliability in outbound vehicle distribution — a factor of successfull automotive supply chain
Robert Basic, Helga Pavli¢ Skender

Delivery reliability is one of the main determinants in automotive logistics that
means ability to deliver logistics service when promised. Therefore is essential
component of this research.

The aim of this paper is to analyse the delivery reliability as crucial factor of
successful vehicle logistic provided by logistic service providers (3PL, 4PL or LLP)
which play important role as outsourcing partners of original equipment
manufacturers (OEM’s).

In analysing and formulating the research problem, the authors used different
combinations of scientific methods such as: the classification and comparative
method, the method of deduction and induction, the method of description and the
method of analysis and synthesis.

The paper is organised in five chapters. After Introduction, the second chapter
titled The main characteristics of automobile supply chain (outbound vehicle
distribution) introduces the main characteristics of complex supply chain in channel
of finished vehicle logistic that includes also intermediaries and third-party service
providers. Key performance indicators (KPI's) — tools for improving and optimising
outbound supply chain performance focuses on main KPI's in a post-ante context in
order to evaluate the past performance of a logistic service providers. Forth chapter is
focused on delivery reliability and definition of delivery window as a framework for
managing delivery performance. In Conclusion, the synthesis and explanation of the
results of this research are given based on the collected information and data.

2. THE MAIN CHARACTERISTICS OF AUTOMOTIVE SUPPLY CHAIN
(OUTBOUND VEHICLE DISTRIBUTION)

The Council of supply chain management professionals defines supply chain
management (SCM) as encompassing, the planning and management of all activities
involved in sourcing and procurement, conversion and all logistics management
activities. Importantly, it also includes coordination and collaboration with channel
partners, which can be suppliers, intermediaries, third-party service providers, and
customers (CSCMP, 2013, p.1). They define outbound logistics as processes related
to the movement and storage of products from the end of the production line to the
end user.

Outbound vehicle distribution are vehicle logistics services provided after they
have left the production plants to go to dealers or importers. The vehicle distribution
network of an automotive company consists of all activities required to deliver
finished vehicles from the assembly plants to the dealers (Eskigun et al., 2005, p. 182).

The automotive industry is the world’s largest single manufacturing activity. It
uses 15 percent of the world’s steel, 40 percent of the world’s rubber and 25 percent
of the world’s glass. It also uses 40 percent of the world’s annual oil output. Vehicle
distribution or outbound logistics is the process of transporting vehicles from the
assembly plant to the dealership or final customer with large fleets. The outbound
distribution logistics is always done via train, truck and ship (Suthikarnnarunai, 2008,
p. 1-3).
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The researches on outbound logistics related activities include transportation
mode selection and customer satisfaction through lead-time reduction (Eskigunet et
al. 2005, Miranda & Garrido 2004, Chopra 2003), optimum location of distribution
centres (Wasner & Zapfel 2004, Nozick 2001, Melkote & Daskin 2000), shipment
consolidation (Tyan et al. 2003, Cetinkaya & Bookbinder, 2003). Therefore, most of
the existing literature focuses on the vertical collaboration in outbound logistics
systems. According to Bowersox et al. (2003, p. 18), the essence of horizontal
collaboration is to jointly develop strategic plan and synchronize operations to achieve
economies of scale, reduce or eliminate duplication and redundant operations.

Each automotive OEM operates its own outbound logistics network. The
outbound logistics operations form the last step of the three main processes: order
receiving from the dealers, manufacturing vehicles at the plants, and transporting
finished vehicles to the dealers (Nazmul, 2012, p. 25).

Outbound vehicle distribution from the OEM vehicle assembly plant to dealer
has influence on effectiveness of the overall supply chain by representing the lead
time to customer which is interested when vehicle will be delivered. ,,Proportioning
between manufacturing lead-time and distribution lead-time means little; customers
only want to know when the merchandise will arrive.” (Miemczyk & Holweg, 2004,
p.5).

The review of the literature showed also that physical distribution of finished
vehicles typically accounts for 4% of the sale price of the vehicle (figure 1.) and total
finished vehicle distribution cost accounts for 30% of the sale price of the vehicle.

Figure 1. Finished vehicle distribution: breakdown of the sale price of a vehicle and
the finished vehicle distribution costs into its main components

OEM'S >> Outbound LSP's >> Dealers >

Sale price of the vehicles 30% 1
100%
30% 25% Advertisi e
90% " | vertising
ﬁn:'_h': & marketing
80% | VeRic —
distribut. 20% 5%
70% +——— I Setting up
&support
60% +— —— ——— 15% a dealer
50% - network
10%
0% 70% . 10%
vehicle )
Disconts &
30% —— ———
e 5% promotions
20% ——— — 10%
100% +——— — 0%
0% Finished vehicle distribution costs

Source: European Car-Transport Group of Interest (ECG), 2010, p.51

Therefore, for all automakers, selection of an logistics service providers (LSP’s)
plays important role and have very high significance in terms of making the outbound
supply chain as cost-efficient as possible. They are logistics intermediaries who on
behalf of the automotive OEM’s arrange logistics services. The outbound logistics
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process flow begins with release of finished vehicle from the assembly plant and ends
with the arrival of the vehicle to the dealer. Of course, some of the vehicles are
delivered directly (eg. by truck), and other after arrival by vessel or rail to mixing
centres or HUB’s, where are consolidated from different plants. The aim of using such
intermediaries/LSP’s is to facilitate the logistics operations related to the deliveries of
the vehicles.

Key skills of outbound logistics service providers in the automotive value chain
are:

a) Ability to reduce lead time

b) Cost reductions

c) Effective management of volatile OEM’s forecasts
d) Productivity and quality

e) Damage control

f)  Ability to respect dealership requirements.

According to Pavli¢ Skender, Host and Nuhanovi¢ (2016, p. 22) ,,An
intermediary is a person or a company that acts as a mediator between different parties
with the goal of achieving a certain business deal. Most commonly, intermediaries
specialize in one specific field among the various logistics function”. In outbound
vehicle supply chain are mostly involved three different types of intermediary; third-
party logistics (3PL), fourth-party logistics (4PL) and so called lead logistics
providers (LLP’s). The following table shows the main characteristics and comparison

of all types of mentioned providers.

Table 1. Comparison for different logistic service providers (LSP's)

Item/description 3PL 4PL LLP
Scope of services | Logistics managed | Full SC services | Full SC services
model including 3PL incl. Resource
incl. basic functions, | management,
transportation, Infor. Techn. Information Central
inventory services, and System, and
management and Business Logistics
freight forwarding | Process Manag.. | synchronization.
Characteristics of | Logistics specialty | SC alliance Managing internal
services services focus on leading, single and external
transportation and | point-of-contact | logistics to
warehousing integrated synchronize
operation service material flow
Facilities & | Possession of Outsourcing Outsourcing
warehouses facilities and
warehouses
Fleet Possession of fleet | Outsourcing Outsourcing
Information Not applicable Develop and Develop and
technology provide IT provide IT
service services

Source: Huang et al., 2010, p. 168
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Third-Party Logistics Providers (3PL) are organisations which provide multiple
logistics services for use by customers. According to the Terms and Glossary of
Supply Chain Management (2013) third-party logistics provider is a firm which
provides multiple logistics services for use by customers. Preferably, these services
are integrated, or "bundled" together by the provider. These firms facilitate the
movement of parts and materials from suppliers to manufacturers, and finished
products from manufacturers to distributors and retailers. Among the services which
they provide are transportation, warehousing, cross-docking, inventory management,
packaging, and freight forwarding.

Fourth-Party Logistics (4PL) according to Supply Chain Management (2013),
differ from third party logistics in the following ways:

1) 4PL organization is often a separate entity established as a joint venture or long-
term contract between a primary client and one or more partners;

2) 4PL organization acts as a single interface between the client and multiple logistics
service providers;

3) All aspects (ideally) of the client’s supply chain are managed by the 4PL
organization; and,

4) 1t is possible for a major third-party logistics provider to form a 4PL organization
within its existing structure.

In outbound vehicle logistics, the 4PL service providers do not own any physical
assets or only limited (such as information technology system) and play a different
role, and that is the main difference with 3PL service providers (as shown in figure
2). According to Win (2008, p. 677), the main function of a 4PL provider is to
implement and manage a value creating business solution through control of time and
place utilities within the client organisation.

A Lead Logistics Service Provider is similar to a 4PL with a different business
model in where the LLP manages the transport solution on behalf of the customer but
where the actual contracting is carried out by the customer. Actually, LLP is a non-
asset based 3PL provider which manages, designs and aggregates outbound supply
chain in finished vehicle logistics.
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Figure 2. Types of PL’s providers
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Source: International 3PL, 2015.

According to results of research of logistics service providers in Croatia (Basi¢,
2015, p. 17 - 18), in finished vehicle logistics in y. 2014., 62,59% of brands (new
vehicles) are distributed from production plants to Croatian vehicle logistics centers
(VLC’s) supported by LLP, 30,32% by 4 PL, and 7,09% by 3 PL companies. In the
second part of this outbound vehicle supply chain (distribution of vehicles from
vehicle logistics centers to Croatian dealers), 82,06 % of brands (new vehicles) are
distributed by 3 PL’s, 10,87% by 2 PL’s and 7,09% by LLP’s.

3. KEY PERFORMANCE INDICATORS (KPI’s) - TOOLS FOR IMPROVING
AND OPTIMISING OUTBOUND SUPPLY CHAIN PERFORMANCE

Logistics operations are complex and the parameters are difficult to measure.
Whatever is monitored can be measured and whatever is measured can be improved.
It means, areas for improvement can be easily revealed if there is any method that
measures logistics function (Kumar, 2013, p. 2). Logistics performance measurement
plays a vital role in today’s business management. Supply chain performance
indicators are key tools for monitoring and improving the supply chain performance
to gain competitive advantage (Taylor, 2004, p. 173). Using indicators for the
measurement of SCM performance creates an understanding of the supply chain’s
processes, guides collaboration efforts and optimises supply chain excellence
(Fawcett et al., 2007, p. 409).

According to Cox et all. (2003, p. 142) KPI’s help an organizaton define and
measure progress toward organizational goals. KPI’s are quantifiable measurements
to examine the improvement in performing an innovation implementing activity that
is critical to the success of a business. A KPI has a lifetime and requires continuous
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updating. Sometimes, its replacement is also needed (Ghalayini & Nobel, 1996, p.
64). According to Sinclair and Zairi (1995, p. 50) KPI’s use a metric for quantitatively
assesing performance regarding the needs and expectation of stakeholders, the
achievement of goals, and reflecting the critical success factors.

In finished vehicle logistics are often used key performance indicators (KPI's) in
a post-ante context to evaluate past performance of logistics service providers related
to deliveries of vehicles. Because of small margins in outbound vehicle logistics,
LSP's continuously trying to find opportunities which can improve their profitability.
The most important activities to achieve it, are planning and control for which is
necessary to select appropriate indicators and metrics for measuring of performance.

The basic solution in SCM which consist of a lot of measures (factors) is the
Supply Chain Operations Reference (SCOR) model. It is developed by the Supply
Chain Council (CSCMP) in 1996 and focuses on the supply chain management
function from an operational process perspective and includes customer interactions,
physical transactions and market interactions. CSCMP (2013, p. 187) emphasize that
SCOR model is built around six major processes: plan, source, make, deliver, return
and enable. According to Zhou et al. (2011, p. 332) the benefits of implementing the
SCR model included faster cycle times, less inventories, improved visibility of the
supply chain, and access to important information in a timely fashion. Richey et al.
(2010, p. 237) suggested that the supply chain governance which balances the self-
interest and independency in supply chain can help improve performance.

The latest trend in automotive logistics, outsourcing require a holistic
measurement of performance (Neto & Pires, 2012, p. 734), and provide a rationale for
focusing on logistics performance measurement (Gunasekaran et al., 2005, p. 523),
too, due to increasing relevance of logistics.

Performance indicators that have an impact on operational performance of
logistic service providers in supply chain of outbound vehicle distribution are:

1. Transport performance
a) Pick up performance (on time pickups /order to gate out) — calculation
method: total number of vehicles picked up within the specified leadtime
/ total number of vehicles picked up.
Pick up time = shipping date — notification date
b) Transit time (gate-out to delivery) — calculated by the number of days or
hours from the time when a vehicle leaves production plant to the time
it arrives to destination
2. Quality performance
Damage performance — calculation method: damage rate = total of number
claims accepted by the carrier / number of vehicles transported
3. EDI performance
EDI on time report — calculation method: number of reported vehicles sent
in the lead-time / total of reported vehicles. Transportation lead time is the
in-transit interval from customer order to delivery of vehicles to the
requested destination.

Using KPIs in finished vehicle logistic ensures evaluating of outbound vehicle
distribution against a static benchmark. In case of fluctuations they can indicate that
performance moves in the wrong direction and which corrective action can be taken
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to improve the situation. Therefore, KPI's are essential tools for improving and
optimising performance of outbound supply chain. OEM's in automotive industry
precisely define in contract with LSP's service level agreement (SLA) in which are
contained performance measurement indicators and also penalties that being applied
when performance falls below contracted levels.

4. DELIVERY RELIABILITY

One of the main parameter which defines the performance of a logistic system
is its reliability (Blanchard, 2004, p. 102). Delivery reliability is defined as number of
products delivered on confirmed delivery date divided by number of products ordered
(Schonsleben, 2016, p. 46). According to Pegels (2005), delivery reliability is the
ability of the company to deliver on or before the promised scheduled due date. A
high standard of delivery reliability is crucial success factor in achieving customer
satisfaction. According to Berry et al. (1991, p. 364), delivery reliability is sometimes
referred to as dependability or on-time delivery and concerns the ability to deliver
according to a promised schedule or plan. This sub dimension of operational
performance is often regarded prerequisite.

Delivery reliability in outbound vehicle logistics means that vehicles are
delivered on time. Commonly used measure of reliability is on-time delivery (OTD)
that OEM’s find by dividing of orders delivered on time by the total number of orders
delivered which have goal to achieve ratio of 100%. For optimal performance of the
outbound vehicle supply chain is very important that all vehicle logistics processes
are harmonically synchronised because higher operating efficiency results in shorter
lead time and improve on-time delivery performance that leads to decrease of delivery
cost as well as total cost. When delivery is made on time, the costs incurred by the
supplier are considered to be “normal costs” and no penalty cost is incurred.

One of the method related to reliability indicator methods which can be used to
estimate the logistic system reliability is the “Perfect order fulfilment” method
(Szozda & Werbinska, 2011, p. 149) where is used indicator OTIF (On-time, In-full,
Error- free) that is calculated from the formula:

OTIF = PoPitPet  Where: Po.- probability of on-time delivery;

Pi.s - probability of in-full delivery;

Pe.t- probability of error-free delivery.
CSCMP (2013, p. 134) define OTIF as sales order delivery performance measure
which can be expressed as a target, say, of achieving 98% of orders delivered in full,
no part shipments, on the requested date.

4.1. Delivery window — framework for managing delivery performance in the
outbound vehicle logistics

One of the important goals of the supply chain in the outbound vehicle logistics
is how to achieve delivery performance based on the customer's specification of
delivery timeliness which is defined by delivery window. Under the concept of
delivery window is possible to analyse the costs caused by untimely delivery.
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According to Corbett (1992, p. 74) delivery windows are an effective tool for
modelling the expected costs associated with untimely delivery. Johnson and Davis
(1998), note that metrics based on delivery windows capture the most important aspect
of the delivery process, which is reliability.

A delivery window is defined as the difference between the earliest possible
delivery date and the latest acceptable delivery date. Delivery window is illustrated
on figure 3; the OEM and customer contractually agree about the framework for
managing delivery performance, which is between an earliest allowable delivery date
(a) and a latest allowable delivery date (b). Within the delivery window, delivery can
be early, on-time, or late. According to Guiffrida and Jaber (2008), delivery lead time,
X is random variable with probability density function fX(x). The on-time portion of
the delivery window is defined by c2_c1.

Figure 3. Illustration of delivery window
fx(x)

a €, [N b
Early On-Time Late

Delivery Scenario
Legend:
a = earliest delivery time
¢, = beginning of on-time delivery
c,= end of on-time delivery
b = latest acceptable delivery time

Source: Guiffrida A.L., Yaber M.Y., 2008, p. 2151

According to Shang & Liu (2011, p. 601) late deliveries frequently exist in many
different industries and lead to a deteriorated delivery reliability to customers and will
have a long-term negative effect on customers demand.

Usually in outbound vehicle logistics pick up time in which logistics company
is obliged to collect the vehicles from the factory is between 24 and 72 hours from the
day of the transport order. Transport time to the dealership depends on the distance
from production plant to final destination. In case of late delivery in a outbound supply
chain logistic service providers should be penalised with penalty costs that are
incurred in addition to the normal operating costs. In case that a delivery is performed
within the on-time portion of the delivery window, there will be no penalty cost.
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In 2016 were produced 72 million cars produces worldwide. According to
ACEA (2017), the volume of vehicles (first three brands) sold by selected luxury car
brands in 2016 is: Mercedes-Benz 2,08 million units, BMW 2,00 million units and
Audi 1,87 million units. The three German premium brands have increased their
combined share of the European market to 17% from 10% two decades ago (Hetzner
& Cifferi, 2015).

Mercedes-Benz connected in their outbound logistics approach, the degree of
delivery date fulfilment with their performance related payment system for providers
in which they motivate their partners with a bonus to exceed the agreed targets
(Ludwig, 2013). Based on this concept of “self-adjusting system” they continuously
improve promised delivery dates. Measuring of delivery times is focused on vehicle
pick up accuracy and compliance with contractual transit times.

BMW outbound logistics is focused on process stability, data analysis and
continuous improvement. Their project “Pro-Flex” includes critical features for
vehicle logistics and ability to prioritise sold vehicles and expedite them through
transport and accessory-installation.

4.2. The concept of ,,Liefertreue”

The concept of ,,Liefertreue” is explained on the case of Audi outbound supply
chain and delivery reliability. Audi is one of the world’s leading premium automotive
brand. It continuously tries to build high quality and technologically progressive cars
with philosophy ,,progress through technology” (germ. ,, Vorsprung durch Technik”)
which has clear goal to bring high quality to their customer first. Also, one of the
important concepts related to their outbound supply chain is the concept ,,Liefertreue”
focused on delivery reliability. Based on analysis of the differentiation for premium
brands and relevance for their customers, delivery reliability and amendment
flexibility are the most important factors of success in the competition of premium
brands (figure 4).
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Figure 4. The customer requirements towards a premium brand
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High relevance for customers of premium segment have: resale value, complaint
management and customer management. Also, car prices and delivery times are not
strong marks of differentiation in customer requirements towards a premium brands.
In addition, for customers are very important latest technology, variety of equipment
and availability of colours. Anyway, delivery reliability is most significant mark of
differentiation.

Therefore, the functions of logistics are oriented on increasing of the flexibility
in the order-to-delivery process which include monitoring of the release dates, sales
planning and capacity planning. Buyers expect information about the estimated time
of arrival (ETA) of the vehicle at dealers when vehicle orders are submitted. ETA
actually turns order-to-delivery process and influence on the inbound and outbound
supply chain. Audi measures mentioned process of delivery reliability (Liefertreue)
which is on the 97% and customer orientated. Of course, target is always 100%.

For improvement of ETA accuracy is very important to have clear picture of the
chain and not see the real customer as the next customer in the chain for eg. production
is customer of logistics, because the real customer is only one that paying for car and
therefore should be in focus (Ludwig, 2014, p. 1). High delivery reliability positively
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influences on the customer satisfaction, reduction of lead time and reduction of the
logistics cost.

5. CONCLUSION

Automotive supply chain (outbound vehicle distribution) is very complex
activity because it is tied to the automotive industry which produce vehicles - the most
complex products on our planet. From other side, process in finished vehicle logistics
involves a large number of entities due to fact that vehicles constantly changing hands
at various places and transportation modes what is very challenging for OEM’s.
Therefore, they outsource logistics and transport activities to specialised
intermediaries, logistics service providers (third-party logistics service provider,
fourth-party logistics service provider or lead logistics provider) which optimise
supply chain performance, provide improving solutions and value added logistics
service. Based on the scope of needed logistics service every automobile
manufacturers decide which type of logistics provider is most suitable for their
outbound supply chain. Also, finished vehicle logistics can be seen as a key
competitive factor in the automotive industry due to the rising number of model
variants and option in supply chain where is essential, continuously to pay attention
on the evaluation of logistics effectiveness and efficiency.

The best tolls for improving and optimising outbound supply chain performance
are key performance indicators which are used often in a post ante context, to evaluate
a past performance of logistic service providers. The most important key performance
indicators in vehicle distribution are: on time pickup, delivery reliability, transit time,
lead time and damage-free delivery.

Delivery reliability is a crucial factor of successful finished vehicle logistics
provided by logistics service providers. Indication of the delivery performance is the
most important metric in outbound supply chain management that integrate the
measurement of performance from car production plant to the dealers. Premium
automotive brand is focused in their outbound distribution to create the most efficient
concept of their supply chain which in maximally focused on the customer
satisfaction, reduction of lead time and reduction of logistics costs. In top performing
outbound supply chains of premium brands, delivery time met 97% to 100% of on
time delivered vehicles. Therefore, continuously measurement of on-time delivery has
a fundamental importance for quality evaluation of performed logistics service.

Considering analysis of delivery reliability in outbound vehicle distribution,
future research should be directed to developing more detailed method, models and
tolls which can improve design of whole supply chain.

Finally, it is important to emphasize the fact that outsourcing trend in automobile
industry will increase relevance of finished vehicle logistics as a source of competitive
advantages for OEM’s on the way of achieving high customer satisfaction.
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Abstract

Achieving and maintaining a long-term competitiveness is one of the key
prerequisites of a sustainable business. Companies put a lot of effort into enhancing
different value chain activities in order to achieve it. Initially, manufacturing
companies were focused inwardly on increasing efficiency of tightly controlled
logistics activities. When those opportunities were exhausted, the focus expanded
beyond the firm boundaries through establishing trust-based relationships with
specialized logistics service provider (LSP) companies. The aim of this paper is to
analyse a case of innovative outbound logistics practice within mature glass packaging
industry. Due to relatively high weight and low utilisation of freight space, glass
packaging is considered as unsuitable for long-distance transportation. With
incrementally small developments in improvement of freight space utilisation, high
transportation cost remains as one of the most restrictive industry level success
factors. Based on a series of in-depth interviews with management personnel of a
European mid-sized glass packaging producer, innovative approaches in its outbound
logistics practices has been evaluated. Paper analyses the process of close cooperation
between the manufacturer, customer and LSP which resulted in an innovative solution
and optimisation improvements within the outbound logistics activities. As the
findings suggest, close cooperation between stakeholders and customer co-creation
contribute to the company’s competitive advantage.

Keywords: outbound 3PL, customer value, value co-creation, glass packaging
industry

1. INTRODUCTION

Traditionally, manufacturing companies were primarily devoted to optimizing
inbound logistics and cost cutting within the supply chain as a primary path to superior
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performance. However, with on-going development of a trust-based long-term
relationships with customers, (re)focusing on the outbound logistics and development
of innovative solutions together with logistics service providers (LSP) is gradually
emerging as the new area through which companies seek to enhance market
performance. A review of the literature reveals that third-party logistics and logistics
outsourcing have meant different things to different people since the subjects first
appeared in the academic literature in the late 1980s (Leuschner et al. 2014). The third-
party logistics (3PL) is commonly referred as the outsourcing or contracting-out of
multiple or all components of logistics that were previously organized in-house
(Prockl et al., 2012). As the result of this development, third-party logistics service
providers (3PLSPs) emerged. Giri and Sarker (2017) define a third-party logistics
service provider as an independent enterprise who does not own the product(s) or
service(s) but participates in the supply chain and provides logistics services under a
contract to the manufacturer, retailer(s) and/or consumers of a product or service. The
third party logistics and its alliance with the clients, therefore, play an important role
in modern supply chain management. This way businesses are outsourcing part or all
of their supply chain operations, and are able to reduce the burden of logistics
activities in order to effectively reduce logistics cost and enhance customer
satisfaction and overall performance. Maloni and Carter (2006) pointed out that three
primary reasons for outsourcing logistics services are (1) service improvements, (2)
cost reduction, and (3) a desire by the organizations that purchase these logistics
services to focus on their own, non-logistics core competencies.

Outsourcing logistic processes became a general trend for the movement and
storage of goods and information within companies’ supply chains (Nufiez-Carballosa
& Guitart-Tarrés, 2011). The most recent annual studies found that over 54% of
shippers' transportation spend and 39% of their warehouse operations spend were
outsourced (Langley, 2012). Additionally, the use of a 3PL provider to take over some
or all of a firm’s logistics responsibilities is becoming more prevalent, and more than
70 % of companies in Western Europe, USA and Asia Pacific have logistics
outsourcing experience (Hsiao et al. 2010). On the other side, Jiang et al. (2016) study
found out that whether the cost sharing contracts perform well critically depends on
chain members’ unit profits. Only if chain members have sufficient profit margins to
compensate the logistics cost of the 3PL provider, then the cost sharing becomes an
effective strategy, and the cost sharing mechanisms enable the chain members’ profits
to increase.

In the US and Europe, 3PL has shown its great potential; it is now close to its
maturity stage of life cycle. In Asian countries like China, Japan and India, 3PL is in
the path of high growth stage. However, there has been a further evolution in supply
chain outsourcing and it is called Fourth-party Logistics or 4PL because corporations
are now looking for chain integrator, a single outsourcing partner who will assess,
design, build, run and measure integrated comprehensive supply chain solutions on
their behalf in a sustainable way (Mehmann & Teuteberg, 2016). For example HAVI
Logistics has set up an extensive logistics network for McDonald’s across Europe in
order to be able to supply about 5,300 restaurants with quality food and packaging
every day. 4PL is the new type of outsourcing in logistics services, of which the
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appearance is not only on the basis of the development of IT, but also the application
of the Theories about the Modern Division and Exchange Cost (Qiuping, 2011).

The aim of this paper is to analyze a case of innovative outbound logistics
practice within mature and partially rigid glass packaging industry. Paper analyses the
process of close cooperation between the manufacturer, customer and LSP which
resulted in an innovative solution and optimisation improvements within the outbound
logistics activities.

2. VALUE CREATION THROUGH OUTBOUND THIRD PARTY
LOGISTICS

Long-term relationship characteristics between partner companies are
continuously evolving from the aspect of lower or higher operational integration. The
growing number of strategic alliances that companies are entering serves as a vivid
reminder of numerous benefits that companies perceive materialising by engaging in
deeper operational relatedness with their partners throughout the supply chain.
However, as complexities rise, it becomes costly for companies to manage rising
number of complex activities between them, hence the specialist companies enter into
the relationship. One of the most common activities that these types of companies
undertake within the supply chain are logistic activities.

Hertz & Alfredsson (2003) point to the fact that successful management of
complex interfirm relationships up to the level of co-specialization serves as a
prerequisite for co-utilization of resources and customer value creation in today’s
logistics activities. However, most of the studies focus mainly on studying logistics
providers on standalone basis rather that as in intermediary in the context of their
relationship (strategic and operational ones) with both supplier and buyer of products
they carry.

The development path of logistics providers signals that closer integration with
supply chain parties is increasingly the only pathway for successful long-term value
creation by logistics partners (Wang et al., 2016; Hammervoll, 2014). Modern
logistics providers have evolved through different phases of development to reach
today’s level of operations. Starting as mostly transport companies, they have
expanded gradually through time the scope of services they offer to cater better to the
growing logistics needs of industrial companies. As the scope of their activities grew,
they have gradually transformed themselves into integral transport providers offering
full scope of logistics services that industrial companies have previously undertook
on their own and have now outsourced (Berglund et al., 1999). Next to growing in
scope, advancing the quality of services offered also became a pressing issue for
logistics providers. Often times, lacking the needed know how in a specific area,
logistics providers have used specialized companies for specific tasks with the supply
chain which marked the emergence of both 3PL and 4PL (Forth Party Logistics
providers) companies.

Increased complexity of supply chains due to growing pressures for cost
effectiveness and longer distances between the source and final destination of the
goods, necessitated the need for closer cooperation (strategic level) and closer
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integration (operations level) between the logistics provider and buyer and seller of
goods in order to maximize value creation. Hertz & Alfredsson (2003) have
specifically analysed logistics service providers with respect to two key dimensions:
general problem solving capabilities and customer adaptation. Based on those two
dimensions they differentiate logistics providers as: service developers, customer
developers, standard 3PL providers and customer adapters. Last one being potentially
most beneficial to supply chain parties but also most difficult to achieve considering
the growing complexities within the supply chain.

Research points to numerous benefits of customized customer adapting approach
in delivering logistics services. Tate (1996) pointed out many of the benefits of
collaborating or establishing partner-like relationship with logistics companies.
However, for those relationships to yield benefits they must be founded on a set of
important pillars such as deeply understanding partner’s needs, open communication
and fairness and above all commitment and trust. Bowersox (1990) has listed similar
benefits like previous researchers and has early on pointed to the need of constant
management of partner relationship in order for the benefits to clearly materialize.
Above other issues, he signalled out cultural factors as increasingly important for
predicting success of the alliance. Management and advancement of alliance
cooperation and alliance itself was recognized as another important goal that partners
must devote resource to which means they must continually focus on two distinct
goals within the relationship. One is to focus on partners’ value creation and the other
is to focus on developing partnership relationship with alliance partners. The
complexity arises due to the fact that different set of resources and capabilities
underpin successful delivery on each of the two goals.

Halldérsson and Skjett-Larsen (2004) focused their research exactly on the area
of joint logistics solution generation between partners in the value chain and the
competencies that need to be developed to achieve that goal. The essence of building
the competencies for joint logistics solution generation and deployment is to manage
relationship with a clear focus on development of learning processes as one of the key
benefits of the customized deep-level alliance partner relationship. Development of
specific expertise serves as a long-term base for value creation and the process of
development of that knowledge will ideally contribute to building those much needed
soft skills for managing partner relationships that will serve as a base for alliance
management in the future (Sharma & Ghosh Choudhury, 2014).

Two important issues to recognize by analysing these foundation pillars of
successful relationships are that they are relatively soft in nature. In other words, there
is a need for the existence of types of skills that are more of inter-organizational and
interpersonal in nature rather than technical. Additionally, for those type of pillars to
develop it usually requires a long time through which partners assess the others side
seriousness and trustworthiness in their approach.

Beyond the benefits resulting from the improvement in the dyadic relationship
between the logistics provider and the industrial producer, research has identified that
these benefits spill-over through the supply chain which make the entire supply chain
more competitive. In the era of specialization and customization within the supply
chain and between the supply chain partners, this means that external benefits accrue
to other members of the supply chain as well. Using survey methodology, Kopaczak
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(1997) discovered the potential for greater value creation by partners engaging in
mutually dependent “restructuring” (in other words “customization”) of their
operations which results in streamlining activities across the entire supply chain. The
biggest benefits identified by the study have been in reducing the logistics related
costs and in improving the order cycle costs.

Bhatnagar and Viswanathan (2000) building on Kopaczak (1997) research
provided the evidence of the benefits as predicted by Kopaczak through case study
research of two large multinational firms’ operations in Asia. Panayides and So (2005)
have finally, from the position of the supply chain wide effects, established the case
for benefits arising from the partnering relationship between an industrial
(manufacturing) firm and logistics provider. They have shown that relationship
orientation of supply chain partners (industrial firms and logistics provider
specifically) which is conductive to organization learning, significantly positively
influences the performance not just of the two respective firms but of the entire supply
chain as well.

It can be concluded that the case for multiple benefits arising from strategic
partnership between supply chain partners, namely industrial companies and logistics
providers exist. Prerequisite for those benefits to materialize are facilitation of deep
level of cooperation between supply chain partners which resides on soft skill based
resources and capabilities and results in customizable solutions to unique logistics
problems. Benefits of this approach do not accrue only to partners in dyadic
interaction but permeate the entire supply chain and create positive external effects
for other supply chain members.

Translating the practices aforementioned in previous paragraph in concrete
benefits is practically not easy due to numerous external constraints, usually not
directly related to the business partners. European space despite humerous integration
processes is still characterized by significant diversity on national level that serve as
a barrier to development of Europe wide partner generated solutions in logistics,
national culture being one of them. Carbone & Stone (2005) provide evidence for
prerequisites emerging among European economies that are conductive to
implementation of partner like relationship in multinational supply chains with
potential to create aforementioned benefits. Logistics industry in Europe is gradually
but steadily through mergers and acquisitions reaching the level of consolidation
where companies establish Europe wide national presence, which eases the
implementation of cross-nation Europe wide partner based logistics solutions.

3. RESEARCH DESIGN

As the literature review revealed, partnership between suppliers and their clients
is a complex construct significantly relying on both inbound and outbound logistics
optimization. Due to each industry’s specifics and various internal and external
constrains, there are no universally applicable formulas for the supply chain
optimization. However, even customised solutions can provide contribution to the
overall body of knowledge within this area.
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This paper tries to provide an insight into very specific logistic solution
developed within the glass industry. Therefore, a qualitative methodology and case
study method were selected to yield a high level of detail (Golic & Davis, 2012). The
study presented in this paper is based on the findings collected over a sustained period
of time through a series of in-depth interviews with the sales and logistics managers
employed by a mid-sized glass packaging producer (i.e. a supplier) in its Croatian and
Austrian subsidiaries. The data collection was followed by a qualitative analysis of
the interview transcripts. Due to the complexity, the research findings are elaborated
in the form of a case study, which, as a research method, represents an empirical
inquiry that analyses a phenomenon within its own environment (Yin, 2009).

4. THE CASE STUDY
4.1. Background: An Overview of European Glass Packaging Industry

For centuries, glass has been considered as a traditional packaging material.
However, the 