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The Solar Energy is produced by the Sunlight is a non-vanishing 

renewable source of energy which is free from ecofriendly. Every hour 

enough sunlight energy reaches the earth to meet the world’s energy 

demand for a whole year. In today’s generation, we needed Electricity 

every hour. This Solar Energy is generated by as per applications like 

industrial, commercial, and residential. It cans easily energy drawn from 

direct sunlight. So it is very efficiency & free environment pollution for 

surrounding. In this paper the Solar Energy from Sunlight and discussed 

about their future trends and aspects. The paper also tries to discussed 

working, solar panel types; emphasize the various applications and 

methods to promote the benefits of solar energy.  
 

Keywords: Renewable energy, Solar panel, Photovoltaic cell, Modeling of 

PV Panel, Solar Concrete Collector 

 
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 

movement and sustainable development agenda’. In addition, one of the 

testaments is the necessity to ‘create energy systems that protect and 

improve climate and health (Bouckaert et al., 2021, Cozzi et al., 2020). 

 

The Paris Climate Accords is a worldwide agreement on climate 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 

(Edenhofer et al. 2011) . 
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Fig. 1:  

 

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 

progressively dangerous environment and ensuring 

everyone can have the right to live in a healthy, pollutant-

free environment without the negative impacts of climate 

change ((Edenhofer et al., 2011, Fraas, 2014). 

 

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 reliance 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 

utilizing sustainable energy sources and reducing 

dependence on traditional fossil fuels as a source of 

energy (Gahrens et al., 2021; Green et al., 2018). 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 

environment and guarantee that by 2030, humanity lives 

in prosperity and peace. Consequently, progress needs to 

be balanced among economic, social and environmental 

sustainability models (Honsberg and Bowden, 2014). 

 

Many national and international regulations have been 

established to control the gas emissions and pollutants 

that impact the environment (Hunter et al., 2021). 

However, the negative effects of increased carbon in the 

atmosphere have grown in the last 10 years. Production 

and use of fossil fuels emit methane (CH4), carbon dioxide 

(CO2) and carbon monoxide (CO), which are the most 

significant contributors to environmental emissions on 

our planet. Additionally, coal and oil, including gasoline, 

coal, oil and methane, are commonly used in energy for 

transport or for generating electricity. Therefore, burning 

these fossil fuels  is deemed the largest emitter when used 

for electricity generation, transport, etc. However, these 

energy resources are considered depleted energy sources 
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being consumed to an unsustainable degree (IEA, 2018, 

IRENA, 2018, 2021). 

 

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 rises 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. 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 (Kost et al., 2013, Ku et al., 2013). Power 

generation by fossil-fuel resources has peaked, whilst 

solar energy is predicted to be at the vanguard of energy 

generation 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 

(Kylili et al., 2014). 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. The net-zero 

emissions complement the scenario of sustainable 

development assessment by 2050. According to the 

agreed scenario of sustainable 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) 

modeling of what strategy will be required over the next 

10 years to achieve net-zero carbon emissions worldwide 

by 2050 ( Maka and O’Donovan, 2021, 2020a, 2020b). 

 

The global statistics of greenhouse gas emissions have 

been identified; in 2019, there was a 1% decrease in 

CO2 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 generation that is 

being squeezed by decreasing energy needs, growth of 

renewable and the shift away from fossil fuels. As a result, 

in 2020, the energy industry was expected to generate 

~13 Gt CO2, representing ~40% of total world energy 

sector emissions related to CO2. The annual electricity 

generation stepped back to pre-crisis levels by 2021, 

although due to a changing ‘fuel mix’, the CO2 emissions in 

the power sector will grow just a little before remaining 

roughly steady until 2030 . 

 

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, scientists developed this technology 

for electricity generation (Maka et al., 2021). 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 

utilizing 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 electricity by solar PV plants 

decreased by 77%. However, solar PV installed capacity 

progress expanded 100-fold between 2005 and 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 fulfilling the Paris climate agreement and in 

achieving the 2030 SDG targets (Martin, 2012). 

 

The installed capacity of solar energy worldwide has been 

rapidly 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 technology 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.  

 

APPLICATION OF SOLAR ENERGY 

Energy can be obtained directly from the Sun—so-called 

solar energy. Globally, there has been growth in solar 

energy applications, as it can be used to generate 

electricity, desalinate water and generate heat, etc. The 

taxonomy of applications of solar energy is as follows: (i) 
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PVs and (ii) CSP. 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 ‘II’, the latter known as ‘II–VI’ 

semiconductors (Muneer 2004). Additionally, a periodic 

table mixture of elements from groups ‘III’ and ‘V’ can 

create ‘III–V’ materials (Radovanovic et al., 2012). 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. 

 

 
Fig. 1 details the taxonomy of solar energy applications. 

 

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, giving 

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 electro dialysis (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 energy 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 (ROoaf et al., 2009). A 

PV water-pumping system is typically used to pump water 

in rural, isolated and desert areas. The system consists of 
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PV modules 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. 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 (Salvarli and Salvarli, 2020, Sims, 

2004). 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 

(Sorensen, 2010, UNFCCC, 2016). 

 

For CSP systems, the solar rays are concentrated using 

mirrors 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. Fields 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 osmosis, depends on the solar-thermal and using 

solar concentrated power through the parabolic trough 

technique. The desalination employs CSP technology that 

utilizes hybrid integration and thermal 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 

dehydration is traditionally used to preserve some food 

materials such as meats, fruits and vegetables. 

 

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 (UNFCCC, 2021). Energy systems will 

significantly impact the environment in both developed 

and developing countries. Consequently, the global 

sustainable energy system must optimize efficiency and 

reduce emissions. 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 

energy applications, we can move towards energy 

sustainability.  

 

 

Fig. 2 illustrates plans for solar energy sustainability. 

 

The environmental considerations of such applications, 

including an aspect of the environmental conditions, 

operating conditions, etc., have been assessed. It is clean, 

friendly to the environment and also energy-saving. 

Moreover, this technology has no removable parts, low 

maintenance procedures and longevity. Economic and 

social developments are considered by offering job 

opportunities to the community and providing cheaper 

energy options. It can also improve people’s income; in 

turn, living standards will be enhanced. Therefore, energy 

is paramount, considered to be the most vital element of 

human life, society’s progress and economic development. 
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EMPLOYMENT FROM RENEWABLE ENERGY 

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 part in fulfilling the sustainability targets for a 

better plant and environment. (Watts, 2013, WHO, 2021). 

 

 

Fig. 3 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 applications available in Asia, while 10% is available 

in North America, 10% available in South America and 10% availability in Europe.  

 

World renewable-energy employment 

 
 

 

Table 1 details the top 10 countries that have relevant jobs in Asia, North America, South America and Europe. 

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 
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CONCLUSION 

 

This paper highlights the significance of sustainable 

energy development. 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 sustainable 

development through meeting energy demands, creating 

jobs and protecting the environment. Hence, a paramount 

critical component of long-term sustainability should be 

investigated. 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 maturity in 

development, especially CSP technology. Also, with 

growing 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 comprehensive 

experimental and validation process for such applications 

is required to develop cleaner energy sources to 

decarbonize our planet. 
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