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Solar energy, as the most abundant renewable energy source, has garnered significant 

attention for its potential in electricity generation. Photovoltaic (PV) panels, capable of 

converting solar energy into electricity, have been widely considered for residential 

applications, including on-grid and off-grid systems. This study seeks to evaluate the 

economic feasibility of implementing on-grid and off-grid solar PV systems in residential 

settings through a case study in Gemolong, Sragen. The Hybrid Optimization Model for 

Electric Renewable (HOMER) software is employed to simulate these systems, providing 

an economic analysis over a specified time period. Results indicate that the on-grid system 

presents a more favorable option for the Gemolong region, owing to its optimized monthly 

production, minimal maintenance costs, and investment potential. The total installation 

cost for the on-grid system is estimated to be Rp 64,985,200.00, compared to the off-grid 

system's cost of Rp 745,731,208.82. Furthermore, the on-grid system demonstrates a 

13.3% advantage in energy production. Based on the energy and economic analyses, the 

on-grid PV system is recommended for adoption in the Gemolong area. 
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1. INTRODUCTION

Renewable energy is pivotal for achieving climate goals and 

securing a long-term energy supply. Transitioning from a 

fossil fuel-based energy supply to one with zero carbon 

emissions is essential for mitigating climate change [1]. Solar 

energy, a readily available renewable energy source, has yet to 

be fully harnessed due to factors such as topographical 

limitations, environmental constraints, and land use 

restrictions [2]. Solar panels, which can generate electricity 

and thermal energy, are a promising technology for 

capitalizing on solar energy and catering to the high energy 

demands of residential areas [3]. 

Residential solar systems can be installed as on-grid or off-

grid configurations. The on-grid solar system is a method for 

generating electricity using solar photovoltaics while 

supplying power to electric utilities [4]. This system comprises 

components such as a PV module, junction box, inverter, 

alternating current (AC) disconnect and main panel, net meter, 

and grid connection [5]. The operational mechanism involves 

the absorption of light energy by the photovoltaic module, 

generating electrons and direct current (DC) power [6]. DC 

power is produced at the output terminals of the PV array and 

subsequently converted to alternating current (AC) by the 

inverter. The AC energy can then be utilized directly for 

electrical loads or fed into the utility grid [7]. 

Conversely, the off-grid system encompasses components 

such as a PV panel, maximum power point tracking (MPPT) 

system, charge controller, battery, and inverter. This system 

operates by converting solar radiation into electrical energy 

through the PV panel and directing it to the MPPT for current 

or voltage regulation. Batteries store surplus electrical energy, 

while inverters convert DC to AC to match household 

electricity requirements [8]. Off-grid solar PV systems are 

typically targeted at impoverished urban communities and 

rural residents [9]. 

Analyzing measures to increase average electricity 

consumption by reducing solar photovoltaic (PV) costs in the 

residential solar systems market is crucial in the present 

context [10]. Insight into political, financial, and technical 

decision analysis is invaluable for informing stakeholders 

involved in society's transition to clean energy [11]. The 

HOMER hybrid energy system modeling software is 

employed in this study to simulate local energy usage at the 

research center. Sensitivity analysis, one of HOMER's unique 

features, enables the comparison of the effects of multiple 

variables [12] and is ideal for examining factors determining 

cost-effectiveness between off-grid and on-grid systems [13]. 

This study utilizes the HOMER Pro software to conduct 

simulations of on-grid and off-grid systems, thereby 

simulating local energy usage at research centers [14]. The 

objective is to analyze solar power generation systems 

proposed for implementation in Gemolong using techno-

economic and power comparison methods. By considering the 

geographical conditions of the region, the on-grid and off-grid 

solar panel system proposals are evaluated through techno-

economic analysis. The potential energy generated serves as a 

variable to identify the most suitable system for 
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implementation in the area. 

 

 

2. METHODOLOGY 

 
The HOMER Pro software is employed to analyze and 

create a model for the suggested energy generation system 

[15]. Through simulations, it has been discovered that 

renewable energy sources have the potential to substitute 

traditional energy sources and offer a practical solution for 

generating electricity in isolated areas with a reasonable 

investment [16]. Assessment of city load, air temperature, 

wind speed, and solar radiation was carried out at an early 

stage on HOMER Pro. Then, a PV system model is designed, 

followed by a techno-economic analysis to consider system 

configuration and settings in HOMER Pro software [17].  

The selected area for this study is Gemolong, a sub-district 

in the city of Sragen, Central Java province, Indonesia. The 

surrounding region of this sub-district is characterized by hilly 

terrain and relatively high average temperatures . While the 

village has access to the local electricity grid, it is unable to 

reach all areas within the region. Therefore, it is important to 

explore the beneficial development of solar energy potential in 

this area. Figure 1 and Figure 2 are illustrations of the system 

created. 

 

 
 

Figure 1. On-grid PV system configuration design 

 

The configured lifespan for the created system is estimated 

to be 25 years. This time estimate is based on the estimated 

lifespan of the PV panels used, assuming they are maintained 

under optimal conditions. The analysis of the projected return 

on investment is conducted using data provided in HOMER 

for the Generic Flat PV model. According to the Central 

Statistics Agency (BPS), Central Java had an inflation rate of 

5.22% in March 2023 [18]. In addition, BI had a discount rate 

of 5.75% in March 2023 [19]. The estimated value given can 

be seen in Figure 3. 

 

 
 

Figure 2. Off-grid PV system configuration design 

 

 
 

Figure 3. Annual inflation 

 

In general, the PV size must be capable of producing the 

required peak load demand. However, the size of the PV 

module depends on several system constraints, including the 

unmet allowable load and the contribution of the renewable 

fraction to the system. In grid-connected PV systems, to use 

the DC current generated by the PV and can be supplied to the 

load side, an inverter is used to convert the DC current to AC 

[20]. Technical and economic details of various components 

for on-grid and off-grid systems are presented in Table 1 and 

Table 2.

 

Table 1. On-grid system components [12] 

 
Parameter PV Converters 

Type Flat Plate PV generic 

Rate Capacity 1 kW 1 kW 

Capital (Rp) Rp 15,621,635.00/kW Rp 4,367,652.00/kWh 

Replacements (Rp) Rp 15,621,635.00/kW Rp 4,367,652.00/kWh 

O&M (Rp/year) Rp 145,588.00/year 0 

Life Time 25 years 15 years 

 

Table 2. Off-grid system components [12] 

 
Parameter PV Converters Battery 

Type Flat Plate PV generic 1 kWh Lead Acid 

Rate Capacity 1 kW 1 kW 1 kW 

Capital (Rp) Rp 15,621,635.00/kW Rp 4,367,652.00/kWh Rp 4,367,652.00/kWh 

Replacements (Rp) Rp 15,621,635.00/kW Rp 4,367,652.00/kWh Rp 4,367,652.00/kWh 

O&M (Rp/year) Rp 145,588.00/year 0 Rp 363,971.00/year 

Life Time 25 years 15 years 10 years 
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Figure 4. The electrical load on Gemolong 

 

Estimated load profile of electricity consumption for a 

residential area in Gemolong area, Sragen validated by 

HOMER. The average consumption load was obtained for 

the Gemolong area, Sragen, assuming the average usage in 

Indonesia is 11.26 kWh /d with the maximum power Eban is 

2.09 kW [4]. The usage load is calculated every month in 

detail, as shown in Figure 4. Network input parameters 

include electricity prices and network selling prices, which 

are determined by the central government. The price for 

network electricity for 900 Wh, according to usage in the 

Gemolong area, Sragen, is Rp 1,500.00, while the selling 

price is around Rp 911.00 [21]. 

 

 
 

Figure 5. Monthly average temperature 

 

 
 

Figure 6. Monthly average wind speed 

 

 
 

Figure 7. Monthly average radiation intensity 

 

Data for ambient temperature, wind speed, and solar 

radiation in Gemolong, Sragen, obtained from NASA 

Predictions of Worldwide Energy Resources can be obtained 

from the Resources feature in Design HOMER Pro. This 

feature presents monthly averages for global radiaton over 

22-year period, average wind speed at 50m above the surface 

of earth over a 30-year period, and average air temperature 

over 30-year period [22]. Figure 5 shows the average 

temperature in Gemolong. This sub-district has an annual 

average temperature of 25.8℃. The highest temperature was 

in October at 27.46℃, and the lowest was in July at 24.99℃. 

Figure 6 shows the wind speed at Gemolong. The annual 

average wind speed is 3.46 m/s. The highest wind speed was 

in August at 4.12 m/s, and the lowest was in April at 2.81 m/s. 

Figure 7 shows the average solar irradiance in Gemolong. 

The annual average solar radiation is 4.80 kWh/m2/day. The 

highest irradiation is on September 5.  

The simulation results from the HOMER application have 

an output in the form of economic analysis. The cost of the 

PV array is determined through the cost of capital owned 

(Rp), component replacement costs (Rp), and operation & 

maintenance costs (Rp/yr). The replacement fee is the cost to 

replace the solar cell if it is damaged up to the warranty 

period. Economic value plays a vital role in the HOMER 

simulation process, where the operating process will look for 

the system configuration with the lowest Net Present Cost 
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(NPC). HOMER calculates the NPC using the following 

equation [23]: 
 

CNPC=
𝑐𝑎𝑛𝑛,𝑡𝑜𝑡

𝐶𝑅𝐹 .𝑖.𝑅𝑝𝑟𝑜𝑗
 (1) 

 

where, 

cann,tot: Total annual fee (Rp/year) 

CRF: Capital recovery factor 

i: Interest rate 

Rproj: Age/service life (years) 

 

The salvage value is the residual value in the HES 

component. After the project's lifetime was over, this had a 

significant effect. NPC and was calculated as follows [24]: 
 

SC=Cr
𝐿𝑟𝑒𝑚

𝐿𝑐𝑜𝑚
 (2) 

 

where, 

Cr: Replacement Cost (Rp) 

𝐿𝑟𝑒𝑚: Remaining life of the component (years) 

𝐿𝑐𝑜𝑚: Component lifetime (year) 
 

Cost of Energy (COE) is the average cost/kWh of usable 

electrical energy produced by the system. COE is calculated 

as follows [25]: 
 

COE=
𝑐𝑎𝑛𝑛,𝑡𝑜𝑡

𝐿𝑝𝑟𝑖𝑚,𝐴𝐶 + 𝐿𝑝𝑟𝑖𝑚,𝐷𝐶
 (3) 

Lprim,AC and Lprim,DC are the AC and DC loads on the system. 

Techno-economic analysis is carried out based on several 

considerations referring to Eq. (1) and Eq. (3). In addition, 

energy optimization and return analysis are also carried out 

over a period of 25 years. 

 

 
3. RESULTS AND DISCUSSION 

 
The installation of on-grid and off-grid systems generally 

requires the purchase of various components. Off-grid 

systems usually require a larger initial capital investment 

compared to on-grid systems. Generally, these two systems 

have different implementations. The financing of these 

systems can be divided into component costs, financing 

costs, and operational parameters, assuming that prices 

remain stable over the 25-year period. Additionally, the 

capital investment cost is based on the exchange rate of the 

Indonesian Rupiah at the time of this research.  

 
3.1 On-grid PV 

 
The on-grid system is connected directly to the power 

plant used so that it has a smaller initial capital. Table 3 below 

shows the prices of the on-grid components, and Figure 8 

shows the cost flow for on-grid and off-grid systems over the 

next 25 years, depending on capital, replacement, salvage, 

operational and fuel values. 

 

 

Table 3. On-grid system cost flow 

 

Components 
Capital 

(Rp) 

Replacement 

(Rp) 

O&M 

(Rp) 

Fuel 

(Rp) 

Salvage 

(Rp) 

Total 

(Rp) 

Generic Flat 

Plate PV 

Rp 

187,459,620.00 
Rp 0.00 Rp 40,941,601.92 Rp 0.00 Rp 0.00 Rp 228,401,221.92 

Grids Rp 0.00 Rp 0.00 -Rp 222,213,715.91 Rp 0.00 Rp 0.00 -Rp 222,213,715.91 

System 

Converter 
Rp 35,996,731.90 Rp 33,383,502.12 Rp 0.00 Rp 0.00 -Rp 10,582,538.43 Rp 58,797,695.59 

System 
Rp 

223,456,351.90 
Rp 33,383,502.12 -Rp 181,272,113.99 Rp 0.00 -Rp 10,582,538.43 Rp 64,985,201.60 

 

From the details of NPC costs in Table 3, a total system 

cost of Rp 64,985,201.60 is obtained, with operational costs 

per year of -Rp 181,272,113.99. Operational costs indicate a 

negative value (-) which indicates a surplus of funds from 

selling electricity to local power plants. For 25 years, this 

system has been in operation and has a range of financing, as 

shown in Figure 8. 
 

 
 

Figure 8. 25-year financing process for on-grid systems 

 

Based on the data shown in Figure 8, in the span of 25 

years the system is running, the most significant cost 

expenditure is in the first year, with enormous capital 

investment costs. Apart from that, there are some sizable 

expenditures on component replacement and annual 

expenses for Operating & Maintenance (O&M) costs. In the 

on-grid system, the remaining results from the electricity 

conversion will be sold to local electricity service providers 

to obtain consistent profits every year. The advantages of 

implementing an on-grid system can be seen in Table 4 below. 
 

Table 4. System investment project 
 

Project Lifetime Value 

Simple Payback 18.7 yrs 

Return on Investment 1.79% 

Internal Rate of Return 3.05% 

Net Present Value Rp 79.5M 

Investment Capital Rp 223B 

Annualized Savings Rp 12.9B 

 

In the on-grid system, adding a 1 kW PV already 

connected to the system can reduce operational costs, too -
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Rp 6.76 million/year. Investment in this system is quite 

adequate, with a return on capital for 18.7 years with an IRR 

of 3.05%. The system's annual electricity production can be 

seen in Figure 9 below. 
 

 
 

Figure 9. Average monthly electricity production with an 

on-grid system 
 

The HOMER software can analyze the costs required for 

this investment. There is also an analysis of the output power 

of the system. The results of monthly electricity production 

from this on-grid system are shown in Figure 9. From this 

figure, the electricity generated from PV panels is influenced 

by the geographical conditions of the region. At the same 

time, it tends to be consistent on the grid. The microgrid 

produces an annual production of 16,942 kWh/yr through the 

proposed on-grid system. 

 
3.2 Off-grid PV 

 
In contrast to the on-grid PV system, in this off-grid 

system, the conversion of electrical energy from solar panels 

will not be connected directly to a local power source. This 

system does not sell electricity to power plants, so it is only 

used for personal needs or a particular agency. The problem 

that arises from this system is that the electrical energy 

generated by the PV panel, if not used as a whole, must be 

stored by the system itself. This energy storage process 

involves other external components in the form of batteries 

that can effectively store electricity from PV panels. 

Therefore, the initial investment cost of an off-grid system is 

usually higher when compared to an on-grid. 

Several techno-economic analyzes were also carried out in 

this off-grid system. More considerable capital is used as a 

basis for consideration, with no income from the sale of 

electricity. Large agencies usually implement this system that 

requires an abundant energy supply, so it is only possible to 

rely on electricity from power plants in general. The main 

components of this off-grid system are PV panels, batteries, 

and power converters, with the total expenditure of each 

component shown in Table 5. 

 

Table 5. Cost flow off-grid system 
 

Components 
Capital 

(Rp) 

Replacement 

(Rp) 

O&M 

(Rp) 

Fuel 

(Rp) 

Salvage 

(Rp) 

Total 

(Rp) 

Generic 

1kWh Lead 

Acid 

Rp 

109,191,300.00 
Rp 301,707,081.14 Rp 213,238,095.89 Rp 0.00 

-Rp 

93,122,284.72 
Rp 531,014,192.30 

Generic Flat 

Plate PV 

Rp 

162,245,547.94 
Rp 0.00 Rp 35,434,791.97 Rp 0.00 Rp 0.00 Rp 197,680,339.91 

System 

Converter 
Rp 10,430,080.20 Rp 9,672,894.90 Rp 0.00 Rp 0.00 -Rp 3,066,298.48 Rp 17,036,676.61 

System 
Rp 

281,866,928.13 
Rp 311,379,976.04 Rp 248,672,887.86 Rp 0.00 

-Rp 

96,188,583.21 
Rp 745,731,208.82 

 

The details of the total NPC costs in Table 5 show all costs 

used during this HRES system which were allocated for 25 

years. From the details of NPC costs in Table 5, a total system 

cost of Rp 745,731,200.00 is obtained, with annual 

operational costs of Rp 248,672,887.86. O&M (Operational 

and Maintenance) costs every year, PV panels Rp 

213,238,095.89/year, and batteries Rp 35,347,79.97/year. It 

is known that Batteries have higher O&M costs compared to 

PV panels, thus reiterating that the cost of an off-grid system 

is more expensive than an on-grid one. PV panels do not 

require component replacement because they have a lifetime 

of 25 years according to the proposed project period with a 

range of financing, as shown in Figure 10. 
 

 
 

Figure 10. Financing process for 25 years on an off-grid 

system 

Based on the data shown in Figure 10, it can be seen that 

in the 25 years, the system has been running, the most lavish 

cost expenditure is in the first year, with significant capital 

investment costs. Apart from that, there are some sizable 

expenditures on component replacement and annual 

expenses for Operating & Maintenance (O&M) costs. The 

off-grid system does not have a consistent additional profit 

yearly because it is not sold to electricity service providers. 

The annual production of this system can be seen in Figure 

11 below. 

 

 
 

Figure 11. Average monthly electricity production with 

an off-grid system 
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The monthly electricity production results from this off-

grid system are shown in Figure 11. From the figure, the 

electricity generated from PV panels is influenced by the 

geographical conditions of the region. At the same time, it 

tends to be consistent on the grid. The microgrid produces an 

annual production of 14.664 kWh/yr. Compared to the on-

grid system, this system experienced a decrease in energy 

production, reaching 13.4%. 

The off-grid and on-grid power generation systems show 

significant results from the simulation results using the 

HOMER software. The on-grid system is superior to be 

applied in this area. With only a few maintenance costs 

required during the 25 years the project is running, the other 

main components do not require replacement because they 

have a lifetime and operation hours longer than the project's 

running time. 

 

 
4. CONCLUSION 

 
This research compares proposals for solar panel 

installations with on-grid and off-grid systems in the 

Gemolong area, Sragen. With the same load, the on-grid 

system has lower costs compared to the off-grid system. The 

system cost for on-grid is Rp 64,985,200.00, while the cost 

for the off-grid system reaches Rp 745,731,208.82. This 

difference is quite significant because the off-grid system has 

additional components, namely batteries, which have high 

investment costs. Additionally, another advantage of the on-

grid system is that if the energy generated exceeds household 

needs, it will be fed back into the electricity grid (PLN) and 

has the potential for payback. From the proposed on-grid 

system, payback is achieved after five years of installation. 

On the other hand, for the off-grid system, excess electricity 

production beyond household needs will be stored in 

batteries. When considering the energy generated, the on-

grid system is more advantageous with a production 

difference of 13.3%. Based on these explanations, the on-grid 

system is more suitable for implementation in the Gemolong 

sub-district for household purposes. However, for industrial 

or other purposes, the off-grid system is recommended as it 

can store a large amount of energy for production needs, 

considering the unstable electricity supply in this area. This 

study is expected to help explore the utilization of solar 

energy in locations that face challenges in accessing 

electricity. 
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