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Optimal Operation of Hydropower Energy of Reservoirs Using Moth
Swarm Algorithm (Case Study: Karun-4 Dam)

Saeid Akbarifard!, Mohammadreza Sharifi?, Kourosh Qaderi?

Abstract

Hydropower energy is the third largest source of electricity generation and also the most important
renewable energy producer in the world. For this reason, the optimal use of this huge and expensive
source is essential. In this study, Moth Swarm Metaheuristic Algorithm (MSA) was used for
optimization of the hydropower operation of Karun-4 reservoir located in Karun basin for a period of
106 months (from October 2010 to July 2019). After verifying the reliability of the MSA algorithm
using several standard benchmark functions, a model was developed for optimal hydropower
operation of the Karun-4 reservoir. Also, the results of the algorithm were compared with the results of
known metaheuristic algorithms of the Genetic Algorithm (GA) and Particle Swarm Optimization
(PSO). The MSA, GA and PSO algorithms were capable to generate energy 105853, 105697.4, and
105841.6 MW, respectively, compared with the actual value 64987.54 MW, during the statistical
period. Also, the objective function value for MSA, GA and PSO algorithms, was obtained 0.147,
0.3026, and 0.1584, respectively. The results revealed that the MSA algorithm was the superior
algorithm in optimal hydropower operation.

Keywords: Karun Basin; Optimal generation of hydropower energy; Meta-heuristics Algorithm
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Optimal Operation of Hydropower Energy of Reservoirs Using Moth
Swarm Algorithm (Case Study: Karun-4 Dam)

Saeid Akbarifard!, Mohammadreza Sharifi?, Kourosh Qaderi?

Introduction: Water is a vital resource for socio-economic development in many parts of the world.
Hydropower energy is the third largest source of electricity generation and also the most important
renewable energy producer in the world. For this reason, the optimal use of this huge and expensive
source is essential. The meta-heuristic algorithms have proven to be robust tools in optimization of
complex hydropower reservoir operation. Reservoir operation is an essential element in water resource
planning and management. In the present study, Karun-4 hydropower reservoir operation is considered
in terms of careful hydropower energy generation management. The time series meteorological and
hydrological dataset consists of reservoir inflow, reservoir storage, evaporation from the reservoir,
precipitation on the reservoir, and release of water through the power plant for a period of 106 months
(from October 2010 to July 2019).

Methodology: In this study, Moth Swarm Metaheuristic Algorithm (MSA) was used for optimization
of the hydropower operation of Karun-4 reservoir located in Karun basin for a period of 106 months
(from October 2010 to July 2019). Moth swarm algorithm (MSA), proposed by Mohammed (2017), is
inspired by the behavior of moths in the nature. The moths try to hide from predators during the day,
while looking for the food resources at night with a celestial navigation technique. They fly in a
straight line over a long distance by steer their locomotion in a steady angle relative to moonlight as
the celestial far-distant point light. In the MSA, the possible solution is represented by position of light
source, and the quality of this solution is considered as luminescence intensity of the light source.
Three groups of moths (pathfinder, prospectors, and onlookers) are considered in the MSA.
Pathfinders are capable to find the best position over the optimization space with First-In, Last-Out
principle to guide the movement of the main swarm. Prospectors tend to wander into a random spiral
path nearby the light sources, which have been marked by the pathfinders. Onlookers drift directly
toward the best global solution (moonlight), which has been achieved by prospectors’ moths.
Discussion and Conclusion: After verifying the reliability of the MSA algorithm using several
standard benchmark functions, a model was developed for optimal hydropower operation of the
Karun-4 reservoir. Also, the results of the algorithm were compared with the results of known
metaheuristic algorithms of the Genetic Algorithm (GA) and Particle Swarm Optimization (PSO). The
MSA, GA and PSO algorithms were capable to generate energy 105853, 105697.4, and 105841.6
MW, respectively, compared with the actual value 64987.54 MW, during the statistical period. Also,
the objective function value for MSA, GA and PSO algorithms, was obtained 0.147, 0.3026, and
0.1584, respectively. The results revealed that the MSA algorithm was the superior algorithm in
optimal hydropower operation.

The most important references: Optimization of hydro-electricity generation through multi-reservoir
systems is a complex large-scale problem. Promoting or developing of robust optimization algorithms
proportional to the complexity of such problems is of significant importance. In this regard, a number
of attempts were made by different researchers to improve the accuracy of solutions by developing the
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optimization algorithms. One of the most powerful optimization algorithms which has been recently
introduced by Mohammed et al. (2017) is the moth swarm algorithm (MSA). Due to the high
efficiency of this algorithm in exploration and exploitation, it has been quickly used by a number of
researchers in various fields (Jevtic et al., 2017; Zhou et al., 2018; Akbarifard et al., 2020; Luque-
Chang et al., 2020) accordingly, this study aims at using the robust MSA algorithm for optimization of
hydropower generation from Karun-4 reservoir.



