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Abstract

Solar energy is environmentally friendly technology, a great energy supply and one of the most significant renewable and green energy
sources. It plays a substantial role in achieving sustainable development energy solutions. Therefore, the massive amount of solar energy
attainable daily makes it a very attractive resource for generating electricity. Both technologies, applications of concentrated solar power
or solar photovoltaics, are always under continuous development to fulfil our energy needs. Hence, a large installed capacity of solar
energy applications worldwide, in the same context, supports the energy sector and meets the employment market to gain sufficient de-
velopment. This paper highlights solar energy applications and their role in sustainable development and considers renewable energy’s
overall employment potential. Thus, it provides insights and analysis on solar energy sustainability, including environmental and eco-
nomic development. Furthermore, it has identified the contributions of solar energy applications in sustainable development by providing
energy needs, creating jobs opportunities and enhancing environmental protection. Finally, the perspective of solar energy technology is
drawn up in the application of the energy sector and affords a vision of future development in this domain.
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Introduction

With reference to the recommendations of the UN, the Climate
Change Conference, COP26, was held in Glasgow, UK, in 2021.
They reached an agreement through the representatives of the
197 countries, where they concurred to move towards reducing
dependency on coal and fossil-fuel sources. Furthermore, the
conference stated ‘the various opportunities for governments to
prioritize health and equity in the international climate move-
ment and sustainable development agenda’. Also, one of the
testaments is the necessity to ‘create energy systems that protect
and improve climate and health’ [1, 2].

The Paris Climate Accords is a worldwide agreement on cli-
mate change signed in 2015, which addressed the mitigation
of climate change, adaptation and finance. Consequently, the
representatives of 196 countries concurred to decrease their
greenhouse gas emissions [3]. The Paris Agreement is essential
for present and future generations to attain a more secure and
stable environment. In essence, the Paris Agreement has been
about safeguarding people from such an uncertain and progres-
sively dangerous environment and ensuring everyone can have
the right to live in a healthy, pollutant-free environment without
the negative impacts of climate change [3, 4].

In recent decades, there has been an increase in demand for
cleaner energy resources. Based on that, decision-makers of all
countries have drawn up plans that depend on renewable sources
through a long-term strategy. Thus, such plans reduce the reli-
ance of dependence on traditional energy sources and substitute
traditional energy sources with alternative energy technology. As
a result, the global community is starting to shift towards utiliz-
ing sustainable energy sources and reducing dependence on trad-
itional fossil fuels as a source of energy [5, 6].

In 2015, the UN adopted the sustainable development goals
(SDGs) and recognized them as international legislation, which
demands a global effort to end poverty, safeguard the environ-
ment and guarantee that by 2030, humanity lives in prosperity
and peace. Consequently, progress needs to be balanced among
economic, social and environmental sustainability models [7].

Many national and international regulations have been estab-
lished to control the gas emissions and pollutants that impact the
environment [8]. However, the negative effects of increased car-
bon in the atmosphere have grown in the last 10 years. Production
and use of fossil fuels emit methane (CH,), carbon dioxide (CO,)
and carbon monoxide (CO), which are the most significant con-
tributors to environmental emissions on our planet. Additionally,
coal and oil, including gasoline, coal, oil and methane, are com-
monly used in energy for transport or for generating electricity.
Therefore, burning these fossil fuels is deemed the largest emit-
ter when used for electricity generation, transport, etc. However,
these energy resources are considered depleted energy sources
being consumed to an unsustainable degree [9-11].

Energy is an essential need for the existence and growth of
human communities. Consequently, the need for energy has
increased gradually as human civilization has progressed.
Additionally, in the past few decades, the rapid rise of the world’s
population and its reliance on technological developments have
increased energy demands. Furthermore, green technology
sources play an important role in sustainably providing energy
supplies, especially in mitigating climate change [5, 6, 8].

Currently, fossil fuels remain dominant and will continue to
be the primary source of large-scale energy for the foreseeable
future; however, renewable energy should play a vital role in the
future of global energy. The global energy system is undergoing a
movement towards more sustainable sources of energy [12, 13].

Power generation by fossil-fuel resources has peaked, whilst
solar energy is predicted to be at the vanguard of energy gener-
ation in the near future. Moreover, it is predicted that by 2050,
the generation of solar energy will have increased to 48% due to
economic and industrial growth [13, 14].

In recent years, it has become increasingly obvious that the
globe must decrease greenhouse gas emissions by 2050, ideally
towards net zero, if we are to fulfil the Paris Agreement’s goal
to reduce global temperature increases [3, 4]. The net-zero
emissions complement the scenario of sustainable development
assessment by 2050. According to the agreed scenario of sustain-
able development, many industrialized economies must achieve
net-zero emissions by 2050. However, the net-zero emissions 2050
brought the first detailed International Energy Agency (IEA) mod-
elling of what strategy will be required over the next 10 years to
achieve net-zero carbon emissions worldwide by 2050 [15-17].

The global statistics of greenhouse gas emissions have been
identified; in 2019, there was a 1% decrease in CO, emissions from
the power industry; that figure dropped by 7% in 2020 due to the
COVID-19 crisis, thus indicating a drop in coal-fired energy gener-
ation that is being squeezed by decreasing energy needs, growth
of renewables and the shift away from fossil fuels. As a result, in
2020, the energy industry was expected to generate ~13 Gt CO,,
representing ~40% of total world energy sector emissions related
to CO,. The annual electricity generation stepped back to pre-
crisis levels by 2021, although due to a changing ‘fuel mix’, the
CO, emissions in the power sector will grow just a little before
remaining roughly steady until 2030 [15].

Therefore, based on the information mentioned above, the ad-
vantages of solar energy technology are a renewable and clean
energy source that is plentiful, cheaper costs, less maintenance
and environmentally friendly, to name but a few. The signifi-
cance of this paper is to highlight solar energy applications to
ensure sustainable development; thus, it is vital to researchers,
engineers and customers alike. The article’s primary aim is to
raise public awareness and disseminate the culture of solar en-
ergy usage in daily life, since moving forward, it is the best. The
scope of this paper is as follows. Section 1 represents a summary
of the introduction. Section 2 represents a summary of installed
capacity and the application of solar energy worldwide. Section 3
presents the role of solar energy in the sustainable development
and employment of renewable energy. Section 4 represents the
perspective of solar energy. Finally, Section 5 outlines the conclu-
sions and recommendations for future work.

1 Installed capacity and application of
solar energy worldwide

1.1 Installed capacity of solar energy

The history of solar energy can be traced back to the seventh
century when mirrors with solar power were used. In 1893, the
photovoltaic (PV) effect was discovered; after many decades, sci-
entists developed this technology for electricity generation [18].
Based on that, after many years of research and development
from scientists worldwide, solar energy technology is classified
into two key applications: solar thermal and solar PV.

PV systems convert the Sun's energy into electricity by util-
izing solar panels. These PV devices have quickly become the
cheapest option for new electricity generation in numerous
world locations due to their ubiquitous deployment. For example,
during the period from 2010 to 2018, the cost of generating elec-
tricity by solar PV plants decreased by 77%. However, solar PV
installed capacity progress expanded 100-fold between 2005 and
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2018. Consequently, solar PV has emerged as a key component
in the low-carbon sustainable energy system required to provide
access to affordable and dependable electricity, assisting in ful-
filling the Paris climate agreement and in achieving the 2030 SDG
targets [19].

The installed capacity of solar energy worldwide has been rap-
idly increased to meet energy demands. The installed capacity
of PV technology from 2010 to 2020 increased from 40 334 to
709 674 MW, whereas the installed capacity of concentrated
solar power (CSP) applications, which was 1266 MW in 2010, after
10 years had increased to 6479 MW. Therefore, solar PV tech-
nology has more deployed installations than CSP applications.
So, the stand-alone solar PV and large-scale grid-connected PV
plants are widely used worldwide and used in space applications.
Fig. 1 represents the installation of solar energy worldwide.

1.2 Application of solar energy

Energy can be obtained directly from the Sun—so-called solar en-
ergy. Globally, there has been growth in solar energy applications,
as it can be used to generate electricity, desalinate water and gen-
erate heat, etc. The taxonomy of applications of solar energy is
as follows: (i) PVs and (ii) CSP. Fig. 2 details the taxonomy of solar
energy applications.

Solar cells are devices that convert sunlight directly into
electricity; typical semiconductor materials are utilized to
form a PV solar cell device. These materials’ characteristics are
based on atoms with four electrons in their outer orbit or shell.
Semiconductor materials are from the periodic table’s group ‘IV’
or a mixture of groups IV’ and ‘I, the latter known as ‘II-VI’ semi-
conductors [21]. Additionally, a periodic table mixture of elements
from groups ‘III"' and 'V’ can create ‘III-V’ materials [22].

PV devices, sometimes called solar cells, are electronic devices
that convert sunlight into electrical power. PVs are also one of
the rapidly growing renewable-energy technologies of today. It is
therefore anticipated to play a significant role in the long-term
world electricity-generating mixture moving forward.
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Solar PV systems can be incorporated to supply electricity on
a commercial level or installed in smaller clusters for mini-grids
or individual usage. Utilizing PV modules to power mini-grids is
a great way to offer electricity to those who do not live close to
power-transmission lines, especially in developing countries with
abundant solar energy resources. In the most recent decade,
the cost of producing PV modules has dropped drastically, giv-
ing them not only accessibility but sometimes making them the
least expensive energy form. PV arrays have a 30-year lifetime
and come in various shades based on the type of material utilized
in their production.

The most typical method for solar PV desalination technology
that is used for desalinating sea or salty water is electrodialysis
(ED). Therefore, solar PV modules are directly connected to the
desalination process. This technique employs the direct-current
electricity to remove salt from the sea or salty water.

The technology of PV-thermal (PV-T) comprises conventional
solar PV modules coupled with a thermal collector mounted on
the rear side of the PV module to pre-heat domestic hot water.
Accordingly, this enables a larger portion of the incident solar en-
ergy on the collector to be converted into beneficial electrical and
thermal energy.

A zero-energy building is a building that is designed for zero
net energy emissions and emits no carbon dioxide. Building-
integrated PV (BIPV) technology is coupled with solar energy
sources and devices in buildings that are utilized to supply
energy needs. Thus, building-integrated PVs utilizing thermal
energy (BIPV/T) incorporate creative technologies such as solar
cooling [23].

A PV water-pumping system is typically used to pump water in
rural, isolated and desert areas. The system consists of PV mod-
ules to power a water pump to the location of water need. The
water-pumping rate depends on many factors such as pumping
head, solar intensity, etc.

A PV-powered cathodic protection (CP) system is designed to
supply a CP system to control the corrosion of a metal surface.
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Fig. 1: Installation capacity of solar energy worldwide [20].
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Fig. 2: The taxonomy of solar energy applications.

This technique is based on the impressive current acquired from
PV solar energy systems and is utilized for burying pipelines,
tanks, concrete structures, etc.

Concentrated PV (CPV) technology uses either the refractive
or the reflective concentrators to increase sunlight to PV cells
[24, 25]. High-efficiency solar cells are usually used, consisting of
many layers of semiconductor materials that stack on top of each
other. This technology has an efficiency of >47%. In addition, the
devices produce electricity and the heat can be used for other
purposes [26, 27].

For CSP systems, the solar rays are concentrated using mir-
rors in this application. These rays will heat a fluid, resulting in
steam used to power a turbine and generate electricity. Large-
scale power stations employ CSP to generate electricity. A field of
mirrors typically redirect rays to a tall thin tower in a CSP power
station. Thus, numerous large flat heliostats (mirrors) are used to
track the Sun and concentrate its light onto a receiver in power
tower systems, sometimes known as central receivers. The hot
fluid could be utilized right away to produce steam or stored for
later usage. Another of the great benefits of a CSP power station is
that it may be built with molten salts to store heat and generate
electricity outside of daylight hours.

Mirrored dishes are used in dish engine systems to focus and
concentrate sunlight onto a receiver. The dish assembly tracks
the Sun’s movement to capture as much solar energy as possible.
The engine includes thin tubes that work outside the four-piston
cylinders and it opens into the cylinders containing hydrogen or
helium gas. The pistons are driven by the expanding gas. Finally,
the pistons drive an electric generator by turning a crankshaft.

A further water-treatment technique, using reverse osmo-
sis, depends on the solar-thermal and using solar concentrated
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]

power through the parabolic trough technique. The desalination
employs CSP technology that utilizes hybrid integration and ther-
mal storage allows continuous operation and is a cost-effective
solution. Solar thermal can be used for domestic purposes such
as a dryer. In some countries or societies, the so-called food dehy-
dration is traditionally used to preserve some food materials such
as meats, fruits and vegetables.

2 The role of solar energy in sustainable
development

Sustainable energy development is defined as the development of
the energy sector in terms of energy generating, distributing and
utilizing that are based on sustainability rules [28]. Energy sys-
tems will significantly impact the environment in both developed
and developing countries. Consequently, the global sustainable
energy system must optimize efficiency and reduce emissions
[29].

The sustainable development scenario is built based on the
economic perspective. It also examines what activities will be re-
quired to meet shared long-term climate benefits, clean air and
energy access targets. The short-term details are based on the
IEA’s sustainable recovery strategy, which aims to promote econ-
omies and employment through developing a cleaner and more
reliable energy infrastructure [15]. In addition, sustainable devel-
opment includes utilizing renewable-energy applications, smart-
grid technologies, energy security, and energy pricing, and having
a sound energy policy [29].

The demand-side response can help meet the flexibility re-
quirements in electricity systems by moving demand over time.
As a result, the integration of renewable technologies for helping
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facilitate the peak demand is reduced, system stability is main-
tained, and total costs and CO, emissions are reduced. The
demand-side response is currently used mostly in Europe and
North America, where it is primarily aimed at huge commercial
and industrial electricity customers [15].

International standards are an essential component of
high-quality infrastructure. Establishing legislative convergence,
increasing competition and supporting innovation will allow par-
ticipants to take part in a global world PV market [30]. Numerous
additional countries might benefit from more actively engaging
in developing global solar PV standards. The leading countries in
solar PV manufacturing and deployment have embraced global
standards for PV systems and highly contributed to clean-energy
development. Additional assistance and capacity-building to en-
hance quality infrastructure in developing economies might also
help support wider implementation and compliance with inter-
national solar PV standards. Thus, support can bring legal re-
quirements and frameworks into consistency and give additional
impetus for the trade of secure and high-quality solar PV prod-
ucts [19].

Continuous trade-led dissemination of solar PV and other re-
newable technologies will strengthen the national infrastructure.
For instance, off-grid solar energy alternatives, such as stand-
alone systems and mini-grids, could be easily deployed to assist
healthcare facilities in improving their degree of services and
powering portable testing sites and vaccination coolers. In add-
ition to helping in the immediate medical crisis, trade-led solar PV
adoption could aid in the improving economy from the COVID-19
outbreak, not least by providing jobs in the renewable-energy sec-
tor, which are estimated to reach >40 million by 2050 [19].

The framework for energy sustainability development, by the
application of solar energy, is one way to achieve that goal. With
the large availability of solar energy resources for PV and CSP en-
ergy applications, we can move towards energy sustainability. Fig.
3 illustrates plans for solar energy sustainability.

The environmental consideration of such applications,
including an aspect of the environmental conditions, operating
conditions, etc., have been assessed. It is clean, friendly to the en-
vironment and also energy-saving. Moreover, this technology has
no removable parts, low maintenance procedures and longevity.

Economic and social development are considered by offering
job opportunities to the community and providing cheaper en-
ergy options. It can also improve people’s income; in turn, living
standards will be enhanced. Therefore, energy is paramount, con-
sidered to be the most vital element of human life, society’s pro-
gress and economic development.

As efforts are made to increase the energy transition towards
sustainable energy systems, it is anticipated that the next decade
will see a continued booming of solar energy and all clean-energy
technology. Scholars worldwide consider research and innovation
to be substantial drivers to enhance the potency of such solar ap-
plication technology.

2.1 Employment from renewable energy

The employment market has also boomed with the deployment
of renewable-energy technology. Renewable-energy technology
applications have created >12 million jobs worldwide. The solar
PV application came as the pioneer, which created >3 million
jobs. At the same time, while the solar thermal applications (solar
heating and cooling) created >819 000 jobs, the CSP attained
>31 000 jobs [20].

According to the reports, although top markets such as the
USA, the EU and China had the highest investment in renewables

jobs, other Asian countries have emerged as players in the solar
PV panel manufacturers’ industry [31].

Solar energy employment has offered more employment
than other renewable sources. For example, in the developing
countries, there was a growth in employment chances in solar
applications that powered ‘micro-enterprises’. Hence, it has been
significant in eliminating poverty, which is considered the key
goal of sustainable energy development. Therefore, solar energy
plays a critical partin fulfilling the sustainability targets for a bet-
ter plant and environment [31, 32]. Fig. 4 illustrates distributions
of world renewable-energy employment.

The world distribution of PV jobs is disseminated across the
continents as follows. There was 70% employment in PV applica-
tions available in Asia, while 10% is available in North America,
10% available in South America and 10% availability in Europe.
Table 1 details the top 10 countries that have relevant jobs in
Asia, North America, South America and Europe.

3 The perspective of solar energy

Solar energy investments can meet energy targets and environ-
mental protection by reducing carbon emissions while having no
detrimental influence on the country’s development [32, 34]. In
countries located in the ‘Sunbelt’, there is huge potential for solar
energy, where there is a year-round abundance of solar global
horizontal irradiation. Consequently, these countries, including
the Middle East, Australia, North Africa, China, the USA and
Southern Africa, to name a few, have a lot of potential for solar
energy technology. The average yearly solar intensity is >2800
kWh/m? and the average daily solar intensity is >7.5 kWh/m?. Fig.
5 illustrates the optimum areas for global solar irradiation.

The distribution of solar radiation and its intensity are two
important factors that influence the efficiency of solar PV tech-
nology and these two parameters vary among different coun-
tries. Therefore, it is essential to realize that some solar energy is
wasted since it is not utilized. On the other hand, solar radiation
is abundant in several countries, especially in developing ones,
which makes it invaluable [36, 37].

Worldwide, the PV industry has benefited recently from global-
ization, which has allowed huge improvements in economies of
scale, while vertical integration has created strong value chains:
as manufacturers source materials from an increasing number of
suppliers, prices have dropped while quality has been maintained.
Furthermore, the worldwide incorporated PV solar device market
is growing fast, creating opportunities enabling solar energy firms
to benefit from significant government help with underwriting,
subsides, beneficial trading licences and training of a competent
workforce, while the increased rivalry has reinforced the motiv-
ation to continue investing in research and development, both
public and private [19, 33].

The global outbreak of COVID-19 has impacted ‘cross-border
supply chains’ and those investors working in the renewable-
energy sector. As a result, more diversity of solar PV supply-chain
processes may be required in the future to enhance long-term
flexibility versus exogenous shocks [19, 33].

It is vital to establish a well-functioning quality infrastruc-
ture to expand the distribution of solar PV technologies beyond
borders and make it easier for new enterprises to enter solar PV
value chains. In addition, a strong quality infrastructure system
is a significant instrument for assisting local firms in meeting
the demands of trade markets. Furthermore, high-quality infra-
structure can help reduce associated risks with the worldwide
PV project value chain, such as underperforming, inefficient and
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Fig. 4: World renewable-energy employment [20].

Table 1: List of the top 10 countries that created jobs in solar PV
applications [19, 33]

Continent Country Prevalent jobs
(millions of jobs)
Asia China 2.240
Asia Japan 0.250
North America United States 0.240
Asia India 0.205
Asia Bangladesh 0.145
Asia Viet Nam 0.055
Asia Malaysia 0.050
South America Brazil 0.040
Europe Germany 0.030
Asia Philippines 0.020

failing goods, limiting the development, improvement and ex-
port of these technologies. Governments worldwide are, at vari-
ous levels, creating quality infrastructure, including the usage of
metrology i.e. the science of measurement and its application,
regulations, testing procedures, accreditation, certification and
market monitoring [33, 38].
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The perspective is based on a continuous process of techno-
logical advancement and learning. Its speed is determined by its
deployment, which varies depending on the scenario [39, 40]. The
expense trends support policy preferences for low-carbon energy
sources, particularly in increased energy-alteration scenarios.
Emerging technologies are introduced and implemented as
quickly as they ever have been before in energy history [15, 33].

The CSP stations have been in use since the early 1980s and
are currently found all over the world. The CSP power stations in
the USA currently produce >800 MW of electricity yearly, which is
sufficient to power ~500 000 houses. New CSP heat-transfer fluids
being developed can function at ~1288°C, which is greater than
existing fluids, to improve the efficiency of CSP systems and, as a
result, to lower the cost of energy generated using this technology.
Thus, as a result, CSP is considered to have a bright future, with
the ability to offer large-scale renewable energy that can supple-
ment and soon replace traditional electricity-production tech-
nologies [41]. The DESERTEC project has drawn out the possibility
of CSP in the Sahara Desert regions. When completed, this invest-
ment project will have the world’s biggest energy-generation cap-
acity through the CSP plant, which aims to transport energy from
North Africa to Europe [42, 43].
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)

Fig. 5: World global solar irradiation map [35].

The costs of manufacturing materials for PV devices have re-
cently decreased, which is predicted to compensate for the require-
ments and increase the globe’s electricity demand [44]. Solar energy
is a renewable, clean and environmentally friendly source of energy.
Therefore, solar PV application techniques should be widely util-
ized. Although PV technology has always been under development
for a variety of purposes, the fact that PV solar cells convert the
radiant energy from the Sun directly into electrical power means it
can be applied in space and in terrestrial applications [38, 45].

In one way or another, the whole renewable-energy sector
has a benefit over other energy industries. A long-term energy
development plan needs an energy source that is inexhaustible,
virtually accessible and simple to gather. The Sun rises over the
horizon every day around the globe and leaves behind ~108-1018
kWh of energy; consequently, it is more than humanity will ever
require to fulfil its desire for electricity [46].

The technology that converts solar radiation into electricity is
well known and utilizes PV cells, which are already in use world-
wide. In addition, various solar PV technologies are available
today, including hybrid solar cells, inorganic solar cells and or-
ganic solar cells. So far, solar PV devices made from silicon have
led the solar market; however, these PVs have certain drawbacks,
such as expenditure of material, time-consuming production,
etc. It is important to mention here the operational challenges of
solar energy in that it does not work at night, has less output in
cloudy weather and does not work in sandstorm conditions. PV
battery storage is widely used to reduce the challenges to gain
high reliability. Therefore, attempts have been made to find al-
ternative materials to address these constraints. Currently, this
domination is challenged by the evolution of the emerging gen-
eration of solar PV devices based on perovskite, organic and or-
ganic/inorganic hybrid materials.

4 Conclusions

This paper highlights the significance of sustainable energy de-
velopment. Solar energy would help steady energy prices and give
numerous social, environmental and economic benefits. This has
been indicated by solar energy’s contribution to achieving sus-
tainable development through meeting energy demands, creating
jobs and protecting the environment. Hence, a paramount critical
component of long-term sustainability should be investigated.
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Based on the current condition of fossil-fuel resources, which
are deemed to be depleting energy sources, finding an innovative
technique to deploy clean-energy technology is both essential
and expected. Notwithstanding, solar energy has yet to reach ma-
turity in development, especially CSP technology. Also, with grow-
ing developments in PV systems, there has been a huge rise in
demand for PV technology applications all over the globe. Further
work needs to be undertaken to develop energy sustainably and
consider other clean energy resources. Moreover, a comprehen-
sive experimental and validation process for such applications
is required to develop cleaner energy sources to decarbonize
our planet.
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