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Abstract: 

Energy plays a vital role in any country`s economic development. As 
such proper and adequate supply of energy is fundamental for 
environmental, social, and economic development. Renewable 
energy has ticked all the boxes to be considered the best energy 
source because it is environmentally friendly. Renewable energy is 
considered a clean source of energy because it generates limited 
secondary pollutants from burning fossil fuels. Conventional fossil 
fuels, which are a limited resource, provide a significant share of the 
main energy demand, but renewable energy development represents 

a significant step towards social, economic, and environmental growth. Due to the ever-increase demand 
for energy as a result of over growing human population which cannot be modified by the current shape 
of the earth due to how fast the world is becoming a virtual community. The requirement for energy and 
related services to meet human growth can be seen in welfare, social, health, and economic development. 
The need for renewable energy sources to combat climate change and protect our environment is a great 
strategy that needs to be sustainable to satisfy future generations’ energy needs. This paper describes the 
development opportunities related to renewable energy sources and their sustainability, environmental 
safety, social, and energy security, economic strength, and expanding access to affordable, safe, and 
cheaper energy. This helps provide a foundation for addressing the demand for sustainable development. 
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Introduction  

When fossil fuels are burned to produce power 
and heat, they release significant greenhouse 
gases that cover the earth and trap solar radiation 
(Bogdanov et al., 2019). Up until recently, efforts 
to sever the link between rising greenhouse gas 
(GHG) emissions and economic growth have 
generally failed, whereas marginal global 
emissions growth is increasing (REN21, 2019).  
Long-term energy supply is likely to be 
constrained by the atmosphere's finite capacity 

to absorb extra greenhouse gases, not by the fact 
that humanity is running out of fossil fuels. A 
transformational road toward significant 
reductions in GHG emissions is necessary to 
mitigate climate change to a bearable level (Lu et 
al., 2020). And to avoid the worst effect of 
climate change, GHG emissions must be 
significantly reduced in the coming years. For 
this reason, we must start investing in a safe, 
scalable, reliable, sustainable, and economical 
alternative source of energy (Aleklett et al., 
2010). The wind, sun, waste, water, and heat 
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from the earth are all abundant sources of 
renewable energy that replenish themselves 
naturally with little to no air pollution or 
greenhouse gases being released into the 
atmosphere (Zou et al., 2016). Comparatively, 
renewable forms of energy are accessible 
worldwide and have not yet reached their 
maximum potential. According to the 
International Renewable Energy Agency 
(IRENA), by the year 2050, ninety (90) percent 
of the world's electricity will be generated from 
renewable energy sources. With the help of 
renewable energy sources, nations may diversify 
their economies, shield themselves from the 
erratic price fluctuations of fossil fuels, and 
promote inclusive development, job creation, 
and the reduction of poverty (Aleklett et al., 
2010). 

 

 

Figure 1. Renewable Energy 
Sources Brent, 2021. 

 

Renewable Energy Sources 

Since renewable energy sources might 
theoretically supply much more energy than the 
world needs, renewable energy sources have 
significant potential. Based on the usage of 
commonly accessible, indigenous resources, 
renewable energy sources like wind, biomass, 
hydropower, geothermal, and sun can deliver 
sustainable energy services (Herzog et al., 2001). 
As their costs fall, oil and gas prices continue to 
vary, and a switch to renewable energy systems 
is becoming more and more likely. In the past 
few decades, sales of solar and wind power 

systems have increased quickly, their capital 
costs and electricity generation prices have 
decreased, and they have kept getting better at 
what they do (Strielkowski et al., 2021). The cost 
of social and environmental expenses as well as 
the price of fossil fuels and renewable energy are 
moving in opposing directions (Chel and 
Kaushik, 2018). 

 

 

Figure 2. Energy World Total Primary 
Supply 

Source: Halkos and Gkampoura, 2020 

 

Data from the IEA (International Energy 
Agency), show that in 2020 renewable energy 
sources made up 13.9% of the world's total 
primary energy supply(Halkos and Gkampoura, 
2020). Further, 9.5% of the total primary energy 
supply was provided by biofuels and waste, 2.5% 
by hydropower, and 1.8% by solar, wind, and 
other RES. More than 80% of all energy is 
produced from fossil fuels (Halkos and 
Gkampoura, 2020). 

The economic and political frameworks 
necessary to promote the wide adoption and 
long-term viability of markets for renewable 
energy systems are rapidly changing (Sawin et al., 
2016). It is becoming increasingly obvious that 
the new regime of renewable energy and, to a 
lesser degree, natural gas-based systems will be 
the primary drivers of future growth in the 
energy sector, as opposed to conventional oil 
and coal sources(Garba and Adamu, 2021). Due 
to these developments, there is now a market 
opportunity to both innovate and capitalize on 
developing markets to support renewable energy 
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technology, with the help of governmental and 
public attitudes (Herzog et al., 2001). The 
creation and use of renewable energy sources 
can increase market diversity in the energy 
sector, help secure long-term sustainable energy 
supplies, reduce local and global atmospheric 
emissions, and offer commercially appealing 
options to meet particular energy service needs, 
especially in developing nations and rural areas, 
which can lead to the creation of new jobs in 
those regions (Nastasi et al., 2022). 

 

Biomass 

Biomass is a source of energy and it includes 
waste food, municipal solid waste, agricultural 
waste, forestry, agricultural residue, industrial 
waste, and garden tripping (Pehlken et al., 2020). 
Plants like the aforementioned corn and soy are 
the most prevalent types of biomass that are 
used for energy production. These creatures' 
energy can be used to generate electricity or be 
burned to produce heat. The energy in biomass 
is initially obtained from the sun: through 
photosynthesis, plants transform carbon dioxide 
and water into nutrients (carbohydrates). These 
creatures' energy can be directly and indirectly 
converted into usable energy. Biomass can be 

directly burned to provide heat, directly 
transformed into electricity, or directly 
transformed into biofuel (indirect) (Pehlken et 
al., 2020). The carbon cycle on Earth depends 
heavily on biomass. The exchange of carbon 
takes place between the atmosphere, 
hydrosphere, biosphere, and lithosphere in a 
process known as the carbon cycle (Basu, 2010). 

There are various stages in the carbon cycle. The 
amount of sunlight that reaches the Earth's 
atmosphere is regulated in part by carbon. 
Through photosynthesis, decay, respiration, and 
human activity, it is exchanged (Panwar et al., 
2011). For instance, carbon that is absorbed by 
soil during an organism's decomposition may be 
recycled when a plant uses photosynthesis to 
release nutrients including carbon into the 
biosphere. Before being retrieved through 
natural or human activities, the decomposing 
organism could transform into peat, coal, or 
petroleum under the correct circumstances 
(Basu, 2010). Carbon is secluded or kept in 
between exchanges. For millions of years, the 
carbon in fossil fuels has been locked away. 
Carbon that has been stored by fossil fuels is 
released into the atmosphere when they are 
removed and burned for energy. Carbon is not 
reabsorbed by fossil fuels (Basu, 2010). 

 

Figure 3. Lignocellulosic Types of Biofuel Products from Biomass 

Source: Clauser et al., 2021 

 

Through thermochemical or biochemical 
processes, bioenergy can be produced from 
biomass as heat, power, or biofuels (solid, liquid, 

or gaseous) (Clauser et al., 2021). It is possible to 
burn biomass directly, however it is a less 
desirable choice. The components of biomass 
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are created through photosynthesis, which uses 
CO2 from the air, water, and sunlight to create 
carbohydrates. Replanting offsets the carbon 
dioxide released during the burning of biomass, 
allowing it to be once more absorbed and 
returned for a new growth cycle (Clauser et al., 
2021). As an environmentally acceptable energy 
source that can be generated wherever in the 
world where biomass is present, biofuels are a 
viable substitute in the transportation sector. 
This ensures the sustainability and growth of 
forestry, agriculture, and allied businesses 
(Garba et al., 2022). 

Biomass, as opposed to fossil fuels, is made from 
recently living creatures. In the carbon cycle, the 
carbon in biomass can still be traded (Panwar et 
al., 2011). But biomass resources like plants and 
forests need to be managed responsibly if we 
want to effectively allow Earth to continue the 
carbon cycle process (Herzog et al., 2001). 
Reabsorbing and sequestering carbon takes 
decades for trees and plants like switch grass. 
The process might be severely hampered by 
uprooting or soil disturbance. For the 
environment to remain healthy, there needs to 
be a consistent and diverse supply of trees, 
crops, and other plants (Outhred et al., 2002). 

 

Hydroelectric Energy 

This is energy from a renewable source. Around 
70% of all renewable energy in the world comes 

from hydropower(Siri et al., 2021). Geothermal, 
wave, tidal, wind, and solar energy are some 
additional renewable energy sources(Allan 
Tisdell, 2019). Unlike conventional power 
plants, which may pollute the air, land, or water, 
hydroelectric power plants also known as 
hydropower plants do not consume resources to 
produce electricity. The growth of the country's 
electric power sector has been significantly aided 
by hydroelectric energy. The early development 
of the electric power industry benefited from 
both minor and large hydroelectric power plant 
development. Water in motion and water at 
work generate hydroelectric power (Said et al., 
2022). The sun drives the hydrologic cycle, 
which provides water to the people. In some 
cases, it can be viewed as another type of solar 
energy. In the hydrologic cycle, precipitation is 
how atmospheric water gets to the surface of the 
earth. The majority of this water either 
percolates into the soil or forms surface runoff, 
while some of it evaporates. Eventually, water 
from rain and snowmelt finds its way to ponds, 
lakes, reservoirs, or oceans where evaporation is 
always taking place (Siri et al., 2021). For most 
developed and developing countries, 
hydroelectric power is essential for their 
socioeconomic development. Modern 
technology and the increasing human population 
have led to an enormous demand for energy for 
different purposes such as electricity generation, 
pumping water, construction, and 
transportation(Pickl, 2019). 

 

 

Figure. 4. Current Trend and Prospect of Hydropower Energy  

Source: Halkos and Gkampoura, 2020 
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Currently, the projected hydropower market 
may surpass 1,200 GW of global capacity and 
$36.3 billion in investments in 2022 (Abdildin et 
al., 2021). Coal and natural gas have been the 
chief main conventional energy used for 
decades. These sources of energy are the major 
cause of our environmental degradation. They 
emit harmful gases like CO2, SOx, and NOx.  
Hydropower energy produces close to one-sixth 
of the total world energy (Wan et al., 2022). The 
sector contributes more to power generation 
than all other renewable sources combined, 
including wind, solar PV, biofuels, and 
geothermal, by around 60%. In 2021, 
hydropower generated 4,414 TWh of electricity, 
up from 4,360 TWh in 2020, while capacity 
increased by 14 GW in 2021 and by 17 GW in 
2020 (Wan et al., 2022). 

Although the energy in the natural world cannot 
be created or destroyed, it can be changed from 
one form to another. There is no fresh energy 
created when producing electricity (Siri et al., 
2021). In reality, energy can only be transformed 
from one form to another form. Water must 
flow to generate power. The energy transforms 
into mechanical (machine) energy as flowing 
water turns blades in a turbine(Panwar et al., 
2011). This mechanical energy is transformed 
into another energy form which is electricity 
energy as the generator's rotor is turned by the 
turbine. This type of energy is known as 
hydroelectric power, or simply hydropower 
because water serves as the source of the 
energy(Brent, 2021). Hydropower energy is 
produced in plants known as hydroelectric 
power plants. Some power plants are situated on 
rivers, streams, and canals, but dams are required 
for a dependable water supply (Siri et al., 2021). 
Dams hold water in reserve for later release to 
be used for power generation, domestic and 
industrial uses, and irrigation. The reservoir 
functions similarly to a battery, storing water that 
may be released when electricity is needed (Chel 
and Kaushik, 2018). 

 

 

Wind Energy 

The most affordable large-scale renewable 
energy source at the moment is wind power 
(Darwish & Al-Dabbagh, 2020). It involves 
producing electricity using the wind's innate 
ability to blow. Within the region where their 
blades sweep, wind turbines collect wind energy 
(Tong, 2010). A generator that generates 
electricity to export to the grid is powered by 
rotating blades (Darwish & Al-Dabbagh, 2020).  
Because of technological advancements in the 
field, wind turbines are now bigger, more 
effective, and employ sophisticated technology 
(Outhred et al., 2002). To collect more energy 
per turbine, rotor diameters and hub heights are 
required to produce the same amount of energy 
because of advancing technology, and wind 
farms are becoming more and more flexible 
(Sun, 2018). 

 

Geothermal Energy 

Geothermal energy is a type of energy 
conversion that uses heat energy from within the 
Earth to generate electricity, heat homes, and 
other uses (Massachusetts Institute of 
Technology., 2006). Lava flows, geysers, 
fumaroles, hot springs, and mud pots are just a 
few of the natural phenomena that are produced 
on the earth's surface by the heat from its 
interior(Salazar et al., 2017). The heat is 
principally created by the radioactive decay of 
potassium, thorium, and uranium in the Earth's 
crust and mantle, as well as by friction created at 
the edges of continental plates(Salazar et al., 
2017). Between 50 and 70 milliwatts (mW) per 
square meter are the global averages for the 
ensuing annual low-grade heat flow to the 
surface(Younger, 2015). On the other hand, 342 
watts per square meter per year are produced by 
incoming solar radiation striking Earth's surface 
(see solar energy)(Salazar et al., 2017). This is 
equal to about three times the yearly global 
energy consumption of all kinds, geothermal 
energy extraction techniques and depth affect 
the amount of useful energy that can be 
extracted(Huttrer, 2020). 
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Figure. 5. Geothermal Energy 
Source: Younger, 2015 

 

In the upper part of the lithosphere, the 
temperature of rocks and other subsurface 
materials rises by an average of 20–30 °C (36–54 
°F) each kilometer (0.6 miles), and this rate of 
increase is significantly higher in the majority of 
Earth's recognized geothermal regions(Salazar et 
al., 2017). To transport the energy to the top for 
heat extraction, a fluid (or steam) is typically 
required. It might be difficult to find and exploit 
geothermal resources. This is particularly true 
for the high-temperature materials required to 
produce power(Younger, 2015). Such resources 
are usually restricted to regions of the earth with 
recent volcanic activity, those at plate borders, or 
those found inside crustal hot zones  (Kreith et 
al., 2016). Even though Earth is a constant 
source of heat, using the resource must be done 
sustainably because heated fluids and steam can 
be extracted at a faster pace than they can be 
replenished (Huttrer, 2020). 

 

Solar Energy 

Solar power is a potent energy source that may 
be utilized to heat, chill, and light buildings 
(Boxwell, 2010). The sun emits more energy into 
the atmosphere in one hour than the entire 
planet does in a year. Sunlight is converted into 

useful energy for buildings using a variety of 
ways. Solar photovoltaics for electricity, passive 
solar architecture for space heating and cooling, 
and solar water heating are the most widely used 
solar technologies for residences and 
commercial buildings(Boxwell, 2010). Solar 
technology helps businesses and industries 
diversify their energy sources, increase 
productivity, and cut costs. Solar photovoltaic 
and concentrating solar power technologies are 
used by utilities and energy producers to 
generate electricity on a large scale to power 
cities and small towns(Wang et al., 2009). 

Photovoltaic or solar cells transform light from 
the sun directly into electricity. The photovoltaic 
effect, which is the conversion of light (photons) 
to electricity (voltage), gives the field of 
photovoltaics (commonly abbreviated as PV) its 
name (Boxwell, 2010). Soon, solar cells were 
being utilized to power clocks, computers, and 
even space spacecraft. Today, photovoltaic 
systems are being installed on a massive scale to 
help power the electric grid. Electricity generated 
by solar cells is now economically viable in many 
places (United Nations. Economic and Social 
Council. & United Nations. Office for 
ECOSOC Support and Coordination., 2008). 
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Figure. 6. Global PV Installation Estimate and Forecast 

Source: Syahputra and Soesanti, 2020 

 

Role of Renewable Energy 

To prevent climate change and lessen its most 
dire effects, clean energy production is essential 
(Shrestha et al., 2020). The year 2019 was found 
to be the second-warmest on record. In its 
special climate change issue published in 
November 2015, National Geographic claims 
that the Earth's temperature has increased by an 
average of 0.85 °C since the turn of the 20th 
century (Gielen et al., 2019). A little over 1.1 
billion people (or 17% of the world's population) 
live without electricity(Li et al., 2022). In 
addition, 2.7 billion people (38% of the 
population) use conventional biomass for 
heating, lighting, and cooking in their homes, 
putting their health in considerable danger 
(Alper and Oguz, 2016). 

On the global economy and in terms of 
development, switching to an energy system 
based on renewable technology will have very 
favourable economic effects. According to the 
International Renewable Energy Agency 
(IRENA), increasing the proportion of 
renewable energy in electricity generation to 
57% globally by 2030 will be required to satisfy 
the goals outlined in the Paris Agreement(Li et 
al., 2022).  

Therefore, local economies benefit from the 
indigenous nature of clean sources, which also 
lends the concept of "energy independence" 

meaning (Kabeyi and Olanrewaju, 2022). 
Dependency on imported fossil fuels places a 
nation under the control of its supplier's short-
term political and economic objectives, which 
jeopardizes the security of its energy supply(Li et 
al., 2022). Whether it is water, wind, sun, or 
organic material, there is a renewable resource 
available anywhere in the world for creating 
energy responsibly. Green energies, sometimes 
known as "renewables," are just as easily 
accessible as the sun from whence they originate 
and can be adjusted to the cycles of nature, 
unlike traditional energy sources such as coal, 
gas, oil, and nuclear, whose reserves are limited 
(Gielen et al., 2019). As a result, they are essential 
to a sustainable energy system that enables 
today's growth without threatening that of 
incoming generations (Karatayev et al., 2021). 

 

Sustainability Development  

The Sustainable Development Goals (SDGs) are 
the road map for building a better, more 
sustainable future for all people(Nastasi et al., 
2022). They represent a global call to action to 
eradicate poverty, safeguard the environment, 
and guarantee the prosperity and peace of all 
(Nyasapoh et al., 2022). The Encyclopedia of 
Life Support Systems (EOLSS, 1998) presents a 
better concept of global sustainable 
development. The prudent use of resources by 
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paying close attention to policy, social, 
economic, technological, and ecological 
management of natural and human-engineered 
capital to foster innovations that guarantee a 
higher standard of living degree of life support, 
or meeting basic human needs, in every corner 
of the world while also promoting 
intergenerational justice (Sathaye et al., 2011). 

It is generally acknowledged that a society's 
ability to access renewable energy sources is a 
necessary, but insufficient, condition for 
progress. The majority of the time, societies—
such as nations or regions—that experience 
considerable industrial and economic 
development have access to a supply of 
renewable energy (Dincer & Rosen, 2012). There 
are additional conditions that must be addressed 
for long-term sustainable growth. Such societies 
primarily need to have access to and use energy 
resources that are sustainable in a broad sense, 
i.e., that can be obtained safely and reliably, used 
safely to provide the intended energy services 
with little harm to the environment, human 
health, or society, and can be purchased for a fair 
price (Allan-Tisdell, 2019).  

There are various aspects to sustainability, which 
shall be discussed in this paper as economic, 
environmental, social, and technical 
sustainability (Welch and Venkateswaran, 2009). 
Noting that these aspects may not be completely 
autonomous and may entail conceptions of 
community at the state, local community, and 
household levels, we'll employ them in the 
following ways, whether they're at the national 
or international level. 

 

Economic Sustainability 

The ideas of productive, allocative, and dynamic 
efficiency are all crucial to economic 
sustainability; dynamic efficiency is the most 
significant in this context because it pertains to 
transforming an economy from one that is less 
sustainable to one that is (Alper and Oguz, 
2016). Because we must devote both human and 
material resources to enhancing sustainability, 
we also need to take into account the long-term 
economic viability of individual households, 

communities, nations, and the entire human 
society (Alper and Oguz, 2016). For instance, it 
has been argued that a load of their international 
debt threatens the ability to develop nations to 
live sustainably (Jianzhong et al., 2018). 

It has been found that the employment of local 
labor from rural areas, local goods and services, 
local investors, and local bank services makes 
renewable energy projects advantageous 
economically (Kichonge et al., 2016). The 
establishment of a trust fund that attempts to 
invest the money made from selling electricity in 
the local economy is another way that renewable 
energy projects have benefited the local 
communities. Fewer communities now find it 
simple to fund any small business of their 
choosing (Wan et al., 2022). Solar power plants 
provide extremely few jobs compared to biofuel 
projects, but as the percentage of workers in 
various industries rises, more jobs will be created 
for others by using their economy's portion for 
restaurants, entertainment, and other leisure-
related activities. Due to the availability of 
numerous alternatives for producing electricity 
utilizing the various renewable energy sources 
accessible in that location, the entire economy 
will be improved while the consumers will 
receive electric power at a lower cost than that 
of conventional energy sources (He et al., 2021). 

 

Social Sustainability 

It may not be acceptable to expect specialized 
expertise or equipment to be available within a 
local community; rather, social sustainability 
incorporates the concepts of human knowledge 
and ingenuity, quality of life, equity, and social 
skills which assist in developing or preserving a 
society (Brent, 2021; Sawin et al., 2016). 
Examples include worries about the aesthetic 
impact of wind farms and local employment 
prospects related to the production, installation, 
and use of renewable energy technology 
(Nyasapoh et al., 2022). These resources also 
offer social benefits like improved health, 
depending on consumer preferences, 
technological advancements, and employment 
opportunities, but some fundamental factors 
should be taken into account for the benefit of 
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people, such as climatic conditions, level of 
education and living standards, and region 
whether urban or rural from an agricultural 
perspective (He et al., 2021). The fundamental 
factors for any nation's development are social 
ones. Renewable energy systems can result in 
local employment, improved health, 
employment opportunities, and consumer 
choice (Awosusi et al., 2022). 

 

Environmental Sustainability 

Renewable energy sources, such as wind, 
biomass, etc., address specific challenges that 
range from local (such as bird strikes on wind 
turbines), regional (such as salinity control), and 
global (such as climate change) in addition to the 
upkeep of entire ecosystems (Welch and 
Venkateswaran, 2009). Projects utilizing 
renewable energy have also improved 
environmental effects by lowering carbon 
dioxide emissions and educating the public 
about climate change. Several studies found 
relatively minor effects on residents, tourism, 
energy supply costs, and educational outcomes 
(Awosusi et al., 2022). The enhancement of life 
standards, the formation of social ties, and 
community development all showed significant 
effects (Garba et al, 2022). They also noted that 
renewable energy projects require complicated 
installation and are sensitive to the local ecology 
(Chen et al., 2022). In comparison to other 
initiatives, its forecasting, execution, and 
planning demand greater thought and expertise. 
The two main environmental issues are air and 
water pollution, which are typically brought on 
by sewage from homes and businesses, filthy 
rain, and the disposal of spent oils and liquids 
that contain toxic compounds and heavy metals 
like mercury and lead (Awosusi et al., 2022). 

 

Technical Sustainability 

It entails utilizing best-practice goods, services, 
working methods, and institutional 
arrangements while also encouraging 
appropriate creativity in regulatory 
arrangements, hardware, and software with a 
proper balance of local, national, and global self-

sufficiency goals (Nastasi et al., 2022). The 
availability and technical limitations of 
renewable energy sources are crucial in 
determining elements when evaluating whether 
to generate power from them (Strielkowski et al., 
2021). Each resource has some restrictions; 
photovoltaic systems can only create power 
during the day, barring foggy seasons, because 
they acquire their heat energy from the sun 
during that period. Speed shouldn't go above 25 
m/s for wind turbines; otherwise, the turbine 
will be harmed (Sathaye et al., 2011). 
Additionally, wind speeds of less than 3 m/s will 
not be adequate for the production of electricity 
(Strielkowski et al., 2021). Although geothermal 
energy can produce power for 24 hours a day, it 
is geographically constrained by the availability 
of resources. Hydroelectric power plants are 
among the most readily available, dependable, 
and adaptable renewable energy sources since 
they are simple to start, stop, and operate within 
minutes (Sathaye et al., 2011). Hydroelectric 
power ranks highest in terms of efficiency, 
whereas wind, solar, and geothermal power are 
the least efficient types of renewable energy. The 
efficiency of solar systems varies greatly due to 
the variety of cells that are available(Charles-
Rajesh-Kumar and Majid, 2020). 

 

Environmental Protection 

Everyone should be concerned about 
environmental preservation and energy 
management. The actual eco-cities should 
prioritize waste reduction, risk prevention, clean 
air and water, energy conservation, and the 
protection of natural species, among other 
things (Kabeyi and Olanrewaju, 2022). The 
effects of the climate changes brought on by the 
20th century are getting more sensitive today. 
The general public and decision-makers are 
becoming more conscious of the need to 
maintain the natural environment as a result of 
the hazards they pose. It is in reaction to 
concerns brought up at international summits 
that urban planning and design be addressed as 
a method that respects the environment (Cuker 
et al., 2019). The development of "solar" and 
"bioclimatic" architecture makes it possible to 
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incorporate this reflection into both theory and 
routine-built environment creation. By reducing 
the consumption of non-renewable energy, the 
negative effects on the environment, and the 
expenses of investment and operation, this 
phrase principally aims to increase the comfort 
that a built environment can produce. Utilizing 
renewable energy sources is one of the tactics 
used today to safeguard the environment 
because they have the benefit of being infinitely 
available (Siri et al., 2021). By using them, energy 
needs can be satisfied while protecting the 
environment. The primary renewable energy 
sources, including solar, wind, biomass, 
geothermal, hydropower, and other sources, are 
developed on this site. The idea of 
environmental responsibility is now a 
component of a wider strategy that takes 
sustainable development concerns into account 
(Panwar et al., 2011). Therefore, the government 
needs to exercise greater economic, social, and 
environmental accountability. This helps to 
improve working conditions and economic 
growth in addition to protecting and enhancing 
the environment. Additionally, it aims to 
persuade state employees, community members, 
and ultimately all users of the necessity of 
changing their daily habits (Cuker et al., 2019). 

 

Conclusion 

The study highlighted the advantages of 
renewable energy sources, including biomass, 
solar, geothermal, wind, and hydroelectric. It 
also addresses the sustainability of renewable 
energy sources, as well as environmental 
protection. Our daily lives depend on energy to 
improve human development, which in turn 
promotes productivity and economic growth. 
Returning to renewable sources of energy is a 
great way to slow down climate change, but it 
must be sustainable if future generations are to 
be able to satisfy their energy needs. There is still 
little understanding of the interactions between 
sustainable development and renewable energy 
in particular. Even so, using renewable energy 
sources will help reduce future global 
greenhouse gas emissions because their entire 
lifecycle has no net emissions. However, the 

cost, pricing, political climate, and market 
circumstances have turned into obstacles that 
prohibit emerging, least developed, and 
developed countries from making the most of 
their potential. In this way, the development of 
global opportunities through a multilateral 
community that aids least focused on addressing 
countries in the availability of sustainable energy, 
energy efficiency, sustainable energy technology 
and research, as well as the investment in 
decarbonization, will lower the cost of renewable 
energy, remove obstacles to energy efficiency 
(high discount rate), and foster new 
opportunities for mitigating climate change. 

 

Recommendation  

The following recommendations are made based 
on the review to help address concerns about 
renewable energy sources being sustainable and 
to lessen the environmental impact by 
safeguarding the environment from the speed of 
ozone layer depletion caused by Greenhouse 
gases; 

1. Shifts in the way that we, as people, 
nations, and the globe at large, use energy. The 
world's energy grid will benefit from the 
increased use of clean fossil fuels and renewable 
energy, which will lessen climate change's 
effects. 

2. Expand research in these areas to allay 
concerns about potential dangers associated with 
various renewable energy sources in the future. 

3. Boost institutional and interpersonal 
capacity for protection, modification, economic 
impacts, and forecasting of environmental 
issues. The industry, energy, agriculture, forestry, 
health, transportation, water management, 
construction, and other industries that can 
increase greenhouse gas emissions should all be 
subject to carbon reduction policies and 
methods. 

If these recommendations are put into practice, 
it would be essential to solve the reliability of 
renewable sources of energy, guarantee everyone 
has access to affordable, dependable, 
sustainable, efficient energy, mitigate climate 
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change, and lessen its negative environmental 
effects. 

 

References 

Abdildin, Y. G., Nurkenov, S. A., & Kerimray, 
A. (2021). Analysis of green technology 
development in Kazakhstan. International Journal 
of Energy Economics and Policy, 11(3), 269–279. 
https://doi.org/10.32479/IJEEP.10897 

Aleklett, K., Höök, M., Jakobsson, K., Lardelli, 
M., Snowden, S., & Söderbergh, B. (2010). The 
Peak of the Oil Age – Analyzing the World Oil 
Production Reference Scenario in World Energy 
Outlook 2008. Energy Policy, 38(3), 1398–1414. 
https://doi.org/10.1016/J.ENPOL.2009.11.02
1 

Allan Tisdell, C. (2019). Renewable energy use 
and the renewable energy sector’s development: 
public finance, environmental externalities, and 
sustainability. Green Finance, 1(2), 156–173. 
https://doi.org/10.3934/GF.2019.2.156 

Alper, A., & Oguz, O. (2016). The role of 
renewable energy consumption in economic 
growth: Evidence from asymmetric causality. 
Renewable and Sustainable Energy Reviews, 60, 953–
959. 
https://doi.org/10.1016/J.RSER.2016.01.123 

Awosusi, A. A., Mata, M. N., Ahmed, Z., 
Coelho, M. F., Altuntaş, M., Martins, J. M., 
Martins, J. N., & Onifade, S. T. (2022). How Do 
Renewable Energy, Economic Growth, and 
Natural Resources Rent Affect Environmental 
Sustainability in a Globalized Economy? 
Evidence from Colombia Based on the Gradual 
Shift Causality Approach. Frontiers in Energy 
Research, 9. 
https://doi.org/10.3389/fenrg.2021.739721 

Bogdanov, D., Farfan, J., Sadovskaia, K., 
Aghahosseini, A., Child, M., Gulagi, A., Oyewo, 
A. S., de Souza Noel Simas Barbosa, L., & 
Breyer, C. (2019). Radical transformation 
pathway towards sustainable electricity via 
evolutionary steps. Nature Communications, 10(1). 
https://doi.org/10.1038/s41467-019-08855-1 

Boxwell, M. (2010). Solar electricity handbook: A 
simple, practical guide to solar energy-designing and 
installing photovoltaic solar electric systems. 
Greenstream publishing. 

Brent, A. C. (2021). Renewable energy for 
sustainable development. In Sustainability 
(Switzerland) (Vol. 13, Issue 12). MDPI AG. 
https://doi.org/10.3390/su13126920 

Charles Rajesh Kumar, J., & Majid, M. A. (2020). 
Renewable energy for sustainable development 
in India: Current status, prospects, challenges, 
employment, and investment opportunities. In 
Energy, Sustainability and Society (Vol. 10, Issue 1). 
BioMed Central Ltd. 
https://doi.org/10.1186/s13705-019-0232-1 

Chel, A., & Kaushik, G. (2018). Renewable 
energy technologies for sustainable development 
of energy-efficient building. Alexandria 
Engineering Journal, 57(2), 655–669. 
https://doi.org/10.1016/J.AEJ.2017.02.027 

Chen, J., Su, F., Jain, V., Salman, A., Tabash, M. 
I., Haddad, A. M., Zabalawi, E., Abdalla, A. A., 
& Shabbir, M. S. (2022). Does Renewable 
Energy Matter to Achieve Sustainable 
Development Goals? The Impact of Renewable 
Energy Strategies on Sustainable Economic 
Growth. In Frontiers in Energy Research (Vol. 10). 
Frontiers Media S.A. 
https://doi.org/10.3389/fenrg.2022.829252 

Cuker, B., Chambers, R., & Crawford, M. (2019). 
Renewable Energy and Environmental Sustainability 
(pp. 233–254). https://doi.org/10.1007/978-3-
030-03273-9_12 

Darwish, A. S., & Al-Dabbagh, R. (2020). Wind 
energy state of the art: present and future 
technology advancements. Renewable Energy and 
Environmental Sustainability, 5, 7. 
https://doi.org/10.1051/rees/2020003 

Dincer, I., & Rosen, M. A. (2012). Exergy: energy, 
environment, and sustainable development. Newnes. 

Garba, N., Özveren, C. S., Blackwood, D., 
Adamu, A., & Augie, A. I. (2022). Sustainable 
Energy Policy for Africa (Nigeria) and Europe: 
A Comparative Study. International Journal of 
Energy and Environmental Engineering, 16(3), 30-36. 



 

   

          

www.ejtas.com                                                                     EJTAS                    2024 | Volume 2 | Number 2 

460  

Garba, N., & Adamu, A. (2021). Energy, 
Environment and Sustainable Development. A 
Review. Savanna Journal of Basic and Applied 
Sciences, 3(2), 159–163.  

Gielen, D., Boshell, F., Saygin, D., Bazilian, M. 
D., Wagner, N., & Gorini, R. (2019). The role of 
renewable energy in the global energy 
transformation. Energy Strategy Reviews, 24, 38–50. 
https://doi.org/10.1016/J.ESR.2019.01.006 

Halkos, G. E., & Gkampoura, E. C. (2020). 
Reviewing usage, potentials, and limitations of 
renewable energy sources. In Energies (Vol. 13, 
Issue 11). MDPI AG. 
https://doi.org/10.3390/en13112906 

He, K., Ramzan, M., Awosusi, A. A., Ahmed, Z., 
Ahmad, M., & Altuntaş, M. (2021). Does 
Globalization Moderate the Effect of Economic 
Complexity on CO2 Emissions? Evidence from 
the Top 10 Energy Transition Economies. 
Frontiers in Environmental Science, 9. 
https://doi.org/10.3389/fenvs.2021.778088 

Herzog, A. V., Lipman, T. E., & Kammen, D. 
M. (2001). Renewable energy 
sources. Encyclopedia of life support systems 
(EOLSS). Forerunner Volume-‘Perspectives an 
overview of life support systems and sustainable 
development, 76. 

Huttrer, G. W. (2020, April). Geothermal power 
generation in the world 2015-2020 update 
report. In Proceedings World Geothermal 
Congress (Vol. 1). 

Jianzhong, X. U., Assenova, A., & Erokhin, V. 
(2018). Renewable energy and sustainable 
development in a resource-abundant country: 
Challenges of wind power generation in 
Kazakhstan. Sustainability (Switzerland), 10(9). 
https://doi.org/10.3390/SU10093315 

Kabeyi, M. J. B., & Olanrewaju, O. A. (2022). 
Sustainable Energy Transition for Renewable 
and Low Carbon Grid Electricity Generation 
and Supply. In Frontiers in Energy Research (Vol. 9). 
Frontiers Media S.A. 
https://doi.org/10.3389/fenrg.2021.743114 

Karatayev, M., Lisiakiewicz, R., Gródek-Szostak, 
Z., Kotulewicz-Wisińska, K., & Nizamova, M. 
(2021). The promotion of renewable energy 

technologies in the former Soviet bloc: Why, 
how, and with what prospects? Energy Reports, 7, 
6983–6994. 
https://doi.org/10.1016/J.EGYR.2021.10.068 

Kichonge, B., Mkilaha, I. S. N., John, G. R., & 
Hameer, S. (2016). The Economics of 
Renewable Energy Sources into Electricity 
Generation in Tanzania. Journal of Energy, 2016, 
1–8. https://doi.org/10.1155/2016/5837154 

Kreith, F., Pepper, D. W., Sherif, S. A., 
Goswami, D. Y., Stefanakos, E. K., & Steinfeld, 
A. (2016). Energy Efficiency and Renewable 
Energy. In Handbook Second Edition Mechanical and 
Aerospace Engineering. 

Li, L., Lin, J., Wu, N., Xie, S., Meng, C., Zheng, 
Y., Wang, X., & Zhao, Y. (2022). Review and 
outlook on the international renewable energy 
development. Energy and Built Environment, 3(2), 
139–157. 
https://doi.org/10.1016/J.ENBENV.2020.12.0
02 

Lu, Y., Khan, Z. A., Alvarez-alvarado, M. S., 
Zhang, Y., & Huang, Z. (2020). A Critical 
Review of Sustainable Energy Policies for the 
Promotion of Renewable Energy Sources. 
Sustainability, 1–30. 

Massachusetts Institute of Technology. (2006). 
The future of geothermal energy: impact of enhanced 
geothermal systems (EGS) on the United States in the 
21st century: an assessment by an MIT-led 
interdisciplinary panel. MIT. 

Nastasi, B., Markovska, N., Puksec, T., Duić, N., 
& Foley, A. (2022). Renewable and sustainable 
energy challenges to face for the achievement of 
Sustainable Development Goals. Renewable and 
Sustainable Energy Reviews, 157, 112071. 
https://doi.org/10.1016/J.RSER.2022.112071 

Nyasapoh, M. A., Elorm, M. D., & Derkyi, N. S. 
A. (2022). The role of renewable energies in 
sustainable development of Ghana. Scientific 
African, 16, e01199. 
https://doi.org/10.1016/J.SCIAF.2022.E01199 

Outhred, H., Mallon, K., Passey, R., Watt, M., & 
Macgill, I. (2002). The Sustainability of Renewable 
Energy Projects: -Wind Energy. 



 

   

          

www.ejtas.com                                                                     EJTAS                    2024 | Volume 2 | Number 2 

461  

Panwar, N. L., Kaushik, S. C., & Kothari, S. 
(2011). Role of renewable energy sources in 
environmental protection: A review. Renewable 
and Sustainable Energy Reviews, 15(3), 1513–1524. 
https://doi.org/10.1016/j.rser.2010.11.037 

Pehlken, A., Wulf, K., Grecksch, K., Klenke, T., 
& Tsydenova, N. (2020). More sustainable 
bioenergy by making use of regional alternative 
biomass? Sustainability (Switzerland), 12(19). 
https://doi.org/10.3390/SU12197849 

Pickl, M. J. (2019). The renewable energy 
strategies of oil majors – From oil to energy? 
Energy Strategy Reviews, 26, 100370. 
https://doi.org/10.1016/J.ESR.2019.100370 

REN21. (2019). Renewables 2019 Global Status 
Report 2019. 

Said, R., Bhatti, M. I., & Hunjra, A. I. (2022). 
Toward Understanding Renewable Energy and 
Sustainable Development in Developing and 
Developed Economies: A Review. Energies, 
15(15). https://doi.org/10.3390/en15155349 

Salazar, S. S., Muñoz, Y., & Ospino, A. (2017). 
Analysis of geothermal energy as an alternative 
source for electricity in Colombia. Geothermal 
Energy, 5(1). https://doi.org/10.1186/s40517-
017-0084-x 

Sathaye, J., Lucon, O., Rahman, A., Christensen, 
J., Denton, F., Stechow, von, & Christoph, J. 
(2011). Environmental Health and Protection 
Commons, Environmental Indicators and 
Impact Assessment Commons, Environmental 
Monitoring Commons, Natural Resource 
Economics Commons, Natural Resources and 
Renewable Energy in the Context of Sustainable 
Development. In Physics Faculty Publications Paper 
(Vol. 1). 

Sawin, J. L., Sverrisson, F., Research, S., 
Leidreiter, A., Lucas, H., Williamson, L., van 
Horn, J., & Club, S. (2016). Renewable Energy and 
Sustainable development accounting for impacts on the 
path to 100%. 

Shrestha, A., van-Eerten Jansen, M. C. A. A., & 
Acharya, B. (2020). Biodegradation of bioplastic 
using anaerobic digestion at retention time as per 
industrial biogas plant and international norms. 

Sustainability (Switzerland), 12(10). 
https://doi.org/10.3390/su12104231 

Siri, R., Mondal, S. R., & Das, S. (2021). 
Hydropower: A renewable energy resource for 
sustainability in terms of climate change and 
environmental protection. In Handbook of 
Environmental Chemistry (Vol. 99, pp. 93–113). 
Springer Science and Business Media 
Deutschland GmbH. 
https://doi.org/10.1007/698_2020_635 

Strielkowski, W., Civín, L., Tarkhanova, E., 
Tvaronavičienė, M., & Petrenko, Y. (2021). 
Renewable energy in the sustainable 
development of electrical power sector: A 
review. Energies, 14(24). 
https://doi.org/10.3390/en14248240 

Sun, Y. (2018). 2018 Renewable Energy Grid 
Integration Data Book Acknowledgments. 

Syahputra, R., & Soesanti, I. (2020). Planning of 
hybrid micro-hydro and solar photovoltaic 
systems for rural areas of central Java, Indonesia. 
Journal of Electrical and Computer Engineering, 2020. 
https://doi.org/10.1155/2020/5972342 

Tong, W. (2010). CHAPTER 1 Fundamentals of 
wind energy. WIT Transactions on State of the Art in 
Science and Engineering, 44, 1755–8336. 
https://doi.org/10.2495/978-1-84564-/205-1 

United Nations. Economic and Social Council., 
& United Nations. Office for ECOSOC Support 
and Coordination. (2008). Achieving sustainable 
development and promoting development cooperation: 
dialogues at the Economic and Social Council. United 
Nations. 

Wan, X., Jahanger, A., Usman, M., Radulescu, 
M., Balsalobre-Lorente, D., & Yu, Y. (2022). 
Exploring the Effects of Economic Complexity 
and the Transition to a Clean Energy Pattern on 
Ecological Footprint from the Indian 
Perspective. Frontiers in Environmental Science, 9. 
https://doi.org/10.3389/fenvs.2021.816519 

Wang, J. J., Jing, Y. Y., Zhang, C. F., & Zhao, J. 
H. (2009). Review on multi-criteria decision 
analysis aid in sustainable energy decision-
making. Renewable and Sustainable Energy Reviews, 
13(9), 2263–2278. 
https://doi.org/10.1016/J.RSER.2009.06.021 



 

   

          

www.ejtas.com                                                                     EJTAS                    2024 | Volume 2 | Number 2 

462  

Welch, J. B., & Venkateswaran, A. (2009). The 
dual sustainability of wind energy. Renewable and 
Sustainable Energy Reviews, 13(5), 1121–1126. 
https://doi.org/10.1016/J.RSER.2008.05.001 

Younger, P. L. (2015). Geothermal energy: 
Delivering on the global potential. Energies, 

8(10), 11737–11754. 
https://doi.org/10.3390/en81011737 

Zou, C., Zhao, Q., Zhang, G., & Xiong, B. 
(2016). Energy revolution: From a fossil energy 
era to a new energy era. Natural Gas Industry B, 
3(1), 1–11. 
https://doi.org/10.1016/J.NGIB.2016.02.001 

 


