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Abstract:

Solar-powered Street lighting has become a
competitive alternative to conventional
grid-based lighting systems as the world
moves toward renewable energy sources.
This paper provides a thorough analysis of
the planning, creation, and deployment of a
switch-based solar street lighting system.
The suggested method maximizes energy
harvesting from solar panels by using a
switch-mode converter and the maximum
power point tracking (MPPT) algorithm.
The system's cost-effectiveness, energy
efficiency, and performance are all
thoroughly examined. The findings show
that, in comparison to conventional street
lighting systems, the suggested method can
cut carbon emissions by 50% and energy
use by 30%.

Keywords: solar panel, LED, battery,
Tp4056 charging module, switch, diode.

l. Introduction

Street lighting, a vital component of urban
infrastructure, uses around 30% of
municipal energy. [1] Conventional Street
lighting systems draw electricity from the
grid, which leads to greenhouse gas
emissions and energy losses. Solar-
powered  Street  lighting is an
environmentally friendly substitute that
reduces energy expenses and carbon
emissions by utilizing renewable energy.[2]
Like other solar lights, solar street lights
work on the basis of the photovoltaic effect.
The terms "photo" and "voltaic," which
stand for light and electricity, respectively,
are combined to form the term
"photovoltaic." The panels' solar cells
absorb sunlight and transform it into useful
electrical current when they are exposed to
direct sunlight. [3] A charge controller is
used to store this direct current in solar
batteries. From sunset until sunrise, solar
street lights are powered by this energy. [4]
The size of the solar cells and the quantity
of sunlight the panel absorbs determine
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how much electricity it produces. [5] The
scientific term for solar energy is
photovoltaic technology, which is the
process of producing electricity from light.
One of the most important technologies is
solar electricity, which powers LEDs. [6]
In order to power the light at night, the solar
energy is captured during the day and stored
in the battery. [7] When the input voltage
from the solar energy drops below a certain
level, the light is programmed to turn on.
Since a switch is being used, the light is
programmed to be manually turned off
when the input voltage from the solar
energy over a threshold. [8] Because of this,
the light will first turn on when it gets dark
and then turn out at daybreak.

A battery is attached to the solar cells. The
LEDs are then linked to the battery. A
current flows and the battery charges when
the solar cells are linked to it. [9] The
battery = overcharge  cutout  circuit
component stops charging the battery when
the voltage reaches 12V. The LEDs must
then be manually turned on from the station
when the surroundings is darked. [10]
Using battery power, the LEDs are bright.
The LEDs are manually switched off from
the station when the surroundings are too
bright. [11]

Component used are solar panel, battery,
switch, LEDs, diode, charging module.

SOLAR PANEL: Typically, silicon or
another semiconductor material is used to
create solar panels, which are then housed
in a glass-enclosed metal panel frame. This
substance releases electrons and generates
an electric charge when exposed to photons,
which are little energy packets found in
sunshine. [12]

BATTERY: Around the world, lithium-ion
batteries are increasingly being used with
solar systems. This battery type's
development is heavily influenced by its
use in the electric vehicle market. Its
prismatic shape makes it useful for solar
systems and for ventilation. [13]
SWITCH: An electrical part that can be
used to turn a device on or off by
connecting or disconnecting an electrical
circuit:

TYPES: Electrical switches come in two
varieties: mechanical and electrical.
Electrical switches employ

semiconductors, whereas  mechanical
switches need human contact.
Function: The circuit is severed and the
gadget is off when the switch is open. The
circuit is complete and the device is turned
on when the switch is closed. [14]

DIODE: An electrical current can only
flow in one direction when it passes through
a diode. They are the fundamental parts of
semiconductors and are referred to as
"active components” They are able to
extract signals from radio waves, control
the flow of electricity, and maintain a
steady voltage. [15]

LED: One common type of standard light
source in electrical devices is the light-
emitting diode (LED). It may be used on
everything from enormous billboards for
advertising to your cell phone. They are
primarily used in gadgets that display
various kinds of data and the time.

1. THE CHARGING MODULE

The TP405 module is a compact and
reasonably priced battery charger board that
uses the TP4056 IC, a specialized lithium-
ion battery charger regulator. It is designed
to use an external power supply or USB to
charge single-cell lithium polymer or
lithium-ion batteries. [16] This module
controls the entire charging process. This
ensures that the battery is charged
efficiently and securely without the need
for several extra components or electronics.
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Figure 1solar street light block diagram.

1. METHODOLOGY

The need for dependable and effective
lighting solutions has grown as the globe
continues to adopt renewable energy
sources. For cities, companies, and homes
looking to save energy expenses and their
carbon footprint, solar street lighting are a
popular option.Solar Street lights have
become even more effective and efficient in
recent years due to substantial
advancements in their design and
technology. Because solar street lights are
not dependent on the electric grid, their
operating expenses are reduced. This
indicates that these lights are wireless and
unrelated to your power supplier. The lights
store as much of the heat energy produced
by the sun as possible during the day.
Compared to traditional street lights, solar
street lights require less maintenance. They
have extremely little possibility of
overheating. Accident danger is reduced
because solar cables don't contain external
wires. The people who are responsible for
fixing the street lights frequently have
accidents. Suffocation and electrocution are
two examples of this. Because solar street
lights' panels are entirely reliant on the sun,
they reduce your carbon footprint, making
them environmentally friendly.Solar street
lighting systems are more effective and

convenient solutions to lighting issues
because some of its components are
portable. Many times,in remote locations,
cable theft is a prevalent issue, and the
expense of installing lines and transporting
supplies there can be high.This lessens the

_ likelihood of any possible losses. Over

time, solar lighting technology has

- advanced, and scientists and researchers are
~ continually trying to improve the efficiency
- of the panels. The cost of solar panels is

anticipated to decrease in the upcoming
years. Solar street lights come in a wide
range of features, sizes, types, styles,
capacities, and other attributes. They are
also aesthetically built to meet your
practical demands.

The suggested system Since HID lights are
costly and unreliable, a smart road light
system has been developed by switching to
LED lights. The efficiency of street lighting
systems is evolving quickly and becoming
overly complex with the rapid growth of
cities and assiduity due to robotization,
power consumption, and cost effectiveness
in the current field of hardware and
electrical connected improvements. To
manage and maintain intricate road lighting
systems more affordably, various types of
controlsystems have been developed. These
systems are designed to reduce the energy
consumption of a public lighting system by
employing various innovations that use
infrared movement identifiers to detect the
presence of a vehicle or a person walking,
after which the streetlamp begins to
increase its force.

As cars or pedestrians proceed along the
street, the intensity of the preceding
streetlight automatically decreases, creating
a more dynamic and efficient lighting
system. To make the system completely
autonomous, a 12-volt solar panel is also
included. This panel charges an 11.1-volt
battery by absorbing solar energy from the
sun. The system is then powered by this
battery pack, completing its automation.
The electrical flow between the battery and
the solar panel is additionally controlled by
asolar regulator. Its main purpose is to keep
thebatteries charged and discharged within
safe bounds by preventing overcharging
and over discharging. It keeps an eye on the
solar panel's voltage and current.
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Figure 2Circuit diagram
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Figure 3Working Model

\V2 Simulation and
discussion.

The solar Photovoltaic module model created using

the Matlab/Simulink environment and is based on

the mathematical formulae for solar cells presented

findings

HOIH

previously. The simulation block  model
incorporates parameters from the manufacturer's
basic data-sheet for the The JAP6-72/320/4BB
module functions as the reference module. Figure 14
depicts the final solar Photovoltaic model, which is
simulated to give output results for PV current, PV
voltage, and PV power utilising radiation and
temperature fluctuations as input parameters.

4.1.1 The effects of irradiance on PV solar modules
as Figures 15 and 16 show how shifting irradiance
affects by the Current to voltage (I-V curve ) and
Power to Voltage (P-V curves) curves of the solar
PV model. The curves were created by adjusting the
primary irradiance intensity as per actual data
received in Kotni, Naya Raipur from 200 W/m? to
1000 W/m? while keeping a varying temperature of
15°C- 30°C. The current is observed to be generally
steady as the voltage rises up to 30 V, after which it
begins to decline. Also, a growth in irradiance
intensity causes an increase in  current,
demonstrating that varying irradiance has a major
effects on short- circuit currents. In contrast, the
open-circuit voltage stays relatively low, as
illustrated in Figure 15. The power performance
curves clearly show how irradiance affects power
generation. As seen in Figure 16.

4.1.2 The Impact of varying temperature on
Photo Voltaic Solar Modules as when the
irradiance intensity remains persistent at
varying from 1000 W/m?, Naya Raipur
temperature has a substantial more impact on
their output performances of Photo Voltaic
solar panel modules. When illustrated in Figure
17, the current varies just minimally, when the
Naya Raipur temperature rises from 10.00°C to
50.00°C. However, as the air temperature of
Naya Raipur drops, the Panel voltage rises on
the I-V performance curves.

Furthermore, as seen in to the Figure 18, the
solar cell produces greater electricity when the
temperature drops. This demonstrates an
inverse link between solar cell performance and
temperature,  with  lower  temperatures
increasing both the voltage and power output of
the solar module.

4.2. Validation of the solar Photo Voltaic model
The correctness of the Naya Raipur solar Photo
Voltaic model was determined by comparing its
simulated results to those from the
manufacturer's given data-sheet under Standard
(STC) Test Conditions. shows the percentage
relative -error (RE) for each parameter, which is
typically less than 1.70 percent. This displays a good
level of consistency between the manufacturer's
specs and their simulated Photo Voltaic solar model
results. When comparing the simulated solar PV
model to the manufacturer's data, the relative error
for all parameters was less than 2%. Furthermore,
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the percentage error in maximum power production

varied between 0.1% and 6.76% across fifteen Solar Panel Output Current
various types of PV connections (Hashim and 25

Khazaal, 2017). The difference amongst the

simulated PV results and the manufacturer's data- 2

sheet values was less than ten percent.

Tablel: Solar PV model output parameters 15

based on real-world climate data for 2024.

Month [Time [Temperat [Irradian [Curre [Volta [Powe !
S ure ce nt ge r
(C) Wim?) | (A) | (V) |[W) 05
15"Ju | 7:00 [ 18°C 75 085 [205 [174 0
. 0
ly 8:00 | 30°C 100 167 |24.0 go.o L s 3 4 s & 7 8 9 1 n
9:00 | 31°C 226 215 [256 |55.0
4
1770 1 10:0 | 31°C 278 220 1262 1576 Figure 64 Depicts the complete Simulink model of
ly 0 Solar PV module output Current
11:0 | 31°C 230 23 [270 [621
O SOLAR PANEL OUTPUT CURRENT
12:0 | 30°C 229 226 |26.8 |605
0
20™Ju | 13:0 | 30°C 236 223 [272 [631
ly 0
14:0 | 29°C 231 215 [27.0 [58.0
0
15:0 | 27°C 198 1.67 |246 [41.0
0
25MJu | 16:0 | 24°C 178 095 [17.8 |16.9
ly 0
17:0 | 20°C 153 065 [136 |8.84 ) ] |
0 Figure 7 Depicts the complete Simulink model of
18:0 | 18°C 142 055 |123 |6.7 Solar PV module output Power
0
Evaluation and Results of Solar PV Modules Based
on Real Meteorological Data
[ '_‘@ Dieglay Ure This section gives the evaluation and findings from
P 4 W an investigation of solar PV modules using real
[ - - meteorological data, as part of a wider endeavor to
il collect comprehensive solar energy data across
v 4 - :10 India. Naya Raipur, a greenfield smart city, promises

v to improve people' quality of life and promote
’._.- economic development. The Solar Radiation
Resource Assessment (SRRA) station in Naya

Raipur, Chhattisgarh, contributes significantly to

this effort by combining sophisticated technology

Figure 4 The Analysis of PV Panel in context to Naya with sustainable practices. The SRRA station
Raipur collects useful meteorological data, such as solar
irradiance and respective temperature, which are
Solar Panel Output \Voltage critical for determining the viability and

0 performance of solar PV systems in the region.
2 _— — Table 1 shows the output values from the solar PV
/ model for July 2024, calculated using monthly
» average irradiance (G) and temperature (T)
15 parameters. The Naya Raipur irradiance varies

observed from 75 W/m? to 236 W/m?, with
temperatures ranging from 18.45°C to 31°C. Figures
5 20-22 show the current to voltage (I-V) and Power
to voltage (P-V) characteristics of the solar Photo
Voltaic model using July 2024 data. These figures
show strong constancy in current, voltage, and
power across all major locations when irradiance
Figure 5 Depicts the complete Simulink model of and temperature change. There is a direct correlation
Solar PV module output voltage amongst current and corresponding irradiance
intensity: as basic irradiance rises, so does the
current in the solar Photo voltaic model.

10

Figure 19 shows the minimum output power of 6.7
W in July 2024 and the maximum output power of
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62 W in July 2024. Between July 17 and July 20",
there is a substantial link between power output and
increasing irradiance intensity. However, power
output decreased in May because of lower irradiance
intensity and the greatest average temperature
recorded during this month. Power output falls from
July 25™, when it rises due to increased irradiance
intensities. This demonstrates that, when the basic
irradiance rises, so does the output panel current,
resulting in a higher power output from the solar PV
module.

—
—
-
-
— W7, Y M

— P Mo ) P

Figure 85Depicts the complete Simulink model of 1-
V and P-V graphs for the month of Jan. at 18°C and
75W/ms®

Figure 9 Depicts the complete Simulink model of I-
V and P-V graphs for the corresponding month of
Jan. at 310C and 230W/ms

N

Figure 10 Depicts the complete Simulink model of -
V and P-V graphs for the corresponding month of
Jan. at 270C and 198W/ms
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Figure 61The |-V and P-V graphs for the
corresponding month of Jan. at 200C and 153W/ms

Result And Conclusion

This study on solar street lighting with a
switch is an economical, useful,
environmentally responsible, and
extremely secure method of energy
conservation. It effectively addresses
today's two primary issues: energy
conservation and incandescent light bulb

disposal.

By substituting solar energy for the
electrical energy used by roadways today, it
is also possible to conserve energy. This
study showed how solar-powered street
lighting systems with switch technology
may provide dependable, economical, and
environmentally friendly lighting. The
findings demonstrated notable reductions in
carbon emissions, maintenance expenses,
and energy use. The system is a desirable
choice for sustainable urban infrastructure
because of its 25% efficiency boost, 30%
energy savings, and 5-year battery life. By
advancing the creation of effective and
sustainable street lighting solutions, this
study supports international initiatives to
mitigate climate change and advance

environmentally friendly infrastructure.

The architecture of the system will be
improved, and new uses for solar-powered
street lighting technology will be

investigated.
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