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The utilization of renewable energy as an alternative power source has become increasingly critical in
reducing dependence on fossil fuels and mitigating environmental impacts. This study aims to design and
implement a hybrid power generation system by integrating solar and wind energy for public street lighting
applications. The system design includes the selection and integration of key components such as
photovoltaic (PV) panels, wind turbines, lead-acid batteries, and charge controllers. Simulations and
performance analyses were conducted to identify optimal installation sites capable of providing stable power
output sufficient to meet the energy demands of street lighting. The results demonstrate that the hybrid
power system can generate adequate electricity with high efficiency, ensuring reliable operation of street
lights. The combination of solar and wind energy significantly enhances system stability and reliability,
particularly under variable weather conditions. Furthermore, the implemented control system effectively
maintains stable voltage and current output to the lighting load. This research contributes to the
advancement of renewable energy technologies and their practical application in everyday infrastructure.
The proposed hybrid system offers a sustainable and effective solution for addressing future energy and
environmental challenges in urban and remote areas

Keywords: Hybrid Power System, Solar and Wind Energy, Public Street Lighting, Renewable Energy, Off-Grid
System.

1. INTRODUCTION

The availability of electrical energy for street lighting. is a crucial aspect in developing safe, efficient, and sustainable urban
infrastructure. However, conventional street lighting systems, which rely on the PLN electricity grid, often face challenges such
as high operational costs, dependence on fossil fuels, and vulnerability to power outages. Furthermore, in remote areas or
locations with limited electricity access, lighting provision becomes more complex [1][2][3][4]. Therefore, alternative solutions
are needed that are self-sufficient, environmentally friendly, and economical in the long term. Renewable energy, particularly
solar and wind energy, offers significant potential as alternative energy sources for street lighting systems. These two sources
are complementary: solar energy is optimal during the day, while wind energy is often more consistent at night or during cloudy
weather [5][6][7]. By combining these two sources in a single system, hybrid power plants can provide a more stable and
reliable electricity supply, even in unpredictable weather conditions. Hybrid systems are designed to utilize the advantages of
each energy source while addressing their weaknesses. The main goal of a hybrid system is to increase reliability and economic
efficiency by integrating two or more energy sources. In the context of street lighting, this system typically consists of solar
panels, wind turbines, energy storage batteries, charge controllers, and LED lights as the final load.

Solar panels (photovoltaic/PV cells) convert sunlight directly into electrical energy through the photovoltaic effect.
Polycrystalline panels with a capacity of 50 watts (WP) were used in this study, with a conversion efficiency of around 13—
16%. To maximize energy capture, the panels were mounted at a perpendicular angle to the sun's rays. On the other hand, the
Savonius wind turbine is a type of vertical turbine suitable for low wind speeds, boasting self-starting capability, a symmetrical
design, and stability in various wind directions without the need for a yaw mechanism. This turbine is coupled to a DC generator
to convert the wind's kinetic energy into electrical energy. The energy generated by both sources is stored ina 12V 15Ah battery
connected in parallel to increase storage capacity. The battery serves as a power source when the primary source is inactive and
stores excess energy generated.
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To regulate the charging process and prevent overcharging or deep discharge, a PWM (Pulse Width Modulation) Solar
Charge Controller (SCC) is used, which is effective and economical for small-scale off-grid systems (Hadi et al., 2023).
Additionally, a MIC 6A10 rectifier diode is installed to prevent backflow from the battery to the solar panel or generator when
there is no energy production.

LED lights are used as the primary load due to their high efficiency, long lifespan, and low power consumption. Adequate
lighting not only improves the safety and comfort of road users but also supports economic and social activities at night and
reduces the potential for crime. Based on this background, this study aims to design, implement, and evaluate the performance
of a hybrid solar and wind power generation system for public street lighting. This system is expected to be a sustainable,
independent energy solution, reducing dependence on fossil fuels, and reducing operational costs and greenhouse gas emissions.
This research makes several key contributions, namely:

e Design and implementation of a prototype-scale solar power plant system integrating solar panels and a Savonius
wind turbine for public street lighting applications.

e  Optimization of the combination of complementary renewable energy sources, thereby increasing the reliability
of electricity supply during the day and night.

e Empirical evaluation of system performance, including energy conversion efficiency, battery storage capacity, and
output voltage stability.

e The use of economical and readily available components allows the system to be replicated in remote or urban
areas with limited budgets.

e  Practical understanding of hybrid component integration, including the role of SCC PWM, safety diodes, and load
management, which can be a reference for renewable energy researchers and practitioners.

2. METHOD

2.1. SAVONIUS TURBINE

The Savonius wind turbine is a type of vertical axis wind turbine (VAWT) invented by Finnish engineer Sigurd J. Savonius
in 1923. It is designed to convert the kinetic energy of wind into mechanical (rotational) energy, which can then be used to
drive an electrical generator. The Savonius turbine is known for its simple design, resembling an inverted "S™ or two half-
tubes facing each other, hence the name "bucket-type" rotor. The Savonius turbine operates based on drag, rather than lift like
a horizontal turbine [8][9][10][11][12].

e Wind strikes the concave part of one of the "buckets" (blades).

e Due to its asymmetrical shape, the drag force on one side is greater than the other.

e This difference in force creates a torque (turning moment) that causes the rotor to rotate.

e The rotation of the vertical shaft is coupled to a DC generator to generate electricity.

Savonius Turbine Applications

Hybrid Street Lighting (Solar + Wind)

Agricultural Irrigation Systems

Water Pumps in Remote Areas

Charging Stations for Small-Scale Electric Vehicles

Building Ventilation Systems

Savonius wind turbines are a practical and economical solution for harnessing wind energy in areas with low or unstable wind
speeds. While their efficiency is not as high as that of horizontal turbines, their reliability, self-starting capability, and ease of
maintenance make them well-suited for hybrid applications with solar panels, particularly in off-grid street lighting projects.

TABLE 1. ADVANTAGES OF SAVONIUS TURBINE

Savonius Turbine Advantages Explanation

Self-Starting It can start spinning even at low wind speeds (1-3 m/s).

Because it has a vertical axis, this turbine can receive wind from
any direction without having to rotate with it.

It is easy to construct from local materials (iron, plastic, used
drums), and is resistant to extreme weather conditions.

It can be installed on rooftops because it is not too high and is
quiet.

No Yaw Mechanism Required

Simple and Robust Design

Suitable for Urban Areas

Low Maintenance Costs It has few mechanical components, so it rarely breaks down.
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Details of the advantages of the Savonius turbine can be seen in Table 1. These advantages make the Savonius turbine very
popular for small and medium scale applications, especially in rural or urban areas. Simple Calculation of Generated Power.
The basic formula for wind turbine power is:

1
P=>p-Av3-C, ()

Where P is power (W). p is Air density (~1.225 kg/m?). A is Rotor cross-sectional area (m?). v is Wind speed (m/s). C,,is Power
coefficient (for Savonius, C, =0.15-0.20 ). Savonius wind turbines are a practical and economical solution for harnessing wind
energy in areas with low or unstable wind speeds. While their efficiency is not as high as that of horizontal turbines, their
reliability, self-starting capability, and ease of maintenance make them well-suited for hybrid applications with solar panels,
particularly in off-grid street lighting projects.

2.2. SOLAR PANEL

A solar panel (or photovoltaic cell) is a semiconductor device that converts sunlight directly into electrical energy through
the photovoltaic effect. These panels consist of many solar cells arranged in series and parallel to produce sufficient voltage
and current for household, industrial, or infrastructure applications such as street lighting [13][14][15][16][17]. The energy
conversion process in solar panels involves three main stages:

e Light Absorption : When photons (light particles) from sunlight strike a semiconductor layer (usually silicon), the
photon's energy is absorbed by atoms in the material.

e Charge Separation : The photon's energy releases electrons from their atomic bonds, creating electron-hole pairs.
A p-n junction layer (the junction of p-type and n-type semiconductors) creates an electric field that separates the
electrons and holes, pushing electrons toward the n-layer and holes toward the p-layer.

e Electric Current Formation : This charge separation creates a potential difference (voltage). When connected to a
load (such as a lamp or battery), electrons flow through an external circuit, producing direct current (DC).

TABLE 2. TYPES OF SOLAR PANELS

Types Advantages Disadvantages

- High efficiency (18-22%), Long
Monocrystalline lifespan, Limited space - Higher cost, More wasteful silicon production

- More affordable, More energy-efficient - Lowver efficiency (15-17%), Performance drops
Polycrystalline production faster when hot

- Flexible, lightweight, Good performance | - Very low efficiency (10-13%), Requires a larger
Thin-Film in low light area

Each type of solar panel has different characteristics, so the choice depends on specific needs such as budget, available space,
and environmental conditions. A detailed explanation can be found in Table 2. Factors Affecting Solar Panel Performance

o Sunlight Intensity (Irradiance) : The higher the light intensity, the greater the current generated.

e Mounting Angle and Orientation : Panels should be installed at an optimal angle (usually 15°-30° depending on
latitude) and facing south (in the Southern Hemisphere) to capture maximum light.

o  Ambient Temperature : Efficiency decreases as temperature increases. For every 1°C increase above 25°C (STC),
efficiency drops by approximately 0.3-0.5%.

e Shadows and Dust: Shadows on one part of the panel can reduce overall output. Dust also reduces light
transmission.

e Inverter and Charge Controller Quality: For off-grid systems, a charge controller (PWM/MPPT) is crucial for
regulating battery charging and preventing overcharging.

Simple Calculation of Power Generated

P=GxAxn 2

Where P is electrical power (Watts). G is sunlight intensity (~1000 W/m?2 at STC conditions). A is panel area (m?). n is panel
efficiency (e.g., 15% = 0.15). Solar panels are a key technology in the renewable energy transition, particularly for off-grid
applications such as street lighting. While their efficiency depends on environmental conditions, integration with batteries,
charge controllers, and other energy sources (such as wind turbines) makes them a sustainable, cost-effective, and
environmentally friendly solution for the future.
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2.3. SOLAR CHARGE CONTROLLER (SCC)

A solar charge controller (or solar regulator) is an electronic device that regulates the flow of electricity from solar panels to
storage batteries in off-grid or hybrid systems. Its primary function is to optimize the battery charging process while preventing
damage from overcharging or over-discharging [18][19][20][21]. In a hybrid power generation system for public street
lighting:
A solar charge controller (PWM) is used to regulate the charging from the solar panels.

o If the wind turbine also produces DC current, a dual-input controller or two separate controllers (one for solar, one

for wind) can be used.

e The battery (12V 15Ah) is charged by both sources, and the controller ensures the battery does not overcharge.

e The LED lights are automatically turned on when dark, powered by the battery.
Advantages of Using a Solar Charge Controller

e Extends battery life by 2-3 times.

e Increases system efficiency by up to 30% (especially with MPPT).
Prevents system failure due to overvoltage or deep discharge.
Provides better control and monitoring.

A solar charge controller is a crucial component in any solar or hybrid power system. Without a controller, the system will be
unstable and the battery will quickly deteriorate. For small-scale hybrid street lighting projects, a PWM controller is quite
effective and economical. However, for large or professional systems, an MPPT is the best choice for maximum efficiency.
Table 3 is the main function of the solar charge controller the solar charge controller is a critical component in a solar power
system that functions as the "brain" to regulate and protect the entire system.

TABLE 3. MAIN FUNCTION OF SOLAR CHARGE CONTROLLER

Functions Explanation

Prevent Overcharging Stops charging when the battery is fully charged (100%) to prevent overheating
and damage.

Prevent Deep Discharge Cuts off power to the load when the battery voltage is too low (e.g., <11.5V for a
12V battery), preventing permanent damage.

Charging Optimization Regulates the charging process according to the following stages: bulk, absorption,
and float.

System Protection Protects against reverse current, short circuits, and voltage surges.

Monitoring Some models feature an LCD display or app connection to monitor voltage,
current, and battery status.

2.4. DC GENERATOR

A DC (Direct Current Generator) generator is an electrical machine that converts mechanical energy (rotational motion) into
direct current (DC) electrical energy. These generators are widely used in small-scale power generation systems, especially
in applications that require direct DC voltage, such as battery charging in solar power systems, Savonius wind turbines, or
hybrid power plants [22][23][24][25]. The general process is as follows:

The rotor (armature) rotates within a magnetic field generated by the stator (magnetic poles).

When the rotor coils cut the magnetic lines of force, an electrical voltage is induced.

The AC voltage generated in the coils is converted to DC voltage by the commutator and carbon brushes.

This DC voltage is then sent to the external circuit (battery, lamp, etc.).

Advantages of DC Generators

e  Produces direct current (DC), suitable for battery charging.
Stable voltage at a constant speed.
Simple design and easy maintenance (especially PMDC).
Can directly charge batteries without the need for an inverter.
Efficient for off-grid and small-scale systems.

DC generators, particularly permanent magnet (PMDC) types, are key components in small-scale wind power generation
systems and hybrid systems. Although they have some limitations, such as carbon brush wear, their reliability, ability to
generate direct DC voltage, and compatibility with batteries make them an ideal choice for off-grid applications such as hybrid
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street lighting. With proper integration with wind turbines, charge controllers, and batteries, DC generators can make a
significant contribution to the development of independent and sustainable renewable energy.

3. PROPOSED METHOD

The research employed an experimental method, which involves the manipulation and control of variables to determine
their relationship and effect on the system. In this study on a hybrid power generation system for public street lighting, the
experimental approach included the measurement and analysis of key environmental parameters such as wind speed, ambient
temperature, solar irradiation, and lighting requirements. These data were used to design, simulate, and evaluate the
performance of the hybrid power system. The system design began with the development of a detailed electrical schematic for
the hybrid power plant, as illustrated in Figure 1 . The hybrid system integrates solar panels and a Savonius wind turbine to
generate electricity. The solar panels convert sunlight into direct current (DC) electricity, while the wind turbine harnesses wind
energy to rotate a generator, producing electrical power. To ensure system reliability, a 6A diode (MIC 6A10) is installed to
prevent reverse current flow from the battery to the generator or solar panel when no power is being generated.

Generator
DC 12V 100W

SCC (Solar Charger

—y Controller]
< ) Lampu 12V 30
20A watt

Dioda 6A by
- :»

Turbin Angin
Savonius

Terminal
Block

Watt Meter DC 2 Baterai Aki
12V 15Ah

Panel Surya
Monocrystalline
berkapasitas 50 wp

Figure. 1. Tool Design

A Pulse Width Modulation (PWM) Solar Charge Controller (SCC) regulates the charging process to prevent overcharging
and deep discharging of the battery, thereby extending its lifespan. The generated electrical energy is stored in a 12V lead-acid
battery, enabling continuous power supply during nighttime or periods of low sunlight and wind. This stored energy powers
LED street lights, ensuring consistent, reliable, and energy-efficient illumination. Figure 2 presents the final configuration of
the designed hybrid power system, demonstrating the integration of all components into a functional prototype.

066

&)

Figure. 2. Tool Design Results
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Image Captions

1. 30W Solar Panel

2. 30W LED Light

3. Savonius Wind Turbine
4, Panel Box

5. Watt Meter

6. Solar Charge Controller
7. Battery

4. RESULT AND DISCUSSION

This hybrid power system integrates two renewable energy sources: solar and wind energy. Solar panels convert sunlight
into direct current (DC) electricity through the photovoltaic effect, while a wind turbine drives a DC generator to convert Kinetic
wind energy into electrical power. The electricity generated from both sources is combined and regulated through a charge
controller before being stored in a battery bank for later use. In this study, the stored energy is utilized to power 30-watt LED
street lights, which operate on DC, ensuring efficient and reliable illumination for public lighting applications.

TABLE 4. SOLAR PANEL TESTING DAY 1

Time No Load Energy Temperature
\Y A W Wh
08:00 11.65 0.62 7.9 79 28
09:00 12.77 0.68 8.7 16.6 29
10:00 12.65 0.82 10.3 26.9 31
11:00 13.16 0.9 11.9 38.8 32
12:00 14.7 0.85 12.5 51.3 33
13:00 14.62 0.87 12.7 64 34
14:00 14.29 0.79 11.3 75.3 34
15:00 13.27 0.7 9.2 84.5 33
16:00 12.74 0.68 9 93.5 33
17:00 12.32 0.69 8.6 102.3 32

Table 4 shows that the highest voltage produced by the solar panel was 14.62 W at 1:00 PM, while the lowest voltage
produced by the solar panel was 11.65 W at 8:00 AM. The energy produced on the first day of solar panel testing was 102.3
W.

TABLE 5. SOLAR PANEL TESTING DAY 2

Time No Load Energy Temperature
V A W Wh
08:00 11.2 0.5 5.6 5.6 28
09:00 12 0.6 7.2 12.8 28
10:00 12.7 0.7 8.8 216 30
11:00 12.72 0.79 10.1 317 32
12:00 13.02 0.84 10.9 42.6 33
13:00 13.14 0.87 114 54 34
14:00 12.96 0.67 8.6 62.6 33
15:00 12.47 0.62 7.7 70.3 31
16:00 11.64 0.61 7.1 77.4 31
17:00 10.86 0.56 6 834 30

Table 5 shows that the highest voltage produced by the solar panel was 13.14 W at 1:00 PM, while the lowest voltage
produced by the solar panel was 10.85 W at 5:00 PM. The second day of testing was noticeably lower than the previous day
due to the weather conditions and lower sunlight intensity on the second day. The energy produced on the second day of testing
was certainly lower, at 83.4 W. The output measurement is a 12V 30Ah battery. The battery is powered by two power sources:
a DC generator and a solar panel. This measurement produces a load current and a 12V voltage connected to a DC lamp load.
To determine the usage time of the 12V 30Ah battery. The resulting voltage is 12V and the current is 2A for a 30W load. The
calculated usage time for a 30W lamp load is 12 hours. The lamp will automatically turn on at night and turn off during the day
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because the lamp load is equipped with a solar charge controller that is set to run for 12 hours. The calculated usage time for a
30W lamp load is 15 hours. However, during field testing, the lamp can be set to run for 12 hours.

5. CONCLUSION

This study successfully designed and implemented a hybrid power generation system (PLTH) that integrates solar and wind
energy for standalone public street lighting. The system offers a sustainable solution to reduce fossil fuel dependence and
environmental impact, while enhancing the reliability of public infrastructure power supply. The hybrid system comprises a
50 WP solar panel, a Savonius wind turbine with a DC generator, a 12V 30Ah battery, a PWM solar charge controller, and a
30W LED lamp. These renewable sources complement each other: solar energy provides optimal power during daylight,
while the wind turbine operates continuously, including at night or during cloudy weather, improving overall system stability
and reliability. Solar panel testing over two days showed responsive performance to environmental conditions. On the first
day, maximum power reached 12.7 W at 13:00, generating 102.3 Wh. On the second day, reduced sunlight due to overcast
conditions lowered output to 83.4 Wh, with peak power of 11.4 W. This confirms the system's weather dependency,
highlighting the importance of wind energy for continuous power supply. Generated energy is regulated by a PWM charge
controller and stored in the battery, which powers a 30W LED lamp for 12 hours automatically at night. Although theoretical
calculations suggest up to 15 hours of operation, field testing confirmed stable 12-hour performance, with automatic on/off
control based on ambient light. The system maintains stable voltage (12V) and current (2A), ensuring consistent lighting
without harmful fluctuations. The hybrid system proves capable of providing sufficient, efficient, and reliable electricity for
street lighting. Its design makes it ideal for urban and remote areas without access to the PLN grid. This research contributes
to the development of independent, environmentally friendly, and sustainable energy infrastructure. Future improvements
could include 1oT-based monitoring and component optimization to enhance efficiency and system lifespan.
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