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 This research examines the implementation of a solar power generation 

system at Ar-Raniry State Islamic University (UIN Ar-Raniry), specifically 

focusing on the Faculty of Tarbiyah and Keguruan building. The study aims 

to enhance energy efficiency, assess economic feasibility, and reduce 

environmental impacts by optimizing solar energy potential through 

variables such as local meteorological conditions, panel orientation, tilt 

angles, and system efficiencies. Utilizing PVSyst software for simulations, 

the research evaluates technical performance, life cycle costs, and carbon 

dioxide (CO₂) emission reductions. The results indicate that the solar 

Photovoltaic (PV) system can generate 251,214 kWh annually while 

reducing CO₂ emissions by 173,095 kg. Economically, the investment is 

deemed feasible, with a payback period of 7.8 years, a lower cost of energy 

(LCOE) compared to State Electricity Company (PLN) tariffs, a positive net 

present value (NPV), and a high internal rate of return (IRR). Although there 

are minor losses in thermal and module quality, the system remains 

effective. This study contributes significantly to sustainable energy policies 

in higher education and recommends further long-term performance 

monitoring and exploration of additional renewable energy technologies on 

campus. 
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1. INTRODUCTION 

In addressing global challenges related to climate change and dependence on fossil fuels, the use of 

renewable energy [1], particularly solar energy, has become a top priority [2]. Solar energy offers significant 

potential as a clean and sustainable energy solution, particularly for tropical regions like Indonesia [3], [4]. 

Advanced simulation tools such as PVSyst, widely adopted globally, are now increasingly applied to 

optimize the design of photovoltaic systems tailored to the country's tropical conditions [5]. Furthermore, 

internet of things (IoT) technologies is emerging as a critical component in smart energy management 

systems, enabling localized solutions for Indonesia's renewable energy sector. 

Indonesia, located along the equator, benefits from optimal sunlight intensity year-round [6], [7]. 

Data from the National Energy Council shows that the potential for solar energy in Indonesia averages  

4.8 kWh/m²/day, equivalent to 112,000 GWp [8], which is ten times the potential of developed countries like 

Germany and Europe [9]. This potential provides a strong foundation for developing national strategies in 

solar energy utilization. The Indonesian government has demonstrated its commitment to renewable energy 

through the National Energy Policy and the General National Energy Plan [10]. The National Energy Policy 
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sets an ambitious target to increase the contribution of new and renewable energy to 23% of the national 

energy mix by 2025, with a specific goal of 6.5 GW for solar energy. However, by the end of 2020, the 

current installed capacity of solar power plants has only reached 181.2 MW, far from the set target [11]. 

University buildings are significant energy consumers [12], [13], with usage patterns that vary based 

on the institution's focus and specialization. Electricity, the primary energy source, powers heating, cooling, 

laboratories, lighting, elevators, and educational technologies [13]. Ar-Raniry State Islamic University  

(UIN Ar-Raniry)'s Faculty of Tarbiyah and Keguruan building is one relevant example as it supports three 

main specializations: multimedia, network computer technology, and software engineering. These three fields 

require high energy consumption to support the operation of computer labs, network hardware, and other 

electronic devices. The large energy demand makes the Faculty of Tarbiyah and Keguruan building an ideal 

candidate for a study on the application and optimization of solar energy. Several previous studies have used 

PVSyst for solar power design analysis, some of which were conducted in coastal areas [14], [15], and 

educational buildings [16], [17]. 

The application of solar energy in the Faculty of Tarbiyah and Keguruan building serves not only 

for energy efficiency but also as an educational tool, introducing renewable energy technologies to students 

and lecturers. With its high energy needs and focus on information and communication technology programs, 

the building is an ideal site for studying solar power implementation. However, despite Indonesia's vast solar 

energy potential, its application in educational buildings remains underutilized. The lack of optimization 

tailored to local conditions, such as panel orientation and economic feasibility, further hinders its adoption. 

The findings are expected to offer practical solutions for the building and contribute to the development of 

sustainable energy strategies in higher education, serving as a model for other institutions nationally and 

internationally. This research will employ an optimization approach to maximize the efficiency and economic 

feasibility of solar power plant implementation at UIN Ar-Raniry, specifically for the Faculty of Tarbiyah 

and Keguruan buildings. The theoretical framework includes technical, economic, and environmental 

analysis of the solar power plant system, taking into account variables such as solar panel orientation, tilt 

angle, system component efficiency, and local meteorological conditions. Simulations will be conducted 

using PVSyst software, a comprehensive simulation tool for designing and evaluating the performance of 

solar power plant systems. 

Several studies have explored the optimization and design of solar power generation systems using 

software such as MATLAB and PVsyst. For example, Linelson et al. [18] developed an AI-based solar 

tracker system using MATLAB/Simulink to optimize photovoltaic panel orientation by implementing 

proportional-integral-derivative (PID) control for minimal error. They found that the system effectively 

tracks the sun from sunrise to sunset, maximizing solar energy utilization and resetting the panel position for 

the next day. Islam [19] designed and evaluated a 3kW grid-connected rooftop solar photovoltaic (PV) 

system for residential use in Tetulia, Panchagrah, and Bangladesh, using PVsyst software. They found that 

the system generates 4,172 kWh/year of AC energy, supplying 1,871 kWh/year of surplus energy to the grid 

and predicting power outages with backup energy storage. The research by Duhis et al. [20] investigated the 

impact of roof albedo on PV performance, using modeling and simulation to assess solar structures on 

horizontal concrete tiles with adjustable albedo levels. They found that increasing the surface albedo from 

0.25 to 0.7 significantly enhances yearly solar PV power generation, as demonstrated in a case study at Al-

Mussaib Technical College using PVsyst software. Similarly, Lorent et al. [21] evaluated the feasibility and 

economic sustainability of installing a solar power system in a university parking area with a PVsyst 

simulation. The study evaluates the feasibility of a solar power system in Universitas Multimedia Nusantara 

(UMN)'s back parking area, showing it can generate 224 MWh annually, meet 20% of energy needs, and 

reduce 2,775.513 tons of carbon dioxide (CO₂), with a net present value (NPV) of Rp. 4.38 billion and an 

internal rate of return (IRR) of 34.28%. Many researchers use PVSyst to do modeling and simulation. PVSyst 

has been utilized to assess PV potential in various regions [22], [23], in the design and performance analysis 

of both grid-connected and standalone PV power plants [24] as well as in the analysis of shading events on 

solar panels [25]. 

Research on solar PV systems has utilized tools like PVSyst for assessing potential, designing 

systems, and analyzing shading effects. However, limited studies address tropical regions, particularly 

regarding local meteorological conditions and design parameters. This study bridges the gap by optimizing 

PV systems at UIN Ar-Raniry in Aceh, Indonesia, using technical simulations and economic feasibility 

analysis, and a model for energy efficiency in educational institutions. 

 

 

2. RESEARCH METHOD 

In this section, the methodology employed in this study is presented, detailing the research 

approach, tools and techniques, data collection methods, and data analysis procedures. The objective of this 

research is to evaluate and optimize the implementation of a solar power generation system at  
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UIN Ar-Raniry, focusing on the Faculty of Tarbiyah and Keguruan building. To achieve this, a quantitative 

method based on simulation is adopted, which facilitates a comprehensive assessment of energy efficiency, 

economic feasibility, and environmental impacts associated with the solar power system. The flow of the 

methodology is illustrated in flowchart Figure 1, which outlines the step-by-step process of the study. 

 

 

 
 

Figure 1. Flowchart of research 
 

 

2.1.  Research approach 

This study employs a quantitative method based on simulation to evaluate and optimize the 

implementation of a solar power generation system. The object location is in the UIN Ar-Raniry, especially 

the Faculty of Tarbiyah and Keguruan building. This approach allows for an in-depth analysis of energy 

efficiency, economic feasibility, and the environmental impact of the solar system while providing practical 

recommendations for effective implementation. 

 

2.2.  Tools and techniques 

This research utilizes the PVSyst software for simulation and analysis of the solar system. PVSyst is 

a software developed by the University of Geneva that provides comprehensive tools for designing and 

analyzing photovoltaic systems. The software supports simulations of grid-connected systems, standalone 

systems, pumping systems, and DC-grid systems for public transportation [26], [27]. PVSyst is also equipped 

with an extensive meteorological database and PV component data, including sources like MeteoNorm V7.1, 

NASA's surface meteorology and solar energy (NASA-SSE), and photovoltaic geographical information 

system (PVGIS). 

 

2.3.  Data collection 

The initial stage of the study involved the collection of meteorological data and technical 

specifications. Global horizontal irradiance (GHI) data was obtained from the Global Solar Atlas website to 

determine the intensity of solar radiation at the study site. Information regarding latitude and longitude 

coordinates was also taken from the site. Furthermore, the closest location to the substation for solar system 

installation was ascertained using the Indonesian Geo-energy portal. Data on the location and construction 

area of solar panels were obtained through the Google Earth Pro application. 
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2.4.  Simulate with PVSyst 

Using the collected data, simulations were conducted in PVSyst to model the solar power system's 

performance. Parameters such as panel orientation, tilt angle, and system configuration were optimized to 

maximize energy production. The simulation process aimed to identify the most efficient configuration while 

minimizing costs and environmental impacts. Simulation using software is also important before the actual 

installation of the solar power generation system [2]. 

 

2.5.  Analyze simulation results 

The simulation outputs were analyzed to assess the system's performance, economic viability, and 

environmental contributions. Key metrics included energy production capacity, system performance ratio, 

life cycle costs, and the payback period of the investment. The environmental analysis focused on 

quantifying CO₂ emission reductions attributable to the solar system. 

 

2.6.  Implementation recommendations 

Based on the simulation results and analysis, practical recommendations were developed to guide 

the effective implementation of the solar power system. These included optimizing the tilt angle, panel 

orientation, and energy management strategies. The study also highlighted policy implications to encourage 

broader adoption of renewable energy in educational institutions across Indonesia. These findings underline 

the potential of simulation-based approaches in designing efficient and sustainable solar energy systems. 

 

 

3. RESULTS AND DISCUSSION 

In this section, we present the findings from the simulation and analysis of the solar power 

generation system designed for the Faculty of Tarbiyah and Keguruan at UIN Ar-Raniry. The results 

highlight the effectiveness of the implemented solar photovoltaic system, detailing its geographical 

positioning, grid configuration, energy losses, overall performance, and economic viability. Each section will 

delve into important aspects of the system, including the optimization of the PV panel tilt and azimuth, the 

selection of components, and the assessment of energy production efficiency. Additionally, we will discuss 

the financial implications, including the initial investment and payback period, while also addressing the 

environmental benefits derived from the reduction of CO₂ emissions. 

 

3.1.  Geographical position adjustment of PV tilt and azimuth 

The geographical position of an area greatly affects the optimization of the azimuth direction and tilt 

angle of photovoltaic panels, so the setting of these two parameters must be adjusted specifically for each 

location. Based on the geographical analysis of the UIN Ar-Raniry, especially the Faculty of Tarbiyah and 

Keguruan building, which is located in Kopelma Darussalam, Syiah Kuala Subdistrict, Banda Aceh City as a 

simulation object in the solar power plant design research. 

The building is located in Indonesia, within the Asian region at geographical coordinates 5.5798° N 

and 95.3680° E, with an altitude of 12 meters above sea level as shown in the interactive map Figure 2. The 

site is in the Indonesian standard time zone (UTC+7), with a time difference of 0 hour 39 minutes between 

local time and solar time. The meteorological data used in the simulation of the solar PV design on this 

building was imported from the Meteo source, which allowed for an in-depth analysis of the solar energy 

potential of the site. The geographical coordinates and altitude of the Faculty of Tarbiyah and Keguruan 

building provide an accurate basis for the optimization of the solar PV system, ensuring that parameters such 

as the tilt and orientation of the photovoltaic panels can be adjusted to maximize the absorption of solar 

radiation, taking into account the specific conditions of solar time and position at this location. 

Through simulation and evaluation using PVSyst software, this research reveals that the solar PV 

system designed with a fixed tilted plane configuration, a tilt of 30°, and an azimuth of 0° (facing south), 

produces global radiation at the collector plane of 1737 kWh/m² per year. The solar panel orientation with a 

tilt of 30° and an azimuth of 0° was chosen because it is a common configuration in tropical regions such as 

Indonesia to maximize the absorption of solar radiation. 

Based on Figure 3, the transposition factor value of 0.95 indicates that about 95% of the solar 

radiation reaching the earth's surface is successfully captured by the solar panel. However, there is a power 

loss of 5.3% compared to the optimal conditions, which can be caused by various factors such as 

temperature, shading, or module degradation. Nonetheless, the global radiation received by the solar panels 

reached 1737 kWh/m² per year, which is quite a high value and indicates the great energy potential of the 

site. 
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Figure 2. Interactive map view PVSyst 
 

 

 
 

Figure 3. Field PV orientation parameter 

 

 

3.2.  Grid system 

The solar power generation system at the Faculty of Tarbiyah and Keguruan UIN Ar-Raniry 

building is designed with careful and strategic selection of components where the system overview can be 

 

The Faculty of Tarbiyah and Keguruan 

building, UIN Ar-Raniry 
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seen in Figure 4. The solar panel used is the Longi Solar LR5-66HIH-500M G2 type, which is a 

monocrystalline module with a high reputation for energy conversion efficiency. The use of 340 of these 

modules represents an attempt to achieve significant system capacity, with each module's peak power of  

500 Wp under standard test conditions (STC), resulting in a total system peak power of 170 kWp. This large 

capacity is designed to meet the substantial energy needs of the Faculty of Tarbiyah and Keguruan building 

UIN Ar-Raniry. 

 

 

 
 

Figure 4. System overview 

 

 

The system configuration shown in Figure 5 consists of 20 strings, with each string consisting of  

17 modules connected in series. This configuration was chosen to ensure compatibility with the voltage and 

current characteristics of the inverter used as well as to maintain overall system efficiency. This arrangement 

aims to optimize energy output while maintaining system stability and reliability under various operational 

conditions. 

 

 

 
 

Figure 5. Single line diagram 

 

 

The system is equipped with three Sungrow SG50-CX model inverter units, each with an output 

power of 50 kWac, bringing the total output capacity to 165 kWac. Sungrow inverters are known for their 

high efficiency and reliability, making them the right choice for this system. The combination of Longi Solar 

modules and Sungrow inverters is a choice that has proven effective in large-scale photovoltaic applications, 

combining cutting-edge technology and reliability. The use of monocrystalline modules provides significant 

advantages in terms of energy conversion efficiency, although there is a drop in performance at higher 
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operating temperatures, such as 50 °C, which are common in Indonesia's tropical climate. Consideration of 

these thermal factors is important in system performance evaluation, as they can affect efficiency and output. 

 

3.3.  Losses 

In analyzing the losses of the solar power generation system at the Faculty of Tarbiyah and 

Keguruan UIN Ar-Raniry building, various loss factors need to be taken into account to get an accurate 

picture of the overall efficiency of the system. Thermal loss is one of the significant factors, which is caused 

by the increase in module temperature due to solar radiation. Based on Figure 6, this thermal loss factor 

involves a radiation-related temperature coefficient (Uc) of 29.0 W/m²K, while the wind-related temperature 

coefficient (Uv) is 0.0 W/m²K/m/s. These coefficients are used to calculate the power drop due to increased 

temperature, which can reduce the overall efficiency of the solar panel. 

The losses in the DC cables are caused by the electrical resistance in the cables connecting the solar 

modules. With a total array resistance of 36 mΩ, the power loss that occurs under STC is 1.5%. The longer 

and smaller the cross-section of the cable, the greater the resistance and power losses that occur. Module 

quality losses are the result of imperfections in the modules, such as manufacturing defects or variations in 

characteristics between modules, with losses reaching -0.8%. These losses are difficult to avoid completely 

as they are related to the production quality of the modules. 

Module mismatch losses occur when there are differences in electrical characteristics between 

modules in a string, with losses reaching 2.0% at the maximum power point (MPP). This difference can 

affect the total output power of the system. String mismatch losses, caused by current differences between 

different strings, result in a power loss of 0.1%. The current imbalance on each string can affect the overall 

system efficiency. The incidence angle modifier (IAM) loss factor refers to the influence of the incident 

angle of solar radiation that is not perpendicular to the module surface. The IAM profile used shows that at 

0° and 25° incident angles, the IAM value is 1.000, while at 45° incident angle, the IAM value drops to 

0.995, and at 90° incident angle, the IAM value reaches 0.000. This shows that the larger the angle of 

incidence, the smaller the proportion of light absorbed by the solar cell, so the power generated is also 

reduced. 

The loss analysis of the designed solar system is shown in Figure 7. The loss diagram provides a 

comprehensive guide to the factors that affect the conversion efficiency and energy output of the system. The 

total global horizontal radiation received is 1834 kWh/m², while the radiation received by the solar panel 

collectors on an area of 807 m² is 1681 kWh/m². With a conversion efficiency at STC of 21.10%, the nominal 

energy that the system can produce under ideal conditions is 286,262 kWh. 

However, a number of losses affected the final energy yield. Losses due to non-optimal solar 

radiation levels contributed 6.22% of the total energy produced. Thermal losses due to solar panel 

temperature accounted for 2.31%, while losses caused by module quality amounted to 0.58%. The losses due 

to the mismatch between the module and the string, which includes the mismatch of electrical characteristics, 

contributed 6.97%. After accounting for these losses, the available energy is reduced to 258,621 kWh. 

Furthermore, losses in the inverter, including inverter efficiency which is affected by nominal power, 

maximum input current, and nominal power voltage and threshold, increase the losses to 2.02%. These losses 

also include the energy loss due to ohmic resistance in the cables, which causes the available energy at the 

inverter output to be 251,214 kWh. This energy is then transmitted to the grid. 

 

 

 
 

Figure 6. Array losses 
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Figure 7. Loss diagram 

 

 

3.4.  Main results 

The solar power plant system at the Faculty of Tarbiyah and Keguruan UIN Ar-Raniry building 

shows significant performance with annual energy production reaching 251,214 kWh. The specific 

production was recorded at 1,478 kWh/kWp per year, while the performance ratio (PR) of the system reached 

85.89%. This high PR reflects the system's optimal efficiency in converting solar energy into electricity that 

is transmitted to the grid. 

The initial investment required for the construction of this solar power system amounted to  

IDR 977,280,700, with a specific cost of IDR 5,749/Wp. Despite requiring a significant initial investment, 

the low annual operating costs of IDR 184,266,807, and an estimated payback period of 7.8 years, indicate 

that the system has a good potential return on investment. The cost of energy generated from this solar power 

plant is calculated at IDR 725/kWh, which is economically competitive compared to conventional electricity 

tariffs from the State Electricity Company (PLN). 

Monthly operational data showed that the annual global horizontal irradiation reached  

1,834.4 kWh/m², with a diffuse horizontal irradiation of 881.21 kWh/m². The average ambient temperature 

was recorded at 27.50 °C. The global irradiation at the collector plane reached 1,720.4 kWh/m², while the 

effective irradiation after correction for the angle of arrival and shading factor was 1,680.7 kWh/m². The 

effective energy generated at the output of the array was recorded at 256,444 kWh, and the energy delivered 

to the grid reached 251,214 kWh, indicating that the system is operating at a high efficiency, as indicated by 

the consistent monthly PR between 85 and 87%. 

 

3.5.  Cost of system 

In an economic evaluation of the solar power generation system at the Faculty of Tarbiyah and 

Keguruan UIN Ar-Raniry building, the total installation cost of the system reached IDR 977,280,700 based 

on Figure 8. This cost includes various components, with Longi Solar LR5-66HIH-500M G2 solar panels as 

the main component, with 340 units requiring a total cost of IDR 161,811,200. In addition, the cost for the 

module support structure, Sungrow SG50-CX inverters of which 3 units amounted to IDR 52,423,500, and 

various additional components including cables, combiner boxes, as well as monitoring systems, added to the 

total installation cost. 
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Figure 8. Cost of the system 
 
 

The annual operating cost of the system, which includes maintenance, inverter replacement, repair, 

cleaning, and security funds, amounts to IDR 111,454,100. Considering an annual inflation of 5%, the annual 

operational cost is calculated to be IDR 184,266,807.76. The system is projected to produce 251,214 kWh of 

energy per year. Based on the total installation cost and annual operational cost, the levelized cost of energy 

(LCOE) of this system is IDR 725.00 per kWh. 

 

3.6.  Financial analysis 

The financial analysis such as in Figure 9 stated that the solar system in the Faculty of Tarbiyah and 

Keguruan UIN Ar-Raniry building was conducted with a simulation period of 20 years starting in 2025. The 

economic parameters used include inflation rate, production variation caused by system aging, and discount 

rate, each at 5% per year. The analysis also considered an annual income tax of 10%, an additional income 

tax of 5%, as well as dividends of 50% of the income generated. 

Depreciable assets, including Longi Solar LR5-66HIH-500M G2 solar panels, support structures, 

and Sungrow SG50-CX inverters, are calculated using the straight-line depreciation method over 20 years, 

with an estimated salvage value of zero. The total depreciable asset value reached IDR 724,428,580. Project 

financing involves own funds of IDR 100,000,000 and subsidies of IDR 300,000,000. Revenue from 

electricity sales is set based on a feed-in tariff of IDR 1,000.00 per kWh, with a 20-year tariff guarantee and 

an annual tariff variation of 5%. After the guarantee period, the feed-in tariff is expected to decrease by 10% 

per year. 

The analysis shows that the payback period for this system is 7.8 years. The NPV of the project 

reached IDR 3,828,343,114.54, with an IRR of 69.03% and a return on investment (ROI) of 565.3%. Total 

dividends paid are estimated at IDR 3,929,432,216.11. These findings show that investment in a solar PV 

system not only provides technical benefits but also offers substantial economic returns in the long term, 

confirming the financial viability of this project.  

The detailed financial analysis of the solar system at the Faculty of Tarbiyah and Keguruan UIN  

Ar-Raniry building is shown in Figure 10. The economic results show that in the first year, despite no 

revenue from electricity sales and an initial investment cost of IDR 100,000,000, there was a significant net 

loss. However, over time, revenue from electricity sales increased consistently, with annual net profit also 

seeing a substantial increase. By year 20, annual revenue reached IDR 1,504,121,493 with a net profit of  

IDR 1,044,543,368.  
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Total cumulative net profit over the 20-year period reached IDR 7,858,864,432, and total dividends 

paid were IDR 3,929,432,216, representing an accumulated net profit of 580.0% of the initial investment 

cost. Cumulative operating costs and depreciation reached IDR 3,685,336,155, with taxes paid reaching  

IDR 1,259,018,092. This analysis reflects the economic success of investing in a solar system designed to 

provide a sustainable source of renewable energy, delivering positive results in terms of both net profit and 

return on investment. 
 
 

 
 

Figure 9. Financial analysis 
 

 

 
 

Figure 10. Financial analysis detailed economic result (kIDR) 
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3.7.  Carbon dioxide emission 

The results of the environmental impact modeling of the solar system applied to the Faculty of 

Tarbiyah and Keguruan UIN Ar-Raniry building are shown in Figure 11. It is noted that the total CO₂ 

emissions generated by the system throughout its operating life, which is for 30 years, is 4,799.7 tons of CO₂. 

This evaluation shows that the solar PV system substantially reduces carbon emissions compared to  

fossil-based power generation. In comparison, emissions from a conventional grid system over the same life 

cycle amounted to 5,531.7 tons of CO₂, with an emissions ratio of 251.21 gCO₂/kWh. Thus, the solar system 

reduces annual emissions by 734 tons of CO₂. A 1% annual decrease in system efficiency indicates 

performance degradation over time. This data confirms the significant contribution of the solar system in 

reducing dependence on fossil energy sources and supporting climate change mitigation efforts, in 

accordance with the guidelines set by the International Energy Agency (IEA) for Indonesia. 

To give a more understandable picture of the emission savings, let's look at some illustrations. The 

4,490,440 tons of CO₂ emission savings are equivalent to the annual emissions from about 976 gasoline cars, 

each of which produces an average of 4.6 tons of CO₂ per year. In addition, these savings are equivalent to 

the annual emissions from around 4,490 motorcycles, each of which produces an average of 1 ton of CO₂ per 

year. Finally, these savings are also equivalent to the annual emissions from around 225 diesel trucks, each of 

which produces an average of 20 tons of CO₂ per year. This illustration gives a concrete idea of how large 

these savings are in the context of the number of vehicles on the road, confirming the significant impact of 

solar PV systems in reducing CO₂ emissions. 

The analysis of the solar PV system implemented at the Faculty of Tarbiyah and Keguruan building 

UIN Ar-Raniry reveals an annual energy generation of 251,214 kWh, correlating with a reduction in CO₂ 

emissions by 173,095 kg, demonstrating its significant environmental impact. Economically, the system’s 

payback period of 7.8 years and lower LCOE compared to PLN electricity tariffs confirm its financial 

viability, aligning with Islam’s study [19] on the effectiveness of solar PV systems in tropical regions for 

reducing carbon footprints. The system's energy yield, despite minor thermal losses and module quality 

issues, remains competitive, as supported by Duhis et al. [20], highlighting the adaptability of PV systems 

under varying environmental conditions. However, limitations such as thermal losses and module 

degradation impact overall performance, which could be addressed through advanced module technologies 

and cooling mechanisms, as suggested by Linelson and Saputri [18]. Future research should explore  

long-term performance metrics, innovative cooling solutions, and scalability to diverse institutional settings, 

providing a foundation for promoting solar energy as a scalable and sustainable solution to reduce energy 

dependence and improve carbon management in higher education. 
 

 

 
 

Figure 11. Saved CO₂ emission vs. time 
 
 

4. CONCLUSION 

Recent observations indicate that the implementation of solar power generation systems 

significantly reduces energy dependence on conventional sources while offering substantial environmental 

and economic benefits. Our findings offer definitive proof that the solar PV system at the Faculty of Tarbiyah 

and Keguruan building UIN Ar-Raniry generates 251,214 kWh annually, resulting in a CO₂ emissions 

reduction of 173,095 kg per year, directly linked to optimized energy utilization rather than increased system 

capacity. The economic analysis reveals the feasibility of this investment, with a 7.8-year payback period, 

lower LCOE than PLN tariffs, and positive financial metrics such as NPV and IRR. Despite minor technical 

limitations, the system's high energy yield and efficiency confirm its scalability and potential as a model for 

other educational institutions in Indonesia. Future advancements should explore the long-term performance 
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of solar PV systems, focusing on mitigating thermal losses and enhancing module technology. Comparative 

analyses of solar technologies and energy storage integrations will further improve system reliability. By 

addressing policy impacts and conducting broader cost-benefit studies, solar PV implementation can be 

strategically expanded to foster sustainable energy practices in higher education and beyond. 
 

 

ACKNOWLEDGEMENTS 

The author wishes to express sincere gratitude to Universitas Multimedia Nusantara (UMN) and  

Ar-Raniry State Islamic University for their invaluable support and resources throughout this research. 

Special thanks are extended to the faculty and staff for their guidance and assistance, which have been 

instrumental in the successful completion of this study. Additionally, the financial support provided by both 

institutions has been crucial in facilitating this research endeavor.  
 

 

FUNDING INFORMATION 

The authors declare that no funding was received for the research, authorship, and/or publication of 

this article. 
 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Fahmy Rinanda Saputri    ✓ ✓   ✓  ✓  ✓ ✓ ✓ 

Ricardo Linelson  ✓ ✓   ✓ ✓  ✓  ✓    

Muhammad Salehuddin ✓           ✓ ✓  

Muhammad Dzaky Al-

Haidar 

     ✓ ✓  ✓      

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 
 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 
 

 

INFORMED CONSENT 

Not applicable. 
 

 

ETHICAL APPROVAL  

Not applicable. 
 

 

DATA AVAILABILITY  

The authors confirm that the data supporting the findings of this study are available within the 

article. 
 
 

REFERENCES 
[1] N. Pranata and F. R. Saputri, “Renewable energy in Indonesia: a critical review of sources, technologies, and strategies for clean energy 

transition,” Journal of System and Management Sciences, vol. 14, no. 7, pp. 122–144, Jun. 2024, doi: 10.33168/JSMS.2024.0707. 
[2] F. R. Saputri, N. Robert, and A. M. Akbar, “Assessment of the viability of photovoltaic system implementation on the new media 

tower of Universitas Multimedia Nusantara using PVSyst software: a feasibility study,” PLOS ONE, vol. 19, no. 12, Dec. 2024,  

doi: 10.1371/journal.pone.0314922. 
[3] S. M. Shafie, M. G. Hassan, K. I. M. Sharif, A. N. Nu’man, and N. N. A. N. Yusuf, “An economic feasibility study on solar 

installation for university campus: a case of Universiti Utara Malaysia,” International Journal of Energy Economics and Policy, 

vol. 12, no. 4, pp. 54–60, Jul. 2022, doi: 10.32479/ijeep.13057. 

[4] C. Hachem-Vermette, “Role of solar energy in achieving net zero energy neighborhoods,” Solar Energy Advances, vol. 2, 2022, 

doi: 10.1016/j.seja.2022.100018. 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 14, No. 2, June 2025: 322-335 

334 

[5] M. Siregar, C. H. Pardosi, K. O. Bachri, T. Nur, and L. W. Pandjaitan, “Comparison of actual results and PVSyst simulation in the 

design of off-grid solar power generation system (PLTS) in Karuni Village, Southwest Sumba,” Jurnal Elektro, vol. 17, no. 1,  
pp. 1–12, Apr. 2024, doi: 10.25170/jurnalelektro.v17i1.5419. 

[6] R. Susanto, W. Lestari, and H. Hasanah, “Performance analysis of solar panels in tropical region: a study case in Surakarta 

Indonesia,” Proceeding of International Conference on Science, Health, And Technology, pp. 1–13, Sep. 2022,  
doi: 10.47701/icohetech.v3i1.2059. 

[7] N. A. Handayani and D. Ariyanti, “Potency of solar energy applications in Indonesia,” International Journal of Renewable 

Energy Development, vol. 1, no. 2, pp. 33–38, Jul. 2012, doi: 10.14710/ijred.1.2.33-38. 
[8] A. Joewono, P. R. Angka, R. Sitepu, and Y. Yuliati, “Energy assessment of solar power plant on-grid bi-direction 3 kw 1 phase,” 

Aceh International Journal of Science and Technology, vol. 12, no. 3, pp. 317–326, Oct. 2023, doi: 10.13170/aijst.12.3.30259. 

[9] Minister of Energy and Mineral Resources Republic of Indonesia, “National energy board strategic plan 2021-2025  
(in Indonesian: Rencana strategis dewan energi nasional 2021-2025),” 2021. [Online]. Available: 

https://www.den.go.id/publikasi/rencana-strategis 

[10] R. Adiputra et al., Renewable energy: policy and strategy. Penerbit BRIN, 2023. doi: 10.55981/brin.900. 
[11] IESR, “Beyond 207 gigawatts: unleashing Indonesia’s solar potential,” 2021. [Online]. Available: https://iesr.or.id/wp-

content/uploads/2021/03/Unleashing-Indonesias-Solar-Potential-Technical-Note-FINAL1.pdf 

[12] M. Alnahhal, O. Antar, A. Sakhrieh, and M. Al Hazza, “Analyzing energy consumption in universities: a literature review,” 
International Journal of Energy Economics and Policy, vol. 14, no. 3, pp. 18–27, May 2024, doi: 10.32479/ijeep.15517. 

[13] J. P. Laporte and J. M. Cansino, “Energy consumption in higher education institutions: a bibliometric analysis focused on 

scientific trends,” Buildings, vol. 14, no. 2, Jan. 2024, doi: 10.3390/buildings14020323. 
[14] F. R. Saputri, R. Linelson, and V. R. Lee, “Analysis of solar power plant development potential in Adipala-Cilacap,” G-Tech: 

Jurnal Teknologi Terapan, vol. 7, no. 4, pp. 1163–1172, Oct. 2023, doi: 10.33379/gtech.v7i4.2628. 

[15] F. Mujaahid, P. Nurhadi, R. Syahputra, K. Putra, and Widyasmoro, “Design of solar power plant: analyze its potential in 
Parangtritis area using PVSyst simulator,” in Proceedings of the 4th International Conference on Sustainable Innovation 2020–

Technology, Engineering and Agriculture (ICoSITEA 2020), Atlantis Press, 2021. doi: 10.2991/aer.k.210204.034. 
[16] A. Ulinuha, H. Asy’ary, U. Hasan, and B. A. Saputro, “The application of PVSyst for design of solar photovoltaic power 

generation at school building,” E3S Web of Conferences, vol. 500, Mar. 2024, doi: 10.1051/e3sconf/202450003009. 

[17] W. Sanjaya, Yandri, and A. Hiendro, “Solar power plant (PLTS) planning based on pvsyst software in the joint lecture building-b 
Tanjung Pura University,” Telecommunications, Computers, and Electricals Engineering Journal, vol. 2, no. 1, p. 80~92, 2024,  

doi: 10.26418/telectrical.v2i1.76534. 

[18] R. Linelson and F. R. Saputri, “Optimizing the position of photovoltaic solar tracker panels with artificial intelligence using 
MATLAB Simulink,” IAES International Journal of Artificial Intelligence (IJ-AI), vol. 13, no. 4, Dec. 2024,  

doi: 10.11591/ijai.v13.i4.pp4003-4018. 

[19] M. S. Islam, “Feasibility analysis and simulation of the solar photovoltaic rooftop system using PVSyst software,” International 
Journal of Education and Management Engineering, vol. 12, no. 6, pp. 21–32, Dec. 2022, doi: 10.5815/ijeme.2022.06.03. 

[20] A. H. Duhis, M. Aljanabi, and M. S. S. Alkafaji, “Increasing photovoltaic system power output with white paint albedo – a 

scenario in Al-Mausaib City using PVSyst. software,” International Journal of Power Electronics and Drive Systems (IJPEDS),  
vol. 14, no. 2, p. 1149-1159, Jun. 2023, doi: 10.11591/ijpeds.v14.i2.pp1149-1159. 

[21] V. Lorent, A. M. Akbar, and F. R. Saputri, “Analyzing the feasibility of photovoltaic solar systems in the parking area of 

Universitas Multimedia Nusantara: a PVSyst simulation-based investigation,” G-Tech: Jurnal Teknologi Terapan, vol. 8, no. 3,  
pp. 1544–1550, Jul. 2024, doi: 10.33379/gtech.v8i3.4387. 

[22] Q. A. Alabdali and A. M. Nahhas, “Simulation study of grid connected photovoltaic system using PVSyst software: analytical 

study for Yanbu and Rabigh regions in Saudi Arabia,” American Journal of Energy Research, vol. 9, no. 1, pp. 30–44, Jul. 2021, 
doi: 10.12691/ajer-9-1-4. 

[23] İ. Kayri, “Investigation of near shading losses in photovoltaic systems with PVSyst software,” Balkan Journal of Electrical and 

Computer Engineering, vol. 12, no. 1, pp. 10–19, Mar. 2024, doi: 10.17694/bajece.1418426. 
[24] N. A. Matchanov, K. O. Seok, A. A. Mirzaev, M. A. Malikov, and D. S. Saidov, “Study of energy yield on grid connected micro-

inverter type 2.24 kw pv system using PVSyst simulation software,” Applied Solar Energy, vol. 56, no. 4, pp. 263–269, Jul. 2020, 

doi: 10.3103/S0003701X20040076. 
[25] E. D. Chepp, F. P. Gasparin, and A. Krenzinger, “Improvements in methods for analysis of partially shaded PV modules,” 

Renewable Energy, vol. 200, pp. 900–910, Nov. 2022, doi: 10.1016/j.renene.2022.10.035. 

[26] Y. Siregar, Y. Hutahuruk, and Suherman, “Optimization design and simulating solar PV system using PVSyst software,” in 2020 
4rd International Conference on Electrical, Telecommunication and Computer Engineering (ELTICOM), IEEE, Sep. 2020, 

 pp. 219–223. doi: 10.1109/ELTICOM50775.2020.9230474. 

[27] S. Çiftçi, M. Solak, and M. Kuncan, “Powered by the sun: designing and analyzing technical and economic aspects of a school 
sustained by photovoltaics,” Journal of Mechatronics and Artificial Intelligence in Engineering, vol. 1, no. 1, pp. 21–32,  

Jun. 2020, doi: 10.21595/jmai.2020.21499. 

 
 

BIOGRAPHIES OF AUTHORS 

 

 

Fahmy Rinanda Saputri     reached her bachelor's and master's degrees in 

Engineering Physics from Universitas Gadjah Mada in Indonesia. She is currently an academic 

in Engineering Physics, at Universitas Multimedia Nusantara, Indonesia. Her research interests 

encompass instrumentation, energy, sensors, and systems, as well as building and 

environmental simulations. She can be contacted at email: fahmy.rinanda@umn.ac.id. 

https://orcid.org/0000-0002-2247-9361
https://scholar.google.com/citations?user=F0ytVtgAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57195617410
https://www.webofscience.com/wos/author/record/JFJ-8981-2023


Int J Adv Appl Sci  ISSN: 2252-8814  

 

Techno-economic analysis and optimization of solar energy systems: a case … (Fahmy Rinanda Saputri) 

335 

 

Ricardo Linelson     a dedicated Engineering Physics student from the class of 2021 

at Universitas Multimedia Nusantara, has developed a comprehensive understanding of 

renewable energy technology, energy auditing, and green building design during his academic 

tenure. Proficient in utilizing various software and tools, Ricardo excels in optimizing energy 

consumption and reducing greenhouse gas emissions. With a solid foundation in the 

fundamental principles of physics, mathematics, and engineering, Ricardo has cultivated a 

keen interest in energy efficiency and the design of environmentally friendly buildings. His 

objective is to apply his acquired knowledge and skills actively, contributing to a sustainable 

future. Driven by a profound sense of social responsibility and an unwavering commitment to 

excellence, Ricardo is determined to make a positive impact in the fields of energy efficiency and 

green building management. He can be contacted at email: ricardo.linelson@student.umn.ac.id. 

  

 

Muhammad Salehuddin     is currently the Head of the Department of Engineering 

Physics, Faculty of Engineering and Informatics at Universitas Multimedia Nusantara. He 

holds a Master's Degree in Instrumentation and Control and a Bachelor's Degree in Engineering 

Physics both from Institut Teknologi Bandung. His research interests include Multiphysics 

Modeling and Simulation, Biomedical Instrumentation, and Lighting Engineering. He can be 

contacted at muh.salehuddin@umn.ac.id. 

  

 

Muhammad Dzaky Al-Haidar     is a student at the Universitas Multimedia 

Nusantara, majoring in Engineering Physics as part of the class of 2021. Currently serving as 

the head of an energy consumption audit project for a building, Dzaky has cultivated 

invaluable expertise in optimizing energy usage and reducing greenhouse gas emissions. His 

proficiency in various software and tools, combined with a solid understanding of the 

fundamental principles of physics, mathematics, and engineering, underscores his keen interest 

in energy efficiency and green building management. Through his work, Dzaky is committed 

to advancing sustainable practices and promoting environmental stewardship. He can be 

contacted at email: muhammad.dzaky1@student.umn.ac.id. 

 

 

https://orcid.org/0009-0003-9761-4155
https://scholar.google.com/citations?user=g0Qh4MQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=58924017800
https://www.webofscience.com/wos/author/record/JVZ-9382-2024
https://orcid.org/0000-0003-0310-5652
https://scholar.google.co.id/citations?user=JZoS0IwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55005500300
https://www.webofscience.com/wos/author/record/AFP-4017-2022
https://orcid.org/0009-0001-9538-3379
https://scholar.google.com/citations?user=NkR4JMwAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=58923788100
https://www.webofscience.com/wos/author/record/LMM-9549-2024

