
MJSAT 4 (3) 354-359 

 

 

ABSTRACT 

 

KEYWORDS 

 

ARTICLE HISTORY 

` 
 

 

 

 

 

Optimizing Solar Power Generation for Residential Loads in Remote Regions of 

Indonesia 

 

Agung Nugraha1, Rico Armadan2, and Taryo3* 

 

1Dept. of Electrical Engineering, Faculty of Engineering, University of Swadaya Gunung Jati, Indonesia. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 
Indonesia has significant potential to adopt solar panels as 

a future energy source due to its equatorial location, which 
allows almost all regions of the country to receive consistent 
and optimal sunlight throughout the year [1]. The growing 
energy demand, driven by rapid technological advancements 
and population growth, is becoming increasingly urgent [2]. As 
the country progresses in science, technology, and 
infrastructure development, the need for electrical energy 
continues to rise [3]. Indonesia has committed to reducing 
greenhouse gas (GHG) emissions by 29% compared to 
Business as Usual (BAU) by 2030, with an additional reduction 
of up to 41% possible with international assistance [4][5]. In 
this context, alternative energy sources, particularly solar 
energy, are critical to achieving these targets while also 
reducing reliance on conventional power sources. 

This research aims to design and implement an off-grid 
solar power system for residential homes in remote areas [6], 
addressing the need for reliable and cost-effective energy 

 

 solutions that are independent of the state electricity company's 
grid [7]. Solar power is increasingly favored for its abundance, 
sustainability, and minimal environmental impact, making it an 
ideal candidate for such applications [8-9]. 

Solar energy is harnessed through solar panels that operate 
based on the photovoltaic effect, using solar cells made of 
single crystalline silicon [12]. The Majalengka Regency 
Statistics Agency reports that more than 4,000 residential 
houses in the region lack access to electricity [10]. This research 
will explore the potential of solar energy to power these isolated 
homes, which are disconnected from the national electricity 
grid [11]. 

While solar energy has been utilized for power generation 
for many years, its application has largely been limited to small-
scale systems [12][13]. To optimize the implementation of solar 
power plants, several factors must be considered, including 
climate, humidity, temperature, and the positioning of solar 
cells [14]. Additionally, an uneven power grid system can lead 
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The increasing energy demand in Indonesia, driven by rapid technological advancements 
across various industries and a growing population, necessitates the exploration of 
alternative energy sources. The reliance on traditional Steam Power Plants has contributed 
to rising greenhouse gas emissions and increasing operational costs, prompting the need for 
cleaner and more sustainable energy solutions. Solar energy emerges as a promising 
alternative to address these challenges. This study focuses on developing a solar power 
generation system capable of meeting the electrical energy needs in isolated areas. Using 
the PVsyst application, a new renewable energy system was designed to cater to the 
electricity requirements of residential homes. The study findings indicate that the system 
can generate 13,683 watts of electrical energy using eight solar panels, each with a capacity 
of 330 Wp. Additionally, the system includes 15 batteries with a capacity of 250 Ah to store 
energy. The designed system successfully meets the daily electricity demand of 8,210 watts 
for residential homes. To maximize solar energy absorption, the optimal tilt angle for the 
solar panels was determined to be 7 degrees. This study demonstrates that solar power 
generation systems are a viable and effective alternative for fulfilling electrical energy needs 
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to supply shortages, particularly in small industries and remote 
areas [15]. 

The increasing demand for sustainable energy solutions 
has led to a growing interest in solar power generation, 
particularly in remote areas. Research indicates that utilizing 
solar energy can significantly mitigate reliance on traditional 
power sources and help achieve greenhouse gas reduction 
targets. For instance, Khan et al. (2016) provided valuable 
energy audit data for resort islands in the South China Sea, 
highlighting the importance of renewable energy assessments 
in identifying viable solutions for energy supply [17][18]. 
Furthermore, the integration of machine learning algorithms for 
forecasting solar irradiation and temperature can enhance the 
efficiency of solar power systems, as demonstrated by Zahraoui 
et al. (2022) [19]. Additionally, the performance evaluation of 
solar PV inverter controls has been shown to effectively 
mitigate overvoltage issues in medium voltage distribution 
networks, as noted by Almeida et al. (2021) [20]. The optimal 
placement and sizing of distributed generation systems are also 
crucial for maximizing the benefits of renewable energy 
integration, as emphasized by Seet et al. (2019) [21]. 
Collectively, these studies underscore the potential of solar 
power as a reliable energy source that can contribute to the 
sustainability goals of isolated communities.   

This study will assess these challenges and the overall 
feasibility of solar power as a sustainable energy solution for 
isolated communities in Majalengka Regency. 

 

2. METHODOLOGY 
This study employs an experimental quantitative method, 

focusing on the development of solar power plants through a 
systematic design process. The research flow is shown in Figure 
1. The experimental research design includes a treatment group 
based on simulation results, structured as follows: 

2.1 Location and Time 

The research will be conducted over a one-month period, 
from April to May 2024. The analysis will take place in 
Mekarmulya Village, Kertajati Sub-District, Majalengka 
District, West Java Province, Indonesia. The location is 
illustrated in the Figure 2. 

2.2 Tools 

PVsyst, a simulation software, will be utilized to assess the 
performance and operation of solar power generation systems. 
This tool enables the evaluation of different system 
configurations while simultaneously calculating the energy 
produced. The simulation results are based on a recreated 
measurement system that considers the geographical 
characteristics of the solar panel installation site. The outcomes 
can be presented in hourly, daily, monthly, and yearly formats 
[17]. 

2.3 Residential load  

To design the solar power plant effectively, data on 
residential electrical loads is essential for calculating daily 
electricity consumption. The data presented in Table 1.  

2.4 Design 
a. Residential Electrical Installation Design 

The solar power plant design includes a residential house 
measuring 9 meters in length and 7 meters in width, located in 

Mekarmulya Village, Kertajati Sub-District, Majalengka 
District, West Java, Indonesia. The architectural layout of the 
house is depicted in Figure 3. 

 

 

Fig. 1.  Flowchart 

 

Fig. 2.  Location of  Research 

b. Design of solar panel circuit 
The design of the solar PV system incorporates several 

essential components, including: 

• Solar Panels: These convert sunlight into electricity. 

• Batteries: These store the generated energy for use during 
periods without sunlight. 

• DC to AC Inverter: This device converts direct current 
(DC) from the solar panels and batteries into alternating 
current (AC) for residential use. 
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• Solar Charge Controller (SCC): This component regulates 
the voltage and current coming from the solar panels to the 
batteries, preventing overcharging and ensuring optimal 
battery performance. 

• KWH Meter: This measures the amount of energy 
consumed by the household. 

• Load: The electrical devices and appliances that will utilize 
the generated power. 

Together, these components form a complete solar panel 
circuit designed to efficiently generate, store, and distribute 
solar energy for residential use. 

Table 1. Load demand data  

No Appliances Power Quantity 

1. Lamps LED Philips 10 watt 8 

2. Miyako Rice Cooker 1.8 Liter 200 watt 1 

3. Sharp Washing Machine 2 tube 7 Kg 150 watt 1 

4. Sharp 1-door refrigerator 166 Liters 90 watt 1 

5. Tv LG 43 Inc 75 watt 1 

6. AC 1 pk Sharp 740 watt 1 

 

 

Fig. 3. Residential Electrical Installation Design 

 

 

Fig. 4. Standalone PV system design 

c. Residential Load 
Refer to Table 1 for the calculations of the residential load 

current values utilized in the simulation procedure with PVsyst. 
These calculations enable researchers to establish a direct 
development design for a photovoltaic solar power plant. The 
calculations presented in the Table are based on the equation 
(1). 

 

Wh = Ph   (1) 

Description : 

Wh = Discharging capacity 

P = The load power used (Watt) 

h  = Length of load utilized (Hour) 

 

Table 2. Estimated electric power demand from 
residential electricity loads power 

Tool Name Power Total 
Power-On 

Time (hour) 

Total Power 
Consumption 

(Wh) 

Lamp 10 watt 8 10 800 

Tv 75 watt 1 6 450 

Rice Cooker 200 watt 1 4 800 

Washing 
machine 

150 watt 1 2 300 

Refrigerator 90 watt 1 24 2160 

Ac 1 pk 740 watt 1 5 3700 

Totally power consumption / day                    8,210 

 

It is important to note that in a photovoltaic solar power 
plant, not all of the generated electricity is available for 
consumption. Approximately 40% of the electric energy is lost 
when the solar module delivers power to the household 
consumer due to various factors, including electronic 
inefficiencies. Therefore, an additional 40% of power must be 
accounted for in the total power consumption. This can be 
calculated using the following formula: 

Total Power = House Power / 0.60   (1) 

d. Solar PV Design 
When calculating solar panels, use the following formula 

to determine the power capacity and number of solar panels 
used. 

Solar Panels = Total Power / Optimal Sunlight 
Hours 

  (2) 

   

Quantity of Solar Panels = Discharging Power / 
Solar Panel Power (Wp) 

  (3) 

Where: 

Discharging Power refers to the total power output needed 
from the solar panels. 

Solar Panel Power (Wp) is the rated output power of a 
single solar panel in watts peak. 
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e. Battery Design 
The battery is charged for both daytime and nighttime use. 

However, when operating the inverter, it is important to note 
that not 100% of the battery's electrical energy is accessible due 
to potential energy losses, which can be as high as 5%. 
Consequently, a 5% reserve must be added to account for this 
loss. The equation is as follows: 

Battery Capacity = Home Power / 0.95   (4) 

f. Inverter design 
To determine the appropriate inverter size, we start with the 

daily load requirement. Based on the previous data, the load 
used in one day is 1,265 Watts. Therefore, it is necessary to 
select an inverter with an output capacity greater than 1,265 
Watts to ensure adequate power supply. 

g. Solar Charger Controller  
In calculating the Solar Charge Controller (SCC), we begin 

by examining the specifications of the solar panel used to 
determine the output power of the SCC. For this study, we will 
consider the specifications of a 330 Wp polycrystalline solar 
panel. 

• Maximum Power (Pmax) 330 Watt Peak. 

• Voltage at Pmax (Vmp)  77 V 

• Current At Pmax (Imp)  35 A 

• Open Circuit Voltage (Voc) 103 V 

• Short Circuit Current (Isc) 37,9 A 

To calculate the Solar Charge Controller (SCC), the 
following equation is used: 

SCC Power = Isc x Number of solar panels   (5) 

Where: 

Isc is the short-circuit current of a single solar panel 
(measured in amperes). 

Number of Solar Panels refers to the total count of solar 
panels in the system. 

 

3. RESULT AND DISCUSSIONS 
The simulation results generated using PVsyst provide the 

analyst with precise data for comparison. By ensuring the 
accuracy of these values, the design and planning of solar power 
installations become significantly more efficient. This accuracy 
not only aids in optimizing the performance of solar power 
plants but also streamlines the overall development process, 
enabling the creation of effective and reliable solar energy 
systems with greater ease. 

3.1 Tilt and azimuth 

The tilt angle of the solar panel used in the simulation is set 
at 70 degrees to optimize solar energy retention. This tilt is 
calculated based on the southern latitude (LS) coordinate, as 
illustrated in the Figure 5. 

3.2 PV Array 

The design of the solar power plant for residential houses 
will incorporate eight (8) units of Eldora VSP.72.330.05_U 
polycrystalline solar panels. Each panel has a power capacity of 
330 Wp (Watt Peak) and a voltage of 32 volts, resulting in a 
total output power of 2,640 Wp. This configuration is illustrated 
in the following figure. 

 

Fig. 5. Determining the tilt angle of solar panels 

Fig. 6. Specifications of Solar Panels 

3.3 Battery 

In the simulation, a total of fifteen (15) MPG 12V 50 F 
batteries will be utilized to support household power needs 
during nighttime and cloudy weather conditions. Each battery 
has a capacity of 250 Ah, providing a stored energy of 7.2 kWh. 
The total energy capacity of the entire battery bank amounts to 
8,235 kWh. Figure 7 displays the specifications of the batteries. 

3.4 Off Grid Solar PV System Simulation Results 

The simulation results from PVsyst indicate a total 
household load of 8,210 Wh. The design of the solar power 
plant generates a simulated output of 2,640 Wp, with an average 
daily power production of 8.2 kWh. The following simulation 
results are illustrated in the figure below. 

In Figure 8, the simulation results of the Solar Power Plant 
are represented graphically as follows: 

a) The blue color represents the output power when the 
battery is fully charged, producing 1.15 kWh/kWp in one 
day. 

b) The purple color indicates the energy lost in the solar panel, 
amounting to 0.83 kWh/kWp. 

c) The green color reflects the charging system loss in the 
battery, reaching 0.25 kWh/kWp in one day. 

d) The red color illustrates the electric energy consumed by 
household load power, totaling 3 kWh/kWp in one day. 
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Fig. 7. Battery specification 

 

Fig. 8. Power output of the PV System 

 

4. CONCLUSION 
According to the power calculations, the daily electrical 

load requires 8,210 Watts of power. Simulations with PVsyst 
using Eldora VSP.72.330.05_U Polycrystalline solar panels 
with batteries for storing electrical energy with MPG 12V 50 F 
type demonstrate the electrical power generated by off-grid 
solar power plants of 13,683 Watt. The system consists of 8 
solar panels, each with a capacity of 330 Wp, and 15 batteries, 
each with a capacity of 250 Ah. The system controller can 
manage a total of 8,235 kWh. To optimize solar energy 
absorption, the solar panels' tilt angle is set to 7 degrees.. 
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