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ABSTRACT:

This project presents the design and implementation
of a IKW solar-based standalone DC grid, specifically
tailored for LED lighting and gadget charging in
building spaces. With the growing demand for
sustainable energy solutions, this system harnesses
solar energy to provide an efficient and reliable power
source, minimizing reliance on conventional
electricity. The grid is equipped with high-efficiency
solar panels, a charge controller, and energy storage
components to ensure consistent power supply, even
during low sunlight conditions. The integration of
LED lighting not only enhances energy efficiency but
also reduces maintenance costs. Furthermore, the
system features multiple charging ports for various
gadgets, making it an ideal solution for residential and
commercial buildings. This innovative approach
promotes energy independence and contributes to
reducing carbon footprints, aligning with global
sustainability goals.

I. INTRODUCTION

The increasing demand for sustainable energy
solutions has driven significant advancements in
renewable energy technologies. Solar power, in
particular, has emerged as a viable alternative to
traditional energy sources, offering a clean, abundant,
and renewable form of energy. In urban and semi-
urban environments, the integration of solar energy
systems can enhance energy efficiency, reduce
dependence on fossil fuels, and contribute to climate
change mitigation.

This project focuses on developing a 1KW solar-
based standalone DC grid, designed specifically for
LED lighting and gadget charging in building spaces.
The standalone nature of the system allows for
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flexibility and independence from the conventional
electrical grid, making it particularly advantageous in
areas where access to reliable electricity is limited or
intermittent.

The use of LED lighting technology is central to
this project, as LEDs are known for their superior
energy efficiency and long lifespan compared to
traditional lighting solutions. By integrating LED
lighting with a solar-powered DC grid, we can achieve
significant reductions in energy consumption and
operational costs. Additionally, the system includes
multiple charging ports to accommodate various
electronic devices, catering to the needs of modern
users.

This introduction sets the stage for a detailed
exploration of the components, design considerations,
and potential applications of the 1KW solar-based
standalone DC grid. Through this project, we aim to
demonstrate the feasibility and benefits of utilizing
solar energy for enhancing lighting and charging
solutions in diverse building environments.

II. LITERATURE SURVEY

The integration of solar energy into urban
studied,
energy

infrastructure  has been  extensively

highlighting its potential to enhance
sustainability and reduce carbon emissions. Various
research works have focused on solar energy systems,
their efficiency, and applications in lighting and

device charging.

1. Solar Energy Technologies
Recent advancements in photovoltaic technology
have significantly improved the efficiency and

affordability of solar panels. According to [Author et
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due to innovations in materials and manufacturing
processes, making solar energy a more viable option
for urban applications.

2. Standalone Solar Systems

Standalone solar systems have been widely
analyzed for their effectiveness in providing reliable
power sources in off-grid and semi-grid areas. Studies,
such as [Author et al., Year], illustrate the advantages
of standalone systems, which include enhanced energy
security and lower operational costs. These systems
often integrate battery storage solutions to manage
energy supply and demand effectively.

3. LED Lighting

LED technology has transformed lighting systems
by offering significant energy savings and longer
lifespans compared to incandescent and fluorescent
bulbs. Research by [Author et al., Year] demonstrates
that LEDs consume up to 80% less energy while
providing superior illumination. The use of LED
lighting in conjunction with solar energy systems
further optimizes energy efficiency, making them a
popular choice for various applications.

4. Gadget Charging Solutions

As the number of electronic devices increases, the
need for efficient charging solutions has become
paramount. Studies, such as [Author et al., Year], have
explored the integration of solar-powered charging
stations in public and private spaces. These solutions
not only meet the charging needs of users but also
promote the use of renewable energy sources.

5. Environmental and Economic Impact

Numerous  studies have  evaluated the
environmental and economic benefits of solar energy
adoption. Research by [Author et al., Year] indicates
that solar energy systems contribute to significant
reductions in greenhouse gas emissions and can lead
to substantial savings in energy costs over time. The
combination of solar energy with energy-efficient
technologies, like LED lighting, amplifies these

benefits.

ITII. SYSTEM DESIGN
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Proposed Model

The suggested block diagram of MPPT controller-
based PV energy management systems is shown in
Figure 1. To propose an intelligent control of MPPT
and Bus Controller by using PV strings is the primary
purpose of this project. The suggested system would
include solar PV strings equipped with buck
converters, a bi-directional dc-dc converter, and nano
grids installed at charging ports for electric vehicle

charging.
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Figure 1. Proposed block diagram.
The photovoltaic (PV) system is made up of PV
panels and an MPPR controller. This controller makes
use of the P&O algorithm to track the maximum
power point regardless of the irradiance. Although
there are a few other MPPT strategies that have been
created, we decided to go with the one that is called
the Perturb and Observe (P&O) algorithm. The PV
array is managed in such a way that its operating point
is moved closer and closer to the growing power point
until it achieves the maximum power point (MPP),
which is determined by the amount of solar
irradiation. Following the completion of the MPP, the
algorithm will compute the voltage value and input it
into the boost converter. The primary purpose of the
boost converter is to get the voltage of the
photovoltaic panel up to the level of the DC bus
voltage that is wanted (110V). It then makes its way to
the station battery and the EV battery from the DC
bus. The station's battery is made up of a bi-
directional dc-dc converter that can work in either
mode. If solar PV generates less power than required
load or if additional high loads are plugged in, then
the bi-directional converter operates in the boost mode

(discharging) to supply required power to the EV
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charging ports and to maintain the DC bus at a
constant voltage. When PV generates more power
than is required by EVs, it operates in the buck mode
(charging) to charge the station battery. When PV
generates more power than is required by EVs, it
operates in the boost mode (dischar This mode may
also be enabled by plugging extra high-power loads
into the charging ports, which is another way to
trigger its activation. The CCCV charging technique is
applied to the electric vehicle (EV) battery in
accordance with its state of charge (SOC).
3.1 Perturb and Observe (P&Q) algorithm

The efficient technique is proposed to track the
maximum output power by adjusting the load of the
photovoltaic system is called MPPT algorithm. MPPT
can be achieved through the several ways like fuzzy
logic, pilot cells, and neural networks. The utmost
extensively used techniques are Perturb and Observe
(P&O) and (INC)
algorithms because of these are economical. Control

Incremental  Conductance
algorithm is applied for the system due to its comfort
of execution. The operation P&O algorithm is by
measuring voltage and current of PV segment and
then it will calculate the power from voltage and
current. This power compares with the previous value,
if any deviation in the power means the voltage can
altered. For example, if the power of PV module is
increased then the control algorithm corrects the
operating point of the module in that direction;
otherwise, it operates in the opposite direction. These
steps will continue until the power reaches at
maximum level. The speed of the MPP is mainly
depends on the perturbation of voltage, if the lower
perturbation, then the system response to reach MPP is
to be low. If perturbation is larger than the system
response to reach MPP is high. There is no need of
previous knowledge on characteristics of PV in this
control algorithm.

The flow chart of P&O MPPT control algorithm is as
shown in Figure 2. Figure 1 displays the diagrammatic
sketch of the MPPT control system of PEMFC with
Boost converter, which is mainly composed of
PEMFC, boost converter, MPPT controller, PWM
generator and external load resistance. Because the
Boost converter has the advantages of simple
www.psychologyandeducation.net

structure, easy control and voltage amplification, it is
used in the system to improve the output voltage and
as a regulator to realize the MPPT control scheme. Te
output of PWM generator is a series of square waves
with different duty cycle, which is used to control the
ON and OFF of the Boost convertor. The output duty
cycle of the PWM controller is represented by D. For
the system shown in Fig. 2, the equivalent load
resistance of PEMFC can be expressed according to
the knowledge of power electronic technology as;
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used in the system to improve the output voltage and
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as a regulator to realize the MPPT control scheme. Te
output of PWM generator is a series of square waves
with different duty cycle, which is used to control the
ON and OFF of the Boost convertor. The output duty
cycle of the PWM controller is represented by D. For
the system shown in Fig. 2, the equivalent load
resistance of PEMFC can be expressed according to

the knowledge of power electronic technology as:
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Figure 2. Flowchart of efficient control algorithm.

In this case, the real load resistance, also known
as the load resistance at the output of the Boost
converter, is denoted by the symbol R L. It is
common knowledge that the output power of an
electric source can only achieve its utmost potential if
and only if the source's internal resistance and its
external resistance are equal to one another. According
to equation (1), the objective of altering the equivalent
load resistance may be accomplished by adjusting the
duty cycle of the Boost converter. This can be done in
order to achieve the purpose of adjusting the
equivalent load resistance. As a result, the equivalent
load resistance of the PEMFC may be made equal to
its internal resistance via the process of modifying the
duty cycle in order to accomplish the goal of
producing the greatest amount of power.
The P&O approach is now the MPPT technique that
sees the most widespread use. A positive disturbance
voltage is applied to the fuel cell, its output voltage

and current are sampled, and the change rate of the
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fuel cell's voltage and power are calculated. This is the
fundamental premise behind the method. If the output
power increases after the disturbance, it indicates that
the direction of the disturbance voltage is the direction
of the increase of the output power, and the
disturbance should be continued in this direction; if
the output power decreases after the disturbance, it
indicates that the disturbance should be in the opposite
direction. In accordance with the shifting direction of
voltage and power, the fuel cell receives a continuous
application of the disturbance voltage until the
maximum output power is progressively approached,
which enables the maximum power point tracking
algorithm to be realized. The flowchart of P&O
algorithm is shown in Fig. 3, in which “k” denotes the
sampling point, —d stands for the increment of duty
cycle. P&O has the advantages of simple calculation
and convenient implementation, but it can only keep
the system oscillating infinitely near the maximum
power point, and cannot accurately track the
maximum power point, so it cannot effectively solve
the problems of tracking accuracy and speed.

IV. RESULTS

In this part, a comprehensive analysis of the
simulation findings as well as a comparison with
state-of-the-art methods are presented. Using the
MATLAB/Simulink

simulation result comparison of the solar-powered

software, a modeling and
LED lighting system with a traditional boost converter
without MPPT Technique and an efficient suggested
power converter with MPPT Technique is carried out.
The effectiveness of the control strategy's
implementation has been evaluated. The solar panel in
Figure 3 has an output of 110 V, and this voltage is
sent into the boost converter as an input. The boost
converter then increases the voltage to 150 V, which is
the dc bus voltage. The DC bus incorporates both the
bi-directional converter and the buck converter into its
design. The number of charger ports, also known as
buck converters, has been expanded in response to
customer feedback. When compared to the design
circuit of a traditional boost converter with a lower

duty ratio, the circuit of a high voltage gain power
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converter delivers a far more efficient output than the
conventional boost converter. The ripples that are
present in the waveforms of the output voltage and

current may also be reduced by the power converter.

Figure 3. Simulation diagram of proposed model.
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Figure 4. Simulation outcome.

Figure 5. Output Waveform of SIMO based DC-DC
convertor.

The results of the simulation of the suggested
approaches are shown in Figure 4, and the output
waveform of the DC-DC converter based on Single
Input Multiple Output (SIMO) is displayed in Figure
5. In this case, the irradiance of the solar panel varies
with respect to time. From time t=0 seconds to time
t=0.2 seconds, the irradiance is taken as 1000 W/m2,
and from time t=0.2 seconds to time t=0.4 seconds, it
decreased from 1000 W/m2 to 500 W/m2, and from
t=0.4 seconds to t=0.6 seconds, it increased from 500
W/m2 to 600 W/m2. In addition, the voltage.

V. CONCLUSION
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In summary, the development of a 1KW solar-
based standalone DC grid for LED lighting and gadget
charging represents a significant step toward
enhancing energy sustainability in building spaces.
This system not only utilizes renewable solar energy
to reduce dependence on traditional power sources but
also integrates energy-efficient LED lighting to
minimize energy consumption. By providing a reliable
and independent power supply, the proposed solution
caters to the growing demand for sustainable energy in
both residential and commercial environments.
Furthermore, the ability to charge multiple devices
supports modern lifestyles while promoting eco-
friendly practices. As the world increasingly shifts
toward renewable energy solutions, this project serves
as a practical model that can inspire further
innovations in solar technology and energy
management, contributing to a greener and more
sustainable future.
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