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Abstract: The abundant potential solar energy in Indonesia should be properly utilized, particularly in regions without 

access to electricity. This study aims to discuss solar power generation systems for households without electricity access in 

rural and remote locations. The method is a literature review to review relevant studies related to solar power plants in rural 

and remote areas. The results found that the use of photovoltaic (PV) can increase electricity access in remote or rural areas, 

which can increase the rate of Electrification Ratio and Electrified Village Ratio, increase renewable energy (RE) roles, and 

reduce GHG (Green House Gas) emissions. It is need to pay attention to the provision of initial investment costs, research and 

development, training and capacity building of human resources, and control over product quality. 
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1. Introduction

Electricity plays an important role in modern societies 

and economies as electricity-using technologies become 

increasingly popular [1]. Universal access to electricity and 

modern, reliable and affordable forms of energy is an asset 

for human development, economic growth and poverty 

alleviation in developing countries, and to achieve the 

Sustainable Development Goals (SDGs) targets [2]. 

The power generation sector is currently the biggest 

contributor to carbon dioxide (CO2) emissions in the world. 

However, it is also at the forefront of the shift toward net-

zero emissions, driven by the swift growth of renewable 

energy sources like wind and solar. One of the major 

challenges in this energy transition is to provide consumers 

with reliable and affordable electricity while simultaneously 

lowering worldwide CO2 emissions [1]. 

In 2023, electricity demand in Southeast Asia rose by 

4.6%. This upward trend is projected to continue, with 

average annual growth expected to reach 5.3% between 2024 

and 2026. The surge is driven by robust economic 

development, industrial expansion, and increasing household 

electricity use. Indonesia, accounting for nearly 30% of the 

region’s total electricity consumption, is set to play a key role 
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in this growth, with its electricity demand forecasted to climb 

by an average of 6.3% annually during the same period [1]. 

Indonesia's electricity sector is confronted with the dual 

challenge of fulfilling rising electricity demand at a 

reasonable cost while also striving to achieve the 

decarbonization goals outlined in the Paris Agreement [3]. 

Based on the achievement data of the Ministry of 

Energy and Mineral Resources of the Republic of Indonesia 

in the first quarter of 2024, the national electrification ratio 

has reached 99.81% and the ratio of electrified villages (RD) 

reached 99.87%. There are still around 1.3 million 

households that do not have access to PLN electricity and a 

total of 6,421 villages that have not been electrified by PLN. 

These households are mostly scattered in remote areas, 

especially the Frontier, Outermost, and Disadvantaged 

(Terdepan, Tertinggal, Terluar or 3T) areas [4]. 

As an archipelago with a vast territory and a large 

population, the Indonesian government has its own 

challenges in providing energy access for the community, 

especially in rural and 3T (Frontier, Disadvantaged, 

Outermost) areas. One of the problems faced in providing 

energy in the 3T area is the distance of the village or area and 

limited access to the location. Difficulties in access and 

mobility to 3T areas have an impact on the cost of investment 

in energy infrastructure development, both power plants and 

networks [5]. 

Various efforts have been made to provide energy in 

rural and 3T areas in order to create equitable development 

[5]. When tackling the challenge of electrifying rural and 

remote areas, it's crucial to take into account the makeup of 

the equipment and optimize the energy system design. This 

includes reducing energy costs and fossil fuel usage, 

enhancing living standards and reliability, project payback 

time, and other relevant metrics. Additionally, a key aspect in 

promoting renewable energy in these locations is the 

introduction of new mechanisms that support eco-friendly 

power generation [6]. 

Indonesia has pledged to lower its greenhouse gas 

(GHG) emissions, necessitating a shift from its heavy 

reliance on non-renewable energy sources to renewable 

alternatives. This transition is critical for Indonesia, as it is 

the fourth largest emitter of CO2 globally [7]. Using 

renewable energy sources offers the potential to establish an 

energy system that is more sustainable and environmentally 

friendly than reliance on fossil fuels [8]. 

Indonesia possesses significant potential in renewable 

energy, with capacities including 208 GW of solar power, 75 

GW of hydropower, 61 GW of wind power, 33 GW of 

biofuels, 24 GW of geothermal, and 19 GW of micro hydro 

power [8]. Solar energy potential is an abundant source of 

energy in the tropical country of Indonesia [7]. 

Utilization of solar energy sources is quite easy to do in 

Indonesia. Indonesia's energy security can be realized with 

good management. Investment in renewable energy can 

realize sustainable living by gradually reducing fossil energy 

consumption [9]. 

The activities of villagers, especially in education and 

working, are highly dependent on the fulfillment of electrical 

energy needs. Therefore, it is necessary to have an electrical 

energy generator that is easy to use and maintain. Small-scale 

Solar Power Plant (Pembangkit Listrik Tenaga Surya or 

PLTS) is a power plant whose resources are easily obtained 

and cheap because the potential intensity of solar radiation in 

Indonesia, which is an equatorial region, is quite high and 

evenly distributed, namely 4.5 kWh/m2 [10]. 

This article was prepared with the aim of examining the 

utilization of solar power plants as an effort to increase 

electricity access in villages and remote areas, especially in 

Indonesia. The review covers a comprehensive overview of 

the development of research related to Solar Power Plants 

(PLTS), especially increasing access to electricity in villages 

and remote areas, consisting of electricity conditions and 

solar energy potential in Indonesia, utilization of solar power 

plants in terms of technical, environmental, geographical, and 

economic aspects, solar power plants policies in Indonesia, 

and sustainability of solar power plants utilization in villages 

and remote areas. 

2. Methods 

This study uses the literature review method, which is a 

research method that can provide an overview of the 

development of a particular topic which includes collecting 

literature from research related to the focus of the study, 

analyzing and synthesizing data, interpreting data, and 

drawing conclusions. This method aims to provide a 

comprehensive overview of the development of study related 

to Solar Power Plants (PLTS), especially in the context of 

increasing access to electricity in villages and remote areas.   

Literature review data was collected from secondary 

sources derived from trusted journal databases. Literature 

selection was done by screening publications based on 

relevance, credibility, and publication time (last 5 years). 

Research journals with a topic focus with keywords PLTS in 

villages, PLTS in remote areas. Official reports, including the 

2023 national energy balance analysis report, were used to 

complement the analysis with empirical data related to 

energy conditions in Indonesia. 
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3. Results and Discussions 

3.1. Electricity Condition in Indonesia  

Until now, Indonesia is still dependent on fossil 

energy resources to meet its electricity needs [5]. Based on 

Electricity Statistics data in 2023, the total national 

generating capacity amounted to 91,164 MW with the 

percentage of each plant, namely PLTU / MT (Mine Mouth 

PP) by 54.58%, PLTG / GU / MG / MU (Gas PP, Combined 

Cycle PP, Gas Engine PP, Combined Cycle Gas Engine PP) 

by 25.46%, PLTD (Diesel PP) by 5.09%, PLTA / M (Hydro 

PP, Mini Hydro PP) by 7.21%, PLTB (Wind Power PP) by 

0.17%, PLT Bio (Bio PP) by 3.72%, PLTP (Geothermal PP) 

by 2.85%, PLTS (Solar PP) by 0.66%, PLTGB (Bio Gas PP) 

by 0.27%, which can be seen in Figure 1[11]. 

 
Figure 1. National Power Generation Installed Capacity 

Source : [11]  

Coal is still the dominant primary energy in the 

electricity sub-sector due to the nature of the technology in 

the form of base load in the electricity system. In addition, 

the cost of producing electricity from Steam Power Plant 

(Pembangkit Listrik Tenaga Uap or PLTU) is relatively low 

compared to the cost of production from other generating 

technologies. This condition is enough to give “pressure” to 

the power plant with fuel and/or drive sourced from 

renewable energy. Although the supply of renewable energy 

in the electricity system has increased, the increase has 

become insignificant due to the massive increase in coal [12]. 

Until 2022, the national installed capacity is still 

dominated by the contribution of PLTU. In 2015, the 

installed capacity of the PLTU was 24.39 GW and increased 

significantly to 46.01 GW in 2022. The massive growth of 

PLTU is the implementation of the policy of providing 

electricity through the 10,000 MW Phase I and Phase II 

Program [12]. The development of national installed capacity 

of power plants can be seen in Figure 2. 

 
 

Figure 2. Development of National Installed Capacity of 

Power Plants 2018 - 2022 

Source : HEESI, 2022 cit [12]   

 

Continued dependence on fossil fuels significantly 

contributes to the increase in greenhouse gas (GHG) 

emissions. Therefore, the adoption of renewable energy is 

crucial for lowering GHG emissions, addressing the impacts 

of severe weather and climate change, and providing a 

dependable, efficient, and economically viable energy supply 

[13]. 

While coal-fired power generation continues to 

dominate, the growth of renewable power generation will 

accelerate through 2026 [1]. This aligns with Indonesia’s 

pledge to transition its energy sector, as stated in the National 

Energy General Plan (Rencana Umum Energi Nasional or 

RUEN), which sets a target for renewable energy to comprise 

at least 23% of the energy mix by 2025 and 31% by 2050 

[14]. 

In 2022, the installed capacity of renewable energy in 

the national electricity system, as can be seen in Figure 3, 

reached 12.6 GW. This capacity increased by 9.4% compared 

to the previous year (11.6 GW). The increasing installed 

capacity of PLTS itself is still faced with intermittency 

challenges that require integrators such as energy storage 

systems and reliable network infrastructure (super smart grid) 

so that network system stability is maintained. In this case, to 

encourage greater penetration of renewable energy in 

Indonesia's national electricity framework, adequate 

infrastructure development is needed [12]. 

 
Figure 3. Growth in the Installed Capacity of Renewable 
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Energy Plants 2018-2022  

Source : HEESI, 2022 cit [12]    

 

 Indonesia has a program from the energy sector in 

controlling greenhouse gas (GHG) emissions to ensure that 

the achievement of the National Energy Policy (KEN) targets 

is in line with the environment and safety, especially related 

to the global issue of climate change. Renewable energy 

utilization and development activities contribute most 

significantly in reducing GHG emissions.  GHG Emission 

Reduction in Energy Sector 2015-2022 can be seen in Figure 

4 [12]. 

 

 
 

Figure 4. Energy Sector GHG Emission Reduction Chart 

2015 - 2022  

Source: Ditjen EBTKE, 2023 cit [12]  

 

Based on the statistics of electricity in 2023, the 

Ministry of Energy and Mineral Resources Directorate 

General of Electricity, nationally the value of the 

Electrification Ratio until the end of 2023 reached 99.79% 

[11]. Data on the Electrification Ratio per Province in 

Indonesia can be seen in Table 1. 

Other activities 

Use of clean  
generation technology 

Use of low-carbon 
fuels 

Development of new 
renewable energy 

Implementation of 
energy efficiency 

Reduction of GHG Emissions 
 in the Energy Sector 
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Table 1. National Electrification Ratio in 2023 

 

No Province 

Households 

with Electricity 

(PLN)  

(a) 

Households with 

Electricity (Non-

PLN)  

(b) 

Number of 

Households 

(c) 

Electrification 

Ratio  

(%) 

(a+b)/c*100% 

1 Aceh 1.483.479 506 1.484.109 99,99 

2 North Sumatera  4.176.868 7.812 4.184.975 99,99 

3 West Sumatera 1.444.577 16.743 1.461.476 99,99 

4 Riau 1.945.714 102.648 2.048.513 99,99 

5 Kepulauan Riau 604.457 3.132 607.652 99,99 

6 Jambi 1.056.251 47.628 1.103.985 99,99 

7 Bengkulu 618.184 6.041 624.291 99,99 

8 Bangka Belitung 

Islands 

500.396 - 500.445 99,99 

9 South Sumatera  2.367.188 47.722 2.415.126 99,99 

10 Lampung 2.444.494 5.012 2.449.747 99,99 

11 Banten 4.474.572 934 4.475.950 99,99 

12 West Java 16.236.989 44.789 16.283.473 99,99 

13 DKI Jakarta 3.393.733 - 3.393.733 100 

14 Central Java 10.832.100 - 10.833.178 99,99 

15 DI Yogyakarta 1.349.654 4.947 1.354.718 99,99 

16 East Java 12.387.141 14.661 12.448.404 99,63 

17 Bali 1.398.359 - 1.398.359 100 

18 West Nusa Tenggara  1.818.269 4.308 1.822.748 99,99 

19 East Nusa Tenggara  1.120.916 99.794 1.281.298 95,27 

20 West Kalimantan 1.394.596 80.056 1.477.043 99,84 

21 Central Kalimantan  718.249 21.908 757.231 97,75 

22 South Kalimantan  1.339.183 4.045 1.343.354 99,99 

23 East Kalimantan  1.165.268 60.782 1.226.177 99,99 

24 North Kalimantan  188.555 3.449 192.021 99,99 

25 North Sulawesi  759.769 4.862 764.698 99,99 

26 Gorontalo 328.148 1.522 329.703 99,99 

27 Central Sulawesi  868.021 9.893 877.992 99,99 

28 Southeast Sulawesi 739.810 54.775 794.585 99,72 

29 West Sulawesi  332.696 36.247 368.978 99,99 

30 South Sulawesi 2.568.422 81.932 2.650.606 99,99 

31 Maluku 422.107 9.208 443.938 97,16 

32 North Maluku  318.836 42.640 361.509 99,99 

33 West Papua  130.625 15.933 146.561 99,99 

34 Southwest Papua 128.575 17.099 145.688 99,99 

35 Papua 257.607 28.736 286.908 99,80 

36 Central Papua  119.751 108.923 242.769 94,19 

37 South Papua  91.734 28.488 121.481 98,96 

38 Papua Pegunungan 33.129 187.910 235.597 93,82 

 TOTAL INDONESIA 81.556.202 1.205.085 82.939.019 99,79 

Source : [11]. 

 

From Table 1 we can see that there are still provinces 

that have an Electrification Ratio below 99% such as East 

Nusa Tenggara, Central Kalimantan, Maluku, Central Papua, 

South Papua and Papua Mountains. This is because there are 

still households that do not have electricity access. Most of 

these households are located in remote areas, especially the 

Frontier, Outermost and Disadvantaged (3T) regions.  

In the context of efforts to increase the electrification 

ratio, one of the alternatives that can be done in providing 

potential access to electricity in remote areas in Indonesia, 

especially locations unserved by the PLN electricity 

infrastructure is the installation of centralized solar power 

plants (off-grid) [15]. 
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3.2. Solar Energy Potential in Indonesia 

A study conducted by Langer et al. (2021) mentioned 

that Indonesia possesses vast renewable energy resources, 

both on land and at sea. These resources have the potential to 

support a fully renewable electricity system and fulfill future 

energy demands. Based on the National Energy Council 

(2022), the potential and utilization of renewable energy in 

Indonesia can be seen in Table 2. 

Table 2. Potential and Utilization of Renewable Energy in 

Indonesia 

 

Type of 

Energy 

Potential 

(GW) 

Utilization 

(GW) 

% 

Solar   3.295 0,31 0,01% 

Hydro 95 6,69 7,0% 

Bioenergy 57 3,13 5,4% 

Wind 155 0,15 0,1% 

Geothermal 23 2,36 10,2% 

Ocean 60 0 0,0% 

Total 3.686 12,64 0,3% 

Source : Ditjen EBTKE, 2022 cit [12]   

 

 

Indonesia has abundant renewable energy potential 

across various regions, including: hydroelectric potential 

found throughout the country, particularly in North 

Kalimantan, Aceh, Sumba, North Sumatra, and Papua; solar 

energy potential across Indonesia, with higher radiation in 

NTT, West Kalimantan, and Riau; wind energy potential 

(greater than 6 m/s) mainly in NTT, South Kalimantan, West 

Java, South Sulawesi, NAD, and Papua; marine energy 

potential in all regions, especially in Maluku, NTT, NTB, and 

Bali; and geothermal energy potential along the ring of fire, 

including Sumatera, Java, Bali, Nusa Tenggara, Sulawesi, and 

Maluku [12].  

Based on data from Dewan Energi Nasional (DEN) 

(2023), an update of solar energy data was carried out in 

2021 and found that Indonesia has a solar energy potential of 

3,294.4 GWp. The update was carried out using the solar 

potential calculation method based on the classification of 

radiation intensity starting from 3.75 kWh/m2 / day and 

filtered by land cover maps (settlements, savannas, and open 

land), excluding protected areas, and also taking into account 

the potential of Floating Solar Power Plants. The distribution 

of solar energy potential in all provinces in Indonesia in 2021 

can be seen in Table 3. 

 

Table 3. Distribution of Solar Energy Potential per Province in Indonesia in 2021 

 

No Province 
Solar Potential 

(GWp) 
No Province 

Solar 

Potential (GWp) 

1 Aceh  99,2 18 NTB 23,4 

2 North Sumatera  122,4 19 NTT 369,5 

3 Riau  290,4 20 West Kalimantan 91,6 

4 Kepulauan Riau 29,7 21 South Kalimantan 52,7 

5 West Sumatera  43,2 22 East Kalimantan  100,8 

6 Jambi 121,7 23 Central Kalimantan  149,5 

7 Bengkulu 13,9 24 North Kalimantan  35,5 

8 South Sumatera  285,2 25 West Sulawesi  19,8 

9 Bangka Belitung 46,5 26 South Sulawesi  60,4 

10 Lampung 121,5 27 Central Sulawesi  39,4 

11 Banten 51,8 28 Southeast Sulawesi  85,0 

12 DKI Jakarta 40,4 29 North Sulawesi  12,0 

13 West Java  155,5 30 Gorontalo 6,5 

14 Central Java 185,9 31 Maluku 77,5 

15 Yogyakarta 30,3 32 North Maluku  17,2 

16 East Java 176,4 33 Papua 252,3 

17 Bali 21,6 34 West Papua 65,8 

 Total Potential    3.294,4 

Source : Ditjen EBTKE, 2022 cit [12]  

 

Based on the solar potential data as shown in Figure 5, 

it can be stated that the national average solar potential is 

4.94 kWh/m2/day. Kupang is the city with the highest 

potential sunshine in Indonesia, with the amount of solar 

potential reaching 6.36 kWh/m2/day, while the city with the 

lowest potential sunshine is in Banda Aceh, with a potential 

sunshine of 4.12 kWh/m2/day. [18]. 

In Indonesia, 14 cities have solar irradiation potential 

higher than the national average, namely Kupang, Makassar, 

Palu, Ambon, Mataram, Manokwari, Mamuju, Surabaya, 

Denpasar, Kendari, Banjarmasin, Pontianak, Samarinda, and 

Jayapura. Meanwhile, 14 cities with solar irradiation 

potential lower than the national average are Padang, 

Palangkaraya, Bandung, Semarang, Yogyakarta, Manado, 

Bengkulu, Gorontalo, Bandar Lampung, Jakarta, Serang, 

Sofifi, Tanjung Selor, Palembang, Jambi, Tanjung Pinang, 

Pangkal Pinang, Medan, Pekanbaru, and Banda Aceh [18]. 
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Figure 5. Indonesia's Photovoltaic Power Potential 

Source : [19] 

 

3.3. Utilization of Solar Power Plants in Rural or Remote 

Areas 

Solar energy is a renewable resource that can be 

transformed into electrical power through the use of solar 

cells [20]. Indonesia, which is a tropical country, has sunlight 

conditions that continuously shine throughout the year in 

various regions. This gives Indonesia significant potential for 

the expansion of solar power plants [17].  

Mini-grids have become a potential strategy for 

providing electricity to rural areas in developing nations, yet 

their implementation is hindered by numerous challenges. 

Research on mini-grids for rural electrification has increased 

significantly over the past decade. Italy, UK, US, Japan and 

India are the top five leading countries in advacing mini-grid 

research for rural electrification [21].  

In the discussion of this literature review, several things 

that can be considered in the utilization of Solar Power Plant 

in rural or remote areas include: 

3.3.1. Technical Aspects 

Mini-grids are decentralized systems designed to 

generate and distribute electricity, which can operate 

autonomously or be linked to the main power grid, typically 

providing power to a specific community or group of villages 

[22]. Their ability to integrate renewable energy sources such 

as solar, wind, and hydro (or small hydro) makes them an 

attractive choice for sustainable development, aligning with 

global efforts to shift to clean energy systems and address 

climate change [23]. 

PLTS has the advantage of practical installation because 

it can be installed in various places as long as it has sufficient 

sunlight [24].  The relatively easy installation of solar power 

plants in various locations, with various sizes and capacities, 

has its own appeal when compared to other types of 

renewable energy generation [15]. Rural areas that do not yet 

have a connection to the national grid can use off-grid solar 

power services, so that they can produce daily electricity 

independently. The installation of this PLTS can be done by 

using existing land, such as roofs, so that land investment 

costs can be reduced [25].  

Off-grid solar power plant, as seen in Figure 6, consists 

of input in the form of sunlight which is converted by solar 

panels and then channeled through MCB DC (Mini Circuit 

Breaker) as protection to SCC (Solar Charge Controller). The 

SCC will charge the battery which is then channeled to the 

DC MCB and inverter at DC (Direct Current) voltage to be 

converted to AC (Alternating Current) voltage. The output of 

the inverter will go to the load that has an AC MCB and is 

channeled with an AC watt meter to determine the AC 

voltage parameter [25]. 

 

 
Figure 6. Design of Off-Grid Solar PV Design 

Source : [25] 

 

Solar cells or solar panels are devices that convert solar 

energy into electrical energy at no operational cost. Silicon 

cells (often called solar cells) exposed to sunlight produce 

photons that trigger the flow of electric current. To protect 

the battery and regulate the charging process, a charge 

controller is used. It prevents the high voltage generated by 

the solar panels during sunny days from damaging the 

battery. Meanwhile, an inverter is an electronic device which 

converts direct current (DC - direct current) into alternating 

current (AC - alternating current), so that electricity can be 

used for household appliances.  

Another important component of solar power plants is 

the battery, which serves as a storage for electrical energy. 

Without batteries, energy from solar panels can only be 

utilized when there is sunlight. The battery stores the the 

electricity generated by the solar panels as direct current 

(DC).The stored energy acts as a backup, which will be used 

when no electrical energy is produced by the solar panels, 

such as when the weather is cloudy or at night. In addition, 

the stability of the system output voltage can be maintained 

with the help of the battery [26]. 

The energy capacity stored in a battery is measured in 

ampere-hours (Ah), which describes the maximum amount of 

current that can be generated in one hour. However, batteries 

should not be fully discharged in the discharge process to the 

maximum extent to ensure a longer lifetime. This discharge 

limit is known as depth of discharge (DOD) and is expressed 

as a percentage, with a common standard being around 80% 

[26]. 

Solar Panel 

https://solargis.com/resources/free-maps-and-gis-data?locality=indonesia
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Solar power plants are currently difficult to develop due 

to intermittency problems. To overcome this problem, 

batteries are needed. Batteries can store electrical energy 

converted from solar energy sources and can be utilized 

directly or through the power grid. The battery industry is 

being intensively developed. Indonesia not only has the 

potential as a user, but also as a battery supplier, starting from 

raw materials, refineries, battery cell manufacturing, and 

battery assembly to the recycling stage. The battery industry 

development plan is summarized in Figure 7 [17]. 

 

 
Figure 7. Roadmap for Battery Industry Development for the 

Period 2022 - 2030 

Source : PT. Pertamina, 2022 cit [17] 

 

There are various types and classifications of batteries 

with design and performance characteristics tailored to 

specific applications. In solar cell systems, lead-acid batteries 

are more commonly used because they are available in 

various capacities (Ah), are more affordable, and have 

suitable performance characteristics. For special conditions, 

such as low temperatures, nickel-cadmium batteries are 

recommended even though they are more expensive to 

produce [26]. 

In Indonesia, research has been carried out on the 

availability of batteries for supporting PV systems, resulting 

in a database of 361 batteries from various technologies, 

including FLA, VRLA, VRLA gel, VRLA AGM, and 

Lithium-ion. The most common battery type found is VRLA 

gel. Batteries are available with voltages ranging from 2 to 

12 volts and capacities ranging from 1 to 3000 Ah. The 

availability of these batteries indicates that the sector is well-

positioned to support the growth of solar PV with energy 

storage, although the areas of battery recycling and waste 

management still require greater attention [27]. 

Besides battery, efforts to maximize the output power 

and efficiency of solar cells are made by maintaining the 

solar cells' position perpendicular to the sunlight source using 

a tracking method. The solar tracking system is one of the 

most effective ways to capture solar energy. This method 

allows the solar cell to move and follow the sun’s path, 

ensuring optimal energy output [28]. 

In general, the solar cell panel mounted parallel to the 

ground and facing upward. When positioned perpendicular to 

the sun’s rays, the panel will receive the maximum solar 

radiation, which is adjusted by the Cosθ factor. However, as 

the sun’s position changes, the radiation decreases. Research 

has shown that solar panels generate the most electrical 

energy between 10:00 AM and 2:00 PM. However, using an 

actuator to move the panels from east to west may reduce the 

energy output for external loads. For solar power systems 

located near the equator, solar tracking is not necessary. It is 

recommended to position the solar panels statically with a 

slight tilt to allow rainwater runoff. If a solar tracker is used, 

it should move the panel from north to south within a limited 

range to align with the sun’s position during different seasons 

[29]. 

A study conducted in Palembang, Indonesia, discovered 

that the performance duration of Sun Tracker solar panels can 

last until 6 PM Indonesian Western Time, whereas Fixed 

Mounting solar panels only operate until 5 PM Indonesian 

Western Time. This is because the Sun Tracker solar panel 

continuously adjusts its position to face the sun, ensuring its 

alignment remains consistent throughout the day [30]. 

There is a solar tracker using Internet of Things (IoT).  

A solar tracker based on the Internet of Things (IoT) is a 

system in which devices can share data across a network 

without the need for human-to-human or human-to-computer 

interaction. IoT has evolved through the combination of 

wireless communication, micro-electromechanical systems 

(MEMS), and internet technologies. This innovation allows 

for the control, monitoring, and analysis of sensor data in 

portable, remote, and real-time settings, accessible through 

any internet-connected device, and useful for historical data 

analysis [28]. 

 A study revealed that the temperature of solar panels 

not monitored by IoT differs slightly from those with IoT 

monitoring, due to the movement of the panels following the 

sun. The cloud significantly impacts the movement of solar 

panels without IoT monitoring. In terms of energy efficiency, 

IoT-monitored solar panels perform better because the 

direction of motion is controlled and the energy required for 

tracking is more efficient [28]. 

A case study conducted in Plaju, Palembang (South 

Sumatra, Indonesia) to assess the efficiency of solar panels 

equipped with a sun tracking system, using monocrystalline 

silicon panels with a 9 kWp capacity, found that the average 

daily radiation levels were 4.96 kWh/m². The solar panels 

equipped with a sun tracker operated at an efficiency of 

16.07%, which remained below their intended design 

efficiency [31]. 

Solar energy offers a variety of applications, 

particularly for equipment that operates continuously in open 

spaces. It is especially suitable for outdoor equipment that 

receives constant sunlight, such as agricultural tools used to 

power irrigation pumps or automatic sprinklers. A study 

conducted at AKIPBA (Akademi Komunitas Pertambangan 

Bukit Asam), located in Tanjung Enim, Muara Enim 

Regency, examined the impact of solar radiation on a solar-

powered pump for an automatic sprinkler system. The results 

showed that as solar irradiance increased, the water flow rate 

also increased due to higher power output. Over 30 days, the 

maximum power generated was 148 W, with a peak water 

flow of 0.0113 m³. The highest solar irradiance received by 
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the PV panels was 1636.7 W/m², and the pump started 

operating when the irradiance reached 500 W/m². These 

findings indicate that the solar irradiance in Tanjung Enim is 

sufficient to power the pump, making the use of solar energy 

for automatic sprinklers feasible. [32]. 

Solar home systems are also utilized in rural regions of 

other developing nations, including those in sub-Saharan 

Africa. These systems have proven to be a dependable source 

of electricity for households, particularly in remote areas 

where stable grid connections are unavailable. Since 2015, 

the annual sales of solar home systems with capacities 

exceeding 11 Watt-peak (Wp) in the sub-Saharan region have 

grown more than sevenfold [33]. 

 

3.3.2. Environmental Aspects and Geography 

There are several advantages to using solar cells, 

including being more environmentally friendly than fossil 

fuel power plants [34]. In addition, in terms of sound, PLTS 

does not cause noise as in power plants with turbine power, 

so PLTS can be used in residential areas [35]. 

Basically, CO2 gas emissions, commonly known as 

carbon footprint, will be generated by any plant, both during 

construction and during operation. In operation, solar power 

plants do not create significant emissions when compared to 

coal-fired power plants. Other pollutants such as nitrogen 

oxides, sulfur dioxide, and atmospheric pollutants are 

produced less by solar power plants than coal or gas-fired 

power plants [36]. 

In an effort to build a power plant, an area can build a 

centralized solar power plant if it does not have the potential 

for small-scale water energy that is feasible to be developed 

into a Micro Hydro Power Plant (PLTMH) in the area. This is 

done by considering the cost of operation and maintenance of 

MHP which is cheaper than the construction of PLTS. The 

development of MHP is prioritized due to the availability of a 

more continuous water supply; there is no need to replace 

inverters and batteries that require large investment costs, so 

the investment cost per kWh produced by MHP will be 

cheaper; it is easier to obtain components because there is 

domestic production; and the availability of sufficient human 

resources [15]. 

In the construction of centralized solar power plants, 

efforts are needed to ensure that the operating period of solar 

power plants can run sustainably in the long term. This is 

done by considering: a) the area where the PLTS will be built 

does not have water resources that have the potential for the 

construction of MHP; b) the existence of potential consumers 

around the PLTS area, who live in groups of at least 30 

houses (including public facilities) with close proximity 

between houses; c) the availability of land as the location of 

PLTS, which can be done on the ground or on the roof 

(rooftop) with sufficient area; d) the use of battery 

technology that has a longer service life, so that the level of 

sustainability of PLTS is better; and e) the existence of 

electricity fees or the willingness and ability of the 

community to pay for electricity from centralized PLTS 

plants [15]. 

The amount of power efficiency and the amount of solar 

cell output can be influenced by several factors, including 

solar radiation, temperature on solar cells, orientation of the 

solar panel (array), tilt angle of the solar panel, and the 

amount of shadow. The amount of solar radiation that hits the 

module and the temperature of the solar cell will affect the 

quantity of energy generated by the solar cell. To increase the 

output power produced, it is necessary to strive for solar cells 

to always obtain maximum solar radiation and low 

temperatures [37]. 

Environmental factors play an important role in 

determining the performance of PV systems. Apart from 

being a tropical country with abundant sunlight, Indonesia 

comprises a widespread archipelago and significant 

mountainous topography. Unlike the lowlands which are 

generally urbanized and densely populated, currently most 

mountainous areas are not covered by government utilities, 

so the application of PV systems for power generation will 

greatly help the community [38]. 

The selection of location also plays a role in increasing 

the electricity generated by the PV system. One of the 

important factors in the performance of the PV system is 

temperature. Mountainous regions have an advantage in the 

application of PV because they have lower temperatures with 

radiation similar to tropical lowland areas. A study 

comparing lowland and highland areas found that PV 

systems in highland areas perform better than PV systems in 

lowland areas. Experimental data showed that the Semendo 

Darat Ulu PV system (highland) performed better than the 

Tanjung Enim PV system (lowland) [38]. 

A study conducted in South Sumatera assessed the 

feasibility of installing photovoltaic (PV) panels on brackish 

water and found that such installations are suitable in the 

fishing village of the Sungsang Estuary. The research 

revealed that floating PV systems are more efficient and 

produce more electricity than land-based installations. This 

increased performance is attributed to the lower surface 

temperature of the water, which helps cool the panels. On 

average, floating PV panels generate 11.89 watts more power 

than ground-mounted systems, and their efficiency is 

approximately 4% higher [39]. 

 

3.3.3. Economy Aspects 

The value of solar power plants (PLTS) is substantially 

good from an economic standpoint. Long-term maintenance 

and operating expenses for solar cells are far cheaper than 

those of fossil fuels, despite the fact that solar panel 

installation is not inexpensive [40].  

Research indicates that household electricity 

consumption is significantly affected by various factors, 

including household size, income level, type of dwelling, 

number of rooms, use of fans, electric cooking practices, and 

occurrences of load shedding. The ownership of electrical 

appliances is a key determinant in overall energy usage. The 

impact of air conditioners, fans, and electric stoves is more 

pronounced in households, whereas refrigerators, air 

conditioning units, fans, and other appliances for productive 

purposes have a greater impact on Small and Medium 

Enterprises [41]. 

To ensure better sustainability of solar power plants 

(PLTS), efforts are made to use battery technology with a 
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longer lifespan in PLTS. Additionally, the willingness and 

ability of consumers to pay for electricity from centralized 

PLTS are crucial for the continuity of electricity access. This 

is because the cost of replacing inverters and batteries is not 

cheap [15]. 

The installation costs of solar power plants (PLTS) 

construction are very high. Economic calculations are 

necessary in the initial design of PLTS, which include an 

economic study of the initial investment amount and a 

project feasibility study that calculates how long the return 

on initial investment will take and whether the construction 

of PLTS is feasible or not, which is very important in 

planning the construction of PLTS in a certain area [37]. 

As an example of the cost calculation for using solar 

power plants in a remote village, namely in Kaliwungu 

Village, Banjarnegara Regency. In the calculation using 

MATLAB, a photovoltaic array capacity of 2.850 kWp was 

obtained, using 19 modules, and a battery capacity of 

464.687 Ah, with 24 battery units. The maximum current 

allowed to flow through the charge controller equipment is 

59.376 A, with a current capacity of 60 A. With a maximum 

inverter power of 2850 W, an inverter with a capacity of 3500 

W/48 V DC is used. The energy potential generated by the 

Kaliwungu Village solar power plant with a capacity of 2.85 

kWp is 4987.13 kWh per year. The total investment cost 

incurred for the photovoltaic system equipment investment is 

Rp 433,125,000, with a breakdown of equipment capital 

investment costs of Rp 412,500,000 and operational and 

maintenance costs of Rp 20,625,000. From the solar power 

plant, an annual revenue of Rp 14,961,400 is generated. 

Subsequently, a net present value/worth of Rp -266,351,000 

is obtained, an annual cash flows analysis of Rp -23,894,600, 

a benefit-cost ratio of 0.3850, and a future worth of Rp 

714,063,000. With an investment payback period at the end 

of the project life of 29 years. If the electricity tariff increases 

by 5% per year, the payback period will occur in the 20th 

year [37]. 

An example of cost calculation for the use of solar 

power plants in a remote village is Delo Village in Sabu 

Raijua Regency, East Nusa Tenggara Province. Based on 

load estimation, the total electricity demand in Delo Village 

is around 794,685 Wh/day. A simulation using PVsyst 

software showed that the solar system would consist of 452 

solar panels, each with a 400 Wp capacity, 24 units of SCC 

with a 5,800 W voltage capacity, 1,168 batteries with a 12V 

200Ah capacity, and 8 inverters with a 30 kW capacity. The 

simulation yielded a Performance Ratio of 70.2%, indicating 

the project’s feasibility. The initial investment for 

constructing the off-grid solar power plant (PLTS) was Rp 

8,686,889,644, with an annual operational and maintenance 

(O&M) cost of Rp 86,868,896. The energy cost was Rp 

2,600/kWh. The investment analysis showed a positive Net 

Present Value (NPV) of Rp 49,729,753 for the PLTS, a 

Profitability Index (PI) of 1.00572469, and a Discounted 

Payback Period (DPP) of 14 years for the PLTS's operational 

life [42]. 

Looking at the use of solar power plants in other 

countries, such as Cambodia, off-grid renewable energy 

systems have been crucial in providing electricity access to 

several villages. The Cambodian government has made 

significant investments in developing electrical infrastructure 

to achieve universal electricity access. Additionally, it has 

launched initiatives to expand electricity coverage to 

underserved rural communities. One such initiative is the 

Solar Home Systems (SHS) Program, which supports 

households in villages without grid electricity by helping to 

reduce the costs of purchasing and installing SHS [43]. 

For households using Solar Home Systems (SHS), 

several challenges arise. These include the inability to 

generate enough energy to meet basic needs due to low 

technology standards, high reliance on solar energy 

influenced by weather conditions, and the unaffordability of 

solar battery storage systems for low-income households. 

The high upfront costs of energy storage in batteries 

connected to solar power systems present issues of equity 

and affordability, as not all rural households can afford these 

batteries. As a result, the lack of battery storage prevents the 

limited energy generated by solar power from being stored 

and used, particularly during the rainy season, leaving 

households without electricity except on sunny days [43]. 

 

3.3.4. Solar Power Plant Policies in Indonesia 

The government is responsible for managing the 

nation's energy and plays a vital role in ensuring a 

continuous, reliable, safe, and environmentally sustainable 

energy supply [36]. The Indonesian government has 

developed various policies focused on solar power plants to 

encourage the use of solar energy, particularly to enhance 

electrification in rural and remote regions. These policies are 

designed to facilitate the shift to renewable energy, decrease 

reliance on fossil fuels, and tackle energy access challenges 

in underserved areas. 

One of Indonesia's major policies outlined in 

Regulation of the Government of the Republic of Indonesia 

Number 79 of 2014 concerning the National Energy Policy 

(Peraturan Pemerintah Republik Indonesia Nomor 79 Tahun 

2014 Tentang Kebijakan Energi Nasional)  which was then 

passed down in Regulation of the President of the Republic 

of Indonesia Number 22 of 2017 concerning the National 

Energy General Plan (Peraturan Presiden Republik Indonesia 

Nomor 22 Tahun 2017 Tentang Rencana Umum Energi 

Nasional) the Indonesian government has established a target 

for 23% of the country's energy to be derived from new and 

renewable sources by 2025, and 31% by 2050. This policy 

aims to promote the development and use of renewable 

energy, with solar power playing a crucial role, particularly in 

remote and off-grid regions [36]. 

Solar Photovoltaic (PV) or PLTS is expected to become 

the leading technology in terms of installed capacity, with a 

target of 45 GWp by 2050, making up 10.1% of the total 

energy capacity and 26.8% of the renewable energy capacity. 

To support this, it is planned that the roofs of government 

buildings will be covered with solar PV up to 30%, and 

residential housing roofs will be covered up to 25%. 

Additionally, there are plans to develop a vertically 

integrated domestic PV industry [14]. With domestic housing 
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consuming up to 43% of total electricity consumption, the 

government has set a target homeowners to install solar 

panels on their roofs and become consumers of residential 

solar PV [7]. 

In an effort to improve public access to electricity, one 

of the government programs implemented in 2024 is the New 

Electricity Connection Assistance Program (BPBL). This 

program aims to provide assistance in connecting electricity 

to households that do not yet have electricity, especially for 

low-income or poor and vulnerable households. In addition, 

this program is implemented with the aim of increasing the 

electrification ratio in Indonesia. Although this program has a 

positive impact on opening up opportunities for productive 

economic activities, improving the quality of life through 

access to electricity that supports daily activities, health, and 

education, as well as playing a role in reducing energy 

inequality between urban and rural areas [4]. However, this 

program has not yet fully accommodated the 3T areas that 

have limited access to electricity installation from PLN. 

To improve electricity access in 3T areas, the 

government has issued a policy in the form of Regulation of 

the Minister of Energy and Mineral Resources of the 

Republic of Indonesia Number 38 of 2016 concerning the 

Acceleration of Electrification in Underdeveloped Rural 

Areas, Remote Areas, Border Areas, and Small Islands with 

Populations Through the Implementation of Electricity 

Supply Enterprises for Small Scales (Peraturan Menteri 

Energi dan Sumber Daya Manusia Republik Indonesia 

Nomor 38 Tahun 2016 tentang Percepatan Elektrifikasi di 

Pedesaan Belum Berkembang, Terpencil, Perbatasan, dan 

Pulau Kecil Berpenduduk Melalui Pelaksanaan Usaha 

Penyediaan Tenaga Listrik untuk Skala Kecil). This 

regulation offers regions the opportunity to engage in small-

scale electricity supply activities through state-owned 

enterprises. These enterprises are encouraged to take 

advantage of this policy by applying for business area 

permits. It represents one of the government's efforts to 

achieve a 100% electrification ratio. 

The Indonesian government has also formulated 

policies as an effort to increase the renewable energy mix 

through the Rooftop Solar Power Plant program. Regulation 

of the Minister of Energy and Mineral Resources of the 

Republic of Indonesia Number 2 of 2024 concerning Rooftop 

Solar Power Plants Connected to the Electricity Grid of 

Licensed Electricity Supply Business Operators for Public 

Interest (Peraturan Menteri Energi dan Sumber Daya Mineral 

Republik Indonesia Nomor 2 Tahun 2024 tentang 

Pembangkit Listrik Tenaga Surya Atap yang Terhubung pada 

Jaringan Tenaga Listrik Pemegang Izin Usaha Penyediaan 

Tenaga Listrik untuk Kepentingan Umum) also plays an 

important role in improving the governance of 

environmentally friendly solar energy utilization by using 

rooftop solar power systems for personal or household use. 

 

3.3.5. Sustainability 

The solar energy potential in Indonesia is 207,898 MW 

with an average intensity of 4.80 kWh/m2/day. This potential 

can help the government reduce reliance on fossil fuels such 

as coal-fired power plants [13]. Nevertheless, Solar 

Photovoltaic (PV) still struggles to gain traction in Indonesia 

at present [16]. From a total potential of 3,295 GW, solar 

utilization has only reached 272.2 MW or 0.01%, and in 

2022, solar-based power plants accounted for 2% of the total 

national renewable energy generation [12].  

Solar energy has significant potential in Indonesia, but 

its utilization in the electricity sub-sector is still very limited. 

In 2022, the contribution of solar power (PLTS) was 279.57 

MW. However, in terms of installed capacity, solar power 

saw a significant increase of 88% compared to the previous 

year  [12]. 

Based on statistical data from the Ministry of Energy 

and Mineral Resources (ESDM), it was revealed that the 

issue of suboptimal utilization of solar power plants (PLTS) 

mostly stems from systems connected to the electrical grid. 

In 2019, off-grid PV systems made up only 28% of the total 

installed capacity of 146 MWp, yet they contributed to 54% 

of the total solar electricity generation [16]. 

A literature review on Uganda highlighted several 

factors driving the adoption of solar PV systems, including 

the growing demand for energy, the need to reduce carbon 

emissions, the absence of electricity network expansion in 

rural areas, and the potential to improve livelihoods through 

the use of productive solar PV systems. However, the main 

challenges hindering widespread adoption include high 

upfront investment costs, insufficient research and 

development, a lack of skilled personnel and training, limited 

information and public awareness, and inadequate product 

quality control [47]. 

It is also in line with the research conducted by Indah & 

Rarasati (2020) which revealed that in the implementation of 

rural electrification programs, there are several issues that 

need to be addressed. Low population density and low 

income are characteristics of underdeveloped areas, making 

the provision of electricity tend to be expensive. In addition, 

the high economic activity is mostly concentrated in Java 

Island, resulting in a lack of interest from the private sector to 

invest.  

Institutional weaknesses and limited financing also 

affect rural electrification programs. Therefore, governance, 

regulations, and government policies, as well as appropriate 

financing schemes, are the most important actions to take in 

order to support rural electrification programs  [48]. 

The primary reason for the slow progress of solar power 

plant development in Indonesia is the high cost associated 

with these plants. Administrative and regulatory issues are 

also seen as barriers to the energy transition. The government 

is encouraged to enhance and create regulations, such as tax 

incentives and export-import electricity subsidies, to foster 

the growth of renewable energy in the country. Furthermore, 

promoting renewable energy investments in the public sector 

could be a key solution to accelerate Indonesia's energy 

transition [49]. 

Solar Power Plants (PLTS) have played a role in 

electrifying rural communities, but there are several 

challenges that need to be overcome, including issues with 

land ownership, unappealing tariffs and policy support, a lack 

of local expertise, and active opposition from the State 

Electricity Company (PLN) [16]. The sustainability of the 
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benefits of solar power plants (PLTS) is partly influenced by 

the human resource capabilities within the managing 

institution. Therefore, the managing institution must be 

ensured to have the understanding and capabilities needed to 

carry out operational and maintenance functions [15]. 

 

4. Conclusions 

The growing adoption of solar power plants (PLTS) in 

remote or rural areas can enhance the Electrification Ratio 

and the Electrified Village Ratio in a region. From the 

government's perspective, the objectives and benefits of 

deploying solar power plants (PLTS) in rural areas include 

increasing the share of renewable energy in the national 

energy mix, stimulating investments in renewable energy, 

speeding up the use of solar energy, improving energy 

independence and resilience, and reducing greenhouse gas 

emissions. 

From the literature review, it was concluded that 

technically, the installation of PLTS is practical because it 

can be done in various locations as long as there is sufficient 

sunlight. From an environmental aspect, PLTS is more 

environmentally friendly compared to fossil fuels. 

Economically, the initial investment in PLTS is indeed high, 

but the maintenance and operational costs of solar cells are 

much lower in the long run.  

Various studies suggest that when implementing solar power 

plants in rural areas, it is crucial to focus on securing initial 

investment funds, conducting research and development, 

providing training and capacity building for human 

resources, and ensuring product quality control. 
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