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The Analysis of Vehicle Use Intensity in a Transportation

Company

Pawel Drozdziel!

IFaculty of Mechanical Engineering, Lublin University of Technology, Nadbystrzycka 36, 20-618 Lublin, Poland

Abstract Intensity of use is one of the most important parameters of vehicle operation. It is expressed as the number of
kilometres travelled by a car within a specified period of time (day, month, or year). The intensity of use affects vehicle life,
the costs and the profits from transportation services, drivers' working time, and other parameters of car operation. For that
reason, analysis of data associated with the intensity of vehicle use may be instrumental in the evaluation of a given transport
system. The paper presents and discusses the results of statistical analyses of data related to the intensity of use of delivery

trucks in the Poczta Polska company in Lublin.
Keywords
JEL 191,187, R41

transportation company, vehicle usage, statistical analysis

1. Introduction

There are numerous indicators used to evaluate and com-
pare the transport system of a transport company. These in-
clude profit from transport service, the weight of transported
cargo, personnel costs, fuel, lubricating oil, repairs, etc.
[3,4,5]. However, the intensity of vehicle use remains one of
the most important parameters.

It is measured through the number of kilometres travelled
by the vehicle over a specific time period (day, month or
year). Many other factors and indices depend on the intensity
of use: the period of use of a given vehicle, the costs and the
profits obtained from the transportation service, driver's
working time, as well as other parameters of vehicle opera-
tion [1,6,7,8,9].

Therefore, it seems that a thorough analysis of the data re-
lated to the intensity of vehicle use is important and helpful
in the process of evaluating a given transport system. The pa-
per presents and discusses the results of statistical analysis of
the data obtained during the study related to the intensity of
use of delivery vehicles of the Poczta Polska (Polish Post Of-
fice) in Lublin.

2. Characteristics of the vehicle fleet used
in the transportation company

The author had the access to the data concerning 179 ve-
hicles that were used in one year in Poczta Polska in Lublin.
The studied fleet consisted of vehicles of many makes and
types. They performed various transport tasks resulting from
the operation and role of the post office. Based on the

information obtained from the carrier, the vehicles were di-
vided into three groups with different load capacities.

The group I included passenger vehicles with small load
capacity (e.g. Fiat Seicento). The nature of their work in-
volved driving between letterboxes and delivering mail in the
city of Lublin and its nearest vicinity. This group comprised
47 vehicles. Group II consisted of delivery vans with an av-
erage load capacity (e.g. Lublin III). These vehicles trans-
ported mail between post offices in Lublin and the former
Lublin Province. This group consisted of 85 cars. Vehicles
with large load capacity (e.g. Iveco Stralis) were classified in
group III. They were used to transport parcels between lo-
gistic centres of Poczta Polska on routes outside the territory
of the former Lublin Province. This group included 47 vehi-
cles.
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3. Results of statistical analyses of the in-
tensity of vehicle use

The data on the intensity of vehicle use acquired from
Poczta Polska in Lublin were statistically analysed using the
Statistica PL software package. The results for the whole
fleet of the studied vehicles as well as for the groups of vehi-
cles are presented in Table 1.

Table 1. Position and scatter parameters of the annual intensity of vehicle
use in the studied transport company
Mean . Min. Max. | Standard | Standard
Median ..
value value value |deviation| error
Group =
l me O 3
[km/year]|[km/year]|[km/year]|[km/year] |[km/year]| [km/year]
Group I | 14437 12144 1248 46511 8432 1230
Group 1| 34762 | 35315 67 97707 17716 1922
G;‘I’Iup 83597 | 87771 | 3515 | 164244 | 48239 | 7036
Groups
I,Iland | 42248 | 30316 67 164244 | 38082 2846
111

Figure 1 and Figure 2 shows the statistical histograms for
the annual intensity of vehicle use.

Figure 1. Statistical distribution of annual intensity of vehicle use; (a)
group I density function fit to empirical data by Weibull distribution (sig-
nificance level p<0.01) with scale parameter: 16225.25 and shape parame-
ter: 1.796, (b) group II density function fit to empirical data by normal dis-

tribution (significance level p<0.01) with position parameter: 34761.98 and
scale parameter: 17716.66.

Figure 2. Statistical distribution of annual intensity of vehicle use; (c)
group III density function fit to empirical data by extreme value distribution
(significance level p < 0.01) with position parameter: 59936.11 and scale
parameter: 42740.60, (d) all vehicles density function fit to empirical data
by lognormal distribution (significance level p<0.01) with scale parame-
ter:10.24 and shape parameter: 1.04

While discussing the distributions from Figures 1 and 2, it
should be stated that the annual intensity of vehicle uses in
group I does not exceed 10,000 km/year in 30.2% of the ob-
served cases. The mileage up to 20,000 km/year occurs in
almost 82%. For group II, mileages up to 20,000 km/year oc-
cur in 21%, and up to 40,000 km/year in 64.2% of cases. For
group III, mileage up to 20,000 km/year constitutes only 11%
of the cases. In this group, 43.6% of observations the annual
intensity does not exceed 60 thousand km/year. For group III,
the share of the annual mileage exceeding 140,000 km/year
is significant (21.1%).

When analysing the results of the calculation of statistical
parameters presented in Table 1, attention should be paid to
the differences occurring between the values of the average
annual intensity of use in individual groups of vehicles. To
check whether the observed differences are statistically sig-
nificant, an analysis of variance was performed.

Its first step is to check whether the empirical data can be
approximated by a normal distribution. As it can be seen
from Figures 1 and 2, the histograms of the annual intensity
of vehicle use for groups I and III cannot be fitted by a normal
distribution. This was also confirmed by the analysis per-
formed using the chi-square y2 test. Additionally, the occur-
rence of variance heterogeneity in individual vehicle groups
was found. The Bartlett's B test [2] was applied (because of
a non-uniform number of objects in the analysed groups).
The value of the test statistic was B=134.48 at the signifi-
cance level of p=0.001.
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Failure to meet the assumptions about the normality of the
distribution of the analysed variable and the heterogeneity of
the variance made it impossible to apply the method of clas-
sical analysis of variance to the observed annual values of
vehicle use intensity. Therefore, in further calculations, the
non-parametric method of analysis of variance using the
Kruskal-Wallis K-W test [2] was applied. The calculations
showed that the value of the statistic is K-W=80.145 with a
significance level of p=0.001. This result indicates that there
is a significant difference between the mean value of the an-
nual intensity of vehicle use in particular groups.

Figure 3. Categorized box plot for the independent factor, i.e. vehicle
group and the dependent variable, i.e. annual vehicle use intensity

Figure 3 presents a categorized box plot for the annual in-
tensity of use depending on the distinguished group of vehi-
cles. The observed occurrence of differences for the average
value of the annual intensity of use between the groups of
vehicles results from the nature and scope of the transport
work performed.

In further analyses, it was checked whether the month (as
a grouping factor) has a significant effect on the average
value of the monthly intensity of vehicle use in individual
groups. The calculations carried out using the chi-square y2
test showed the conformity of the distributions of the mean
monthly intensity of vehicle use in individual groups with a
normal distribution. Homogeneity of variance was also
checked using the Bartlett B test [2]. The obtained results are
presented in Table 2.

Table 2. Bartlett's test results for homogeneity of variance for vehicle
use intensity for the grouping factor — month of operation

Group Statistic B p value
I 6.80 0.814
I 5.12 0.925
I 4.56 0.950

The results pertaining to the homogeneity of variance for
monthly usage intensity in each vehicle group presented in
Table 2 indicated that the classical analysis of variance
method could be applied. The results of the calculations per-
formed using the Fisher F test are presented in Table 3.

DOI: 10.26552/tac.C.2021.2.1
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Table 3. Results of the analysis of variance for the factor grouping —
month of operation

Group Statistic F p value
I 1.567 0.104
11 1.392 0.170
II 1.698 0.071

The obtained results presented in Table 3 allow stating that
the month of operation (as a grouping factor) does not signif-
icantly affect the value of the observed average monthly in-
tensity of vehicle use. This is confirmed by the categorized
box plots presented in Figure 4 for the monthly intensity of
use in each group of vehicles.

Figure 4. Categorized box plot for the independent factor, i.e. month
and the dependent variable, i.e. monthly vehicle use intensity; (a) group I,
(b) group 11, group III

4. Conclusions

The obtained results of statistical analyses performed and
discussed in the article for the data related to the intensity of
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use of vehicles of the Poczta Polska in Lublin allow drawing

the following conclusions:

1. The division of the vehicle population into three groups
based on the size of the cargo space is correct. It is indi-
cated by significant differences between particular
groups for average values of annual and monthly inten-
sity of vehicle use.

2. In group II, the values of the average annual intensity of
vehicle use were almost 2.5 times higher than those ob-
served in group I. A similar proportion occurred also for
the intensity of vehicle use of group III, relative to group
II.

3. Month of operation has no significant effect on the ob-
served values of the average monthly intensity of vehicle
use in particular groups.

The obtained results indicate that the vehicles perform
transportation according to a well-defined travel plan. This
allows concluding that decision-making related to transpor-

tation routing in Poczta Polska is a properly executed process.

Finally, it should be added that the statistical analyses were
conducted for the information related to the process of vehi-
cle operation for one year. Therefore, it cannot be determined
unequivocally whether there is the repeatability of the results
for the observed values of vehicle utilization intensity in
other years. For this purpose, similar calculations should be
performed for the data from at least several years of vehicle
operation in each transportation company. The authors hope
to carry out further research on this topic in the future.
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Research on Wear of Liners in Diesel Engines During

Start-ups

Pawel Drozdziel', Piotr Ignaciuk', Pawel Kordos'

IFaculty of Mechanical Engineering, Lublin University of Technology, Nadbystrzycka 36, 20-618 Lublin, Poland

Abstract This paper presents the methodology and results of tests of the start-up wear of the cylinder liner in vehicle
diesel engines. The conducted tests were aimed at determining the starting wear of the cylinder liner, as well as the influence
of the starting temperature and other factors on the observed wear value.

Keywords diesel engine, cylinder testing, starting wear testing

JEL 162,190, C15

1. Introduction

The start-up of a vehicle internal combustion engine is a
transitional process accompanied by the occurrence of many
negative tribological processes. At the beginning of the start-
up, due to insufficient amount of engine oil (inertia of the
engine lubrication system) and too low relative velocity of
the moving surfaces of its tribological pairs, the occurrence
of the so-called boundary friction is noted [5,6,10].

As the engine oil flows to the engine tribological nodes,
the boundary friction turns into mixed friction. Only when a
sufficient relative velocity and amount of lubricating oil are
achieved between the moving surfaces of kinematic pairs
(usually occurring after the engine start-up), favourable con-
ditions for the occurrence of liquid friction appear [7,10,11].
The described transition from boundary friction (in extreme
cases from dry friction) to mixed friction with a low percent-
age of liquid friction causes that adhesive and abrasive wear
can be observed in the tribological nodes of the internal com-
bustion engine during start-up, in addition to corrosive wear
in the PRC system [6,8].

As a result, the start-up wear is characterized by a higher
wear rate than that occurring during the normal operation of
the internal combustion engine The start-up wear of the cyl-
inder liner bearing surface during a single start of an internal
combustion engine constitutes from 8% to 75% of its total
operational wear. The values of the equivalent start-up wear
range from a few to several hundred or even several thousand
kilometres of vehicle mileage or several (up to 10) hours of
operation on an engine test bench [6,11].

2. Research objects and the methodology
of research

The research was conducted on 359M and 4CT90 diesel
engines. The basic technical parameters of these engines are
presented in Table 1.

Table 1. Selected technical parameters of the 359M and 4CT90 engines
. . Engine parameter value
Specification 350M 4CT90
Number of cylinders [pcs.] 6 4
Cylinder diameter [mm] 110 90
Stroke [mm] 120 95
Displacement [dm’] 6.842 2417
Compression ratio 17 20.6
Rated power [kW] 110 66
Rotational speed of rated power [rpm] 2800 4100
Maximum torque [Nm] 440 195
Rotational speed at the max torque [rpm] 1800-2100 2500
Idle speed [rpm] 500-600 800420
Maximum rotational speed [rpm] 3100 4100
Compression pressure [MPa] 2.4 3.0
Oil pressure in the lubrication system [MPa] 0.2-0. 0.38-0.

The PRC system of the 4CT90 engine uses a piston with
two sealing rings and one wiper ring. In the PRC system of
the 359M engine, the piston is sealed in the cylinder liner by
three O-rings and includes one wiper ring.

The wear assessment of cylinder liner bearing surfaces
during the start-up of the tested engines was carried out on a
special engine testbed at the Department of Internal Combus-
tion Engines, Lublin University of Technology. Electronic
measurement and control systems used on the stand allowed
for continuous control of the temperature of the coolant and
engine oil. A heater and a water cooler in the engine oil pan,
as well as a heater in the engine coolant heat exchanger and
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a water pump operating when the engine is stopped, were in-
stalled to stabilize the above-mentioned temperatures. Fluc-
tuations in coolant and lubricating oil temperatures during
the series of start-ups did not exceed + 2.5°C.

For the tested diesel engines, a series of start-ups was per-
formed with the parameters shown in Table 2. After starting,
the engine idled for several dozen seconds. After the engine
was stopped, it was brought back to the assumed start-up
temperature.

Table 2. Parameters of the various start-up series of the 359M and
4CT90 engines

Water Water and
. Number and lu- . Number lubricat-
Series £ bricati Series £ . i
359 0. r.1cat1ng 4CT90 O' mng o1
enoine engine oil tem- enoine engine tempera-
g start-ups perature g start-ups ture
[K] K]
Series 283 Series 291
no. 1 300 (10°C) | no.1 1000 (18°C)
Series 293 Series 308
no. 2 700 20°C) | no.2 1000 (35°C)
Series 333 Series 328
no. 3 1000 60°C) | mo.3 1000 (55°C)
Series 248
no. 4 1000 (75°C)

3. Methodology of testing the wear of
cylinder liners

In the conducted tests, the increase in their internal diam-
eter was assumed as a measure of the wear of cylinder liners
in the 359M and 4CT90 engines. In order to determine this
increase, the surface of individual cylinder liners was cut

with a diamond blade, creating the so-called "artificial bases".

A special UPOI6 device was used for this purpose. The ap-
plied wear assessment method is characterized by an accu-
racy of 1 um.

In order to avoid complete disassembly of the engines, the
"artificial bases" were cut only after removing the head. This
was done in accordance with the Industry Standard BN-
79/1374-04, perpendicular to the direction of friction in
measurement planes (levels) at different heights of the cylin-
der liner measured from the block surface and for four direc-
tions - parallel (A-A) to the crankshaft axis, perpendicular
(B-B) to this axis and at an angle of 45°C to the crankshaft
axis (C-C, D-D), as shown in Figure 1.

The first three measurement planes for the 4CT90 engine
and the four measurement levels for the 359M engine corre-
spond to the centers of their piston ring positions at TDC.
The greater number of measurement levels of the 4CT90 en-
gine resulted from better technological possibilities of cut-
ting the "artificial base". The "artificial bases" cut in each
measurement plane were marked sequentially from 1 to 8
clockwise, starting from the base on the A-A direction closest
to the front of the engine.

Lic v # NN
[ RN 77— N
acoo & j /) TLss50m
[Vacoo & i [ss0m
Vcso PN i TVisom
Vlicoo |
VII4C9() /2\ i
ViTLicso— N\ |
1 i
| v
H A B
G C
- E D
Figure 1. Scheme of cutting artificial bases on the surface of cylin-

der liners of the tested engines; height (level) of notching the bases
along the 4CT90: — 23 mm, HI4CT90 -30 mm, IV4CT90 —40 mm, V4CT90
— 50 mm, Vlscreo — 60 mm, VIscreo — 70 mm and the 359M engine.
I359M* 23 mm, H359M -36.5 mm, 111359 —55.5 mm.

The first three measurement planes for the 4CT90 engine
and the four measurement levels for the 359M engine corre-
spond to the centers of their piston ring positions at TDC.
The greater number of measurement levels of the 4CT90 en-
gine resulted from better technological possibilities of cut-
ting the "artificial base". The "artificial bases" cut in each
measurement plane were marked sequentially from 1 to 8
clockwise, starting from the base on the A-A direction closest
to the front of the engine.

After each series of start-ups, the engine head was re-
moved and the changes in the length of the "artificial base"
were read, which made it possible to assess the wear of the
cylinder liner surface (increase in its internal diameter). The
value of the single radial wear of the liner surface is calcu-
lated from the following formula, see Figure 2:

Zrizl.(l_l)ﬂg_hﬁ), (1)

8 \r R

where:
Zi— value of the i-th radial wear of the cylinder liner [um],
I — knife radius 9.4 [mm],
R —radius of curvature of the tested surface 45 or 55 [mm],
Ip — initial cut length [um],
l«— end length of the cut, [um].
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The value of wear (increase) of the inner diameter of the
cylinder liner is:

d =2z, +Zy, 2)
where:

di — value of the i-th cylinder liner wear (increase in the
inner diameter) [m],uL

Zxji— value of radial wear at the level x =1, 11, ..., VII and
direction j = 1,..,4um],

Zk— value of radial wear at the level X and direction k = j
+ 4 [um].

Figure 2. Scheme for calculating the depth of cuts; R — radius of curva-
ture of the tested surface, r — knife radius, 1, — initial cut length, Ik — final
cut length, h; — knife height, Ah — linear wear value

4. Research results

After reading the changes in the length of the "artificial
base", the wear of the cylinder liner was calculated using the
formulas (1) — (2). Then, a preliminary statistical analysis of
the obtained results was carried out using the STATISTICA
software package, and the elimination of the "gross error" re-
sults was performed by calculating the lower limit of the con-
fidence interval:

dg :a_tl—amo/z Oy - , (3)

n-2

and the upper end of the confidence interval:

d =d+t

g l-aryig /2 "0y - P 4)

n-2

where:

da —lower end of the confidence interval,

dg — upper end of the confidence interval,

t1-api2 — quantile of Student's t-distribution with n-2 de-
grees of freedom.

DOI: 10.26552/tac.C.2021.2.2
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The results from calculations of the confidence interval
limits were obtained at the confidence level apiiz=0.1 where
t1-apiz = 1.659 [1]. After taking into account and rejecting the
questionable results from further analysis, the final selected
parameters of the position and the spread of the start-up wear
of the cylinder liners were calculated. Additionally, to com-
pare the obtained values, the results of the cylinder liner wear
of the 359M engine in series 1 and 2 were calculated per 1000
starts. The results of the statistical calculations are presented
in Tables 3 and 4.

It should be emphasized that at a temperature of 75°C for
the series of 4 starts of the 4C90 engine, no case of radial
wear was found. The measurement method used in the re-
search, based on "artificial bases", turned out to be too "sen-
sitive".

Table 3. Parameters of the position and dispersion of the start-up wear of
the cylinder liner after the rejection of questionable results for the 4CT90

engine [4]
Series no. 1 | Series no. 2 | Series no. 3
Average value d [um] 3.448 1.936 1.037
Variance Var [um2] 2.138 2232 1.178
Standard deviation sq [pum] 1.462 1.494 1.085
Standard error dg [pm] 0.151 0.143 0.102
Median me[pm] 2.357 2.149 0.0
Mode [pm] 2.243 0.0 0.0
Coefficient of variation v [%] 42.40 77.16 104.62
Max.value [pm] 6,675 4.658 2.736
Min. value [pm] 1.808 0.0 0.0

Table 4. Parameters of the position and dispersion of the start-up wear of
the cylinder liner after the rejection of questionable results for the 359M

engine [3]

Average value [um] Series no. 1 | Series no. 2 | Series no. 3
Variance Var [um2] 7.645 6.397 6.419
Standard deviation sq [pum] 0.207 4318 3915
Standard error dgq [um] 0.445 2.078 1.978
Median me[pum] 0.051 0.222 0.214
Mode [pm] 7.598 5.656 6.099
Coefficient of variation v [%] 7.919 5.721 6.007
Max.value [pm] maj.82 32.48 30.81
Min. value [um] 9.406 11.116 sep.44
6.728 2.762 2.231

4.1. Analysis of the variance of the obtained research
results

In order to determine the influence of temperature and
other grouping factors (cylinder, level, direction) on the wear
of the engine cylinder liner during its start-up, an analysis of
variance was performed using the STATISTICA software
package. The first step in this analysis was to investigate
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whether the data came from a normally distributed popula-
tion and whether all groups of results had the same variance.

The significance level was assumed to be a = 0.05. The
chi-square test x* was used for compliance testing with a nor-
mal distribution. For testing the homogeneity of variance, the
Bartlett B [2] test was adopted (due to the unequal number of
results in the analyzed groups).

The results of the analysis for the adopted temperature as
the grouping factor for the tested engines are presented in Ta-
bles 5 and 6.

Table 5. Normal and uniformity test results for wear on the 4CT90;
grouping factor — engine temperature

Normality Homogeneity ..
Decision
(N) J)
2 value B value N ]
p p

Series [ 41.13 0.000 no
Series 1T 59.86 0.000 12.73 0.001 no no

Series IIT 162.0 0.000 no

Table 6. Normal and uniformity test results for wear on the 359M en-
gine; grouping factor — temperature

Normality Homogeneity -
Decision
™) Q)
2 value B value N ]
p p

Series 1 3.520 0.1720 yes
Series II 3.437 0.0637 141.0 0.00 yes | no

Series IIT 8.082 0.0886 yes

Based on the results presented in Tables 5 and 6, it is seen
that the observed values of the wear of cylinder liner diame-
ters for the 359M engine can be adjusted with the normal dis-
tribution, as opposed to the wear in the 4CT90 engine. This
is confirmed by earlier studies [3,4]. In the statistical calcu-
lations for the analysed engines, it was also found that the
normality tests were not met for the following grouping fac-
tors: cylinder, level and measuring direction.

Since the assumptions of the classic analysis of variance
for the observed wear of the cylinder liner diameters of the
4CT90 and 359M engines during start-up were not fulfilled,
a non-parametric method was used in the further analysis of
variance using the Kruskal-Wallis K-W [2]. The results of
this analysis are presented in Tables 7 and 8.

When analysing the results of the variance analysis pre-
sented in Table 7, it can be concluded that the temperature
has a significant impact on the wear observed during the
start-up of the 4CT90 engine.

Table 7. Kruskal-Wallis test results for 4CT90 engine wear (various
grouping factors)

Grouping factor K-w p value tg:(;‘;(jltg;lzrrllc\?vg:r
Temperature 102.06 0.0000 significant
Cylinder 20.519 0.0001 significant
Cylinder in series I 14.751 0.0021 significant
Cylinder in series 11 12.036 0.0073 significant
Cylinder in series 11 5.249 0.1545 insignificant
Level 6.120 0.4098 insignificant
Level in series | 14.1418 0.0281 significant
Level in series 11 3.017 0.8066 insignificant
Level in series 111 7,912 0.2446 insignificant
Direction 1.800 0.6148 Insignificant
Direction in series | 2.6954 0.4410 Insignificant
Direction in series 11 2.5255 0.4707 Insignificant
Direction in series 11 0.7878 0.8524 Insignificant

During the start-up, the influence of another grouping fac-
tor, i.e. the cylinder, on the wear values of the cylinder liner
is additionally observed. This is probably due to the lower
lubrication of the last cylinder liner. Figures 3, 4 and 5 show
categorized frame charts the value of cylinder liner wear for
two grouping factors (temperature and cylinder for start-ups
at 18°C and 35°C) of the 4CT90 engine.

Figure 3. Categorized box plot for the temperature grouping factor and
the dependent variable — wear on the cylinder liner diameter of the 4CT90
engine during its start-ups
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Figure 4. Categorized box plot for the cylinder grouping factor and de-
pendent variable — wear on the cylinder liner diameter of the 4CT90 engine
during its start-ups in series I

Figure 5. Categorized box plot for the cylinder grouping factor and de-
pendent variable — cylinder liner wear on the cylinder liner diameter of the
4CT90 engine during its start-ups in series 11

Table 8. Kruskal-Wallis test results for 359M engine wear (various
grouping factors)

Grouping factor K-W p value The influence of

the factor on wear
Temperature 22.297 0.000 significant
Cylinder 6.467 0.2633 insignificant
Cylinder in series I 2.683 0.7487 insignificant
Cylinder in series II 14.040 0.0154 significant
Cylinder in series III 5.889 0.3376 insignificant
Level 2.753 0.4308 insignificant
Level in series I 0.775 0.8553 insignificant
Level in series II 1.110 0.7746 insignificant
Level in series III 1.017 0.7970 insignificant
Direction 1.984 0.5756 insignificant
Direction in series I 2.059 0.5602 insignificant
Direction in series II 2.045 0.5630 insignificant
Direction in series 111 5.045 0.1685 insignificant

When analysing the results of the variance analysis pre-
sented in Table 8, it can be concluded that the temperature
has a significant impact on the wear observed during the
start-up of the 359M engine. Figure 6 shows the categorized
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box plot of the cylinder liner wear value for the grouping fac-
tor, i.e. the 359M engine start-up temperature.

Figure 6. Categorized box plot for the temperature grouping factor and
the dependent variable — wear on the cylinder liner diameter of the 359M
engine during its start-ups

5. Conclusions

Based on the performed tests and the conducted statistical
analysis of the obtained results from the cylinder liner wear
assessment in 4CT90 and 359M diesel engines, it can be con-
cluded that:

e The start-up wear of the cylinder liner bearing surface,
measured by the increase in its internal diameter, de-
pends significantly on the value of the engine start-up
temperature. This is due to the increase in the influence
of negative tribological processes on the wear intensity
of the finishing coats as the temperature drops.

e  The start-up wear value also depends on the type of in-
jection. The use of indirect injection in a split combus-
tion chamber (4CT90 engine) limits the variability of
dynamic loads occurring in the PRC system. This im-
proves the lubrication conditions in its tribological pairs
and reduces the start-up wear.

e  The value of the starting wear of cylinder liners of the
tested engines does not depend on the direction and level
of assessment. This observation is quite interesting be-
cause, according to other researchers, the wear value
along the running surface of the cylinder liner during op-
eration depends on the position in relation to the surface
of the engine block (the TDC of the top ring).

e The occurrence of a significant field of scattering of the
observed values of cylinder liner wear during engine
start-up results from the complex friction process in the
PRC system, and the accuracy of the "artificial base"
method.
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Abstract

In this article, the authors focus on the issue of refunding excise duty on motor oils within Europe . Some states

have a refund in their legislation, most European countries do not, and this creates pressure from carriers to make decisions ,
where and how much it pays to refuel in your vehicles for international transportation . For this article, research was conducted
in the field of research, analysis and comparison of conditions for creating a competitive environment within the countries of
Europe. The article also wants to point out that the reimbursement is not subject to national transport, respectively. interna-
tional transport and drawing by foreign carriers in countries where reimbursement is introduced are supported..

Keywords Refundation, Excise duty, Freight transport, Price

JEL H29, 191, R40

1. Introduction

Tax revenue from excise duty on mineral oils can be clas-
sified as one of the highest, which is credited to the state
budget of the country. The amount of state budget revenue
depends on the volume of fuel consumed. Income for a par-
ticular country is not dependent on the volume of fuel con-
sumed in its territory, but on the volume of fuel used in that
country. For this reason, individual EU countries, as the EU
is a single customs territory, are based on two assumptions:
if the price of fuels increases, the withdrawal to the state
budget will increase; if the price of fuels increases, the de-
mand for refuelling abroad will increase, where the price
level is lower. EU legislation sets a minimum level of taxa-
tion of fuels in the EU through directives, but the maximum
level of taxation is not adjusted. From the position of carriers
is an effort to minimize the cost of ensuring the transport of
the shipment. Of the variable costs, fuel costs represent the
highest share. This is up to 30 percent of the total cost. This
means that carriers are looking for the option of fuel price
with the lowest price. In relation to excise duty, the term ex-
cise duty refund can be encountered in some EU countries.
This is a procedure where, by Member States refund a part of
the excise duty to a foreign carrier so as to motivate it to draw
fuel on its territory. The state has the advantage of obtaining
excise tax revenue at least at the minimum rate and the carrier
refuelling at a lower price by Hautzinger (1984).

The disadvantage in this case is the state in which the car-
rier would, under other conditions, draw fuel, which loses all
the revenue from the excise duty. The purpose of this paper
is to identify the excise refund procedure in each country and
to verify the hypothesis that excise refund affects tax reve-
nues in other countries. The paper also proposes a solution
for uniform arrangements for the refund of excise duty
throughout the EU so as not to distort the EU single market.
Some applications are simulated in the Slovak Republic.

2. .Overvie.w of conditions of excise tax on
mineral oils.

Since 2010, the EU Member States are obliged to comply
with the minimum level of taxation of excise duties on min-
eral oils under two legal standards. The first is Council Di-
rective 2003/96 / EC of 27 October 2003 restructuring the
Community framework for the taxation of energy products
and electricity. The second piece of legislation is Council
Directive 2004/74 / EC of 29 April 2004 amending Directive
2003/96 / EC as regards the possibility for certain Member
States to apply provisional exemptions or reductions in re-
spect of energy products and electricity taxation. The stand-
ard was adopted because of a transition period where coun-
tries did not have to immediately apply the minimum level of
taxation. This was intended for States where the minimum
rates laid down in Directive 2003/96 / EC would create seri-
ous economic and social difficulties and could have an ad-
verse effect on nationals and national economies. Member
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States such as Cyprus, the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Malta, Poland, Slovenia and the Slovak
Republic could apply the transitional period. At present, no
Member State can apply this transitional period and must
comply with a minimum level of taxation for diesel excise
duty of € 330/1 000 liters.

The mineral oil excise duty shall be based on the quantity
of mineral oil expressed in liters at 15 ° C (1) or in kilograms
(kg) or the amount of energy contained therein, expressed in
gigajoules (GJ) Holguin et al. (2005).

Although the EU directive sets a minimum tax rate, indi-
vidual states apply their own level of taxation in their terri-
tory by Fernandez et al. (2003). Figure 1 shows a comparison
of the variations in excise duty rates in individual EU coun-
tries and its year-on-year change between 2017 and 2018.
The highest tax rates are applied in Sweden, the United King-
dom, Italy and France. The lowest tax rates are applied in
Bulgaria, Estonia, Luxembourg and Poland. The level of ex-
cise duty in all EU countries is shown in Figure 1.

100+
80+
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40 W zapad
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201
0+
: 1.8tv. 2.5tv. 3.Stv. 4.Stv.

Table 1. Value added tax in EU Member States

Country VAT [%] Country VAT [%]
Luxemburg 17 Lithuania 21
Malta 18 Latvia 21
Germany 19 Netherland 21
Cypress 19 Italy 22
Romania 19 Slovenia 22
Bulgaria 20 Greece 23
Estonia 20 Ireland 23
France 20 Poland 23
Romania 20 Portugal 23
Slovakia 20 Finland 24
Great Britain 20 Denmark 25
Belgium 21 Croatia 25
Czech Republic 21 Sweden 25
Spain 21 Hungary 27

Source: authors

Most of the persons who make a demand for fuel pur-
chases are not registered for VAT, for these persons the final
price of the fuel is important, including VAT. The following

table provides an overview of VAT rates that are not unified
across the EU, and rates vary from 17% (Luxembourg) to 27%
(Hungary).

The price of diesel fuel in € / liter with VAT and excise tax
is shown in the figure (Fig. 2). The average price of diesel in
the EU was € 1,346 in 2018, with the lowest price in the EU
being € 1,101 / liter and the highest at € 1,519 / liter. It is
particularly important to monitor the level of fuel prices in
neighbouring countries. If we observe the situation in the
Slovak Republic, the price level of diesel fuel was the 13th
cheapest (1,251 €/ liter), which is lower than the EU average.
Neighbouring countries of the Slovak Republic have lower
price, only Hungary is on the same price level. In general, it
can be argued that the price of diesel is higher in the western
part of the EU compared to the eastern part of the EU, with
the exception of Luxembourg, which offers the lowest price
of diesel throughout the EU.

Figure 2. Price of diesel fuel as 0f 4.3.2019 in EU

If we consider carriers registered for VAT payment, then
it is necessary to monitor the price of diesel fuel without this
tax (Fig. 3). In this case, the order of countries will change.
E.g. the price of diesel fuel in Slovakia reaches a higher level
than the average price of diesel fuel in the EU.
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Figure 3. Price of diesel fuel excluding VAT and SD in Member States as
0f4.3.2019

As the excise duty on mineral oils represents a high cost
burden for carriers, in addition to optimizing the drawdown
in individual countries, tax evasion related to the excise duty
on mineral oils has also been reported. Hong — wei Z and
wen-long (2004) and Gzang-ju W et al. (2016) are also ad-
dressing this issue, specifically the possibility of measuring
tax evasion related to fuel sales and the possibility of detect-
ing the amount of tax evasion related to value added tax on
the fuel market in the Czech Republic. Braghin et al. (2006)
and Stank et al. (2003) and Verros et al. (2005) evaluate ex-
isting standard methods used to measure tax evasion. At the
same time, it has been shown that the methods are not suita-
ble for determining the amount of tax evasion from the min-
eral oil tax by Kurdi et al. (2010). The authors proposed their
own method for quantifying tax evasion on the basis of dis-
tributor pricing data obtained during 2012 and information
obtained from a stakeholder survey. Borowiec et al. (2014)
also in Montana, USA, the impact of the refund of excise
duty on mineral oils on the state budget was observed, and
Turkey also took into account the research, which analyzed
the dynamics of fuel demand. The internalisation of external-
ities is also an important parameter in the field of mineral oil
taxes by Richman and Moorman (2000).

As mentioned above, all EU countries have a mineral oil
tax in place, accounting for about half of the net fuel price.
Taxes are paid at the time of fuel purchase because of fast,
easy and cheap collection. It should be noted that the mission
of the tax is also to internalize all externalities caused by
transport. It is possible that in some states externalities may
arise than in another state, which may affect the amount of
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this tax. If mineral oil taxes were to be designed as an instru-
ment for internalising all external effects, fuel should not be
taxed at the same amount in each (EU) country, many con-
gestions and accidents in the US and the UK. Several au-
thors have addressed this issue, such as Vargo et al. (2004)
and Debski et al- (2012). If the same territory is driven by a
freight vehicle registered in two different countries, the same
conditions should apply to both vehicles. Negatives that the
tax should cover include air pollution, congestion, accidents,
noise and climate change associated with greenhouse gas
emissions. The mineral oil tax can be considered as a perfect
tool for internalising the external costs of CO2 emissions, be-
cause CO2 emissions are closely related to fuel consumption.
Accordingly, several countries advocate taxes on mineral oils
for environmental reasons.

%UResearch on excise tax refunds in the

Given that excise tax revenue is a national budget revenue,
EU Member States strive to achieve maximum tax collection
on their own territory. One option is tax refund as a means of
motivating the use of fuel in the national territory. The fol-
lowing section provides an overview of the possibility of re-
funding part of the excise duty on mineral oils. These are ve-
hicles with a payload of over 7.5 t, or vehicles of categories
M2 and M3, i.e. buses. The excise duty on mineral oils can
be refunded:

Belgium

In Belgium, part of the excise duty will be reimbursed in
the case of refuelling with vehicles with a payload of over
7.5 t . Refunds are available up to 3 years after the date of
withdrawal, but only if the client has a valid license. A copy
of the RITA (TRP / VIT internal program) license must also
be provided due to the need for the card number. The mini-
mum annual refundable amount of TRP / VIT is € 260, quar-
terly € 1,000. Treasury documents are not acceptable.

France

Refunds are for vehicles with a payload of over 7.5 tons
and for buses. The condition of TRP / VIT is that the carrier
has to refill at least 5 600 liters every six months. Treasury
documents are not acceptable.

Italy

Particulars of excise duty can be refunded when refuelling
with vehicles with a payload of over 7.5 t and buses. An ap-
plication is always required two years after the period. Treas-
ury documents are not acceptable.

Slovenia

The reimbursement of part of the excise duty concerns the
refuelling of diesel vehicles with a payload of over 7.5 tonnes
and for buses. At least 6,500 litres per year are required. Cash
receipts are only allowed if all details are given and paid by
card.
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Spain

In Spain, refunds are granted for vehicles over 7.5 t and
buses.

Hungary

It is possible to refund the excise duty on mineral oils if
we use diesel fuel with vehicles with a payload of over 7.5 t
and buses. The refundable amount is HUF 7.00 / litre. Treas-
ury documents are not acceptable.

The table (Table 2) shows the current rates of excise duty
for countries where refunds are possible. By comparison, we
find that Belgium has the highest return chance. and Hungary
has the lowest refund amount. All rates are set by the customs
offices in the countries concerned and by the competent Eu-
ropean authorities.

Excise duty refunds may be up to 24 eurocent per liter, but
carriers must reckon that excise tax refunds will only be
made under certain conditions, eg. registration in a given
country for the purpose of refunding excise duty, using fuel
cards to a specific vehicle registration number, or according
to the amount of liters consumed in a particular period.

Table 2. Country excise rates applicable to international transport

companies
Country Rate €/liter
Belgium 0,2476158
Truck 0,1775
France
Autobusy 0,2175
Italy 0,21418000
Slovenia 0,06272
Spain 0,048
Hungary 7 HUF/1-0,02*

* exchange rate of 04.03.2019

In the following part of the article we will also look at
other states within the EU group. The table (Table 2) shows
the excise duty on gas oil in the EU Member States .

When applying a refund, conditions arise in which some
persons are charged at a different rate in a particular territory
than others. States are trying to create conditions for entre-
preneurs who would otherwise use fuel abroad to draw fuel
on their territory.

Source: authors

4. Research on the impact of excise tax
refunds on transport companies

The authors of the article conducted a research focused on
Slovak carriers operating international road transport. Fuel
costs can be classified as the highest variable cost items in
road transport. Depending on the classification of transports,
in particular as regards long-distance or short-distance
transport, they may amount to up to 40% of the total annual
cost. These costs can be influenced by the carrier in several
ways, eg.:

¢ Selecting fuel suppliers;

e optimization of fuel consumption due to different fuel
prices abroad

e the possibility of refunding excise duty on diesel in se-
lected countries.

In the latter case, the possibility of reimbursement of part
of the excise duty paid on diesel fuel would be able to reduce
fuel costs. This subchapter evaluates the obtained data
whether the possibility of cost reduction is also used by car-
riers in the Slovak Republic

In order to find out the situation in the Slovak Republic
among carriers carrying goods or passengers within the EU
on the topic of refunding excise duty on diesel fuel, the au-
thors conducted a survey. The carrier's e-mail addresses have
been obtained through the register of carriers on the website
of the single road transport information system. Not all car-
riers provide a contact email in the carrier register, or the
email address was invalid or the addresses did not receive
mail. As a result, 300 emails were sent to carriers established
in the Slovak Republic. Some have also taken into account
the number of vehicles where the authors have focused on
those who have indicated that they have licenses for more
than 10 vehicles. Research has found that 17% of carriers are
using a refund of excise duty from abroad.

Carriers that reimburse excise duty also use fuel in coun-
tries with significantly higher diesel prices than in the Slovak
Republic. The figure below shows the proportion of coun-
tries from which carriers most frequently reimburse excise
duty. Up to 31% of carriers reimburse excise duty from Bel-
gium and 25% from Slovenia. At the same time, the diesel
price in Belgium is the 5th highest price of diesel in the EU,
yet carriers are refueling in that country (which size vehicles
could transit without fueling), since the refund of excise duty
state is getting below the EU level.

Figure 4. Answer the question about the refund location

The authors also found out how much money is reim-
bursed annually from the state. Slovak carriers most reim-
burse excise duty from Belgium (Figure 5). On average, car-
riers reimburse up to 75.000 € a year from Belgium.
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Figure 5. Answers to the amount of the refund

The states in question cannot refund excise duty below €
330 per 1000 liters, which means that, at least, that part of the
excise duty represents the revenue of the Belgian State
budget. If, however, the refund was not allowed, the carriers
would draw fueling states in another country through which
the transport is carried out and in which the price of fuel is
lower. If a refund were to be introduced in all EU countries,

we found out in the questionnaire what the refund system
should avoid. Carriers consider the most important:

 Fast processing, quick refund, online submission

* do not impose a limit on the liters to be refunded;

* emphasize that the entire refund process is not unneces-
sarily complex;

* short processing time for applications,

« fast payback, online submission.

Today they do not create a level playing field in the EU
common market with regard to the refund of excise duty on
mineral oils. EU countries, when a neighboring state has
lower diesel prices due to higher excise tax rates, encourages
carriers to use fuel on their territory to get at least a minimum
rate to their own budget. In our case, the average transport
company in the Slovak Republic refunds from Belgium €
75,000 per year, which corresponds to a diesel volume of
276,750 liters per year. If only the minimum level of excise
tax remains in the Belgian state budget, the income of one
Slovak company is € 91,300 per year. The state budget reve-
nue in other EU countries is reduced by this value. It should
be borne in mind that with a fuel tank capacity of 750 liters,
the carrier can optimize fuel consumption across the EU. It
should be noted here that the system of excise refunds needs
to be uniformly regulated across the EU.

5. Conclusions

This article deals with the issue of excise tax refunds
within the EU. It points out that there are different conditions
for persons operating in the EU single market. On the one
hand, the EU points out that the introduction of this tax is
necessary because of the burden on carriers of external
transport-related costs such as accidents, emissions, noise,
congestion and so on. Each EU Member State calculates ex-
cise duty rates according to its own methodology, often to
meet the revenue of the state budget. It should also be noted
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that the EU sets a minimum level for this tax. Subsequently,
in order to maximize the collection of tax in their own budg-
ets, at the expense of tax collection in another country, states
introduce tax refund systems. Tax refunds cannot be justified
by reducing the external effects of transport. Excise tax re-
funds can be identified as a tool for distorting the EU com-
mon market. If the conditions were to be the same in the EU
common market, the conditions for refunding excise duty
should apply in all EU countries. Otherwise, there are condi-
tions under which some Member States transfer tax revenues
within EU Member States by means of refunds.
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Abstract Background: In actual world the ability to analyse multifaceted issues and interpret results is one of the most
important competences for creating and evaluating decision-making variants. The increase in the importance of these com-
petences is determined by many factors of socioeconomic life, including the development of the information society, with a
particular focus on the dynamic generation and processing and analysis of large amounts of information (BigData) using,
inter alia, cloud computing necessary to support processes e.g. in the implementation of transport services, virtual and aug-
mented reality, the industrial Internet of things, the development of industry 4.0, which provides the basis for the creation
and integration of conjugated information and operational technologies, creation of cyber physical systems, cybersecurity
issues, implementation of artificial intelligence or block chain. Persons making decisions, assumptions and scenarios need to
use techniques and tools that describe the facilities and phenomena studied in a comprehensive manner, while allowing for
the rapid and practical preparation of development and decision-making plans. This is especially important in the area of
logistics and transport services.

Objectives: This study aimed to explore possibilities of application of multi-criterial mathematical methods in the area of

logistics and transport services.

Method: An analysis of multi-criteria decision methods” algorithms was used to identify the most convenient methods.
Results: Practical examples of identified methods are provided in vehicle distribution systems.
Conclusion: This study revealed that the use of ELECTRE, AHP, PROMETHEE and UTA methods is the most convenient

in the investigated area.

Keywords decision making; multi-criteria analysis; logistics; transport services; algorithm.

JEL Classification: R48; H40

1. Introduction

Decision-making practice focuses on weighing alterna-
tives that meet a set of desired goals. Each decision includes
the element of discovery, irrational randomness and eco-
nomic, social, political, organizational, managerial and other
effects. The decision is to choose one of them.

In any decision-making problem, there is at least one opti-
mal decision, for which it can be objectively determined that
there is no other better decision while remaining neutral with
regard to the decision-making process. The problem is to
choose the alternative that best meets the complete set of
goals. Making choices and decisions is one of the basic hu-
man activities. The decisions that a person makes not only
determine the shape of his personal and family life, but to
some extent affect the history of certain environments and
communities.

Mature decision-making is the art of making the right
choices. No person can avoid making decisions, because eve-
ryday life constantly puts us in the face of facts and events
that demand from us to take an attitude or make certain
choices. Decision-making in the strict sense is only when
such decisions are made by a man in a conscious, purposely
and voluntary manner. This means that before making a de-
cision, he or she can see alternative variants for action at any
given time, and that decision-making is guided by a clearly
defined objective. The majority of the population has been
found to be accustomed to existing schemas of thinking and
solving problems [1]. If we learn other ways of thinking, we
will be able to find new solutions and better prepare for the
constant change of conditions around us.

The initiators of the decision, solving the identified prob-
lems, try to express with a single aggregate criterion all the
relevant consequences of the problem. We are then dealing
with a single-criteria analysis in which each potential variant



18 Milos§ Poliak (et al.): Possibilities of the Use of Multicriterial Mathematical Methods in Building Customer Relations in the Area of
Logistics and Transport Services

is assessed against one selected a priori criterion, e.g. cost
volume, profit, profitability, benefit.

In solving this problem, we use various ways, methods, e.g.

linear programming, parametric programming, targeted pro-
gramming, marginal analysis, stochastic programming, non-
linear programming, econometric methods, game theory and
others. This procedure is justified only in simple cases, as a
single criterion is not fully reliable, acceptable and exhausti-
ble, i.e. there is no property that a coherent family of criteria
should have [2].

Multi-criteria decision-making (MCDM) is a development
of single-criteria analysis. It allows for the formulation of a
coherent family of criteria as an instrument for an under-
standable, acceptable and comprehensive set of arguments.
The approach expressed should ensure that preferences are
developed, justified and transformed into guidelines for the
decision-making process.

Supporting multi-criteria decisions requires the participa-
tion of a number of adjudicators in the decision-making pro-
cess. The assumption is based on observations of the behav-
iour and position of the various participants, which result
from a different perception of reality and the processes taking
place there [3]. They also result from the fact that each person
represents a different world of values, and the positions of
individual participants are built on different, sometimes con-
flicting, evaluation systems. Consequently, a multi-criteria
approach to decision-making is formulated.

Classical multi-criteria methods are based on the assump-
tion that the assessment of decision-making variants against
criteria and the weighting of criteria are known precisely and
expressed by real numbers. In practice, there are situations
where it is difficult or even impossible to define precise as-
sessments of decision-making variants. In such situations,
the assessment of variants and/or the weighting of the criteria
may be expressed by means of interval numbers [4], fuzzy
numbers or ordered fuzzy numbers (5), among others.

The key elements of the practical application of MCDM
methods are the determination of reliable weightings of the
criteria as they have a key impact on the choice of the final
variant [6]. Many applications of MCDM methods use so-
called subjective weights, defined by project promoters or
experts, reflecting their subjective feelings and preferences.

In situations where it is not possible to determine reliable
weights, one can turn to objective balances, which are deter-
mined on the basis of a decision matrix. One method for de-
termining objective weights is the entropy-based method. As
the assessment of decision-making variants against criteria is
a range, the weightings of the criteria should also be ranges.
In the literature, methods can be found for determining the
weighting of criteria using entropy, which is extended to
compartmental entropy [7] and to entropy based on ordered
fuzzy numbers [8].

2. Literature review

The ability to analyse multifaceted issues and interpret re-
sults is one of the most important competences in the com-
plex process of creating and evaluating decision-making var-
iants. The increase in the importance of these competences is
determined by many factors of socio-economic life. High-
lights include the development of the information society,
with a particular focus on the dynamic generation and pro-
cessing and analysis of large amounts of information (Big-
Data) using, inter alia, cloud computing necessary to support
processes e.g. in the implementation of transport services,
virtual and augmented reality, the industrial Internet of things,
the development of industry 4.0, which provides the basis for
the creation and integration of conjugated information and
operational technologies, creation of cyberphysical systems,
cybersecurity issues, implementation of artificial intelligence
or blockchain.

Persons making decisions, assumptions and scenarios
need to use techniques and tools that describe the facilities
and phenomena studied in a comprehensive manner, while
allowing for the rapid and practical preparation of develop-
ment and decision-making plans in the areas analysed.

The issue of a multi-criteria approach concerns the follow-
ing issues: choosing the best variants (alternatives) for the
criteria considered, organizing objects from best practices to
the worst, and sorting (classifying) variants according to pre-
established criteria. Multi-criteria methods are mainly used
to provide decision-makers with a tool that, in the event of a
number of conflicting decision-making criteria, will enable a
rational decision to be made.

Multi-criteria analysis is used to support decision-making
in situations where the choice is made between multiple var-
iants. It is important to select the assessment criteria accord-
ingly and to assign the weights appropriately. This means
that, depending on the issue, the criteria should reflect differ-
ent aspects such as costs, time, inter-entity dependencies,
market trends, closer and further environment requirements,
implementation opportunities and others. The purpose of the
analysis is to select an variant adapted from the point of view
of the criteria adopted [13], [14]. When performing a multi-
criteria analysis, one adopts a certain set of specific solutions:

W={W_i: i=1,2,3 ...,n} @)

and a set of criteria:

K={K:j=123 ..,m} 3)

according to which the different variants will be assessed.
Then, for each criterion, the value Xj; needs to be specified.
The value of Xjj is a measure of variant W; according to cri-
terion K;.

All assigned values are placed in a structured data matrix:

Xij={xpi=123 ..m; =123 ...m]} 4)
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in which the i-th row shows the values of the variant and ac-
cording to subsequent (all) criteria, and j-th column - the val-
ues of subsequent (all) variants according to the specified cri-
terion j [15]:

X1 X11 Xim
X =% X11 Xim
An1 Xnj Xum

)

Each of the criteria needs to have weight assigned to it.
When selecting evaluation criteria, one can use both measur-
able and non-measurable parameters, which will describe
variants without their quantitative evaluation. In addition,
both quantitative and qualitative criteria can be used using
multi-criteria. When choosing qualitative criteria, they must
be quantified in order to carry out the comparison. Publica-
tions [15], [16] described a number of ways of criteria stand-
ardising. The standardisation of Peldschus, Van Delft and
Nijkamp [15], Weitendorf [17]. can be used.

Multi-criteria methods were developed in a distributed
manner, what affects ambiguity in the classification of stud-
ies. The division of multi-criteria decision support methods
pointed out by many specialists [18] distinguishes:

* methods of multi-attribute utility theory, called synthe-
sis methods to a single criterion, disregarding incomparabil-
ity [19]. A group of methods, derived from the American tra-
dition and based on the multi-attribute utility theory [20],
consists in aggregating different criteria (points of view) into
a single utility function that is maximized [18]. Eventually,
multiple criteria (attributes) are reduced to a single global cri-
terion. The U usability function can therefore be saved as fol-
lowing [21]:

U= H(f) = H(f].f& f3, ------ > fn,) (6)

where: fi, f,, fs,, ...f; are individual criteria.
Multi-attribute utility theory is based on the assumption that
all variants of a given problem are comparable. It follows
from that thesis that, for each pair of variants, the decision-
maker will always prefer one of them or consider them equiv-
alent [21]:

aPb, i.e. a is preferred over b,
bPa, i.e. b is preferred over a, )
alb, i.e. a and b are equivalent

Preference and equivalence relationships are formulated ac-
cording to [21]:

aPb=U(z,) > U(zy)
alb=2U(z,) = U(zy) (®)
where: z, and zp respectively are images of variants a and b
in the criteria space, U(za and U(zy) are respectively
usability values of variants a and b.
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The properties of preference relationship P and equivalence
I [21] are defined:

aPb-bPa, i.c. P is asymmetric,=
ala, i.e. I is callback,
albbla, i.e. I is symmetrical,=
aPb and bPc aPc, i.e. P is transitive,=
alb and blc alc, i.e. I is transitive.=

)

The multi-attribute utility theory methods include UTA [22],

[23], and AHP [24], [25], [26].

e methods based on the preference relations are called pref-
erence synthesis methods taking into account incompara-
bility (27). Methods based on the preference relations
were developed by B. Roy [28], [29], [19], [30], [31],
[32], [33], [34], [35].

In the methods, the decision-maker's preferences are
modeled by means of a preference relation, which allows for
the incomparability of variants, i.e. a situation in which the
decision-maker cannot indicate similarities and differences
between variants. It is neither able to consider variations as
equivalent nor indicate the better of the two variants.

The S preference relation is a binary relationship defined
in variant set A. Depending on the aSh, the information
on the decision-maker's preferences, the quality of the assess-
ments of the different variants and the nature of the problem
is available. It provides enough arguments to consider that
variant a is at least as good as b, while lacking significant
information to reject this assumption.

The definition of the preference relation S is formulated as

the sum of relationships of equivalence I and preference P,

i.e.:  S=P lu. On the basis of the S relation, it is possible to

determine the decision-maker's preferences in accordance

with [36]:

aPb<»aSb and — bSa
alb&aSh and bSa (10)
aRb&= — ash and — bSa

where: aRb is the relationship of incomparability between

variants a and b.

The relation (10) results in the following characteristics of

preference relationship P and equivalence | [36]:

aPb= —bPa, i.e. P is asymmetric,
ala, i.e. I is callback, an
alb = bla, i.e. I is symmetrical.
The preference feature has dependency-defined properties
[36]:
aSa, i.e. S is callback,
aSb and bDc = aSc,

aDb and bSc = aSc, (12)
aljb V j#q[| aSb<raSqb
where: D — relationship of dominance, |j — equivalence rela-

tionship due to criterion j, Sq — preference relation due to g
criterion.

Among the methods based on preference relation we dis-
tinguish: Electre I IV [], [27], [28], [38], [39], Promethee I
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and II [37], [40], [41], [42], and Oreste [43] [44]. A separate

group consists of methods that are a combination of a meth-

odology based on the preference relation, as well as a multi-
attribute theory of usability. The methods Idra [45], Mappac

[46], Pragma [47] are included in the group.

e interactive methods, called local assessment dialogue
methods based on the trial and error approach of individ-
ual iterations [30], [31]. A common feature of methods
based on the trial and error approach in individual itera-
tions is the interlacing of the computational and the deci-
sion-making phase. As a first step, the decision maker ob-
tains pareto-optimised solutions or sample solutions. In
the second, the replies received are verified on the basis
of preferential information [48], [49], [51]. One can high-
light the following methods in this group:

- search-oriented, e.g. LBS [52], [53], [54], STEM

[55],

- learning-oriented [56].

Among the methods which correspond to the classifica-

tion criterion of the purpose of the decision-making process
one can distinguish [57], [58]:
—  multi-criteria selection methods (optimising),
— multi-criteria classification (sorting) methods,
—  multi-criteria serial (ranked) methods.
In view of the wide variety of multi-criteria decision support
methods available, each with specific advantages, disad-
vantages and limitations, for each of the issues considered, it
is necessary to carry out a detailed qualitative analysis in or-
der to select a technique that is appropriate to the decision-
making problem in question. We focussed our investigation
on the convenience of these methods for their use on the area
of logistics and transport services. The basic overview of the
main findings is presented in the following text.

MCDMs are used in many areas and segments of the
economy. Depending on formulating the problem and the na-
ture of the issues addressed, there are, identifiable in partic-
ular in scientific reports and experimental reports, prefer-
ences for the use of different multi-criteria methods. There
are analyses on environmental [88], design [81], [89], and
industrial [90] issues. The issue of multi-criteria decisions
covering sales and marketing is reflected in [91], human re-
sources management, inter alia, in [92], [93], production
management [94], and transport and logistics [95], [58], [96],
[97].

An analysis of the problems in publications compared to
the preferences of authors and users revealed trends in the
use of groups of multi-criteria methods. Mr Saaty described
the use of the AHP method to address multi-criteria transport
decision-making problems, including m.in. choice: the route
for commuters, the most advantageous combination of routes
to pittsburgh's new international airport, and the most advan-
tageous mode of transport taking into account the cost-bene-
fit analysis [24]. Article [25] characterises the use of the AHP
method to address the multi-criteria decision-making prob-
lem of transport investment for the transport system in the
Bosphorus Strait. The AHP method and ELECTRE III
method were used to determine variant weights and calculate
the parameters of the multi-secretarial objective function and

to solve the decision-making problem related to the transport
investment for the transport system in Poznan [98]. J. Zak
used ELECTRE III as a decision support tool to solve the
problem of decision-making allocation of vehicles to the
tasks of the transport company [99]. An assessment of the
environmental impact of transport using the ELECTRE III
method is described in the article [85]. Source [100] presents
a solution to the decision-making problem of the rank of
transport service providers for a company operating in public
road and rail transport using the multi-criteria PROMETHEE
method. The PROMETHEE method was used to solve the
multi-criteria problem of choosing the route between Bel-
grade and Birmingham [101]. E. Jacquet-Lagreze and J. Sis-
kos used the UTA method to solve the multi-criteria problem
of car serialing decision-making [102]. At work [103] the de-
cision-making problems in transport systems are described.

3. Research design and methodology

Based on the analysis of the literature, no research results
focused on CRM were found. When implementing CRM, it
is important to identify customer expectations and to achieve
the best possible customer satisfaction. It is important to note
that there are differences in the provision of services and in
the supply of tangible goods. The aim of this research is to
identify which methods of multicriteria evaluation can be
used in the implementation of CRM in the conditions of com-
panies providing transport services. The research methodol-
ogy is based on the evaluation of individual methods of mul-
ticriteria evaluation in terms of usability in the evaluation of
customer care in the provision of transport services.

Given the different uses of MCDMs to solve multi-criteria
decision-making problems, it is important to choose a tai-
lored method of supporting decisions. The concept of choos-
ing the MCDM method for the specificity of the multi-crite-
ria decision-making problem involves carrying out a step-by-
step approach to the solution by performing the following (in
order):

— identification of the decision-making situation — the
current decision-making situation is assessed, includ-
ing both an informal and a formal assessment of the
functioning of the system, e.g. SWOT analysis,

— detailed MCDM analysis — axiomatic analysis allows
you to assess the specificity of the methods, identify
their weaknesses and strengths. The arrangement of
methods supports the process of adapting the method
to the specificities of the analyzed decision-making
problem. The indication of the MCDM method shall
affect the correct modelling of the decision-making sit-
uation and the appropriate interpretation of the results
obtained,

— analysis of aspects of method selection — analysis of
aspects of matching decision-making problem and
MCDM method and between the method and prefer-
ences of the decision-maker,

— comparison of the results of the analysis — the assess-
ment of the matching of the MCDM method with the
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specificity of the decision-making problem and to the
decision-maker's preferences are compared with each
other. The conclusions resulting from the comparative
analysis of the information obtained are the basis for
recommending the use of the method in the decision-
making situation under analysis,

— method selection.

Based on the performed research the most convenient
methods for identification and description of the specificities
of logistics and transport services are ELECTE III, AHP,
PROMETHEE I and UTA.

This section is providing detailed description of previously
identified methods, that make possible their effective appli-
cation in the area of logistics and transport services.

The ELECTRE III calculation algorithm includes three
steps:
I. the design of the evaluation matrix and the definition of
the adjudicator's preference model — defining a set of variants
A and defining a coherent family of criteria F. For all the
variants the values of subsequent criteria functions fj are de-
termined. With the equivalence qj, preferences pj and veto Vj
thresholds and coefficients of importance wj, for each crite-
rion j, the adjudicator's preference model is defined. This is
subject to the condition,
q_j<p_j<v_j (13)
II.  design of the preference relation — for each pair of var-
iants (@, b) the following shall be determined:
a. conformity factors cj (@, b) which determine to what
extent, according to criterion j, variant a is at least
as good as b, as described by the dependency:

LI + gyf) = §(),
066;(a) + py () > ()

lab) = {
\linear function of ¢ and 1 value

(14)
b. conformity index:
1 1] i}
Cla,b) = ﬁijcjt{a,b) gdzieW = ij
F =L as)

c. non-conformity factors D(a, b) which determine to
what extent, according to criterion j, variant a is at
least as good as b, as described by the dependency:

C(a, b} fezell Di(a, b} = Ci(a,b),

c@b) H 1- Df(ﬂb)

D;(a,b) =
1) 1- (.‘)r(tl f.l)

(16)

where: J(a,b) is a set of criteria for which  Dj(a,b)>C(a,b).

II1. use of the preference relation — ordering variants on the
basis of the preference degrees obtained S (@, b) according to
the condition:

A =max5(a, b} (17)
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Only those pairs of variants (a, b) for which S(a, b) is
located in close proximity to 4 undergo the analysis. Position
is determined by the difference 4 — S(1), where S(4) is the
so-called cut-off level. The so-called qualification factor of
each variant Q(a), i.e. the difference between the number of
variants that the variant is superior to and the number of var-
iants in respect of which case (@) is classified below, is cal-
culated on the basis of the 4 value.

On the basis of the descending and ascending preorder,
a final ranking of solutions is prepared, based on the follow-
ing principles:

* variant a is considered superior to variant b (aPb) if at

least one of the complete preorders a is placed before b

and in the other a is at least as well classified as b,

+  variant a is evaluated equally against b (alb) if both var-

iants belong to the same class in each of the two ranks,

*  variants a and b are incomparable (aRb) if variant a is in

a better position in one of the two series than b in the

ascending preorder, while variant b is in a better position

than a in the second rank.

Between the variants there may be situations: equiva-
lence — |, preference — P and incomparability R [99]. In the
ranking matrix, the relations are shown between pairs of var-
iants and written in the form of symbols: equivalence — I,
preference — P, inverse of preferences — (P) andincompara-
bility — R.

The AHP algorithm assumes that actions are carried out
involving:

a. constructing a hierarchical structure of the decision-mak-
ing process, by setting levels: the objective of the deci-
sion-making process, which may be, for example, to or-
ganize decision-making variants from best to worst and
to choose the preferred variant (level 0) — criteria and
evaluation sub-criteria (level 1), decision-making vari-
ants (level 2).

b. defining the decision-maker's preferences — at each level
of the hierarchy, decision-making participants grant rela-
tive assessments of importance (on a scale of 1 to 9
points) for pairs of criteria and decision-making variants,
indicating individual preferences of the solution. The
more preferred (more important) an element is, the higher
its score. All factors are compensatory, i.e. the rating
value for a less important (less preferred) element in a
given pair is the inverse of the value assigned to the more
important (more preferred) element. The resulting sets of
comparisons are presented in pairs in evaluation matrices,
where rows and columns have further criteria, sub-crite-
ria (specified for each criterion) and variants (specified
for criteria and sub-criteria). The direction in which pref-
erence information is written in matrices is always the
same, i.e. the relation of the element in the row to the el-
ement in the column is presented.

c. calculation of standardized evaluations of the validity of
hierarchy elements — based on the evaluation matrix, an
estimate of the validity ratings of individual elements of
the hierarchy is used. To this end, the so-called problem
of seeking the value of the matrix's own value is solved.
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The validity ratings are then normalized, i.e. their sum at
each level of the hierarchy is 1.

d. study of global matrix consistency — checking the logic
and homogeneity of preferential information provided by
the decision-maker. For this purpose, a consistency ratio
(CR) shall be used, the value of which shall not exceed
0,1. If the value of the cohesion index exceeds 0,1, then
it is necessary to verify the preferential information pro-
vided by decision-makers, as it is too inconsistent or a
mistake has been made e.g. when entering data. In such a
situation, the decision-maker's preferences are redefined.

e. variant final rank — standardised weights of variants, sub-
criteria and criteria are aggregated using an additive util-
ity function that synthesizes the weight shares of ele-
ments from each level. Scales represent an element's
share of the global decision-making goal. The utility I of
this variant Uj(t-2) appearing in the hierarchy at level t -
2, is calculated as the sum of the product weights of
the individual elements occurring on the road from each
branch of the hierarchy to which the variant is associated
and (level t - 2),through sub-criteria (level t - 1) and cri-
teria (level t). Utility Ui(t- 2) is an aggregated assessment,
the value of which should be determined from dependen-
cies:

nt m n I
. = ke=1)08)  FEY 0
Ue-2) = z Z Zz Wite—2) Wkie-1) " Wrte)
fFli=1 f=1k=1
where: (18)
w;ﬁ:?’m ©)_ standardised assessment of the validity

(weight) of the hierarchy element and (variant) at level t-2
relative to the hierarchy element k (sub-criterion)

at level t-1 and the hierarchy element j (criterion)

at level t,

Wﬁ:}—}n_ standardised assessment of the importance

(weight) of hierarchy element k (sub-criterion) at level t-1,
relative to the element of hierarchy j at level t (criterion),

m«f;f-t} — a standardised assessment of the importance

(weight) of the hierarchy element j at level t relative to the
level O hierarchy element (decision-making objective).

As aresult of the actions carried out, it prepares a sum-
mary of variants from best to worst, according to the calcu-
lated values of their usefulness, from the largest to the small-
est. Relationships that may occur between variants in the end
hierarchy can be indexed as: equivalent to | and preferred P.
The scheme of multi-criteria analysis in the PROMETHEE
method is carried out in accordance with the procedure:

— comparing variants according to individual criteria using
the preference functions reflected in the equation:

(x) if fie(a) = fi (b},

0 iffi(a) < f(b) (19)

Dy(ab) =

where:

x=f(a)—f(b), 0O=H(x)=1

— preference aggregation in the form of preference z(a, b)
is expressed by a dependency:

T= 3 wi-Rfah) (20)

— ordering variants based on preference flows ¢ and ¢~ :

*(@) = ) m(@x)

xed

2
0@ =) n@)

xEA

The ¢*(a) is an indicator of a variant preferences and com-
pared to other variants. The ¢ (@) is an indicator of the
lack of acceptance (lower rating) of a in relation to the
other variants. The PROMETHEE I method allows for or-
ganizing a set of decision variants by using a preference
relation. In the case where variant a is not preferred by
variant b, shall be written according to:

ar bifg*@ z e* (MA@~ (a) =@~ () (22)

If variant a is not preferred by variant b and at the same
time variant b is not preferred by variant a, then a is equiv-
alent to b as is left:

arbAbza=axb (23)
The preference relation is used to draw up a list of deci-

sion-making variants (partial ordering). To check whether
there is a resilient relation of domination :

a =g b if pla) = @lab) (24)
dependencies must be resolved:
minyew{ @(a)) — @(b) = 0
Minyew{ b)) — @b) = 0 (25)

Procedure for determining resistant relationships of dom-
inance in PROMETHEE I. method:

Foralli=1,.., m, j=1,..,m
designate min,(i,j} according to

min, (i,j) = argminfp*(a;) — ¢*(a) forwe W (26
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@ (a;) = @_(ﬂf)

Foralli=1,..., m, j=1,..,m

designate min, (i, j} according to

ming(i, j) = argmin(pt(a;) — @t (a) forw e W (27

¢ (a) 2 ¢ () )

Foralli=1,..., m, j=1,..,m

check if there is a relation @; # wyr@; with

G = Wy

(28)
if ming(i,j/) =0, and
miny (L [} = 0 or there isno i min, (i, j} = 0

Utilits Additives type (UTA) methods are based on min-
imizing utility error using a linear programming model. The
UTASTAR method [105] assumes the objective to minimize
the distribution (dispersion) of errors, the UTADIS method
determines two error values: ,ﬂ;; and p;. indicating, re-
spectively, a violation of the lower and upper end of the util-
ity function of the alternative group by the k-th decision-
making variant. UTADIS I assumes equal optimality criteria
when creating an additive value classification model,
UTADIS 1I is based on minimizing the number of poorly
classified alternatives, UTADIS III simultaneously mini-
mizes misclassified alternatives and maximizes the measure
of good classification (distance of alternatives from value
thresholds). The UTA method procedure includes:

a. identification of input data — the input data necessary for
the calculation procedure is prepared, i.e.: a finite set of
variants A, a coherent family of criteria F, the arrange-
ment of parts of the set A—  A', which is at the same time
the definition of the preference model. The preference
model uses relations of preference P and equivalence I.

b. constructing usability functions — a usability function is
built on the basis of input:

Ua) = ) wlfi(a)) (29)

where: W, the weight (conversion or compensation factors)
of criterion  j determining how many units of a given crite-
rion j compensates the unit of another criterion. The values
of the criterion functions (U (1) are defined in order and, in
points u_; . Then linear interpolation Uy between these points
is carried out on the basis of dependencies (30):
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U (z) = U (uf) + 2L [0, @) - wy )] 6o

T

If the number of elements in the set is relatively small,
then these elements take the value 1!, which allows after
the transformation to save the dependency (30) as:

Ua) = D Uyl + 8(a) (D

where: %" = fy{a) and §(a) is an error related to estima-

tion of value U (a).

c. final variants’ ranking — all variants are eventually ranked
from best to worst according to the obtained partial values
of utility function U(@). The measure of conformity of the
summary statement, generated from the U utility function
obtained, with the order set by the decision maker (stand-
ard order A') is the amount called the Kendall coefficient
—7 determined by the following formula:

di(R,R"
r=1-4. HER)
m(m — 1) (32)
where:
R — matrix of size [mm], associated with the order set by the
adjudicator,

R”" — matrix of size [mm], associated with the order specified
by the utility function,

di(R,R") — Kendal's distance, which determines the dif-
ferences between the different elements R and R”.

4. Disscusion of Result

The issue of the vehicle distribution system is based on
the functioning of car companies cooperating with subcon-
tractors, e.g. car dealers. Regardless of the location of the
production facilities, the automotive industry has a charac-
teristic of the need to distribute and transport manufactured
vehicles from manufacturer to recipient. The reality of the
industry and the market demand that there must be indirect
entity between the first and the last entity, without which the
process could not be properly implemented. Therefore, the
main links identified in the vehicle distribution system are
the manufacturer, importer, dealer and consignee [106].

For the purpose of completing this task, the following as-
sumptions were formulated:

— the movement of vehicles in the distribution system takes
place in exactly the following order:
manufacturer — importer — dealer — user;

— the movement of vehicles in the system is known and pre-
determined;

— the number of vehicle manufacturers is known and pro-
duction facilities may be located in different locations
(e.g. countries or continents);

— manufacturers receive orders for individual vehicles di-
rectly from importers, in a specific technical specifica-
tion;
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— the customer cannot order the vehicle directly from the

manufacturer, bypassing the other links in the chain.
The issue for the recipient is the selection of a suitable vehi-
cle (means of transport) to carry out certain transport tasks.
The customer has the opportunity to order any vehicle on sale
on a given market (which is offered by a local importer). Be-
fore choosing the right means of transport, the user must also
make certain assumptions:

a. specify the type of transport task to be carried out,

b. specify the time for which they intend to use the ve-
hicle,

c. determine the degree of wear of the vehicle con-
cerned, i.e. determine the average annual mileage of
the vehicle to be carried out during the performance
of the transport tasks.

For the purposes of presented investigation, it is as-
sumed that the customer reports to the dealer, who has the
means of transport on offer to all importers operating on the
market concerned and sets out the requirements which, in
their opinion should be met by the means of transport. When
configuring the means of transport, the user will determine
its technical and technological parameters, inter alia: volume
of cargo space, payload, permissible total weight, type of fuel
supply, emission standard, expected fuel consumption per
100 km.

The purpose of the vehicle distribution system is to pro-
vide potential customers with transport vehicles enabling the
defined transport tasks to be carried out. It is required that the
vehicle distribution system has a defined structure and oper-
ates on the basis of known organisational assumptions sub-
ordinated to the provision of vehicles to users.

4.1. Guidelines for multi-criteria assessment

For the purpose of the analysis, partial evaluation indi-
cators were identified: the duration of the transport service,
expenditure on the use of the vehicle e.g. depreciation result-
ing from the loss of value of the means of transport during
the execution of transport tasks, related to the projected an-
nual mileage of the car, maximizing the average daily work-
ing time of the means of transport, maximizing the use of
means of transport. Depreciation cost is calculated according
to dependency:

S CE{—RVE (AP (1), 2 (5))- RV G A1) 1)
R(d(D),t(1)) = - SNE5)

where:

K(d(s),t(i)) — the cost of depreciation i-th means of transport
taking into account the annual mileage and duration of the
service in Eur/km,

C¥(s) — the cost of purchase i — this means of transport,

RVE (@t (1), t5 (1)) RVC(d(t),t(i)) — the resale value of the
means of transport after the transport task has been carried
out,

m? (i) — the total mileage of i-th means of transport.

The cost of tyres Ko in Eur/km of the i-th means of transport
during the life of the vehicle is recorded by a dependency:

(Zs," Ky (a) +15(b) - (Gl(a) + Oz(a}) + kpaib\i) ' Mg}

Kofm(s),t(s)) — 2m(i)

(34

where:

g;{@) — the cost of purchasing a summer tyre in size a,
0.(a) — the cost of purchasing a summer tyre in size a,
k,.(a) — the cost of replacing one tyre in size a,

[,(b) —number of tyres,

k po(b. [} —the cost of storing one set of tyres for one season,
S. —number of tyres operated simultaneously in service,

n, — fixed number of tire replacement periods,

m(s) — the total mileage of the s-th means of transport.

The average daily working time indicator L(i) was for-
mulated as (35). The high value of the indicator L(i) can com-
pensate for losses resulting from the low rate of use of means
of transport.

. tefs)
_ Lsf
LO) = &5 (35)
where:
ty(i) — working time in hours of i-th means of transport,
dp(i) — number of working days of i-th means of transport,

The rate of maximisation of the use of means of transport is
calculated as the quotient of the working days of the means
of transport (involvement in the performance of transport
tasks) and the days at our disposal:

dp (i)
30 1)

Lipaz(s) =
(36)

where:
dp(i) — number of working days of i-th means of transport,
t(i) — the time of disposal of i-th means of transport in months.

4.2. Local distribution model is the operational problem

Attention was also drawn to the issue of route plan-
ning as part of the strategic arrangements described in
[107]. The issues raised concern in particular the issue of
determining the shortest route and/or minimum journey
time in order to reduce the total cost of forwarding. As-
suming that the total cost is derived from the length of
each route, the calculation of the total cost of transporting
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consignments on the route marked with starting and des-
tination points may be expressed by means of dependen-
cies:

K= ‘.} K die (37)

where:

K — total cost of local distribution,

Kid — cost of transport (transport to or from) of consign-
ments on route K [Eur/km],

dk — distance of k route,

n — number of routes.

In practice, the problem is more complicated, because

the cost of driving of 1 km of the route is not fixed. It is
directly related to the peculiarities of the route on which
the ride is to take place, i.e. the quality of the infrastructure,
location, accessibility, repeatedly also with the time of day.
Even more complicated is the relationship between cost
and distance. The task shall become additionally complex
after taking into account the conditions required to meet
the conditions indicating that the longer the route, the
more consignments must be delivered during the journey.
As a consequence of the conditions, it is necessary to in-
crease the payload of the vehicle used for transport, which
directly translates into the unit cost of delivery.
It would therefore be appropriate to take into account in
the relationship analyses that the distance of the journey
is determined by the payload of the van used and that the
payload may be a function of the length of the route. Rea-
soning results from multithreaded relationships between
function arguments, their effectiveness and impact.

When preparing a description of the criteria, it should

be remembered that the efficiency of processes in local
distribution depends on the size of the network, and the
format of the network operation affects the distribution
costs. It should also be borne in mind that the route selec-
tion algorithm being developed must be consistent and en-
able implementation in a functioning consignments distri-
bution system.
After analysing the aspects of the issue discussed, it was
concluded that it was appropriate to design the distribution
system first and, at taking into account the forwarding
structure, to undertake work on adapting the transport pro-
cess. The efficiency of the implementation of processes,
at the operational level, will depend on the structure of
distribution built, which may prove to be a fundamental
constraint during the implementation of the adaptation
processes. In this case, adjustments will have to be made,
e.g. in the functioning of the location system, the equip-
ment of terminals, the payload of means of transport. The
procedure results from the nature of the coupled relations
between processes and levels of management.

5. Conclusions

The study was devoted to analysing multi-criteria deci-
sion-making methods with a view to using solutions in the
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process of developing methodologies for building customer
relations in the field of transport services.

Literature broadly addressing the decision-making issues
of MCDM multi-criteria has been reviewed and analysed.
Research models and the use of decision-making processes
used in each method to achieve the goal set in the work have
been identified.

The practical use of multi-criteria methods in logistics and
transport analyses has been verified. The strengths and weak-
nesses of the ways proposed in the work were presented. The
solved and addressed research aspects have been reviewed
and, within the transport area, examples of decision-making
problems that use the specificities of specific methods have
been reviewed. Methods such as ELECTE III, AHP, PRO-
METHEE I and UTA were selected to describe the specifics
of the issues in logistics and transport.

For those selected, the issues of conduct and analytical
procedures are discussed in detail. Examples discuss the
practical use of multi-criteria methods to solve complex ve-
hicle distribution tasks and aspects of vehicle use for local
shipment distribution. The aim of the work was not to mark
process parameters, but to combine the critical points of the
solution in order to guarantee the stability and development
of the processes resulting from the transport plan. The results
confirmed the complexity of the issue of the productivisation
of proceedings in complex transport systems.

It was found that using the total cost model, simulations of
different combinations of direct and indirect services could
be carried out, the costs of different transport variants could
be calculated and a solution which meets the criterion of e.g.
minimum costs could be chosen. Price, time and reliability,
punctuality and flexibility are currently not the only elements
of competition from transport companies. In order to achieve
a high position in the market, it is necessary to combine sup-
ply chain management, customer relations and transport pro-
cess. In the era of creating partnerships with customers, it is
necessary to develop links with the systems of individual
partners. It would be appropriate for the methods to be adapt-
able, i.e. to support information distribution processes in ar-
eas such as co-operators, suppliers, producers, distributors
and customers. It is necessary to adapt to the needs of the
final customer, who in a highly competitive consumer goods
market can make a fully informed choice of products and ser-
vices according to individual needs.

Optimization problems require the development of cus-
tomized optimization models in each case. Although a single,
holistic model describing the functioning of the whole sys-
tem can be developed, there should be as many optimisation
models as there are decision-making problems. Only in this
case is it possible to distinguish the functions of the purpose
and consider the different relationships of the analyzed pro-
cesses.
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