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 Indonesia has a vast amount of potential for renewable energy, with many 
places still experiencing inaccessibility and inadequacy to electricity. One of 
the places, Kupang in East Nusa Tenggara, suffers a deficit of 4 MW at night 
along with a blackout despite the implementation of the Oelpuah Solar 
Power Plant that can produce 5 MW. Thus, this study presents a feasibility 
study and simulation of additional solar power plant implementation using 
PVSyst based on geospatial analysis by ArcGIS to point down the desired 

location, namely Oefafi. The results produce 7,212,139 kWh/year (almost 20 
MWh/day using 6,552 modules of Jinkosolar 610 Wp JKM-610N-78HL4-
BDV, 274 units of Growatt 12KTL3-X inverters, and 2000 BYD B-Box 
PRO 2.5 1,024 V 5,200 Ah battery. The losses of the systems mostly come 
from temperature loss in PV. The total installation cost is 51 billion IDR 
with a payback period of 8.3 years, NPV of 6.6 billion IDR, and IRR of 
10.62% for an electricity tariff of 1,000 IDR/kWh. The amount of 
greenhouses saved accounts for 134,110.3 tCO2. This will help in filling the 

4MW deficit while also potentially providing to other unsupplied regions. 
Future research may use other software for comparison and give better 
explanations. 
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1. INTRODUCTION 

Humans have relied on energy significantly since long ago. One of the energies that has been used 
most for human activities is electricity. Countries in the world use this energy for everyday life. The last decade 

of energy consumption shows an increase annually, linear to human dependency. Fossil fuels are one of the 

energy sources that are dominantly used since it is relatively cheaper than other sources. From the 1800s to 

2021, consumption showed an increase while its reserves reduced tremendously [1]. The process of producing 

fossil fuels also causes environmental problems. These include acid rain, global warming, climate change, 

pollution, and others [2], [3]. Moreover, today’s issues show that countries faced the fossil fuel crisis while still 

needing to rely on it, including Indonesia which shows the dominance for electricity, gas, and coal [4]. 

On top of that, the Ministry of Energy (ESDM) stated that the reserves of gas in Indonesia will last 

22 years and coal for 65 years [4]. This shows that the reserves may not be used by future generations since 

they cannot last for a century. Hence, an alternative is proposed, which is using renewable energy. 

Renewable energy is considered more environmentally friendly than fossil fuels since it can reduce 
greenhouse gas emissions that contribute to climate change mitigation and other issues [5]-[7]. Examples of 

https://creativecommons.org/licenses/by-sa/4.0/
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this energy are solar energy, wind energy, geothermal energy, hydropower, and bioenergy.  

Renewable energy serves as the source of electricity supply with its advantages including the 

availability, fossil fuels usage reduction to minimize environmental impact, and technology development [5], 

[8], [9]. Yet, several drawbacks act as a limitation upon applying this energy, including lower efficiency 

compared to fossil fuels, unpredictability and volatility of the availability, as well as the presence of reserves 

when deficiency occurs [5], [9]. Thus, countering this situation requires careful consideration and specific 

planning in the research and design phase.  
One of the techniques to execute this phase is to utilize energy models for decision-making 

purposes, namely simulation [10]. This method gives solutions to physical outputs based on virtual 

replication, linking theories, and experimental investigation using known parameters [11]. This creates 

opportunities to analyze estimated losses by cost, time, quality, and environmental impact. The most popular 

source of renewable energy, solar, has been studied using the help of simulations [12], [13]. This energy 

comes from the sun's irradiation, which can be converted to heat, electricity, and other energy forms using 

conversion technology [14]. The advantage of this energy is that aside from being used to generate electricity 

mainly, its operation and maintenance do not produce pollution. However, the disadvantages include high 

investment costs, being weather dependent, space occupation, as well as the possibility of negative 

consequences to animals [14]-[19]. Not to mention, the conversion mechanism starts from the sunlight that 

reaches the PV cell made from semiconductors, which produce electricity from the photons' absorption that 

moves the electrons. The electricity outcome is in the form of direct current, which then enters inverters to be 
turned into alternating current. This form will be used for end users (house and industry) for appliance 

purposes. Additional systems such as electronic power and storage systems can be used for better conversion 

efficiency as well as storing unused energy. As such, it is important to see the performance of solar energy 

installation based on the models of modules, storage systems, trackers, DC/DC converters, and inverters. 

Hence, it may contribute to giving suggestions based on the simulation results to show the possibility of 

physical world performance.  

Some software that provides the facility for solar energy models includes PVSyst, RETScreen, 

HOMER, and MATLAB. One of the common software that gives an overall analytical test in designated 

locations for the whole solar system is PVSyst [7]. In contrast to other software, PVSyst provides in-depth 

analysis results ranging from the size to the output of the PV system [20]. The product can be considered 

accurate, with a mean bias error (MBE) value of about 1–2% [20]. Many studies have relied on PVSyst, 
which varies from grid-connected to off-grid, showing the capability of analysis features provided by this 

software [20], [21]. The study in solar power plant design in Pekanbaru has shown the results of above 23 

MWh using more than 40,000 units of Longi Solar modules (415 Wp) based on PVSyst simulation [20]. 

Another study uses a PVSyst simulation of 5 MWp, which compares to the real generation that shows higher 

estimation in system efficiency by 0.12% and PR lower by 0.60%, indicating the accuracy and potential as a 

dependable tool [21].  

Moving back, Indonesia’s renewable energy potential is not fully maximized, as shown in Table 1. 

Knowing that it will help supply energy to underdeveloped areas [5]. This research is specified to analyze 

Kupang potential which is located in East Nusa Tenggar (Nusa Tenggara Timur or NTT), Indonesia. 

Currently, it is known that electricity crises and regular blackouts regularly occur due to natural disasters 

[22]. Moreover, Perusahaan Listrik Negara (PLN) or National Energy Company data had shown that only 
about 94.04% of the whole villages in NTT have access to electricity, with the rest of 215 villages out of 

reach [22]. Ironically, the potential of renewable energy in NTT is relatively high, with 10,188 MW for wind 

energy followed by solar energy at 7,272 MW and ocean energy at 5,355 MW [22], [23]. To fulfill the need 

for electricity supply, governments built a solar energy power plant in this area called Oelpuah Power Plant 

with an output of 5 MW with a total of 22,008 PLTS modules with one producing 230 Wp from National 

Energy Council spread over an area of 7.5 hectares in Oelpuah Village, 20 kilometers from Oelamasi, the 

capital city of Kupang Regency, NTT [24]. 

 

 

Table 1. Indonesia's potential and installed capacity for renewable energy in 2021 [22] 
NRE commodity Total potential 2021 (GW) Power plant capacity (GW) Utilization (%) 

Tidal 17.9 - - 

Geothermal 23.9 2.3 9.6% 

Bioenergy 56.9 2.3 4.0% 

Wind 154.9 0.2 0.1% 

Hydro 95.0 6.6 6.9% 

Solar 3,294.4 0.2 0.01% 

Total 3,643 11.2 0.3% 
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The electricity from this solar power plant acts as a solution for shifting blackouts during the day 

around Kupang City and the district [23]. Yet, a deficit of 4 megawatts (MW) still occurs at night in the 

Kupang Branch 3. According to Jupiter, field officer of PLTS Oelpuah, the 5 MW electricity was not 

supplied all at once but was carried out in stages. The production of plants is highly dependent on solar 

energy in which in cloudy weather the production is limited to 2 MW. In addition, the temperature in the 

system should not be below 20 degrees Celsius and exceed 35 degrees Celsius, with the ideal range from 25-
35 degrees Celsius. If the heat coming from the sun reaches beyond the limit, losses can occur. The energy 

obtained is sold to PT PLN at approximately Rp 3,450/kWh with a contract period of 20 years. PLN then 

distributes it to end users.  

Moreover, although several literatures have discussed the solar power implementation in this region 

as shown in [24] that elaborate the PR obtained ranges from 0.7-0.9 and [25] which discuss the potential 

location in Oelnasi, it lacks the in-depth analysis. Following the information, it is crucial to make a better 

analysis and consideration upon building a new communal solar power plant to cope with the deficit and 

blackout problems. Thus, this research uses PVSyst to carry out simulations for additional solar power plants 

based on several considerations and location selection with high potential that avoids natural disaster areas. 

This research will use additional software, namely ArcGIS, to help in narrowing the designated best location 

for solar power plant installation purposes. In accordance with the information, it is crucial to make an 

analysis and consideration upon building a new communal solar power plant to cope with the deficit and 
blackout problems. Thus, this research uses PVSyst to carry out simulations for 4 MW solar power plants 

based on several considerations based on the specific location selection with high potential that avoids 

natural disaster areas. This research will use additional software, namely ArcGIS, to help in narrowing the 

designated best location for solar power plant installation purposes. 

 

 

2. METHOD  

The design procedure of the solar power plant in this research is based on simulations using PVSyst 

software, with the assistance of ArcGIS to aid in selecting the optimal location. The stages involved are 

outlined as follows. The first stage is problem identification, where the issue addressed in this study is the 

electricity deficit and blackouts in Kupang. Although the Oelpuah solar power plant is already in operation, it 
has not been able to meet the electricity demand fully, highlighting the need for additional power generation 

capacity. Next is the literature review, which involves reviewing studies related to the use of PVSyst in solar 

power plant design. This review provides a technical foundation for the research and helps understand 

different approaches and results from previous studies. 

Following this, location selection is carried out. This step includes analyzing geospatial information 

such as solar irradiation, potential geohazards or natural disaster risks, and thermal conditions. By using 

ArcGIS and secondary data from various sources, the analysis helps narrow down the best location for the 

new solar power plant. The fourth step is finalizing the selected area. After considering all the relevant 

factors, the most suitable location for the power plant is confirmed. The next stage is data collection, where 

technical information regarding components necessary for the installation is gathered. This includes 

specifications of solar panels, inverters, and other equipment required for the solar power plant design. Once 
the data is collected, data processing takes place through the design and simulation of the power plant using 

PVSyst. This allows for a thorough analysis of the plant’s performance and its potential energy output. 

Finally, the results are analyzed, and conclusions are drawn. The results from the simulation are evaluated to 

determine the feasibility, efficiency, and potential impact of the planned solar power plant. Further details on 

the data collection and processing stages will be elaborated in the subsequent sections of this research. 

 

2.1.  Location selection 

In this section, thorough studies are for the selection of location and solar power plant parameters. 

First of all, based on the problem that has been identified, Kupang has been chosen as the location to be used 

to implement a solar power plant. In this case, careful planning for location determination is made using 

ArcGIS. First of all, data from Dukcapil is obtained to set the village classification area in Kupang. Then, 

using the data from Global Solar Atlas, solar irradiation can be obtained in the determined area. Finally, the 
data of Landsat 8 operational land imager (OLI) and thermal infrared sensor (TIRS), which consists of 

spectral bands with spatial resolution of 30 m (band 1-7 and 9), 15 m (band 8), and 100 m (band 10 and 11) 

are also used, specified in Table 2. From this data obtained, analysis can be made by importing the village 

classification and solar irradiation data, specifically in June 2024, as shown in Figure 1. 

From Figure 1, it can be seen that areas that are colored red show great potential since the solar 

radiation is high, above 140 W/m2. However, usually high solar radiation may indicate high temperatures in 

the area. Thus, band 10 is imported to see the temperature condition, as shown in Figure 2. As narrowed 

down, the red parts are mainly located in Oelnasi Village, thus, this should be avoided. To its left side are 
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Oelpuah Village and Oefafi Village, with similar solar radiation which can be selected as alternatives. Thus, 

further analysis can be done. By adding layers for urban areas using bands 7-6-4, the representation of the 

land can be shown in Figure 3. 

 

 

Table 2. Band combination 
Band combination Landsat 8 

Natural Color 4-3-2 

False Color (urban) 7-6-4 

Color Infrared (Vegetation) 5-4-3 

Agriculture 6-5-2 

Atmospheric Penetration 7-6-5 

Healthy Vegetation 5-6-2 

Land/Water 5-6-4 

Natural With Atmospheric Removal 7-5-3 

Shortwave Infrared 7-5-4 

Vegetation Analysis 6-5-4 

 

 

 
 

Figure 1. Solar irradiation in June 2024 for Kupang Region 

 

 

 
 

Figure 2. Thermal condition for Kupang Region 
 

 

 
 

Figure 3. Oelnasi, Oelpuah, and Oefafi Village (urban color) from left to right 
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From this, even further analysis can be made with data from geohazard potential in Kupang from 

Badan Penanggulangan Bencana Daerah Kupang [26]. Based on the report that shows risks of hazards in the 

area, the selected villages have a low potential for earthquakes, the least potential for tsunami and landslide, 

low potential for floods, intermediate potential for drought, as well as low potential for extreme weather and 

multi-natural disasters [26]-[29]. Thus, generally, both villages are considered well-suited for solar power 

selection. Finally, Figure 4 is the location of the utility grid which is considered based on the geoportal map 
in Figure 4(a) and Google Earth map data in Figure 4(b). As shown in Figure 4, the nearest grid is from the 

Oelpuah Solar Power Plant, around 4 km. 

 

 

 
(a) (b) 

 

Figure 4. Oelpuah solar power plant distance from selected area view from (a) Geoportal Map and  

(b) Google Map 

 

 

Thus, the finalized area lies around Oefafi village which is determined for solar power plant 
installation. This village is located in the highlands with an area of 20.37 km2 with around 2,473 people 

living in (578 families), mostly with the age range of 15-30 based on Dukcapil data. The problem in this 

village is mostly due to drought, in which local people suffer from a lack of usable water for their daily 

activities which An imperative action regarding suitable dam and water pump installation must be executed. 

Thus, it is hoped that the planned solar power plant can help both Oelpuah village with deficit problems and 

Oefafi village with water pump operation. 

 

2.2.  Data collection 

This study will assess the most suitable solar power plant system based on the main components 

which are the solar cells and inverters. Inverters are an important component that converts DC supply from 

PV to AC supply while also behaving as safety measures in response to voltage, current, and frequency that 
may go beyond the limit. In this case, the solar power plant is designed to be connected to the utility grid 

along with the installation of storage systems for locals to access electricity if a deficit occurs. Thus, the solar 

power plant parameters for modules, inverters, and batteries can be described in Tables 3-5.  

 

 

Table 3. PV module mono silicone jinkosolar, JKM-610N-78HL4-BDV 
Parameters Value Parameters Value 

G Reference Condition 1,000 W/m2 Tref 25 ℃ 

Short Circuit Current (Isc) 14.03 A Open circuit Voc 55.31 V 

Max Power Point (Impp) 13.88 A Vmpp 45.60 V 

Temperature Coefficient 6.5 mA/℃ Length 2,465 mm 

Nominal Power 610 Wp Width 1,134 mm 

 

 

Table 4. PV inverter–growatt MOD 12KTL3-X  
Parameters Value Parameters Value 

Minimum MPP Voltage 140 V Frequency 50-60 Hz 

Min. Voltage for PNom 235 V Nominal AC Power 12 kW 

Maximum current per MPPT 26 A Depth 178 mm 

Nominal MPP Voltage 580 V Height 387 mm 

Maximum MPP Voltage 1,000 V Width 425 mm 
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Table 5. Lithium-ion, LFP Battery BYD B Box PRO 2.5 
Parameters Value Parameters Value 

Nominal Voltage 51.2 V Maximum Charging Current 50.0 A 

Capacity at C10 52 Ah Maximum Discharging Current 100.0 A 

Internal resistance at ref. temperature 21.12 mΩ Weight 79 Kg 

Reference Temperature 20.0 ℃ Depth 510 mm 

Coulombic efficiency 95.3 % Height 883 mm 

Charge Cut-Off Voltage 60.8 V Width 600 mm 

Discharge Cut-Off Voltage 32.0 V   

 

 

The PV module used in this design is the JinkoSolar Mono Silicone JKM-610N-78HL4-BDV, 

which has a nominal power of 610 Wp. It operates under standard conditions with a reference irradiance of 

1,000 W/m² and a temperature of 25 °C. The module's short circuit current (Isc) is 14.03 A, while its 

maximum power point current (Impp) is 13.88 A at a voltage (Vmpp) of 45.60 V. The physical dimensions 

of the module are 2,465 mm in length and 1134 mm in width. 

The inverter selected is the Growatt MOD 12KTL3-X, with a nominal MPP voltage of 580 V and a 

maximum input voltage of 1,000 V. This inverter supports a frequency range of 50-60 Hz and a maximum 

current per MPPT of 26 A. The physical dimensions of the inverter include a height of 387 mm, a width of 

425 mm, and a depth of 178 mm, with a nominal AC power of 12 kW, making it a compact and efficient 
solution for the system. 

For energy storage, the system uses the BYD B Box PRO 2.5 Lithium-ion battery. It has a nominal 

voltage of 51.2 V and a capacity of 52 Ah. The battery supports a maximum charging current of 50 A and a 

maximum discharging current of 100 A, with a high coulombic efficiency of 95.3%. The dimensions are 883 

mm in height, 600 mm in width, and 510 mm in depth, with a weight of 79 kg. This battery system ensures 

reliable energy storage for use during periods of energy deficits. 

 

2.3.  Data processing 

From the obtained data, the next stage is to design and simulate the desired solar power plant model 

in PVSyst. The simulation will result in detailed reports consisting of parameters used in the PV array 

(module and inverter), 3D perspective for shading, sun height to azimuth diagram, system production data 
(annually), loss diagram, and other necessary data. Financial parameters can also be included in which 

greenhouse gas emission reduction can be obtained. This information will be processed technically to analyze 

and provide conclusions on how effective the installation of the solar power plants is in the designated 

locations. 

 

 

3. RESULTS AND DISCUSSION 

The collected data and parameters have been processed to design the solar power plant in the 

selected region, Oefafi Village in Kupang, specifically at -10.18 °S, 123.71 °E. In summary, the systems, 

being grid connected, consist of PV field orientation of fixed plane with 30 tilt and 0 azimuth which has been 

set based on comparative variation to get the maximum output. The number of modules amounts to 6,552 
units (564 strings multiplied by 12 series) with a total Pnom of 3,997 kWp, along with 274 inverters having 

3,288 kWac of Pnom total and 1.216 Pnom ratio as well as 2,000 units of battery (20 series multiplied by 100 

parallel) by 1,024 V and 5,200 Ah. The energy produced by this plant accounts for 7,212,130 kWh/year, with 

used energy of 8,760,000 kWh/year. The specific production is 1,805/kWh/kWp/year with a PR of 80.34% 

and a solar fraction of 56.56%. Since this power plant is designed to be located in an open area, the 

visualization can be shown in Figure 5, in which 650 sheds with a spacing of 5 m are placed, with each shed 

consisting of 10 modules. 

Under the allocation of the sheds, the movement of the sun becomes one of the considered aspects. 

The trajectories of solar radiation by height to PV modules based on tilt and azimuth are shown in Figure 6. 

Thus, the irradiation potential and energy output from the simulation of the solar power plant based on this 

data can be shown in Figures 7 and 8. Figure 8(a) illustrates the normalized production while Figure 8(b) 

shows the performance ration, both in bar graph. Figure 9 would typically depict the electrical connections 
within the solar power plant, showing the flow of energy from PV modules through inverters and into the 

grid or battery storage. 

Figure 6 illustrates the solar radiation trajectories as they impact the photovoltaic (PV) modules, taking 

into account the tilt and azimuth angles. It visually represents how the sun's position changes throughout the day 

and year, helping to optimize the placement of solar panels. The shading losses, which vary depending on the 

time of day, are also shown to help predict potential energy generation losses due to shadows. 
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Figure 5. Sheds configuration 

 
 

 
 

Figure 6. Trajectories of solar radiation in Kupang 

 

 

 
 

Figure 7. Radiation and energy production 
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The table in Figure 7 presents data on global irradiation, including both horizontal and diffuse 

irradiation, as well as the corresponding energy output from the solar power plant. It also includes ambient 

temperature data, which can affect the performance of PV modules. The table displays monthly data that 

encompasses energy supplied to users and energy fed into the grid. A key value highlighted is the effective 

global irradiation (GlobEff), which indicates the usable solar energy after accounting for losses such as 

shading and the angle of incidence. 

 
 

 
(a) 

 
(b) 

 

Figure 8. Output bar graph on (a) normalized production and (b) PR of the solar power plant 

 

 

The first graph in Figure 8 shows the normalized energy production per installed kilowatt-peak 
(kWp), along with the system losses and collection losses (Lc and Ls). This helps visualize the energy output 

trends over the year. The second graph highlights the PR of the solar power plant, which is an indicator of 

how efficiently the system converts sunlight into usable electricity. A stable PR of 0.803 indicates consistent 

system performance across all months, with slight variations due to seasonal changes. Then, the single line 

diagram is shown in Figure 9. 

 

 

 
 

Figure 9. Single line diagram of solar power plant 

 
 

Aside from the given data and visualization, the losses of solar power plants are also calculated. 

These losses include irradiance loss, shading loss, thermal impact loss, and system loss [20]. According to the 

report results, the losses are dominated by temperature loss in PV, about 9.13%. This is followed by IAM or 

incidence angle modifier loss which means that the irradiance that reaches the PV modules decreases under 

normal incidence by 2.14%. Other losses are also caused by a mismatch loss of 2.10%, a near-shading loss of 

1.81%, and an inverter loss of 1.66%. Thus, from the input of 2,265 kWh/m2, after a decrease due to 

irradiation loss, the global horizontal irradiation that reaches the PV amounts to 2158 kWh/m2 multiplied by 

about 18,000 m2, producing 8,632,583 kWh regarding the efficiency at standard test condition (STC) by 

21.84%. End users will receive about 5,000 MW, while the grid receives more than 2,200 MW. Detailed 

losses are depicted in Figure 10. 

The economic aspect is also important to be analyzed alongside the technical data, which can be 
broken down in Figure 11. Installation cost, including PV modules, inverters, batteries, other components, 

studies and analysis, and installation, is given in Figure 11(a). On the other hand, Figure 11(b) shows the 

financial analysis, including the return on investment (ROI). 
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Figure 10. Losses of designed solar power plant 

 

 

 
(a) 

 
(b) 

 

Figure 11. Economic analysis of designed solar power plant (a) installation and operating cost and (b) financial 

 

 

In the case of financial analysis, the parameters that are sought include solar power plant 

components such as PV modules, inverters, batteries, and other complying components as well as other 

expenses including feasibility studies, installation, and operation costs. The price for components is based on 

the market price while others are based on assumption which relies on studies for solar power plant 
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installation as well as local comparison [30]. The total installation cost reaches above 51 million IDR while 

the operating cost to almost 1 million IDR. With the electricity sale, rounding to 1,000 IDR/kWh [31] along 

with the self-consumption tariff given with the same amount, the payback period is 8.3 years starting from 

2025. Assuming that the inflation rate is 3% and the discount rate by 0.5% as an assumption, this project is 

profitable since the net present value reaches 66.6 million IDR, the Internal Rate of Return by 10.62% and 

the ROI by 129.4%. 

Finally, based on the report, the saved CO2 emission amounts to 134110.3 tCO2 shown in Figure 12, 
which is the difference between the saved emissions (based on IEA standard) with the system 

production/manufacturing (or generated emission) carbon emissions or footprints. This carbon footprint can 

be defined as a measurement of the amount of carbon dioxide and other greenhouse gases released during the 

whole life cycle due to human activities. This may come directly and indirectly since renewable energy has 

reduced the carbon footprint but not entirely. This is due to the processes other than operation, such as 

extraction, manufacturing, construction, maintenance, and decommissioning [32]. Although it was found in 

negative correlation was found between renewable energy consumption growth and carbon dioxide emissions 

per capita growth for countries that consume significant amounts of this energy [6]. The carbon footprint 

visualization can be shown in Figure 13. 

 

 

 
 

Figure 12. Greenhouse gas emissions saving data 

 

 

Figure 13 shows that fossil fuels dominate the emissions amount, followed by geothermal, tidal and 

biomass, solar, wind, hydropower, and nuclear. About solar energy, it can be seen that this type is inevitable 

from zero emissions since the figure shows indirect activities cause greenhouse gas. Moreover, to support 

this finding, a report intergovernmental panel on climate change (IPCC) shows that solar energy emits carbon 

dioxide by 62.5% of natural gas utilization, specifically around 170 to 250 gCO2/kWh due to the use of 

lithium, glass manufacturing and high-purity silicon manufacturing as the raw material of PV system which 
is based on coal [33], [34]. This shows the reality of carbon footprint effectiveness in correlation with solar 

energy usage. However, it undoubtedly shows a better scheme rather than the dependency on fossil fuels.  

Compared to a similar study on PVSyst utilization, which is only from [30], the use of PVSyst and 

its tools are not extensively discussed. First, using additional software such as ArcGIS is not explored to 

consider the potential area based on irradiation. This study highlights the use of ArcGIS along with Google 

Earth to locate suitable locations based on irradiation and space potential. In addition, the study does not 

consider aiming up than the target of 4 MW since, based on the narration from [28], the fulfillment of the 

deficit will only be used to solve the scheduled blackout during the night, but not providing additional 

electricity for emergency use as well as electrification to other unsupplied villages. This study finalizes the 

production by 20 MWh per day for the mentioned purposes. Finally, this study presents the contribution 
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towards cleaner energy transition which is elaborated through saved CO2 emissions data presented by PVSyst 

along with an explanation that supports the findings, which is lacking in the previous study. 

 

 

 
 

Figure 13. Direct and indirect (*) greenhouse gases emission in gCO2eq/kWh 
 

 

However, this study is limited to only simulation. Therefore, the use of real-time data of irradiation, 

as well as other factors such as available space for system installation, along with the availability of solar 

system components product, cannot be accurately known and marked, constraining the feasibility study 

process. Moreover, the investment costs of 51 million IDR are categorized as expensive, although based on 

the narration, the national power plant supplier (Perusahaan Listrik Negara or PLN) stated that despite the 

high initial investment cost, the use of the current Oelpuah Solar Power Plant has significantly contributed to 

the saving of 1.5 million diesel usage. Consequently, future research should use substantial parameters with 

additional software such as the use of other software to give a comparison for analysis purpose of the solar 

system behavior. It is also suggested to incorporate artificial intelligence to manage external systems such as 

battery and power electronic systems for better efficiency. To sum up, the design of the solar power plant in 
Oefafi based on PVSyst with the help of several tools such as ArcGIS and Google Earth has shown the 

generation of more than 7,200 MWh/year based on over 6500 modules that occupy 18,000 m2 with cost 

reaches above 51 million IDR. Responding to the deficit of 4MW in this region, it is estimated to provide 20 

MW per day to cover and even supply electricity more than estimated. Hence, this process may help in 

solving Kupang’s electricity issues which may even be distributed to the neighboring cities for usage. 

 

 

4. CONCLUSION 

Corresponding to the need for renewable energy transition, detailed validation for the power plant 

system is needed, which can be used by software simulation. PVSyst presents an authentic analysis of a 

planned solar power plant based on the location and parameters. Thus, this study presents an investigation of 
a planned solar power plant that is intended to serve as an additional energy source to comply with electricity 

deficit, blackout, and inaccessibility in the Kupang region. Using geospatial analysis with the help of 

ArcGIS, the specific area that has a low potential for natural disasters and a high potential for irradiation is 

Oefafi, Kupang, East Nusa Tenggara, in which open spaces are available. With the estimation of the whole 

system occupying 18,000 m2, the production reaches 7,212,139 kWh/year (nearly 20 MWh/day) based on 

6,552 modules of Jinkosolar 610 Wp JKM-610N-78HL4-BDV, 274 units of Growatt 12KTL3-X inverters, 

and 2000 BYD B-Box PRO 2.5 1,024 V 5,200 Ah battery. System losses include temperature loss in PV by 

9.13%, mismatch loss by 2.10%, IAM factor by 2.14%, and inverter operation loss by 1.66%. In the financial 

aspects, the total installation cost reaches above 51 million IDR and the operating cost of almost 1 million 

IDR, which gives a payback period of 8.3 years, NPV of 66.6 million IDR, IRR of 10.62% and ROI of 

129.4% for an inflation rate of 30%, a discount rate of 0.5% and electricity tariff of 1,000 IDR/kWh. Finally, 
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the amount of greenhouses saved accounts for 134,110.3 tCO2 in which is based on manufacturing and 

production that are based on fossil fuel usage. Based on the results, it is more than enough to fill the 4 MW 

deficit on Kupang to prevent scheduled blackouts as well as show the potential to distribute to other 

unsupplied regions by providing almost 20 MWh/day. It should be noted that when designing solar power 

plants using PVSyst software, it's crucial to take into account the location, area, irradiation rate, PV tilt and 

azimuth angles, desired power adjusted to area limits, type and number of PV modules, inverters and 

batteries, loss calculations, and financial analysis to achieve the best simulation results. Future research 
should rely on more accurate parameters upon designing, use artificial intelligence for external systems 

management, and with additional software utilization to get a comparison of the planned solar power plant 

behavior investigation. 
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