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ABSTRACT

To remain competitive and respond to rapidly chang-
ing markets, we need to increase flexibility in today's
global marketplace. In this respect, the selection of the
appropriate mode of transport is one of the most import-
ant functions to be performed by logistics. The selection
of the appropriate mode of transport is a multi-criteria
problem involving both quantitative and qualitative cri-
teria. This paper deals with the selection of the mode of
transport using the Analytic Hierarchy Process method
(AHP). AHP is a method of decomposing a complex un-
structured situation into simpler components to create
a hierarchical system problem. This paper describes a
general model of selection of transport mode using AHP
including its application to a manufacturing company
that selects the appropriate mode of transport from three
potential transport modes. The aim of this paper is to
create a useful decision support tool for selection of the
transport mode using the AHP method within distribu-
tion logistics of motor fuels. This tool helps companies to
make the right decision on the choice of transport mode
by taking into account different importance of the differ-
ent criteria that influence the decision-making process.

KEYWORDS
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1. INTRODUCTION

Selecting the appropriate mode of transport
within the distribution logistics is a priority for most
companies in various business sectors. The goal of
the companies is to optimise costs but also other

distribution parameters. Due to these facts, this is-
sue is a complex logistic decision-making problem.
Motor fuel transport companies must guarantee
their delivery at the right time, in the right place, in
the right quality, with the right information, and at
a right cost. Motor fuels are usually transported by
the following modes of transport: road, rail, water,
and pipeline or combined. The topicality of this is-
sue is confirmed by the fact that the selection of a
suitable mode of transport has gained great impor-
tance in the management of entire supply chains due
to globalisation, reducing negative environmental
impacts, increasing added value, and technological
changes. The ongoing globalisation of markets over
the past decades accounts for an ever-increasing
shipping volume of goods worldwide; in all indus-
tries, companies operate facilities spread across the
world to maximise profitability, and procurement
and distribution have become global operations [1].
The change of people’s way of life over time has
resulted, in a relatively short period, in a great in-
crease of the need for distribution of goods [2].
The increase in consumption entails the devel-
opment of production, thus increasing the demand
for transport services, which implies the deepening
of transport problems such as pollution, congestion,
waste production, road accidents, or the intensive
use of fossil fuels [3]. Logistics is the set of services
and activities that allow goods to be carried from
the place of origin in which they are available to
the destinations where they are required, and trans-
port helps to connect the sources of raw materials,
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production centres, and markets [4]. The logistics
industry is a critical economic component in most
countries and has a significant impact on their cit-
izens’ quality of life [5]. Freight transport is a key
element in the economic development of countries
too; nevertheless, the complexity and heterogene-
ity involved in the carriage of goods makes it much
more difficult to analyse and solve than passenger
transport [6]. The management of freight trans-
portation flows involves many elements, including
producers, traders, distributors, logistic companies,
storage companies, transportation companies, au-
thorities, and ultimately consumers [7, 8].

Distribution logistics within the refining industry
is very strongly specific, which implies that compa-
nies pay significant attention to it. There are several
main reasons for this. Products of the refining in-
dustry belong to the category of dangerous goods.
The transports are carried out using road freight
transport according to the ADR (Accord européen
relatif au transport international des marchandis-
es Dangereuses par Route) agreement, using rail
freight transport according to the RID (Réglement
concernant le transport international ferroviaire des
marchandises dangereuses) agreement or using in-
land waterways according to the ADN (European
Agreement concerning the International Carriage of
Dangerous Goods by Inland Waterway) agreement.
One of the main and fundamental requirements for
the transport of refinery products is safety and reli-
ability. Another important specificity is the fact that
transports are usually not carried out in the door-
to-door mode with only one transport mode, but
very often combined transport is used and the first
and last miles are usually provided by road freight
transport. The presented facts clearly show that de-
cision-making in the field of distribution logistics of
the refining industry is a very complex and compli-
cated task with many criteria of varying degrees of
influence.

Many scientific articles deal with the issue of
distribution logistics and the selection of a suitable
transport mode, but none of them is strictly focused
on the refining industry, which is so specific that it
requires a completely unique approach to this de-
cision-making problem. The weakness of previous
research and the identified gap is the non-coverage
of the refining industry in the context of distribu-
tion logistics and the selection of a suitable trans-
port mode. The main contribution of this article is
a literature review in the field of criteria influencing

the choice of transport mode within the distribution
logistics of motor fuels. The article also contains the
proposal of a decision-making tool for selection of
the transport mode using the AHP method within
distribution logistics of motor fuels. This manu-
script is relevant to many stakeholders: primarily
for logistic staff in the refining industry, logistic
service providers, and transport companies; second-
arily mediated to people as a whole in order to re-
duce negative environmental and social impacts and
increase transport safety. The aim of this paper is to
create a useful decision support tool for selection of
the transport mode using the AHP method within
distribution logistics of motor fuels. This tool helps
companies to make the right decision on the choice
of transport mode by considering the different im-
portance of the different criteria that influence the
decision-making process.

2. LITERATURE REVIEW

In last years, freight network planning and the
application of distribution logistics innovations
have become popular fields of research with regards
to sustainable logistics [9]. Hugos [10] points out
that the costs generated within loads distribution
constitute 30% of the company’s operating costs.
The comprehensive optimisation of distribution lo-
gistics and distribution costs and the simultaneous
improvement of service quality provides significant
competitive advantages for companies [11]. The
complexity of providing timely and cost-effective
distribution logistics of finished goods from indus-
trial facilities to customers makes effective opera-
tional coordination difficult; on the other side, effec-
tiveness is crucial for maintaining customer service
levels and sustaining a business [12]. Recently,
there have been efforts to achieve more effective
and less polluting freight transportation systems; an
advanced system which uses advanced methods to
solve vehicle routing and scheduling problems, con-
sidering a plethora of constraints has been devel-
oped within a research project co-funded by Greece
and the European Union [13, 14]. Big companies
often plan distribution logistics operations based on
their empirical experience, without the use of op-
timisation methods, because adequate methods or
tools, for example for selecting a suitable mode of
transport, supplier, etc., are not sufficient [15]. Lo-
gistic planning becomes increasingly complex with
growing numbers of customers, varied geographical
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locations, the uncertainty of future orders, and
sometimes-extreme competitive pressure to reduce
costs [12].

Two distinctions are commonly used in the lit-
erature for classifying distribution choice freight
models. Firstly, there is the distinction between dif-
ferent degrees of multimodality (possibly combined
with type and size of shipments) and secondly, the
distinction between different levels of aggregation
[16]. The first distinction is connected to the detail-
ing of the endogenous variable; models that study
the mode choice for each origin-destination relation
separately without considering that this origin-des-
tination relation could be part of a larger, multimod-
al transport chain [16, 17]. Some of the models not
only explain mode or transport chain selection, but
other choices as well, such as shipment size [18],
supplier choice [19], and route choice [20]. The
second distinction between different levels of ag-
gregation is relevant for estimation as well as for
application [16], and there are two approaches: dis-
aggregate mode choice or transport choice models
[21] and aggregate mode choice models [22].

Guo et al. [23] stated that the problem of trans-
port mode selection within distribution logistic
planning exists in some manufacturing supply
chains; there are multiple transport modes available
for transportation, each of which represents a type
of vehicles with a certain transport time and a cer-
tain carrying capacity. According to the authors, the
manufacturer needs to decide when to pick up the
finished products and which transport mode is se-
lected for each delivery order, which is a complex
decision-making task. Traditionally, the decision for
a distribution mode selection has been based on the
lead time and transport cost trade-off, i.e. the lon-
ger the lead time, the higher the inventory required
to deal with demand uncertainty, and the lower the
transport cost; however, over time, other criteria
have been added, such as greenhouse gas emissions,
transport safety, and number of transshipments [24].
Many scientific articles show the consideration of
transport energy consumption and transition from
high-energy transport modes (such as air and road
transport) to low-energy transport modes (such as
railway transport) [25, 26]. Keya et al. [27] identi-
fied the following categories of exogenous variables
that influence distribution mode choice: level of ser-
vice measures (such as shipping time, shipping cost,
speed, delay, fuel cost), freight characteristics (such
as commodity group, commodity size, commod-

ity density, commodity value, commodity weight,
product state, temperature controlled or not, perish-
ability, trade type, quantity), transportation network
and origin-destination attributes (such as shipment
origin-destination, distance, ratio of highway and
railway miles in origin and in destination), and oth-
ers (such as service reliability, service frequency,
loss and damage, shipper’s characteristics).
Another area of not only scientific but also prac-
tical interest is the area of selection, evaluation
or management of suppliers, which is discussed
among authors from all industries. Kagnicioglu [28]
believes that supplier selection and related transport
mode selection is a critical purchasing management
activity in the supply chain due to the key role of
supplier performance in terms of cost, quality of
supply, and services in achieving supply chain ob-
jectives. Effective supplier management, which be-
gins with the identification of potential suppliers,
is paramount to a successful supply chain manage-
ment [29]. Selecting the right supplier also signifi-
cantly reduces purchasing costs and improves the
company's competitiveness [30]. Lin [31] believes
that selecting suppliers to reduce the supply base
is an important goal in supply chain management.
Some authors are concerned with selecting appro-
priate performance metrics to help select and eval-
uate suppliers. Huang and Keskar [32] argue that
cost and quality are the most dominant factors along
with timely delivery and flexibility. Hsu et al. [33]
developed and verified the design of supplier selec-
tion and demonstrated that the quality and capabil-
ities of supplier services need to be assessed based
on documented supplier selection criteria. Kannan
and Tan [34] consider quality, price, response and
additional services to be important criteria for sup-
plier selection. Another approach deals with sup-
plier evaluation methods for a given set of perfor-
mance metrics [35]. Lasch and Janker [29] designed
a supplier evaluation system that uses the analysis
of basic components to create a classification and
order of potential suppliers using ellipsoidal clus-
ters. Huang and Keskar [32] and Barbarosoglu and
Yazgac [36] used an AHP to select suppliers. The
supplier selection issue can also be considered part
of the optimisation problem. Kagnicioglu [28] pro-
posed a fuzzy multipurpose model in which the goals
and some limitations are fuzzy to consider many con-
flicting and unclear goals and limitations when decid-
ing on the choice of supplier. Morlacchi [37] devel-
oped a model that combines the application of fuzzy
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set theory with AHP and implements it to evaluate
small suppliers in the engineering industry. Kumar,
Vrat and Shankar [38] used fuzzy programming of
goals; they solved the impact of information uncer-
tainty on problems with the supplier’s selection.
Ghodsypour and O'Brien [30] used the integrated
AHP model to reduce the number of suppliers (al-
ternatively transport modes).

The problem of transport mode selection within
distribution logistic planning is a very complex and
complicated decision-making problem with many
criteria of varying degrees of influence. Kumru and
Kumru [39] defined these criteria as follows: cost,
speed, safety, accessibility, reliability, environmen-
tal friendliness, and flexibility of transportation.
Shen et al. [40] emphasised these criteria: reliability
during transport, capacity, quality of service, trans-
portation quickness, and flexibility of operation.
Ozcan and Ahiskali [41] summarised these criteria
on the basis of a literature search e.g. delay rate,
error rate, documentability, service quality, service
ability, green policy, and operation excellence. The
following authors have defined the following crite-
ria in relation to the decision-making problem: flex-
ibility, reliability, speed, traceability, costs, securi-
ty problems, risk [42]; economic features, service
features, costs, traceability, environmental impacts,
reliability, flexibility, speed [43]; transport distance,
transport time, transport cost [44]; cost, time, reli-
ability, power requirement, accessibility, product
protection [45]; transport distance, transport time,
transport cost, transport service, security, awareness
[46]; transport time, cost, reliability, security [47];
transportation time, transportation cost, reliability,
route properties, storage cost [48]; transport cost,
shipping time, delivery time, supply price, cost
[49]; service quality, reliability, transportation poli-
cy, economic and environmental impacts [50].

This paper deals with the process of objective
selection of the transport mode for a specific trans-
port requirement, which can be achieved using the
AHP method. This method provides a framework
for effective logistic decision-making in complex
and difficult decision-making tasks and helps to
simplify and speed up the natural decision-making
process.

3. PROPOSED MODEL

The selection of a suitable transport mode for the
company within the distribution logistics is a logis-
tic decision-making problem that can be solved us-

ing the AHP method. This is also confirmed by the
processing of literature review. The AHP method is
a systematic approach that can be used to select the
appropriate mode of transport but also to other deci-
sion-making tasks. In general, there is a problem that
people have to make decisions on complex problems
with many input qualitative and quantitative vari-
ables. It is very difficult to make the right decision
for these problems. The AHP method makes it easier
for people to make the right decision that reflects the
relevant criteria for a given decision problem. The
AHP method was developed by Saaty [51] and has
been continuously improved ever since. AHP is a
method of deciding on the preference of alternatives
in a situation where more criteria need to be con-
sidered. Another reason why the AHP method was
chosen is that it is based on Saaty's method. Saaty's
method is based on pairwise comparison and allows
using the Saaty's scale (Equation 3) to express the
degree of preferences between criteria and alterna-
tives (in this case transport modes). One of the main
advantages of the AHP method is its simplicity of
implementation in decision-making processes. As a
result, the AHP method allows the decision-maker
to solve complex problems in the form of a hierar-
chy or a set of integrated levels. The AHP method is
usually based on a hierarchy of at least three levels:
goal, criteria, and alternatives. In case of a problem
with the selection of the most suitable transport
mode within the distribution logistics, the aim is to
select the most suitable transport mode for a specific
transport. Criteria can be cost, quality, safety, addi-
tional services, delivery time, etc. on the basis of
processed literature review. Another possibility is to
identify the criteria using the brainstorming method
from the criteria obtained by the literature review.
Brainstorming is one of the techniques for fostering
group creativity by which ideas and thoughts are
shared among members spontaneously in order to
reach solutions to practical problems [52]. Al-Sa-
marraie and Hurmuzan [53] add that brainstorming
techniques are delivered in three main ways: verbal/
traditional brainstorming, nominal brainstorming,
and electronic brainstorming.

Alternatively, there are different designs of trans-
port modes for a specific transport. The AHP meth-
od provides a comprehensive and rational frame-
work for solving this complex problem, including
the representation and quantification of individual
criteria and their connection to the overall goal,
and for the evaluation of alternatives (Figure 7). This

908

Promet — Traffic& Transportation, Vol. 33, 2021, No. 6, 905-917




Hruska R, et al. Selection of the Transport Mode Using the AHP Method Within Distribution Logistics of Motor Fuels

Selection of transport mode

[

‘ Expert 1 ‘ | Expert 2 ‘
‘ Criteria 1 | | Criteria 2 |
‘ ™ 1 | ’ ™ 2 ‘

1* level

2 Jevel

Criteria k 3 level
m 4 level

Figure 1 — Hierarchic system of decision problem — selection of transport mode
(r — total number of experts, k — total number of criteria, p — total number of transport modes, TM — transport mode)

method provides a framework for effective logistic
decision-making in complex situations and helps to
simplify and speed up the natural decision-making
process.

AHP is a method of decomposing a complicated
unstructured decision-making problem into simpler
components. This creates a hierarchical problem.
The AHP method is close to simple methods for
determining the value of alternatives, because the
overall valuation of alternatives is again determined
as a weighted sum of alternatives with respect to
the evaluation of individual criteria. The optimal al-
ternative is determined as the best rated alternative.
This designation is also used in this manuscript.
Saaty's method is used at every level of the hier-
archical structure of the solved decision problem.
Using the Saaty method, each component of quan-
titative characteristics reflecting their importance
is assigned. The highest priority component is ob-
tained by synthesising these evaluations. The deci-
sion maker focuses on it to reach a solution of the
decision problem. When solving decision-making
problems, more experts are usually used, who eval-
uate the connection between the goal and individual
criteria. Experts can be evaluated by a weight that
reflects their expertise or reliability in relation to a
given decision problem.

The expertise of experts can be described as a
weight vector:

experts _ (

v V1,V2, e V)

(M

zl )

where:
v, —weight of 1% expert
v, —weight of I expert

For the determination weights of criteria, Saaty’s
method has been chosen. This method takes into ac-
count the different preferences between the criteria
and a wide point scale is determined for evaluation
(Equation 3). 1t is therefore possible to detect even
slight differences in preferences between the cri-
teria, which are then in the process of setting the
weights into account.

1 -7 and j are equivalent

3 -7 is mildly preferred to j
(s5)=15-i isstrongly preferred to j 3)
7-i is very strongly preferred to j
9 -i isabsolutely preferred to j

Values 2, 4, 6, 8 are intended to evaluate inter-
mediate stages. This method is comparing each pair
of criteria 7 and j. Their evaluation is written to the
Saaty’s matrix (Equation 4) according the following
rules:

1 S12

e Sk

_ yslz 1 S2k

) 7

This method involves 5 steps [51], which in-

cludes calculation of the weights v, using nor-

malised geometric average (Equations 6-9) of lines
Saaty’s matrix:

First, Saaty’s matrix was filled so that the diag-
onal values are equal to one (Sl.j=1). If the i criteri-
on is preferred to j™ criterion, then the appropriate
value of Saaty’s point scale (Equation 3) has to be se-

lected. If the j™ criterion is preferred to i criterion,
inverse values have to be written:

Sij (5)

S

“4)

Sji = 1
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For every i, the value

k
Si= jl:[l Sij (6)
was calculated.
For every i, the value
R;= kx/gz (7)

was calculated, where R is the geometric average.
In the next step, the value

k
Z Ri
i=1
was calculated.

In the last step of the method, weights of criteria
are determined according to the following Equation 9:

Ri
Ri (9)

®)

Vi=

-

i=1

Weights of criteria are determined if we multi-
ply all elements for each row and determine the n'
root of this product, when 7 is the number of ele-
ments. Then we standardise the resulting geometric
averages of each row of Saaty’s matrix (we divide
geometric averages of each row by the sum of all
geometric averages).

This procedure gives estimate weights of each
criterion, which can be written in the form of weight
vector:

(10)

Saaty’s method can be used not only to deter-
mine preferences between criteria, but also between
variants, using the Analytical Hierarchical Process
(AHP).

v=(v1,v2,....,Vk)

3.1 Defining criteria for selection
of transport mode

The manuscript reflects the real complex de-
cision-making situation in a company providing
transport of motor fuels, when it is necessary to
select the most suitable transport mode for a given
transport requirement. First, it is necessary to iden-
tify suitable criteria (based on a literature review)
influencing this complex decision-making problem.
The choice of criteria for the optimal choice of suit-
able mode of transport was based on the complexity
of the system of logistic and production companies,
e.g. on the fact that as much infrastructure, func-
tional, technical, technological, and organisational
information as possible needs to be included. The
aim was to define the most suitable mode of trans-

port with the relevant characteristics based on the
identified criteria for the proposed model. It is cru-
cial to select a limited number of important criteria,
as the large number of criteria makes pairwise com-
parisons very difficult and time-consuming when
evaluating modes of transport. To overcome these
problems, a cut-off value for reducing the number
of criteria to a few is desirable. List of possible cri-
teria (C™) based on a literature review is presented
in Table 1.

Table 2 shows the matrix of weights assigned to
each criterion by 7" experts.

The aggregate weight for each criterion was cal-
culated using the following Equation 11:

WK;FM:zr:Vj'Wij (11)
=1
where:
wK™ — aggregated weight of the i/ criterion for
selection of transport mode, i =1, 2, ..., k
v, — weight /" expert
j=12,..,r
w,  —weight of the i criterion assigned by j

i
expert

Aggregated weights of individual criteria for se-
lection of transport mode can be written in the form
of aggregated weight vector:

™ ™ ™
wK™ = (wK] WK, L WK )

(12)

Furthermore, p transport modes were compared
by Saaty’s method for planning each criterion.
Table 3 shows the matrix of weights for individual
transport modes in terms of each criterion.

Each element Uy of the matrix (7able 3) represents
the weight of the i transport mode in relation to
the j™ criterion. Aggregated weight of each trans-
port mode can be calculated using the following
Equation 13:

k

wD™ = 3 wK M uy (13)

j=1

where:

i=1,2,..,p

wD™ —aggregated weight of the i transport
mode

u.. — weight of the /" transport mode in relation

i
to the j™ criterion

Aggregated weights of individual transport
modes can be written in the form of aggregated
weight vector:

™ ™ ™ ™
WD =(WD1 ,WD2 ,,..,WD,;

(14)
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Table I — List of possible criteria (C™) related to the decision-making problem of transport mode selection

Author(s)

Criteria

Guo et al. [23]

transport time, capacity

Hoen et al. [24]

lead time, transport cost, greenhouse gas emissions, transport safety, number of transshipments

Blauwens et al. [25],
Kiesmuller et al. [26]

transport energy consumption

Keya et al. [27]

level of service measures (such as shipping time, shipping cost, speed, delay, fuel cost), freight
characteristics (such as commodity group, commodity size, commodity density, commodity value,
commodity weight, product state, temperature controlled or not, perishability, trade type, quanti-
ty), transportation network and origin-destination attributes (such as shipment origin-destination,
distance, ratio of highway and railway miles in origin and in destination), others (such as service
reliability, service frequency, loss and damage, shipper’s characteristics)

Kagnicioglu [28] cost, quality of supply, quality of services
Huang and Keskar [32] | cost, quality, timely delivery, flexibility
Kannan and Tan [34] quality, price, response, additional services

Kumru and Kumru [39]

cost, speed, safety, accessibility, reliability, environmental friendliness, flexibility of transportation

Shen et al. [40]

reliability during transport, capacity, quality of service, transportation quickness, flexibility of
operation

Ozcan and Ahiskali [41]

delay rate, error rate, documentability, service quality, service ability, green policy, operation
excellence

Tuzkaya and Oniit [42]

flexibility, reliability, speed, traceability, costs, security problems, risk

Toker and Gorener [43]

economic features, service features, costs, traceability, environmental impacts, reliability, flexibility,
speed

Lee et al. [44]

transport distance, transport time, transport cost

Kumru and Kumru [45]

cost, time, reliability, power requirement, accessibility, product protection

Moon et al. [46]

transport distance, transport time, transport cost, transport service, security, awareness

Rahman and Pereda [47]

transport time, cost, reliability, security

Pham et al. [48]

transportation time, transportation cost, reliability, route properties, storage cost

Chen et al. [49]

transport cost, shipping time, delivery time, supply price, cost

Belosevic et al. [50]

service quality, reliability, transportation policy, economic impacts, environmental impacts

Table 2 — Matrix of weights assigned to each criterion by r'"

Table 3 — Matrix of weights for each p transport modes due to

experts each k criteria
Expert Criterion ™ ™ ™ ™
Criterion Expert, | Expert, Expert, , | Expert, ™ C, C, Cuy C,
CITM ™,
cM™M ™,
cM ™, ,
cmM™ TMp
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From those calculations suitable transport mode
can be chosen. Suitable transport mode is one whose
aggregated weight wD™ has the greatest value of
the aggregated weight vector wD™ (Equation 15).

(15)

Equation 15 shows that, from the considered trans-
port mode on the basis of selected criteria and the
AHP method, most suitable transport mode is the
one which has the highest value of the aggregated
weight vector wD™,

MAX wD™ = max{leTM,ngM, ...,WD;M}

4. APPLICATION OF THE PROPOSED
MODEL

This chapter presents the application of the pro-
posed model on an example, which deals with
the selection of the mode of transport within the
distribution logistics in the Slovak refinery company.

The company needs to select the most suitable mode
of transport for a specific transport requirement on
the basis of selected criteria by well-founded experts
(Figure 2). Experts from the logistic department of the
company have selected and specified (by brainstorm-
ing) the following six most important criteria from a
list of possible criteria (7uble 1):

Transport price (CI™) — Average price over 12
months per transported tonnes per kilometre of trans-
port distance. The price consists of the transport of
motor fuels from the refinery to the customer.
Average transport time (C}M) — Average transport
time over 12 months from dispatched from the refin-
ery to delivery to the customer.

Transported quantity (C]M) — Average transported
quantity in transport units: road tank car, rail tank
car, river barge.

’ Selection of transport mode ‘

15t level

1 2

3

Expert 1 Expert 2 Expert 3
3 ]evel
il pepeet Ty

Figure 2 — Use of AHP method — decision problem of selection of transport mode

Table 4 — The criteria matrix for selection of transport mode

C;I‘M C;FM C;fM C}M C;FM C;[M
™, 0.15 EUR/t 12 hours 1000 t 091 1.0 0.010 EUR/t
™, 0.12 EUR/t 6 hours 24t 0.73 52.4 0.005 EUR/t
™, 0.10 EUR/t 24 hours 2000 t 0.65 27.2 0.020 EUR/t

TM , — rail transport, TM,, — road transport, TM; — water transport
Table 5 — Filled-in matrix of priority weights assigned to each criterion by one expert
. c c c c c c
Selectlolrlllg(fiéransport Transport Average Transported Transport Ecology (CO,) First and last
price transport time quantity reliability per transported ton mile
Transport price 1 4 5 3 8 2
Averag§ transport 1/4 1 U5 4 3 5
time
Transported quantity 1/5 5 1 3 2 4
Transport reliability 1/3 1/4 1/3 1 6 2
Ecology (CO,) per 1/8 173 12 1/6 1 1/4
transported ton
First and last mile 12 1/5 1/4 1/2 4 1
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Table 6 — Matrix of criteria weights assigned by experts Table 7 — Matrix of weight for three possible transport modes
due to criterion CT™ — C™
Selection of Expert Expert Expert Ri
transport mode perh perh Petts ™ & vi=——
CIM | TM, | TM, | TV, | [T g Re= Wi Sk,
CITM 0.4137 0.4115 0.4393 j=1 i=1
™ 0.1582 0.1536 0.1603 TM™, 1 1/4 | 1/6 | 15.0000 | 2.4662 0.6307
G : : : ™, | 4 1 5 | 1.2000 | 1.0627 | 02717
C}TM 0.2237 0.2326 0.2304 ™, 6 5 1 0.0556 0.3816 0.0976
k
C4TM 0.1093 0.1155 0.0901 Z R; 4,3822 1.0000
i=1
C5TM 0.0406 0.0318 0.0283
cm 0.0545 0.0551 0.0517 k v =2
c™M | T™, | T™, | T™, |si= [T ss| R, =¥/s, SR,
j=1 L7
Transport reliability (C;M) — Reliability of the trans- -
rtis defined by the number of transports delivered ~ if—— 13 | 3 1.0000_| 10000 | 0.2499
port y : AnSpC T™,| 3 | 1 | 6 | 18.0000 | 2.6207 | 0.6548
on time, Whereby 100% is full rehablhty. ™, | 1/3 1/6 1 0.0556 0.3816 0.0953
Ecology (CO,) per transported tonne (CI™) — Ecol- k
ogy (CO,) per transported tonne represents the per- l; R | 40023 | 10000
centage of CO, produced per tonne-kilometre.
First and last mile (C{™) — First and last mile rep- . b= R
resent the operating and technical costs of transpor- | C/M | TM, | TM, | TM, |si= Hl Si| Ri="4/si i R;
tation motor fuels from production to the transport ’ =
mean and from the transport mean to the final cus- | TM, S | /4 | 12500 | 1.0772 | 0.2370
tomer (loading, unloading, shuntin ) ™, | 1/5 1 1/8 | 0.0250 | 0.2924 0.0643
oading, & E) ™, 8 | 1 [32.0000 | 3.1748 | 0.6986
Carriers have been asked to send their offer P
according to the identified criteria. The company Zl Ri | 45444 | 1.0000
has the opportunity to use three different modes of
transport for a given transport requirement (7able 4). , R;
Three well-founded experts from the field and from CM|T™M, | TM, | TM, |si= H Si| Ri=K/s; " Zk: R
the company were asked to compare the identified = =
criteria and evaluate their relationship. Based on ™, | 1 4 | 24.0000 | 2.8845 | 0.6878
this information, it was possible to fill in the matrix | M, | 1/6 5 | 08333 | 09410 | 0.2244
S ™, | 1/4 | 1/5 1 0.0500 | 0.3684 0.0878
of criteria (Table 5). S
Furthermore, the weight of each criterion in each 2R | 41939 | 1.0000
level was determined. This is illustrated in Tuble 5 o
in the form of a filled matrix by one well-founded =
. . k o i
expert. Eas:h well-fqunded e)fpert filled in this ta- e v, [T, | T, [si= Tl sl Ro= 4, Vi i N
ble according to their expertise. There were three J= par i
fexpe‘rts and they W‘CI'C equally Well-founded, which ™, 1 6 8 48.0000 | 3.6342 0.7536
implies that the weight of each expert corresponded | T™, | 1/6 | 1 4 | 0.6667 | 0.8736 | 0.1811
to 1/3. According to Equation I, it can be describedas  [TM, | 1/8 | 1/4 | 1 | 0.0313 | 0.3150 | 0.0653
. . k
a weight vector: ZR" 48228 | 10000
VRS — (b1 o) = (1331/331/3) c
Based on these results, Tuble 6 shows the matrix X b= R
. . . . — ! k
of criteria weights assigned by all experts. CM|TM, | T™, | TM, |si = Hl Si| Ri="%si SR
. . j= .
Tuble 7 shows the weights of the individual trans- =
port modes with relation to each criterion C™M—CIM, | TM, | 1 | 3 | 6 | 180000 | 26207 | 0.6667
The aggregated weight for each criterion was M, | U3 | L | 174 | 00833 | 04368 | 01111
. ) . ™, | 1/6 4 1 0.6667 | 0.8736 0.2222
calculated according to Equation 11, and according to .
Equation 12 the aggregated weights of criteria can be 2R | 39311 | 1.0000
written in the aggregated weight vector: C
Promet — Traffic& Transportation, Vol. 33, 2021, No. 6, 905-917 913




Hruska R, et al. Selection of the Transport Mode Using the AHP Method Within Distribution Logistics of Motor Fuels

Table 8 — Matrix of weight of each p transport mode by each C™ criteria

camsport mode cp e e cp ca c
™, 0.6307 0.2499 0.2370 0.6878 0.7536 0.6667
™, 0.2717 0.6548 0.0643 0.2244 0.1811 0.1111
™, 0.0976 0.0953 0.6986 0.0878 0.0653 0.2222

wK™ = (0.4172;0.1557;0.2266;0.1039;0.0332;0.0532)

Furthermore, p transport modes were compared
by Saaty’s method for planning each criterion
(Table 8).

The aggregated weight for each transport mode
was calculated according to Equation 13, and accord-
ing to Equation 14 the aggregated weights of transport
modes can be written in the aggregated weight vec-
tor as follows:

wD™ = (0.3654;0.3218;0.3126)

The suitable transport mode for the company is
chosen on the basis of Equation 15:

MAXwD™ = max{0.3654;0.3218;0.3126 }

MAXwD™ = 0.3654

Equation 15 shows that of the three transport modes
considered, based on the identified criteria and the
AHP method, D, is the most suitable transport mode
for the real transport requirement because it has the
highest value of the aggregated weighted vector.

S. DISCUSSION

Based on the applied model, it was found that
under the given transport requirements and offers
(Table 4), it is advantageous to choose rail transport.

The aggregated weights of transport modes do
not differ much from each other. The model is able
to evaluate with high accuracy the different solu-
tion variants (in this case transport modes) which
implies that the applied AHP method is based on the
use of the Saaty's method, which is based on pair-
wise comparison and allows using the Saaty's scale
(Equation 3) to express more accurately the degree
of preferences between criteria and alternatives (in
this case transport modes). A significant advantage
of the proposed model is that it can be easily mod-
ified in its parameters. For example, the number of
experts and the number of criteria can be modified.
We must not forget that in case of modification we
have to modify the calculations adequately.

This paper upscales on general articles focusing
on transport mode selection, for example [26, 27,
42, 45], because it is very narrowly and specifically
focused on the refining industry. According to the
literature review, the other authors have not yet ad-
dressed the issue of transport mode selection using
the AHP method in the context of distribution logis-
tics of motor fuels. This identified gap has therefore
been filled.

6. CONCLUSION

The main contribution of this article was a liter-
ature review in the field of criteria influencing the
choice of transport mode within the distribution lo-
gistics of motor fuels. The article also contains the
proposal of a decision-making tool for selection of
the transport mode using the AHP method within
distribution logistics of motor fuels. This means that
the aim of the paper has been achieved.

Many researchers and practitioners have focused
their work and attention on the choice of mode of
transport in supply chain management and have
used a wide range of scientific and technical meth-
ods to increase the efficiency and flexibility of sup-
ply networks. There are various approaches avail-
able for choosing a mode of transport.

Each production company that is part of the
supply chain uses multiple modes of transport. The
main problem is the decision to choose the most suit-
able mode of transport for specific transport require-
ment, because it is a complex and complicated de-
cision-making problem with many input variables.
When choosing the mode of transport, the company
must take into account all the important factors that
have a significant impact on this decision. In this
paper, the AHP method was used as one of the pos-
sible methods of selecting the transport mode for a
specific transport requirement. The next main con-
tribution of this paper was the identification of im-
portant criteria in the process of selecting a suitable
mode of transport. The limitations of the proposed
model are in the limited number of criteria. If we
used more than ten criteria, the expert would have a
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problem with the correct fill-in of the Saaty matrix
in the sense of observing right differences between
the criteria. Then, a multicriteria decision-making
model was developed for the evaluation and selec-
tion of modes of transport using the AHP method.
The developed model was then applied and verified
in the form of a case study on a real example from
business practice. The added value of the model is
that it represents a useful decision support tool for
selection of the transport mode. Possibilities for
further development of the model are modifications
of the used criteria in accordance with the develop-
ments within the refining industry (e.g. due to the
impact of the COVID-19 pandemic or the global
economic recession). The AHP method was used
because it is the most frequently used method, but
it also has many weaknesses. One possible way to
eliminate the weakness of the AHP method is by
using the ANP (Analytic Network Process) meth-
od. The ANP method is a network generalisation of
the AHP method. The ANP method compared to the
AHP method allows to include all possible interde-
pendencies and feedback in the system.
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VYBER DRUHU DOPRAVY POUZITIM METO-
DYAHP V RAMCI DISTRIBUCNI LOGISTIKY
MOTOROVYCH PALIV

ABSTRAKT

Abychom si udrzeli konkurenceschopnost a mohli
reagovat na rychle se ménici trhy, musime na dnesnim
globalnim trhu zvysit flexibilitu. V tomto ohledu je vyber
vhodného druhu dopravy jednou z nejdulezitejsich funk-
ci, kterou musi logistika plnit. Vybér vhodného druhu
dopravy je multikriterialni problém zahrnujici jak kvan-
titativni, tak kvalitativni kritéria. Tento clanek se zabyva
vybérem druhu dopravy pomoci metody analytického
hierarchického procesu (AHP). AHP je metoda rozkladu

slozité nestrukturované situace na jednodussi slozky, ktera
vytvari hierarchicky systémovy problém. Tento clanek
popisuje obecny model vybéru vhodného druhu dopravy
pomoci AHP véetné jeho aplikace ve vyrobni spolecnosti,
kterd vybird vhodny druh dopravy ze tri moznych druhii
dopravy. Cilem tohoto clanku je vytvorit uzitecny ndstroj
pro podporu rozhodovani pri vyberu druhu dopravy po-
moci metody AHP v ramci distribucni logistiky motor-
ovych paliv. Tento ndstroj pomdhd spolecnostem spravné
rozhodnout o vybéru dopravniho modu tim, ze zohlednuje
rozdilnou dilezitost jednotlivych kritérii, ktera ovliviiuji
rozhodovaci proces.

KLICOVA SLOVA
doprava; distribucni logistika; metoda AHP;
rozhodovani; druh dopravy.
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