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Abstract. In order to make better assessment of intermodal container transportation, the authors have analyzed
DEA (Data Envelopment Analysis) method in deciding the most favorable container line from Serbian ports to the
near East ports. To allow for applications to a wide variety of activities, term organization unit (Decision Making
Unit - DMU) refers to container line. DEA Method has been used to give the estimation of efficiency of operations in
organization units. Organization units are container lines in which containers are loaded with mineral water in bottles.
The main points in transportation net are factories of mineral water (Knjaz Milos Arandjelovac and Minaqua Novi
Sad), Serbian ports ( the Port of Belgrade, the Port of Danube Pancevo and the Port of Prahovo) and nine Mediterra-
nean ports in the near East area. Amount of mineral water that is dispatching from factories to Serbian ports is equal
to amount that can be loaded to one container. Having containerized in Serbian ports mineral water is reloaded to the
river—sea ships with unified dimensions, so the ships are continuing to travel to the near East ports. The near East ports
are the ending points. Input variables in DEA problem are transportation costs and strategy resistance factor in func-
tion of container line. Time traveling of one container is in a function of container line and transportation capabilities
of container lines are output variables. Transportation costs are counted on the base of integer programming method

and Dijkstra algorithm.

Keywords: data envelopment analysis (DEA), decision making unit (DMU), TEU, container, mineral water,

river—sea ship.

1. Introduction

This work investigates the introduction of DEA method,
in an effort to measure efficiency of transportation of
mineral water in containers from factories in Serbia to
the near East ports. Transportation as a process is de-
scribed by a criterion costs of transportation (Lingaitiené
2008), therefore, all means of transport are integrated
into one single system.

For the planning case, a pilot network is made
of 2 mineral water factories, 3 river ports on the river
Danube in Serbia and 9 near east ports including 19 sea
links and 6 road links. Formulation of the problem al-
lows exploration of problems for higher dimensions with
respect to cost and utilization of transportation means.

Mineral water transportation from factories in
Arandjelovac and Novi Sad is performed by means of
road transport mode to ports on the Serbian section of
the river Danube. Containerizing mineral water is load-
ed on the river-sea ships at the Serbian ports contain-

ers and travels to destination ports at the near East. The
target of this paper is the establishment of traffic lines
and then investigation of efficiency of every line with
DEA method.

The capacity of river-sea ship is 96 containers. Ship
travels from the port of Izmail to the port of Regensburg
14 days (up the river), and from the port of Regensburg
to the port of Izmail 9 days (down the river) according
to the Ukrainian Danube Shipping Company (2010).

Efficiency of every traffic line obtained with DEA
method is the function of the road transport and the
river transport because the changes in the traffic lines
of the entire network are appearing with the change of a
number of river ports as the solution and not appearing
with the number of sea ports as the solution as well. Sea
ports remain the same for all solutions. In the problem
of dispatching the ships from Izmail to near East ports
it is used Dijkstra algorithm. With Dijkstra algorithm
solutions are always optimal. Mineral water factories are
the same in all the alternatives of solutions, but the val-

Copyright © 2011 Vilnius Gediminas Technical University (VGTU) Press Technika

http://www.tandfonline.com/loi/tran20



234 A. Radonji¢ et al. Application of DEA method to intermodal container transport

ues of distances from mineral water factories to Serbian
ports are varying with various types of roads appearing
in the alternatives, and that is the reason why the road
transportation is presented in the final solution.

The fundamental approach of the paper is the ef-
ficiency in operations and in making better economic
effects (outputs). The efficiency in the paper can be de-
fined as the capability of achieving desired objectives
with the minimal utilization of resources. The attention
is on efficient use of different transport modes as well as
on various modern means in the interface of transport
systems (Baublys 2009).

In the last couple of years, for the analysis of the
cognate entities with common inputs and outputs and
for an assessment of relative efficiency of entities it is
developed Data Envelopment Analysis (DEA) method.
Data Envelopment Analysis method has been developed
by Charnes et al. (1978). The reason why they have de-
veloped this method is the efficiency measure of organi-
zational units.

Organizational unit and the efficiency of the organ-
izational unit should be evaluated with the consideration
of heterogeneous inputs and outputs. The name of the
organizational unit in DEA term is Decision Making
Unit - DMU. In the next lines terms unity, entity and
DMU will be used for the same sort of units.

Charnes et al. (1978) in their originating study,
described DEA as a mathematical programming model
applied to observational data that provides a new way
of obtaining empirical estimates of relations — such as
the production functions and/or eflicient production
possibility surfaces - that are cornerstones of modern
economics.

Creators of DEA method (Charnes et al. 1978) sug-
gested nonparametric approach for evaluating efficiency.
They minimized multiple inputs and outputs on one
‘virtual’ input and output on the base of weight factors.
The problem of weight assignment they solved in a way
of letting every unit to determine own weight factor with
the aim to maximize its own efficiency. The constraint
is on the value of weight factors that have to be positive.
Another constraint is that ratio between virtual output
and virtual input cannot be higher than 1. This problem
is defined as a formulation of linear programming (Van-
derbei 2007) titled ‘CCR ratio model.

Charnes et al. (1978) suggested new method for the
estimation of production frontiers. Starting with the ef-
ficiency criteria in case when it is producing one output
on the base of more inputs, Charnes et al. (1978) sug-
gested optimization method of mathematic program-
ming for evaluating the performance of technical effi-
ciency of entity with more then one input.

Roll and Hayuth (1993) were one of the first to
apply DEA for the evaluation of seaport efficiency. In
their study, port efficiency was measured in terms of
throughput, level of service, port users’ satisfaction and
frequency of calls made by ocean carriers. Three inputs
were given which are as follows: size of labor force,
capital investment and cargo uniformity. Although Roll
and Hayuth (1993) considered multiple outputs, they

did not use actual data to measure the port efficiency.
Also, their study was limited to a single-period, cross-
sectional analysis.

Martinez-Budria et al. (1999) extended the work
of Roll and Hayuth (1993) to include multiple periods
(1993-1997) and actual data involving 26 Spanish ports.
In applying DEA for port performance evaluation, they
took into account three inputs: labor expenditure, de-
preciation charges and miscellaneous expenditure, while
using two outputs: revenue through port rentals and the
total amount of cargo moved through docks.

As such, Martinez-Budria et al. (1999) focused on
the financial performance of ports. Similarly, Tongzon
(2001) identified factors influencing port efficiency and
used six of those factors as inputs: the number of cranes,
the number of container berths, the number of tugs, size
of the terminal areas, length of delay and size of labor
force in measuring the efficiency of Australian ports. The
outputs of his DEA model include cargo throughput and
ship working rate. The DEA model developed by Tong-
zon (2001) was also confined to a single period.

2. Problem Description

The problem consists of three parts representing differ-
ent mode of transport.

The first part of the problem is the transportation
problem of linear programming (LP). Mineral water
factories in Arandjelovac and Novi Sad are production
centers where the mineral water is packed in bottles,
loaded to trucks and dispatched to the river ports. Fac-
tories are considered as origin points from which freight
transportation is organized. Destination points in the
first part of the problem are river ports in Serbia and
they are ports of Belgrade, the Danube port Pancevo and
the port of Prahovo. All three ports have container ter-
minals where mineral water is containerized. The total
amount of freight that should be carried from mineral
water factories to river ports is equal to annual demand
at the near East ports. The demand at near East ports
is equal to the sum of all container terminal through-
put, or port throughput. If the demand exceeds the sum
of the port throughput, it will be considered that the
port authorities rent the needed aids. Freight transport
is characterized by transportation cost which depends
on the distance of the optimal route between origin
and destination nodes (points). Transportation cost is
in dollars per TEU (twenty-foot equivalent unit) units.
The amount of mineral water in one truck is equal to
the capacity of one container and it can be said that
the capacity of one truck is equal to the capacity of one
container. Containers are loaded to the river-sea ships.
The optimal plan of traffic flow is the plan that involves
minimal costs from origin points to destination points.

The second part of the problem is the problem
of container transportation from the Danube ports in
Serbia to the port of Izmail. This is the transportation
problem on the river Danube. The only costs involved
in this problem are the transportation costs. They are
computed upon the number of days that ship spends in
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a trip from Serbian river ports to the port of Izmail. The
origin points in this problem are river ports in Serbia
while the destination point is the port of Izmail.

The third part of the problem is the problem of
container transport from the port of Izmail to the near
east ports. The near East ports are Trabzon (Turkey),
Izmir (Turkey), Piraeus (Greece), Limassol (Cyprus),
Iskenderun (Turkey), Latakia (Syria), Tripoli (Lebanon),
Alexandria (Egypt). This problem has two parts. In the
first part the shortest paths from the port of Izmail to the
near East ports are defined by the Dijkstra’s algorithm
(Teodorovi¢ 1996) and the ship routes are defined too.
In the second part the optimal number of ships per ship
line or the fleet size is determined per one year. Along
with determination of number of ships and ship routes,
the ship costs are specified as the transportation costs.
Transportation costs are computed on the base of the
Integer programming (IP) formulation.

The annual number of containers is presumed and
this number has to be equal to the near East port de-
mands. Total demand or demand at the near East ports
is divided into the number of countries involved in the
transportation network which makes some value. If the
country has one port this value is demand at its port,
otherwise the value is divided with the number of ports
in one considered country and new obtained value is
demand at one port among the more of one country.
The costs of loading and unloading containers are not
considered because they cannot affect the final solutions
as they are equal to all three Serbian ports.

The solution to this phase of the problem is to de-
termine optimal transportation lines in road mode of
transport as well as in water transport on the transporta-
tion network consisting of origin points (Arandjelovac
and Novi Sad), transit points (the port of Belgrade, The
Danube port Pancevo, the port of Prahovo and port of
Izmail) and destination points (near East ports). Various
alternative solutions are obtained from the method of
combining the optimal lines of transportation.

3. Mathematical Formulation of
Intermodal Transportation

Mathematical formulation of the transportation problem
of linear programming means that sources and destina-
tions have to be defined. The sources are mineral water
factories and their term is ‘s’ while destinations are river
ports in Serbia and they are signed with ‘d. Constraints
are as follows:

s, _Zd M

i=1

inj =5;3 (2)
j=1

inj =d,, 3)

where: x;; - the amount of mineral water from the source
i to the destination j.

If Cpy; are the transportation costs from the source i
to destination j then the objective function F, is:
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Fig. 1. Graphic formulation of transportation problem

m n
min—>F =% Cp;i-x; ($). 4)
i=1 j=1
Transportation problem is shown in Fig. 1.
Transportation costs Cr;; are computed as follows:

T r
Cryj =¢,- ) dr +cp- ) cp-dp ($/TEU), (5)
z=1 z=1

where: ¢ — cost of fuel per liter ($/1); d — traveled dis-
tance (km); ¢, - additional consumption per kilometer
($/km); ¢ - fuel consumption per 100 kilometers in lit-
ers (1/100km); z — various types of roads (traveled dis-
tance consists of various road types — highway, main
road, link road, regional road and urban streets).

In the second part of the problem transportation
costs consist of propulsion costs (C,) divided on ship
fuel costs (Cpg), lubricant costs (Cy,,), costs of additional
materials (C,,,) and costs of additional material for aux-
iliary units (C,,,,,,)-

Fuel costs are as follows according to Coli¢ et al.
(1988):

Crs =Wy “Nipgt 'tvp CprVY ($/ship), (6)
where: Wy specific fuel consumption (I/kWh); N, -
main engines output (kW); t,p — time of traveling (h);
V¥ - utility factor of main engines.

Lubricant costs are as follows according to Coli¢
et al. (1988):

Clu =W 'Ninst .th “Clu ($/Shlp)’ (7)

where: wy, - specific consumption of lubricant (1/kWh);
¢y, — lubricant cost per liter ($/1).

Costs of additional materials (C,,,) are 3% of sum
of Crg and C; while costs of additional material for aux-
iliary units (C,,,,,,) are 10% of sum of Cgg, C;, and C,,,
Transportation costs are as follows according to Coli¢
et al. (1988):

Cp =Cps +Cpy +Copy + Cpppay ($/ship). (8)

Problem of ship assignment is defined on the trans-
portation network consisted of node set or ports and
link set or links between ports (Fig. 2). Supposing that
W, is the amount of freight that is transported from
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node k to node J, and supposing that: ny; — number of
ships from port k to port [ per year; n,,,, - maximum
number of ships per year; £,y - travel time between
port k and port [ in days; C,j - transportation costs
of one ship between port k and port [ per day ($/day);
Q - ship capacity in TEU units (constant for all ships);
Dy - demand at port k in TEU units; S, — supply at port
kin TEU units.

The objective function F, according to Petrié
(1989) is:

min—>F, =Y > Cppy -y 24 ($), )
keUleN
where: U - port precedence set — dispatching ports
(UcN and only pairs from Dijkstra algorithm are val-
id); N - set of all near east ports on the transportation
network, subject to:

D Wi =2 Wy, +S—D; =0, (10)
leU teB

where: B - set of ports that are on the shortest path from
the port k to the port I (BC N).

(my—1)-Q<Wyy <ny-Q (11)
lower and upper bound constraint for Wy

0<my <ny.. (12)
lower and upper bound constraint for

W, >0 (13)
non-negativity constraints for Wy

1y 20 (14)
non-negativity constraints for 7

g = [0,1,2,3,...] (15)

integer ny.

Izmail (0 TEU)

Piraeus (2500 TEU)

Limassol
(2500 TEU)

The sum objective function F is:

n
F=F +Z‘;cpj-nj+F2 ($), (16)
=
where: n; — number of ships that travel from Serbian
port j; C,; — transportation costs for one ship from Ser-
bian port j to the port of Izmail.

Number of ships per year n,,,, is derived from ex-
pressions (10) and (11), but it can be higher then sum
of n; and the value of difference between #,,,, and sum
of n; is always added to the number of ships that travel
from port of Prahovo to port of Izmail.

4. Defining Solution Alternatives

Transport of mineral water begins at the factories in
Arandjelovac and Novi Sad. The entire supply at those
factories is supposed to be equal to the demand at the
near East ports. If the solution is to be feasible, it will be
presumed that the port throughput is at the level needed
for the load of all containers in the problem. Supply at
the factories is divided in a fashion that 50% goes to sup-
ply at Arandjelovac and that 50% goes to supply at Novi
Sad. This means that supply at Arandjelovac is equal to
7500 TEU units, but also is equal to 7500 TEU units at
Novi Sad too.

Alternatives are determined not only as on the base
of number of ports that take part in the entire transport
of container, but also as a function of their combination
in one alternative if their number is equal to more then
one alternative. It is presumed that the Port of Belgrade
always has greater throughput then the Danube Port
Pancevo and the Port of Prahovo, while the Danube Port
Pancevo has greater throughput the Port of Prahovo.

The first alternative (M;) includes all three ports.
It is supposed that the entire demand per year is
15 000 TEU units. 7000 TEU units go to the Port of
Belgrade, 5000 TEU units go to the Danube Port Pance-

Iskenderun (833 TEU)

Latakia (2500 TEU)

0d 10h

Tripoli (2500 TEU)

Fig. 2. Transport network for the near East ports
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vo and 3000 TEU units are reserved for the Port of
Prahovo.

In the second alternative (M,) it is used only the
Port of Prahovo. It means that all 15000 TEU units goes
to this port.

The third alternative (M;) uses the Port of Belgrade
and the Danube Port Pancevo. The Port of Belgrade re-
loads 9000 TEU units while the Danube Port Pancevo
reloads 6000 TEU units.

The Port of Belgrade and the Danube Port Pancevo
are the ports that take part in the fourth alternative (M,).
The port of Belgrade takes part with 11000 TEU units
while the Danube Port Pancevo takes 4000 TEU units.

The fifth alternative (Ms) comprises the Danube
Port of Pancevo and the Port of Prahovo. The Danube
Port Pancevo operates with 11000 TEU units while the
Port of Prahovo operates with 4000 TEU units.

Demand at the near East ports is divided on the
number of ports in one country. This means that the
number of total demand of 15000 TEU units per year is
divided with the number of countries the near East ports
are located in and then virtual number of demand at one
country is divided with the number of the cities or ports
that participate in the transportation network.

5. Application of DEA Method

Efficiency measure obtained by DEA method is a relative
measure because it depends on which and how many
entities are involved in procedure, but also depends on
number and structure of input and output data. This
measure does not depend on measure units of data ex-
cept that every input or output has to be given in the
same measure for all entities.

It is suggested that all inputs and outputs for the
units (whose efficiency is evaluating) have to be deter-
mined (Charnes et al. 1978). DEA gives the weights of
inputs and outputs leading to the calculated efficiency.
The unit is efficient if the efficiency is equal to 1 and
inefficient if it is less than 1. It is free to evaluate weight
coeflicient for any DMU in the most acceptable way for
it. In that way, it is possible to maximize DMU’s efficien-
cy but also is possible to obtain other efficient DMUs.

An input-oriented measure quantifies the input
reduction, which is necessary for a DMU to become ef-
ficient, holding the output constant. Similarly, an out-
put-oriented measure quantifies the necessary output
expansion, holding the input constant. A non-oriented
measure quantifies the improvements when both inputs
and outputs can be modified simultaneously. DEA sug-
gests the creation of virtual unit B’ for the inefficient
unit B. B’ lies on the efficient frontier and is the best
practice for unit B, if it aims to be efficient. The outputs
and inputs of such a virtual unit are linear combinations
of corresponding outputs and inputs of all other units.
Thus, DEA gives inputs/outputs targets for inefficient
units - a benchmarks. The benchmark represents the
peer group for the inefficient DMU.

DEA suggests the benchmark for each inefficient
DMU at the level of its individual mix of inputs and
outputs.
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As a most important performance of the DEA
method many authors indicate ‘objectivity of the meth-
od’ because there is no ‘subjective judgment’ for the
decision maker. But sometimes weights determined by
DEA analysis can be in the opposite side with the previ-
ous standpoints.

The DEA model is mathematically expressed as:

N
Zuk *Ykm

(*) max| Eff,, =*=—0 (17)

Z"i “Xim
i=1

subject to:
N
2t Vi
k=1

t
Z"i “Xim
i=1

U, v; 20.

>1; (18)

The DEA model is formulated as optimization
model maximizing the efficiency of DMU, subject to the
efficiency of all DMUs being <1.

DEA-LP (*):
S
() max| > up - Yy (19)
k=1
subject to:

t
Z"i Ky = b3 (20)
i=1

K t
Zuk.ykm_zvi'ximso’vj; (21)
k=1 i=1

u,v; 20 or g,

where: y;,, —amount of output k produced by DMU j;
u; — the weight given to output k; x;,, — amount of in-
put i used by DMU j; v; - the weight given to input i
b - constant; Eg,, - efficiency of m-th DMU; & - a small
positive number could be introduced in order to avoid
any input or output being totally ignored in determining
the efficiency.

The efficiency of the target unit (m unit) is obtained
from the (**) model. Obtained values of weights (u, v)
are the best from the viewpoint of m unit. Weights made
for any of two units can be different because the objec-
tive functions are different.

The first phase in efficiency analysis is the selection
of relevant output and input criteria. Those criteria will
be inputs for evaluating suggested transport organiza-
tion.

Every alternative has more then one criterion. Con-
sidered criteria in CCR DEA model are as follows:

« the sum of transportation costs;

« time travel utilization;

o transportation work;

o strategy resistance factor.
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The sum of transportation costs comprises all
transportation costs that appear in all mode of transport.
These costs are not the only ones that exist in this prob-
lem, but their change implicates the greatest changes in
solution.

Time travel of the ship is defined as a sum of times
ship travels with the containers and empty.

Transportation work can be determined with a help
of empirical, analytical, experimental and combined
methods. Empirical methods are not applicable in the
river transport and traffic. Analytical methods are based
on mathematical models and logical relationships. They
will be base for computing transportation work. Experi-
mental methods consist of simulation models and they
are the most adequate methods.

Transportation work can be determined in three
ways:

o with a ship operating characteristics and param-

eters in the recent period of time;

o with a ship traffic;

« with a help of ship schedule chart for the various

type of ships.

One important yardstick for choosing efficient
strategies, however, is human behavioral resistance
within the organization. One should often be aware of
employees’ resistance and their influence before making
new decisions; otherwise the chosen strategy, though
well intentioned, may not be efficient in the long-term.

Milani et al. (2006) defined human behavioral resist-
ance as a natural response to a change because a change
normally involves going from known to unknown. If one
focuses only on the technical elements of these changes,
without taking into account the equally important hu-
man behavioral resistance element, it can crucially un-
dermine the organizational efficiency. On the other hand,
since each individual and his/her perception of resistance
is normally different from others, it would be desirable to
combine individual behavioral resistances into an overall
factor representing the resistance of a team, department,
and eventually the whole organization.

Once an overall resistance for different strategies is
defined, it can be included as a new criterion (strategy
resistance factor) next to other technical criteria (Milani
et al. 2006).

Values of mentioned criteria and efficiency of DMU
are given in Table.

The sum of transportation costs and strategy re-
sistance factor are used as an input values. Time travel
utilization and transportation work criteria are output
variables.

Results show the high efficiency of all suggested
alternatives. Efficiency of DMU2, DMU3 and DMUS5 is
equal to 1 and those units are considered as efficient and
they form the limit in efficiency. The lowest obtained
efficiency is for DMU1 and it is 0.982. It means that if
DMUL is going to be efficient (value 1) inputs for this
unit should be decreased in 1.8% of the value.

Table. Efficiency of DMUs

= =)
S g
£ £ s 5 £ 5
= <) > & .S 9 a
< > S o =3 > [5)
oy S8 %28 g 2 c 4 ‘S
= £EE £%9 E£%F g0 =!
< FES whE&&8 EB E 2 25)
DMU1 8.115 0.5 0.392 17.657  0.982
DMU2 8.041 0.3 0.394 17.115 1.000
DMU3 7924 0.6 0.391 18.094  1.000
DMU4 8.126 0.2 0.392 17.485  0.999
DMU5 8.144 0.2 0.393 17.544 1.000

6. Conclusions

1. This paper has the target to show that DEA method
is applicable for suggested transport of mineral water
from Serbian factories to the near East ports.

2. Five alternatives of solution are analyzed on the base
of two input and two output criteria that are directly
the result of the suggested organization of transport.

3. As a result, efficiency equal to value 1 is obtained for
three DMU2, DMU3 and DMUS5. The value of effi-
ciency index for other two units is very high but still
not equal to 1, and that is why those two units are
not efficient.

4. Although DEA method is not ranking method (ef-
ficiency measure that gives is the relative measure),
many authors used it for its practical reason. DMU
or groups of units are chosen on the base of efficiency
index.

5. CCR model, used in this paper, assigns efficiency in-
dex 1 and this is the reason why the ranking of units is
useless. Further way of investigation would be headed
on the analysis of efficiency of alternatives using other
DEA models and using different selection of input
and output criteria.
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