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methodologies for selecting the most suitable algorithm from several proposed 

solutions to a specific multifaceted problem [2]. One such optimisation challenge is 

the Economic dispatch problem, which has received considerable attention in the 

literature due to its significance in power system operations [3]. In this study, we 

employ the COmplex PROportional Assessment (COPRAS) multi-criteria 

decision-making (MCDM) method [4] to identify the most appropriate 

metaheuristic algorithm for solving the economic dispatch problem. The algorithms 

under consideration include the Moth Swarm Algorithm (MSA) [5], Firefly 

Algorithm (FA) [6], Particle Swarm Optimisation (PSO) [7], PSOGSA [8], and 

PSOCGSA [2]. Given the comparable performance of these metaheuristic 

algorithms, a more detailed evaluation was conducted using a multi-criteria 

decision-making approach to establish a ranking based on their effectiveness across 

different functions. To ensure a comprehensive assessment, multiple performance 

metrics were considered, including the Best-obtained results (B), Standard 

Deviation (SD), Mean values (Mv), Error rates (Er), Computation time (Ct), and 

Convergence (C) for each algorithm. The most suitable algorithm for solving the 

Economic dispatch problem was identified by integrating these criteria according 

to four different functions. The COPRAS method enables a structured comparison 

and selection of the optimal algorithm. This methodology ensured that the ranking 

process accounted for the accuracy and robustness of the algorithms and their 

efficiency and stability across various problem variants. 

2 Testing the algorithms 

We test the selected algorithms on a standard IEEE 30-bus 6-generator system with 

a total load demand of 283.4 MW. Economic dispatch is the adjustment of the 

output power of several generators in a thermal power plant to minimize fuel cost 

by satisfying the constraints in the system. In this optimization process, the four 

most commonly used objective functions (f1, f2, f3, and f4) are as follows: 

    (1) 

where, f1 ($/h) is the fuel cost function of all generator units in the thermal power 

plant that should be minimized; Pg is the output power of generator g (MW); G is 

the total number of generators; ag, bg and cg are the cost coefficients. In this case, 

power losses Ploss in the power system to which the generators are connected are 

neglected (Ploss= 0). 

                                          (2)   
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In this case, the objective function is the same as in the previous one, but the power 

losses Ploss in the system are taken into account. Bgj and B0g are the coefficients of 

the B-loss matrix, and B00 is a constant.   

  (3) 

In this case, the fuel cost function (f3) takes into account the valve point effect in the 

thermal power plant. 
min

gP  (MW) is the minimum power of the generator g;
 
dg and 

eg are coefficients for valve point effect. Ploss are neglected. 

 (4)
 

Function f4 represents the fuel cost function, which accounts for both power loss 

and the valve-point effect. The constraint on generator power output remains 

consistent across all four optimization processes and is defined as follows: 

min max
g g gP P P                                                                                (5) 

where,
min
gP and

max
gP are the minimum and maximum power of generator g, 

respectively. During the optimization process the power balance in the system must 

be satisfied, i.e.: 

0g D lossg G
P P P                                                                 (6) 

where, PD is the total power of the consumer. Coefficients of fuel cost, emission and 

B-loss matrices are taken in this paper from [9]. The algorithms are implemented in 

MATLAB R2017a computational environment and run on 1.3 GHz, with 8.0 GB 

RAM. The best results of the simulations are obtained after 30 runs. The coefficients 

of the algorithms are shown in Table 1. 

 

FA MSA PSOGSA and PSOCGSA PSO 

N tmax    N tmax Nc N tmax G0  C1 C2 N tmax C1 C2 

 50  200 0.25  0.20 1  50  200   6  50  200  1  20  0.5  1.5  50  200  0.5  1.5 

Table 1. 

Coefficients of the algorithms applied to the test system 

min
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The testing results indicate that the optimal fuel cost values are either identical or 

highly similar across all five algorithms. However, other performance metrics 

exhibit varying degrees of similarity or significant differences among the tested 

algorithms. In the next section, algorithms are ranked based on multiple evaluation 

metrics, overused functions of Economic dispatch problem. 

3 COPRAS method in Multi-Criteria Decision-

Making 

The Complex Proportional Assessment (COPRAS) method is a widely used multi-

criteria decision-making (MCDM) approach that facilitates the ranking and 

selecting alternatives based on multiple conflicting criteria. Introduced by 

Zavadskas, Kaklauskas, and Sarka in 1994, COPRAS is particularly effective in 

situations where decision-makers must evaluate alternatives by considering both 

beneficial and non-beneficial criteria while maintaining proportionality between the 

alternatives [10], [11]. This method follows a systematic process for ranking and 

evaluating options based on their relative importance and utility. By analysing best-

case and worst-case scenarios, COPRAS ensures a well-balanced decision-making 

approach that effectively accounts for trade-offs between competing criteria. Key 

characteristics of the COPRAS method include its compensatory nature, which 

allows weaker criteria to be offset by stronger ones, its ability to maintain 

independence among attributes, and its capability to convert qualitative attributes 

into quantitative measures, making it a versatile tool for multi-criteria decision-

making applications [12]. 

Step 1. Formulation of Decision Matrix 
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                                                                     (7) 

Where xij is the estimated value of the i-th in relation to the j-th criterion, m is the 

number of alternatives and n is the number criteria. 

Step 2. The Normalized Decision Matrix. Normalization of the initial decision 

matrix using the linear normalization procedure. The equation (8) is used for 

normalization in the COPRAS method: 
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Step 3. The Weighted Normalized Decision Matrix. Equation (9) is used to 

calculates the values for the weighted normalized decision matrix. 

1, ... , ; 1, ... ,ij ij jD x r w i m j n                                  (9) 

Where wj is the normalized value of the i-th alternative in relation to the j-th criterion 

and wj is the weight or importance of the j-th criterion. The sum of weighted 

normalized values for each criterion is always equal to the value of that criterion: 

1

m

ij j
i

y w                    (10) 

Step 4. The Maximizing and Minimizing Indexes 

The indices for maximising and minimising each attribute are determined by 

whether the attributes are negative or positive, utilizing equations (11) and (12): 

1

n

i ij
i

S y                    (11)  

1

n

i ij
i

S y                    (12) 

Where y+ij and y-ij are weighted normalized values for positive or negative criteria, 

respectively. 

Step 5. The relative significance value. Determining the relative importance of each 

alternative. Relative weight Qi for the i-th alternative is calculated using the 

equation (13) or equation (14): 
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                                                                                     (14) 

Step 6. Final Ranking of Alternatives. The alternatives are arranged in descending 

order according to their relative importance values, with the highest final value 

ranked first. 

The COPRAS method has been extensively applied across various fields due to its 

efficiency in handling multi-criteria decision-making problems. It has been widely 

utilized in engineering optimization [4], transportation planning [13], energy sector 
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