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Abstract: The renewable energy transition of oil- and gas-producing countries has specific peculiar-
ities due to the ambivalent position of these countries in the global energy market, both as producers
and consumers of energy resources. This task becomes even more challenging when the share of oil
and gas in the country’s GDP is very high. These circumstances pose serious challenges for long-
term energy policy development and require compromising decisions to better align the existing
and newly created energy policies of the country. The scale, scope, and pace of changes in the tran-
sition process must be well balanced, considering the increasing pressure of economic and environ-
mental factors. The objective of this paper is to develop models that allow the selection of the most
appropriate scenario for renewable energy transition in an oil- and gas-producing country. The dis-
tinguishing feature of the proposed model is that alternatives in the decision matrix are presented
as scenarios, composed of a set of energy resources and the level of their use. Linguistic descriptions
of the alternative scenarios are formalized in the form of fuzzy statements. For the problem solution,
four different Multiple-Criteria Decision-Making (MCDM) methods were used: the fuzzy simple
additive weighting (F-SAW) method, the distance-based fuzzy TOPSIS method (Technique of Order
Preference Similarity to the Ideal Solution), the ratio-analysis-based fuzzy MOORA method (Multi-
Objective Optimization Model Based on the Ratio Analysis), and the fuzzy multi-criteria optimiza-
tion and compromise solution method VIKOR (Serbian: Vlekriterijumsko Kompromisno Rangi-
ranje). This approach is illustrated using the example of the energy sector of Azerbaijan. The recom-
mended solution for the country involves increasing natural gas (NG) moderately, maintaining hy-
dro, and increasing solar notably and wind moderately.

Keywords: energy policy; alternative-scenario; renewables; MCDM,; fuzzy TOPSIS; fuzzy MOORA;
fuzzy VIKOR; fuzzy SAW

1. Introduction

Increased energy production and environmental deterioration, related to economic
growth, are creating a set of interrelated issues for society and development policymakers.
The most challenging issues are caused by increased energy consumption and production
and their negative influence on the natural environment. Despite globally accepted sus-
tainable development and green energy policies, the implementation of these policies re-
quires long-term, continued efforts and contributions from each country. This is a chal-
lenging task, and no unified, generally accepted solution exists for all economic parties.
Countries involved in this process have different backgrounds and development histories.
Some of them are only consumers of energy resources, while others are producing, con-
suming, and selling energy resources.
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Countries producing and exporting energy resources significantly differ in economic
power and the share of energy resources in the GDP. The range of variations is quite
large —from oil rent being 0.4% of the GDP for the UK (natural gas rents at 0.17% of the
GDP, and total natural resource rents at 0.59% of the GDP) up to 53% for Iraq (natural gas
rents at 0.65% of the GDP, and total natural resource rents at 43.4% of the GDP), and 56%
for Libya (natural gas rents at 4.58% of the GDP, and total natural resource rents at 61%
of the GDP). A small share allows for the relatively swift replacement of traditional energy
resources with renewables. However, in the case of a large share, a country needs signifi-
cant and long-lasting efforts for energy resource replacement. The issue is that in oil-rich
countries, energy resources are not only used for generating electricity but are also the
main export item and the primary source of hard currency for the country [1].

During the transition period, policy developers must align the current energy policy,
the desired policy, and the steps to transition from the current state to the desired one.
The transition to a renewable-based energy system is not a one-step process, especially for
countries with a high share of oil and gas in their GDP. Addressing the complexities in-
herent in the transition requires the development of special models and pre-scenarios be-
fore creating detailed long-term scenarios and policies. To find a justified solution to the task,
it is necessary to analyze approaches for selecting renewables and designing scenarios.

The solution to the renewable energy transition task requires an analysis of multiple
alternatives considering a set of contradictory and conflicting beneficial and cost criteria,
often in conditions of partial uncertainty. To address this task, various Multiple-Criteria
Decision-Making (MCDM) methods have been used.

In some cases, researchers face situations where statistics describing the implemen-
tation of renewable energy technologies are limited and non-representative. In such in-
stances, fuzzy models that rely on experts’ knowledge can help compensate for the lack
and deficiency of statistical data. Traditionally, models used in the energy sector have
been based on precise and exact data, with a primary focus on the efficiency of solutions.
However, in areas without well-established decision-making approaches or with limited
experience, decision-makers often have to deal with vague information expressed in lin-
guistic form.

Due to the complexity and importance of the task, this paper employs four methods
from different groups (distance-based, ratio-analysis-based, and value/utility-function-
based) of MCDM techniques, namely, two distance-based methods (fuzzy TOPSIS and
VIKOR), one ratio-analysis-based method (fuzzy MOORA), and one value/utility-func-
tion-based method (fuzzy SAW) [2]. An important feature of the selected methods is the
proven methodology for evaluating each alternative based on input fuzzy data using di-
rect calculations without defuzzification. The methods used have proven their effective-
ness in multiple applications in the energy sector and other areas.

This study encompassed stages involving discussions with experts regarding the de-
velopment of transition scenarios, the definition and evaluation of criteria, the aggregation
of expert opinions using various approaches, calculations employing different types of
MCDM techniques, the analysis of the obtained results, and conclusion.

The main objective of our research is to identify an optimal and sustainable scenario
for energy transition in Azerbaijan based on the application of the scenario approach,
fuzzy models, and methods. As Azerbaijan heavily relies on non-renewable energy
sources, such as oil and gas, this study aims to contribute to the sustainable economic
development of the country by proposing feasible strategies for shifting towards renewa-
ble energy sources. Considering the growing interest in research on energy transition in
fossil-fuel-exporting countries [3-6] and addressing the gap in the existing literature re-
garding transition task models in Azerbaijan’s context, this research seeks to offer valuable
insights and recommendations. This study’s results can support policymakers, industries,
and other stakeholders in making well-informed decisions to promote renewable energy
adoption while considering the unique challenges posed by the country’s dual role as an
energy producer and consumer in the global market.
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Section 2 presents a literature overview of works regarding energy transition tasks,
approaches of multiple-criteria decision-making, and the formalization of uncertainty in
energy source selections. The operations on fuzzy numbers, aggregation methods of ex-
pert opinions, and calculation techniques with the fuzzy-information-based TOPSIS,
MOORA, VIKOR, and SAW methods are presented in Section 3. Section 4 contains a de-
scription of the transition scenario development and the calculations based on fuzzy meth-
ods presented in Section 3. Section 5 contains a discussion of key ideas of the proposed
approach and ideas about selected alternatives. This study ends with common conclu-
sions about the necessity of a rational balance between renewables and conventional en-
ergy sources and the advantages of the suggested approach.

2. Literature Review

Energy transition, the most important issue of sustainable development, is a complex,
country-oriented task that is difficult to formalize with traditional approaches [7]. The se-
lection of a relevant approach for renewable energy transition is inherently a Multiple-
Criteria Decision-Making task for the energy sector, and several tools have been devel-
oped and utilized for such problems.

In [8,9], detailed reviews of MCDM methods’ applications (crisp and fuzzy) for en-
ergy policy-making are presented. These papers offer comprehensive explanations of the
methods and examples related to the selection of traditional and renewable energy re-
sources.

For energy policy development, planning, and the selection of renewables in various
countries, different combinations of MCDM are employed. Fuzzy AHP (Analytic Hierar-
chy Process) and fuzzy TOPSIS are utilized for selecting energy alternatives [10]. This
combination is used for the selection of renewable energy sources (RES) in Turkey [11-
13]. The selection of RES based on the application of AHP is carried out in Saudi Arabia
and Jordan [14,15]. Various approaches, such as the use and combination of AHP and QFD
(Quality Function Deployment) [16]; SWOT analysis, AHP, and FTOPSIS [17]; interpretive
structural modeling (ISM), benefits, opportunities, costs, and risks (BOCR), and fuzzy an-
alytic network process (FANP) [18]; and Delphi analysis, AHP, and FTOPSIS [19], are also
employed to address RES-related problems.

A comparative analysis was conducted in [20] to rank the renewable energy sources
(RES) in Taiwan. The analysis involved the application of the Weighted Sum Method
(WSM), VIKOR (Serbian: Vlekriterijumsko Kompromisno Rangiranje, meaning Mul-
ticriteria Optimization and Compromise Solution), TOPSIS, and ELECTRE (French: Elimina-
tion et Choix Traduisant la Réalité, meaning Elimination and Choice Translating Reality).

Fuzzy models provide a suitable framework for representing the main ideas of deci-
sion-makers in a way that is convenient for them. These models allow decision-makers to
efficiently utilize their accumulated experience and knowledge in solving strategic and
emerging operational tasks in the field of renewable energy.

In [21], a multiple-criteria approach, extending the fuzzy TOPSIS method, was used
to achieve the 2030 renewable energy targets in European member states. In Serbia, the
fuzzy AHP method was applied to assess the potential of renewable energy sources for
electricity generation [22]. The approaches presented in [21-24] differ in the models used,
the categories and number of criteria applied, the number of alternatives analyzed, and
their specific applications.

Fuzzy TOPSIS has been widely used for decision-making in the energy sector
[8,25,26], including solutions related to renewables [25,27,28]. The method has been used
as stand-alone or in combination with other methods [19,29].

Fuzzy VIKOR is also one of the actively used decision-making methods in the energy
sector [30-32]. Renewable-related tasks in China, India, Iran, and Turkey are also solved
by using the fuzzy VIKOR technique [33-36].

In recent years, the use of the MOORA method has increased for the solution of var-
ious tasks [37]. In the energy sector, fuzzy MOORA is utilized for the ranking of G7
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countries according to energy center selection performance [38,39]. For sustainability-ori-
ented tasks, combinations of methods have been used, such as fuzzy MOORA and fuzzy
AHP [40]; fuzzy MOORA and fuzzy DEMATEL (Decision-Making Trial and Evaluation
Laboratory) [41]; and fuzzy Shannon Entropy, MOORA, VIKOR, EDAS (Evaluation Based
on Distance from Average Solution), and ARAS (Additive Ratio Assessment) [42]. Fur-
thermore, for evaluating wastewater treatment technologies, fuzzy SWARA (Stepwise Weight
Assessment Ratio Analysis) was used to define criteria weights, and then ranking was imple-
mented using fuzzy MOORA. Finally, the results were validated with F-TOPSIS [43].

The fourth fuzzy method, Simple Additive Weighting, was chosen because of its sim-
plicity, effectiveness, and relative prevalence of use. According to [44], SAW belongs to
the 20 most cited methods in the “ScienceDirect” database. Fuzzy extensions of the Simple
Additive Weighting method have been successfully used to solve various selection prob-
lems [45,46].

Indeed, the studies mentioned earlier highlight the significance of Multiple-Criteria
Decision-Making (MCDM) methods in tackling the complex and multifaceted challenges
of transitioning to renewable energy sources. These methods play a crucial role in making
informed decisions for sustainable energy planning and policy development.

Determining the weights of criteria for decision making is one of the important stages
of Multiple-Criteria Decision-Making. Various approaches have been described in the lit-
erature, such as using AHP (with crisp and fuzzy approaches) [10-13], and the entropy-
based approach [20,25]. A renewable selection model for Indonesia was developed in [23],
based on fuzzy AHP (Analytic Hierarchy Process) and a new procedure for aggregating
experts’ judgments, including a procedure of pairwise comparison and aggregation of ex-
perts’ comparison matrices in a single matrix via the similarity aggregation method (SAM)
[47]. Modified SAM was successfully applied to address the investment problem of off-
shore wind farms [48].

The abovementioned papers demonstrate the effectiveness of the fuzzy approach in
formalizing uncertainty in decision making within the energy sector. Additionally, there
are alternative approaches to formalizing uncertainty, such as intuitionistic, grey [49], hy-
persoft set, and Z-numbers. For instance, in Malaysia, the intuitionistic fuzzy AHP
method was proposed for sustainable energy planning [24]. Paper [50] presents the results
of the application of the Z-numbers and Z-extension of the TOPSIS method for the selec-
tion of renewables in economic regions with diverse conditions and high uncertainty in
the case of Azerbaijan. The selection of hydrogen generation technologies employed the
intuitionistic hypersoft set methodology with the VIKOR method [51]. Trapezoidal intui-
tionistic fuzzy linguistic number-based VIKOR was used for the renewable energy tech-
nology (RET) selection problem [52].

In summary, fuzzy models serve as valuable tools in situations where traditional sta-
tistical data are lacking or uncertain, enabling effective decision making in the realm of
renewable energy. They provide a means to harness expert knowledge and subjective input
to make meaningful strides in sustainable energy planning and policy implementation.

From this point of view, our study contributes significantly to the literature by ad-
dressing a specific research gap in the context of renewable energy transition for oil- and
gas-producing countries. This study introduces a novel approach employing scenario-
driven fuzzy Multiple-Criteria Decision-Making (MCDM) models, specifically tailored to
the challenges faced by nations like Azerbaijan which have a substantial share of fossil
fuels in their GDP. By incorporating fuzzy statements and utilizing methods with direct
calculations with fuzzy values, this study fills a void in the literature, providing a nuanced
and context-specific methodology.
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3. Methodology

The flowchart of the research process is presented in Figure 1.

Discussions with experts and determination of transition scenarios

Definition of the set of criteria

Expert evaluation of the importance of weights and each alternative with
respect to each criterion

Aggregation of expert assessments via two methods and obtaining
corresponding decision matrices and weight vectors

Aggregation of expert assessments via two methods and obtaining
corresponding decision matrices and weight vectors

Calculations using four proposed fuzzy methods

Analysis of the results of calculations

Drawing conclusion

Figure 1. Research flowchart.

3.1. Fuzzy Numbers and Operations on Fuzzy Numbers

In conditions of imprecise information, the triangular fuzzy numbers (TFN) have
been successfully used for the solution of the applied decision-making problems [53].

A membership function py(x):R - [0,1] of a triangular fuzzy number M=
(I, m,u), where I, m, and u are lower, modal, and upper values of the support of M, is equal
to

Ir:l__ll,x € [l,m],\l
IRt I$ ()

Uy (x) = I m’x € [m, ul,

k 0_ otherwise )

The Formulas (2)—(7) describe basic TFN calculation operations and operators:

M, @ M, = (I, my, u)®(l, mg, up) = (I + L, my +my,uy + uy) )
M, © M, = (I, my,wy) © (l, my,up) = (4 — up,my —my, uy— 1) 3)
1"71; O IW; = (ll‘ my, uI)Q(IZI my, u—z) = (lll21 mlmz,uluz) (4)

~ 111
Inverse M = (l’ m, u)_l = (_I_l_) (5)

um’l
Max M, = (max[;, max m;, maxu;) ©)

L i i i

Min M, = (min [;, min m;, min u;) )
L L L L



Energies 2023, 16, 8068

6 of 22

3.2. Aggregation of Opinions in MCDM Tasks

In most cases, the MCDM model development and solution are based on information
provided by a group of experts. The construction of the model and solution requires the
aggregation of the experts” opinions. Conventional and fuzzy information provided by
experts can be aggregated by applying various approaches. In this paper, we are using
similarity- and average-value-based approaches.

3.2.1. Similarity Aggregation Method

The similarity aggregation method (SAM) allows the combination of subjective esti-
mations expressed by fuzzy numbers (FN) [47]. This method means that experts reach a
consensus through panels and the common intersection of the triangle (trapezoidal) as-
sessments is analyzed. If 4; and 4; are the assessments of two experts expressed by
TFNs, then the agreement degree or similarity measure S(4,,4,) can be calculated as fol-
lows:

_ J,. (minf{uz; (0), uz; (x)})dx
I, (max{uz (), uz; ()})dx

An agreement matrix is constructed after the calculation of agreement degrees be-
tween n experts.

S(4,

4) )

1 S .. Sin
AM =

R |

5= S(4,4)

Next, the relative agreement degree (RAD) of expert E; is calculated using the formu-
las below.

A(E) = =371 Sy ©)
Jj#i
_AED

RAD; = ST_AGED (10)

Then, the consensus degree coefficient (CDC;) of expert E; is equal to RAD; due to the
fact that all experts have the same degree of importance. CDC is a measure for the estima-
tion of the relative value of each expert assessment.

n
A= Z CDC, + 4, (11)
i=1

3.2.2. Average-Value-Based Approach

If the decision group has N members, then the importance of the criteria and the
evaluation of alternatives concerning each criterion can be calculated according to the for-
mulas below [52].

@, = 2@y (D +) .. (Dal 2

Wy, = %(wij(+)wij(+) (D)WY (13)
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3.3. Fuzzy-Information-Based TOPSIS

Fuzzy-information-based TOPSIS requires the sequential performance of the follow-
ing steps:

Step 1: Generation of the alternative scenarios relevant to potential energy policy op-
tions.

Step 2: Selection of the criteria.

Step 3: Categorizing criteria as benefit and cost criteria.

Step 4: Fuzzy-information- and alternative-scenario-based decision matrix composi-
tion.

Step 5: Defining weights.

Step 6: Normalization of the fuzzy decision matrix:

lii my; u;;
o j ij Yij + _ . . .
% = <u_+'u_+'u_+ , ui =max;u;; (Benefit criteria) (14)
/A
[l P iy
5 — (L L T =min:l;: 1 [
% = (uij'mij'lij ), ;i = minyl;; (Cost criteria) (15)

Step 7: Calculation of the weighted normalized decision matrix D,, = [J;]
Step 8: Determination of the fuzzy positive ideal solution A* and fuzzy negative
ideal solution A~.
A% = (35,95, .., 57)
A= (97,97, ..., 95)
where 9 = (1,1,1), 97 = (0,0,0),j=1,...,8

Step 9: Calculation of the distances of each solution from the fuzzy ideal positive and
ideal negative solutions:

d:— = ;-l:l dﬂ(l’l’j, 1§]+ (17)

di = ¥, de(dy, ;) (18)
The distance between two fuzzy triangular numbers @; = (I;,m;,u;) and §, =
(l;,my,u,) can be calculated according to the following formula [54]:

1
APy, §2) = \[g (= L)2+ (Mg —myp)? + (ug —up)?) (19)

Step 10: Calculation of the relative closeness §; for each alternative:

di
%= ) 20

Step 11: Alternative ranking in accordance with the relative closeness §;; the best al-
ternative has a higher closeness coefficient relative to a positive ideal solution.
Step 12: The best alternative selection according to higher priority.

3.4. Fuzzy-Information-Based MOORA

Fuzzy-information-based MOORA [55] has the same initial Steps 1-5, as the fuzzy
TOPSIS approach.
Step 6. Vector normalization of the fuzzy decision matrix.
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h = as

qs
Zi [ L )2 4 (@Mm)2 + (qt 2] (21)
q=1 (aqs) (aqs) (aqs
hm = Gas )
[beltebr? + (ay? + @]

h, = Gas

@ (23)

\[Zzzl[(alqaz T (@m)? + (ak)?]

where als, alt, ais—lower, middle, and upper values of the support of DM elements,

i.e., the fuzzy value of gt alternative with respect to st criteria.

Step 7. Weighted normalized fuzzy decision matrix according to Formula (13).

Step 8. For each alternative, the overall ratings of benefit and cost criteria are defined.
Step 9: The overall ratings of beneficial and non-beneficial criteria for each alternative

are calculated in this step.

The overall rating (lower, middle, and upper values of the support) of an alternative

for beneficial criteria is determined by the following equations.

n
+1 — l max
zit= ol | ses
s=1
n
+m _ m max
zgm = o | ses
s=1
n
+u _— u max
Zgv =) 0 | ses
s=1

The overall rating of an alternative for cost criteria is determined by the following

equations.
n
-1 — l min
zg —Zﬁqs | se S
s=1
n
-m — m min
Zg —Zﬁqs | se S
s=1
n
-u — u min
Zg —Zﬁqs | se S
s=1

Step 10: Determination of the overall performance index (S;) according to the follow-

ing formula.

1
Z4(5375) = Jg (Gt = 2392 + (2 = 2m)2 + (2 = 297]

(24)

Step 11: Arrange alternatives according to the value of the overall performance indi-

ces. The alternative with the highest index is the best.
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3.5. Fuzzy-Information-Based VIKOR

Fuzzy-information-based VIKOR [56] has the same initial Steps 1-5 as the fuzzy TOP-
SIS approach, and here we only present a description of subsequent steps.

Step 6. Definition of the positive ideal value and the nadir value [56].

If the criterion is beneficial, the positive ideal value (PIV) (X*) and nadir value (NV)
(%") can be defined using the expressions:

f]*:MaXfu i=1,2,..., nm
i

X = Miln Xij

If the criterion is non-beneficial, the PIV (¥*) and NV (%°) can be defined utilizing the
expressions:

f]* =Mm9?l] i=1,2, ... nc
l

X = Mlax Xij

where j=1, 2, ..., m (number of alternatives) and n» and ncare number of beneficial
and cost (non-beneficial) criteria.

Step 7. Calculation of the normalized DM.

According to the PIV and NV, a normalized DM (NDM) can be defined using the
formulas:

dij = (ff © fi)/(rf — 1) (benefit criteria) (25)

dij = (f;; © f)/(r; —1}) (cost criteria) (26)
Here:

x = (;,m},7") -PIv

5 = (f,m), 1)) -\

Step 8. Calculation of weighted NDM by multiplying the normalized decision matrix
and vector of weights.

Step 9. Determine the values S; and R;.

The values S;and R; can be calculated using the expressions:

If R = (RL,R™R!) and § = (s}, s, sT)

J
S:i = Z (Wj ® &ij)
j=1

Step 10. Calculate the VIKOR index (Q).
The value of Q is determined using the formula:

If Qi = (Qi, Q" Q) then

Qi =p (§ie§*) @ (1 _ U) (Rzeﬁ*) (27)

s°T—s*l RT-R*
Here:
§* =mins;
L
sT =max s}
L

ﬁ* = minﬁi
i
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R™ = max R!
L

The variable v representing the maximum group utility is equal to 0.5 in this study.
Step 11. Defuzzification of $, R and Q.
If A= (l,m,u) is a TrEN, then the defuzzified value of A can be defined as follows:

2m+l+u
4

Crisp(4) = (28)

Step 12. Proposing a compromise solution
Downward ordering of alternatives according on the defuzzified values of R, S, and Q.
Suggest the compromise solution based on two conditions:

Condition 1. Acceptable advantage. When Q(A®) — Q(A®) > 1/(n — 1). Here A®
and A@ are the alternatives with first and second positions, respectively (based on value
of Q), and n is the number of alternatives.

Condition 2. Acceptable stability in decision making. The alternative A®’ must also
be the best ranked by S or/and R.

If one of the conditions is not met, then a set of compromise solutions is suggested.
This set includes the following:

Solution 1. If the 1st condition is not met, then alternatives A ,A®), ..., AM): Alterna-
tive A is defined according to the expression— Q(A™) — Q(A™) < 1/(m —1) for
maximum M (the positions of these alternatives are ““in closeness”).

Solution 2. If only the 2 condition is not met, then alternatives AD and A@,

Solution 3. If neither the 1st nor the 2 condition is met, then an alternative with the
minimum Q value will be selected as the best.

3.6. Fuzzy-Information-Based SAW

Fuzzy-information-based SAW [57] has the same initial Steps 1-5 —decision matrix
composition and normalization, determinations of weights, and calculation of weighted
normalized DM —as the fuzzy TOPSIS approach.

Step 6. Calculate the total fuzzy score of each alternative.

Here:

d@;j—normalized weighted fuzzy value of i-th alternative concerning j-th criterion;

n—number of criteria.

Step 7. Comparison of total fuzzy scores of each alternative.

The fuzzy scores of alternatives calculated in Step 6 are transformed into crisp scores
using Formula (28).

Step 8. Ranking of alternatives

In this step, rank alternatives according to the value of the crisp score of each alterna-
tive. The alternative with the highest score is the best.

4. Results
4.1. Application for Energy Policy Scenario Development

Azerbaijan is an oil- and gas-producing country, and it has been increasing its natural
gas exports over the years. The oil and gas sector contributes 46.6% to the country’s GDP
(SCT, 2021) [58]. In 2021, oil rents accounted for 20.1% of its GDP, while the share of natural
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gas rents and total natural resource rents in the GDP was 8.6% and 29.9%, respectively
(World Development Indicators, 2021) [59].

At the current consumption levels, the country has reserves of natural gas that can
last for about a century. However, considering that the global natural gas consumption
increased by 4.8% in 2021, it is unrealistic to expect an accelerated decrease in global nat-
ural gas production and consumption over the next century. Therefore, hydrocarbon-en-
ergy-producing and exporting countries, aiming to gradually replace environmentally
unfriendly energy resources with green resources in their energy policy, must analyze
and evaluate various scenarios for adjusting the energy sources mix.

Azerbaijan has a high potential for renewable energy sources, estimated at 27,000
MW, including 3000 MW of wind energy, 23,000 MW of solar energy, 380 MW of bioen-
ergy potential, and 520 MW of mountain rivers [60]. Currently, its energy supply (con-
sumption) amounts to 17,566.6 thousand TOE (Tons of Oil Equivalent) in 2021. Out of this,
only 1.3% comes from total renewable energy supply, with 225.1 thousand TOE (109.8
thousand TOE from hydropower, 102.6 thousand TOE from biomass and waste, 7.9 thou-
sand TOE from wind power, and 4.8 thousand TOE from solar (photovoltaic) power). The
respective shares of hydropower, biomass and waste, wind power, and solar power in the
country’s total energy consumption are 0.6%, 0.6%, 0.1%, and 0.03% (SCIL, 2021) [61].

On the path toward energy transition, what are the most effective and sustainable
scenarios for transitioning Azerbaijan’s energy sector from non-renewable to renewable
sources? How can the application of MCDM models, particularly the fuzzy TOPSIS and
fuzzy MOORA methods, aid in the decision-making process? To answer these questions,
we first need to construct a standard decision matrix based on a set of single alternatives,
which must then be transformed into a decision matrix based on a set of energy policy
adjustment scenarios.

The alternative scenario composition process in the case of Azerbaijan is based on the
following assumptions:

1. Over the next decades, Azerbaijan will maintain or increase natural gas production

due to its relatively lesser influence on the environment and its high export potential.

Rising domestic and foreign demand for electricity will be offset by renewables.

3. There are significant differences in the capacity of the available renewables in the
country.

N

Renewables available in the country include solar, wind, hydro, and bioenergy. Due
to the limited capacity of the bioresources, in this paper, we are analyzing the use of nat-
ural gas (NG), solar (S), wind (W), and hydro (H) sources. If the resource is used at the
same level, we are not adding a letter indicating the intensity of the resource use. Three
types of changes for resource use are introduced: D—decrease, —increase, K—keep at
the same level. The degree of changes has been evaluated as notable (N), moderate (M),
and trivial (T).

The expression “<NG-K, H-K, S-NI, W-MI>" describes an alternative scenario based
on the introduced abbreviations.

A1—“Keep on the same level natural gas and hydro, increase solar notably and wind
moderately”, or in a concise manner, “Maintain natural gas and hydro, increase solar no-
tably and wind moderately”.

Alternative scenarios can be described as follows:

- A1—<NG-K, H-K, S-NI, W-MI>, “Maintain NG and hydro, increase solar notably and
wind moderately”;

- A2—<NG-K, H-K, 5-MI, W-NI>, “Maintain NG and hydro, increase solar moderately
and wind notably”;

- A3—<NG-K, H-K, W-NI>, “Maintain NG and hydro, increase wind notably”;

- A4—<NG-K, H-K, S-MI>, “Maintain NG and hydro, increase solar moderately”;

- A5—<NG-K, H-K, S-NI>, “Maintain NG and hydro, increase solar notably”;
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- A6—<NG-M], H-K, S-NI>, “Increase NG moderately, maintain hydro, and increase
solar notably”;

- A7—<NG-MI, H-K, 5-NI, WM>, “Increase NG moderately, maintain hydro, increase
solar notably and wind moderately”;

- A8—<NG-M], H-K, S-NI, WNI>, “Increase NG moderately, maintain hydro, increase
solar and wind notably”;

- A9—<NG-MI, H-K, 5-MI, WNI>, “Increase NG moderately, maintain hydro, increase
solar moderately and wind notably”.

To facilitate discussions, experts with specialized knowledge in economics, energy
economics, and policy, as well as natural resource management, each possessing over 10
years of general experience in their respective subject areas, were engaged to define and
evaluate decision-making criteria within the framework of the ongoing study.

After literature analysis and discussion with experts, the following decision-making
criteria were selected and used: Government policy and regulation (C1), Social acceptance
(C2), Labor impact (C3), Cost efficiency (C4), Spillover effects (C5), Technology efficiency
and reliability (C6), Resource availability (C7), and Environmental impact (C8).

Criteria C1, C2, C3, C5, C6, and C7 are beneficial criteria, whereas C4 and C8 are cost
(non-beneficial) criteria.

Criterion C1 evaluates government policy and regulations concerning various energy
resource development. In the case of Azerbaijan, the government has actively supported
renewable development, with a target of achieving 30% renewables in energy production
by 2030. At the same time, the government plans to use the released volume of natural gas
for export. Criterion C2 evaluates the social acceptance of the policy. Given the positive
impact of renewables on environmental protection, in Azerbaijan, the attitude of society
to renewable development is generally positive. Criterion C3 evaluates the influence of
energy transition on the labor market. In our case, the influence of energy transition is
positive, and energy transition provides additional jobs. Criterion C4 allows us to com-
pare scenarios from a cost-efficiency standpoint. Criterion C5 evaluates scenarios from a
spillover effect standpoint. In this paper, we will discuss such effects as science, education,
and technology development, the development of the regions, environment protection,
and so on. Criterion C6 takes into consideration the level of technology efficiency and
reliability. Criterion C7 estimates scenarios from the standpoint of resource availability.
In Azerbaijan, the capacities of natural gas, wind, and solar resources are different, but
several times they exceed the current level of use. In the case of hydro, we have additional
capacities available for the construction of small hydro stations. Criterion C8 evaluates
scenarios from an environmental impact standpoint. The impact varies for different en-
ergy resources.

Taking into consideration the multidimensional nature of the scenario alternatives, a
group of experts carried out group discussions on each alternative and developed a con-
sensus-based decision matrix. The elements of the matrix were linguistically evaluated
according to the values provided in Table 1.

Table 1. Linguistic terms for alternatives and criteria evaluation.

Alternative Criteria
Linguistic Term Fuzzy Value Linguistic Term Fuzzy Value
Very Poor (VP) (0.0, 0.05, 0.2) Very Low (VL) (0.0, 0.05, 0.2)
Poor (P) (0.05, 0.2, 0.35) Low (L) (0.05, 0.2, 0.35)
Below Average (BA) (0.2, 0.35,0.5) Medium Low (ML) (0.2,0.35,0.5)
Average (A) (0.35, 0.5, 0.65) Medium (M) (0.35, 0.5, 0.65)
Above Average (AA) (0.5, 0.65,0.8) Medium High (MH) (0.5, 0.65, 0.8)
Good (G) (0.65, 0.8, 0.95 High (H) (0.65, 0.8, 0.95)

Very Good (VG) 0.8,1,1) Very High (VH) 0.8,1,1)
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For a study group of seven experts’ opinions, each expert linguistically evaluated
alternative scenarios concerning the criteria and presented individual decision matrices.
In Table 2, as an example, the decision matrices composed by Expert 1 and Expert 7 are
presented.

Table 2. Alternative-scenario-based linguistic decision matrices.

Expert 1 Expert 7
E C1 C2 C3 C4 C C6 C7 (8 il C2 C3 ¢4 C C6 (C7 «C8
Al VG G G VG A G VG AA Al G VG VG G BA VG G G
A2 VG G G G A G G AA A2 G VG VG VG BA VG AA G
A3 VG AA AA G A G BA AA A3 G G G VG BA G P G
A4 G A BA A BA G G G .. A4 AA AA AA AA P G AA VG
A5 G G AA G A G VG G A5 AA VG G G BA VG G VG
A6 VG AA AA G A G VG AA A6 G AA G G BA G G G
A7 VG G G G A AA VG A A7 AA VG VG G BA G G AA
A8 VG G G G AA G VG AA A8 G G VG VG A VG G G
A9 VG G AA AA A G AA A A9 G VG G G BA VG A AA
Using Table 1, the linguistic decision matrices were transformed into fuzzy matrices
(Tables 3 and 4).
Table 3. Fuzzy decision matrix composed by Expert 1.
C1 C2 C3 C4 C5 Ceé C7 C8
I m ]l m uw 1 m u 1| m u I m u I m u I m u I m u

u
Al 08 1 1 06508 1 0650809 08 1 1 03505 0.65065 08 09 08 1 1 0.5 065 0.8
A2 08 1 1 06508 1 0.65 0.8 0950.65 0.8 0.950.35 0.5 0.650.65 0.8 0.950.65 0.8 0.95 0.5 0.65 0.8
A3 08 1 1 05 06508 05 065 0.8 0.65 0.8 0.950.35 0.5 0.650.65 0.8 095 0.2 0.35 0.5 0.5 0.65 0.8
A4 0.65 0.8 095035 05 0.7 02 035 05 0.5 0.65 0.8 0.2 035 0.5 0.65 0.8 0.950.65 0.8 0.95 0.65 0.8 0.95

A5 0.65 0.8 095065 08 1 0.5 0.65 0.8 0.65 0.8 0.950.35 0.5 0.650.65 0.8 095 08 1 1 0.65 0.8 0.95
A6 08 1 1 05 0.650.8 0.5 0.65 0.8 0.65 0.8 0.950.35 0.5 0.650.65 0.8 095 08 1 1 05 0.65 0.8
A7 08 1 1 065 08 1 065 0.8 0.950.65 0.8 095035 0.5 0.65 05 065 08 08 1 1 035 0.5 0.65
A8 08 1 1 06508 1 065 0.8 095065 0.8 095 0.5 0.65 0.8 065 0.8 095 08 1 1 05 0.65 0.8
A9 08 1 1 06508 1 05 065 08 05 0.65 0.8 0.35 0.5 0.650.65 0.8 0.95 0.5 0.65 0.8 0.35 0.5 0.65
Table 4. Fuzzy decision matrix composed by Expert 7.
C1 C2 C3 C4 C5 Cé6 C7 C8

l m u I m u I m uw I m uw | m u | m u I m u I m u
A1065 08 09508 1 1 08 1 1 06508 0950203505 08 1 1 065 0.8 0.950.65 0.8 0.95
1
1

A2 0.65 0.8 095 0.8 1 08 1 1 08 1 1 020305 08 1 1 05 06508 065 0.8 0.95
A3 0.65 0.8 0.95 0.65 0.8 065 08 09508 1 1 02 035 0.5 0.650.8 0.950.05 0.2 0.350.65 0.8 0.95
A4 05 0.65 0.8 0.5 0.65 0.8 0.5 0.65 0.8 0.5 0.65 0.8 0.05 0.2 0.350.65 0.8 0.95 0.5 0.65 0.8 0.8 1 1
A5 05 065 08 08 1 1 065 0.8 0950.65 0.8 095 02 035 05 08 1 1 06508 09508 1 1
A6 0.65 0.8 095 0.5 0.65 0.8 0.65 0.8 0.950.65 0.8 0.95 0.2 0.35 0.5 0.65 0.8 0.95 0.65 0.8 0.95 0.65 0.8 0.95
A7 05 06508 08 1 1 08 1 1 0.65 0.8 095 0.2 0.35 0.5 0.65 0.8 0.950.65 0.8 0.95 0.5 0.65 0.8
A8 0.65 0.8 095065 08 1 08 1 1 08 1 1 0350506508 1 1 065 0.8 0.950.65 0.8 0.95
A9 065 08 095 08 1 1 065 0.8 095065 0.8 095 02 035 05 08 1 1 035 05 0.65 0.5 0.65 0.8

For further calculations, the matrices composed by the experts were aggregated by
using the average approach and the similarity method. The results of the aggregation are
presented in Table 5.
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Table 5. Aggregated decision matrix.

Average-approach-based aggregated decision matrix
C1 C2 C3 C4 C5 Cé c7 C8
Al 0.65 0.81 0.93 0.650.81 0.93 0.62 0.79 0.88 0.71 0.88 0.97 0.32 0.47 0.62 0.68 0.85 0.94 0.68 0.84 0.96 0.50 0.65 0.80
A2 0.68 0.84 0.96 0.62 0.78 0.90 0.62 0.78 0.90 0.65 0.81 0.93 0.23 0,38 0.53 0.62 0.78 0.90 0.50 0.65 0.80 0.50 0.65 0.80
A3 0.68 0.85 0.94 0.50 0.65 0.80 0.50 0.65 0.80 0.65 0.82 0.91 0.29 0.44 0.59 0.56 0.71 0.86 0.170.32 0.47 0.47 0.62 0.77
A4 0.56 0.71 0.86 0.29 0.44 0.59 0.29 0.44 0.59 0.35 0.50 0.65 0.14 0.29 0.44 0.53 0.68 0.83 0.56 0.71 0.86 0.62 0.78 0.90
A5 0,62 0.78 0.90 0.650.82 0.91 0.44 0.59 0.74 0.56 0.71 0.86 0.26 0.41 0.56 0.62 0.78 0.90 0.65 0.81 0.93 0.65 0.82 0.91
A6 0.650.81 0.93 0.38 0.53 0.68 0.47 0.62 0.77 0.53 0.68 0.83 0.23 0.38 0.53 0.53 0.68 0.83 0.68 0.84 0.96 0.47 0.62 0.77
A7 0.650.82 0.91 0.650.820.91 0.65 0.82 0.91 0.56 0.71 0.86 0.32 0.47 0.62 0.50 0.65 0.80 0.65 0.81 0.93 0.38 0.53 0.68
A8 0.68 0.84 0.96 0.590.74 0.89 0.62 0.78 0.90 0.56 0.72 0.84 0.32 0.47 0.62 0.62 0.78 0.90 0.65 0.81 0.93 0.50 0.65 0.80
A9 0.68 0.85 0.94 0.62 0.78 0.90 0.50 0.65 0.80 0.47 0.62 0.77 0.29 0.44 0.59 0.65 0.82 0.91 0.44 0.59 0.74 0.32 0.47 0.62
SAM-approach-based aggregation
C1 C2 C3 C4 C5 Coé c7 C8
Al 0.650.80 0.94 0.650.800.94 0.73 0.92 0.96 0.69 0.85 0.96 0.29 0.44 0.59 0.71 0.88 0.97 0.66 0.81 0.95 0.50 0.65 0.80
A2 0.66 0.81 0.95 0.59 0.74 0.88 0.59 0.75 0.89 0.65 0.80 0.94 0.21 0.36 0.51 0.59 0.74 0.88 0.50 0.65 0.80 0.50 0.65 0.80
A3 0.71 0.88 0.97 0.50 0.65 0.80 0.50 0.65 0.80 0.65 0.82 0.91 0.22 0.37 0.52 0.63 0.78 0.93 0.14 0.29 0.44 0.44 0.59 0.74
A4 0.54 0.69 0.84 0.22 0.370.52 0.22 0.37 0.52 0.35 0.50 0.65 0.16 0.31 0.46 0.56 0.71 0.86 0.54 0.69 0.84 0.59 0.74 0.88
A5 0.59 0.74 0.88 0.63 0.79 0.89 0.37 0.52 0.67 0.49 0.64 0.79 0.22 0.37 0.52 0.59 0.74 0.88 0.65 0.80 0.94 0.65 0.82 0.91
A6 0.65 0.80 0.94 0.41 0.56 0.71 0.44 0.59 0.74 0.56 0.71 0.86 0.21 0.36 0.51 0.56 0.71 0.86 0.66 0.81 0.95 0.44 0.59 0.74
A7 0.650.82 0.91 0.650.820.91 0.65 0.82 0.91 0.63 0.78 0.93 0.29 0.44 0.59 0.46 0.61 0.76 0.65 0.80 0.94 0.27 0.42 0.57
A8 0.66 0.81 0.95 0.60 0.75 0.90 0.59 0.74 0.88 0.52 0.67 0.81 0.29 0.44 0.59 0.59 0.74 0.88 0.65 0.80 0.94 0.50 0.65 0.80
A9 0.71 0.88 0.97 0.59 0.74 0.88 0.50 0.65 0.80 0.44 0.59 0.74 0.22 0.37 0.52 0.65 0.82 0.91 0.37 0.52 0.67 0.29 0.44 0.59

The criteria have a different degree of importance for decision making. The experts
estimated the degree of importance of each criterion. The linguistic estimates provided by
the experts were transformed into fuzzy numbers and then the aggregated fuzzy estimates
(weights) were determined. The expert estimates are presented in Table 6.

Table 6. Experts’ opinion on criteria importance.

Criterion Experts 1 m u
C1 El 0.8 1 1
E2 0.8 1 1
E3 0.65 0.8 0.95
E4 0.5 0.65 0.8
E5 0.65 0.8 1
E6 0.8 1 1
E7 0.65 0.8 0.95
2 E1l 0.35 0.5 0.65
E2 0.2 0.3 0.5
E3 0.2 0.3 0.5
C8 El 0.8
E2 0.8
E3 0.8
E4 0.65 0.8 0.95
E5 0.8 1 1
E6 0.8 1 1

E7 0.8 1 1
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The opinions of the expert group on criteria importance were aggregated by applying
the SAM approach and average-based approach. The aggregated weights of the criteria
are presented in Table 7.

Table 7. Aggregated weights of the criteria.

Criteria SAM Approach Average-Based Approach
cl 0.711733 0.884838 0.977076 0.68 0.85 0.95
2 0.289789 0.439789 0.589789 0.32 0.45 0.62
c3 0.077632 0.227632 0.377632 0.23 0.38 0.53
c4 0.755992 0.941322 1 0.74 0.92 0.98
c5 0.2 0.35 0.5 0.2 0.35 0.5
c6 0.35 0.5 0.65 0.35 0.5 0.65
c7 0.755992 0.941322 1 0.74 0.92 0.98
c8 0.793598 0.991463 1 0.77 0.96 0.99

4.2. Fuzzy TOPSIS Calculations

Fuzzy TOPSIS calculations were carried out according to the steps outlined in Section
3.3. After calculating the distances from ideal solutions and the relative closeness of each
alternative scenario, the rankings for SAM-based and average-based fuzzy aggregation
approaches were obtained. These rankings are presented in Table 8.

Table 8. Distances from ideal solutions, relative closeness of each alternative scenario, and rankings.

Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9
Fuzzy data df 7.66328 7.960268 8.566622 8.423247 7.96314  7.969061 = 7.53202  7.623518  7.604861
aggregated d; 6.940015 6.605144 5.962504 6.223081 6.597282  6.641529 7.131724 6.999374  7.142326
using the &; 0.475236 0.453481 0.410383 0.42489 0.453097  0.45457 0.486351 0.478659  0.484318
SAM .
Ranking 4 6 9 8 7 5 1 3 2
approach
Fuzzy data df 7.949076 8.368483 8.827932 8.668382 8.260135 8.233668 7.805282  7.958997 = 7.946196
aggregated d; 6.6709  6.188685 5.701995 5.969571 6.322077 6.379804 6.965636  6.690419  6.788799
using an av- &; 0.456287 0.42513  0.392431 0.407815 0.433547 0.43657 0.471578 0.456702  0.460726
erage-based .
Ranking 4 7 9 8 6 5 1 3 2
approach
4.3. Fuzzy MOORA Calculations
Fuzzy MOORA calculations were carried out according to the steps outlined in Sec-
tion 3.4. After calculating the overall performance indexes for each alternative, the rank-
ings for the SAM-based and average-based fuzzy aggregation approaches were obtained
and are presented in Table 9.
Table 9. Rankings for SAM-based and average-based weighting approaches.
Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9
SAMap-  Z,(z3,z7) 0.105583 0.08443 0.068322 0.06826 0.08677 0.093493 0.116437 0.108302 0.107367
proach Ranking 4 7 8 9 6 5 1 2 3

Average-  Z,(z},z7) 0109124 0.09483 0.07433 0.07317 0.09326 0.09743 0.119037 0.114054 0.115842
based ap-

proach Ranking 4 6 8 9 7 5 1 3 2

4.4. Fuzzy VIKOR Calculations

The calculations of fuzzy VIKOR were performed according to the steps outlined in
Section 3.5. After calculating the values of R, S, and Q for each alternative, the results for
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the SAM and average-based fuzzy aggregation approaches were obtained and are pre-
sented in Table 10.
Table 10. Fuzzy VIKOR values R, S and Q for SAM-based and average-based weighting ap-
proaches.
Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9
R 0.534 0474 0.601 0.51 0.59 0.369 0.449 0.385 0.347
Ranking 7 5 9 6 8 2 4 3 1
SAM ap- S 1242  1.618 1.849 1.899 1.6 1.419 1.089 1.183 0.985
proach Ranking 4 7 8 9 6 5 2 3 1
Q 0.1175 0.1177 0.1982 0.1575 0.1733  0.0502  0.0635  0.0397 0.0049
Ranking 5 6 9 7 8 3 4 2 1
R 0.545  0.459 0.597 0.503 0.542 0.319 0.333 0.341 0.298
Ranking 8 5 9 6 7 2 3 4 1
Average-
based a S 1172 1.387 1.897 1.935 1.509 1.397 0.991 1.043 0.907
roac}f’ Ranking 4 5 8 9 7 6 2 3 1
P Q 0.143 0.12 0.221 0.181 0.167 0.056 0.033 0.04 0.01
Ranking 6 5 9 8 7 4 2 3 1
According to the methodology of the fuzzy VIKOR, the solution with the smallest
value of Q (A9) does not have an acceptable advantage over the next alternative (A7 for
SAM or AS8 for the average). Therefore, a set of acceptable alternatives is selected that sat-
isfies the condition specified in Solution 1 (Section 3.5). Based on the data from Table 10,
two sets of alternatives are possible:
- A2, A6, A7, A8, A9—for the average-approach-based aggregated fuzzy data
- Al, A2, A6, A7, A8, A9—for the SAM-approach-based aggregated fuzzy data
4.5. Fuzzy SAW Calculations
The results of fuzzy SAW calculations, conducted according to the stage outlined in
Section 3.6, are presented in Table 11. The table presents the results of calculations based
on fuzzy data, aggregated using the abovementioned approaches.
Table 11. Results of calculations of fuzzy SAW.
Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9
SAM approach Score 3.6368  3.346 3.058 3.2 343 3.45 3.77 3.629 3.657
PP Ranking 3 7 9 8 6 5 1 4 2
Average-based Score 3.799 3.592 3205 3.337 3598  3.607 3.89 3.82 3.864
approach Ranking 4 7 9 8 6 5 1 3 2

4.6. Sensitivity Analysis

For illustrative purposes, the results of the problem solution, obtained by applying
fuzzy TOPSIS, fuzzy MOORA, fuzzy SAW, and fuzzy VIKOR, are presented in graphical
form in Figure 2. As seen from the graph, the alternative scenarios based on the fuzzy
MCDM model for the oil country renewable energy transition task show low sensitivity
with respect to the solution and aggregation (weighting) methods used.



Energies 2023, 16, 8068

17 of 22

Ranking of Alternatives

9
e SAM FTOPSIS, Average
8 FSAW and SAM
7 FMOORA
6 SAM FVIKOR
L5
o
< 4
SAM FSAW
3
2
1 Average FTOPSIS and
0 Average FMOORA

Al A2 A3 A4 A5 A6 A7 A8 A9
Alternatives e Average FVIKOR

Figure 2. Comparison of the rankings, based on four different methods and different aggregation
approaches.

According to the problem solution results, alternative A7 is the best one among the
solutions of all models, followed by alternatives A9, A8, and Al. Changes in ranking do
not exceed one unit.

Since fuzzy VIKOR did not give an unambiguous answer about the best alternative,
but suggested a compromise set of alternatives, the graph shows alternatives relative to
the values of Q.

Next, to check the stability of the solution when changing the importance of the
weights, a sensitivity analysis was carried out. It should be noted that the use of two ap-
proaches to the aggregation of expert assessments led to the fact that the presented models
operated with different weights.

To provide a final confirmation of decisions, it was decided to assign equal weight to
all criteria. The calculation results for all eight approaches are presented in Table 12.

Table 12. Results of calculations with equally weighted criteria.

Alternatives Al A2 A3 A4 A5 A6 A7 A8 A9
TOPSIS 5, 0714 065 0604 0566 0644 0638 071 0694  0.683
Ranking 1 5 8 9 6 7 2 3 4
Fuzzy DM MOORA © 341 00281 00249 00208 002723 00276 00343 00324 0.031
aggregated _ Zq(27,77)
using the Ranking 2 5 8 9 7 6 1 3 4
SAM  VIKOR(Q) 3637 3346 3058 3200 3431 3455 3773 3628  3.657
approach Ranking 3 7 9 8 6 5 1 4 2
SAW (FS) 3637 3346 3058 3200 3431 345 3773 3.628  3.657
Ranking 3 7 9 8 6 5 1 4 2
TOPSIS §, 0720 0682 0620 0591 0675 0654 0724 0717 0712
Fuzzy DM Ranking 2 5 8 9 6 7 1 3 4
aggregated  MOORA — h0r 0028 0024 0020 0027 0026 0033 0032 0031
using the av-  Z,(z4,2z7)
erage Ranking 3 5 8 9 6 7 1 2 4
approach  VIKOR(Q) 0128 0107 0215 0217 0152 0112 0065  0.023  0.008
Ranking 6 4 8 9 7 5 3 2 1
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SAW (FS)

3.799 3.592 3.205 3.337 3.598 3.607 3.890 3.821 3.864

Ranking

4 7 9 8 6 5 1 3 2

The common trend of results shown in Table 12 is presented in graphical form in
Figure 3.

Ranking of Alternatives

e SAM FTOPSIS
SAM FMOORA

SAM FSAW and SAM
FVIKOR

Ranks

o B N W b~ U1 O N 0 O

e Average FTOPSIS
e Average FMOORA

e Average FVIKOR
Al A2 A3 A4 A5 A6 A7 A8 A9
Alternatives = Average FSAW

Figure 3. Comparison of the rankings, based on four different methods and aggregation approaches,
but with equally weighted criteria.

As can be seen from the graph, the general trend did not undergo significant changes;
the proposed approach demonstrated stability relative to the methods, aggregation ap-
proach used, and changing weights. Based on the results of solving the problem, alterna-
tive A7 is the best among the solutions of all models, followed by alternatives A9, A8, and
Al. Rank changes are minor.

5. Discussion

In this paper, a new approach was developed for solving the task of renewable energy
transition. The key idea of the proposed approach is to replace the single alternatives in
the decision matrix with a set of energy policy adjustment scenarios. Given the subjectivity
and imprecision inherent in the energy policy development process, the decision-making
model is formalized using a fuzzy logic approach.

The task of ranking and selecting energy resources requires evaluating the alterna-
tives based on multiple criteria. Considering the multiplicity of criteria, Multiple-Criteria
Decision-Making (MCDM) models were developed. To enhance the reliability of the so-
lution, four methods with different methodological foundations were applied: the dis-
tance-based fuzzy TOPSIS and VIKOR, the ratio-analysis-based fuzzy MOORA, and the
value/utility-function-based fuzzy SAW method. All models utilized the same fuzzy deci-
sion matrix consisting of eight criteria and nine alternative scenarios. The differences in
criteria importance were considered by using fuzzy weights based on experts’ opinions.
The aggregation of these opinions was carried out using a similarity aggregation method
and an average-value-based approach.

Four fuzzy models were developed for solving the renewable energy transition task
in the context of the Azerbaijan energy sector. According to the results of the problem
solution, alternative scenario A7 (moderate increase in natural gas, maintenance of hydro,
notable increase in solar, and moderate increase in wind) consistently emerges as the best
solution across all cases. Alternative scenario A9 (moderate increase in natural gas,
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maintenance of hydro, moderate increase in solar, and notable increase in wind) ranks
second in three out of four cases, while alternative scenario A8 (moderate increase in nat-
ural gas, maintenance of hydro, notable increase in solar and wind) ranks third in three
out of four cases.

6. Conclusions

Currently, nearly all countries that produce oil and natural gas are shifting towards
using renewables for electricity generation. Azerbaijan is also following this trend. The
extent and speed of this transition vary based on a country’s development level and the
significance of oil and gas in its economy.

For Azerbaijan, given the importance of natural gas in its economy, it is advisable to
develop an energy policy that strikes a balance between renewables and conventional en-
ergy sources. The approach suggested in the paper, which is based on alternative scenar-
ios, enables the creation of such a balanced solution.

The example provided in this paper demonstrates the effectiveness of this approach
and the fuzzy models employed to solve the problem. The flexibility of these models,
thanks to alternative scenarios and fuzzy logic, allows for the formalization and combina-
tion of diverse opinions and ideas. This model is suitable for cases requiring a smooth
transition and combinations of alternatives.

The proposed approach, along with the energy industry, can be successfully applied
to other areas requiring the selection of a group of interchangeable resources with various
characteristics and efficiencies. In such cases, the proposed model can be effectively uti-
lized since choosing a combination of resources requires selecting a scenario for imple-
mentation. The scenario involves the use of several resources.

The main advantage of this method is its capability to evaluate a scenario comprising
a group of resources (a set) while simultaneously ensuring the continuity of economic
policy within the scenario. For instance, we are not merely selecting solar, wind, or hydro
energy resources as a single renewable option; rather, we are focused on a rational com-
bination of a set of energy resources. Consequently, this approach addresses sustainabil-
ity, ensuring the crucial element of continuity in energy policy.

This approach also has its limitations. As the number of resources included in the
scenario increases, the evaluation of the alternatives requires more effort from the experts.
Experts can resolve this challenge by evaluating each resource within the scenario sepa-
rately, with a subsequent aggregation of the estimates for obtaining the scenario’s overall
estimate.

The practical significance of this study lies in the application of a systematic approach.
Instead of analyzing a single resource that secures the top position in the ranking, this
study evaluates a group of resources relevant to a particular country’s energy policy. Fur-
thermore, within this resource group, the scenario approach allows for a wide range of
variations in the resource utilization rate.
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