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A B S T R A C T

In this paper we are researching the optimality of developing 
counties for investing in their energy sector as a way of 
diversifying portfolio by applying the multicriteria decision 
making model There are multiple quantitative and qualitative 
criteria that can be considered when finding the adequate 
market for investment, other than its natural potential, 
such as the level that its energy sector is developed, legal 
framework that surrounds this sector, market openness of the 
observed economy, ease of investment and market liquidity. 
The four sources of the energy sector that are considered are 
oil, gas, coal and renewable energy sources. Even though the 
renewable energy sources aren’t sufficiently exploited, the 
countries that have high potential could provide significant 
financial profits by exploiting them. 
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Through this study we are using the most significant and 
impacting criteria in order to explore and deduce the 
developing country that has the highest potential of the 
energy sector and represents the most optimal market to 
invest.

Introduction

There are numerous factors that can influence choosing the optimal country, to 
invest in its energy sector, that can be economical, political and legal. Even though 
certain countries may have the highest energy potential and based on only these 
factors could perhaps represent the best market to invest in, due to legal limita-
tions or unstable political environment could present high risks to its investors and 
due to this could be less favorable for investment.
The subject of the paper that is going to be investigated in this research study is finding 
the adequate model for comparing the parameters of the energy sector, to reach the most 
objective results and choose the most appropriate economy to invest in. Choosing the 
best criteria to adequately compare best countries to invest is the aim of this problem. The 
concept of decision making is defined as choosing between possible multiple possibilities 
and that there must be at least two possible choices, it is appropriate to choose the decision 
making theory in this research subject to choose between the ten developing economies 
of South East Europe as the representative and comparable economies.

Each criterion is considered an attribute of the element that is compared between multiple 
alternative choices. First of all, it’s necessary to define the criteria that will best provide 
the image of the factors that we want to consider as relevant to the subject in question. 
There are quantitative and qualitative criteria that need to be considered and they are 
separated based on the possibility to measure them. If a criterion can be shown through 
a unit of measurement then it is considered as a quantitative and if it can’t then it’s 
considered as qualitative. Qualitative criteria can either be described to a certain degree 
and compared or they don’t possess any quantitative attribute that can be compared.

Research Methodology

In the paper we are going to use the AHP (Analytic Hierarchy Process) and TOPSIS 
(Technique for Order Preference by Similarity to Ideal Solution) methods to calculate 
the optimal energy sector for investment. The AHP method is defined by Thomas 
Saaty (Saaty, 1980) as a multicriteria analysis when making group or single decisions. 
It is based on defining the problem hierarchy and determining the weights of all 
alternatives in relation to the given goal. AHP method is based on decomposing a 
complex problem into several levels of factors that have a defined hierarchy, making 
it the adequate method for the research subject.
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TOPSIS method is based on choosing the option or alternative that is closest to the 
positive ideal result and furthest from a negative ideal result (Praščević, Praščević, 
2014). This method is appropriate when deciding for investment opportunity as it 
focuses on criteria that are maximizing benefits and minimizing losses.

Defining the mathematical framework for Multicriteria decision-making

Mathematical expression of the multicriteria decision-making model is as follows 
(Čupić, Suknović, 2010):

it contains these constraints

The elements are:

n – variable quantity,

p – criteria functions quantity,

m – quantity of constraints,

X – Vector in an n-dimensional space representing variables ,

fk - Objective associated to the criteria ,

gi(x) – set of constraints, .

We should highlight that maximizing target function vector occurs within the specified 
restrictions, as the minimization criteria can be equivalently expressed as maximization 
criteria as follows:

The solution of this model provides a set of acceptable results denoted by vector X that 
is a part of a set of natural numbers  and it refers to:

The attained set of results for X, derived by using this formula is aligned with the 
values provided by vector f(x) which represents the values of the function for criteria, 
thus the set acceptable values for X can be associated to S:
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Combination of the AHP and TOPSIS methods for evaluating  
advantages of economies

Choosing the adequate structure of decision making to select the optimal economy for the 
portfolio investment is the research subject that is going to be addressed by combining AHP 
methods (Nikolic, Borovic, 1996) and TOPSIS (Lin MC, et all, 2008) Eligibility criteria, 
based on alternatives that will be evaluated in this case are (Đukić, 2011): K1 - Energy Sector 
Liquidity; K2 -Energy Sector Efficiency; K3 - Legal framework and K4 - Ease of investment.

These criteria are going to be analyzed based on information that indicates economy 
results for the observed counties, gathered in 2022, considering the values taken from 
developing counties in South-East Europe.

The data shown in the following table (Table 1) represents information that has been 
obtained for the first part of the decision matrix, which is the database:

Table 1. Decision matrix (database)
Eligibility criteria

Alternatives К1 К2 К3 К4
Serbia 1.68 0.37 0.34 16.86

Bosnia and 
Herzegovina 1.55 0.27 0.34 24.93

Romania 2.91 0.43 0.45 17.25
North Macedonia 1.77 0.42 0.13 18.85

Montenegro 1.25 0.39 0.06 17.76
Bulgaria 2.39 0.41 0.06 17.47
Albania 1.47 0.42 0.15 26.61
Croatia 2.12 0.37 0.23 15.6

Moldova 1.81 0.33 0.13 24.36

Slovakia 2.3 0.32 0.12 26.47

Source: Data collected by the authors

First of all, we need to identify the relative weights of the criteria and their importance 
in our decision-making process. For the purpose of defining the relate weights we will 
use the AHP method and to estimate their relative weights we will use the Saaty scale 
(Saaty, 1980).

Table 2. Assessment of relative weights of the criteria

Energy Sector 
Liquidity

Energy Sector 
Efficiency Legal framework Ease of 

investment
Energy Sector 

Liquidity 1 5 3 7

Energy Sector 
Efficiency (5) 1 (3) 3

Legal framework (3) 3 1 5
Ease of investment (7) (3) (5) 1

Σ 1.675 9.333 4.533 16

Source: Data collected by the authors
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Table 3. Eigenvector computation of the corresponding eigenvalues
Energy 
Sector 

Liquidity

Energy 
Sector 

Efficiency

Legal 
framework

Ease of 
investment Σ W(Σ/4)

Energy Sector Liquidity 0.597 0.535 0.661 0.437 2.23 0.557
Energy Sector Efficiency 0.119 0.107 0.073 0.187 0.486 0.121

Legal framework 0.198 0.321 0.220 0.312 1.051 0.262
Ease of investment 0.085 0.035 0.044 0.062 0.226 0.056

Source: Data collected by the authors

In the second phase we will include the TOPSIS methods, as a way of identifying the 
most favorable answer of the analyzed subject matter.

Table 4. Decision matrix which should be normalized

Eligibility criteria Energy Sector 
Liquidity

Energy Sector 
Efficiency

Legal 
framework

Ease of 
investment

Observed economies w1=0.6 w2=0.1 w3=0.2 w4=0.1
Serbia 1.68 0.37 0.34 16.86

Bosnia and Herzegovina 1.55 0.27 0.34 24.93
Romania 2.91 0.43 0.45 17.25

North Macedonia 1.77 0.42 0.13 18.85
Montenegro 1.25 0.39 0.06 17.76

Bulgaria 2.39 0.41 0.06 17.47
Albania 1.47 0.42 0.15 26.61
Croatia 2.12 0.37 0.23 15.6

Moldova 1.81 0.33 0.13 24.36
Slovakia 2.3 0.32 0.12 26.47

Source: Data collected by the authors

Table 5. Normalized decision matrix

Eligibility criteria Energy Sector 
Liquidity

Energy Sector 
Efficiency

Legal 
framework

Ease of 
investment

Observed economies w1=0.6 w2=0.1 w3=0.2 w4=0.1
Serbia 0.268 0.311 0.453 0.253

Bosnia and Herzegovina 0.247 0.227 0.453 0.375
Romania 0.464 0.361 0.599 0.259

North Macedonia 0.282 0.353 0.173 0.283
Montenegro 0.199 0.328 0.079 0.267

Bulgaria 0.381 0.345 0.078 0.263
Albania 0.234 0.353 0.199 0.4
Croatia 0.338 0.311 0.306 0.234

Moldova 0.288 0.277 0.173 0.366
Slovakia 0.366 0.269 0.159 0.398

Source: Data collected by the authors
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Table 6. Multiplication of normalized matrix values by criterion weights

Eligibility criteria Energy Sector 
Liquidity

Energy Sector 
Efficiency

Legal 
framework

Ease of 
investment

Observed economies w1=0.6 w2=0.1 w3=0.2 w4=0.1
Serbia 0.161 0.031 0.090 0.025

Bosnia and Herzegovina 0.148 0.023 0.090 0.037
Romania 0.278 0.036 0.119 0.025

North Macedonia 0.169 0.035 0.034 0.028
Montenegro 0.119 0.032 0.016 0.027

Bulgaria 0.228 0.034 0.015 0.026
Albania 0.140 0.035 0.039 0.04
Croatia 0.202 0.031 0.061 0.023

Moldova 0.173 0.027 0.034 0.036
Slovakia 0.219 0.027 0.031 0.039

Source: Created by the authors

Given that all criteria falls under the category of the maximization criteria, it can be 
defined that the ideal result is:

Opposite to the ideal result:

By marking the opposite ends of the ideal result with Si* for the ideal result and Si- for 
the negative result we can calculate the maximum and minimum distance from the ideal 
result and the values for the observed economies can be shown in the following table.

Table 7. Rankings of the observed economies

Opposite ends of the ideal result
Observed economies Si

* Si
-

Serbia 0.376 0.086
Bosnia and Herzegovina 0.134 0.081

Romania 0.015 0.187
North Macedonia 0.139 0.055

Montenegro 0.190 0.009
Bulgaria 0.118 0.105
Albania 0.159 0.038
Croatia 0.097 0.095

Moldova 0.135 0.058
Slovakia 0.106 0.195

Source: Created by the authors

After calculating opposite ends of the ideal result for the economies in question, we are 
going to calculate the vicinity to the ideal solution through the next formula:
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After calculating the results, the proximity shows the ranks of the observed economies 
and the order can be seen in Table 8.

Table 8. Ranking of alternatives
Observed economies Relative proximity Rank

Serbia 0,383 5.
Bosnia and Herzegovina 0,353 6.

Romania 0,933 1.
North Macedonia 0,249 8.

Montenegro 0,048 10.
Bulgaria 0,456 2.
Albania 0,171 9.
Croatia 0,444 4.

Moldova 0,266 7.
Slovakia 0,454 3.

Source: Created by the authors

Based on the TOPSIS method implemented, a obtained solution is that the most suitable 
investment market is Romania, which has the highest ranking among all alternatives.

DISCUSSION OF RESULTS

The results indicate the market’s ranking for the investor.
Figure 1. The final ranking of alternatives

Source: Created by the authors
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The stability of the obtained solution in case of change of criteria can be performed by 
the sensitivity analysis procedure. Figure 1 shows the impact of the criteria on each 
market or alternative.

Figure 2. The impact of changing the weight of all criteria on alternatives

Source: Created by the authors

From the chart above, we can deduce that the optimal results are obtained by choosing 
Romania that is alternative 3, as the reduction in weight of K1 - Energy Sector Liquidity, 
shows a rise for K2 -Energy Sector Efficiency, K3 - Legal framework and K4 - Ease 
of investment criteria thus additionally concluding that Romania’s energy sector 
shows most positive effects and least uncertainty of investment as a way of portfolio 
diversification. For the other observed economies that were taken into account, even 
though there is an increase in the weight of criteria K2, K3 and K4 they showed an 
increase in relative proximity, but not sufficient to alter the results, still making option 
3 the best alternative.

Conclusion

All participants of an economy make choices that have an effect on a small and a large 
scale that transcend the national borders. When there is a need to find a solution for a 
problem or make a decision, there are multiple viable options that can be chosen. The 
question that arises is which decision-making process to apply and how to decide on the 
best option. Depending on the problem type, the possible criteria, as well as comparable 
results from other market participants, we can decide on the most appropriate method 
to apply in the decision making process.
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Thus, problem solving practices in the energy sector show that there are numerous 
methods to find a solution, adhering to the relevant criteria. In the past years, considering 
the energy sectors of the considered developing counties, there have been significant 
positive changes in Romania’s exploitation method, causing efficient exploitation of 
its energy potential, which is confirmed by the parameters that indicates an increase 
in profits over stable production of its biggest producing energy sources, such as coal, 
natural gas, oil and nuclear power. Romania needs additional funding through foreign 
direct investment to additionally exploit the energy sector, which would bode well 
for both its economy and foreign investors. Additional fund would provide it with the 
possibility to modernize its equipment and reduce costs, thus increasing profits and 
provide higher return on investments for its investors.

By applying the multicriteria decision making methods we are combining the economic 
principles with its statistics to make the optimal decision. Main attributes of optimal 
energy sectors are visible in achieving long term positive results, maximization of 
profits, cost control and other. Various methods can be used to assess the performance 
of these attributes, all of which ultimately involve the application of specific ratios 
to a greater or lesser extent. By assessing these attributes through historical data and 
employing the adequate method, it’s possible for a potential investor the calculate the 
efficiency of the energy sector, the impact it can have on further development of the 
energy sectors, as well as the possible return on investment. This historical data can be 
compared with other developing counties that are potential investment markets for the 
energy sector. For the purpose of statistical data, they could compare the data with other 
energy markets that had the same conditions, concluding the viability of the investment. 
It has the possibility to utilize numerous methods in the decision-making process which 
provide support in eliminating risk to investment, support the business and provide 
better understanding of the available alternatives. By using AHP and TOPSIS methods 
together, we are provided the methodology on how a decision-making process should 
work by combining relevant criteria and providing further evidence for application of 
the scientific method  in the decision-making process.
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