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Introduction

Electricity is a fundamental driver of sustainable development and a key component of
national and regional security, enabling economic growth, improving living standards, and
supporting critical infrastructure. Yet, in many developing countries, unequal access to
electricity—due to inadequate infrastructure, financial constraints, and geographic
disparities—has created a persistent power imbalance. This gap not only hinders social and
economic progress but also deepens inequality and undermines stability. Implementing long-
term, practical, and inclusive energy strategies can significantly help bridge this divide,
ensuring reliable and equitable electricity access for all.

Method

This study aims to determine the best alternative to reduce the power imbalance in the
Marun Basin by relying on multi-criteria analyses and providing reliable guidance to local
decision-makers. In this regard, a group of relevant experts was first appointed, and options
suitable for the regional conditions were identified and presented by them along with evaluation
criteria.

The Entropy-Shannon method was used to weight the criteria in order to objectively
determine the role of each criterion based on the available information. Then, to prioritize the
options and compare the results, two multi-criteria methods, including Additive Ratio
Compromise Assessment (ARAS) and Operational Competitiveness Ranking Analysis
(OCRA), were used in two different approaches; using several different methods and
approaches, in addition to increasing the validity and transparency of the analysis, allows for
examining the robustness of the results and increasing confidence in the final
recommendations. Ultimately, the aim is for the study results to provide policymakers and
stakeholders with an operational and strategic basis for reducing the power imbalance in the
Marun Basin.

Results

The results obtained from the Entropy-Shannon weighting method show that the
investment criterion with a weight of 0.5386 has more than half of the total importance in
evaluating the options from the experts' perspective; in other words, the collected information
indicates that economic considerations and capital costs play a decisive role in the selection of
solutions.

Furthermore, adding a solar photovoltaic power plant to the Maroon hydroelectric power
plant is recognized as the first option in both multi-criteria methods; in the ARAS method, this
option has obtained a high score of 0.9877, and in the OCRA method, a score of 0.7384. The
difference in the values of the scores is due to the different scales and calculation mechanisms
of the two methods; a high ARAS score indicates a very high utility compared to other options,
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and the OCRA score also confirms the relative superiority of the same option with a different
evaluation method.

The overall conclusion is that combining solar generation with hydro capacity, through
resource diversification, enhances daily generation, reduces regional fluctuations, and
increases grid reliability; this combination can lead to reduced need for fossil fuel-based
peaking generators, improved supply stability, and reduced emissions.

It is recommended for policymakers and investors to prioritize such projects in capital
planning and further economic-technical studies (such as sensitivity analysis, grid
considerations, and storage) to realize operational and financial benefits.

Conclusion

The present results show that the application of two multi-criteria methods to rank
electricity imbalance reduction scenarios, despite differences in evaluation logic and
computational mechanisms, led to a single result. This convergence is important in several
ways: first, each of the methods—with different assumptions, weightings, and aggregation
formulas—provided similar results independently of the data and criteria, which is a strong
indication of the stability of the result. Second, the agreement between the methods reduces the
possibility of error or bias due to the choice of a particular method and strengthens the
methodological validity of the study.

From a scientific perspective, the agreement of the results indicates the “reliability” of the
analysis; that is, it shows that the findings are reliable beyond the sensitivity to a particular
algorithm. From a practical and decision-making perspective, such convergence sends a clear
message to policymakers and investors: the proposed prioritization is likely to be effective in
practice and can be the basis for capital planning decisions and pilot implementation. However,
to strengthen this conclusion, it is recommended that complementary studies such as sensitivity
analysis, testing of different scenarios, detailed cost-benefit estimates, and wider consultation
with local stakeholders be carried out to properly assess the technical, financial, and social
aspects of implementation.

Overall, the convergence of the results of the two multi-criteria methods not only increases
the confidence in the findings but also shows that the choice of this strategy has strong support
from both scientific and practical perspectives and can be a reliable starting point for further
actions at the regional level.
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Table 1. The decision-making matrix

Criteria set Alternatives

Al A2
C1 76.33 68
c2 55 67.33
C3 59.66 44.33
C4 73 67.33
C5 39.66 62.00
Cé6 54.33 62.33

Al = Adding the solar photovoltaic power plant to a hydro
power plant, A2 = Replacing current gas air conditioners with
energy-efficient gas air conditioners.

C1 = The feasibility of implementing the solar photovoltaic
power plant, C2 = Provision of the required equipment for
solar power plan, C3 = Participation of residents in the plan
to replace gas air conditioners with energy-efficient gas air
conditioners, C4 = Initial investment costs, C5 = Operation
and maintenance costs of equipment in the electricity supply-
side, C6 = Provision of the required costs in the electricity

demand side.
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Table 2. The normalized decision-making matrix

Criteria set Alternatives
Al A2
C1 0.5288 04711
C2 0.4495 0.5504
C3 0.5737 0.4262
C4 0.5201 0.4798
C5 0.3901 0.6098
C6 0.4657 0.5342
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Figure 1. The optimal value of each criteria
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Table 3. Degree of entropy and deviation rate of the
degree

(a) Degree of entropy

The criteria set Degree of entropy

C1 0.9975
c2 0.9926
C3 0.9842
Cc4 0.9988
C5 0.9649
C6 0.9966

(b) Deviation rate of the degree

Criteria set Deviation rate
C1l 0.0024
Cc2 0.0073
C3 0.0157
C4 0.0011
ca 0.0350
C6 0.0033
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Table 4. Final weight of criteria

The criteria set Final weight of criteria

C1 0.0369
Cc2 0.1127
C3 0.2415
C4 0.0180
C5 0.5386
C6 0.0521
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Table 7. The decision-making matrix based on positive

criteria
Criteria set Alternatives
Al A2
C1 76.33 68
C2 55 67.33
C3 59.66 44.33
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Table 5. The normalized decision-making matrix

Criteria set Alternatives
Al A2
C1 0.3459 0.3082
c2 0.2900 0.3550
C3 0.3646 0.2709
C4 0.3156 0.3422
C5 0.3788 0.2424
C6 0.3482 0.3035
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Table 6. The normalized weighted decision-making

matrix
Criteria set Alternatives
Al A2
C1l 0.0128 0.0114
c2 0.0327 0.0400
C3 0.0881 0.0645
C4 0.0057 0.0062
C5 0.2040 0.1305
C6 0.0181 0.0158

Congllae a0 gy 5,5 Jas polie 3165 o
Ll oo oole LIS Y S 50 4F 0l dwle 4 S 40

0.8 ——

0.6

A2
BS 0Q
Figure 2. The optimality function and degree of utility of
each alternative
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Table 11. Ranking of the alternatives

Alternatives P; Ranking
Al 0.7384 1
A2 0 2
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Table 8. The decision-making matrix based on negative

criteria
Criteria set Alternatives
Al A2
C4 73 67.33
C5 39.66 62.00
C6 54.33 62.33
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Table 9. The decision-making matrix based on positive

criteria
Positive criteria ~
Alternatives |
C1 Cc2 Cc3
Al 0.0369 0 0.2415  0.5907
A2 0 0.1127 0 0.0181

a4 dxg b bayS awess gonas, owyb

el 00 00)51 \- J9A> ) W 6Lh)la.bc

Sl ylre olool p (oremd (goas ) o=V e Jgax

i
Table 10. The decision-making matrix based on negative
criteria
Negative criteria B
Alternatives (0]
C4 C5 C6
Al 0 05385 0.0521  0.2785
A2 0.0181 0 0 0.1127
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