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Abstract: Presently, the world is undergoing exciting haste to install photovoltaic (PV) systems in
industry, residential /commercial buildings, transportation, deserts, street lights, and many other
applications. Solar photovoltaic energy systems are clean and reliable energy sources that are
unlimited, unlike their fossil fuel counterparts. The energy market is rapidly growing globally with
newly and cumulative installed capacities of about 37.6 GW and 139.6 GW, accounting for 53%
and 55%, respectively, in 2017, making it one of the fastest-growing industries. The cumulative
photovoltaic installations are projected to have reached 600 GW worldwide and are projected to
reach 4500 GW by 2050 because of the strategies and policies of many countries. In 2021, more
than three-quarters of the developed countries are now home to one solar installation. This article
evaluates a critical and extensive review of the contributions of solar photovoltaic systems to national
development. The approach follows all steps, starting with capturing photovoltaics on the Earth’s
surface, then price reduction, load management, and socioeconomic impact of solar photovoltaic
systems. From the study, it is found that the policies and strategies adopted by the leading countries,
such as tax credits, capital subsidies, net-metering, VAT reduction, feed-in tariffs (FiTs), and renewable
portfolio standards (RPS), have significantly helped in more installations. Additionally, the significant
drop in photovoltaic module prices from 4731 $/W in 2010 to 883 $/W in 2020 has boosted the move
for more installations. Based on the findings, approximately 10 million permanent employments
would be put in place by advancing solar power across the globe annually.
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1. Introduction
1.1. Rationale and Background

Energy is an indispensable commodity that pilots the socioeconomic development
of any nation. Nowadays, studies have revealed that nearly 80% of the global energy
demand is being delivered through fossil fuels such as crude oil, natural gas, and coal [1,2].
Little did we know that the fossil fuel being extensively utilized for energy production
regrettably gives rise to greenhouse gases, a pollutant in the environment [3], and floods,
wildfires, and heatwaves [4-6]. However, as the human population rises, the need for
fossil fuels and electricity dependency have increased exponentially. Hence, an alternative
to energy remains a way to curb the impending dangers related to the deterioration
caused by fossil fuels. Over the years, many countries have resorted to renewable energy
to solve the lingering power issues and thereby obtain a clean environment. However,
fossil fuels remain the major source of power, contributing to about 40% of electricity
globally. Nevertheless, there are still serious campaigns in the global community concerning
the future potential of renewable energy resources (RES). With this serious awareness
and ongoing research, it is evident that fossil fuels, such as coal, will be unattainable
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as the prime source of energy in a few years, as it was predicted in 2008 that the 40%
of electricity generation that comes from fossil fuels will drop to 37% by 2035 [7]. This
declination is brought forth because safety in the environment becomes necessary, and
because of the priority to reduce greenhouse gas emissions by carbon (Energy World,
2015). Numerous experts, such as, for instance, the World Energy Council (WEC), the
International Energy Agency (IEA), and the US Energy Information Administration (EIA),
have presented their future energy demands in various projections such as in 2020, 2030,
and 2050, respectively [8].

Several countries have initiated their energy management program in other devel-
opment by implementing several sociopolitical policies [9-11]. For instance, in 2004, the
World Energy Council collaborated with the French Environment and Energy Management
Agency (ADEME) to present energy strategies of 65 nations, deliberated and assessed
since 1992 [12]. The central importance has been placed on environmental conservation by
the EU [13,14]. Similarly, in the US, improving national energy safety has been of critical
emphasis where rules to apply or direct these strategies and policies were taken as law and
continuously inaugurated. The Energy Independence and Security Act of 2007 was also
made a law on 19 December 2007 by President George Bush [15]. This works in conjunction
with the Renewable Fuels Mandate, which allows a rise in the application of renewable
fuels by 500%. Therefore, it demands that fuel manufacturers attain a capacity of 36 billion
gallons in 2022. Likewise, Japan leads globally regarding energy expended per unit GDP
of growth. Their fundamental rules regarding energy preservation and the environment
have been inaugurated for more than 30 years. On 22 June 1979, Act no.49 was initiated
regarding the rational application of energy [15]. The Japanese cabinet in 2006 authorized
the New National Energy Policy and established an energy efficiency of an additional 30%
by 2030. Specifically, the targets were to set energy safety procedures that Japan could rely
on, and equally formed the basis for sustainable development by means of the broad and
combined resolution of energy and environmental concerns.

Other nations such as Spain, the US, India, Germany, Italy, and China contributed
major functions in the world’s energy markets. The portion of the total renewable energy
(excluding hydro) is 31 GW, 86 GW, 24 GW, 71 GW, 29 GW, and 90 GW, respectively.
However, the world’s yearly energy consumption has risen to 10 terawatts (TW), which
is projected to increase up to 30 TW by 2030 [16,17]. PV power generation schemes can
achieve this needed energy. It is estimated that solar PV systems will provide a quantity
of nearly 345 GW of electricity by 2020 and 1081 GW by 2030 [18]. In March 2015, the
installed solar grid capacity was recorded as 3743 MW, while it was 6762 in March 2016
and increased to 8062 MW in July 2016 [19]. In 2012, for instance, renewable energy had
shared a total of about 1470 GW, almost 16.7% of the global energy consumption. In the
same vein, this energy resource has not only presented above 26% of the global generating
capacity but equally supplied about 21.7% of electricity in the same year [20].

Henceforth, the use of RES, especially solar PV, is a necessity. PV technology, however,
stands a better chance among all the renewable energy sources to protect the environment
due to its cleanliness [21,22]. Moreover, this technology is a more beneficial, efficient energy
resource than other renewable technologies. For instance, solar PV technology remains
a significant motivator for electrification in rural regions in developing countries [23].
However, solar PV systems are mechanisms that transform solar radiation into electric
currents through a solar cell. A solar PV power plant can be configured as an off-grid
or grid-connected solar PV system [24]. The design of off-grid PV systems is gaining
popularity in the global market. In fact, the current situation reports that there are more and
more innovative and efficient solutions to catch up with the rising commercial demand. The
simple design of PV systems can consist of only a PV module and load or be constructed as
big power plants with a peak power of numerous megawatts (MW). It might equally have
the capacity to deliver both AC and DC loads with reserved power.

The solar energy available can easily be converted straightaway into direct current
(DCQ), resulting in an added advantage in PV cell applications. Furthermore, applying solar
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energy is much simpler than fossil fuel production and requires a lesser workforce [25].
The essential aspect of using solar PV systems is providing power to isolated houses or
communities, irrigation, and water supply. This is more advantageous in relation to other
pumping mechanisms that generate intolerable sound in the environment during production.

Moreover, solar energy remains the most abundant among renewable energy resources
and the prevalent prospective energy resources globally. The present-day technology can
use the available sunlight to generate an average of 1700 kWh energy yearly [26]. It is
noticed that the total power reaching the Earth’s surface can feed the current energy needed
more than 10,000 times [27]. The significant energy generation from solar-established
technologies presents an uncommon function the rest of the renewable counterparts could
not adapt. For instance, it is easier to utilize a micro-solar system in a single building
than biomass combustion or a wind turbine system. The extra energy generated in a
single building could be delivered straight to the national grid [28]. Thus, solar energy
is turning out to be a suitable candidate for policymakers and developers in the quest to
decrease their carbon footprint [29]. In the form of photons, solar energy produces a surplus
quantity of solar radiation that must be continuously tapped to overcome the world’s energy
requirements. Hence, the greater the availability of the sun, the more energy is produced.
Thus, solar energy is best generated in subtropical areas such as China and Hong Kong, where
solar ir-radiation is average [30]. In Europe, for instance, the amount of solar ir-radiance
is, on average, 1200 W/ m? annually, whereas it is found to be about 1800 to 2300 W/ m? in
the Middle East [31]. In 2014, more than 100 countries boosted their PV capacity by close to
139 GW, making PV the world’s fastest-growing renewable energy source [32].

1.2. Related Literature Survey

In another development, some researchers have successfully incorporated tetrabuty-
lammonium (TBA) into methylammonium lead iodide (MAPDbI3) perovskite thin film [33].
Their work essentially increases the morphology and stability of MAPbI; for PV applica-
tions. In the same vein, substantial research has been executed to expand the efficiency of
the existing energy conversion mechanisms [29,34-36] to generate efficient energy conver-
sion structures [34,37-39], and depending on RES [40], including solar PV [41,42], wind
energy [43], biomass energy [44], geothermal [35], solar thermal [42], and hydro [45]. Ad-
ditionally, the study on converting methane to aromatics, hydrocarbons, and olefins to
a promising fuel has shown a huge impact on PV systems [46]. A huge aspect of these
works has taken renewable energy systems to a height that motivated advanced nations to
convert their present energy portfolio to additional renewable energies, hence advocating
for a global declination of fossil fuels. The Paris Agreement has advocated for a global
declination of the use of fossil fuels (UNFCC, 2015), but in reference to the IRENA’s 2017
Climate Safe Energy Solutions report, to efficiently attain such great aims and adequately
limit the adverse influences on climate change, total decarbonization of energy practices
has to be attained in less than half a century.

Several researchers have performed related studies on various solar systems under
different environmental influences [47-50]. The research paper of [51] has deliberated on
the environmental effects of organic photovoltaics (OPVs) in relation to some pointers,
including, for example, energy payback time (EPBT), cumulative energy demand (CED),
as well as several greenhouse gas (GHGs) discharges. Nevertheless, their studies were
restricted merely to OPVs, without other technologies, and needed development on en-
vironmental viability [51]. In the same way, the study of [52] has analyzed mostly CO,
discharges and EPBT of PV technology. On the other hand, the analysis needed to evaluate
the module’s technical characteristics and the balance of system (BOS) devices was merely
restricted to the PV module, without other system devices, and was not able to study
the evolving PV technologies; furthermore, it was merely restricted to CO, discharges,
disregarding other environmental factors [52]. Currently, the analysis of [53] regarding
some of the studies on solar energy technologies reveals that solar pond CSP and CdTe
PVs have the least possible GHGs discharges throughout their lifespan. However, the
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study could not deliberate on the impact of some system devices and also disregarded
developing PV technologies; furthermore, the study was restricted to GHG discharges [53].
Other studies have focused on the efficiencies, economic sustainability, and utilization of
solar technologies in broad terms [54-58], influences of a particular element in a system
such as PV module or a definite PV technology [59-61], thermal and electrical storage
technologies [62—-64], and solar thermal collectors [65-67].

Moreover, country-based life cycle assessments (LCAs) evaluating the influences
of various solar technologies and relating the impacts of connection and manufacturing
locality were analyzed [68]. Although the study [69] disregards a universal database while
relating various technologies, that is essential for the reliable worldwide preparation of
LCAs [70]. Likewise, the studies [71] ignored several solar technologies while relating
several connections and manufacturing localities. On the other hand, solar PV technology
fluctuates at an unparalleled rapidity and is initiated to the market even quicker. The
power producers, policymakers, and consumers are engrossing the technology mainly on
the assessment of the producers, as it is inspiring to determine the long-term performance,
dependability, and influence on the environment of the freshly initiated technologies, over
their lifespan, under real-life situations [72].

1.3. Contributions

The present study mainly centers on the contributions of solar PV technology to
environmental and socioeconomic aspects as a vital tool for national development. Herein,
the needed policy structure is scarce in the literature and slightly ignored by the researchers.
This article endeavors to fill the gap in the existing literature by presenting the solar PV
employment opportunities, which are rising from 1.36 million jobs in 2012 to 3.75 million
jobs in 2019. In addition to serving as the taproot for nation-building, it also allows the
energy finances, consumers, policymakers, and project developers to make an informed
decision. With an installed solar PV module, prices drastically reduced by more than
two-thirds from 4731 $/W in 2010 to 883 $/W in 2020. The present study highlighted how
solar radiation attenuates the earth’s surface and compared the environmental impact of
fossil fuels and solar PVs in different regions. This will assist in developing our knowledge
more on the accountability of solar energy in meeting the demand for energy in future.
Rules related to applying this innovative technology as a key factor for job opportunities
have not been performed in these reviewed articles; hereafter, they can serve as a future
research direction.

1.4. Organization of the Paper

Following the introduction, this paper is organized as follows: Section 2 presents the
attenuations of solar radiations reaching the Earth. Section 3 highlights the contributions
of solar PV to national development, and Section 4 discusses the importance of solar
PV compared to fossil fuels. PV power generation and electrical loads managements
are explored in Section 5. The socioeconomic impact of PV technology is explored in
Section 6, while Section 7 is the policies adopted that helped to boost PV systems. Finally,
the conclusions are set out in Section 8.

2. The Attenuation of Solar Radiation Reaching the Earth on Horizontal Surfaces

Solar radiations are affected by factors such as the hour of the day, the season of the
year, and solar angles: the sun’s altitude angle, azimuth angle, zenith angle, and declination
angle [73]. Moreover, the solar flux hitting the PV module or solar collector comprises the
direct-beam radiation, diffuse radiation in the atmosphere, and reflected radiation. Figure 1
demonstrates the atmospheric effects of solar radiation on clear-sky and cloudy-sky days.
The combination of the diffused, the direct beam, and the reflected radiations make up the
total radiation for a clear sky [74].
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Figure 1. A typical atmospheric influence on solar radiation falling on horizontal surfaces [74].

The solar radiation that finds its way to the Earth’s atmosphere is partly diffused
and partly absorbed. Furthermore, the solar radiation that reaches the Earth’s surface
uninterrupted, in a straight line from the sun, is termed direct solar radiation. In the form
of electromagnetic wave, the solar radiation strikes a particle, such as, for example, dust
and clouds, and it is partially distributed in all directions as diffuse solar radiation.

However, with regards to Equations (1)-(14) [75,76], summarized below, the total
hourly solar radiation (I;;,) that strikes a horizontal surface may be used for the calculation
of the daily global radiation (H) as follows:

r.H
Iy = —— 1
Y )
r= I _ E(a +bcos(w)) cos(w) — cos(ws) ()
H 24 sin(ws) — Ew cos(ws)
S 180 S S
where w; = sunset hour angle (degree) and is given in Equation (3).
ws = cos ! (— tan(¢) tan(d)) ©)]
w = the sun’s hour angle (degrees) and is presented in in Equation (4).
360
h = time of the day in (hr).
a and b are calculated using Equations (5) and (6), respectively.
a = 0.409 + 0.5016 sin(ws — 60) )

b = 0.6609 + 0.4767 sin(ws — 60) 6)
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¢ = site latitude (degree), whereas 5 = angle of declination and is given in Equation (7).

. 284 +n
= 23. 7
0 = 23.45sin [360( 65 )} (7)

n = day number.
However, the diffuse component H; could be estimated from Equation (8).

H,— | 0.775 + 0.00606 (ws — 90) — ®)
4 [0.505 + 0.00455(ws — 90)] cos(115KT — 103)
Kr is the clearness index and is given in Equation (9).
H
Kr=—
TS H, ©)

H, = extraterrestrial radiation on a horizontal surface and given using Equation (10).

243360015

360
Ho = == (1 +0.033 cos =2

365

)x(cosgocosésinw + singosiné) (10)

w
180
I, = solar constant = 1367 W/m?.

Additionally, the hourly values of diffuse solar radiation could be found using Equation (11).

24 cos(w) — cos(ws)

(11)

Ws

180

sin(ws) — cos(ws)

The direct beam component of solar radiation on the horizontal component, however,

is estimated using Equation (12).

Iy = Ly — Iy (12)

This means that the hourly beam radiation on the horizontal surface is the difference

between the hourly horizontal global radiation and the hourly horizontal diffuse radiation.

Finally, the estimation of the hourly value of direct solar radiation on a surface normal

to the direction of the beam is given in Equation (13).

Ly,
L, = 1
bn CcoSs 92 ( 3)

8, = solar zenith angle and is calculated by Equation (14).
6, = cos ¢ cos é cos w + sin ¢ sin & (14)

Hence, 0; is a function of time, day number, and latitude.
The energy yield from a PV panel varies mainly on the angle between the panel

and the sun, and this angle at which the sun receives a PV panel regulates its efficiency.
However, the fundamental principle of solar PV is power generation through solar panels
that produce electricity as sunlight goes through the atmosphere and strikes the solar
panels. Therefore, the energy generation of solar PV power plants mainly relies on the
quantity of solar radiation, including global horizontal ir-radiance (GHI), as the most
important climatic and geometrical factor [77]. GHI is the solar energy that passes through
the atmosphere and enters a point on a horizontal surface. Nevertheless, the fluctuations
in climatic parameters are fluid and complex, which brings about unease in forecasting
solar PV power production. In the same vein, clouds are significant climatic parameters
affecting solar PV power production. They decrease the amount of solar radiation reaching
the Earth’s surface by scattering and reflecting sunlight that reaches the ground.



Energies 2022, 15, 5963

7 of 28

3. The Contributions and Impact of Solar Photovoltaics on National Development

The amount of solar energy potential in the global community is enormous with
respect to neighboring sustainable energy resources [78]. This is due to the significant
amount of solar radiation that drifts from high altitudes of 0.06 kW /m? to low altitudes
of 0.25 kW/m? toward the Earth’s surface [79]. Because of this, several governments
worldwide have given mandatory research to develop and deploy solar PV technology.
Many PV materials and modules are obtainable globally, with different efficiencies and
limitations. Government incentives in conjunction with scientific research piloted the recent
rapid installation capacity and the exponential drop in prices. This is supported by the
annual solar PV electricity production report, which grew from 4 TWh in 2005 to 247 TWh
in 2015 (IEA 2017) [80]. The yearly solar cell production increased from 4028 MW in 2007
to 187,453 MW in 2021, whereas the cumulative cell production increased from 4028 MW
in 2007 to 1,050,231 MW in 2021. The development in global solar energy, as presented
in Figure 2, demonstrates the increase in effort on solar power generation in 2021. As a
result, the study on enhancing solar energy-producing efficiency with the least effect on the
ecosystem and the environment is hugely motivated [81,82].

mmmm Annual production === Cummulative production
1.4x10°

1.2x10° 4
1.0x108 4
8.0 X 10° 1
6.0 X 10°-

4.0 X 10° 4

Cell production (MW)

2.0 X 10%7

0.0 -
2006 2008 2010 2012 2014 2016 2018 2020 2022

Figure 2. Global annual and cumulative solar PV cell production from 2007-2021 [83].

Meanwhile, the rapid studies in the solar PV industry have made it a marketable
grown technology capable of producing and supplying short- and long-term electricity.
Although the PV technologies are yet to meet their target since they could only deliver 0.1%
of the global electricity demand, some PV marketers have presented records that the yearly
averages of the PV technologies are expanding steadily at the rate of 40% [84]. The unit
cost of PV technology has decreased to nearly one-third of its initial stand more than four
years ago, coupled with constant practical improvements and studies for efficiency rise.
Henceforth, PV will remain at a strong emerging rate and finally become an indispensable
energy provider in the universe. Research works have reported that solar PV generations
deliver the world’s energy of about 345 GW, which is around 4% by 2020, and 1081 GW by
2030, while the cumulative installations are projected to have reached 600 GW worldwide
and are projected to reach 4500 GW by 2050 [85].

3.1. The Price Reduction and Installation Capacity of Photovoltaic Cells/Modules

Solar energy is pleasantly improving its affordability due to the impressive drop in
prices and cost of installations both at utility and distribution levels. PV module prices have
decreased over the past years, having degenerated by almost 100% since the 1950s [86]. This
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is because of tremendous variations in the cost of solar modules since 1975. In 1979, solar
modules were approximately 100 times more expensive than they are now. The price of
solar modules has dropped to 6.5% from the previous years due to technological advances.

On the other hand, the installation costs have been reduced by more than 70% since
2010, which is determined by mainly decreasing solar PV prices. However, the drop in
prices has been influenced by many factors such as an increase in the quantity of production,
the discovery of new technology, an increase in the efficiency of material, government
support, and an increase in the lifespan of PV systems [87]. Figure 3 shows a drastic fall
in installation and the levelized costs of electricity from 2010 to 2019, whereas Figure 4
shows the PV module prices and installations from 2009 to 2017 [7,88]. It is observed from
Figure 4 that the amount of PV modules has extremely dropped from 4731 $/W in 2010
to 883 $/W in 2020, whereas the installation capacity had escalated exponentially from
17,065 MW in 2010 to 100,200 MW in 2020.

—*— |nstalled cost —+— Levelised Cost of Electricity

5000 0.40
= =
035 =
§ 4000 <
(o)
F 0. wn
G 030 @
> 3000 | | @
2 0.25 ]
3 2000 - - 020 @
o Q
3 015 3
T 1000 - 2
7 . -0.10 2
= . . -
0 0.05

2008 2010 2012 2014 2016 2018 2020

Figure 3. Global total installed and levelized cost of electricity from 2010-2019 [89].
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Figure 4. Solar PV installation and price from 2009-2020 [88].
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Furthermore, the evidence of continuous improvements in the PV cells and modules
is shown in Figure 5.

I Thinfilm [ C-Sicell 0 C-Simodule M Integrated cell / module

70,000
60,000 1

& 50,000 |

(MW

40,000 A

30,000 A

Capacity of cell / module

20,000 A

10,000 -

B Ml wlll

2013 2014 2015 2016 2017

Year
Figure 5. The cell/module capacity from 2014 to 2017 [90].

Figure 5 presents that solar PV cell/modules will continue to grow in popularity
globally from year to year. This rise in the PV industry could be due to the large-scale
technological advancements and improvements in the power sector. The cost of PV module
production has decreased considerably from USSD 100 per Watt in the 1970s to USSD
1.0 per Watt in 2016 [90]. In 2014, the overall growth was less than 20,000 MW. However,
there was tremendous growth in 2015, where both c¢-Si cell and c-Si module recorded
20,000 MW each, but in 2016, they experienced a slight 20% rise. Thin-film and integrated
cells/modules recorded less than 10,000 MW each in 2015 and decreased drastically in 2016.
Only c-Si cells recorded more than 60,000 MW, with a slight rise in thin-film in 2017 but a
fall in c-Si modules and a severe fall in integrated cells/modules.

3.2. The Trending Position of Current and Future Photovoltaic Power Generation around the World

Currently, scientific researchers are continuously improving PV power production
globally. The international PV market has undergone a sudden rise since 1998, with an
annual growth of 35% of the installed capacity. The installed cumulative PV capacity had
also risen from 1200 MW in 2000 with a rapid increase up to 188 GW in 2014 and was found
to be 490 GW by 2020 [91]. These fast advancements in PV production have created high
competition in the market industries. Clearly, some nations such as the US, China, Japan,
Germany, and South Africa have significantly improved in the PV market. The global PV
modules at the end of 2014 were about 50 GW, in which China shared 27.2%, contributing to
about 70% of the worldwide market [92]. Hence, as this swift development continues, the
global market production outlook projects the PV to reach 266 GW by 2025 and 270 GW by
2030. Recently, there has been growing attention on PV prospects, investigation, and future.
Most of the studies emphasized decreasing costs, expanding efficiency, and improving the
present systems’ technical strategy [22].

On the other hand, many countries have also declared their strategies and policies to
endorse PVs’ growth [93,94]. On 2nd June 2014, the US Environmental Protection Agency
(EPA) issued its Clean Power Plan by declaring that renewable energy practices (as well as
solar energy) will be doubled within the next ten years. In another development, the US De-
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partment of Energy (DOE) also spent $15 million to assist peoples” initiatives and societies
in developing the solar energy platform [95]. In the same vein, the Japanese government
has passed laws, such as the Renewable Energy Special Measure Law and the Renewable
Portfolio Standard Law, to ascertain the expansion of fresh energy ideas and tasks the
parties for immense contributions [96]. China, from another angle, had emphasized a few
essential and critical demonstration schemes of the PV technologies in the Outline of the
National Program for Long- and Medium-Term Scientific and Technological Development
(2006—-2020), the National 11th Five-Year Scientific and Technological Development Plan,
and the Renewable Energy 12th Five-Year Plan [93-97].

It is worth mentioning that Japan and the US have driven deep into the solar PVs’
“Industry Roadmap Through 2030 And Beyond”. At the same time, Japan anticipates
collaborative work among academia, industry, and government to establish a PV market
base that aims to develop a cumulative-installed PV rating of 100 GW capacity in 2030. On
the other hand, the US expects that the expansion outline of the PV production could be
improved from export-controlled to the national asset preoccupied with encouraging the
industry’s meaningful progress by assigning on the improvement of the technologies and
market growth of the local demand. In the US, it is expected that by 2030, there could be an
annual installation of 19 GW of solar PVs with a corresponding cumulative installed capacity
of 200 GW. Similarly, the PVs’ price will drop to about $0.06/kW, creating a significant share
of the electricity market and developing into one of the critical sources of electricity.

However, the PV industry’s growth in South Africa is increasing rapidly to encounter
the rise in energy demand. The country’s installed capacity for solar power is estimated to
reach 8.4 GW by 2030 from 922 MW in 2014, thereby proposing to enter the ‘top 10’ capacity
ratings [98]. Likewise, the country is projected to install more than four million solar modules
and has plans to establish 1.6 million additional ones. The global solar power generation
attains 500 GW in 2020, from 40.134 GW in 2014, making the solar power market a country
leader. The newly installed PV capacity in ten leading countries is presented in Figure 6.

N

* China 1 * Japan 2 * United States 3
Germany 4 * Italy 5 « India 6
» Romania 7 * Greece 8 = United Kingdom 9

= Australia 10 ~ =Other remaining countries 11

Figure 6. Newly installed PV capacity in ten leading countries and other remaining countries of
the world [99].

On the other hand, the contributions of PV technology to electricity are improving
globally. According to the Statistical Review of World Energy, 2017, the total world value
of the newly installed capacity was about 37.6 GW, which accounts for 53% of the world.
Solar PV market research estimated that approximately 38% of the new solar PV modules
were manufactured in China, Japan, the US, and Germany. China led in cumulative solar
photovoltaics in 2017 with a capacity of 11.3 GW. The research by [100] on grid-connected
PV systems in China showed that PV technology is swiftly emerging. The study noticed
that China’s government offers unusual incentives to research and development (R&D)
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groups in the country for solar PV and enacts some policies for PV installations. The
PV industry has experienced massive growth in the worldwide PV market for several
years. The report presented by European Photovoltaic Industry Association (EAPIA), a
global PV market outlook, showed that the world’s cumulative PV power installed was
22.9 GW in 2010, which rose by 45% when compared to 2008 (16 GW), and in 2017, it
was about 139.6 GW, and a value of 55% was installed worldwide [99]. Figure 7 shows
cumulative-Installed PV capacity in ten leading countries and the world.
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Figure 7. Cumulative-installed PV capacity in ten leading countries and other remaining countries of
the world, [99].

Germany led the world’s PV market with a cumulative installed capacity of about
36 GW, accounting for 14% of the world’s overall capacity [99]. This was possible because
of the German government’s targets to extend the share of electricity demand by solar PV by
10% in 2020 and 20% in 2030. Additionally, the total cumulative solar PV capacity would be
51.75 GW, increasing by 3.5 GW annually [7]. China topped up to 18.300 GW with the value
of 7% of the world’s total capacity, whereas Italy and Japan shared 17.6 GW and 13.6 GW,
respectively. However, the 2009 report showed that the US led in the PV market, while at
the end of 2012, the US had attained the cumulative solar capacity by 7.2 GW but only grew
to 12 GW in 2017. In 2021, China was leading in the world’s cumulative solar PV capacity
with 306,973 MW (36.1%), followed by the United States with 95,209 MW (11.2%) and
Japan with 74,191 MW (8.7%). It is equally shown that in 2015, 164 countries had equipped
themselves with renewable energy prospects, of which about 45 aimed particularly at solar
energy [101]. In November 2016, for instance, the European Commission approved a ‘Clean
energy for all Europeans’ package (also called the ‘Winter Energy Package’), implementing
legislative plans and other arrangements allowing the EU to meet its 2030 energy and
climate aims [102].

4. The Importance of Solar Photovoltaics as Compared to Fossil Fuels

It is becoming more apparent that the prevailing global method of generating electricity
through coal fire has been unsustainable for the past years. Fossil fuel power plants control
over 90% of the global electricity generation. The plants are vertically integrated in the sense
that it generates, transmits, and distributes electricity to internal markets and purchases
and sells electricity to and from the developing communities. Fuel is typically stored in
the form of energy carried as a primary energy, which must be converted for practical
purposes. Therefore, it must be burned to generate electricity, and lots of energy is wasted
in transporting from the coal-fired station to the consumers. Figure 8 shows that about 65%
of the energy is lost from the consumers’ primary source.
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Figure 8. Description of energy transportation from fossil fuel to the consumer.

Unfortunately, only one-third of the useful primary energy reaches the customers since
the chain of transportation is associated with relatively high conversion losses. Furthermore,
coal, as well as other fossil fuels, contributes to climatic change in countries. It is now widely
believed that climate change is partly initiated by human-generated carbon dioxide, which
presents a grave environmental risk to the world [19]. Therefore, the PV energy supply is
paramount has an unlimited growth in demand, and extends to other benefits. Nevertheless,
PV energy resources are a sustainable energy supply choice that can expressively moderate
dependence on fossil fuels. Other benefits are job opportunities, nearness to point-of-use,
and less reliance on intensive energy sources (and political power) in various circumstances.
However, most of the materials in PV productions are potentially poisonous, which may be
discharged into the environment through air or water; hence, proper waste management
methods of wastes made by PV industries have been established and deliberated [21].
Table 1 highlights the advantages of PV energy over coal fire.

Table 1. Comparative advantages of PV energy to resources from fossil fuel [19].

SIN Kind PV Sources of Energy Fossil Fuel Sources of Energy
1 Emission Discharge zero emissions Discharges greenhouse gases
2 Availability They are infinite Fuel reserves are finite
3 Environmental Are environmentally ﬁjlendly Toxic to the environment
as well as nontoxic

4 Climatic change Rely on the alteration of weather and climate Independent of weather conditions

Have a high cost of maintenance Low cost of production with
5 Cost 1 ; .

and are capital intensive cheap transportation
6 Storage Require storage betweer} production Storage is portable and easy
and consumption
7 Development Create more jobs and have a highly Sustainable development is lower
sustainable development
. Transported where they are desirable or used Need transportation from the production site
8 Transportation . -
where they are obtainable for further processing.
9 Distribution Uniformly distributed worldwide Distribution is nonumform and lea.ds to flow gaps
and changes in the price
10 Area Require large portions of land A small geographical area is needed
11 Regeneration Can be renewed; inexhaustible resource Ore is exhausted and cannot be renewed
T Limit our dependency on coal Over-dependency on coal as a resource can
12 Geographical implications . - , .
and permit self-sufficiency weaken a country’s energy security

13 Energy Supply Generate a high amount of energy Supply is limited

A very considerable effort has been undergone in the prospect of continuous utilization
of fossil fuels to solve our potential desires by using carbon capture and sequestration
(CCS) [103]. However, the deterioration of these fossil fuel reserves as well as the lesser
efficiency of CCS make it a short-term solution. Recently, the contributions of renewable
energy, especially solar and wind, in the global commercialization of energy are gradually
increasing, though by less than 10%, as presented in Table 2.
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Table 2. Global primary commercial energy by type, 2014 [104].

Primary Energy (EJ) Primary Energy (%)
Type of Energy
2004 2014 2004 2014
Wind, solar 0.8 8.5 0.2 1.6
Nuclear 26.6 24.0 5.9 44
Fossil fuels 385.2 467.2 87.2 86.3

Solar energy contributes the strongest opportunity for alleviating climate change and substituting fossil fuels.

5. Photovoltaic Generator, Optimal Sizes, and Electrical Load Management

The standard test conditions (STC) being used to assess the power of a solar module
are described by three regulating states [105]: the full sun radiation (radiation strength
E = ESTC = 1000 W/m?), the solar module temperature: =25 °C, and standard light spec-
trum AM 1.5. The rated or nominal power of the solar module is based on these conditions.
It describes the module’s peak power under optimal conditions and is given in Watt peak
(Wp). The generation and consumptions of the electrical energy in a PV system are essential
since the energy produced should be more or equal to the amount consumed. Thus, the
first step is to estimate the self-consumption level of solar energy, calculated as the ratio of
directly consumed energy to generated PV energy [106]. According to the sign direction
shown in Figure 9, the energy balance in a PV system is defined as the feed-in power, where
Pp = battery charge and discharge power, Ppy = PV generated power, P;, = electrical loads,
P¢ = grid power, Pr = feed-in-power, and Ps = self-consumption.
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Ppv >0 —) Batterv fully charged
DC/DC [:> DC/AC Ppv ¥ £

Ppv
PV generator

£ Sy = = A

ional
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Battery not Battery available
fully chargefl =~ ] SOCg =Bmin
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s0C Electrical loads
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‘

Figure 9. Schematic representations of the PV system with integration in the utility grid.
Adapted from [106].

The schematic diagram in Figure 9 illustrates how the PV modules, the charge con-
trollers, the battery banks, the conversion unit DC/AC (inverter), and the national grid
connections were all incorporated into the load. A blocking diode assists the power to move
only toward the charge controller. Regardless of this diode, the battery would discharge
back to the solar module during low ir-radiance. The charge controllers were integrated
with the MPPT devices to charge further and shield the batteries, preventing the danger
of overcharging and attaining an excessive discharge level. The MPPT maintains that the
maximum power produced by the solar array is detached immediately. The DC/AC con-
version unit also supplies the conversion of the input current from the PV or the national
grid to the alternating current needed by the load. Lastly, bidirectional energy metering
measures the power to and from the grid. The excess energy generated from the PV power
plant is fed into the power grid during a favorable day. With this, credit is given to offset
the cost of any power drawn from the power grid. In the evening, the plant can produce no
power, and a significant amount of power is drawn from the grid, thereby reversing the
power meter and compensating for the excess that was fed to the grid. Presently, a broad
study in terms of experimental and simulation research works on the use of PV systems is
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being undertaken to determine their potential role as distributed energy sources (DERs) to
generate power from nonconventional energy means with few environmental effects. The
optimum sizing of a PV array for a stand-alone hybrid/PV system was presented by [107].
The applications of independent PV systems to provide electricity to rural areas in Morocco
were performed and presented good results [108].

On the other hand, there are other configurations of solar PV power plants, such as
single-axis tracking, including vertical aligned (VSAT), horizontal (HSAT), horizontal with
tilted modules (HTSAT), and tilted (TSAT) and polar aligned (PSAT) [109]. Additionally,
two axes of rotational solar tracking systems are normally perpendicular to each other
and need more complex organization systems. The study was undertaken on a 300 kW
double-axis parabolic trough collector by Sun et al. (2016) and described that the optimized
double-axis tracking plan boosted 15-17% efficiency of the double-axis as compared to the
single-axis tracking strategy [110].

5.1. Problems of Grid Integration and Its Participation in the Ancillary Market

However, ancillary markets perform important functions in power system dependabil-
ity in such a way that it integrates many of the functions needed to uphold the distribution
of power from producers to the users while maintaining suitable system procedures. How-
ever, structural evaluation especially markets to assist increasing changes in production
in the PV industry, and encounters different technical and economic obstacles, including
market design, different variabilities of electricity prices, and instructions among several
shareholders of PV modules [111,112].

5.1.1. Market Design

The transportation of ancillary services from power production to the places of con-
sumption or sale remains an essential factor of consideration, bringing different cost-
allocation problems especially where ancillary services could rise in one place in order to
correct grid challenges in a different location. Another vital challenge is the allocation of
transmission rights and determining who pays the actual cost of new transmissions.

5.1.2. Different Variabilities of Electricity Prices

The constant changes in power absorption in a solar PV system have continued to
raise concerns in the PV market as compared to other renewable power supplies. It has
always caused a hot challenge in PV operations and brought unnecessary uncertainties of
electricity prices in PV-dominated markets. Hence, it is a problem that must be examined
by PV power production enterprises, trading centers, and power dispatching centers. With
the constant reshufflement of the electricity market, the present centralized supply method
could be extremely altered. In this situation, different variabilities of electricity prices will
have more effects on PV operations in the electricity market.

5.1.3. Instructions among Shareholders of Different PV Modules

The stakeholders may tag high prices and receive a small quantity of electricity ab-
sorbed by different PV modules due to the various techniques involved. The resulting
problem is that power generation capacity varies and may require the same stakeholders to
improve the system to generate enough electricity.

5.2. Photovoltaic Materials and Efficiency of Solar Module

A summary of the materials for solar PV cell fabrication is presented in Figure 10. From
the current research, silicon material has remained a prominent technology in producing
solar cells due to its better efficiency. Nevertheless, the cost for this material is very high,
and alternative means are being used to fabricate solar cells at a reduced cost. Presently, thin-
film technology has been identified as an alternative means [113]. This type of technology
is cost-effective because it uses reduced materials, and furthermore, its layers are very thin
with respect to both monocrystalline and polycrystalline solar cells. Although thin-film
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technology’s efficiency to build solar cells is not yet high, there is an unceasing emphasis
on improving the low efficiency. One of the improvements made by researchers in this
field of thin-films was the discovery of amorphous silicon, CdS/CdTe, and CIS [114]. These
materials have been prioritized in thin-film technology, where studies are being conducted
to learn how to improve their efficiency.
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Figure 10. A PV material chart. Adapted from [18].

Many researchers have recently significantly improved thin-film technology by apply-
ing polymer or organic materials as a solar cell material. The polymer materials have been
seen as beneficial in providing a clean, lightweight, and cost-effective option [115]. The
efficiency is very low, in the range of 4-5% compared to other materials. Thus, the efficiency
of materials remains a great interest of research in PV technology. However, solar module
efficiency is when a module transmits the sunlight through photovoltaics into electricity.
The efficiency of a solar module ranges from 11% to 22%, which differs among producers.
Solar module efficiency is directly proportional to the power generated from the module
per square meter. This means that efficiency remains among all essential factors in estab-
lishing PV technology marketwise. A comprehensive research effort is currently ongoing to
advance the efficiency of solar cells intended for commercialization. Monocrystalline silicon
solar cell efficiency has presented a great betterment annually. For instance, in the 1950s, it
began at just 15%, rose to 17% in the 70s, and constantly accelerated to 28% in recent days.
The investigations of Zhao et al. show how the expansion of contact, solar cell surface, and
light trapping in polycrystalline solar cells increases solar cell efficiency. Polycrystalline solar
cell efficiency has attained 19.8% at the moment, but then it lies in the range of 12-15% for
commercialization [116]. Fraunhofer ISE has significantly worked on high-efficiency silicon
solar cells, which have robustly been devoted to transmitting high-efficiency cell structures
into industrial fabrication. The summary of solar PV technology is presented in Table 3.

Table 3. The global approximated direct and indirect job opportunities in renewable energy by
industry in 2016-2017.

Country  Geothermal Solar PV CSpP Wind Power Biogas Solar Heating and Cooling csp
World 93 3365 0 1148 344 807 34
China 15 2216 0 510 145 670 11
India 164 0 61 85 17

USA 35 233 5 106 713 5.2

Germany 6.5 36 160 8.9 0.6
Japan 2 272 1 5 0.7
Brazil 10 34 42

EU 25 100 344 34 6
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6. Solar Material Information and Description

Crystalline Si (c-Si): Currently, these modules are the most popular due to their
stability, high efficiencies in the range of 15-25%, and reliability. Commercially, the material
has universally advanced where the module efficiency has attained over 80% market
standard and maximum efficiency under standard test conditions (STC. There is the easy
availability of silicon supply because the raw material found on the Earth’s surface is the
second most abundant [117].

Monocrystalline module: The monocrystalline module has a higher efficiency of
about 15% compared with polycrystalline modules and over 20% with other materials in
commercial markets. The module is expensive, delicate, and has been confirmed to last up
to 50 years.

Polycrystalline module: This module has a cheap raw material with lower efficiency
than monocrystalline and other emerging materials. The module only converts 10-14% of
solar radiation that fall on their surface [116]

GaAs: The semiconductor GaAs were produced due to covalent bonding between
gallium (Ga) and arsenic (As), with a comparable silicon shape. Its high efficiency, ranging
from 20 to 25%, is due to the high bandgap of 1.43 eV. Alloying elements such as Al improve
the efficiency of P, In, and Pb devices. It is applied in space and for concentrators of PV
modules due to the great heat resistance. GaAs material is lighter than polycrystalline and
monocrystalline silicon, though the manufacturing device is costly [118].

Thin-film solar modules: This technology is designed by slotting thin layers of semi-
conductor materials on top of different surfaces, usually a sheet of glass. Due to low-quality
material and few manufacturing processes, this module is known for its cheaper solar
cell-based crystalline silicon production costs. It has a thickness of about 35-260 nm [119].
However, the most prominent disadvantage is the low efficiency which ranges between
4-7%. A thin-film module is twice the same amount of electricity produced by polycrys-
talline modules and almost three times that of monocrystalline. It is flexible, easy to install
on rough surfaces, and resistant to harsh climatic conditions.

Amorphous silicon (a-Si): This technology is most familiar in thin-film and other
materials such as CdS/CdTe and CIS/CIGS but prone to degradation [120]. The light
absorption of a-5i is 40 times greater than its monocrystalline with a noncrystalline arrange-
ment of silicon pattern. The high bandgap of 1.7 eV was provided due to the haphazard
structure incurred as a benefit [121]. The research work presented by Radue et al. examined
that each of these technologies, single junction, triple junction, as well as flexible triple
junction a-Si, degraded by 45%, 22% and 27%, respectively [122].

Cadmium terride (CdTe) and cadmium sulfide (CdS): CdTe has a high efficiency
of 15%, while the company First Solar recorded 17.3% in 2011. It has a high absorption
coefficient as well as an ideal bandgap of 1.45 eV; hence, it is an encouraging material in
thin-film technology [123]. This technology remains one of the raw materials applied in
order to intensify the low efficiency in thin-film technology. Moreover, the technology
has gained attention for a long time due to the stability of CdS/CdTe material [114].
Copper doped with CdS will develop into photoconductive material since it is an n-type
semiconductor [124]. An experiment performed by [125] on CdTe solar cell characteristics
demonstrates that the chemical heat treatment is required to generate superior cells.

Copper indium gallium selenide (CIGS) and copper indium selenide (CIS): This
type of technology has a high optical absorption coefficient with light CIGS modules com-
pared to crystalline silicon modules. It is more easily adaptable to hot weather conditions
than silicon is. The modules and cell efficiencies of 13% and 20%, respectively, have been
reported [126] with a direct bandgap of 1.68 eV. The experiment conducted by Meyer
and van Dyk [127] to study CIS’s performance plus other thin-film materials revealed
that just 10% of CIS was degraded compared to other thin-film materials once exposed to
130 kW h/m? outdoor conditions.

Organic and polymer cells: The technology for the organic solar module is fast-
growing, similar to CIS/CIGS. It has a low efficiency of about 4-5%, although it has



Energies 2022, 15, 5963

17 of 28

additional benefits such as ease in disposal, cheap material, and mechanical flexibility [128].
The experiment performed by Gorter et al. [115] to study the performance of 15 polymers
established that a few polymers exhibited a high prospect for future substitution of silicon PV
modules. Additionally, Peumans et al. [129] proposed raising the voltage output from organic
material; there is a need to create and establish comprehensive absorption band materials.

Hybrid solar module: When a crystalline silicon material combines with another
noncrystalline silicon, a hybrid solar module is produced. Wu et al. [130] estimated that
choosing amorphous and crystalline silicon will develop a very high-performance ratio
for cost. In the same way, Sanyo, a company from Japan and one of the leading solar cell
producers, has established the efficiency of a 21% hybrid solar cell named heterojunction
with an intrinsic thin layer (HIT) and fundamentally behaves as a light absorber due to the
n-type CZ silicon wafer solar cell.

Dye-sensitized solar cell: This technology arises to meet the high cost of raw ma-
terial, low efficiency, and environmental challenges of some solar cell materials. Many
researchers are developing plans to bring forth a new and sophisticated technology known
as a dye-sensitized solar cell. Usually, the five principles of the dye-sensitized solar cell are
found [131]. Thus, for a healthy competition with the current technology, the material is
envisaged as a nice material, especially in fabricating solar cells.

7. Socioeconomic Impacts of Photovoltaic Technology

The solar PV industry has sustained itself expansively in creating several jobs globally.
The industry provides different jobs in numerous fields where different skills are needed.
The different job opportunities range from research-connected, highly skilled employments
in the enterprise and fabricating solar energy goods to employments demanding a minor
level of experiences such as the repairs of renewable energy systems and processes. In 2014,
for instance, virtually 3.3 million people were employed by the solar energy industry, where
the solar PV in particular recorded 2.5 million jobs [132], while in 2018, Asia alone presented
more than 3 million PV employment, or close to nine-tenths of the global. Therefore, a
significant aspect of the job opportunities was found in Asia, particularly in manufacturing
solar instruments [133]. While there was a weak employment opportunity for solar PV in
Europe, job expansion has been robust and healthy globally.

Moreover, the solar heating and cooling sector has given job opportunities to more
than three-quarters of a million people worldwide in 2014, with serious markets in Brazil,
China, and India [134]. Countries such as China, Japan, India, Germany, and the US have
contributed immensely to job creation globally in the solar PV manufacturing sector. In
2017, global solar PV manufacturing companies had an excellent period, with 94 gigawatts
(GW) installations from 73 GW in 2016 and a meaningful fresh job establishment [102]. The
US, China, India, and Japan were the top essential markets, succeeded by Australia, Turkey,
Korea, and Germany [135]. Furthermore, employment opportunities improved by 8.7% to
reach 3.37 million jobs in 2017, while the uppermost five nations, led by China, recorded
90% of solar PV jobs globally [134]. Generally, Asia holds the key to virtually 3 million
solar PV jobs which denote 88% worldwide, seconded by North America with a value
of 7%, and then followed by Europe with 3% of the PV [136]. On the contrary, European
PV jobs kept descending, replicating partial local installation markets and an absence of
rivalry amongst European module producers. Reviewed evaluations show an 8% drop
to 99,600 employment across the European Union in 2017 [137]. More amazingly, US jobs
decreased for the first time, roughly by 233,000 employments [19]. Japan’s decelerating
step brought down job opportunities from 302,000 in 2016 to 272,000 in 2017. As solar PV
deployment increases, more nations will profit from employment opportunities in line with
the supply chain, mainly in installations, developments, and repairs [138]. Figure 11 shows
renewable energy job opportunities with solar PV increasing yearly from 1.36 million jobs
in 2012 to 3.75 million in 2019.
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Figure 11. Global renewable energy employment by technology from 2012-2019 [139].

Generally, the top nations account for approximately 87% of the global solar PV
workers, which shows that employment and industries linger in a minority of the countries.
This worldwide analysis comprises approximate 372,000 off-grid employments for South
Asia and parts of Africa.

In reference to the European Photovoltaic Industry Association (EPIA)-Greenpeace
research, extra employment opportunities are produced in the installation and servicing
of PV systems by 2030. Hence, approximately 10 million permanent employments would
be put in place by advancing solar power globally. According to the study presented by
the industry, the prediction is that out of 10 jobs, each MWp (megawatt peak) would be
produced during manufacturing, while roughly 33 jobs, each MWp would be produced in
the course of installation. Totaling the systems and indirect supply, such as manufacturing
procedures, produces 3—4 jobs for each MWp. The study presents an extra 1-2 jobs for each
MWp [140]. Moreover, the rate of jobs being manufactured from solar, according to the
report by Electric Power Research Institute (EPRI), is 7.14 jobs per MWp for PV while the
working service rate is 0.12 jobs per MWp for PV [141]. Regarding the European Renewable
Energy Council (EREC) research, with the estimated development of solar thermal, over
half a million people will be engaged in the solar thermal section in just a few periods.
According to the study by [142], in concentrated solar panel power plants, each 100 MWp
installed will generate 400 permanent jobs corresponding to 600 contracting and installation
job opportunities and 30 yearly employment. Table 3 summarizes the top renewable energy
employments in 2016/2017 [143].

Nevertheless, many literature reviews have studied the effects of employment oppor-
tunities from the applications of integrated energy, single measures, and climatic strategies.
Several analyses on the area were established by [144-148], comprising the fossil fuel-based
and green technologies. The influences of employment were broadly categorized into direct,
indirect, and induced jobs. Direct employment resulted from the invention of renewable
energy, maintenance activities, all activities associated with the organization throughout
the asset’s lifetime or strategy studied, and installation on-site. The indirect employments
mean the effects of the supply chain on renewable energy-related undertakings. In this case,
the job protects every specialized record in activities such as raw materials, marketing and
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sales, transport, processing, extraction, and equipment delivery. All the macroeconomic
effects being produced lie within the induced employments. They are found in the activities
undertaken by direct and indirect employees and relate to every segment indirectly related
to renewable energy. Each effect produced needs a reliable estimation system. If the direct
effects are simply noticeable from the study of item research, then the quantification of
indirect and induced employment needs the application of macroeconomic models that
manage to grip the organization of the economic scheme under examination.

8. Policies Adopted That Helped to Boost Solar Photovoltaic Systems in
Leading Countries

For the past few decades, the growth of solar PV systems has been powered by the
application of different assisting policies targeted at decreasing the breach between the
price of PV energy and the energy price for conservative production. Hence, the enrolment
of these strategies has encouraged the decline of PV energy prices, making it easy in the past
years, especially in 2012 and 2013, for “fuel parity” in many countries. Notwithstanding,
solar PV is still very expensive, and its growth involves sufficient supportive devices such
as simple grid-connection techniques.

Several methods of funding have been established for PV sectors for the past decade,
such as tax credits, capital subsidies, net-metering, VAT reduction, feed-in tariffs (FiTs),
and renewable portfolio standards (RPS), etc. In the US, for instance, the growth of the PV
system has been mostly motivated by net metering, RPS strategies, and tax credits (flexible
in each state), while in Europe, PV was assisted primarily by net-metering and FiTs. A
summary of various fiscal enticement approaches is presented in [149-151], which account
for two fascinating descriptions relating to the rules for PV system benefit in the EU, and
hence can help one comprehend the way the assistance policies have progressed for the
current years.

The influences of capital subsidies on the PV market in Europe have been analyzed
by [152-155]. Additionally, in [156], a small study of electricity generation from RES in
Slovenia is described. The authors stated that soft loans, FiTs, and capital subsidies are
the most appropriate methods to fuel power generation from RES. In [157], the author
projects an economic model and a computer simulation to regulate the most suitable FiT for
grid-connected PV systems. Presently, various countries are rapidly identifying the policy
and strategies of solar energy to offer sustainable energy, as observed in Table 4.
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Table 4. Key drivers for growth in major solar PV markets.

S/no Country Policy/Regulatory Target Supply Side Drivers Demand Side Drivers Fiscal Incentives Remarks References
. . Grid parity, capital
1 Germany Yes Fee<:.1-.1n-ta1.r1ff,. Mandatory interconnection Capital subsidy subsidy now provided [133]
competitive bidding P
or energy storage
. Feed-in-tariff, . .
2 China Yes competitive bidding Capital subsidy [158]
3 Japan Yes Feed-in-tariff Net meterin, Capital subsid shifted from net to [158]
P g P y gross metering in 2009
4 Italy Yes Feed-in-tariff [133]
5 USA Yes Investment tax credit (ITC) Renewable portfolio standard (RPS); Capital subsidy; tax credits Afew states have 8ross [133]
net metering metering in place
6 France Yes Feed-in-tariff [133]
. . . . . New projects not
7 Spain Yes Feed-in-tariff Capital subsidy cligible for FiT [133]
8 United Kingdom Yes Feed-in-tariff Net metering; renewable obligation (RO) Capital subsidy [159]
9 Australia Yes Feed-in-tariff Net metering Capital subsidy [159]
10 India Yes Feed-in-tariff; renewable portfolio obligation (RPO); Capital subsidy; tax Competitive bidding [158]
competitive bidding renewable energy credits (REC) holidays on tariff




Energies 2022, 15, 5963

21 of 28

However, the strategic conclusion for productive PV supportive parks is to have a
bond between the fiscal assistance and the position of the installed PV system. A parametric
assistance study is undertaken in [160] to examine the economic feasibility of big PV plants
in Cyprus without appropriate assistance. The results show that the capital expenses of a
PV package are a serious factor for the feasibility of the scheme without the availability
of FiT. In another development, the Greek PV market is examined in [161], where authors
deduce that the FiT importance should be used in connection to the position/part of the
installation to eliminate unnecessary pay for the PV customers. Additionally, in [162], the
authors investigate the installed solar PV and thermal collector capacities per capita in
15 EU nations and their assistance devices for PV electricity. They deduced that capital
subsidies and inducements are significant in supporting solar thermal and PV collectors.
The authors [163] produce a linear programming model capable of ideally powering a
grid-connected PV system for domestic uses to reduce the annual energy charge use,
including PV savings price, maintenance price, utility electricity price, and deducting the
revenue from marketing the extra electricity. In [164], a study of PV systems in Spain,
Greece, and Germany was performed by examining the key parameters that influence
the efficiency of PV policies. The investigation indicates that, over a definite profit stage,
risk-related issues, such as policy variability and managerial obstacles, are a significant part
of promoting investment choices rather than return-related features such as the level of
an FiT. In [165], the authors carry out a comparative economic study of specific European
funding devices in PV sectors, centered on the design of discounted cash flows (DCF),
NPV, and IRR. An isolated domestic PV plant in Italy was economically assessed [158]
to estimate the economic viability with respect to the PV assistant devices. The status
of PV electricity and policies was examined in Germany, Japan, Spain, China, and the
US, deducing that, to obtain a quantifiable result on market development as well as to
attain a varied cross-section of customers, trade funding terms need to be fluctuating. An
innovative procedure for computing the economics of a domestic PV sector was undertaken
in [166]. The authors applied this procedure to create the economic feasibility of several
PV sectors in Ireland. In [167], the authors examined the factors of investment risk in the
PV production in Italy by a scenario analysis, risk analysis, and sensitivity analysis. They
declare that PV industries will definitely have prospects in Italy; however, eliminating the
normalization limits, simplification of the mechanisms as well as extra funds are main
features for more dissemination of PV. Lastly, in [168], the authors described a mechanism
for assessing the prospect of PV systems in urban setting with regards to the difference of
the key economic factors and financial inducements.

FiTs are, undoubtedly, the most extensive assistant device approved globally, with a
market portion equivalent to about 60% in 2012 [159]. The second most widespread devices
are the tax rebates and direct subsidies, which have about 20% share, after which follows
self-consumption (12%), RPS (4%), and net-metering (2%). It is, however, remarkable that
for the past decades, electricity reparation systems (self-consumption and net-metering)
have risen their market share, increasing from a 4% to 14% in 2012. This improved distri-
bution was supported through a concurrent decline in the application of the FiT device,
which missed approximately 10 points of its worldwide market portion. The purpose is to
reduce PV prices, which encouraged numerous administrations to decrease or eradicate
the FiT system and alternatively initiate self-consumption regulations.

In another development, Australia, the US, and Europe have accomplished the grid
utility-scale solar subsidies such as feed-in-premiums (FIPs) and feed-in-tariffs (FiTs). In
the US, the utilities providers sign long-term power purchase agreements (PPAs) where
developers safeguard the power plant’s income streams. Some governments likewise offer
investment or production tax credits to improve solar expansion. For dispersed schemes,
FiTs and net metering have shown fruitful procedures. The FiT price adopted in Germany,
for example, is ten times that of thermal power and is paid within 20 years [133], whereas
in Japan, subsidies are offered per kWp installation [169].
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9. Conclusions

A few countries have recently established solar-based technologies as alternative
energy resources to confront most countries’” energy and economic challenges sustained
by fossil fuels. In order to keep pace with the fast economic growth and to face the risk of
climatic change, some strategies were developed to encourage the use of solar photovoltaic
systems in every field. This paper reviewed the contributions of solar photovoltaic systems
to environmental and socioeconomics aspects of national development. The conclusions
which address the objective’s aspects are:

The price analyses show that the cost of photovoltaic modules has significantly
dropped from 4731 $/W in 2010 to 883 $/W in 2020, making solar energy affordable
for low-income earners.

Upon examination of different photovoltaic materials and technologies, it was noticed
that the efficiency of photovoltaic technology, such as crystalline silicon, has improved
from 15 to 25%, while GaAs has risen from 20 to 25%.

The study highlighted the top countries that led in the world’s photovoltaic market
in 2021 with a cumulative installed capacity; China led with 306,973 MW, followed by the
United States with 95,209 MW, Japan with 74,191 MW, Germany with 58,461 MW, India
with 49,684 MW, and Italy 22,698 MW.

The world’s yearly energy consumption has risen to 10 TW and is projected to increase
to 30 TW by 2030.

Solar photovoltaics is policy-motivated, and the rest of the world needs to emulate
the strategies of the top nations to participate in photovoltaic deployment, including net
metering, VAT reduction, feed-in-tariffs, and renewable portfolio standards

Solar photovoltaics is an excellent emerging manufacturing system with 94 GW instal-
lations in 2017 from 73 GW in 2016; hence, it is a platform for job creation.

10. Future Works

Recently, solar PV technologies have been analyzed through an enhanced aging
assessment to determine their suitability for the application. In many of the earlier research
studies, the PV experimental conditions have not reproduced international techniques,
such as International Electrotechnical Commission (IEC) conditions, which effectively assist
experts in improving the governing rules on PV productions. Therefore, future research
analysis may incorporate the PV system that must be validated according to high standards
to guarantee the works’ dependability.

Furthermore, in the future, it is necessary to prepare many energy scenarios in the
decision-making platform. This will help attain the maximum prospect for concerns of
spatial installation and temporal market-driven trade-offs.

Additionally, the yearly average solar radiation was used to estimate the solar re-
sources, not minding the effect of the solar radiation that varies on power production.
Hence, real-time and GIS solar radiation datasets should be incorporated in future studies.
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