Journal of Recent Trends of Electrical Engineering
Volume 1 (Issue 1: November-February, 2025): Pages 5-11 | https://www.swamivivekanandauniversity.ac.in/jrtee/ Israr, Mohammad

(1)
Journal of Recent Trends of Electrical

JOURNAL OF Engmeermg
RECENT TRENDS
OF
ELECTRICAL ENGINEERING contents available at: hfips://www.swamivivekanandauniversity.ac.in/jrtee/

Swami Vivekananda University W

A Review of Electrical Energy Generation Using Solar Power

Dr. Mohammad Israr *,  Maryam Abacha American University of Nigeria, Hotoro GRA, Kano State, Federal

Republic of Nigeria

Abstract

The paper focuses on developing a system that utilizes solar energy for rural electrification, recognizing solar power as a
sustainable and renewable energy source. Historically, solar energy has been harnessed for various applications, including
grinding grain in early civilizations. Given the variability in electricity demand across different regions, it is more efficient to
aggregate demand from multiple sites into a regional load. This regional load is then met by a network of generators that can
be optimized for performance through coordinated management.

The electricity grid was designed to enable generators to support one another and share the load, allowing for flexibility and
backup among generators. It also permits the placement of generators near essential resources such as fuel supplies, water,
and land, with electricity transported via transmission and distribution networks to various load centers. Utility-scale solar
and wind power installations operate similarly to traditional generators—they produce electricity where the resources
(sunlight or wind) are most abundant, often in remote locations.

By consolidating variable individual demands into more stable regional loads, situating plants near their resource bases, and
utilizing extensive transmission lines, the grid enhances reliability and reduces costs. This approach ensures that electricity is
delivered efficiently and reliably across different regions.

Keywords: Solar Power, Electricity Generation, Renewable Energy, Rural Electrification, Grid Management, Utility-Scale Power
Plants

1. Introduction
As fossil fuel reserves diminish, the urgent shift towards sustainable energy sources becomes critical. Solar energy
stands out as a key renewable resource, with its utilization dating back to ancient civilizations. The sun delivers
over 430 quintillion joules of energy to the Earth every hour—more than enough to meet global electricity needs
for an entire year. Despite this vast potential, harnessing solar energy effectively remains a challenge.
Solar energy can be captured in both electric and thermal forms. Photovoltaic (PV) solar panels, the most common
method, convert sunlight directly into electricity. This technology is crucial not only for electricity generation but
also for regulating indoor temperatures. Installing solar hot water systems on residential and commercial properties
is another way to utilize solar power.
Solar PV technology has experienced rapid growth, with global installed capacity reaching 710 GW by the end of
2020. During that year alone, 125 GW of new capacity was added—the largest increase among renewable energy
sources.

Solar PV systems vary in size, from small residential Kkits to large installations with capacities in the hundreds of
megawatts. The cost of solar panels has dropped significantly, making them one of the most affordable sources of
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electricity. Between 2010 and 2020, solar module prices fell by up to 93%, and the levelized cost of electricity (LCOE)
for utility-scale solar PV projects decreased by 85%.

Concentrated Solar Power (CSP) systems, which use mirrors to concentrate sunlight and produce steam to drive
turbines, have also seen growth. By the end of 2020, global CSP capacity approached 7 GW, a fivefold increase since
2010. CSP systems can be classified into linear concentrating types, like parabolic trough collectors, and point
concentrating types, such as solar towers. A key advantage of CSP over PV is its ability to store thermal energy using
molten salts, allowing for electricity generation even after sunset. As the market for thermal storage matures, CSP
systems are increasingly able to integrate higher shares of variable solar and wind power.

The growing global energy demand, coupled with the decline of fossil fuels and increasing environmental concerns,
underscores the need for clean, renewable energy technologies. Solar energy, with its abundant and virtually
inexhaustible supply, offers a promising solution. It is not only free of pollutants and greenhouse gas emissions but
also crucial for various natural processes such as evaporation, precipitation, and photosynthesis, which sustain life on
Earth.

In addition to its direct applications, solar energy also contributes to other renewable resources. For example, solar
energy drives the wind cycles by heating the Earth's surface unevenly, which leads to wind generation. By expanding
our use of solar technology and improving efficiency and storage solutions, we can significantly reduce our reliance
on fossil fuels and mitigate environmental impacts, paving the way for a more sustainable energy future.

2. Solar Power Plant Generation Scheme

Solar panels are devices specifically engineered to convert sunlight into electrical energy via photovoltaic (PV)
cells. These PV cells, integral to the functionality of solar panels, are made from materials that, when exposed to
sunlight, become excited and generate free electrons. The flow of these electrons through a circuit results in the
production of direct current (DC) electricity. This DC electricity has a range of applications; it can either be used
immediately to power various electrical devices or stored in batteries for future use.

2.1 The Essential Role of Solar Panels

Solar panels, primarily installed on rooftops, are fundamental to the process of converting solar energy into
electricity. These panels, also known as modules, are typically oriented towards the south to optimize energy
capture and production. Each panel consists of a layer of silicon cells, encased in a metal frame, covered with
glass, and surrounded by protective film and wiring. To maximize energy output, panels are arranged in
configurations called "arrays." These photovoltaic cells are responsible for absorbing sunlight during daylight
hours and initiating the conversion process.

2.2 Conversion of Solar Energy into Electrical Power:
Photovoltaic Effect

The term "photovoltaic” combines "photo” (light) and "voltaic™ (electricity), indicating the process by which solar
cells convert light into electrical power.

Structure of Solar Cells

Each solar cell features a thin semiconductor wafer composed of two layers of silicon. Silicon, a natural
semiconductor, exhibits both conductive and insulating properties. The two layers are:

N-type Silicon: This layer is doped with materials that provide an abundance of electrons.

P-type Silicon: This layer is doped to create a deficit of electrons, generating "holes" that attract electrons from
the N-type layer. The junction between these layers forms an electric field, which is crucial for generating

electricity.
Volume 1 (Issue 1: November - February, 2025) | https://www.swamivivekanandauniversity.ac.in/jrtee/



Journal of Recent Trends of Electrical Engineering Israr, Mohammad

Photon Interaction

Sunlight consists of particles called photons. When photons strike the photovoltaic cells, they energize
electrons within the silicon layers. The interaction between the photons and the electric field causes these
electrons to become active and flow, generating an electric current.

Conversion of Electrical Energy for Practical Use
Direct Current (DC) to Alternating Current (AC)

The electricity produced by solar panels is in the form of Direct Current (DC). However, most
household appliances and electrical systems use Alternating Current (AC). Therefore, DC needs to be
converted into AC using an inverter.

Inverter Technology

Solar inverters are essential for this conversion. There are two main types:

Central Inverters

These are used for the entire solar array and are typically installed in a central location.

Microinverters

These are installed on the back of individual solar panels, converting DC to AC on a panel-by- panel basis.
The inverter converts the DC electricity into 120 volts AC, which is then ready for use in household
appliances.

Integration with Electrical Systems

Once the DC is converted to AC, it flows through the electrical panel of your home, providing power
to various appliances. Excess electricity produced by the solar system can be fed into the electric grid,
potentially causing your utility meter to run backward if production exceeds consumption.

Grid Compatibility

The electricity generated by a solar power system is essentially the same as that provided by the grid,
so no modifications are necessary for household appliances to utilize solar power. This seamless
integration ensures that solar energy can efficiently complement traditional power sources.

As solar technology continues to evolve, advancements in materials and inverter designs promise even
greater efficiency and integration capabilities, further enhancing the role of solar power in meeting
global energy needs.
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3. System Design
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Figl.System design
Solar cells, also referred to as photovoltaic (PV) cells, are systems that harness sunlight to generate
electrical energy through the photovoltaic effect. These cells are constructed from semiconductor
materials that directly convert solar energy into electrical current. The amount of electricity produced
by a solar cell is directly proportional to the intensity of sunlight striking the PV panel. When light
photons hit the semiconductor material, they generate electric charge carriers, producing electrical
energy.

Power Supply and System Components

Power Supply

The system requires a regulated 5V output to operate various integrated circuits (ICs). The energy
harvested from sunlight can power these ICs directly, eliminating the need for an external power
source.

Stepper Motors and Motor Driver

Stepper motors are digital actuators that rotate in discrete steps based on the programmed energization
of their stator windings. In this setup, two stepper motors are used to adjust the solar panel's position
for optimal sunlight exposure. These motors are mounted at the ends of the panel, and a stepper motor
driver is employed to facilitate their operation, as the microcontroller alone cannot drive the motors.

LCD Display
A 16x2 LCD screen is utilized to display critical information such as load status and battery health.

Real-Time Clock (RTC)

The system uses an IC, PCF 8583, for real-time clocking and tracking. The PCF8583 is a clock and
calendar chip that operates with 2048-bit static CMOS RAM, interfacing via a bidirectional 12C-bus.
It features automatic address incrementing and allows the connection of two devices to the bus with a
single hardware setup.
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Charging Control Module

This module manages the charging of the battery from the solar panel. It regulates power flow with
features such as equalization for periodic overcharging and automatic temperature compensation to
optimize charging across various temperatures. The design aims for analog simplicity, high efficiency,
and reliability. It supports different battery types, including lead-acid, NiCD, and NiMH, with
capacities ranging from a few amp-hours to several hundred amp-hours.

Day/Night Sensor

A light-dependent resistor (LDR) acts as the day/night sensor. It consists of two cadmium sulfide (CdS)
photoconductive cells, where the cell resistance decreases with increasing light intensity. The sensor
adjusts the system's voltage output based on light intensity, helping in positioning the solar panel
correctly.

Relay

A relay functions as an electrical switch controlled by another circuit. It uses an electromagnet to open
or close contacts, enabling control over circuits with higher power than the input circuit. Essentially,
it acts as an electrical amplifier.

Microcontroller

The microcontroller is the central component of the system, managing all operations and ensuring the
solar panel is oriented to maximize sunlight exposure. It coordinates the activities of all other
components, ensuring optimal performance.

Solar Cells Overview

A solar cell, or photovoltaic cell, is an electrical device that transforms light energy into electrical
energy via the photovoltaic effect. Essentially, a solar cell is a type of p-n junction diode, and it belongs
to the broader category of photoelectric cells, which exhibit variations in electrical

characteristics such as current, voltage, or resistance in response to light exposure.

When solar cells are combined into modules, commonly known as solar panels, they can generate
significant amounts of renewable energy. Individual silicon solar cells typically produce an open-
circuit voltage of approximately 0.5 to 0.6 volts. While this voltage is relatively low for a single cell,
aggregating multiple cells into a panel can produce substantial energy, making solar power a viable
and sustainable energy source.

As technology advances, the efficiency and capacity of solar cells and panels continue to improve,
contributing to the growing role of solar energy in global electricity generation.
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4. Advantages

Abundant and Renewable

The sun provides an inexhaustible and free source of energy and heat, making it a highly sustainable
resource.

Environmentally Friendly

Solar power is a clean energy source, producing no greenhouse gases or harmful pollutants during its
use, which helps reduce environmental impact.

Cost-Effective for Remote Areas

Solar power is an ideal solution for energy generation in remote locations where extending the utility
grid would be costly and impractical.

Versatile Applications

Solar energy is adaptable for a wide range of uses, from small-scale applications like handheld
calculators and garden lights to larger systems such as water heaters, electric vehicles, buildings, and
even satellites.

Low Maintenance and Longevity

Solar power systems are designed to be low maintenance and have a long operational lifespan,
providing reliable energy with minimal upkeep.

Energy Independence

Utilizing solar energy can reduce dependence on fossil fuels and external energy sources, contributing
to energy security and self-sufficiency.

Economic Benefits

Investing in solar power can lead to long-term savings on energy costs and can also increase property
values. Additionally, solar installations can create local jobs and stimulate economic growth.

Scalability and Flexibility

Solar power systems can be scaled to fit various needs, from small residential setups to large
commercial and industrial installations, offering flexibility in design and capacity.
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Grid Stability

Solar power can contribute to grid stability by providing decentralized energy sources that reduce
strain on central power grids, especially during peak demand periods.

Innovation and Technological Advances

Ongoing research and technological improvements in solar technology continue to enhance efficiency,
reduce costs, and expand the potential applications of solar power.

5. Conclusions

The electric grid is a vital and intricate infrastructure that supports modern society. As we face rising fuel costs and
heightened environmental concerns, the grid's operation will increasingly depend on adopting new technologies and
innovative approaches. Although renewable energy technologies will play a crucial role in our future energy landscape,
no single technology can meet all our energy needs or provide all necessary services. Effective integration of
distributed generation sources with strategically deployed utility-scale systems will be essential for maintaining the
power mix and reliability required for a stable and sustainable electric supply. As renewables become a larger part of
our energy portfolio, it will be imperative to balance and optimize various energy sources to ensure a robust and reliable
grid. Continued advancements and thoughtful planning in energy technology deployment will be key to achieving this
balance and addressing future energy demands.
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