
49 
 

 
 

DAFTAR PUSTAKA 

 

AbdElAziz, A. A. et al., 2018. Experimental Analysis of Conditions Based 

Variations of Characteristics and Parameters of Photovoltaic Modules. 

Cairo, 3nd IUGRC International Undergraduate Research Conference, 

Military Technical College. 

Ali, T., Ma, H. & Nahian, A. J., 2019. An Analysis of the Renewable Energy 

technology Selection in the Southern Region of Bangladesh Using a 

Hybrid Multi-Criteria Decision Making (MCDM) Method. International 

Journal of Renewable Energy Research, 9(4), pp. 1838-1848. 

Bai, Q., 2010. Analysis of Particle Swarm Optimization Algorithm. Computer and 

Information Science, 3(1), pp. 180-184. 

Boyle, G., 2004. Solar Photovoltaics. In: E. G. Boyle, ed. Renewable Energy. 

Milton Keynes: Oxford University Press, pp. 65-104. 

Brauers, W. K. M. & Zavadskas, E. K., 2006. The MOORA method and its 

application to privatization in a transition economy. Control and 

Cybernetics, 35(2), pp. 445-469. 

Chakraborty, S., Datta, H. N., Kalita, K. & Chakraborty, S., 2023. A narrative 

review of multi-objective optimization on the basis of ratio analysis 

(MOORA) method in decision making. OPSEARCH. 

Das, B. K. et al., 2021. Feasibility and techno-economic analysis of stand-alone 

and grid-connected PV/Wind/Diesel/Batt hybrid energy system: A case 

study. Energy Strategy Reviews, Volume 37, pp. 1-15. 

Dulaimi, N. H. A., 2017. Design of an Off-Grid Solar PV System for a Rural 

Shelter, Amman: German Jordanian University. 

Durganjali, C. S., Bethanabhotla, S., Kasina, S. & Radhika, D. S., 2019. Recent 

Developments and Future Advancements in Solar Panels Technology. 

Journal of Physics: Conference Series, pp. 1-10. 

El-Shimy, M. & Abdo, T., 2015. Photovoltaic Technologies: History, Advances, 

and Characterization. In: Encyclopedia of Energy Engineering and 

Technology, Second Edition. New York: Taylor & Francis, pp. 1397-1424. 

Feron, S., 2016. Sustainability of Off-Grid Photovoltaic Systems for Rural 

Electrification in Developing Countries: A Review. Sustainability, 

8(1326), pp. 1-26. 

Ghenai, C. & Bettayeb, M., 2019. Modelling and performance analysis of a stand-

alone hybrid solar PV/Fuel Cell/Diesel Generator power system for 

university building. Energy, Volume 171, pp. 180-189. 



50 
 

 
 

Gómez, J. C. L., Aldaco, S. E. D. L. & Alquicira, J. A., 2023. A Review of 

Hybrid Renewable Energy Systems: Architectures, Battery Systems, and 

Optimization Techniques. Eng, Volume 4, pp. 1446-1467. 

Guerra, N., Guevara, M., Palacios, C. & Crupi, F., 2018. Operation and physics of 

photovoltaic solar cells: an overview. Revista de I+D Tecnológico, 14(2), 

pp. 84-95. 

Hassane, A. I. et al., 2022. Techno-economic feasibility of a remote PV mini-grid 

electrification system for five localities in Chad. International Journal of 

Sustainable Engineering, 15(1), pp. 179-193. 

Heth, C. L., 2019. Energy on demand: A brief history of the development of the 

battery. Substantia; An International Journal of the History of Chemistry, 

3(2), pp. 73-82. 

Hidalgo-Leon, R. et al., 2022. Feasibility Study for Off-Grid Hybrid Power 

Systems Considering an Energy Efficiency Initiative for an Island in 

Equador. Energies, 15(1776), pp. 1-25. 

IEA, I. E. A., 2021. Energy Access Outlook 2021, Paris: IEA Publications. 

Kananda, K. & Nazir, R., 2013. Konsep Pengaturan Aliran Daya untuk PLTS 

Tersambung ke Sistem Grid pada Rumah Tinggal. Jurnal Nasional Teknik 

Elektro, Volume II, pp. 65-71. 

Kanase-Patil, A. B. et al., 2020. A review of artificial intelligence-based 

optimization techniques for the sizing of integrated renewable energy 

systems in smart cities. Environmental Technology Reviews, 9(1), pp. 111-

136. 

Kusakana, K., 2016. Optimal operation control of a grid-connected photovoltaic-

battery hybrid system. Livingstone, s.n. 

Linden, D. & Reddy, T. B., 2002. Handbook of Batteries. 3rd ed. New York: 

McGraw-Hill. 

Lingamuthu, R. & Mariappan, R., 2019. Power flow control of grid connected 

hybrid renewable energy system using hybrid controller with pumped 

storage. International Journal of Hydrogen Energy, XLIV(7), pp. 3790-

3802. 

Mitali, J., Dhinakaran, S. & Mohamad, A. A., 2022. Energy storage systems: a 

review. Energy Storage and Saving, Volume 1, pp. 166-216. 

Mobarra, M., Rezkallah, M. & Ilinca, A., 2022. Variable Speed Diesel 

Generators: Performance and Characteristic Comparison. Energies, 

15(592), pp. 1-31. 



51 
 

 
 

Mohamed, M. A., Eltamaly, A. M. & Alolah, A. I., 2016. PSO-Based Smart Grid 

Application for Sizing and Optimization of Hybrid Renewable Energy 

Systems. Plos One, pp. 1-22. 

Mohammed, Y. S., Mustafa, M. W. & Bashir, N., 2014. Hybrid 

renewableenergysystemsforoff-gridelectricpower: Review of 

substantialissues. Renewable and Sustainable Energy Reviews, Volume 

35, pp. 527-539. 

Mulenga, E. et al., 2022. Techno-economic analysis of off-grid PV-Diesel power 

generation system for rural electrification: A case study of Chilubi district 

in Zambia. Renewable Energy, Volume 203, pp. 601-611. 

Olabode, O. E. et al., 2021. Hybrid power systems for off-grid locations: A 

comprehensive review of design technologies, applications and future 

trends. Scientific African, Volume 13, pp. 1-17. 

Patel, Y. P. et al., 2016. Mitigation of the Effects of Common-Mode Current on 

the Operation of SCR-Based Rectifiers for AC Drives. IEEE Transactions 

on Industry Applications, LII(6), pp. 4827 - 4834. 

Rashid, M. H., 2001. Power Electronics Handbook. London: Academic Press. 

Rashid, M. H. & Rashid, H. M., 2006. SPICE for Power Electronics and ELectric 

Power Second Edition. Boca Raton: CRC Press. 

Rekioua, D., 2023. Energy Storage Systems for Photovoltaic and Wind Systems: 

A Review. Energies, 16(3893), pp. 1-26. 

REN21, 2021. Renewables in Cities 2021 Global Status Report, Paris: REN21 

Secretariat. 

Rodríguez-Gallegos, C. D. et al., 2018. A diesel replacement strategy for off-grid 

systems based on progressive introduction of PV and batteries: An 

Indonesian case study. Applied Energy, Volume 229, pp. 1218-1232. 

Rosyadi, A. Y., Purwadi, A. & Ridhwan, M., 2021. Design and Analysis of 

Hybrid Off-Grid PVBattery-Genset System for Communal and 

Administrative Load Under Cycle Charging Control Strategy at Patippi 

Village Papua. 3rd International Conference on High Voltage Engineering 

and Power Systems (ICHVEPS), pp. 339-344. 

Sayed, E. T. et al., 2023. Renewable Energy and Energy Storage Systems. 

Energies, 16(1415), pp. 1-26. 

See, A. M. K. et al., 2022. Techno-economic analysis of an off-grid hybrid system 

for a remote island in Malaysia: Malawali island, Sabah. Renewable and 

Sustainable Energy Transition, Volume 2, pp. 1-18. 



52 
 

 
 

Sharafi, M. & ELMekkawy, T. Y., 2014. Multi-objective optimal design of hybrid 

renewable energy systems using PSO-simulation based approach. 

Renewable Energy, Volume 68, pp. 65-79. 

Sharma, D., Gaur, P. & Mittal, P., 2014. Comparative Analysis of Hybrid GAPSO 

Optimization TechniqueWith GA and PSO Methods for Cost Optimization 

of an Off-GridHybrid Energy System. Energy Technology & Policy, pp. 

106-114. 

Sitorus, F. & Brito-Parada, P. R., 2022. The selection of renewable energy 

technologies using a hybrid subjective and objective multiple criteria 

decision making method. Expert Systems With Applications, Volume 206, 

pp. 1-8. 

Sureshkumar, K. & Ponnusamy, V., 2019. Power flow management in micro grid 

through renewable energy sources using a hybrid modified dragonfly 

algorithm with bat search algorithm. Energy, Volume CLXXXI , pp. 1166-

1178. 

Tang, R., Wu, Z. & Li, X., 2019. Optimal power flow dispatching of maritime 

hybrid energy system using model predictive control. Energy Procedia, 

Volume 158, pp. 6183-6188. 

Ter-Gazarian, A. G., 2020. Energy Storage for Power Systems. 3rd ed. London: 

The Institution of Engineering and Technology. 

Thirunavukkarasu, M., Sawle, Y. & Lala, H., 2023. A comprehensive review on 

optimization of hybrid renewable energy systems using various 

optimization techniques. Renewable and Sustainable Energy Reviews, 

Volume 176, pp. 1-35. 

Tsai, C.-T., Beza, T. M., Molla, E. M. & Kuo, C.-C., 2020. Analysis and Sizing of 

Mini-Grid Hybrid Renewable Energy System for Islands. IEEE Access, 

Volume 8, pp. 70013-70029. 

Wassie, Y. T. & Ahlgren, E. O., 2023. Performance and reliability analysis of an 

off-grid PV mini-grid system in rural tropical Africa: A case study in 

southern Ethiopia. Development Engineering, Volume 8, pp. 1-14. 

Zhou, K. & Cai, L., 2014. A Nonlinear Current Control Method for Resistance 

Spot Welding. IEEE/ASME Transactions on Mechatronics, XIX(2), pp. 

559 - 569. 

 

 

 

 



53 
 

 
 

LAMPIRAN 

 

Lampiran 1 Perbandingan keluaran PV 

Tabel 12 Perbandingan keluaran PV 

WITA JINKO555WP ET540WP ET450WP LONGI540WP LONGI455WP 

1:00 AM 0 0 0 0 0 

2:00 AM 0 0 0 0 0 

3:00 AM 0 0 0 0 0 

4:00 AM 0 0 0 0 0 

5:00 AM 0 0 0 0 0 

6:00 AM 0,002002121 0,005216481 0,001623406 0,001948082 0,00164144 

7:00 AM 0,021790102 0,024783969 0,017618889 0,021146109 0,017817555 

8:00 AM 0,029886104 0,032593072 0,023986719 0,028801375 0,024267826 

9:00 AM 0,101915177 0,102244317 0,080649323 0,096919287 0,081663474 

10:00 AM 0,168383449 0,165223695 0,131595328 0,158262582 0,133350879 

11:00 AM 0,188525167 0,184052257 0,146771886 0,176555982 0,148764763 

12:00 PM 0,197353012 0,191940736 0,153104996 0,184213949 0,155217309 

1:00 PM 0,179989946 0,175525187 0,139871322 0,168273901 0,141786342 

2:00 PM 0,14504781 0,142745376 0,113416338 0,136395414 0,114925765 

3:00 PM 0,08601938 0,086501074 0,067844848 0,081547986 0,068711729 

4:00 PM 0,03893789 0,0411713 0,030969975 0,037206415 0,03134985 

5:00 PM 0,013889452 0,016804392 0,011089858 0,013319961 0,0112233 

6:00 PM 0 0 0 0 0 

7:00 PM 0 0 0 0 0 

8:00 PM 0 0 0 0 0 

9:00 PM 0 0 0 0 0 

10:00 PM 0 0 0 0 0 

11:00 PM 0 0 0 0 0 

12:00 AM 0 0 0 0 0 
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Lampiran 2 Algoritme MOORA untuk peringkat PV 

alternatif=['pvA','pvB','pvC','pvD','pvE','pvF'] 

kriteria=['power','type','harga','efficiency'] 

tipe=['benefit','benefit','cost','benefit'] 

bobot=[485.05,1,0,100] 

alternatifkriteria=[[450,1,175.50,20.6],[445,1,217.59,20.5],[540,1,236.14,20.9],[5

40,1,309.26,20.5],[555,1,294.22,21.48],[320,1,259.840,16.01]] 

pembagi = [] 

for i in range(len(kriteria)): 

    pembagi.append(0) 

    for j in range(len(alternatif)): 

        pembagi[i] = pembagi[i] + (alternatifkriteria[j][i] * alternatifkriteria[j][i]) 

    pembagi[i] = pembagi[i] ** (1/2.0) 

print(pembagi, "<--Matrix Divider") 

normalisasi = [] 

for i in range(len(alternatif)): 

    normalisasi.append([]) 

    for j in range(len(kriteria)): 

        normalisasi[i].append(0) 

        normalisasi[i][j] = alternatifkriteria[i][j] / pembagi[j] 

print(normalisasi, "<--Matriks Normalization") 

optimasi = [] 

for i in range(len(alternatif)): 

    optimasi.append(0) 

    for j in range(len(kriteria)): 

        if tipe[j] == "cost": 

            optimasi[i] = optimasi[i] - (normalisasi[i][j] * bobot[j]) 

        elif tipe[j] == "benefit": 

            optimasi[i] = optimasi[i] + (normalisasi[i][j] * bobot[j]) 
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print(optimasi) 

alternatifrangking = [] 

optimasirangking = [] 

for i in range(len(alternatif)): 

    optimasirangking.append(optimasi[i]) 

    alternatifrangking.append(alternatif[i]) 

for i in range(len(alternatif)): 

    for j in range(len(alternatif)): 

        if j > i: 

            if optimasirangking[j] > optimasirangking[i]: 

                tmpoptimasi = optimasirangking[i] 

                tmpalternatif = alternatifrangking[i] 

                optimasirangking[i] = optimasirangking[j] 

                alternatifrangking[i] = alternatifrangking[j] 

                optimasirangking[j] = tmpoptimasi 

                alternatifrangking[j] = tmpalternatif 

print(alternatifrangking, "<--alternatif rangking") 
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Lampiran 3 Algoritme MOORA untuk peringkat baterai 

alternatif=['batteryA','batteryB','batteryC','batteryD','batteryE','batteryF'] 

kriteria=['power','type','harga','lifespan'] 

tipe=['benefit','benefit','cost','benefit'] 

bobot=[243.57,1,0,100] 

alternatifkriteria=[[78,40,2902.50,10],[600,2,521.25,25],[50,48,1123.20,8.2],[128,

25.6,237.69,10],[100,12,248.93,12],[66.67,51,1873.53,15]] 

pembagi=[] 

 

for i in range(len(kriteria)): 

    pembagi.append(0) 

    for j in range(len(alternatif)): 

        pembagi[i]=pembagi[i]+(alternatifkriteria[j][i]*alternatifkriteria[j][i]) 

    pembagi[i]=pembagi[i]**(1/2.0) 

print(pembagi,"<--Matrix Divider") 

 

normalisasi=[] 

 

for i in range(len(alternatif)): 

    normalisasi.append([]) 

    for j in range(len(kriteria)): 

        normalisasi[i].append(0) 

        normalisasi[i][j]=alternatifkriteria[i][j]/pembagi[j] 

         

print(normalisasi,"<--Matrix Normalization") 

         

optimasi=[] 

for i in range(len(alternatif)): 

    optimasi.append(0) 
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    for j in range(len(kriteria)): 

        if (tipe[j]=="cost"): 

            optimasi[i]=optimasi[i]-(normalisasi[i][j]*bobot[j]) 

        elif (tipe[j]=="benefit"): 

            optimasi[i]=optimasi[i]+(normalisasi[i][j]*bobot[j]) 

print(optimasi) 

             

alternatifrangking=[] 

optimasirangking=[] 

for i in range(len(alternatif)): 

    optimasirangking.append(optimasi[i]) 

    alternatifrangking.append(alternatif[i]) 

 

for i in range(len(alternatif)): 

    for j in range(len(alternatif)): 

        if (j>i): 

            if (optimasirangking[j]>optimasirangking[i]): 

                tmpoptimasi=optimasirangking[i] 

                tmpalternatif=alternatifrangking[i] 

                optimasirangking[i]=optimasirangking[j] 

                alternatifrangking[i]=alternatifrangking[j] 

                optimasirangking[j]=tmpoptimasi 

                alternatifrangking[j]=tmpalternatif 

print(alternatifrangking,"<--alternatif rangking") 
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Lampiran 4 Algoritme PSO pembangkit sistem hibrida 

from functools import total_ordering 

import numpy as np 

from pyswarm import pso 

 

# Inisialisasi seed acak untuk hasil yang konsisten 

np.random.seed(42) 

 

# Konstanta 

fuel_cost = 2 

battery_cost = 521.25 

pv_cost = 295.22 

battery_output = 1.2  # kWh 

pv_output_perhour = np.array([0, 0, 0, 0, 0, 0.002002121, 0.021790102, 

0.029886104, 0.101915177, 0.168383449, 

                              0.188525167, 0.197353012, 0.179989946, 0.14504781, 

0.08601938, 0.03893789, 0.013889452, 

                              0, 0, 0, 0, 0, 0, 0])  # kWh 

load_data_perhour = np.array([19.55, 19.07, 17.28, 16.21, 16.19, 16.11, 16.17, 

17.66, 20.00, 22.52, 23.37, 23.34, 

                              23.85, 24.41, 23.74, 22.90, 20.77, 18.92, 20.75, 20.40, 20.56, 

20.77, 20.47, 20.03])  # kWh 

generator_output = 110  # kVa 

inverter_output = 100  # kW 

emissions = 860.64  # CO2 emissions in g/kWh 

 

def objective_function(x): 

    # x[0]: Jumlah baterai 

    # x[1]: Jumlah generator 

    # x[2]: Jumlah inverter 
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    # x[3:]: Jumlah panel surya per jam 

    total_battery_output = x[0] * battery_output 

    total_pv_output = np.sum(pv_output_perhour * x[3:]) 

    total_load = np.sum(load_data_perhour) 

    excess_power = generator_output - total_load + total_battery_output - 

total_pv_output 

    if excess_power < 0: 

        total_fuel_cost = fuel_cost * abs(excess_power) 

    else: 

        total_fuel_cost = 0 

    total_cost = x[0] * battery_cost + x[1] * generator_output + x[2] * 

inverter_output + np.sum(x[3:] * pv_cost) 

    total_emissions = (total_fuel_cost / fuel_cost) * emissions 

    return total_cost + total_emissions 

 

# Batas-batas variabel 

lb = [100, 1, 1] + [0] * len(pv_output_perhour) 

ub = [200, 2, 2] + [812] * len(pv_output_perhour) 

 

# Menjalankan algoritma PSO 

xopt, fopt = pso(objective_function, lb, ub, maxiter=3000) 

total = 0 

# Menampilkan hasil optimasi 

print("Optimized number of batteries: ", int(xopt[0])) 

print("Optimal number of generators: ", int(xopt[1])) 

print("Optimal number of inverters: ", int(xopt[2])) 

for i in range(len(pv_output_perhour)): 

    total += int(xopt[i + 3]) 

print("Optimal number of solar panels: ", total) 
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Lampiran 5 Algoritme GA pembangkit sistem hibrida 

import numpy as np 

from geneticalgorithm import geneticalgorithm as ga 

 

np.random.seed(42) 

# Konstanta 

FUEL_COST = 2 

BATTERY_COST = 521.25 

PV_COST = 295.22 

BATTERY_OUTPUT = 1.2  # kWh 

PV_OUTPUT_PER_HOUR = np.array([0, 0, 0, 0, 0, 0.002002121, 0.021790102, 

0.029886104, 0.101915177, 0.168383449, 0.188525167, 0.197353012, 

0.179989946, 0.14504781, 0.08601938, 0.03893789, 0.013889452, 0, 0, 0, 0, 0, 0, 

0])  # kWh 

LOAD_DATA_PER_HOUR = np.array([19.55, 19.07, 17.28, 16.21, 16.19, 16.11, 

16.17, 17.66, 20.00, 22.52, 23.37, 23.34, 23.85, 24.41, 23.74, 22.90, 20.77, 18.92, 

20.75, 20.40, 20.56, 20.77, 20.47, 20.03])  # kWh 

GENERATOR_OUTPUT = 110  # kVa 

INVERTER_OUTPUT = 100  # kW 

EMISSIONS = 860.64  # CO2 emissions in g/kWh 

 

def objective_function(x): 

    total_battery_output = x[0] * BATTERY_OUTPUT 

    total_pv_output = np.sum(PV_OUTPUT_PER_HOUR * x[3:]) 

    total_load = np.sum(LOAD_DATA_PER_HOUR) 

    excess_power = GENERATOR_OUTPUT - total_load + total_battery_output - 

total_pv_output 

    total_fuel_cost = max(0, excess_power) * FUEL_COST 

    total_cost = x[0] * BATTERY_COST + x[1] * GENERATOR_OUTPUT + 

x[2] * INVERTER_OUTPUT + np.sum(x[3:] * PV_COST) 

    total_emissions = (total_fuel_cost / FUEL_COST) * EMISSIONS 
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    return total_cost + total_emissions 

 

algorithm_param = { 

    'max_num_iteration': 260, 

    'population_size': 50, 

    'mutation_probability': 0.1, 

    'elit_ratio': 0.01, 

    'crossover_probability': 0.5, 

    'parents_portion': 0.3, 

    'crossover_type': 'uniform', 

    'max_iteration_without_improv': None 

} 

 

varbound = np.array([[100, 200], [1, 1], [1, 1]] + [[0, 812]] * 

len(PV_OUTPUT_PER_HOUR)) 

 

model = ga( 

    function=objective_function, 

    dimension=len(varbound), 

    variable_type='int', 

    variable_boundaries=varbound, 

    algorithm_parameters=algorithm_param 

) 

 

model.run() 

 

# Menampilkan hasil optimasi 

xopt = model.output_dict['variable'] 

total_pv_panels = int(np.sum(xopt[3:])) 
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print("Optimized number of batteries: ", int(xopt[0])) 

print("Optimal number of generators: 1") 

print("Optimal number of inverters: 1") 

print("Optimal number of solar panels: ", total_pv_panels) 
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Lampiran 6 Datasheet PV 

ET Solar 450 
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Longi 445 
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Longi 540 
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ET Solar 540 
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Jinko Solar 555 
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C-Sun 320 
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Lampiran 7 Datasheet baterai 

Power Plus Eco Series 78 
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Narada Battery REXC 600 
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TBB LS50 Lithium 50 
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Power Plus 128 

 

 

 

 



73 
 

 
 

Narada Battery REXC 200 
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Pylontech US 3000 66.6 
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Lampiran 8 Datasheet inverter 
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