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ABSTRACT

Energy is the ability to perform work, and in today's world, the need for sustainable
energy solutions is more crucial than ever. Renewable energy sources, including
solar, wind, and hydro, provide an eco-friendly alternative to conventional fossil
fuels. These sources not only help conserve energy but also contribute to a cleaner
environment by reducing dependence on non-renewable resources. Over the past
few decades, environmental challenges have intensified, making the adoption of
renewable energy technologies more necessary than ever. As the global population
continues to grow, energy consumption is also increasing, underscoring the urgent
need for alternative energy solutions. This study examines the role of various
renewable energy sources and their relationship with a country's economic growth,
as measured by real GDP per capita. India, in particular, has emerged as the fourth
most attractive renewable energy market globally. The Indian government has been
actively promoting sustainable energy initiatives, launching large-scale projects to
accelerate the shift toward cleaner energy. The relationship between renewable
energy and sustainable development, as well as future opportunities in this field, is
discussed in detail. The findings suggest that factors such as renewable energy
production, energy efficiency, economic growth, and carbon emissions have a
significant influence on renewable energy consumption. To further promote the
adoption of clean energy, the study recommends increasing investment in
renewable energy production, enhancing energy efficiency, and advancing green
technologies.
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INTRODUCTION numerous on the earth, free of
contaminants, reasonably priced
and easily accessible, they are
currently the source of the biggest
concern among individuals. Utilising
natural power reserves, such as
sunlight, wind, marine energy, biomass,
and minerals, is essential for technologies
related to renewable energy. The

The demand for energy sources
increases in tandem with population
growth. The quantity of energy
needed varies from nation to nation
worldwide. In comparison to
emerging countries, wealthy nations
require more energy. Considering
renewable energy sources (RES) are
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implementation of  renewable
energies for equitable growth has
been the primary concern of the
public for the past 20 years.
Establishing sustainable growth is
influenced by many variables.
Environmental degradation resulting
from the use of sustainable energy
sources is a significant concern.
Developing renewable energy sources
is the primary source of potential. The
primary advantages of using RES
consist of enhanced environmental
and wellness energy, increased
energy safety, progress in society and
the economy, and a reduction in
global warming (Dey et al., 2022).
Renewable energy solutions, which
are renewable and pollution-free,
have been established to protect the
planet and  prevent potential
environmental hazards. Carbon-based
fuels, radioactive materials, and green
energy resources are the three basic
types of energy sources. Renewable
energy sources could have a
significant impact on the future
development of the globe. By
producing virtually no greenhouse
gases and air pollutants, renewable
energy sources can generate energy
that is free from these pollutants. It is
a dependable, reasonably priced, and
ecologically friendly method for
harvesting  localised  renewable
energy to meet modest and regional
energy demands (Hussain et al.,
2017). The consumption of fossil
fuels, which results in the depletion of
non-renewable resources and severe
environmental effects, including
global warming and climate change,
has increased exponentially due to
population growth and technological
advancements. Consequently,
scientists worldwide are seeking
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novel approaches to reduce or
eliminate the use of fossil fuels. Three
separate approaches can be utilized in
order to minimize the use of fossil
fuels and, consequently, their impact
on global warming: (a) increasing the
efficiency of traditional electricity the
process devices/systems via waste
heat  recovery; (b)  creating
environmentally  friendly energy
conversion devices like fuel cells; and
(c) moving toward renewable energy
sources that are derived from the
environment and have negligible
adverse environmental effects (Sayed
et al., 2023). Renewable resources are
materials that provide energy and are
constantly replenished by nature.
They can come from the sun directly
(in the form of heat, photochemical,
and photoelectric power), informally
(such as wind energy, hydroelectric
power, and solar-driven energy stored
in biomass), or from additional
natural ecological movements and
processes  (including  geothermal
power and tidal energy). Energy
sources derived from fossil fuels and
by-products of fossil materials, as
well as scrap materials from non-
organic sources, are not considered
renewable energy. Renewable energy
sources are summarised in Figure 1.
Utilisable types of energy, such as
fuels, heat, and electricity, are
produced from these natural energy
resources using renewable energy
systems (Ellabban et al., 2014). To
resolve the present ecological crisis,
Various renewable energy sources,
including solar, wind, hydro,
biomass, geothermal, and hydrogen,
have been established to produce
energy. As the community's
commitment to  environmental
cleanliness grows, renewable energy

Neha et al /REM Vol 08 No.02/2025



138

is gaining increasing attention due to
its ecologically favourable qualities
and capacity to produce electricity
with virtually zero emissions of air
pollution. Renewable energy has both

significance. Because it utilises
natural, renewable energies to
generate power, it reduces the overall
production cost, which benefits the
economy (Ang et al., 2022).
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Figure 1. Overview of renewable energy sources.
DESCRIPTION OF crucial component of a wind power
RENEWABLE ENERGY transformation  system (WECS),
SOURCES which converts wind power into
electrical power. The three primary
Wind Energy components of WECS are (a) gear

Wind energy is a form of energy that
harnesses the kinetic energy of
turbulent air. By converting kinetic
energy into electrical energy, wind
farms, along with additional wind
transformation devices, make the
process feasible. Wind energy can be
operated directly in the form of
mechanical power or indirectly as
electrical power. A wind turbine is a

trains, which function in accordance
with the wind's speed, (b) rectifiers,
inverters, and control panels, which
regulate the windmill's general
execution, and (c) filters and
transformers, which are employed to
distribute the electrical energy
produced to the grid efficiently
(Figure 2).
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Figure 2. Wind turbine setups for generating electrical power.

To improve wind turbines in
conjunction with additional engines,
which are the primary components of
the wind energy conversion system,
researchers are working to enhance
the efficiency of wind power
conversion technology. To turn, a
customised windmill blade uses the
kinetic energy of the wind. The shaft
facilitates the passage of mechanical
energy from the rotating blades to the
engine shaft. This dynamic energy is
subsequently converted into electrical
power via the generator. A converter
can route this electrical energy to the
distribution system or to a separate
consumer. The efficient production of
electrical power from wind energy
depends on the entire control of
WECS. Various WECS components
and subsystems can use control
mechanisms. The WECS control
system is primarily composed of three
elements (Jaiswal et al., 2022).

Biomass energy

The term "biomass" describes all
biological material found in the
ecosystem, including  materials
derived from plants and animals, as
well as those produced by their

natural or  synthetic  alteration.
Biofuels are made from biomass,
including nuts, wood shavings, and
pellets, as well as fruit stones such as
avocado and olive pits. Sliced and
chopped firewood is the most
minimally refined among these and is
typically used straight in household
heaters and burners. The chips, whose
size varies according to the
production or conversion procedure
they have endured, are made from the
broken biomass originating from
agricultural and forest resources.
Lastly, pellets, the most complex
form of biofuel, are produced by
pressing biofuels and binders into
compact cylinders that measure
between 6 and 12 mm in diameter and
10 to 30 mm in length. Particularly,
pellets are utilised in fuels with
volume ratios. Although their usage is
less common compared to other
conventional fuels, such as fuelwood,
wood chippings, and pellets, fruit
stones, seeds, and shells also
constitute a growing amount of pure
biofuel. In fact, research has
demonstrated that peanut shells and
mango stones. The Higher Heating
Value (HHV) of the sunflower seed
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husk is comparable to that of other
commercially accessible biofuels,
indicating its significant energy
potential. This characteristic, along
with the increasing global production
of these waste products, makes them
particularly attractive for generating
thermal energy and reducing CO:
emissions. Wood, sawdust, straw,
seed waste, manure, paper waste,
household trash, wastewater, and
other items all contain biomass (Perea
et al., 2019). Figure 3 shows the types
of biomass. Biomass examples and
their energy-related applications:

» Wood and wood analysis
waste is burned to heat structures,
to provide heat used in industry,
and to produce power.

» Waste products and crops-

burned as fuel or transformed

into biofuel liquids.

» Garbage containing wood,
yard waste, and food scraps is
burned in power stations to
produce electricity or converted
into biogas in landfills.

» Human waste and animal

manure are transformed into

biogas that can be utilised as
fuel.

GARBAGE .
/

"\w;n;;u / ~ CROPS

ALCOHOL

\ FUELS

Figure 3. Types of Biomass

The combustion of biomass provides
a method for releasing its energy and
converting it into various forms of
energy. Automotive fuels, such as
biodiesel and ethanol, as well as
various usable energy sources like
methane gas, can be produced from
biomass. Methane gas is a
consequence of landfill gas, also
known as biogas, which is produced
when human, agricultural, and trash
waste is decomposed in digesters or
other dedicated containers. Corn and
sugarcane are among the crops that
undergo fermentation in order to
produce fuel ethanol for automobiles.

Animal- and plant-based oils are used
to produce biodiesel, a type of fuel for
transportation (Zohuri, 2018). The
most  significant contributor to
economic growth and well-being is
biomass waste, which is relatively
abundant in many nations. Using
biomass waste will not only provide
energy but also preserve the
environment. Along with improving
local economies and offering work
opportunities, it will also reduce the
likelihood of forest fires and provide
a raw material for energy generation
through waste collection. The process
of converting biomass waste into

Neha et al/REM Vol 08 No.02/2025



energy has garnered significant
interest from scientists lately. An
important first step is to assess
biomass as an initial resource for
potential energy production,
according to the findings of multiple
researchers in the energy sector.
Table 1 displays several -earlier
research projects on biomass waste.
The process of converting biomass
waste into gas and liquid fuels is
known as bioethanol and biogas
production. Waste conversion
processes utilise bacteria, microbes,
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and enzymes. Biochemical
techniques can transform biomass
waste, including animal, agricultural,
and municipal solid waste, into
valuable goods. Biological systems
can produce the conversion of many
chemicals. Natural biomass, which
contains  lignin, cellulose, and
hemicellulose, can be biochemically
converted to produce solid, gaseous,
and liquid molecules (Erdiwansyah et
al., 2024).

Table 1. The origins of biomass waste employed to make fuel have been the
subject of several recent research studies.

Type of Source of Operating Type of Ref.
Biomass Biomass Parameters Analysis
Almond Residues Temp.: 500 °C, Pyrolysis of Din et al.,
shell Retention time: 2 catalytic 2023
hours
Citrus Waste from Temp.: 550 °C, Pyrolysis of | Muhammad
Limetta orange Retention time: 2 catalytic et al., 2023
juice hours
Waste of Harvest Temp.: 450 °C, Pyrolysis of | Nizat et al.,
sesame time Retention time: 1.5 catalytic 2023
hours
Peanut Shell | Residues Temp.: 500 °C, Pyrolysis Islam et al.,
Retention time: 2 2022
hours

Geothermal energy

Conducting field research to assess
these resources and their applicability
is challenging due to the relative
infancy of geothermal energy
harvesting compared to other energy

sources. The potential of geothermal
energy has only been briefly
discussed in a few studies, which have
not provided sufficient detail to
describe its potential global uses and
procedures. Considering the sharp
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rise in the world’s energy demand,
this would help meet the enormous
energy demands of the future. Thus,
an accurate evaluation of possible
geothermal resources is necessary, as
is an approach for utilising them
efficiently. Geothermal energy is one
of the most potent, organic, and
sustainable energy sources in the
world (Islam et al., 2022).
Geothermal energy has emerged as a
viable alternative to fossil fuels due to
its environmentally friendly and
renewable nature. In contrast to
annual renewable energy sources that
rely on specific periods and
circumstances, geothermal power is a
non-intermittent, renewable energy
source (Hamlehdar et al., 2024).
Geothermal energy (GE), a non-
carbon renewable energy source
derived from the flow of heat from the

produced using profound geothermal
power sources based on hot water and
steam. In contrast, short geothermal
heat pump technologies provide
heating and cooling without using the
heat that exists in the earth. Fluid
administration is one environmental
issue that needs to be addressed, even
though GE has a lesser impact on the
environment than traditional fossil
fuels. Additionally, concerns during
the execution of specific initiatives
have prompted the development of
particular structures for evaluating the
sustainability of GE projects (Soltani
et al,, 2021). Figure 4 displays the
primary  parameters,  including
benefits and drawbacks, as well as
potential geothermal energy system
deployments. GE is typically
regarded as a low-quality source, so to
meet requests, a different energy

Earth's core, 1s a dependable, source is required (Mahmoud et al.,
plentiful, and promising energy 2021).
source. Currently, electricity 1is
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Figure 4. Properties and Applications of Geothermal Energy Systems.

Solar Energy

Solar energy is one of the most
common natural resources on Earth
among renewable energy sources.
Solar energy is produced by using

photovoltaic  (PV) devices to
transform sunlight into electricity or
heat. Solar energy is renewable,
discrete, endless, reliable, durable,
and easy to operate. Due to these
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benefits, solar energy is a viable
option for meeting the world's
growing electrical needs, which stem
from both infrastructure development
and population growth (Ludin et al.,
2018).

Photovoltaic solar energy

The photovoltaic (PV) industry is one
of the fastest-growing industries in
the world. To keep up with this
growth, innovations have been made
in the areas of instrument
development, manufacturing
methods, material usage, the amount
of energy needed for producing these
substances, and new ideas to improve
the cells' overall effectiveness. The
term "photovoltaic solar energy"
refers to electricity generated entirely
through the transformation of solar
energy. The photovoltaic impact,
initially noticed by Becquerel in
1839, is responsible for converting
solar energy into electrical power.
This phenomenon happens in
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semiconductors, which are materials
with two energy bands: the valence
band, where electrons are permitted,
and the conduction band, which is
entirely "empty." See Fig. 5 for an
illustration of this. The second most
abundant naturally occurring element
on Earth, silicon, is a semiconductor
material that is employed more
frequently. Its atoms are distinguished
by their four electrons, which form a
crystalline structure by connecting to
their counterparts. The photovoltaic
effect occurs when sunlight provides
the outermost electron with sufficient
energy to migrate from the material's
valence band to its conduction band,
producing electricity in the process.
As in silicon, particularly, electrons
must have 1.12 eV (electron volts) in
order to surpass the GAP. It is also
said that a significant portion of the
sun's spectrum must be available to be
absorbed by the semiconductor
material (Sampaio & Gonzales,
2017).

Conduction Band

Valance Band

Conductor

Conduction Band

Valance Band Band
Semiconductor

Conduction
Band

Valance

Semiconductor

Figure 5. illustrates the valence band, band gap (GAP), and conduction band for
different materials: insulators, conductors, and semiconductors.

When light hits a PN junction (an N-
type semiconductor region towards
the sun), incoming photons with
energy equal to the semiconductor
material's energy gap are captured,

forming electrons and holes as charge
carriers. The fundamental potential
causes these electrons and holes to be
divided.
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They detect this product's voltage.
This DC voltage is converted into an
AC voltage for usage in industries or

to power different household devices
(Dambhare et al., 2021).

(zero bias)
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— 0
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Figure 6. A PN junction absorbs an incident photon, leading to energy transfer

Solar thermal plates

Solar power plates are a method of
generating thermal energy to heat
water, utilising solar energy as a form
of photovoltaic power. There are two
categories of solar energy. Two types
of solar energy exist: passive and
active. Employing the sun's heat both
directly and indirectly is known as
passive solar energy. Utilising solar
radiation to generate electrical energy
1s known as active solar energy
(Alrikabi, 2014). Typically, solar
panels and concentrators are utilised
in  households, businesses, or
industrial facilities to collect, store,
and utilise solar energy for heating
water or air.

The transformation of solar radiation
into mechanical power is illustrated
schematically in Fig. 7. The position,
collector category, working fluid, and
system size are variables that must be
considered for unique applications, as
well as the necessary storage quantity
and the storage quantity required to
calculate the load and design the heat
exchanger. The air or water is heated
using solar panels as the heat transfer
medium in order to improve the
efficiency of solar energy systems.
However, every collection is intended
for a specific use (Mekhilef et. al.,
2011).
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Figure 7. Diagram of a solar-thermal energy conversion system.

Hydropower energy

A key element in the production of
energy and the replacement of fossil
fuels is hydrogen energy. It is
becoming an increasingly popular
power source for the future. This form
of energy is trivial to operate and safe.
Coal, natural gas, and oil have been
utilised to generate hydrogen gas.
Using the processes of combustion
and rapid burning, hydrogen gas can
be generated from biomass. Hydrogen
innovations are currently undergoing
cycles of increased anticipation,
followed by disappointment. It is
anticipated that hydrogen will play a
crucial role as an energy carrier in the
development of global energy
systems. As the supply of fossil fuels
increases, so does environmental
damage, and hydrogen is likely to
surpass all other molecular energy
carriers (Dey et al., 2022). Energy
storage using hydrogen Systems is
gaining traction as a reasonably
priced means of storing RE for
commerce and transport. Hydrogen
energy storage system develops a
100% RE system that serves as a

foundation for the hydrogen
economy. In almost every area of the
energy system, including
transportation and generation, the
case for a hydrogen economy is
growing stronger. The transition to a
low-carbon energy system appears to
be achievable through the
development of a hydrogen economy.
Hydrogen as an efficient source of
power is not a novel idea (Arsad et al.,
2022). The distribution and storage of
hydrogen energy are both present and
emerging problems. Transportation
and preservation activities are equally
crucial as manufacturing procedures.
In the hydrogen economy, these
procedures are crucial. Hydrogen
energy storage is intended to be
effective and safe, and it can be
utilised at any time and anywhere.
When hydrogen is pure, it has an
elevated gravimetric energy content
and a small volumetric energy
density. Hydrogen can be stored in
three different ways. Solid-state
storage techniques, heated gas
physical storage, and frozen liquid
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hydrogen physical preservation are all
available (Tarhan et al., 2021).

Marine Energy

A world that is becoming
progressively more populated along
the coasts, with warming
temperatures, the demand for a
healthy atmosphere, and occasionally
economic factors, is the primary
factor fueling the ongoing and
expanding interest in renewable
energy technology. Approximately
71% of the Earth's surface is
composed of water, which serves as
an immense reservoir of energy.
According to estimates, the world's
marine renewable energy (MRE)
reserves are more abundant than our
current and anticipated future energy
requirements. MRE has immense
potential to grow and is likely to be
essential to the sustainable energy
structure of the environment in the
future. MRE might involve ocean
renewable energy, offshore wind
power, and offshore solar energy. The
preservation of energy is an essential
component of MRE  devices
today. However, marine renewable
energy storage equipment is still in its
early stages due to the particular
conditions of the ocean and the slower
rate of MRE innovation (Wang et al.,
2019). Global interest in harnessing
marine energy (ME) from storms,
waves, Or oceanic currents as a
renewable power source is high, but
little is known about the potential
hazards and benefits. Throughout
their establishment, existence, or use,
ME  gadgets  (stressors) can
communicate with and have an
impact on biodiversity
and environmental components
(receptors). The impact of the

environment must be evaluated in
order to produce ME. However, it is
challenging to detect stressor-receptor
correlations accurately due to the
small number of operational devices
that are obtainable for observation.
Observation of ME equipment has
consistently produced significant
data. Since environmental
assessments are expensive and time-
consuming, there is an excellent
demand for targeted and efficient
monitoring. By creating evaluation
and monitoring requirements,
regulators can expedite the approval
(consenting) of future instrument
installation, cut down on the time and
resources required for the
development of new projects, and
make it easier to compare innovations
(Buenau et al., 2022).

RENEWABLE ENERGY AND
SUSTAINABLE GROWTH

The effects of energy from renewable
sources on revenue generation and
human growth are directly related to
environmental  sustainability. In
addition to mitigating the adverse
effects on the environment and human
health, clean energy sources offer
opportunities for enhanced energy
security, economic growth, and
increased access to energy. Figure 8
illustrates the way renewable energy
sources can contribute to a sustainable
future.

Energy access

An important component of social
and economic growth is energy. The
term “energy access” refers to the
capacity to consume energy, which
can include electrical power, LPG,
charcoal, or another type of energy.
Similarly, the “term access to energy
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services” has been used to refer to
"the capacity to utilize energy
solutions, which are defined as "the
support  that  energy-consuming
equipment offers, such as
illumination, heating for making and
space heating, power for
transportation,  water  delivery,
crushing, and many more things that
fuels, power, and mechanical strength
make attainable. Frequently, there is a
distinction made between household
access, where one can use electrical
power in the home, and grid access,
which may be defined as part of the
"contact rate,” which is just the
percentage of a region that is served
by the grid, independent of the
number of households served. The
affordability of energy in places not
served by the grid is frequently
referred to as "access to electricity."”
In this instance, renewable sources of
energy or a decentralised, isolated
generator provide the electricity
(Brew et al., 2010).

Energy security

The concept of energy security is
frequently employed, but its exact
meaning 1is subject to debate.
However, the assumption that there is
a constant source of energy, which is
essential for the operation of a
currency, 1is the foundation of
concerns about energy security. Since
economic expansion and energy
usage are interdependent, obtaining
access to a steady energy source is
crucial for both political and
economic reasons, presenting
developed and emerging countries
alike with financial and technical
challenges. Extended disruption
would result in significant issues for
the fundamental functions and
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economies of most societies.
Globally, sources of clean energy are
equally dispersed, and they are
generally exchanged infrequently on
the market compared to fossil fuels.
Energy exports decrease, the range of
available alternatives diversifies, and
a society's susceptibility to price
instability is reduced, thereby
improving global energy security
through the use of renewable energy.
Moreover, the deployment of
renewable energy might help improve
the dependability of energy services,
particularly in regions that frequently
experience inadequate grid access. In
addition to effective administration
and system structure, an assortment of
power sources can contribute to
increased  security (Owusu &
Asumadu 2016).

Social and economic growth

With a proven connection between
revenue growth and increased energy
use, the energy industry has often
been recognised as a crucial factor in
financial progress. Economic
expansion has been the primary driver
of increasing energy demand in recent
decades, and a positive correlation
exists between annual income and per
capita energy usage worldwide.
Consequently, it generates jobs; a
2008 report on renewable energy
technology indicated that they created
over 2.3 million jobs globally and

enhanced gender equality,
educational achievement, and
sustainability.

Climate change mitigation and
reduction of environmental and
health impacts

The implementation of renewable
energies in energy production
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contributes to reducing greenhouse
gas emissions, which helps prevent
global warming, as well as the
medical and ecological concerns
associated with pollution from energy
sources like fossil fuels. The impact
of climate change has become a
significant worldwide concern that
affects innovation, the environment,
energy, and finances. Global warming
is expected to rise more than 2
degrees Celsius beyond the age of
civilisation unless additional steps are
taken to limit global greenhouse gas
emissions. The depth of the ocean and
the global environment would be
significantly impacted by this growth,
which would also affect the
socioeconomic  development  of
nations worldwide. As a result, it is
essential to determine strategies for
managing greenhouse gas emissions
in the leading generating nations,
which are governed by both national
and international agreements (Zheng
et al., 2019).

CONCLUSION

Energy is at the core of issues related
to combating poverty and equitable
growth. Almost every facet of the
economy and society is impacted,
including water, agriculture, earnings,
population, education, health,
employment, and challenges related
to gender. Natural resources and the
environment are directly harmed by
the current trends in generating and
utilising energy on an individual,
local, and global scale. Energy is not
an aim in itself; rather, it is a crucial
first step toward accomplishing the
objectives of the three cornerstones of
sustainable development:
environmental preservation,
economic growth, and social equality.

A wide range of fuel sources and
applications is encompassed by
renewable energy. The cost of various
renewable energy technologies varies
widely, as does the application of
each one. Specific renewable energy
sources, like biomass, are readily
available and extensively
utilised.  Individuals who are
interested in geothermal energy are
often employed in areas where it is
available. Some renewable energy
sources, like wind and solar, have
much unrealised potential but are not
yet widely utilised.
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