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efficiency than other renewable sources. One of the appropriate methods to
maximize efficiency in these power plants is metaheuristic methods. The purpose
of this study is to calculate the maximum power generation from the Karoun
Basin reservoirs, so that there is no disruption in the supply of downstream
demands. Thus, the bacterial foraging optimization algorithm (BFO) and genetic
algorithm (GA) have been used to optimize power generation. The results showed
that it is possible to have maximum hydropower energy production with 75%
reliability in downstream water supply. According to the results of GA and BFO,
there is an annual hydropower energy production capacity of 18347 and 18431
GWh, respectively, in the study area, the majority of which is related to the
Godarlandar dam on the Karoun river. The Dez river share in power generation,
according to the GA results, is 2632.4 GWh and, according to the BFO results, is
2645.2 GWh. Comparing the performance of GA and BFO, as the objective
function becomes more complex, BFO shows a higher ability in more accurate
calculations.

1. Introduction

The increasing need for water resources has become one of the crises of the last century, and due to the
limited surface water resources, there is a need for proper planning and management. Optimizing the
operation of multi-reservoir hydropower systems is one of the most complex issues of water resources
management that has been considered in this paper.

Considering the importance of the Karoun Basin and the high potential of hydropower energy
generation as a clean energy source in this basin, increasing the production of energy without interfering
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in downstream demands is very important. On the other hand, due to the large number of variables and
the complexity of the problem, considering the number of dams and their location, it is necessary to use
efficient and suitable optimization algorithms. In this regard, according to the review conducted on
previous studies, Bacterial Foraging optimization Algorithm BFO is used in this paper, and Genetic
Algorithm GA is used to compare the results.

2. Materials and Methods

Case study: Khuzestan is a province in the southwest of Iran, located on the coast of the Persian Gulf.
It is surrounded by the Zagros mountains from the north and east. The area studied in this paper includes
the dams under operation in the Karoun River basin (Karoun 3 and 4, Abbaspur, Gotvand, Dez and
Godarlander), which have the largest share in the generation of hydropower energy in Iran.

Bacterial Foraging Optimization Algorithm: It is inspired by the search behavior of E.Coli bacteria as
presented by Pacino in 2002. In this algorithm, bacteria are defined as D-dimensional space vectors
carrying 0 variables of the optimization problem based on the cost function J(0). The foraging behavior
of bacteria includes three important stages: chemotaxis (rotation and swimming), reproduction and
elimination-dispersal.

The objective function: The objective function for maximizing the hydropower energy generation of
Karoun basin dams is presented in the form of equation (1).

MaxY (x,) = g:12?=1(PV0t,nHt,n) 1)

where Y is the total energy generation (MW), N the number of system reservoirs, T the number of
monthly simulation periods, p the efficiency of the power plant, 0., the rate of flow release from
reservoir n for different uses, H, ,, the water level of reservoir n in release period t, and x is the minimum
water level for each of the reservoirs. The constraints of the objective function are the balance equation,
overflow, storage and reliability. The time period of modeling in this paper is 41 years, which includes
dry, wet and normal climatic periods.

Standard benchmark: To compare and check the effectiveness of the methods used, the Rosenbrock
function R(x) with 2, 10, and 50 dimensions has been used. The function is unimodal, and the global
minimum lies in a narrow, parabolic valley. However, even though this valley is easy to find,
convergence to the minimum is difficult.

3. Results
Setting the initial parameters, the results obtained from the bacterial foraging optimization algorithm
and the genetic algorithm in MATLAB, table (1).

Table (1) output results of BFO and GA for optimized hydropower energy

power pla Min vater Lovel - Min wler LEVEl gorain O generon GA
(GW/H) (GW/H)
Karoun 4 980.2 985.4 2012.4 2010.3
Karoun 3 800.1 815.2 3405.4 3395.2
ﬁgﬁ‘;;‘pt i) 498.6 510.3 3510.5 3480.1
Godarlandar 385.4 375.4 3521.3 3503.3
Gotvand 202.5 192.4 3336.6 3325.6
Dez 306.6 312.6 2645.2 2632.4
Ssum 18431.4 18346.9
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Also, according to table (2), it has been found that in high dimensions of the Rosenbrock function, GA
is unstable in finding the absolute minimum value. But absolute minimum in high dimension problems
can be found by BFO efficiently.

Table (2) comparing response time and optimized calculated value in GA and BFO

. . . absolute GA BFO
Function/dimension Mi
n Optimized value ~ Time (s)  Optimized value ~ Time (s)
Rosenbrock 2 0 1.3x106 1.2 0 75
Rosenbrock 10 0 3.87 2.1 0.005 15.6
Rosenbrock 50 0 26.43 30.5 0.035 27.2
4. Discussion and Conclusion

The results of BFO and GA showed that the Karoun multi-reservoir system, while meeting downstream
demands, will have the ability to generate hydropower energy with an average of 18,347 and 18,431
GWh calculated from the GA and the BFO, respectively. In case of higher dimensions and complexity
of the problem, the GA is not very reliable, but satisfying results were obtained from the BFO.
Consequently, in case of considering the details of the irrigation networks and all the water potentials
of the basin, in the simulation, BFO is suggested.
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