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ABSTRACT
The subject of this paper is the assessment of the efficiency of oil
companies operating in the Republic of Serbia. This paper
presents the possibilities of applying non-parametric methods in
researching the efficiency of oil companies in the Serbian market.
In addition to the standard variables for measuring technical effi-
ciency, the market share should be taken into account, because
the oil market is an example of an imperfect competition market.
By applying the quantitative-analytical method (Data Envelopment
Analysis), obtained results show the development of the efficiency
of oil companies in the relevant market, and indicate that the effi-
ciency of oil companies improved during the analysed period.
However, the results also indicate that there is still a problem of
misallocation of resources. The reasons for this outcome are inter-
esting and debatable for this industrial area.
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1. Introduction

The energy industry contributes to sustainable development in many ways (Borges
et al., 2022): by encouraging employment and entrepreneurship, providing access to
energy, contributing to the government budget through the payment of various taxes,
investing in research and development and encouraging the development of technolo-
gies and products, as well as investing in local communities. Developing countries,
such as the Republic of Serbia, are characterized by a continuous increase in energy
demand (Shahsavari & Akbari, 2018). At the same time, oil still takes a significant
share in the structure of consumption of energy resources (Filimonova et al., 2020).
In recent years, the consumption of total available energy per inhabitant in the
Republic of Serbia records an average increase of about 3% per year (Ministry of
Mining & Energy, 2022). Since the middle of the last century, the Republic of Serbia
has been producing oil and gas in certain quantities, but it is still highly dependent
on imports, primarily from Russia. The production of crude oil in the Republic of
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Serbia is not sufficient to meet the needs of industry and the population, and it is
necessary and unavoidable to import crude oil in order to bridge the gap between
demand and supply. According to the Energy Balance of the Republic of Serbia for
the year 2022, 80% of the required amount of crude oil (and semi-products) will be
provided from imports (Ministry of Mining & Energy, 2022). However, high import
dependence means that in the event of an increase in the price of crude oil, there will
be an increase in the price of imports. This can consequently be harmful for oil com-
panies, bearing in mind that the profit margin is reduced (Haykir et al., 2022). With
the above in mind, oil companies must find ways to improve profit margins and
maintain competitiveness in the market, which can be achieved with efficient use of
resources. Reaching efficient use of resources requires improving and achieving the
technical efficiency of oil companies’ operations, which will lead to a reduction in the
use of inputs and an increase in profits (Dalei & Joshi, 2020). Achieving technical
efficiency means improving operational aspects of business, within the limits of exist-
ing technology (Joly, 2012). In other words, technical inefficiency indicates that there
is an opportunity to improve operational processes without additional investment in
new technology. Therefore, the quantification of technical efficiency is particularly
important in order to identify misallocation of resources with the aim of improving
operational performance while working with existing technology (Dalei & Joshi,
2020).

However, when analysing the oil industry, it should be kept in mind that the sup-
ply chain involves upstream and downstream sector. Upstream sector refers to explor-
ation and development, while the downstream sector encompasses refinery and sales
(Atris, 2020). Our focus is on the downstream sector, especially on the sales, because
sales represent the function that involves interaction with consumers (Atris & Goto,
2019) and the business success of oil companies primarily depends on their market
position.

The market of oil and oil derivatives in the Republic of Serbia during the last
decade has changed and evolved substantially. Since 2010, influenced by the process
of liberalization, privatization, and implementation of new regulations (Energy Law,
2011; Regulation on the Conditions & Manner of Oil Import & Processing, 2020)
the market of oil and oil derivatives in the Republic of Serbia has changed its struc-
ture rapidly. The number of oil companies involved in the sale of oil and oil deriva-
tives increased. Before 2010, just NIS/Gaspromnjeft (Oil Industry of Serbia, in
Serbian: Naftna Industrija Srbije, abbreviated hereafter as NIS) was involved in the
oil and oil derivates market of the Republic of Serbia, as a monopoly. The activity
of retail trade in oil derivatives in the Republic of Serbia is carried out by compa-
nies owned by domestic and foreign companies, whose subsidiaries are registered in
the Republic of Serbia.1 At the same time, except for the number of participants,
the size of participants also changed. According to the market share, six companies
are large and medium-sized, while other companies are small. Therefore, the market
conditions have changed during the observed period. Companies faced the need to
adapt their business operations in order to improve their competitive position. To
maintain their market shares they had to increase efficiency of their technical
efficiency.
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The importance of research is reflected in identifying efficient oil companies, as
well as in providing guidelines to inefficient companies in order to reach the effi-
ciency limit. In line with this, management of oil companies may benefit from
research results. Also, gained results may represent a basis for future research. In
order to analyse the technical efficiency of oil companies in the Republic of Serbia,
the DEA method will be applied. Basic research hypotheses that will be tested are:
a) Application of DEA method provides a scientifically-based framework for meas-
urement and assessment of the performance of oil companies in the Republic of
Serbia; b) Foreign-owned companies operate more efficiently than domestic-owned
companies; c) Efficiency of specific market players in achieving revenue comes
from a more favourable position in the market, in the form of greater market
share.

2. Literature review

Maintaining and managing a high level of competition in the industry is very import-
ant for the industry itself, but also for the entire economy. Competition is reflected in
a company’s ability to secure, maintain, and increase its shares in both domestic and
international commodity markets (Pappa, 2019). In order to survive a competition,
oil companies have to monitor, measure, and improve their efficiency. An increase in
technical efficiency leads to an increase in the price competitiveness of gas stations,
regardless of any increased concentration (Lagos, 2019). Therefore, oil companies
should be dedicated to technical efficiency increases.

Many techniques and mathematical approaches have been proposed over the past
decades for solving the problem of assessing relative efficiency. The DEA method is a
systematic analytical method firstly developed by Charnes et al. (1978) which now-
adays attracts the attention of many researchers. Successful application of this method
could be the reason for its widespread use.

Numerous studies have addressed the efficiency analysis of different business
entities in the field of the energy industry utilizing the DEA method. Eller et al.
(2011) investigated the operational efficiency of national oil companies. Their
results indicate that the relative technical inefficiency of the sample companies is
primarily caused by the government exercising control over the distribution of
rents, which causes inefficiencies in revenue generation, primarily through lower
levels of production and higher prices. Ike and Lee (2014) took the environmental
factors and examined the productivity and relative technical efficiency of 38
national (public) and international oil companies (private) which belong to the
world’s largest 50 oil companies in the period of 2003–2010 using the DEA method,
and their results indicate that international oil companies performed better in the
analysed period. Gong (2018) investigated the impact of non-commercial objectives
(alongside subsidizing below-market energy prices and excessive employment effi-
ciency) of national and international oil companies (privately owned) in the oil
industry over the period 2009–2015, using stochastic frontier models. Ismail et al.
(2013) inspected the economic efficiency and environmental performance of global
operations of selected oil companies (companies were chosen from the 2008
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GLOBAL 500) in the oil industry based on their 3-year average value of assets,
using a DEA method, Pearson’s coefficient of correlation, and the Spearman rank
correlation coefficient. They discovered a weak positive association between tech-
nical efficiency and eco-efficiency, concerning environment protection operations
taken by oil companies. Atris and Goto (2019) examined the operational efficiency
related to the environmental regulations of 34 oil and gas companies that operated
in the United States over the period 2011–2015, using non-radial DEA models.
Their study examined refineries’ operational efficiency and conducted an efficiency-
based rank assessment using an unbalanced panel dataset comprised of oil and gas
refineries in four global regions (U.S. and Canada; Europe; Asia-Pacific; Africa and
the Middle East) covering 2008 to 2017. Sueyoshi and Wang (2018) examined the
performance of oil companies in the United States’ product distribution versus
green technology innovations in the United States using the DEA method. Hosseini
and Stefaniec (2019) evaluated the overall efficiency of the oil refining industry in
Iran using a novel dynamic two-stage slacks-based measure framework over the
period 2011–2015. Their model decomposes the efficiency of refineries into oper-
ational and profitability subunits. In the first stage, they qualify by-products like
emissions as undesirable outputs and incorporate mazut as an unprofitable product.
In the second step, they indicate a significant negative relationship between the
overall efficiency scores and the amount of mazut produced in refineries. Dalei and
Joshi (2020) assessed the technical efficiency of 12 oil refineries in India and
revealed the main factors that affect the obtained efficiency. Atris (2020) investi-
gated the operational efficiency of 696 oil and gas refineries using DEA model and
discovered that the U.S. and Canada region shows a superior performance over
Europe, Asia-Pacific, and Africa and the Middle East regions. Hatami-Marbini et al.
(2022) proposed robust DEA approach for the assessment of efficiency and product-
ivity of the oil refineries in 25 countries over the period 2000–2018 considering
data uncertainty along with undesirable outputs. Tavana et al. (2019) applied the
fuzzy network DEA model for the assessment of the relative technical and environ-
mental efficiency of nine Iranian refineries between 2013 and 2016. Wolf (2009)
examined the influence of ownership on the efficiency of oil companies. Al-Mana
et al. (2020) compared the financial and operational efficiencies of national and
international oil companies and revealed that international oil companies accom-
plish, on average, higher relative efficiency compared to national oil companies.
Jarboui (2021) has examined the operational efficiency of oil and gas companies in
the United States.

When it comes to analysing the efficiency of oil companies in the Republic of
Serbia, Luki�c (2020) examined the economic and financial performance of the effi-
ciency of trade, concerning earnings, assets, capital, sales, and net profit of oil compa-
nies, by integrated application of the Fuzzy AHP-TOPSIS method. Also, Luki�c (2018)
analysed the sustainable development of oil companies in the Republic of Serbia, with
particular reference to the company NIS by applying ratio analysis, DuPont analysis,
strategic profit model, comparative analysis, and statistical analysis. Hence, so far, a
similar analysis of the efficiency of the oil company’s operations in the Republic of
Serbia, based on market share and revenue, has not been done.
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3. The research methodology and data

According to the Serbian Business Registers Agency, the number of oil companies
operating in the Republic of Serbia in the period 2011–2018 was 15 (Serbian Business
Registers Agency, 2020). However, the gathering of specific and necessary data for all
oil companies in order to conduct the analysis was not feasible. In the observed
period (2011–2018), collected data refer to a 90% of market share of total revenues in
the oil and oil derivatives market (six companies). According to the available data,
the supply of the oil and oil products market in the Republic of Serbia is highly con-
centrated. This is confirmed by data on the market shares of each oil company in
total revenues. The data in the realized revenues has been retrieved from financial
statements issued by the Serbian Business Registers Agency and compared to gener-
ally realized revenues of the relevant market for the observed period. During the
observed period, the largest revenues of motor gasoline and diesel fuel in retail trade
was achieved by NIS and its share was about 40–50% (Competition Commission,
2019). Therefore, the oil and oil derivatives market is an oligopoly with a dominant
company NIS/Gaspromnjeft (with almost 50% of the market share), while other oil
companies in the sample have less than 10% of the market share (observed individu-
ally). It can be noticed that there is a growing trend of uneven distribution of market
share in the market of oil and oil derivatives of the Republic of Serbia.

The purpose of the intended analysis is a better understanding of the competitive
behaviour of the leading oil companies in the market through the analysis of their
technical efficiency. Regarding this, Craig and Savage (2013) examined the effects of
market restructuring that introduced competition into the United States energy sec-
tor. Model estimates show that competition increases the efficiency of companies.
These gains stem from organizational and technological changes within the company
and are not due to the attrition of inefficient companies. Specifically, according to the
competition-efficiency hypothesis more competitive market is characterized by higher
efficiency (Craig & Savage, 2013). Therefore, the market shares and revenues of oil
companies are the focus of this research, i. e. represents the outputs of the applied
method. This paper aims to assess the technical efficiency of six oil companies that
have operated in the Republic of Serbia in the period 2011–2018 using Data
Envelopment Analysis (abbreviated and hereinafter referred to as the DEA). Applied
methods in this paper are relatively rarely used in the Republic of Serbia, but it is
expected that this and similar papers encourage more frequent use of parametric and
non-parametric methods in the efficiency assessments.

3.1. Basic DEA models

The DEA method is an analytical technique used for assessing efficiency of decision-
making units (abbreviated DMUs). It allows the measurement of relative technical
efficiency of various decision units that perform the same or similar tasks (Halkos &
Salamouris, 2004). Besides this, ‘the DEA method provides the efficiency frontier for
the ensemble of the analysed units, and then each decision unit from the data set
used is evaluated concerning this frontier, and a relative efficiency is associated with
the units with the best performances’ (Andries & Cocris, 2010, p. 58).
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The objective of the DEA method is to determine the efficiency frontier which
consists of the best oil companies within the data under consideration. This efficiency
frontier indicates the efficiency of resource usage and it is a guideline for non-effi-
cient DMUs in the sense of how they can increase the level of efficiency of the use of
their resources. For each production unit, DEA calculates the efficiency score, deter-
mines the relative weights of inputs and outputs, and identifies peers for each unit
that is not technically efficient (Dlouh�y, 2009). DEA method contains two types of
data, input and output data. Based on the orientation, models can be input-oriented,
output-oriented, or non-oriented. Input-oriented models proceed from the assump-
tion that the output values are fixed or non-changeable so that the input parameters
are adjusted to increase efficiency (Cooper et al., 2000). The premise in output-ori-
ented models is that the input parameters are fixed so that in order to increase effi-
ciency output values are adjusted. The selection of model orientation depends on the
characteristics of the industry for which efficiency analysis is performed.

The determination of technical efficiency does not require a priori specification of
input and output weights, which is one of the advantages of the DEA method
(Asmild et al., 2007). The mathematical formulation of the DEA method comprises
defining a linear programming problem that aims to find a set of coefficients (ur and
vi) which will result in the highest possible ratio of output and input for the organ-
izational unit which is the subject of analysis. In literature and practice, there are two
most commonly used DEA models: a DEA model with constant returns-to-scale and
a DEA model with variable returns-to-scale. CCR—Charnes, Cooper, and Rhodes
model (Charnes et al., 1978) is more restrictive and the efficiency ascertained by CCR
is always less or equal to the efficiency ascertained by BCC—Banker, Charnes and
Cooper model (Banker et al., 1984). ‘CCR model is built on the assumption of con-
stant and BCC model on the assumption of variable returns to scale activities.
Therefore, knowing the characteristics of the production frontiers of the process to be
analysed is crucial for model type selection’ (�Skufli�c et al., 2015, p. 94). Therefore, a
constant returns-to-scale measure of both pure technical efficiency and scale effi-
ciency, while the BCC model measures pure technical efficiency. The primal CCR
DEA model can be mathematically represented as follows (Cooper et al., 2004):

max
l, v

h ¼ l1y10 þ . . .þ lsys0Xm
i¼1

vixi0 ¼ 1

Xs
r¼1

lryrj �
Xm
i¼1

vixij, j ¼ 1 . . . n

lr � 0, vi � 0

(1)

Wherein:
yrj—the value of the output
xij—the value of the input
lr—weighting coefficient of output yrj
vi—weighting coefficient of input xij
r¼ 1, 2… s—number of the generated output
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i¼ 1, 2… m—number of used resources
j¼ 1, 2… n—number of decision units
Input-oriented dual CCR DEA model can be represented mathematically:

minz ¼ h� e
Xm
i¼1

s�i þ
Xr
k¼1

sþk

 !
Xn
j¼1

kjxij þ s�i ¼ hxiq, i ¼ 1, . . . ,m

Xn
j¼1

kjykj � sþk ¼ ykq, k ¼ 1, . . . , r

kj � 0, s�i � 0, sþk � 0

(2)

Wherein k ¼ ðk1, k2, . . . , knÞ, k � 0 represents a vector of weighting coeffi-
cients. The vectors sþ and s– represent positive and negative adjusting variables
(slacks) in the input and output constraints, e is an infinitely small constant and h is
a scalar variable that represents the rate of reduction of the input in order to meet
the boundaries of efficiency. The decision unit is efficient if the following two condi-
tions are met (Jablonsk�y, 2007): the optimum value of the variable h� is 1 and the
optimal values of all adjusting variables sþ and s� (slacks) are equal to zero. If the
resulting value is less than 1 decision unit is considered inefficient and it is possible
to achieve the same level of output with fewer resources.

BCC models contain one additional restriction to the vector of the weight coefficients:

Xn
j¼1

kj ¼ 1 (3)

When it comes to choosing between the two models, it is often stated that the
CCR model is used in situations of perfect competition, when DMUs operate at their
optimal size and that this is not appropriate for most real-world situations (Pai et al.,
2020). The BCC model can overcome this problem and assess the pure technical effi-
ciency of the DMUs in the existence of imperfect competition. ‘In addition, the DEA
model can be adjusted to the strategy chosen by management. If the aim is in reduc-
ing the input amounts by as much as possible while keeping at least the present out-
put levels, the input-oriented model is used. If the aim is in maximizing the output
levels under at most the present input consumption, the output-oriented model is
used (�Skufli�c et al., 2015). Therefore, the input-oriented BCC model will be applied
for the assessment of the efficiency of oil companies in the Republic of Serbia. The
reason for choosing this orientation of the model is the fact that oil companies have
more control over their inputs than over their outputs.

3.2. Model development

One of the major drawbacks of traditional DEA is that the analysis is performed in
only a one-time period, and it is difficult to see changes in efficiency when there is
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more than a one-time period (�Repkov�a, 2014). In situations where there is more than
a one-time period, it is possible to apply a panel DEA, known as Window DEA. The
window analysis technique is a useful tool for the detection of performance trends of
DMUs over time. Each DMU is treated as an independent unit in a different period
but is still comparable in the same window (Savi�c et al., 2012). Such a feature of
Window analysis allows an increase in the discriminatory power of the DEA in the
situation of a small number of DMUs and a large number of inputs and outputs
(Cooper et al., 2011). Thus, by applying Window analysis, problems with a small
number of DMUs can be solved. The first step in developing a model that will be
used for assessing the efficiency of oil companies is the selection of the appropriate
outputs and basic inputs used to achieve the defined outputs. When considering the
variables that will be subject to analysis one should have in mind that using more
variables causes some problems. Specifically, when the number of input and output
variables is large it can lead to imprecise results. A large number of variables in the
model may cause an increase in the number of efficient companies and analysis
becomes useless. Accordingly, if there is an increase in the number of inputs, the
number of observed entities must be increased. Therefore, it was necessary to select
those indicators that in the best way give a true picture of the business of the entity
under evaluation, which is one of the main challenges with the application of this
method. Specifically, the obtained results are significantly influenced by the selected
inputs and outputs (Cooper et al., 2004), so when creating the model, variables that
best represent the operations of DMUs should be carefully selected.

In addition, when selecting variables, the availability of data must be considered,
especially if a longer period of time is analysed. The sources of data are the database
of the Agency for Economic Registers. This choice ensured the reliability of the data
and the equal treatment of the sampled participants. Also, the used published annual
reports contain enough data that can be used to analyse technical efficiency.
According to the data availability and considering their importance, subsequent input
and output variables are selected: operating expenses, the number of employees, total
assets, revenue, and the market share. The selection of variables was performed based
on the review of inputs and outputs in various research given in Sueyoshi and Wang
(2018). Regarding the selection of inputs, operating expenses are used to indicate the
operating liquidity of a company while total assets and number of employees repre-
sent a proxy for a producer’s size (Wang & Li, 2018). In particular, using an indirect
approach, the level of operating expenses indicates the company’s liabilities, where a
higher level of expenses can potentially threaten the operating liquidity of the com-
pany. When it comes to total assets, higher total assets usually point to higher pro-
duction and service capability for the company, while large number of employees
may lead to operational inefficiencies due to increase in the labour cost burden for
the company (Atris & Goto, 2019). On the other hand, a market share represents the
strength of the company on the market, while revenue indicates the operational
soundness of the company. Specifically, revenue indicates the operational size of the
company and points to its business success (Jarboui, 2021).

Development and application of the model, according to model assumptions,
require securing a sufficient degree of freedom, which is necessary for the significance
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of analysis. The general rule is that there should be at least 3 DMUs for each input
and output mþ s < n

3 , here m is the number of inputs, s is the number of outputs
and n is the number of DMUs (Savi�c et al., 2012). In the literature, a different set of
rules may also be found, e. g. m � s < n, or mþ s < n

2 (Cooper et al., 2000). Bearing
in mind that six oil companies were analysed during the eight-year period, there are
48 DMUs, which satisfy the aforementioned conditions.

Data on total assets, operating expenses, number of employees, and revenue are
collected from annual reports of oil companies available at the Serbian Business
Registers Agency website (Table 1).

Since the descriptive statistics indicate the great heterogeneity in the observed data,
to ensure consistent results, data normalization is made as proposed by Sarkis (2007).
Efficiency assessment is further done by determining the efficiency of the observed
companies concerning their own business in the past or concerning other companies
operating in the domestic market. To conduct the efficiency analysis of oil companies
in the Republic of Serbia two models were created. In the first model total assets,
number of employees, and operating expenses were considered as input variables, and
the relevant output variable was revenue. In the second model, the input variables
remained the same as in the first model, but the output variable was represented by
the market share.

Selected data also had to pass statistical testing to determine whether there is a
functional relationship between inputs and outputs. This refers to the mathematical
property of isotonicity, which means that an increase in input causes an increase in
output without reducing any input (Savi�c, 2016). Determining the functional depend-
ence is realized through correlation analysis of selected data. The correlation coeffi-
cient needed to be positive and significant, in order to the specification of the DEA
model to be valid. The results of the correlation analysis are given in Table 2.

The correlation analysis revealed high values of correlation coefficients among all
variables. There are different views about the treatment of variables with high correl-
ation coefficients. Charnes et al. (1994) argue that highly correlated inputs or outputs
can remain in the DEA models without distorting the efficiency scores at the expense
of lower discrimination power and that is the view we support. Therefore, high cor-
relation coefficients do not prevent us from running a DEA model because of the
non-parametric nature of DEA, which is supposed to mitigate this effect (Halkos &
Salamouris, 2004).

Based on the results of correlation analysis it can be concluded that there is a posi-
tive and significant correlation relationship among all selected variables, and it is,
therefore, possible to continue further analysis.

Table 1. Descriptive statistics of inputs and outputs.
Minimum Maximum Mean Standard deviation

Total assets 3,425,659 401,474,162 66,732,587.40 131,037,530.70
Operating expenses 553,946 226,386,000 51,866,973.48 60,987,059.15
Number of employees 41 9650 1144.94 2111.48829
Revenue 465,107 258,523,448 58,583,079.73 75,166,704.060
Market share 0.000009 0.675024 0.12976961 .196179935

Source: Author’s calculations based on data from the Serbian Business Registers Agency using SPSS software (version
22).

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 9



4. Research results and discussion

The analysis was performed using Efficiency Measurement System Software (abbrevi-
ated EMS). EMS represents software specifically designed to measure the efficiency of
applying the DEA method. The number of input and output parameters is not lim-
ited, as well as the number of decision units which’s assessment is performed. Results
of efficiency analysis applied to the first set of data are given in Table 3.

For better interpretation, the results of the efficiency analysis are presented graph-
ically (Figure 1).

The results indicate that the average relative technical efficiency of DMUs in the
first model amounted to 98.99% which means that the average oil company had to
operate with 98.99% of the available inputs (total assets, employees, operating
expenses) and to achieve the same revenue in order to operate efficiently. Possible
reasons for the high pure technical efficiency in this model can be seen in the oligop-
olistic market structure and favourable position of analysed companies, which allows
them to realize high revenue. It can be noticed that during the analyzed period there
is a trend of improvement of technical efficiency in all observed companies. The
highest efficiency improvements were achieved by Lukoil and MOL, while the highest
efficiency fluctuation was recorded by NIS. The remaining companies (OMV, Knez
Petrol, Transnafta) operated without major efficiency fluctuations, with OMV being
the most efficient in almost the entire analyzed period.

Results of efficiency analysis applied to the second model are given in Table 4.

Table 3. Average efficiency scores for the first model.
Lukoil MOL OMV Knez Petrol Transnafta NIS Average by year

2011 93.60% 95.12% 100.00% 99.82% 99.45% 98.79% 97.80%
2012 96.09% 96.02% 100.00% 99.85% 99.50% 98.02% 98.25%
2013 97.82% 98.10% 99.99% 99.32% 99.76% 95.11% 98.35%
2014 98.79% 98.78% 100.00% 99.33% 99.66% 97.02% 98.93%
2015 99.26% 99.29% 100.00% 99.38% 99.64% 98.29% 99.31%
2016 99.30% 99.38% 100.00% 99.19% 99.52% 98.37% 99.29%
2017 100.00% 99.83% 100.00% 100.00% 100.00% 100.00% 99.97%
2018 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Average by company 98.11% 98.31% 100.00% 99.61% 99.69% 98.20% 98.99%

Source: Author’s calculation using EMS software.

Table 2. The value of correlation coefficients.
Total
assets

Operating
expenses

Number of
employees Revenue

Market
share

Total assets Pearson Correlation 1 .970�� .834�� .967�� .901��
Sig. (2-tailed) .000 .000 .000 .000

Operating expenses Pearson Correlation .970�� 1 .858�� .995�� .922��
Sig. (2-tailed) .000 .000 .000 .000

Number of employees Pearson Correlation .834�� .858�� 1 .888�� .911��
Sig. (2-tailed) .000 .000 .000 .000

Revenue Pearson Correlation .967�� .995�� .888�� 1 .942��
Sig. (2-tailed) .000 .000 .000 .000

Market Share Pearson Correlation .901�� .922�� .911�� .942�� 1
Sig. (2-tailed) .000 .000 .000 .000

��Correlation is significant at the level of 0.01.�Correlation is significant at the level of 0.05.
Source: Data obtained using SPSS software (version 22).
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The results indicate that the average relative technical efficiency of DMUs in the
second model amounted to 94.12% which means that the average oil company had to
operate with 94.12% of the available inputs (total assets, employees, operating
expenses) and to achieve the same market share in order to operate efficiently.
Analysis of the efficiency results presented in Figure 2 reveals that there was a signifi-
cant efficiency fluctuation. Companies NIS, MOL, and Knez Petrol registered a sig-
nificant decrease in efficiency in 2015, after which technical efficiency improved.

When it comes to the company MOL, the lower level of efficiency achieved after
2012 is the result of personnel changes, which gave results after 2015 in the form of
an improvement in the pure technical efficiency of the company, through the expan-
sion of the product mix and the offering of innovative products and services that
enabled the realization of higher income and increasing market share (Competition
Commission, 2016). Furthermore, the reduction of the efficiency levels of NIS was
caused by the increase in operating costs that occurred due to the growing uncer-
tainty in the world economy and the increase in volatility in the global oil market
(Competition Commission, 2016). Regarding Knez Petrol, the main source of the
inefficiency is the increases in operating costs. One of the potential reasons for the
decrease in efficiency may be the fact that during 2015, Knez Petrol increased
the number of workers in retail by 35% (Competition Commission, 2016), and that
they did not adequately contribute to business results. Lukoil, on the other hand, has

Figure 1. Evolution of efficiency by years in analyzed companies - the first model.
Source: Authors’ preview.

Table 4. Average efficiency scores for the second model.
Lukoil MOL OMV Knez Petrol Transnafta NIS Average by year

2011 88.01% 86.89% 100.00% 96.29% 99.44% 99.15% 94.96%
2012 90.99% 89.61% 100.00% 97.72% 99.60% 98.91% 96.14%
2013 90.01% 89.19% 99.99% 92.68% 98.84% 89.62% 93.39%
2014 92.78% 83.62% 99.67% 85.00% 96.73% 79.88% 89.61%
2015 92.33% 78.81% 99.37% 77.19% 98.39% 68.59% 85.78%
2016 99.03% 89.04% 99.21% 88.75% 97.96% 100.00% 95.66%
2017 99.43% 92.68% 100.00% 94.71% 99.14% 100.00% 97.66%
2018 100.00% 98.70% 100.00% 100.00% 100.00% 100.00% 99.78%
Average by company 94.07% 88.57% 99.78% 91.54% 98.76% 92.02% 94.12%

Source: Author’s calculation using EMS software.
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seen improvements in technical efficiency over the observed period. OMV and
Transnafta had relatively low-efficiency fluctuations, with OMV being the most effi-
cient during the observed period.

Further analysis was dedicated to the comparison of the obtained results, in order
to determine whether the companies that are efficient regarding the market share are
also efficient in acquiring revenue. The analysis was conducted using the correlation
analysis of the obtained results in order to determine the level of correlation between
the first and the second model (Table 5).

The results indicate that there is a significant moderate correlation between the
two models, that is, that companies that have been found as efficient according to the
first model are found to be efficient according to the second model. This denies
the hypothesis that companies with larger revenue achieve efficiency based on the
higher market share. Hence, it can be noted that the average efficiency according to
the second model is slightly lower (94.12%) than in the first model (98.99%), which
supports the competition-efficiency hypothesis (Craig & Savage, 2013). Namely, the
liberalization of the market of oil and oil derivatives in the Republic of Serbia (2010)
had an impact on the increase of the number of market participants and decreases
relative market shares.

Regarding the efficiency of companies according to their ownership, the company
with the highest efficiency scores over the analysed period was the company OMV,
which is a foreign-owned company. Although there were efficiency fluctuations in

Figure 2. Evolution of efficiency by years in analyzed companies - the second model.
Source: Authors’ preview.

Table 5. Correlation analysis of data of two models.
First model Second model

First model Pearson Correlation 1 ,464��
Sig. (2-tailed) ,001
N 48 48

Second model Pearson Correlation ,464�� 1
Sig. (2-tailed) ,001
N 48 48

��Correlation is significant at the 0.01 level (2-tailed).
Source: Authors’ calculations using SPSS software (version 22).
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both models and there are differences in the values of the average technical efficiency
of domestic oil companies compared to the average efficiency of foreign companies,
the results of the independent samples t test indicate that they are not statistically sig-
nificant (the corresponding p-value is 0.420). Therefore, the second research hypoth-
esis is denied.

Additional analysis of the obtained efficiency results may provide guidance to inef-
ficient oil companies on how to restructure their operations to improve their effi-
ciency in the future. Efficiency analysis reveals the amount of resources whose usage
was not adequate. Unlike the first model, where all sample oil companies where tech-
nically efficient, the results of the second BCC input-oriented model have been thor-
oughly examined for the last analysed year. Since there is only one inefficient
company according to the second model (MOL), the target values of the inputs are
calculated only for that company. The calculation of target value was done according
to the following equation (Dalei & Joshi, 2020):

cxi0 ¼ h�xi0 � s��
i (4)

The analysis of lacks revealed that the source of inefficiency in was related to the
number of employees. Namely, in 2018, MOL company employed 86 employees,
while, according to the efficiency analysis a necessary number of employees was 85,
meaning that one employee was misallocated and did not contribute to the MOL out-
comes. Similar conclusions can be drawn for other inefficient companies in the previ-
ous periods, where the primary reason for inefficiency is often the number of
employees, followed by the amount of operating expenses.

In line with this, to achieve technical efficiency, in general, the most concrete
measures for all oil companies (but with emphasis on domestic oil companies) are
the reduction of operating expenses and the reduction of the number of employees.
Not rarely, under the conditions of low technical efficiency companies often reduce
all expenses that are not necessary. Therefore, approved expenses should be exclu-
sively essential for the continuity of operational business. Wherever it is possible
excessive operating expenses should be reduced, such as expenses reducing the rented
space, terminating the vehicle lease, postponing or cancelling certain ineffective serv-
ices/repairs, etc.

Also, employee costs can be a significant burden in conditions of reduced technical
efficiency, while on the other hand, retaining a quality workforce can be important
for the company’s long-term organizational and operative success as well as technical
efficiency increases. Restructuring the staff portfolio, decreasing ineffective staff quan-
tity, using government aid, and investing in new organizational concepts, ideas, soft-
ware and equipment, represent the justified direction in favour of technical efficiency
level.

Finally, concerning total assets, some oil companies (for example NIS/Gaspromnjeft)
often own certain properties (assets) that are not used for regular business. Also, it is
possible that some part of the property has ceased to be needed. In these cases, non-
performing assets can be liquidated (causing the reduction of assets) in order to obtain
fresh cash while for the technical operations improvements and consulting services,
assuming regular operations are not disrupted.
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5. Conclusion

Monitoring and measuring the efficiency of oil companies is an issue of paramount
importance since the efficiency of oil companies can have an impact on improving
energy efficiency and, therefore, on the country’s economic growth, improvement of
energy security, and sustainability. Therefore, the paper aimed to assess the technical
efficiency of oil companies in the Republic of Serbia, using the DEA analysis over the
period 2011–2018. The results indicate that the efficiency of oil companies changed
in both models, annually. According to the first model, where revenue was considered
as an output variable, it has been found that only 33% of companies operate effi-
ciently in the observed period. When the efficiency results of the second model
(where the market share was the output variable) were analysed around 21% of the
companies operated efficiently. However, it was observed that in both models there is
a tendency of efficiency improvement(s), observed by years.

In summary, the results offer several implications for oil company managers and
policy makers. First, despite the fact that there is a tendency to improve efficiency in
recent years, the oil industry still has problem with achieving technical efficiency,
which is particularly evident in the first model. Specifically, in relation to the resour-
ces employed, the achieved market share of the observed companies should be higher,
which indicates a misallocation of resources, since they were not used in a technically
efficient manner. However, since pure technical inefficiency is under the direct con-
trol of oil companies, solving the problem of inefficiency is the direct responsibility
of management. The management of oil companies must find ways to improve pure
technical efficiency, either through improving the quality of personnel, through the
reduction of operating expenses, or through liquidation of non-performing assets.
Second, policymakers should harmonize regulations related to the oil and oil deriva-
tives market, in order to best mitigate environmental shocks that may affect the tech-
nical efficiency of companies.

The study has several limitations. First, although the variable selection was done
according to the previous literature review, the selection of the input and output vari-
ables was entirely subjective. Apart from the fact that the input variables were chosen
according to management’s ability to influence them, there was no special rule in
determining the procedures for the selection of variables. Second, due to the unavail-
ability of data, the study does not represent the technical efficiency evaluation of all
oil companies that have operated in the Republic of Serbia in the analysed period,
but only an evaluation of the efficiency of one segment, which realizes 90% of total
revenues. Nevertheless, the results of efficiency analysis may provide information to
company management that can help to objectively assess the parameters of technical
efficiency and make appropriate business decisions following internal and external
circumstances that determine technical efficiency itself.

Future research can be implemented in several directions. First, since there is the
large number of efficient companies, it is possible to perform a super-efficiency DEA
analysis to determine the ranking of companies, that is, to rank companies based on
the achieved technical efficiency. Secondly, it is possible to conduct Tobit regression
analysis and determine the internal and external determinants of the obtained effi-
ciency of oil companies. In particular, it is possible to analyse company-specific,
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industry-specific as well as macro-economic factors that influence the achieved level
of technical efficiency of oil companies. Thirdly, to obtain assessment of the technical
efficiency of the whole oil and oil derivatives market, it is possible to perform a
standard DEA analysis of all oil companies in the last business year, since the data
for all companies would be available on the website of the Serbian Business Registers
Agency.

Notes

1. After 2010, the number of oil companies has increased up to 16: NIS/Gaspromnjeft, Mol,
OMV, Knez Petrol, Lukoil, Transnafta, Eko/Helenic Group, Euro Petrol Trans Subotica,
Gas Petrol Pancevo, Gaspetrol Novi Sad, Naftahem Novi Sad, Evolucija 2004 Beograd,
Radun Avia Novi Sad, Standard Gas Novi Sad, Petrol DOO Beograd, Nafta AD Beograd.
Evolucija 2004 Beograd initiated bankruptcy proceedings.
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