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Abstract

The electricity industry is one of the fundamental infrastructure sectors, and economic and social
development cannot be achieved without it. At the same time, power plants exert significant environmental
impacts during both construction and operational phases. Therefore, it is essential to adopt appropriate
management measures to reduce the risks and adverse consequences arising from power plant activities. This
study aimed to assess and prioritize the environmental risks of a combined cycle power plant during its
operational phase. Following the identification of environmental risks, the Preliminary Hazard Analysis
(PHA) method was employed to evaluate risk factors based on the criteria of severity and probability of
occurrence, and the corresponding risk levels were calculated. Subsequently, the MARCOS (Measurement
Alternatives and Ranking according to the Compromise Solution) method was applied to prioritize the
significant environmental aspects. The weighting of criteria was determined using the Shannon Entropy
method. The results indicated that among the identified environmental risks, combustion gas emissions, with
a utility degree of 0.741, industrial waste generation, with a utility degree of 0.738, and gas leakage resulting
from corrosion or rupture of transmission pipelines, with a utility degree of 0.708, were identified as the
most significant environmental aspects of the studied power plant. Finally, corrective and control measures
were proposed to mitigate environmental risks and improve environmental performance.
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Introduction

Today, the impact of industry and technology as key drivers of economic growth at both national and
regional levels is widely recognized (Momayez & Qassemi, 2019). Among major industries, power plants
are considered one of the most important infrastructures for the economic development of any country
(Askaripoor et al., 2020). The electricity sector is a fundamental infrastructure industry, and economic and
social development cannot be achieved without it. However, power plants can exert significant
environmental impacts during both the construction and operational phases (Ghosh et al., 2023). Therefore, it
is essential to implement appropriate management measures to minimize the risks and adverse environmental
consequences associated with power plant activities.

The present study aims to assess and prioritize the environmental risks arising from the operation of a
combined cycle power plant using the Preliminary Hazard Analysis (PHA) method integrated with the
Shannon Entropy and MARCOS approaches. Preliminary Hazard Analysis is one of the qualitative risk
assessment techniques that applies analytical principles to identify events with the potential to develop into
accidents (Nesari Ardakani et al., 2021). The MARCOS (Measurement Alternatives and Ranking according
to Compromise Solution) multi-criteria decision-making method offers several advantages, including high
flexibility, ease of understanding and implementation, and the ability to simultaneously incorporate both
quantitative and qualitative criteria (El-Araby, 2023).

Methodology

This study was conducted at the Qeshm Combined Cycle Power Plant with the objective of assessing and
prioritizing environmental risks during the operational phase as part of post-environmental assessment
studies of power generation industries. Hazard identification, risk assessment, and risk control constitute the
core activities of risk management (Celik & Gul, 2021). To identify environmental risks during the
operational phase, potential risk factors were first determined through a comprehensive review of relevant
literature and similar studies, as well as field visits to the Qeshm Combined Cycle Power Plant.
Subsequently, the identified hazards were qualitatively assessed using the Preliminary Hazard Analysis
(PHA) method based on two key parameters: severity of consequences and probability of occurrence.
Hazards associated with low-risk levels were then screened out from further analysis. In the next stage, the
significant environmental aspects were evaluated and prioritized using the MARCOS multi-criteria decision-
making method. This approach enabled a systematic ranking of environmental risks based on multiple
assessment criteria, thereby facilitating the identification of the most critical environmental aspects
associated with the operation of the power plant.

Results and Discussion

Based on the hazard assessment process conducted at the Qeshm Combined Cycle Power Plant, a total of 20
environmental aspects were identified. These aspects included activities associated with regulatory non-
compliance, extensive pollution impact zones, and excessive consumption of natural resources. Using the
Preliminary Hazard Analysis (PHA) method and its corresponding risk matrix, the probability of occurrence,
severity of consequences, and risk levels were determined for each identified environmental aspect. Through
the qualitative risk assessment process, environmental risks with high and medium risk levels were identified
and selected from the overall set of risks for further analysis. The findings of this stage are presented in
Figure 1.

The environmental risks identified during the follow-up phase of the post-environmental assessment studies
were prioritized using the MARCOS method based on four evaluation criteria: Severity (C1), Probability of
Occurrence (C2), Detectability (C3), and Extent of Pollution (C4). The weights of these criteria were
calculated using the Shannon Entropy method as follows: C1 = 0.1397, C2 =0.2825, C3 =0.2172, and C4 =
0.3606. The identified risks in the follow-up phase of post-evaluation studies were prioritized using the
Marcus technique based on the criteria of severity (C1), probability of occurrence (C2), probability of
detection (C3), and extent of contamination (C4). In order to rank the environmental risks, the ideal (Al) and
anti-ideal (AAI) values were first determined (Table 1).
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Fig. 1. Distribution of Environmental Risk Levels Determined Using the PHA Method

Table 1. Ideal (Al) and anti-ideal (AAI) values

Options C C Cs Cy
Anti-ideal (AAI) 2.7 2.2 3.9 2.5
Ideal (AI) 4.6 4.0 24 43

Prior to ranking the environmental risks, the Ideal Alternative (Al) and Anti-Ideal Alternative (AAI) values
were determined. A comparison of the results obtained from previous studies on power plant risk assessment
and prioritization with those of the present study indicates that expert judgment and professional insights
play a significant role in improving the accuracy of risk prioritization outcomes. The findings further
demonstrate that the likelihood of risk occurrence and the uncertainties associated with power plant
operation highlight the necessity of environmental risk assessment and management within post-assessment
studies to identify actual environmental impacts.

Conclusion

Risk-based analytical approaches, particularly those that explicitly address uncertainty, can substantially
contribute to environmental impact assessment processes (Suter et al., 1987). Therefore, considering the
environmental aspects identified during the post-assessment monitoring phase of the studied power plant,
controlling pollution sources and mitigating environmental risk factors should be regarded as one of the
primary objectives of environmental management. Based on the findings of this study, the following
mitigation and control measures are recommended:

Continuous online monitoring and measurement of stack emission parameters.

Application of advanced technologies to reduce combustion-related air pollutants.

Timely replacement of air filters and utilization of appropriate filtration systems for boilers.

Detection and repair of potential leakages along fuel transmission pipelines.

Neutralization and proper treatment of wastewater streams prior to discharge.

Collection and proper management of all generated wastes, including municipal solid waste and
industrial wastes such as electrical components, air filtration residues, used oil drums, and chemical
containers, in line with the facility’s waste management program.

The results of the MARCOS analysis revealed that combustion gas emissions, industrial waste
generation, and gas leakage due to corrosion or rupture of transmission pipelines were the most
significant environmental risks associated with the operation of the studied power plant. Therefore,
implementing effective monitoring, pollution control, and waste management strategies can significantly
reduce environmental risks and improve the overall environmental performance of the facility.
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