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Fossil Fuels, to prioritize the alternatives for mitigating environmental hazards.

Results: The BWM results indicated that the criterion of impact on greenhouse gas
emission reduction was the most important evaluation criterion, with a weight of
0.50. The VIKOR analysis further demonstrated that the implementation of an
intelligent environmental monitoring system at combined-cycle power plants
ranked first among the evaluated alternatives, achieving a VIKOR index of 0.
Conclusion: The proposed integrated decision-making framework provides a
systematic approach for identifying effective strategies to mitigate the
environmental impacts of combined-cycle power plants. Given its flexible structure
and reliance on expert-based multi-criteria evaluation, the framework can
potentially be extended to other types of power plants. Its application can support
the selection of comprehensive mitigation strategies capable of delivering both
economic and environmental benefits over the medium and long term.
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Introduction

Electricity is essential for modern societies, economic development, and technological
advancement. Although renewable energy is expanding, fossil fuels remain important for
electricity generation and contribute to greenhouse gas emissions, air pollution, and water
consumption. These impacts are particularly significant in water-stressed regions.

Combined-cycle power plants are generally more efficient than conventional gas-fired
plants but still require substantial water for steam generation and cooling. Therefore, improving
their environmental performance requires considering emissions, water use, economic costs,
and technical feasibility simultaneously.

Multi-Criteria Decision-Making (MCDM) methods provide a suitable framework for such
problems. The Best-Worst Method (BWM) determines the relative importance of evaluation
criteria with fewer comparisons, while the VIKOR method ranks alternatives by identifying
the best compromise solution. This study applies a BWM-VIKOR framework to prioritize
environmental mitigation strategies for the Qom Combined-Cycle Power Plant in Qom
Province, Iran.

Method
I. Study Area and Case Study

The Qom Combined-Cycle Power Plant is located in Qom Province, Iran, and consists of
four gas units and two steam units. Natural gas is its primary fuel. The region has an arid climate
and limited water resources, making both emissions and water consumption important
environmental concerns.

ii. Alternatives and Evaluation Criteria

Experts in energy policy and environmental sciences identified three mitigation
alternatives:

1. Low-emission burners

2. Water recycling combined with treated municipal wastewater

3. Smart environmental monitoring system

Five criteria were considered: investment cost, operation and maintenance cost,
greenhouse gas emission reduction, water savings, and implementation and operational
effectiveness.

iii. Best-Worst Method

BWM was used to determine the weights of the five criteria. Experts identified greenhouse
gas emission reduction as the most important criterion and operation and maintenance cost as
the least important. The resulting comparisons were used to calculate the optimal criterion
weights.
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iv. VIKOR Method

VIKOR was applied to rank the three alternatives using the BWM-derived criterion
weights. The expert assessment matrix was normalized and weighted, and the VIKOR index
was calculated. A lower VIKOR value indicates a more preferable compromise solution.

Results
a. BWM Results

Greenhouse gas emission reduction was the most important criterion, with a weight of
0.50, followed by water consumption at 0.21. Investment cost, implementation and operational
effectiveness, and operation and maintenance cost received weights of 0.12, 0.10, and 0.04,
respectively.

These results show that environmental factors, particularly emissions and water
consumption, were considered substantially more important than direct operating costs.

b. VIKOR Results

The smart environmental monitoring system ranked first with a VIKOR index of 0.000.
The low-emission burner ranked second with 0.223, while the water-recycling and treated-
wastewater system ranked third with 1.000.

The monitoring system achieved the best overall compromise because it can support
continuous monitoring of emissions, water consumption, wastewater quality, and
environmental compliance. Although low-emission burners provide important emission
reductions, their overall performance across all criteria was lower. The water-recycling
alternative, despite its importance in a water-stressed region, performed less favorably when
economic, environmental, and technical criteria were considered together.

Conclusion

This study developed a BWM-VIKOR framework to prioritize environmental
improvement strategies for the Qom Combined-Cycle Power Plant. The BWM results
identified greenhouse gas emission reduction as the most important criterion (0.50), followed
by water consumption (0.21).

The VIKOR analysis ranked the smart environmental monitoring system first (0.000),
followed by low-emission burners (0.223) and water recycling with treated municipal
wastewater (1.000).

Overall, the findings indicate that smart environmental monitoring provides the most
balanced strategy for improving environmental management, supporting regulatory
compliance, and monitoring emissions and water use. The BWM-VIKOR framework can also
be adapted to other combined-cycle and fossil-fuel power plants by incorporating their specific
environmental, economic, and technical conditions.
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Table 2. The decision-making matrix
Criteria set Alternatives

Al A2 A3
C1l 95.5 70 89
C2 80 735 86.5
C3 97.6 61 88.5
C4 48.5 99.5 93.5
C5 93 80 935

Al = Using of low emission burners, A2 = Development of a
water recycling system and using the treated urban
Implementing a smart environmental

wastewater,

A3 =

monitoring system.
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Table 3. The normalized decision-making matrix

Criteria set Alternatives
Al A2 A3
C1 0.644 0.472 0.600
c2 0.576 0.529 0.622
C3 0.672 0.420 0.609
C4 0.334 0.686 0.645
C5 0.602 0.518 0.606
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Table 4. The normalized weighted decision-making

matrix
Criteria set Alternatives
Al A2 A3
C1 0.081 0.059 0.076
Cc2 0.027 0.025 0.029
C3 0.341 0.213 0.310
C4 0.070 0.145 0.136
C5 0.063 0.054 0.064
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Figure 1. The weight of criteria
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Table 5. Positive and negative ideal
Kind of Criteria set
ideal c1 c2 c3 c4 c5
Positive | 559 | 0.025 | 0.341 | 0145 | 0.064
ideal
Negative | ha1 | 0.029 | 0213 | 0707 | 0.054
ideal

Giedgw S sl pluly basy 35 (ganas, -0-Y-F
25559 § (Slowiy (gaiwdgm 2>l @5 (pl yo
Lol 0ol ol UL"“"" 4 Jj.).?

Table 6. Utility, regret, and VIKOR indexes

Alternatives Indexes
Utility Regret VIKOR
Al 0.365 0.211 0.223
A2 0.614 0.508 1
A3 0.293 0.126 0
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