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Abstract

This study presents the design and simulation of an on-grid photovoltaic (PV) solar power system for the training
room at PT. Pupuk Iskandar Muda (PT. PIM), located in North Aceh, Indonesia. As part of Indonesia’s renewable
energy goals, this research explores the potential of rooftop solar installations in supporting the country's energy
transition. Using the PVSyst simulation software, the study assesses the technical and economic feasibility of
deploying a solar power system tailored to the building’s electricity demands and solar radiation characteristics. The
design incorporates monocrystalline and polycrystalline solar panels, and system configurations are optimized based
on factors such as panel capacity, inverter specifications, and site-specific conditions. The results indicate that a 2
kWp system can generate up to 2.91 MWh annually, with a performance ratio (PR) of 81.15%, demonstrating the
system’s feasibility for sustainable energy use. The findings contribute to understanding the practical applications of
rooftop solar power in educational and industrial sectors, providing insights into the potential for broader adoption
across similar contexts in Indonesia.

Keywords: Solar Power Plant (PLTS); Solar Roof System; Design and Simulation; Energy Efficiency; Economic
Feasibility

1. Introduction

The current government policies and targets regarding renewable energy utilization in Indonesia are primarily
outlined in the General National Energy Plan (RUEN) and various presidential and ministerial regulations.
Specifically, the aim is to increase the share of renewable energy in the national energy mix to 23% by 2025, with a
target of expanding installed solar energy capacity to 3,600 MW by 2025, including the substantial development of
rooftop solar power systems (1). The Indonesian government has positioned rooftop solar photovoltaic (PV)
installations as a critical element in achieving these renewable energy goals, facilitating residential and commercial
sectors to contribute to energy diversity and independence from fossil fuels (2). By promoting rooftop solar systems,
the government aims not only to enhance energy security but also to mitigate greenhouse gas emissions, supporting
its commitments to sustainability and climate action (3). As for the current installed capacity of solar power plants
(PLTS) in Indonesia, recent data indicate that the installed capacity reached approximately 0.15 GW by the end of
2020 (2). This significantly trails behind the governmental target of 3,600 MW for rooftop PLTS by 2025,
highlighting a substantial gap that needs addressing through strategic investments and policy implementation (2).
Given Indonesia's estimated solar energy potential of around 207.8 GW, this gap underscores the urgent need for
initiatives that encourage the rollout of both large-scale and distributed solar power projects to meet the ambitious
targets set by the government (4). Previous studies focusing on the design of rooftop solar power systems, particularly
in educational institutions, have revealed essential insights regarding site selection and performance optimization (5).
For instance, building characteristics, geographical location, and solar radiation levels play a pivotal role in
determining system efficacy (6). Implementations in various locations show that tailored designs specific to local
climatic conditions can enhance energy production and cost-effectiveness. In urban settings such as educational
institutions, maximizing the potential of rooftops through proper azimuth and tilt optimization can significantly
increase energy capture and overall system performance (5).
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Economic analyses used in prior studies to ascertain the viability of rooftop solar power systems often leverage
methods such as net present value (NPV), internal rate of return (IRR), and payback period calculations (7). Findings
consistently suggest that investments in rooftop solar yield financial benefits, such as reduced energy bills and the
potential for income through feed-in tariffs, making them an attractive option for many households and businesses
(8). These studies emphasize the possibility of achieving substantial cost savings and energy consumption reductions
through well-planned solar installations, which could counterbalance initial setup costs within a relatively short
payback period (2). Lastly, simulation and design tools like PVSyst are fundamental in evaluating and optimizing the
performance of rooftop solar power systems. These tools allow for the modeling of various scenarios, enabling
designers to analyze factors like solar irradiance, shading impacts, and system losses under different conditions,
ultimately guiding decisions on system size and component selection for efficiency (4). Through comprehensive
simulation studies, stakeholders can better understand how rooftop solar systems can be effectively integrated into
the energy landscape of Indonesia, promoting a transition toward sustainable energy solutions (9). In this study, the
design and feasibility simulation of an on-grid solar power system (PLTS) on the roof of the PT. PIM Training Room
is conducted. The simulation is carried out using the PVSyst software. Subsequently, a feasibility analysis is
performed from both the electrical and economic aspects.

2. Method

When designing an on-grid solar power system, both technical and economic criteria play crucial roles in
determining its feasibility and implementation. From a technical standpoint, considerations include hosting capacity,
power quality, and integration with existing grid infrastructure. Specifically, factors such as the capability of the
distribution network to accommodate additional solar capacity are vital; analyses have shown that the inclusion of
solar photovoltaic (PV) systems can significantly reduce active power loss and improve voltage profiles in
distribution networks (10). Furthermore, compliance with grid connection codes, which govern the operational
parameters for integrating PV systems into the national grid, is essential (11). These requirements address issues
related to power quality and configuration, ensuring that new installations do not adversely affect the existing power
infrastructure. Economically, the feasibility of an on-grid solar power system hinges on factors such as initial capital
investment, operation and maintenance (O&M) costs, and revenue generation through mechanisms like net metering
(12). For instance, net metering can incentivize residential solar installations by allowing homeowners to offset their
electricity bills with excess energy fed back into the grid, thereby presenting a compelling financial rationale for
adopting solar PV technology (13).

The selection of main components such as solar panels and inverters critically influences the performance, quality,
and investment costs of an on-grid solar power system. Quality solar panels are correlated with higher energy yields
and longer lifespans, which directly minimize the levelized cost of energy (LCOE) (14). Higher-efficiency panels
can lead to reduced space requirements and enhanced overall system output, thereby improving the economic viability
of solar installations. Similarly, the choice of inverters is paramount; grid-following inverter technology must ensure
that solar generation aligns smoothly with grid requirements, which is essential for maintaining grid stability and
compliance with quality standards (15). Moreover, the integration of advanced inverter technologies can significantly
enhance system performance by managing various operational aspects efficiently, leading to long-term benefits (16).
Economic analyses have consistently highlighted the benefits of investing in high-quality components. For example,
systems with superior components typically exhibit lower maintenance costs and higher reliability, which are crucial
for ensuring sustained financial returns over time (17). Moreover, the declining costs of key components like solar
panels and inverters, due in part to technological advancements and increased manufacturing efficiency, reinforce the
economic appeal of such investments, allowing for broader accessibility and adoption of solar technologies globally
(18). The design process of the PLTS system is presented in Figure 1.

Feasibility
Simulation

Feasibility
Analysis
Electrical

Power

Figure 1. Solar Power Plant System Design Process
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Solar panels work by converting solar energy into electrical energy through the photovoltaic effect, first
discovered by Charles Fritts in 1883. Modern panels, such as monocrystalline and polycrystalline types, use silicon
as a semiconductor to improve efficiency and power output (19). Monocrystalline panels, made from a single crystal,
are more efficient, ranging from 18.5% to 23.5%, while polycrystalline panels, formed from multiple silicon
fragments, have lower efficiency at 15.5% to 18% (20,21). Although monocrystalline panels generally perform better,
polycrystalline ones can outperform under certain conditions, like higher temperatures (22), (23). Additionally, cost
and aesthetic preferences influence consumer choices, with monocrystalline panels being more expensive due to
higher manufacturing costs (24,25).

Location Identification

This study designs a grid-connected solar power system (PLTS) on the roof of the training building at PT. PIM,
located in the PT. PIM complex, JI. Medan - Banda Aceh (Arun Lhokseumawe Special Economic Zone), Tambon
Baroh Village/Subdistrict, Dewantara District, North Aceh Regency, Aceh Province, with coordinates (05°13'46",
097°02'21"). The building features a gable roof, with each side having an area of 366.7 m2. The gable roof's shape
from the top is shown in Figure 2.

Figure 2. View of PT. PIM Training Room

Gathering of data

In this study, data collection was conducted through direct observation of the PT. PIM — Aceh training building.
The aim of this observation is to gather essential information for designing a grid-connected solar power system
(PLTS). The collected data includes solar radiation intensity received by the roof, electricity consumption of the
building, roof area available for solar panel installation, and the costs of the components to be used in the PLTS
system. This data is vital for determining the appropriate capacity of the solar system and calculating both the costs
and energy efficiency it will generate.

Design of Solar Power System (PLTS)

The manual design is conducted to calculate several parameters that will be used in the PLTS system simulation.
This theoretical calculation is important as an initial step to obtain the baseline values, which will then be compared
with the results from the simulation using the PVSyst software. This approach helps gain a better understanding of
how these parameters influence the overall system performance. The manual calculations also allow for the
verification of simulation accuracy, ensuring that the designed system will perform as expected. The stages of the
PLTS system design involve a series of steps, including energy needs analysis, component selection, calculation of
the required solar panel capacity, and determining the overall system configuration. When determining the location
for the installation of a Solar Power Generation System (PLTS), several physical factors must be considered to ensure
the system operates optimally. These factors include the location's physical condition, geographic coordinates, and
roof slope. Studies have shown that these elements significantly impact the efficiency and productivity of the PLTS
system. Geographic coordinates play a crucial role in determining the solar radiation received, as it varies based on
specific locations on Earth (OBARA & Utsugi, 2017). The roof slope is also vital for efficient sunlight absorption,
with the optimal tilt angle depending on the local geographic and climatic conditions (Y1lmaz et al., 2015).
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Furthermore, a precise location analysis must consider environmental factors such as shading from nearby objects,
which can reduce system efficiency (26). Technologies like Geographic Information Systems (GIS) can be used to
provide spatial data necessary for evaluating and planning the installation site for the PLTS system (27). Therefore,
conducting a thorough site survey is essential before system installation, including analyzing the surrounding
environmental effects. Regarding the calculation of the PLTS system's capacity, system efficiency is often influenced
by potential losses. An increase of 15-25% in the P\_peak value is generally needed to account for losses due to real-
world conditions that may not be fully captured during the planning phase (28), (29). These losses can arise from
factors such as ambient temperature, humidity, and variability in sunlight, leading to a decrease in the performance
of solar panels. In practice, this capacity calculation ensures that the designed system meets energy needs despite
losses, guiding the determination of system size and type (30).

Energy per day (1)
Average solar radiation

ppeak =

Solar radiation is one of the most abundant renewable energy sources, particularly in areas near the equator, such
as Indonesia. Solar radiation refers to the energy emitted by the sun, which reaches Earth's surface in the form of light
and heat. The standard unit for measuring solar radiation is kWh/m?/day, reflecting the amount of solar energy
received per unit area per day. In the Jabodetabek area, solar radiation intensity is estimated to range from 4.98 to
5.02 kWh/mz/day, indicating significant potential for solar energy use (31), (32). Common methods for measuring
solar radiation include installing instruments like pyranometers to detect and record the amount of solar radiation
received. Additionally, solar radiation data can be obtained from historical data analysis or using software
programmed to estimate radiation values based on existing meteorological data (33). The accuracy of this data is
crucial for determining the efficiency of renewable energy systems.

Regarding the use of the Meteonorm database, research by Indra et al. describes how solar radiation potential in
Southeast Sulawesi was analyzed using data from Meteonorm software. The study showed that the generated
radiation data is valuable for planning solar power plant development, with the global horizontal radiation ranging
from 142.5 to 156.3 kWh/m? (34). The Meteonorm database provides comprehensive and reliable solar radiation
information across various locations, assisting designers and researchers in obtaining accurate data for renewable
energy projects. The selection of solar panels in the design of a Solar Power Generation System (PLTS) is crucial as
it influences energy efficiency, overall system cost, and the optimal use of space. Key factors to consider when
choosing solar panels include panel efficiency, module area, and design costs. Panel efficiency directly affects the
energy output of the PV system. According to Majdi et al., monocrystalline panels typically offer higher efficiency
than polycrystalline panels, making them more effective in generating power in smaller areas (35). Environmental
factors such as temperature and wind speed also significantly impact efficiency. As noted by Nurhaida et al., increased
temperatures can reduce the efficiency of solar panels (21). Therefore, selecting the appropriate panel type is essential
for maximizing energy production.

The area of the modules must also be considered, as solar panels require sufficient space to optimize the sunlight
they receive, which also relates to the overall system cost (36). A well-designed system can minimize land usage and
maintain cost efficiency, although there is limited data available on how specific designs or panel efficiencies
correlate with cost (37). Design costs are another primary consideration. Medford et al. argue that the integration of
new technologies and materials into solar panel manufacturing can significantly contribute to the overall system cost,
and a strategy that takes into account cost, lifespan, and practical effectiveness is essential for achieving sustainable
energy policies (38). Regarding the calculation of the number of panels required in a PLTS system, the formula
generally expressed is:

System Capacity (W) (2)

Number of Panels =
Panel Output Power (W)

In this context, choosing the right panel based on output power (Power Peak) and efficiency becomes highly
relevant, as the power peak indicates their energy generation capacity under optimal conditions (39). Designing and
implementing a photovoltaic solar power system (PLTS) requires careful consideration of several key factors,
including selecting the right inverter, configuring solar panel arrays, and evaluating system performance using metrics
like Performance Ratio (PR). The inverter must be chosen based on the system's designed capacity to ensure optimal
functionality. Triyanto et al. emphasize that the inverter’s capacity should match the number and arrangement of solar

Publish by Radja Publika

o, T 4239



DESIGN AND SIMULATION OF A ROOFTOP PV SOLAR POWER SYSTEM FOR THE TRAINING ROOM AT PT.
PUPUK ISKANDAR MUDA - ACEH
Marzuki et al

panels to maximize sunlight utilization (40). Additionally, Akram et al. highlight the importance of determining
appropriate inverter sizes and capacities to ensure synchronization with specific solar panel configurations, thereby
maximizing efficiency (41). Properly matching the solar panel type with the inverter is also crucial for enhancing
power output. Ariawan et al. show that selecting the right combination of solar modules and inverter capacities can
improve system performance and longevity (42). Furthermore, Triyanto et al. provide formulas to determine optimal
panel configurations in series and parallel to maximize energy output and minimize space usage (40). PR is a vital
indicator of system efficiency, with Akram et al. and Sathiracheewin et al. demonstrating how operational factors
influence its calculation and accuracy (41), (43). The formulas used for this research are as follows:

Formula for selecting inverter specifications:
Inverter Capacity = Numb. of Panels x Panel Cap.  (3)

Formula for the configuration of the solar panel array system:

Min. series = —/minlnverter, o
. Vo Solar panel
Max. series = _Vmaxlnverter )
. Vmp Solar panel
I Input Inverter
Parale] = -max P (6)

Imp Solar panel
3. Results and Discussion

Solar Radiation at the Research Location
The solar radiation potential obtained based on the coordinates of the PT. PIM — Lhokseumawe Aceh training building
is presented in Table 1.

Table 1. Radiation Values at the PT. PIM Aceh Training Building

Month Solar Radiation (kWh/m2/day)
January 5.18
February 5.47
Mart 5.58
April 5.43
Mei 5.28
June 5.32
July 5.29
August 5.13
September 5.08
October 4.10
November 4.30
December 4.05

Based on the obtained data, the highest solar radiation value occurs in March, which is 5.58 kWh/m?/day.
This peak is due to March being the height of the dry season. The lowest solar radiation value is recorded in
December, with a value of 4.05 kWh/mz2/day. The average solar radiation throughout the year is 5.01 kwWh/m?/day.
The electricity load estimate for the PT. PIM Lhokseumawe — Aceh training building was derived from direct
observations of the site and interviews with the building management. Based on these observations, the maximum
estimated average daily electricity load in the building is 7,000 watts. The building has an electrical capacity of
66,000 VA. Although the estimated maximum load exceeds the installed capacity, in practice, the electrical load has
never exceeded the installed capacity since the electrical loads are not all used at the same time, and the building is
only used during training sessions.

Publish by Radja Publika

.« T 4240



DESIGN AND SIMULATION OF A ROOFTOP PV SOLAR POWER SYSTEM FOR THE TRAINING ROOM AT PT.
PUPUK ISKANDAR MUDA - ACEH
Marzuki et al

Main Components of a Solar Power System (PLTS)

The main components used in a solar power system (PLTS) are solar panels and inverters. Before selecting
the components, the system capacity must first be calculated. Using Equation (1), the minimum required capacity for
designing the PLTS is determined to be 1.5 kWp. However, due to system losses, an additional 15% to 25% is added,
resulting in a designed PLTS capacity of 1.875 kWp, which is then rounded up to 2 kWp. The solar panels used in
the design of this on-grid PLTS system are of the monocrystalline and polycrystalline types, branded AEG, with
capacities of 275 Wp and 335 Wp (polycrystalline). This is done to determine the total number of arrays. To calculate
the number of solar modules required based on their type and capacity, calculations were performed according to
Equation (2), resulting in the values shown in Table 2.

Table 2. Solar Panel Requirements Data

Type of solar Solar Total Total
panel panel designed | designed

capacity | watt peak panels

(Wp) (kWp) (pcs)
Monocrystalline 275 1.875 7
Monocrystalline 335 1.875 6
Polycrystalline 275 1.875 7
Polycrystalline 335 1.875 6

Equations (4), (5), and (6) are used to analyze the array circuit configuration of the PV system, which includes
minimal series, maximal series, and parallel configurations. The resulting configurations are presented in Table 3. By
using these equations, we can understand how each configuration affects the overall performance and efficiency of
the PV system, which is crucial in determining the optimal arrangement of solar panel elements to maximize energy
production.

Table 3. Array Circuit Configuration

Variasi Minima | Maximu | parall
I series | m series el
Monocrystalline 3 18 2
275 Wp
Monocrystalline 2 14 2
335 Wp
Polycrystalline 3 18 2
275 Wp
Polycrystalline 2 14 2
335 Wp

Referring to equation (3), it is obtained that the inverter used has a capacity of 2 kWp. This capacity ensures
optimal inverter performance in supporting the system, providing high efficiency in power management, and ensuring
stable and reliable energy supply for the intended application.

Simulation

In simulating the design of the PV solar power system for the PT. PIM Training Room using PVSyst, various
data parameters are required, as they significantly influence the simulation output. The first key parameter is the tilt
angle of the solar panels, which is set to 30°, facing south. This angle was chosen because the solar panels are mounted
on the roof, aligning with the roof’s slope. This alignment is crucial for maximizing solar exposure throughout the
day. Additionally, the inverter used in the system is the ENF type EPV2KTL, selected for its reliability and
compatibility with the designed system. The solar panels in the design vary in type, capacity, and configuration to
optimize energy generation under varying environmental conditions. This variation allows for a more flexible and
efficient system setup, taking into account different panel efficiencies and performance rates. The system is designed
as a roof-mounted configuration, with fixed panel supports to ensure stability and durability, especially under harsh
weather conditions. By selecting these specific parameters and configurations, the simulation can provide a more
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accurate prediction of the system’s performance, ensuring that the designed PV solar power system will effectively
meet the energy demands of the training room while maintaining efficiency and cost-effectiveness.

Variasi A

The first simulation conducted is a variation of the solar power system design using monocrystalline solar
panels with a capacity of 275 Wp, consisting of 8 panels configured in a 1 string with 8 series connections. Based on
the simulation results, the total energy produced by the on-grid solar power system is estimated to reach 2.91 MWh
per year. Figure 3 shows the varying energy production pattern throughout the year, with the peak production
occurring in June, reaching 450 kWh, while the lowest production is recorded in December, at just 230 kWh. This
simulation result highlights significant differences in energy production levels, influenced by weather conditions and
sunlight duration each month. The high energy production in June is attributed to the longer duration of sunlight in
that region, while the lower energy production in December is impacted by the shorter sunlight hours due to seasonal
conditions. The Performance Ratio (PR) obtained for this variation of the solar system is 81.15%. This value indicates
that the system performs well and efficiently converts sunlight into electrical energy. The high PR also suggests that
this system is reliable and feasible for implementation on a larger scale, considering both economic factors and the
availability of natural resources. Overall, the simulation results show that the selected solar system configuration has
great potential in generating renewable, environmentally friendly, and sustainable energy.
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Figure 3. Graph of Simulation Results for the PLTS Varias 1 System

Variasi B

The second simulation involves a variation in the design of the photovoltaic power system (PLTS) using
monocrystalline solar panels with a capacity of 335 Wp. A total of 6 panels are used, configured into 1 string with 6
panels connected in series. Figure 4 shows that the total energy produced by the on-grid PLTS system is predicted to
be 2.71 MWh per year. The highest energy production occurs in June, reaching 470 kWh, while the lowest energy
production is recorded in December at 270 kWh. The Performance Ratio (PR) achieved by this variation of the PLTS
system is 82.99%, which is considered to meet the feasibility requirements for implementing the system, indicating
that the system performs efficiently. This simulation provides valuable insights into the efficiency and output of a
monocrystalline solar panel-based system, offering a practical view of its performance across different months of the
year. The data demonstrates that seasonal variations play a significant role in energy production, with peak output
observed during summer months when sunlight intensity is at its highest. On the other hand, lower production in
December suggests that systems relying on solar energy are subject to fluctuations based on seasonal factors, which
can be influenced by elements like weather and sunlight duration. The calculated PR of 82.99% signifies a well-
functioning system, meeting industry standards for solar power systems in terms of performance. It ensures that the
system is operating efficiently, with minimal losses in the conversion of solar energy to electrical energy. This result
suggests that such a system would be viable for practical applications, offering a reliable source of renewable energy
with consistent performance. Furthermore, the study highlights the importance of understanding energy output
throughout the year for better planning and optimization of solar energy systems.
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Figure 4. Graph of Simulation Results for the PLTS Varias 1 System
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4. Conclusion

The simulation of the rooftop PV solar power system for the PT. PIM training room demonstrates that such
systems can be technically and economically viable for meeting energy demands. The performance ratio (PR) of
81.15% and 82.99% for the two design variations indicates efficient energy conversion and system reliability.
Additionally, the high energy output during peak months, such as June, further emphasizes the potential for solar
energy systems in Indonesia. Despite lower energy production in December, the system's overall performance meets
industry standards, making it a promising solution for renewable energy integration in both educational and
commercial sectors. This study provides valuable insights for further implementation of rooftop solar systems,
aligning with the Indonesian government's renewable energy targets.
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