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Abstract

The integration of solar and wind power offers significant potential to improve the efficiency
and optimization of renewable energy. These two energy sources complement each other, with
solar power generating energy during the day, while wind power can be produced both day and
night, depending on weather conditions. By combining these two sources, we can address the
instability of renewable energy supply, which often occurs due to dependence on a single type
of energy source. This hybrid system can enhance the availability of more stable and sustainable
energy while reducing dependence on fossil fuels. The use of appropriate technologies, such as
energy storage and intelligent control systems, enables improved efficiency and optimization
in the management of energy from these sources. This study will discuss the design, benefits,
and challenges in integrating solar and wind power as a solution to optimally and efficiently
increase the utilization of renewable energy. Furthermore, this research evaluates the
contribution of solar and wind power integration in meeting energy needs in areas that are
difficult to reach by conventional electrical grids.
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In recent decades, the demand for
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availability depends on weather conditions and

sustainable and environmentally friendly energy
has become more urgent due to the increase in
global  energy  consumption and the
environmental impact of fossil fuel use.[1]
Renewable energy, such as solar and wind
power, has emerged as a primary solution to
reduce carbon emissions and dependence on
conventional energy sources.[2] However, the
main challenge of renewable energy sources is
their fluctuating and unstable nature, as energy

time.[3]

Solar power, for instance, can only be
generated during the day and depends on the
intensity of sunlight, while wind power
fluctuates with wind speed and direction.[4]
These fluctuations create challenges in ensuring
a consistent and reliable energy supply.[5]
Therefore, the integration of solar and wind
power into a single hybrid system is one solution
that can improve the stability and efficiency of
renewable energy.[6]
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By combining these two energy sources, we
can complement the weaknesses of each.[7]
When solar energy decreases, wind power may
compensate for the shortfall, and vice versa.[8]
The use of this hybrid system not only increases
energy availability but also enhances the
efficiency in utilizing natural resources.[9]

1.1 Solar Energy

Solar energy is derived from the sun’s
radiation and can be converted into electricity or
heat.[10] Here’s an overview:

Types of Solar Energy Systems

a.  Photovoltaic (PV) Systems:

How It Works: Solar panels made of
semiconductor materials (like silicon) convert
sunlight directly into electricity through the
photovoltaic effect.

Applications:  Residential solar
commercial solar arrays, and solar farms.

b.  Solar Thermal Systems:

How It Works: These systems use sunlight to
heat a fluid, which then transfers the heat to a
water tank or a heat exchanger.

Applications: Solar water heaters, solar space
heating, and industrial processes.

c.  Concentrated Solar Power (CSP):

How It Works: CSP systems use mirrors or
lenses to concentrate sunlight onto a small area.
The concentrated light heats a fluid, which then
drives a turbine to generate electricity.

panels,

Figure 1. Principle of Solar Cells
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Benefits of Solar Energy[10]

a.  Renewable: Solar energy is abundant
and replenished naturally.

b.  Sustainable: Reduces reliance on fossil
fuels and helps mitigate climate change.

c. Low  Operating Costs:  After
installation, solar energy systems have minimal
operational costs.

d. Energy Independence: Reduces
reliance on external energy sources and enhances
energy security.

e.  Environmental Impact: Produces no
direct emissions or pollutants during operation.

Challenges[11]

a. Intermittency: Solar energy generation
depends on sunlight, which varies by location
and time.

b. Initial Costs: Installation costs can be
high, though they are decreasing with
technological advancements and incentives.

c. Space Requirements: Solar panels
require space, which might be a limitation in
densely populated areas.

Technological Advancements

a. Improved Efficiency: Advances in PV
technology, such as higher-efficiency cells and
better materials.

b.  Energy Storage: Development of better
batteries and storage solutions to store excess
solar energy.

c. Integration: Enhanced methods for
integrating solar power with the grid and other
energy systems.

The power produced by a solar power plant
can be calculated using the following equation:

Pout=A x G xn x D(1)[12]

1.2 Wind Energy

The wind is air that moves from areas of high
pressure to low pressure. Light air moves
upwards towards colder areas so that the air will
become cold and turn heavy again, then the cold
air will circulate downwards, resulting in air
circulation and air movement called wind
energy.

When the wind blows, it is accompanied by
kinetic energy (movement) which can do work.
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Kinetic energy is energy due to a mass having a
relative speed, for example a moving car or a
rotating power wheel. Wind energy resulting
from wind movement can be converted into
mechanical energy using a windmill or into
electrical energy using a wind turbine which is
also called a Wind Energy Conversion System
(SKEA). The amount of energy that can be
transferred to the rotor depends on the air
density, area and wind speed. The kinetic energy
for a wind mass m moving with speed v is
converted into shaft energy. It can be seen from
the following equation:
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Figure 2. Principle of Wind Energy

Then the output power of the wind power
plant can be calculated using the following
equation:

P= %pAv3 Cp

1.3 Hybrid Energy

A solar-wind hybrid power plant is a system
that combines two renewable energy sources,
namely solar power and wind power, to produce
electricity. This combination aims to increase the
efficiency and reliability of electricity supply, by
exploiting the advantages of each energy source
and reducing weaknesses.

1.3.1 Basic Principles of Solar-Wind Hybrid
Power Plants

The basic principle of a solar-wind hybrid
power plant is to integrate solar and wind power
generation systems into one unified system. At
certain times when one energy source is
unavailable or insufficient, another energy
source can take over, so that continuity of
electricity supply can be maintained.

G)[13]
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Figure 3. Hybrid Power Plant

1.3.2 Components in A Hybrid Power Plant

The following components are found in a
hybrid power plant:

1. Solar Panels (Photovoltaics)

Solar panels consist of photovoltaic cells that
convert direct sunlight into electricity through
the photovoltaic effect. Solar energy received by
solar panels is converted into direct current. [14]
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Figure 4. Solar Panel

2. Wind Turbin

The wind turbine converts the kinetic energy
of the wind into mechanical energy through the
rotation of the propeller, then converted into
electricity through a generator. Wind turbines
usually produce direct current (DC) or
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alternating current (AC) depending on the type
of generator used.[15]
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Figure 5. Wind Turbin

3. System Controller

The system controller is a component that
regulates the distribution and storage of energy
produced by solar panels and wind turbines. This
controller ensures that the energy produced by
both energy sources can be used efficiently and
optimally. [16]

Figure 7. Battery

5. Inverter

Inverters convert direct current (DC)
produced by solar panels and wind turbines into
alternating current (AC) that can be used by
household electrical appliances or fed into the
power grid. [18]

Figure 6. Solar Charge Controller

4.  Storage Batteries

Storage batteries are used to store electrical
energy produced by solar panels and wind
turbines. This stored energy can be used when
energy production from the main energy source
is insufficient, such as at night or when the wind
is not blowing. [17]
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Figure 8. Inverter

The solar and wind hybrid system represents
one of the most promising approaches in
achieving energy independence and
environmental sustainability.[19] With
advancing technology, this system is expected to
become more efficient and affordable, and to
serve as a key solution in the global transition
towards renewable energy.[20]

This research will explore the concept of
integrating solar and wind power, discussing the
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potential benefits offered, as well as the technical
challenges that must be overcome to optimize the
performance of this hybrid system.[5] The aim of
this study is to identify solutions that can
enhance efficiency, reliability, and cost savings
in the use of renewable energy, while also
supporting global efforts to reduce the
environmental impact of conventional energy
use.[21]

Methodology

In this research, the method used is direct
experimentation and testing of the solar and wind
hybrid system in the field. The aim is to measure
the actual performance of the hybrid system
under real environmental conditions. The steps
in this method include design, installation,
testing, as well as data collection and analysis.
The stages of this method are explained as
follows:

a.  Literature Review and System Design:
Before conducting experiments, a literature
review is carried out to understand the basic
concepts and designs of renewable energy hybrid
systems. Based on the literature, the hybrid
system combining solar and wind power is
designed with the following considerations: a.
Solar panel capacity suited to the solar radiation
intensity at the location. b. Wind turbine
specifications appropriate for local wind
conditions. c. Energy storage system (battery)
capable of storing the generated energy and
distributing it when needed. d. Control system to
manage the energy flow between the solar
panels, wind turbines, battery, and loads.

b.  Site Selection and Installation: The test
site is selected based on the availability of
renewable energy sources, i.e., a location with
high solar energy potential and fairly stable wind
speeds. The site selection is carried out by
considering: a. Local weather data, including
daily solar radiation intensity and wind speed,
obtained from local meteorological stations or
other reliable sources. b. Accessibility for
equipment installation and maintenance. Once
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the site is determined, the hybrid system is
installed at the location, which includes: c.
Installing solar panels in an area exposed to
direct sunlight. d. Installing wind turbines in an
unobstructed area with optimal wind flow. e.
Installing batteries for energy storage, as well as
inverters and control systems for energy
distribution.

c.  System Performance Testing: Direct
testing of the hybrid system is conducted over a
certain period to observe its performance under
varying weather conditions. This testing
includes: a. Measuring energy production from
solar panels and wind turbines separately and
simultaneously. b. Monitoring energy storage in
the batteries, including storage capacity and the
efficiency of charging and discharging. c.
Observing energy consumption from connected
loads, such as lighting or household appliances,
to assess the balance between energy production
and consumption. The testing equipment used
includes: d. Power meters to measure the
electrical output of the solar panels and wind
turbines. e. Weather sensors to measure solar
radiation intensity, wind speed, temperature, and
humidity.

d. Data Collection: Data collected during
the testing period includes: a. Daily energy
production from the solar panels and wind
turbines. b. Battery charging and discharging
levels, as well as charging times. c. Hybrid
system performance under changing weather
conditions (e.g., cloudy or windy conditions). d.
Overall system efficiency, measured by the ratio
of energy produced to energy consumed.

e.  Data Analysis: After data collection, an
analysis is conducted to evaluate the
performance of the hybrid system under actual
conditions. The analysis includes: a. Energy
efficiency of the solar panels and wind turbines,
including the comparison between energy
generated and energy used. b. The effectiveness
of the energy storage system in maintaining
power supply during periods of low production.
c. Performance comparison between using only
one energy source (solar or wind) versus using
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both sources together (hybrid). d. The stability of
the energy supply produced by the hybrid
system.

f.  Performance and Cost Evaluation:
After data analysis, an evaluation is performed
on the overall performance of the hybrid system
and potential cost savings. This evaluation
includes: a. The reliability of the hybrid system
in consistently providing energy. b. Operational
cost savings compared to using energy from
conventional power grids. c¢. Carbon emission
reductions from the use of renewable energy. d.
Initial investment costs for the installation of
solar panels, wind turbines, and batteries, as well
as maintenance costs.

g. Conclusion and Recommendations:
Based on the results of the experiments and
direct testing, this research concludes the
effectiveness of integrating solar and wind power
in a hybrid system. Technical recommendations
are also provided to improve the performance of
the hybrid system in the future, such as: a.
Optimizing the size and capacity of solar panels
and wind turbines based on environmental
conditions. b. Developing more efficient energy
storage strategies. c. Adjusting the control
system design to optimize energy distribution. In
general, the research method or stages can be
seen in the flowchart below:

Start

Literature Studies and
Observation

Data
Collection

Conclusions And
Recommendations

Figure 9. Flowchart

ESIC | Vol. 8 | No. 3 | Fall 2024

This method is expected to provide practical
guidance  for  designing, testing, and
implementing renewable energy hybrid systems
that can be widely applied, especially in regions
with high solar and wind energy potential.

Results

3.1 Desain Pembangkit listrik tenaga Hybrid

From the research carried out with the hybrid
power generation system design as in Figure 10,
the following results were obtained:

VN

Figure 10. Hybrid Power Plant Design
3.1.1 Solar Irradiance Measurement
Measurement data can be seen in table 1.

Table 1. Solar Irradiance

Time Solar Irradiance Voltage Current
(Wim?) M) (A)
10.40 97,128 18,90 0,59
10.50 110,033 19,72 0,59
11.00 110,055 19,78 0,58
11.10 109,916 19,26 0,56
11.20 109,938 11,27 0,56
11.30 109,888 19,13 0,55
11.40 109,994 19,52 0,57
11.50 109,944 19,40 0,51
12.00 110,094 19,80 0,58
12.10 100,096 19,86 0,58

From the data in the table above, the
following graph is obtained:
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Figure 11. Solar Irradiance, VVoltage and

From the table above, the average solar

Current Graphs

irradiance is: 107,7086 W/m2.
3.1.2 Wind Speed Measurement

The measured wind speed is as in table 2

below:
Table 2. Wind Speed
Suhu (°C) Kecepatan angin (m/s) Tegangan (V)
33,4 11 1,02
334 1,2 1,07
333 1,3 1,18
33,3 1,4 1,28
333 1,6 1,47
33,2 1,7 1,62
33,2 1,8 1,69
33,2 1,9 1,71

From the results of this measurement the
average input power is: 68,035 watts, while the

33,2 2,0 1,78
331 2,2 1,84
33,1 2,3 1,89
33,1 2,6 2,03
33 2,8 2,05
33 3.9 3,20

from this table, the graph is:
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Figure 12. Wind speed, Voltage and
Temperature Graphs
From table 2, the average wind speed is
obtained 1,985 = 2 m/s.

3.1.3 Input and Output Power on the Solar
Panel Measurement

Next, based on the results of measuring the
input and output power on the solar panel, the
results obtained are as in the following table:

Table 3. Measurement of Input and Output Power on Solar Panels

Time Irradiance Pinput Poutput T

(Wim?) W) W) (%)
11.00 110,055 74,881 10,94 14
11.20 110,091 74,905 11,03 14
11.40 110,061 74,885 10,79 14
12.00 110,094 74,907 11,484 15
12.20 110,055 74,881 11,04 14
12.40 110,067 74,889 11,46 15
13.00 101,698 69,195 10,808 15
13.20 100,642 68,476 10,36 15
13.40 100,363 68,286 10,33 15
14.00 97,234 66,158 10,54 15
14.20 82,804 56,339 10,10 17
14.40 76,044 51,740 9,63 18
15.00 80,703 54,910 9,37 17

average output power is: 10,606 watts.
from this table, the graph is:
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Pin & Pout on Solar Panels
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Figure 13. Graph of Input and Output Power on
Solar Panels

3.1.4 Input and Output Power on Wind
Turbines Measurement

The measurement of output power on wind
turbines is listed in table 4.

Table 4. Measurement of Output Power on
Wind Turbines

Time Wind Speed Voltage Poutput
(m/s) (%) W)
11.00 0,9 13,16 12,23
11.30 11 13,26 12,59
12.00 0,9 13,29 12,75
12.30 0,8 13,31 13,04
13.00 1,1 13,37 13,10
13.30 13 13,38 13,11
14.00 1,1 13,37 12,96
14.30 0,9 13,35 12,81
15.00 13 13,33 12,66
15.30 11 13,33 12,39
16.00 0,9 13,19 12,00

Based on the table above, the average output
power is: 12,694 watts, with an average wind
speed: 0.965 m/s. and the graph is:

Pout on The Wind Turbine

Wind Speed

1100 1130 1200 1230 1300 1330 1400 1430 1500 1530 16.00
Time

—e—Wind Speed  —e—Voltage Poutput

Figure 14. Graph of Output Power on The Wind
Turbine

3.1.5 Efficiency Calculations
From the measurement data, the performance
analysis of the hybrid generator can be calculated
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by adding up the output power of the two

systems.
Poutput = Psun + Pwind
= 10,606 + 12,694
= 23,3 watt
Pinput = Psun + Pwind
= 68,035 + 0.9353
= 68,9703 watt

Then efficiency can be found with the

equation:
Poutput

Y%mnhybrid = Tputxloo%
%nhybrid = %xm%
=33,78%

From the results above, it can be seen that the
hybrid efficiency is greater than the efficiency of
solar panels, so using a hybrid power plant is
more efficient than using just one type of
generator.

So the results obtained from this research are:

1. Technical Data Analysis

a. Energy Efficiency: The results of
modeling and simulation indicate that the
integration of solar and wind power increases
energy efficiency compared to using each source
separately. In varying weather conditions, the
hybrid system is able to produce more stable
energy output.

b.  Energy Capacity and Production: This
integration increases the total system capacity
and annual energy production. Data shows that
this combination can meet energy needs in
remote areas more effectively than mono-energy
systems.

2. Economic Data Analysis

a. Investment Costs: The initial
investment costs for hybrid systems are higher
compared to single-energy systems. However,
cost-benefit analysis shows that in the long run,
savings in operational and maintenance costs as
well as reduced energy costs offset the initial
investment costs.

b.  Operational and Maintenance Costs:
The hybrid system requires more complex
maintenance but is more efficient in utilizing
available energy resources.
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3. Environmental Impact

a. Carbon Emissions Reduction: The
integration of solar and wind power significantly
reduces carbon emissions. Data shows that the
hybrid system generates much lower emissions
compared to fossil fuel power plants and is even
more efficient than renewable mono-energy
systems.

b. Impact on Local Ecosystems: No
significant negative impact on local ecosystems
was found from the operation of the hybrid
system.

4,  Case Study

a.  Implementation in Remote Areas: Case
studies in several remote areas show that the
hybrid system is capable of providing a more
reliable and stable electricity  supply,
overcoming challenges usually faced by
conventional power grids in those regions.

b. Local Community Response:
Interviews with local communities indicate
positive support for the use of the hybrid system
due to increased access to electricity and reduced
dependence on fossil fuels.

3.2 Discussion

3.2.1 Integration Success

The success of solar and wind power
integration  highly  depends on  proper
synchronization between the two energy sources,
optimal system design, and the use of appropriate
technology. Challenges such as variability in
energy output can be overcome through efficient
energy management and the use of energy
storage technology. Although the initial
investment costs are high, long-term benefits
such as reduced operational and maintenance
costs, as well as reduced carbon emissions, make
the hybrid system an economically viable option
in the long run. Government policy support and
financial incentives can enhance the economic
feasibility of this system.

3.2.2 Challenges and Solutions

The main challenges include the need for

adequate infrastructure, energy distribution
management, and dependence on weather
conditions. Proposed solutions include the
604

development of more efficient energy storage
technology, the use of smart energy management
systems, and improvements in distribution
networks. Investment costs and economic
uncertainty can be obstacles. Solutions include
providing government incentives, reducing
technology costs through economies of scale,
and increasing public awareness and support.

3.2.3 Environmental Impact

The hybrid system significantly reduces
carbon emissions, making it an environmentally
friendly and sustainable solution. Additionally,
the negative impact on local ecosystems is
minimal, making it suitable for implementation
in various environments. The integration of solar
and wind power can enhance the stability of the
electricity grid by providing a more reliable and
consistent energy source, especially in remote
areas.

3.2.4 Implementation in Remote Areas

The implementation of the hybrid system in
remote areas not only improves access to
electricity but also promotes local economic
development and enhances the quality of life for
the community. Active community involvement
in the development and operation of the hybrid
system is essential for the sustainability of the
project and social acceptance.

With these results and discussions, it is
expected that this research can make a significant
contribution to the understanding and
implementation of solar and wind power
integration in renewable energy systems, as well
as offer practical solutions to overcome existing
challenges.

4, Conclusion

This study explores the potential and
challenges of integrating solar and wind power
into renewable energy systems. Based on the
results of  technical, economic, and
environmental data analysis, as well as case
studies conducted, the following conclusions can
be drawn:
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1. Increased Energy Efficiency: The
integration of solar and wind power in a single
hybrid system has been proven to significantly
improve energy efficiency compared to the use
of each energy source separately. The hybrid
system is capable of producing more stable and
reliable energy output, especially in varying
weather conditions.

2. Integration Success: The success of
integration largely depends on technical factors
such as synchronization between the two energy
sources, optimal system design, and efficient
energy storage technology. Additionally,
economic factors, such as high initial investment
costs, can be offset by long-term savings in
operational and maintenance costs.

3. Environmental Impact: The integration
of solar and wind power significantly reduces
carbon emissions, making it an environmentally
friendly and sustainable solution. Moreover, this
hybrid system has minimal impact on local
ecosystems, making it suitable  for
implementation in various environments.

4.  Challenges and Solutions: The main
challenges in this integration include the need for

adequate infrastructure, energy distribution
management, and dependence on weather
conditions. Proposed solutions include the

development of more efficient energy storage
technology, the use of smart energy management
systems, and improvements in distribution
networks. From an economic standpoint,
government policy support and financial
incentives can enhance the economic feasibility
of this system.

5. Implementation in Remote Areas: The
implementation of hybrid systems in remote
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