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ABSTRACT

The hybrid grid-connected power generation system combines solar power, wind power, and the PLN grid to
meet the electricity demands of facilities such as schools, laboratories, mosques, and kindergartens at MTs Par-
miyatu Wassa'adah School. Due to insufficient wind speed below the turbine's operational threshold, wind turbines
cannot contribute to electricity generation, making solar power the primary energy source. Solar power capacity
is crucial for meeting the electricity needs of these facilities. This study applies the Fuzzy method to analyze the
optimal utilization of solar panels in a grid-connected hybrid system for electricity demand. Simulation results
indicate three levels of solar panel utilization, with the most optimal performance achieved when school electricity
usage is low, and additional loads are minimized.

Keywords: electrical load, fuzzy method, hybrid grid-connected system, solar panel, wind turbine.

. INTRODUCTION

YBRID energy systems for power generation often rely on renewable energy sources [1]-[3],

such as wind, solar, geothermal, biomass, and water[4]-[6]. Among these, wind and solar

energy are widely favored due to their ubiquitous availability [7]. Conversely, geothermal and
water energy are location-specific [8], while biomass requires specific fuels [9] and is typically used in
designated development areas [10], [11].

Wind energy conversion requires wind turbines, available in vertical and horizontal axis types [12]—
[14]. This study employs horizontal axis wind turbines to harness wind energy. Similarly, solar panels
are used to convert solar energy into electrical energy [15], [16]. However, the electrical output from
wind and solar energy is highly dependent on weather conditions [17], [18]. Solar panel efficiency fluc-
tuates during cloudy or sunny conditions, while wind speed variations impact electricity generation from
turbines [19], [20]. To address these challenges and maximize electricity production, this study explores
a combination of wind and solar power systems.

Research on the integration of solar power plants with the PLN electricity network to support elec-
tricity availability in school buildings has been conducted by several researchers [21], [22]. At MTs
Parmiyatu Wassa'adah School, located in Percut Sei Tuan, Deli Serdang Regency, North Sumatra, the
facilities include classrooms, a teacher's room, a principal's office, a laboratory, a prayer room (mosque),
and a kindergarten. Currently, electricity needs are fully supplied by State Electricity Company (PLN).
grid-connected power generation system, the electricity load for schools, laboratories, mosques, and
kindergartens can be supported by solar panels and wind turbines, while still utilizing PLN electricity.
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The feasibility analysis of solar panel usage in smart systems has been conducted using the Fuzzy grid
simulation method [23]-[25]. This method is implemented through MATLAB [26]. Fuzzy logic, a rule-
based approach, addresses uncertainty and ambiguity by utilizing degree-of-truth values between "true"
and "false," making it suitable for complex systems that are challenging to model mathematically, such
as temperature control or decision-making. Neural networks, inspired by the workings of the human
brain, learn from data to recognize patterns, classify, and predict, making them ideal for applications
such as image recognition and natural language processing [27], [28]. Optimization algorithms, on the
other hand, identify the optimal solution by maximizing or minimizing an objective function, making
them suitable for problems like scheduling or design [29]-[32]. Fuzzy logic is particularly effective in
handling uncertainty, neural networks excel in pattern recognition with large datasets, and optimization
algorithms are adept at solving problems with multiple variables or constraints [33], [34].

This study builds on prior research addressing the integration of renewable energy, such as solar and
wind power, in grid-connected hybrid systems. By incorporating renewable energy into a hybrid electric
system, it advances the field through a Fuzzy method-based approach to optimize solar energy utiliza-
tion. The research makes a significant contribution by analyzing load variations across different facilities
and demonstrating how solar power plants can effectively meet these demands. Furthermore, it under-
scores the importance of integrating renewable energy sources into grid systems to reduce dependency
on PLN and enhance energy sustainability. By evaluating the performance of solar panels under varying
operational conditions and applying smart control systems, this study enriches understanding of energy
management strategies in hybrid systems, contributing to the adoption of clean and sustainable energy
solutions for the future.

The purpose of this article is to evaluate the effectiveness of solar panel utilization in a grid-connected
hybrid system using the Fuzzy method. Simulation results reveal the contribution of solar panels to
electrical loads, including lighting, computers, fans, and air conditioners in kindergartens, laboratories,
school buildings, and mosques.

Il. RESEARCH METHOD

The primary electricity source for school buildings, laboratories, kindergartens, and mosques is PLN
(the national power utility company), which meets the facilities' overall energy needs. However, a hybrid
grid-connected power generation system supplements PLN’s supply by integrating solar panels and
wind turbines as alternative energy sources. This hybrid system aims to reduce reliance on PLN by
utilizing renewable energy to power the buildings.

AC Bus

Sehool Duilding

Figure 1. Power flow diagram of the hybrid grid-connected power generation system.

133



Jurnal ELTIKOM :
Jurnal Teknik Elektro, Teknologi Informasi dan Komputer

TABLE1
SPECIFICATION DATA OF EQUIPMENT USED IN THE HYBRID GRID-CONNECTED POWER GENERATION SYSTEM.
Equipment name  Capacity Quantity
Wind Turbine 500 Watt; 5 bilah;12 V; 1.1m/s; Model SH-D2 1
Solar Panel Monocristalyne 30Wp; 12V 21
Battery 100AH/12V 2
Inverter Hybrid 1kW, 12Vdc/220Vac 1
TABLE2
THE ELECTRIC LOAD CAPACITY
Load Maximum capacity [kW]  Equipment
School building 10 Computer, Lamps, AC, Fan
Laboratory 5 Computers
Mosque 7 Lamps, AC
Kindergarten 3 Lamps, Computer, Fan

In this scenario, the average wind speed in the school area is insufficient to effectively drive the wind
turbine blades. The wind speed falls below the threshold required for electricity generation, rendering
the turbine inoperable under these conditions. The wind turbine's location within the school environment
is suboptimal due to obstacles from classroom buildings that impede wind flow. The tall and dense
structures surrounding the turbine further reduce wind speed, significantly diminishing its performance
in generating electricity. This strategic limitation prevents effective utilization of available wind energy.
Consequently, the hybrid system receives negligible or no contribution from wind energy, relying solely
on solar panels as the renewable energy source supporting electricity demand in addition to PLN.

Figure 1 illustrates the system configuration, showing the integration of solar panels, wind turbines,
and PLN in the hybrid grid-connected system. Solar panels are the primary renewable energy source in
this setup, reducing dependency on PLN, particularly during daylight hours when solar energy
availability is highest.

The specifications of the equipment used in the system, along with the load capacity for each facility
(school buildings, laboratories, kindergartens, and mosques), are detailed in Tables 1 and 2. These tables
provide crucial insights into energy consumption patterns and the capacity of renewable energy
equipment, enabling an evaluation of the hybrid system's efficiency and its potential to meet energy
demands. Despite the absence of wind energy support, the integration of solar panels offers a sustainable
solution to reduce reliance on traditional power sources and encourages the use of renewable energy
within the school environment.

The implementation of a hybrid grid-connected power generation system can be applied in various
scenarios, such as:

1) school and kindergarten buildings: Daily load usage is at a medium level between 8:00 AM and 2:00
PM and reaches maximum levels from 2:00 PM to 4:00 PM;

2) laboratory: Load levels vary from medium to maximum depending on the scheduled use and the
number of computers in operation; and

3) mosque: Load usage ranges from minimum to maximum between 8:00 AM and 4:00 PM, influenced
by the availability of natural light entering the mosque.

The mathematical model for the system is expressed as (1). When wind speeds are insufficient to
drive wind turbine blades, the wind turbine contribution can be neglected, simplifying the equation to

Q).

Ppln+PpV+Pwt=PSch+PLab+PKG+PMo (1)

Ppin + Ppy = Pscp + Prap + Pxg + Pyo (2)
To evaluate the contribution of solar panels in meeting various loads, the electricity supply from PLN
is initially disregarded. In this case, the required power is assumed to be supplied solely by solar panels,

with the output categorized into minimum, medium, and maximum levels, as illustrated in Figures 2(a),
2(b), 2(c), and 2(d).
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Figure 2 (a) Input variable for school building load
(b) Input variable for laboratory load
(c) Input variable for mosque load
(d) Input variable for kindergarten building load

The achievement of solar panel utilization in the hybrid grid-connected system is assessed by
modeling four input load variables: school load, lab load, mosque load, and kindergarten load, with the
output variable being the solar panel (PV). Each variable is characterized by minimum, medium, and
maximum power levels, with fuzzy membership functions applied to each category. The membership
functions used include linear, triangular, and trapezoidal fuzzy membership functions, as illustrated in
Figures 2(a), 2(b), 2(c), and 2(d).

Figure 2 provides a detailed overview of the load variables for different facilities, utilizing fuzzy logic.
Each sub-figure represents the load conditions for a specific facility.

Figure 2(a) illustrates the load variable for a school building with three distinct levels of power
consumption. The minimum level is represented by a downward-sloping trapezoidal fuzzy membership
function, ranging from 0 to 4 kW, indicating low energy demand. The medium level is modeled with a
trapezoidal fuzzy membership function spanning 3 to 9 kW, reflecting moderate energy consumption.
The maximum level uses an upward-sloping trapezoidal fuzzy membership function, ranging from 8 to
12 kW, representing the highest possible load for the school building.

Figure 2(b) depicts the load variable for a laboratory, similarly defined by three levels of power
consumption. The minimum level is modeled with a downward-sloping trapezoidal fuzzy membership
function ranging from 0 to 3 kW, representing the lowest energy usage. The medium level, defined by
a triangular fuzzy membership function, spans 1 to 5 kW, indicating moderate energy demand. The
maximum level uses an upward-sloping trapezoidal fuzzy membership function, covering a range from
3 to 6 kW, representing peak energy usage in the laboratory.

Figure 2(c) shows the load variable for a mosque, also characterized by three power consumption
levels. The minimum level is represented by a downward-sloping trapezoidal fuzzy membership
function with a range from 0 to 4 kW. The medium level, modeled using a trapezoidal fuzzy membership
function, spans 2 to 7 kW, indicating moderate energy consumption. Finally, the maximum level is
defined by an upward-sloping trapezoidal fuzzy membership function ranging from 5 to 8 kW,
representing the mosque's highest potential load.

Figure 2(d) represents the load variable for a kindergarten building. The minimum level is modeled
with a downward-sloping trapezoidal fuzzy membership function ranging from 0 to 2 kW, reflecting the
building's lowest energy demand. The medium level, defined by a triangular fuzzy membership function,
spans 1 to 3 kW, indicating moderate energy consumption. The maximum level uses an upward-sloping
trapezoidal fuzzy membership function, ranging from 2 to 4 kW, representing the peak energy usage of
the kindergarten.
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TABLE 3
THE 10 (TEN) RULES USED IN THE SIMULATION PROCESS
Rule Load School building Load Lab Load Mosque Load Kindergarten building PV

1 Minimum Minimum Minimum Minimum Minimum
2 Maximum Maximum Maximum Maximum Maximum
3 Maximum Medium Maximum Maximum Maximum
4 Maximum Minimum Maximum Maximum Medium
5 Medium Maximum Minimum Maximum Medium
6 Medium Medium Minimum Maximum Medium
7 Maximum Minimum Minimum Maximum Medium
8 Medium Maximum Minimum Minimum Medium
9 Medium Medium Minimum Minimum Medium
10 Medium Minimum Minimum Minimum Minimum

Minimum Medium Maximum

output variable “PV*
Figure 3. The output variable of the solar panel system.

Together, these figures utilize fuzzy logic to represent varying levels of power consumption for each
facility, offering a flexible and adaptable approach to modeling real-world energy demands. Fuzzy
membership functions enable smooth transitions between low, medium, and high consumption levels,
ensuring accurate control and optimization of energy distribution under different operational states. This
method is particularly critical for systems such as solar panels, where efficient load management is
essential for maintaining energy balance and optimizing resource utilization.

Figure 3 illustrates the output variables of the solar panel system under three distinct conditions,
represented by fuzzy logic membership functions. The first condition, representing the minimum limit,
is modeled using a downward-sloping trapezoidal fuzzy membership function with a value range from
0 to 12 kW, indicating the system’s lowest possible power output. The second condition, the medium
limit, employs a triangular fuzzy membership function spanning 7 to 20 kW, reflecting a moderate or
balanced output. Finally, the maximum limit is defined by an upward-sloping trapezoidal fuzzy
membership function, with values ranging from 15 to 26 kW, representing the system’s highest potential
output.

Before running the simulation, several rules must be defined to guide and constrain the system’s
behavior under various load scenarios. These rules, outlined in Table 3, are essential for determining
transitions between different levels of solar panel output and ensuring effective operation under varying
conditions. By setting these parameters, the simulation can more accurately model real-world
performance and variability, predicting how the solar panel system will respond in different operational
states.

The combination of fuzzy membership functions and predefined rules provides a flexible framework
for modeling the system’s behavior. This approach enables smooth transitions between minimum,
medium, and maximum solar panel outputs, ensuring effective management and optimization. As a
result, the system can adapt to varying load conditions while maintaining efficiency and stability.

I11. RESULT AND DISCUSSION

The simulation results yield intersection graphs as shown in Figures 4(a), 4(b), and 4(c). Figure 4(a)
illustrates the scenario where loads of 10 kW for schools, 3 kW for laboratories, 7 kW for mosques, and
4 kW for kindergartens result in a photovoltaic (PV) system output of 22.3 kW. Based on the ten prede-
fined rules, the achievement of PV utilization is indicated by the blue shading, which satisfies rule 3. In
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Figure 4. (a) Conditions with maximum solar panel output
(b) Conditions with medium solar panel output
(c) Conditions with minimum solar panel output

this condition, the system operates optimally, unlike other rules where not all loads are shaded, resulting
in the system being off [23]. Rule 3 states: If the school building load is Maximum, the laboratory load
is Medium, the mosque load is Maximum, and the kindergarten load is Maximum, then the solar panel
output is Maximum. This corresponds to daily load usage from 2:00 PM to 4:00 PM, where schools and
kindergartens operate at full load, while the laboratory and mosque are also in high-demand states, ne-
cessitating total electricity supply from solar panels.

The average daily PV power output fluctuates due to weather changes, including sunny, cloudy, and
rainy conditions. These variations directly impact the intensity of sunlight absorbed by the solar panels,
affecting energy production [23]. When weather conditions are insufficient for full electricity genera-
tion, the deficit is supplemented by PLN. Despite these fluctuations, the solar panel utilization level
remains high.

Figure 4(b) represents a scenario where different loads are distributed as follows: 6 kW for schools,
3 kW for laboratories, 2 kW for mosques, and 4 kW for kindergartens, resulting in a PV system output
of 13.7 kW. Based on the predefined rules, this condition satisfies rule 6, as indicated by the blue shading
in the figure. This suggests the system is functioning in a balanced state, in contrast to other scenarios
where insufficient shading results in the system being off.

According to rule 6, the condition is defined as follows: when the school building load is medium, the
laboratory load is medium, the mosque load is at a minimum, and the kindergarten load is at a maximum,
the solar panel output is categorized as medium. In this scenario, while electricity demand in the school
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building is reduced and the laboratory remains operational, the kindergarten experiences high energy
consumption, and the mosque’s energy usage stays low. Despite these varying load demands, the solar
panel system effectively supports the overall energy needs, albeit not at full capacity.

Under these conditions, the solar panels perform moderately, reflecting balanced but not fully opti-
mized usage. The distribution of loads across different facilities results in a medium level of solar energy
achievement, demonstrating effective but limited utilization of the photovoltaic system.

Figure 4(c) depicts a scenario where electrical loads are distributed as follows: 6 kW for schools, 1
kW for laboratories, 2 kW for mosques, and 1 kW for kindergartens, resulting in a solar panel output of
4.26 kW. Based on the system's 10 predefined rules, the blue shading in the figure indicates that rule 10
is met, signifying the system is in optimal working condition. This contrasts with other rules, where
incomplete shading results in the system being off.

Rule 10 applies when the school building load is medium, and the loads on the laboratory, mosque,
and kindergarten are at a minimum. In this scenario, with reduced electricity demand in the school
building, no laboratory usage, low energy consumption in the mosque, and the kindergarten closed, the
solar panel system operates at its maximum efficiency to support the remaining loads. Consequently,
under these conditions, the solar panel utilization level is exceptionally high, enabling efficient energy
distribution and optimal performance of the photovoltaic system.

Figure 5 illustrates the variation in solar panel output based on the electricity loads of a kindergarten
and a mosque, as modeled using a fuzzy decision system [23], [24]. The kindergarten's electricity load
ranges from 0 to 4 kW, while the mosque's load ranges from 0 to 8 KW. The figure shows a steep increase
in solar panel output when the kindergarten operates at a load of 2 kW and the mosque’s load varies
between 0 and 4 kW. This increase highlights the sensitivity of the system to simultaneous load varia-
tions from both facilities, with solar panels becoming more actively engaged as the mosque's load in-
creases within this range.

For kindergarten loads above or below 2 kW, when the mosque’s load varies between 0 and 3 kW,
the solar panel output stabilizes at a higher level of approximately 13.6 kW. This indicates that, within
this range, the solar panels consistently deliver high energy output, maintaining stable performance re-
gardless of fluctuations in the mosque’s load. The system effectively meets the combined demand with-
out significant variations in energy output.

When the mosque’s load exceeds 4 kW, the figure reveals a substantial drop in solar panel contribu-
tion, indicating that the panels no longer support the system. This threshold suggests that the combined
loads of the kindergarten and the mosque surpass the solar panels' capacity, leading to a cessation of
their contribution. This condition underscores the limitations of the photovoltaic system when faced
with high energy demands, particularly when multiple facilities require substantial power simultane-
ously.

The analysis in Figure 5 provides valuable insights into how solar panel output varies with load de-
mands from different facilities. It emphasizes the need for efficient energy distribution management. By
understanding these load variations, it is possible to optimize solar panel usage, ensuring effective op-
eration under varying conditions and avoiding energy shortages when demands exceed system capacity.

Kindergarden_Load S Mosque Load

Figure 5. Solar panel performance surface against the load given to a kindergarten and a mosque.
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One effective strategy is the dynamic regulation of energy distribution based on load priority, where
facilities with critical needs, such as laboratories or classrooms, are given higher priority during peak
operating hours. Additionally, integrating energy storage technologies, such as batteries, enables surplus
energy generated during the day to be stored for use at night or during periods of high demand exceeding
production capacity.

IV. CONCLUSION

The effectiveness of solar panels varies based on the electrical loads of different facilities, including
schools, laboratories, mosques, and kindergartens. Under typical conditions, solar panel performance
decreases when the electrical loads in school buildings and kindergartens are at their maximum, as
weather conditions directly impact energy generation. However, solar panel performance improves sig-
nificantly when electricity usage in schools is reduced, and other expenses are minimized.

Future research will examine in greater depth how variations in electrical loads across facilities affect
solar panel efficiency. This includes further exploring the relationship between weather conditions and
solar panel performance under peak load conditions.
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