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ABSTRACT:   
The supply of electrical energy in Indonesia is predominantly reliant on fossil fuels due to their 
abundant availability, ease of extraction, and lower cost. However, the continued use of fossil 
fuels increases CO2 emissions, contributing to the greenhouse effect. Additionally, fossil fuel 
prices are rising, their reserves are finite, and they require extensive replenishment time. 
Consequently, a transition from fossil fuels to renewable energy sources is imperative. The 
Indonesian government has designated Sumba Island as a pilot project under the Sumba Iconic 
Island (SII) program. Waingapu in East Nusa Tenggara (NTT) is notable for its significant Diesel 
Power Plant (PLTD) capacity of 9,450 kW, supplemented by a 2,000 kWp Solar Power Plant (PLTS). 
This study presents a techno-economic analysis of implementing Wind Power Plants (PLTB) and 
Battery Energy Storage Systems (BESS) to reduce reliance on PLTD operations. The HOMER 
software is utilized for system optimization, allowing for design, optimization, and evaluation 
from both technical and economic perspectives. Sensitivity analysis assesses the impact of fuel 
price increases on the optimal system configuration under current and future conditions, with a 
total daily energy demand of 115.6 MWh/day. The economic analysis reveals that the existing 
scenario has a Levelized Cost of Energy (LCOE) of $0.254/kWh. Incorporating wind turbines and 
BESS reduces the LCOE to $0.136/kWh. Achieving 100% renewable energy penetration with a PV-
Wind-BESS configuration generates an LCOE of $0.221/kWh. 
Keywords: Renewable energy, Energy transition, wind turbine, diesel power plant. 
 

 
INTRODUCTION 

Energy has become a primary need for the global community to support various daily 

activities (Ceglia et al., 2020). Most of the world's energy needs are supplied from fossil fuels such 

as coal, petroleum, and natural gas. Indonesia is an archipelagic country with a population of 

278.74 million people and is located across the equator, so it has abundant natural wealth 

potential (Badan Pusat Statistik, 2024). The geographical condition of an archipelago makes 

Indonesia have challenges in electricity generation, distribution, and distribution.  
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The provision of electrical energy in Indonesia is still dominated by utilizing fossil energy 

sources because of their abundant availability, ease of obtaining, and cost (Pambudi et al., 2023; 

Sidik & Akbar, 2021). Along with the growth of the economy, the demand for electricity supply is 

also increasing, so a larger and more reliable electric power system is needed (Ramelan et al., 

2021). Meanwhile, fossil energy sources will be depleted if continuous exploration results in 

increased CO2 pollution from the combustion process, which can increase the risk of the 

greenhouse effect (Sutikno et al., 2022). In addition, the price of fossil energy continues to 

increase, and its existence is limited and takes a very long time to be able to produce new fossil 

energy, so it is necessary to take special steps to transition from the use of fossil energy to 

renewable energy sources whose existence can be renewed continuously, such as; solar energy, 

wind, water, biomass, and so on.  

The use of new and renewable energy (NRE) as a source of electrical energy is one of the 

government's programs to reduce dependence on the use of fossil fuels through the national 

energy mix program (Dar & Asif, 2023; Sunitiyoso et al., 2020). The Indonesian government 

targets the national energy mix in 2024 to be 19.49% and in 2025 to 23% (IESR, 2022).  In 2022, 

the achievement of the national energy mix will reach 31.4% for petroleum, 13.92% for natural 

gas, and 42.38% for coal, while NRE is 12.3%. In the electricity sector, the electrification ratio in 

Indonesia is not completely evenly distributed because there are still several remote areas that 

have not been electrified. Based on the Ministry of Energy and Mineral Resources' work 

achievement data in 2023, Indonesia's electrification ratio is 99.78%, but there is still 0.22% left, 

which is targeted to be achieved in 2024. The main source of electricity is total electrification; 

98.32% comes from PLN, while 1.46% comes from non-PLN or the private sector. The Indonesian 

government continues to strive to increase the electrification ratio in several regions, one of 

which is in East Nusa Tenggara (NTT) (Pamella, 2019).    

East Nusa Tenggara Province is mostly dominated by the ocean, which has many fragments 

of small islands. The development of the power grid in NTT has several challenges, such as the 

distribution of residential areas that are not close to each other, the high cost of electricity 

generation, the difficulty of licensing in building transmission networks that pass through forest 

areas, and the high poverty rate. The power generation system in NTT is mostly sourced from the 

Litsrik Diesel Power Plant (PLTD) so the generation cost is relatively expensive. The government 

continues to use NRE to reduce PLTD's operating costs and support the national energy mix 

program. The government's seriousness is evidenced by the determination of the island of Sumba 

as a pilot for the Sumba Iconic Island (SII) program with the issuance of the Decree of the Minister 

of Energy and Mineral Resources No. 3051k/30/MEM/2015, which aims to realize the availability 

of energy from NRE by 95% in 2020. The electricity system of the island of Sumba is divided into 

3 electricity systems, namely, the Waingapu system, the West Sumba system, and the East Sumba 

system, where each has not been interconnected with the electricity system in NTT.   (Pamella, 

2019)  
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One of the regions in NTT that has a large PLTD capacity is Waingapu Regency, located on 

the island of Sumba, with a total PLTD capacity of 9,450 kW with an additional solar power plant 

(PLTS) of 2000 kW. Seeing that the price of diesel fuel is quite expensive and continues to 

increase, it is necessary to accelerate the construction of NRE plants that are able to reduce the 

use of PLTD. NRE plants have intermittent properties that depend on natural conditions and have 

high variability and uncertainty, so policy regulation is needed to choose the right type of NRE 

(Das et al., 2020; Rúa et al., 2021). It is necessary to know the right power plant capacity and type 

so that the balance between supply and demand is maintained and the production costs are 

economical. 

This research addresses the unique challenges of East Nusa Tenggara (NTT) Province, 

focusing on optimizing the energy mix in a region characterized by fragmented islands and 

dispersed residential areas. The study's novelty lies in its approach to interconnecting isolated 

systems, transitioning from costly diesel power (PLTD) to renewable energy sources (NRE), and 

analyzing the effectiveness of the Sumba Iconic Island (SII) program. It proposes tailored policy 

and regulatory frameworks to ensure a reliable and cost-effective energy supply, considering 

NTT’s geographic and economic constraints. 

The research aims to assess NTT’s current energy landscape, particularly in Waingapu 

Regency, to understand PLTD reliance and initial solar integration. It evaluates the economic and 

environmental impacts of reducing diesel use through NRE, identifies suitable renewable energy 

types and capacities, and develops policies to support renewable energy adoption. Ultimately, 

the study aims to enhance energy security and accessibility in NTT, contributing to regional and 

national energy goals while addressing local challenges. 

 

RESEARCH METHODS 

This study explains the Techno-Economic Analysis in terms of the application of wind power 

plants and battery energy storage systems as power supplies to reduce the operation of diesel 

power plants in the Waingapu region, East Nusa Tenggara so that it is expected that the cost of 

electricity supply will be more affordable. The research scenario used is to compare the 

evaluation of optimization results between the existing power plant from PLN in Waingapu and 

after the entry of the wind + BESS plant.  

Homer is software that is used as a means to carry out the system optimization process. By 

using Homer, a system can be designed, optimized and evaluated both from a technical and 

economic point of view (Fathurrachman et al., 2022). Homer can determine the optimal range of 

capacity and number of components and ensure the lowest possible energy costs (Baghta, 2021) 

(Rahmawati & Dalimi, 2023). In the optimization process, Homer uses a derivative-free optimization 

algorithm so that the system can find the lowest cost of energy (COE) (Baghta, 2021). 
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Design Models 

This study used a scenario of changes in diesel fuel prices and discount rates. However, 

the current discount and inflation rate data inputs are still considered using Bank Indonesia's 

accounting data. The discount rate in April 2024 is 6.25%, while the inflation rate in 2023 is 3%, 

with a project duration of 25 years. 

The existing system in Waingapu 

Waingapu's electricity system uses 9 diesel plants and 1 solar plant to meet the power 

demand. The existing schema is shown in Figure 1. 

 

 
Figure 1. Schematic system existing 

 

The diesel generator used is an existing extension of PLN, so in this simulation, the initial 

capital and replacement costs are assumed to be $0. For maintenance and operational costs, 

consideration is obtained from other researchers, namely $0.03/hour (Shezan et al., 2021), an 

operational lifetime of 15,000 hours, and a minimum load ratio of 25% (Ramasamy et al., 2023). 

Then, the price of diesel fuel is based on the official price of non-subsidized Pertamina bio-diesel 

in 2024.     

The solar panels used in the simulation are generic flat PV plates with a capacity of 2000 

kW. The reference used can be input data on Initial capital cost, replacement and O&M sourced 

from catalog data technology published by the Ministry of Energy and Mineral Resources in 2024 

(KESDM, 2024). In the initial capital, the researcher considered the price of PV alone, excluding 

inverters, with a reference from NREL, namely the price of the EDSM catalog minus 2.42%. 

Catalog data technology is also used as a data source for converters. Details of the specifications 

of the existing system can be seen in Table 1. 

The LCIA stage aims to make the results of LCI analysis easier to understand and relate to 

the environmental impacts that occur. The impact category, indicators, and characterisation 

model selected are the ReCiPe 2016 (H) Method. In the ReCiPe 2016 method, indicators are 

divided into two levels, namely, 7 (seven) midpoint indicators and 2 (two) endpoint indicators. 
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Table 1. Existing system specifications 

Parameter value unit 
Diesel Plant 

O&M cost 0.03 $/kW/year 

Minimum load ratio 25 % 

Operational life time 15,000 hours 

Fuel price 0.89 $/L 
Minimum runtime 1.3 minutes 

PLTS 

Initial capital 780.64 $/kW 
Replacement 120 $/kW 

O&M 7.5 $/kW/year 
Operational life time  25 Years 

Derating factor 80 % 

Converter   
Capital 648 $/kW 

Replacemet 324 $/kW 
O&M 5.5 $/kW/year 

Lifetime inverter 15 years 
Efiesiensi  95 % 

 

Scheme after the addition of PLTB + BESS 

The scheme of adding pltb+Bess is used to support the Sumba iconic islan program. In this 

simulation, the researcher used an LTW80 wind turbine with a capacity of 1000 kW and a 1 MWh 

lithium-ion generator battery. The input data source comes from the 2024 MEMR catalog data 

technology. The schematic circuit can be seen in Figure 6, while the details of the wind and BESS 

specifications can be seen in Table 2. 
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Figure 2. Schematic of the entry of pltb and bess 

 

Table 2. Specification of wind turbine and BESS 

Parameter Value Unit  
Battery 

Capacity per unit 1000 kW 

Initial capitalcost 500,000 $ 

Replacement cost 250,000 $ 

O&M 15,000 $/year 
Operational lifetime 15 years 

Throughput  3,000 kWh 
Initial SOC 95 % 

Minimum SOC 20 % 

Wind turbine 
Capacity per unit 1000 kW 

Initial capital  1,650,000 $ 
Replacement 577,500 $ 

O&M 4000 $ 

Operational lifetime 25 years 
Hub height 80 meter 

 

100% renewable energy scheme 

 
Figure 3. Schematic 100% renewable energy 

 

The 100% renewable energy scenario by deactivating 9 diesel plants in the existing 

Waingapu system aims to support the Sumba iconic island program. This program aims to make 

Sumba a pilot island in Indonesia for the use of renewable energy (Kuswardono, 2023). This 

initiative aims to provide clean and sustainable energy and improve local communities' quality of 

life through more reliable and cheaper access to electricity. By not using diesel plants will reduce 
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carbon emissions, improve air quality, and reduce dependence on expensive and unsustainable 

fossil fuels.    

Economic optimization parameters 

The economic analysis used in this study focuses on the COE and NPC values from Homer's 

optimization results. The optimum value produced by the Homer simulation of the hybrid system 

combination is based on the net present cost (NPC) which can be calculated using the following 

equation (Aziz et al., 2022):    

𝑁𝑃𝐶 =  
𝐶𝑎𝑛𝑛,𝑡𝑜𝑡

𝐶𝑅𝐹 (𝑖, 𝑇𝑝)
 

 

Where Cann,tot is the total annual cost ($/year) while i is the real interest rate, Tp lifetime 

of the project (year). CRF (capital recovery factor) is a ratio used to calculate the amount of annual 

costs needed to recover the value of the initial investment or also known as the capital closure 

factor. The CRF equation is as follows (Aziz et al., 2022):   

 

𝐶𝑅𝐹 (𝑖, 𝑁) =  
𝑖(1 + 𝑖)𝑛

(1 + 𝑖)𝑛  −  1
 

 

COE, or cost of energy, is the average cost per kWh to produce electrical energy. The 

following equation calculates the COE value (Aziz et al., 2022). 

 

𝐶𝑂𝐸 =
𝐶𝑎𝑛𝑛,𝑡𝑜𝑡 − 𝐶𝑏𝑜𝑖𝑙𝑒𝑟𝐻𝑠𝑒𝑟𝑣𝑒𝑑

𝐸𝑠𝑒𝑟𝑣𝑒𝑑
 

 

Where Cboiler is the marginal cost of the boiler ($/kWh), Hserved is the total thermal load 

served (kWh/year), and Eserved is the total electricity load served (kWh/year). 

 

RESULTS AND DISCUSSION 

Optimization result 

In this study, the price of diesel fuel is a consideration because world energy prices tend to 

increase every year, affecting PLTD's operational costs. The main goal of this study is to reduce 

the production cost of electricity supply by using three combinations of scenarios: existing 

systems, the addition of wind turbines and BESS, and a 100% renewable energy system. 
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Figure 4. Trends in diesel fuel costs in Indonesia in 1991-2016 

 

Based on historical data from the World Bank, diesel fuel prices fluctuate and tend to 

continue increasing, as shown in Figure 8. The average increase from 2010 to 2021 shows that 

diesel fuel prices increased by 3.75% yearly (Baghta, 2021).     

1. The first model for an existing power generation system, shown in Figure 5, shows an 

optimized cost of energy (LCOE) of $0.26 and a net cost of capital (NPC) of $187.83 million. 

2. The second model, after the addition of wind turbines and Bess to the power generation 

system shown in Figure 6, has a result with an LCOE of $0.136 and an NPC of $98.6 million. 

The ratio value between energy produced from renewable energy sources to total energy 

produced by the entire energy system or Renewable Fraction (RF) is 74.7%. Based on the 

optimization results, the existing system will add 18 units of wind turbines and 15 units of 

batteries. 

3. The third model, which has a renewable fraction of 100% on the power generation system 

shown in Figure 7, has a result with an LCOE of $0.22 and an NPC of $157.64 million. The 

results of Homer optimization show that this system uses 16 wind turbines and an increase in 

solar panel capacity to 44,533kW, as well as 113 battery units. 

 

Table 3. Comparison of simulation results of 3 scenarios 

No Scenario COE ($) NPC($) Operating 
Cost ($) 

Initial 
Capital ($) 

1 Existing (Diesel+PV) 0.254 184M 10.6M 2.56M 
2 Existing + Wind dan 

BESS 
0.136 98.6M 3.38M 40.7M 

3 RF 100% 0.221 158M 2.21M 120M 

 

The best scenario optimization of the three models tested is the second scenario: adding 

wind and bess to the power generation system in Waingapu. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1985 1990 1995 2000 2005 2010 2015 2020

P
ri

ce
 (

$/
L)

Year

Diesel fuel cost trends (US$ per liter)



Techno-Economic Analysis of the Use of Wind Power Plants and Battery Energy Storage Systems as an 
Alternative to Lower the Cost of Diesel Power Plants 

 
 

 

 
Page 1385 

Asian Journal of Engineering, Social and Health 

 Volume 3, No. 7 July 2024 

 

 
Figure 5. Optimization results of scenario 1-existing system 

 

 
Figure 6. The results of the optimization of the 2-existing scenario are added by wind and 

bess 

 

 
Figure 7. Optimization results of 3-renewable fraction scenario 100% 

 

Sensitivity analysis is performed to see the impact of various input parameters on the 

optimal system configuration, both for current conditions and for the next few years (Baghta, 

2021; Mutiah, 2023). In this study, the price of diesel fuel is used as a sensitivity parameter which 

is tested with an average increase rate of 3.75% per year. The researcher divided the diesel fuel 

price sensitivity parameters by price projections for the 1st, 10th, 15th, 20th and 25th years, as 

shown in Figure 12. However, this analysis can only be applied to scenarios 1 and 2 that have 

diesel plants.   
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Figure 8. Sensitivity parameters 

 

Table 4. Sensitivity Optimization Results 

Fuel Price Year 
Scenario 1 Scenario 2 

Scenario 
3   

LCOE 
($) 

NPC 
($) 

LCOE 
($) 

NPC 
($) 

LCOE ($) NPC ($) 

0.89 2024 0.254 184M 0.136 98.6M 

0.221 157,64M 

1.29 2034 0.352 254M 0.159 115M 

1.5 2039 0.403 291M 0.168 121M 

1.86 2044 0.491 355M 0.181 131M 

2.2 2049 0.574 415M 0.192 139M 

 

 
Figure 9. Diesel fuel price sensitivity test result curve 
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From the results of the sensitivity test, the effect of diesel fuel costs on the operational and 

efficiency of the electrical system can be analyzed, with the following description: 

1. Scenario 1 (System Existence) 

The chart shows a sharp increase in line with the increase in diesel fuel costs. This is due to 

diesel generators' dependence on fuel availability. 

2. Scenario 2 (Sistem Existent + Wind + BESS) 

On the graph, there is an increase but not as high as the existing system.the combination of 

wind turbines and BESS helps reduce the use of diesel fuel. When fuel prices rise, the system 

will also experience an increase but be more controlled. 

3. Scenario 3- RF 100% 

Solar and wind energy sources do not require fuel costs, so operational costs remain stable 

even if fuel prices rise. This proves that the renewable energy system is the most stable and 

efficient in the long term. 

 

CONCLUSION 

This study aimed to optimize the use of renewable energy and energy storage systems to 

minimize reliance on diesel power plants in Waingapu Regency, East Nusa Tenggara, with a total 

daily energy demand of 115.6 MWh/day. The economic analysis of the current diesel-dependent 

scenario shows a Levelized Cost of Energy (LCOE) of $0.254/kWh. Incorporating wind turbines 

and Battery Energy Storage Systems (BESS) reduces the LCOE to $0.136/kWh, while achieving 

100% renewable energy penetration with a PV-Wind-BESS configuration results in an LCOE of 

$0.221/kWh. Sensitivity analysis on diesel fuel prices indicates that the wind-BESS scenario 

(scenario 2) offers better economic stability than the current scenario (scenario 1), with scenario 

3 optimized for 100% renewable energy, not requiring sensitivity testing. Thus, implementing 

wind turbines and BESS in Waingapu's energy system can significantly reduce diesel generator 

usage and improve economic efficiency.  

 

BIBLIOGRAPHY 

Aziz, A. S., Tajuddin, M. F. N., Zidane, T. E. K., Su, C. L., Alrubaie, A. J. K., & Alwazzan, M. J. (2022). 

Techno-economic and environmental evaluation of PV/diesel/battery hybrid energy system 

using improved dispatch strategy. Energy Reports, 8, 6794–6814. 

https://doi.org/10.1016/j.egyr.2022.05.021 
Baghta, N. A. (2021). OPTIMALISASI KAPASITAS SISTEM HIBRID PLTS/PLTD/BESS  DENGAN 

PERBEDAAN BIAYA BERBASIS WAKTU PADA  DAERAH TERISOLASI DI WILAYAH BAGIAN 

TIMUR  INDONESIA [Skripsi]. Universitas Indonesia. 



Fika Trisnawati, Budi Sudiarto 
 

 

 
Page 1388 

Asian Journal of Engineering, Social and Health 

 Volume 3, No. 7 July 2024 

Ceglia, F., Esposito, P., Marrasso, E., & Sasso, M. (2020). From smart energy community to smart 

energy municipalities: Literature review, agendas and pathways. Journal of Cleaner 

Production, 254, 120118. https://doi.org/10.1016/j.jclepro.2020.120118 

Dar, J., & Asif, M. (2023). Environmental feasibility of a gradual shift from fossil fuels to renewable 

energy in India: Evidence from multiple structural breaks cointegration. Renewable Energy, 

202, 589–601. https://doi.org/10.1016/j.renene.2022.10.131 

Das, P., Mathuria, P., Bhakar, R., Mathur, J., Kanudia, A., & Singh, A. (2020). Flexibility requirement 

for large-scale renewable energy integration in Indian power system: Technology, policy 

and modeling options. Energy Strategy Reviews, 29, 100482. 

https://doi.org/10.1016/j.esr.2020.100482 

Fathurrachman, M. G., Busaeri, N., & Hiron, N. (2022). ANALISIS INTEGRASI PEMBANGKIT LISTRIK 

HYBRID DI WILAYAH DAERAH PANTAI TASIKMALAYA SELATAN MENGGUNAKAN APLIKASI 

HOMER. In JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING (Vol. 62, Issue 02). 

IESR. (2022). Indonesia Energy Transition Outlook 2022. www.iesr.or.id 

KESDM. (2024). Technology Data for the Indonesian Power Sector Catalogue for Generation and 

Storage of Electricity. 

https://gatrik.esdm.go.id/assets/uploads/download_index/files/c4d42-technology-data-

for-the-indonesian-power-sector-2024-annoteret-af-kb-.pdf 

Kuswardono, P. T. (2023). TRANSISI ENERGI BERKEADILAN DI NUSA TENGGARA TIMUR. 

Mutiah, F. (2023). STUDI POTENSI IMPLEMENTASI PHOTOVOLTAIC (PV) DAN  BATTERY ENERGY 

STORAGE SYSTEM (BESS) SEBAGAI PASOKAN  LISTRIK PADA AKTIVITAS PERKAPALAN DI 

PELABUHAN [Thesis]. Universitas Indonesia. 

Pambudi, N. A., Firdaus, R. A., Rizkiana, R., Ulfa, D. K., Salsabila, M. S., Suharno, & Sukatiman. 

(2023). Renewable energy in Indonesia: current status, potential, and future development. 

Sustainability, 15(3), 2342. 

Pamella, K. R. (2019). ANALISIS TEKNO EKONOMI RENCANA PENAMBAHAN PEMBANGKIT LISTRIK 

TENAGA BAYU (PLTB) PADA SISTEM MICROGRID SUMBA DALAM MENGANTISIPASI 

PERTUMBUHAN BEBAN. 

Rahmawati, L. A., & Dalimi, R. (2023). Analisa Desain Konfigurasi dan Kapasitas Pada Sistem On-

Grid Dengan Implementasi Pada PV Saat Waktu Beban Puncak Menggunakan HOMER. 

Jurnal Ilmiah, 15(2). https://doi.org/10.33322/energi.v15i2.2260 

Ramasamy, V., Zuboy, J., Woodhouse, M., O’shaughnessy, E., Feldman, D., Desai, J., Walker, A., 

Margolis, R., & Basore, P. (2023). U.S. Solar Photovoltaic System and Energy Storage Cost 

Benchmarks, With Minimum Sustainable Price Analysis: Q1 2023. 

www.nrel.gov/publications. 

Ramelan, A., Brillianto A., C. H., Adriyanto, F., Ibrahim, M. H., Satria Ajie, G., & Latifah, A. (2021, 

August 2). Interconnection System Simulation Analysis of Transient Micro-grid Stability in 



Techno-Economic Analysis of the Use of Wind Power Plants and Battery Energy Storage Systems as an 
Alternative to Lower the Cost of Diesel Power Plants 

 
 

 

 
Page 1389 

Asian Journal of Engineering, Social and Health 

 Volume 3, No. 7 July 2024 

Indonesia. 8th International Conference on ICT for Smart Society: Digital Twin for Smart 

Society, ICISS 2021 - Proceeding. https://doi.org/10.1109/ICISS53185.2021.9533244 

Rúa, J., Verheyleweghen, A., Jäschke, J., & Nord, L. O. (2021). Optimal scheduling of flexible 

thermal power plants with lifetime enhancement under uncertainty. Applied Thermal 

Engineering, 191, 116794. https://doi.org/10.1016/j.applthermaleng.2021.116794 

Shezan, S. K. A., Ali, S. S., Rahman, Z., & Rawdah. (2021). Design and implementation of an 

islanded hybrid microgrid system for a large resort center for Penang Island with the proper 

application of excess energy. Environmental Progress and Sustainable Energy, 40(4). 

https://doi.org/10.1002/ep.13584 

Sidik, A. D. W. M., & Akbar, Z. (2021). Analyzing the potential for utilization of new renewable 

energy to support the electricity system in the cianjur regency region. Fidelity: Jurnal Teknik 

Elektro, 3(3), 46–51. 

Sunitiyoso, Y., Mahardi, J. P., Anggoro, Y., & Wicaksono, A. (2020). New and renewable energy 

resources in the Indonesian electricity sector: a systems thinking approach. International 

Journal of Energy Sector Management, 14(6), 1381–1403. https://doi.org/10.1108/IJESM-

11-2019-0019 

Sutikno, T., Arsadiando, W., Wangsupphaphol, A., Yudhana, A., & Facta, M. (2022). A Review of 

Recent Advances on Hybrid Energy Storage System for Solar Photovoltaics Power 

Generation. In IEEE Access (Vol. 10, pp. 42346–42364). Institute of Electrical and Electronics 

Engineers Inc. https://doi.org/10.1109/ACCESS.2022.3165798 

  

Copyright holder: 

Fika Trisnawati, Budi Sudiarto (2024) 

 

First publication right: 

Asian Journal of Engineering, Social and Health (AJESH) 

 

This article is licensed under: 

 
 

 

 

https://creativecommons.org/licenses/by-sa/4.0/

