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Accurate scheduling of capacity and operating time for electricity generation is intended to be 

able to determine the start and end periods of electricity generation operations and produce 

power output that can meet load requirements. In this research, the goal is to know the existence 

of power plants when to start operating and when to stop operations, and minimize operational 

costs by dividing the value of the power generated at each power plant. Genetic algorithms are 

applied to thermal power plant data patterns to design a scheduling plan. The process involves 

combining the six power-generating units to be tested into three samples. It was found that the 

total power load and total cost for Sample 1 was 78,109 MW and IDR 200,285,266.26, Sample 

2 was 74,497 MW and IDR 149,774,156.41, and Sample 3 was 78,681 MW and IDR 

156,297,893, respectively. 08. This shows that the cost of sample 1 compared to sample 2 

decreased by 25.22%, then in sample 2 when compared to sample 3 it increased by 4.17%. The 

data also shows that a higher number of generations results in lower costs. Therefore, genetic 

algorithms produce better solutions from one generation to the next. 
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INTRODUCTION 

Accurate capacity and time scheduling for electricity generation 

require selecting power plants [1] with an economic advantage. 

Moreover, the planning and scheduling process involves 

determining the combination of available power plant units, 

setting the power generated by each unit, and minimizing total 

operating costs while adhering to system and unit constraints [2] 

[3]. The process also involves solving power plant scheduling 

problems using discrete variables such as power plants on/off 

status and continuous ones such as power output per hour [4] [5]. 

 

A short-term power system operation plan is a schedule that 

covers a time horizon of up to 168 hours and is normally applied 

to short-term power plants units [6] [7]. It is usually constrained 

by a maximum and a minimum load limit determined by 

estimating the medium-term load. It is important to note that 

short-term planning provides a more detailed breakdown of time 

[8]. 

 

Genetic algorithms can solve power plants problems with non-

convex curves [9]. It usually operates based on an evolutionary 

theory using probability instead of deterministic methods [10]. 

Genetic algorithm normally determines solutions from generated 

populations, thereby providingferent multiple options to solve a 

particular problem [11] [12]. 

 

Several studies have been conducted to solve short-term 

scheduling problems using genetic algorithms as observed in the 

application of ant colony optimization [13] and one other example 

that is more relevant is Economic Generation in Diesel Power 

Units where the use of the genetic algorithm method in this study 

is based on the presence of several weaknesses when using 

conventional methods. If viewed from the objectives to be 

achieved, the previous research mentioned above with this 

research has the same goal, namely to minimize the total cost of 

generation. However, there are several differentiating points, one 

of which is the object of its application, whereas in the previous 

research, it was applied to Power Plants. Diesel, while in this 

study it was applied to Thermal Power Plants, the arrangement of 

the steps of the genetic algorithm method also has slight 

differences depending on the object of its application. The genetic 

algorithm method was chosen for this study because it can 

minimize costs to meet certain constraints and provide optimal 

power output scheduling of all hydro and thermal units studied 

during the given power load period and available water sources 

[14]. This study applied a genetic algorithm with fitness scaling 

to combine coal-fired and gas-fired power plants. The purpose 

was to solve complex problems considered difficult for 

conventional methods. Moreover, the fitness scaling was 

included to provide optimal solutions by maintaining the best 

chromosomes. 
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https://jnte.ft.unand.ac.id/
http://creativecommons.org/licenses/by-nc-sa/4.0/


SAPTO NISWORO / JURNAL NASIONAL TEKNIK ELEKTRO - VOL. 12 NO. 3 (NOVEMBER 2023) 

 

https://doi.org/10.25077/jnte.v12n2.1090.2023   51 

METHOD 

Problem Solving Stages 

The following are the steps for solving the problem of generation 

costs and accurate operation scheduling using the genetic 

algorithm method. First, to ensure efficient electricity generation, 

developing precise capacity and time allocation schedules is 

essential. It involves carefully selecting power plants that offer 

economic advantages during operation. Then, the genetic 

algorithm method was applied to this research problem by 

systematically demonstrating the acquisition and subsequent 

processing/analysis of the research data to determine the optimal 

solution. 

Thermal Power Plants Scheduling 

There are limits to the power balance in each power plant,nown 

as the equality and inequality constraints [15]. The equality 

constraints require that the total power generated fulfills the total 

power demand, as expressed in the following Equation (1): 

 

∑ 𝑃𝑖
𝑡 = 𝑃𝑑𝑡𝑛

𝑖=1  (1) 

 

Where, 𝑃𝑖
𝑡 is the output power from power plants i at time t and 

Pdt is the load power at time t. 

 

The inequality constraints require that the output power generated 

by a unit be greater than or equal to the minimum allowable power 

and less than or equal to the maximum allowable power. This is 

expressed in the following Equation (2): 

 

Pmin ≤ P ≤ Pmax (2) 

 

The main objective of these characteristics is to determine the 

cost equation in the form of a second-order polynomial. 

 

Fi (Pi) = aiPi2 + biPi + ci (3) 

 

Where, Fi (Pi) represents the input fuel for thermal power plants 

(liters/hour), Pi is the output power of a thermal power plant 

(MW), while ai, bi, and ci are the input-output constants of 

thermal power plants. 

 

Therefore, the total generation cost can be solved using Equation 

(4) as follows: 

 

FT = ∑ [𝐹𝑖(𝑃𝑖
𝑡)]𝑛

𝑖=1  (4) 

 

Where, FT is the total production cost of all power plants, 

𝐹𝑖(𝑃𝑖
𝑡) is the cost of each power plant per unit time t, and 𝑃𝑖

𝑡 is 

the output power of each power plant at time t. 

 

A set of equations to represent the objective function based on the 

existing constraints can be summarized as follows: 
𝑑𝐹𝑖

𝑑𝑃𝑖
=  𝜆 (5) 

i = 1, ..., n 

 

The identification of the inequality constraints showed that the 

required conditions are stated as follows: 

 

dFi/dPi = λ for Pimin<Pi<Pimax; 

dFi/dPi ≤ λ for Pi = Pmax; 

dFi/dPi ≥ λ for Pi = Pmin. 

Genetic Algorithm 

A Borland C++ program listing can be created using a genetic 

algorithm. The scheduling flowchart is presented in the Figure 1: 

 

 
Figure 1. Flowchart of genetic algorithm solving 

 

In order to optimize the process, specific parameters must be 

established, and the maximum number of iterations must be 

determined. These parameters include the number of 

chromosomes in a given population, the probability of crossover 

(Pc), the probability of mutation (Pm), the probability of 

preserving chromosomes, and the termination criterion 

(maximum iterations) [16]. Once these parameters have been 

established, input the relevant data, such as the nomenclature of 

power plant units, the lower limit (Pmin), and the upper limit (Pmax) 

of power generation for each unit, along with the coefficients a, 

b, and c. After that, create the initial population by constructing a 

binary string consisting of n bits, each produced randomly. Then, 

compute the goal value and fitness. The fitness function is a 

metric for maximizing profit or minimizing cost [17][18]. To 

formulate the mapping from the objective function (in the case of 

minimization) to the fitness function, follow the formulation 

provided by [19]: 

 

𝑓(𝑥) =  {
𝐶𝑚𝑎𝑥 − 𝑔(𝑥) 𝑖𝑓  𝑔(𝑥) < 𝐶𝑚𝑎𝑥

0 𝑖𝑓 𝑔(𝑥) =  𝐶𝑚𝑎𝑥
                     (6) 
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Where f(x) is the fitness function and g(x) is the objective function 

to be minimized. Notably, g(x) is the largest value of f(x) obtained 

in the current population. 

 

The genetic algorithm requires the convergence of a population 

towards the desired solution, thereby making the difference in 

fitness values between chromosomes from generation to 

generation very small [20]. This slight difference hinders the best 

chromosomes from being superior or prioritized in selection. So, 

after the fitness function is obtained, the fitness scaling is applied 

to each schedule's fitness values to make them the most superior 

[21]. 

 

This study applied exponential scaling, and this method could 

reproduce chromosomes with low fitness values and increase the 

superiority of the best ones. Therefore, the exponential scaling 

equation is as follows: 

 

Fitness(i) = (fitness(i) + 1)2 (7) 

 

After the scaling completed, the data are reproduced by the 

generation schedule in the reproduction steps. The first is 

selection steps. The method is a roulette wheel that calculates the 

total fitness value using the formula ∑F = F1 + F2 + F3 + F4. Then 

the probability and cumulative value of each generation schedule 

are calculated using the following Equation: 

 

Pi = 
𝑓𝑖

∑ 𝑖𝑓𝑖
,   i = 1, ..., n (8) 

 

After that, random numbers are generated for selection (rs) 

between 0-1 within the population size. Furthermore, select the π-

th schedule as the parent. 

 

To reproduce the parent, the genes are crossed over. The 

technique used for crossover is the one-point crossover. First, the 

number of schedules to be crossed is determined. A random 

number (rc) is then generated to identify the schedule that will 

undergo crossover. If the value of rc is less than pc, the π-th 

schedule is selected as the parent. Next, a single point is randomly 

selected to perform the crossover. 

 

After reproduction, the gene are mutated by determining the 

mutation probability (pm) first. Moreover, the gene to undergo 

mutation was determined by generating mutation random 

numbers (rm) for each gene such that those with rm < pm were 

mutated. 

RESULTS AND DISCUSSION 

This study applied genetic algorithm method to produce the short-

term scheduling plan for thermal power plants to determine the 

power output to fulfill load demand at a minimum cost. This was 

achieved using three samples, including Loads 1, 2, and 3. The 

results obtained were used to determine the on/off combinations 

of power plants according to load requirements. 

 

Input Data 

The input data used were the parameters of power plant units as 

indicated in Table 1. It was observed that the 24-hour load data 

and genetic parameters used [22] were the optimal population size 

(popsize) of 20, the crossover probability (Pc) ranged from 0.6 to 

0.9, and the mutation probability ranged from one divided by the 

number of genes. The Pm was 0.00009, Pc was 0.85, the study 

time was 24, and the number of units was 6. Moreover, it was 

assumed that the cost per kWh is Rp 1,190, and the simulation 

was conducted on loads 1 to 3 using Borland C++ software, with 

each having its demand.  

Generated Power 

Table 1. Power plants parameter data. 

Power 

Plant 

Pmin 

(MW) 

Pmax 

(MW) 

Coefficient 

a 

Coefficient 

b 

Coefficient 

c 

SPP RBG 150 560 0.00292 0.00185 0.03596 

SPP TJ  

1 & 2 

365 1322 0.00130 0.00138 0.03178 

SPP TJ  

3 & 4 

365 1322 0.00097 0.00137 0.03443 

SGPP TBK 

LRK 

169 675 0.00372 0.00390 0.07171 

SPP 

ADIPALA 

154 615 0.000716 0.001733 0.02812 

SPP 

CILACAP 

154 614 0.30009 0.00159 0.02812 

 

Figures 2, 3, and 4 show the simulation results of the scheduling 

for six thermal power units and demand load for 24 hours in the 

form of power generated (economic dispatch).  

 

Figure 2 shows the scheduling graph for the six thermal power 

units and demand load for 24 hours on Monday, May 21, 2018. It 

was discovered that the total load was 78109 MW and the total 

cost was Rp 200,285,266.26. The highest load was recorded to be 

3903 MW at 6:00 pm WIB and supplied by five power plants, 

including SPP Rembang, Tanjung Jati 1 & 2, Tanjung Jati 3 & 4, 

Adipala, as well as SGPP Tambak Lorok. Meanwhile, the lowest 

load was 2635 MW at 7:00 am WIB and supplied by six power 

plants, including SPP Rembang, Tanjung Jati 1 & 2, Tanjung Jati 

3 & 4, Adipala, Cilacap, as well as SGPP Tambak Lorok. 

 

Figure 3 shows the scheduling graph for the six thermal power 

units and demand load for 24 hours on Monday, May 22, 2019. 

The total load was 74497 MW, and the total cost was Rp 

149,774,156.41. The highest load was found to be 3846 MW at 

7:00 pm WIB and supplied by five power plants, including SPP 

Rembang, Tanjung Jati 1 & 2, Tanjung Jati 3 & 4, Adipala, as 

well as SGPP Tambak Lorok. Meanwhile, the lowest load was 

recorded to be 2534 MW at 7:00 a.m. and supplied by the six 

power plants listed in Table 1. 

 

Figure 4 shows the scheduling graph for the six thermal power 

units and demand load for 24 hours on Monday, May 21, 2019. 

The total load was found to be 78681 MW, and the total cost was 

Rp 156,297,893.08. The highest load was recorded as 3928 MW 

at 6:00 p.m. and supplied by the six power plants listed in the 

table. Meanwhile, the lowest load was 2696 MW at 7:00 a.m. and 

supplied by five power plants, including SPP Rembang, Tanjung 

Jati 1 & 2, Tanjung Jati 3 & 4, and Cilacap, as well as SGPP 

Tambak Lorok. 
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Generation Cost 

The generation cost was determined using Equation (3) to 

minimize the total cost in Equation (1) based on the assumption 

that the cost per kWh is Rp 1,190. 

 

The minimum cost for load 1 with the highest load at 6:00 pm 

WIB was found to be Rp 6,710,476.971 while the lowest load at 

7:00 am WIB had Rp 11,470,683.165.  

 

 
Figure 2. Generation scheduling graph for load 1. 

 

The minimum cost for the highest load recorded at 19:00 WIB for 

load 2 was Rp 6,465,125.457, while the lowest load at 07:00 WIB 

was Rp 3,842,537.387. The values for the highest load at 19:00 

WIB for load 3 was Rp 6,595,207.125, while the lowest load at 

07:00 WIB had IDR 4,290,802.177. 

 

 
Figure 3. Generation scheduling graph for load 2. 

Generation Operation 

The problems associated with the scheduling of the power 

generation system were solved using binary individual modeling 

[23]. The scheduling period for each unit can be in on or off 

condition and the generation schedule was found in the 25th 

generation [24]. Moreover, the graph shows that SPP Tanjung Jati 

1 & 2 and Tanjung Jati 3 & 4 operated for 24 hours, SPP Rembang 

for 22 hours, SGPP Tambak Lorok for 11 hours, SPP Adipala for 

19 hours, and SPP Cilacap for 4 hours. It was also discovered 

from the graph that SPP Rembang operated for 22 hours, SPP 

Tanjung Jati 1 & 2 for 23 hours, SPP Tanjung Jati 3 & 4 for 24 

hours, SGPP Tambak Lorok for 19 hours, SPP Adipala for 10 

hours, and SPP Cilacap for 4 hours. 

 

The genetic algorithm produced a solution that converges to the 

best value. It was discovered that the power generation cost 

decreased compared to the values obtained in previous 

generations as the number of generations increased. This was 

associated with the ability of genetic algorithm to reproduce 

schedules through selection, crossover, and mutation. Therefore, 

the schedule obtained in one iteration improved those produced 

by previous iterations. 

 

The schedules with low or high fitness values were eliminated 

and replaced by those with the best fitness value (minimal power 

generation cost) in the selection stage and later applied as the 

parent in the crossover stage. The best parent was crossed in the 

crossover stage to produce the best offspring. The mutation stage 

also ensured that the schedule was not damaged or changed to 

become less optimal during the crossover stage. Therefore, 

genetic algorithms produce a better solution from generation to 

generation. 

 

 
Figure 4. Generation scheduling graph for load 

CONCLUSIONS 

Applying the genetic algorithm method to plan the schedule for 

the combination of 6 thermal power plant units produced an 

optimal solution per the predetermined constraints. It provided an 

efficient and effective scheduling result to determine the period 

to start and end the operation of power plants. Also, it produces 

the power output that can fulfill the load demand. Moreover, the 

genetic algorithm maintained and manipulated a set of solutions 

and applied the strongest survival strategy in the search for better 

solutions using its reproductive processes of schedules with 

selection, crossover, and mutation stages. It was discovered that 

a higher number of generations produced the lowest cost. 

Therefore, genetic algorithm produced better solutions from one 

generation to the next. 

CONFLICT OF INTEREST STATEMENT 

One of the authors of this article, Syafii, is a member of editorial 

team of this journal. This relationship could potentially create a 

conflict of interest. However, several steps have been taken to 

ensure the review and publication process's integrity, 

transparency, and fairness. 

1. The author was not involved in any stage of the article's 

editorial decision-making process. 

2. The article was subjected to the same rigorous peer-

review process as any other submissions, handled 

independently by another editorial board member. 

3. Syafii has no access to the review reports or any other 

privileged information regarding his manuscript's 

submission. 

 



SAPTO NISWORO / JURNAL NASIONAL TEKNIK ELEKTRO - VOL. 12 NO. 3 (NOVEMBER 2023) 

  https://doi.org/10.25077/jnte.v12n2.1090.2023 54 

REFERENCES 

[1] C. Wei et al., "A bi-level scheduling model for 

virtual power plants with aggregated 

thermostatically controlled loads and renewable 

energy," Appl. Energy, vol. 224, pp. 659–670, 

2018. 

[2] S. I. Taheri, M. B. C. Salles, and E. C. M. Costa, 

"Optimal cost management of distributed 

generation units and microgrids for virtual power 

plant scheduling," IEEE Access, vol. 8, pp. 

208449–208461, 2020. 

[3] S. Monice and S. Syafii, “OPERASI EKONOMIS 

(economic Dispatch) Pembangkit Listrik Tenaga 

Sampah (PLTSa) dan (PLTG) dalam Melayani 

Beban Puncak Kelistrikan Sumbar,” Operasi 

Ekon, vol. 2, 2013. 

[4] S. Syahrizal, R. H. Siregar, and others, “Analisa 

Economic Dispatch Pada Unit Pembangkit 

Menggunakan Metode Iterasi Lambda 

Berdasarkan Base Point And Participation 

Factors,” J. Komputer, Inf. Teknol. dan Elektro, 

vol. 3, no. 2, 2018. 

[5] S. Sarjiya, M. Isnaeni, and others, “OPTIMASI 

PENJADWALAN PEMBANGKIT TERMAL 

DENGAN SISTEM PENYIMPANAN ENERGI 

MENGGUNAKAN ALGORITMA GENETIKA,” 

J. Penelit. Tek. Elektro dan Teknol. Inf., vol. 1, no. 

1, 2014. 

[6] J. Aslak Petersen, D. M. Heide-Jørgensen, N. K. 

Detlefsen, and T. K. Boomsma, "Short-term 

balancing of supply and demand in an electricity 

system: forecasting and scheduling," Ann. Oper. 

Res., vol. 238, pp. 449–473, 2016. 

[7] L. Xie, Y. Gu, X. Zhu, and M. G. Genton, "Short-

term spatio-temporal wind power forecast in 

robust look-ahead power system dispatch," IEEE 

Trans. Smart Grid, vol. 5, no. 1, pp. 511–520, 

2013. 

[8] D. I. S. B. Sinurat, “INOVASI SISTEM TENAGA 

LISTRIK DAN PENGEMBANGAN 

PEMBANGKITAN LISTRIK DI INDONESIA 

TERUTAMA DI DAERAH TERPENCIL,” 2019. 

[9] A. Hsb, “Teknik Desain Optimasi Dengan 

Algoritma Genetik,” Electr. J. Rekayasa dan 

Teknol. Elektro, vol. 3, no. 2, pp. 90–95, 2009. 

[10] A. HASIBUAN, “Studi optimasi daya reaktif pada 

sistem tenaga listrik dengan menggunakan metode 

algoritma genetik,” Universitas Gadjah Mada, 

2001. 

[11] A. Hasibuan, S. Masri, and W. Othman, "Effect of 

distributed generation installation on power loss 

using genetic algorithm method," in IOP 

Conference Series: Materials Science and 

Engineering, 2018, vol. 308, no. 1, p. 12034. 

[12] D. Rumana, H. Hermawan, and M. Facta, 

“Implementasi Algoritma Genetik dalam 

Economic Dispatch dengan Valve Point Loading,” 

Jurusan Teknik Elektro Fakultas Teknik, 2011. 

[13] S. K. Sinha and others, "Genetic algorithm based 

hydrothermal generation scheduling," in 2015 

International Conference on Recent Developments 

in Control, Automation and Power Engineering 

(RDCAPE), 2015, pp. 332–337. 

[14] E. N. Supriatna, “Penjadwalan Ekonomis 

Pembangkit Termal Dengan Memperhitungkan 

Rugi-Rugi Transmisi Menggunakan Pattern 

Search,” Universitas Pendidikan Indonesia, 2016. 

[15] Syafii and K. I. Putri, “Analisa Operasi Ekonomis 

Pembangkit Termal untuk Melayani Beban Puncak 

Sistem Kelistrikan Sumbar,” vol. 7, no. 1, pp. 1–7, 

2018. 

[16] M. I. Rusydi, “Optimasi Pengendali PID pada 

Pesawat Autopilot Berbasiskan Algoritma 

Genetika,” J. Nas. Tek. Elektro, vol. 5, no. 2, pp. 

217–223, 2016. 

[17] A. Konak, D. W. Coit, and A. E. Smith, "Multi-

objective optimization using genetic algorithms: A 

tutorial," Reliab. Eng. \& Syst. Saf., vol. 91, no. 9, 

pp. 992–1007, 2006. 

[18] C. M. Fonseca and P. J. Fleming, "Multiobjective 

optimization and multiple constraint handling with 

evolutionary algorithms. II. Application example," 

IEEE Trans. Syst. man, Cybern. A Syst. humans, 

vol. 28, no. 1, pp. 38–47, 1998. 

[19] E. K. B. G. Kendall, Search Methodologies 

Introductory Tutorials in Optimization and 

Decision Support Techniques. 2014. 

[20] F. N. Budiman, N. A. Windarko, and S. Kuswadi, 

"Application of Genetic Algorithm to Minimize 

Harmonic in Multilevel Inverter," J. Nas. Tek. 

Elektro, vol. 5, no. 1, pp. 73–79, 2016. 

[21] A. K. Bhattacharjee, Genetic algorithm for VLSI 

physical design. Lamar University-Beaumont, 

2003. 

[22] F. Himmah, “Penerapan algoritma genetika pada 

masalah penjadwalan operasi sistem pembangkit 

tenaga listrik,” 2013. 

[23] J. S. Kim and T. F. Edgar, "Optimal scheduling of 

combined heat and power plants using mixed-

integer nonlinear programming," Energy, vol. 77, 

pp. 675–690, 2014. 

[24] M. A. A. Pedrasa, T. D. Spooner, and I. F. MacGill, 

"Scheduling of demand side resources using binary 

particle swarm optimization," IEEE Trans. Power 

Syst., vol. 24, no. 3, pp. 1173–1181, 2009. 

AUTHORS BIOGRAPHY 

Sapto Nisworo 

Associate Professor, Faculty of Engineering, Electrical 

Engineering Study Program, Tidar University (UNTIDAR), 

Central Java, Indonesia. 



SAPTO NISWORO / JURNAL NASIONAL TEKNIK ELEKTRO - VOL. 12 NO. 3 (NOVEMBER 2023) 

 

https://doi.org/10.25077/jnte.v12n2.1090.2023   55 

 

Arnawan Hasibuan 

Associate Professor at Faculty of Engineering in Electrical 

Engineering Study Program and Master's Program in Renewable 

Energy Engineering, Malikussaleh University (UNIMAL), North 

Aceh Indonesia 

 

Syafi'i 

Professor at Faculty of Engineering in Electrical Engineering 

Department, Universitas Andalas (UNAND), West Sumatera, 

Indonesia. 

  


