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Abstract: The concept of non-pollution power generators (NPPGs) has gained significant attention as the world focuses on reducing 

its carbon footprint and mitigating climate change. This paper provides a comprehensive outlook with the current state of non-

pollution power generation technology, defining the term and discussing the different forms of renewable energy, including solar, 

wind, hydro, geothermal, and nuclear power.  The paper explores the advantages and disadvantages of each technology, highlights 

the current energy status, and examines the policy measures being implemented to promote the adoption of non-pollution power 

generation technology, including incentives and subsidies, and regulatory frameworks. It concludes by summarizing the key findings 

and highlighting the opportunities for future research in this field.  The transition to non-pollution power sources is crucial for a 

more sustainable future and requires further investment and collaboration from the global community. This is a valuable resource 

for policymakers, industry leaders, and anyone interested in the future of energy production and the fight against climate change.  
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1.0 INTRODUCTION 

Non pollution generators came to limelight around 17th and 

early 18th-century with the advent of industrial revolution as 

the increase in pollution along with the energy demand was 

on the rise [1]. To address this, engineers and scientists have 

created a variety of environmentally friendly power 

generators to lessen the pollution that comes from 

conventional energy sources [2], [3]. James Watt created the 

steam engine in 1775, which was the first clean generator. The 

electricity produced by this kind of machine, which can power 

lamps, machinery, and other devices, is produced using steam 

[4].  

Over time, green energy sources have advanced to the point 

that today's power generators are more effective, economical, 

and ecologically benign, all in an effort to minimize 

environmental effects.  

The development of green power generators has assisted in 

reducing the focus on fossil fuels and harmful emissions into 

the atmosphere, while contributing to a greener future. These 

generators are a great option to cut the carbon footprint as they 

don't emit any emissions or toxic byproducts, and have many 

other advantages, such as lower utility costs, enhanced energy 

security, and opportunities in the renewable energy sector [5]. 

However, the expense of the technology and infrastructure 

required to implement these generators, as well as the 

environmental impact with respect to the dependability of 

renewable energy sources, remain a challenge. The world's 

most significant energy sources are fossil fuels, which include 

coal, oil, and natural gas. However, the combustion of these 

fuels contributes to climate change and air pollution by 

releasing carbon dioxide and other pollutants into the 

environment [6]. 

Modern energy sources such as non-polluting power 

generators (NPPGs) can provide electricity without emitting 

any damaging byproducts that cause pollution. NPPGs are 

fueled by renewable energy sources, which include the sun, 

wind, water, and geothermal sources that can refill 

spontaneously and without human interference [7]. 

                     

 

1.1 Working principles of Nonpolluting power generators 

Renewable energy sources form the basis for non-polluting 

power generation are examples of natural energy sources that 

replenish over time and are known as "renewable energy 

sources" [8]. By using these resources, electricity can be 

produced without the need for fossil fuels, which release 

harmful pollutants and contribute to climate change. Non-

polluting power generation captures and transforms energy 

from these renewable resources into electricity that can power 

buildings, including residences, businesses, and other 

establishments. 

The primary concept behind non-polluting power generation 

is to obtain energy from renewable sources and convert it into 

a useful form. Solar panels, windmills, and turbines are 

commonly used for this purpose. The electricity generated 

from these sources can efficiently and sustainably power 

homes, businesses, and other facilities. 

There are many advantages to producing power without 

pollution. In addition to reducing our reliance on fossil fuels, 

it offers clean, renewable energy at a lower cost than 

conventional energy sources. Additionally, renewable energy 

sources tend to be more reliable and consistent than fossil 
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fuels because they are not affected by external factors such as 

weather [9].  

 

1.2 Categories of Non-Polluting Power Generators  

  

1.2.1 Solar Power generator 

Solar energy is a renewable energy source that harnesses the 

sun's energy to generate power, reducing dependence on fossil 

fuels with affordable and sustainable choices. Solar power 

systems use photovoltaic (PV) cells to convert solar energy 

into electrical power [10]. These cells contain 

semiconductors, such as silicon, that absorb the sun's rays and 

produce an electric field [11]. The electricity generated by this 

electric field can then be used to power buildings, commercial 

enterprises, and other devices. 

 

 

 

 
                      Fig. 1.Solar power system 

 

1.2.2 Wind turbines 
Wind turbine power generators are devices that generate 

electricity by harnessing the kinetic energy of the wind. Wind 

power is a non-polluting source of energy, as it does not emit 

greenhouse gases or other pollutants into the environment 

during normal operation. 

Wind turbine power generators use large blades to capture the 

wind's energy and rotate a rotor, which powers a generator to 

produce electricity. It is a renewable and sustainable source 

of energy, as the wind is continually replenished by natural 

weather patterns [12]. 

  

 
                     Fig.2. Wind turbine power system 

 

1.2.3 Biomass 

Biomass power generators are devices that generate 

electricity by burning organic materials such as wood, crops, 

or agricultural waste. Biomass power is a non-polluting 

source of energy, as it does not emit greenhouse gases or other 

pollutants into the environment during normal operation. 

Biomass power generators use the heat generated from 

burning organic materials to produce steam, which drives a 

turbine to generate electricity. The organic materials used in 

biomass power generation are renewable and sustainable, as 

they can be grown and harvested repeatedly [13]. 

 

 
                         Fig.3. Biomass power system 

 

 

1.2.4 Hydroelectric 

Hydroelectric power generators are devices that convert the 

kinetic energy of falling water into electrical energy. 

Hydroelectric power is a non-polluting source of energy, as it 

does not emit greenhouse gases or other pollutants into the 

environment during normal operation. Hydroelectric power 

generators use a dam or other structure to block the flow of a 

river and create a reservoir. The water is then released through 

turbines, which spin a generator to produce electricity. The 

kinetic energy of falling water is a renewable and sustainable 

source of energy [14]. 
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                  Fig.4 .Hydroelectric power system 

                            

1.2.5 Geothermal 

Geothermal power generators are devices that harness the 

natural heat of the Earth to generate electricity. Geothermal 

power is a non-polluting source of energy, as it does not emit 

greenhouse gases or other pollutants into the environment 

during normal operation. 

Geothermal power generators use a well drilled deep into the 

Earth's crust to access hot water or steam. The steam or hot 

water is then used to drive a turbine, which powers a generator 

to produce electricity. The Earth's heat is continually 

replenished, making geothermal power a renewable source of 

energy [15].      

     
                    Fig.5. Geothermal power system  

 

               

                            

1.2.6 Nuclear power 

Nuclear power generators are devices that generate electricity 

by harnessing the energy released from nuclear reactions. 

Nuclear power is a non-polluting source of energy, as it does 

not emit greenhouse gases or other pollutants into the 

environment during normal operation. Nuclear power 

generators use a controlled nuclear reaction to heat water and 

produce steam, which drives a turbine to generate electricity. 

The fuel used in nuclear power generators, typically uranium 

or plutonium, is highly concentrated and can produce large 

amounts of energy from a relatively small amount of fuel [16]. 

 

 
                               Fig.6. Nuclear power system 
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NPPG System/Ty

pe 

Principle Application  Advantage Disadvantag

e 

Efficien

cy 

Cost Environmen

tal Impact 

Solar 

generat

or  

 Photovolt

aic  

 Thermal 

 

This is 

based on 

the 

photovolt

aic effect, 

which is 

the ability 

of certain 

materials 

to convert 

light 

energy 

from the 

sun into 

electrical 

energy.  

 Residential 

homes  

 Commercia

l and 

industrial 

buildings  

 Remote 

locations. 

 Agriculture  

 Transportat

ion  

 Space  

 Renewable 

and 

Sustainable:  

 Clean and 

Environment

ally Friendly:  

 Low 

Operating 

Costs:  

 Energy 

Independenc

e 

 Flexible and 

Scalable:  

 Cost-

Effective 

 

 Intermitten

cy 

 Energy 

Storage 

Challenges. 

 Upfront 

Cost. 

 Land Use:  

 Manufactur

ing and 

Recycling:  

 Geographic 

Limitations

:  

High Medium/Hi

gh 

Low 

                                                                            Table 1. Non pollution power generator (Solar Power) 
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Power 
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or 
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based on 

the 

conversio

n of 
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from the 
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energy 
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generation 
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systems:  

 Water pumping:  
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ns:  

 Transportation:  

 Disaster relief:  

 Clean and 

renewabl

e:  

 Cost-

effective:  
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energy 
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                                                                            Table 2. . Non pollution power generator (Wind turbine) 
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 Combined 
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(CHP) 

systems 

 Organic 

Rankine 

cycle 

(ORC) 

systems 

 Pyrolysis 

systems 

 Micro-scale 

systems 

agricultur

al waste, 

or other 

types of 

biomass, 

into usable 

forms of 
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such as 
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electrificatio

n  
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emissions 
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y 
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                                                                                  Table 3. . Non pollution power generator (Biomass) 
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                                                                           Table 4. Non pollution power generator (Hydroelectric) 
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harness 

this heat 

energy to 

generate 

electricity. 

 Long 

lifespan  

 Local 

economic 

benefits  

 

 

                                                                                   Table 5. Non pollution power generator (Geothermal) 
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Salt 
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to produce 
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applicatio
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h 
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Table 6. Non pollution power generator (Nuclear) 

 

Solar, wind, hydroelectric, geothermal, biomass and nuclear 

are all considered part of the efficient non-pollution power 

generators which are individually capable of conversion into 

direct electricity [17], [18], [19], [20].  

It is imperative to acknowledge that the efficiency and cost of 

non-pollution power generators can vary depending on the 

specific technology used and the location of the power 

generation. Additionally, the environmental impact of non- 

pollution power generators should be evaluated on a case-by-

case basis, considering the specific technology, location, and 

the way it is implemented.  

 

 

2.0 GENERAL ADVANTAGES AND 

DISADVANTAGES OF NON-POLLUTION POWER 

GENERATORS 

 

These includes; 

Clean Energy: Non-pollution power generators are a clean 

and sustainable source of energy because they don't emit any 

harmful emissions or pollutants. This may help lessen the  

consequences of climate change and air pollution [21].  

 

Renewable Energy: Power generators that do not produce 

pollution are sources of energy that can be trusted to last for a 

reasonable amount of time. Renewable energy sources, in 

contrast to finite fossil fuels, may be produced sustainably as 

long as they are replenished [22].  

 

Cost-effective: As technology advances and the price of 

renewable energy sources falls, the cost of non-polluting 

power generators approaches that of conventional energy 

sources [23].  

 

Decentralized energy: Renewable energy such as wind and 

solar power can be generated by individuals and communities, 

enabling decentralization and democratization of energy 

systems [24].  

 

2.1 Current challenges and opportunities in the field 
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The field of non-pollution power generators, also known as 

renewable energy sources, faces several challenges and 

opportunities. 

 

High upfront costs: The cost of technology and infrastructure 

required to implement non-pollution power generators can be 

high. This can be a barrier to the development and deployment 

of renewable energy, especially in developing countries [25].  

 

Weather dependent: The reliability and consistency of non-

pollution power generators such as solar, wind, and 

hydroelectric power can be affected by weather patterns. This 

can be a challenge for grid integration and can lead to 

volatility in power supply [26].  

 

Limited resources: Some non-pollution power generators, 

such as geothermal power, are limited by the availability and 

sustainability of the resources used as fuel. This can make it 

difficult to scale up these technologies [27]. 

 

Environmental impact: Some non-pollution power 

generators, such as hydroelectric power, can have significant 

environmental impacts, such as displacement of local 

communities and habitat destruction [28].  

Storage: The storage of energy generated from non-pollution 

power generators remains a challenge to be addressed. The 

lack of appropriate and cost-effective storage solutions can 

limit the use of renewable energy and make it difficult to 

integrate renewable energy into the grid [29].  

 

 Cost competitiveness: The costs of renewable energy 

technologies have been decreasing in recent years, making 

them increasingly competitive with traditional forms of 

energy. This can create opportunities for the development and 

deployment of renewable energy [30].  

 

Decentralization: The decentralization of energy systems can 

create opportunities for individuals and communities to 

generate their own renewable energy, which can help to 

democratize energy systems and increase access to clean 

energy [31]. 

 

 Technical advancements: Advances in technology and 

innovation can create new opportunities for the development 

and deployment of renewable energy. For example, advances 

in energy storage technology can help to overcome the 

challenges of weather-dependent renewable energy sources 

[32].  

 

Government policies: Government policies and regulations 

can create opportunities for the development and deployment 

of renewable energy. For example, government incentives 

and subsidies can help to reduce the costs of renewable energy 

technologies and increase the deployment of renewable 

energy [33].  

 

Increasing demand for clean energy: The increasing demand 

for clean energy, driven by concerns about climate change 

and air pollution, can create opportunities for the development 

and deployment of renewable energy [34].  

 

 

3.0 CURRENT STATUS OF NON-POLLUTION 

POWER GENERATORS IN NIGERIA 

The current status of non-pollution power generators, also 

known as renewable energy sources, varies globally and 

nationally. However, there has been a rising trend in the use 

of non-pollution power generators in recent years, as 

international bodies and organizations recognize the benefits 

of renewable energy in terms of the reduction in harmful 

environmental emissions having more sustainable energy 

supply. Currently, the most widely used non-pollution power 

generators in the world are hydroelectric, wind, and solar 

power [35].  

According to the International Energy Agency, hydroelectric 

power is the largest source of renewable electricity in the 

world, followed by wind and solar power [36]. In 2020, 

hydroelectric power accounted for around 7% of the world's 

total electricity generation, wind power accounted for around 

5%, and solar power accounted for around 2% [36].  

In terms of cost competitiveness, solar and wind power have 

seen significant reductions in costs in recent years and are 

becoming increasingly competitive with traditional forms of 

energy [37].  

 

The cost of solar power has decreased by 84% since 2010, and 

the cost of wind power has decreased by 47% since 2010 [38]. 

In Nigeria, the current status of non-pollution power 

generators is still in the developing stage as the country is 

heavily dependent on fossil fuels for its energy mix, but there 

has been an increasing interest in renewable energy in recent 

years [39]. The country has a relatively high potential for solar 

and wind power, and there are various ongoing projects to 

develop solar and wind power in the country [39].  

However, the country still faces several challenges in 

developing its renewable energy sector, such as lack of 

infrastructure, lack of funding, and limited capacity to 

develop and manage renewable energy projects. The Nigerian 

government has set a target of generating 30% of its electricity 

from renewable energy by 2030 [39].  

Generally, the current status of non-pollution power 

generators is showing a positive trend towards increasing the 

use of renewable energy sources in the world, however, there 

is still a long way to go to reach a sustainable energy systems.  

In Nigeria, there is a significant potential for non-pollution 

power generators, but the country still faces several 

challenges that need to be addressed to develop its renewable 

energy sector.  

 

3.1 Global and regional trends in the use and development 

of non -pollution power generators.  

The global and regional trends in the use and development of 

non-pollution power generators, also known as renewable 

energy sources, have been increasing in recent years.  
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This is driven by a growing recognition of the benefits of 

renewable energy in terms of reducing harmful emissions and 

creating a more sustainable energy mix.  

The following are some of the key trends in the global and 

regional use and development of non-pollution power 

generators:  

 

Increasing use of renewable energy: The use of renewable 

energy has been increasing globally in recent years. 

According to the International Energy Agency, the portion of 

renewable energy with the basic power distribution has been 

increasing and reached 26% in 2020 [40].  

 

Decentralization of energy systems: There is a growing trend 

towards decentralization of energy systems, with an 

increasing number of individuals and communities generating 

their own renewable energy. This is driven by the falling costs 

of renewable energy technologies, which have made it more 

affordable for individuals and communities to invest in their 

own renewable energy systems [41].  

 

Increasing use of solar and wind power: Both solar and wind 

power generators are the fastest-growing renewable energy 

sources globally. According to the International Energy 

Agency, the share of solar and wind powers in the global 

electricity supply has been increasing and reached 2% and 5% 

respectively in 2020 [42].  

 

Growing investment in renewable energy: There has been a 

growing trend towards investment in renewable energy 

globally.  According to the United Nations Framework 

Convention on Climate Change, global investment in 

renewable energy reached $318 billion in 2020, an increase 

of 4% compared to 2019 [43].  

 

3.2 Regional trends in the use and development of non-

pollution power generators 
 The use and development of non-pollution power generators 

vary regionally. For example, in Europe, the use of renewable 

energy is relatively high, driven by the European Union's 

target of achieving a 32% share of renewable energy in the 

EU's final energy consumption by 2030 [44].  

In Africa, the use of renewable energy is still relatively low, 

but there is a growing trend towards increasing the use of 

renewable energy, driven by a growing recognition of 

renewable energy and an increasing demand for clean energy 

[45]. The global and regional trends in the use and 

development of non-pollution power generators show an 

increasing trend towards the use of renewable energy, driven 

by a growing recognition of the benefits of renewable energy 

and a decrease in the costs of renewable energy technologies. 

However, there are still significant challenges to be addressed 

to fully realize the potential of renewable energy, such as the 

lack of infrastructure and limited capacity to develop and 

manage renewable energy projects.  

 

3.2 Future directions for Non-pollution Power Generators. 

The future direction for non-pollution power generators, also 

known as renewable energy sources, is expected to be shaped 

by a number of factors such as technological advancements, 

policy developments, and market trends. Some of the key 

future directions for non-pollution power generators include:  

 

Increased penetration of renewable energy: The share of 

renewable energy in the global energy mix is expected to 

increase in the future. The International Energy Agency 

projects that renewable energy will account for more than 

60% of the world's electricity generation by 2050 [46].  

 

Continued decrease in costs: The costs of renewable energy 

technologies are expected to continue to decrease in the 

future. This will make renewable energy more cost-

competitive with traditional forms of energy and enable more 

widespread deployment of renewable energy [47].  

 

Decentralization of energy systems: There is an expected 

trend towards decentralization of energy systems in the future, 

with an increasing number of individuals and communities 

generating their own renewable energy. This can help to 

democratize energy systems and increase access to clean 

energy [48].  

 

Advancements in energy storage: Advancements in energy 

storage technology are expected to play a critical role in the 

future of renewable energy. Improved energy storage will 

enable the integration of renewable energy into the grid, 

making it more reliable and consistent [49]. 

 

 Increased use of electric vehicles: The increasing use of 

electric vehicles is expected to drive an increase in demand 

for renewable energy. Electric vehicles can be charged using 

renewable energy sources, which can help to reduce the 

emissions associated with transportation [50].  

 

More stringent regulations: With the growing concern over 

the effects of climate change and air pollution, governments 

around the world are expected to adopt more stringent 

regulations to promote the use of renewable energy and 

reduce the use of fossil fuels [51].  

 

Micro grids and Community-based systems: The future of 

non-pollution power generators is also expected to see an 

increase in the development of micro grids and community-

based systems.  

These systems can help to increase access to clean energy in 

remote and underserved areas, and also provide resilience to 

the grid during crises [52].  

 

4.0 ADVANCEMENTS IN TECHNOLOGY AND 

RESEARCH THAT ARE LIKELY TO SHAPE THE 

FUTURE OF NON-POLLUTION POWER 

GENERATORS  
  

Some of the key advancements in technology and research 
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that are likely to shape the future of non-pollution power 

generators include:  

 

Improved Solar Cells: Advancements in solar cell 

technology, such as the development of perovskite solar cells, 

are likely to increase the efficiency and decrease the cost of 

solar power. This can help to make solar power more cost-

competitive with traditional forms of energy and enable more 

widespread deployment of solar power [53].  

 

Offshore wind power: Offshore wind power has the potential 

to generate more electricity than onshore wind power because 

of stronger winds and less interference from buildings and 

other obstacles.  

Advancements in turbine technology and installation methods 

are making offshore wind power more cost-effective and 

efficient [54]. 

 

 Advanced Hydropower: Research and development in 

advanced hydropower technologies such as run-of-the-river, 

tidal, and ocean energy can help to increase the efficiency and 

decrease the environmental impact of hydropower [55].  

 

Enhanced geothermal systems (EGS): EGS can help to 

increase the availability of geothermal energy by drilling 

deeper into the earth's crust and creating artificial geothermal 

reservoirs.  

This can help to increase the scale of geothermal power and 

make it more cost-competitive with traditional forms of 

energy [56].  

 

Advanced Biomass: Advancements in technology and 

research in advanced biomass technologies such as algae-

based biofuels, can help to increase the efficiency and 

decrease the environmental impact of biomass power [57].  

 

 

Nuclear fusion: Nuclear fusion is a promising technology 

that has the potential to generate large amounts of clean 

energy with minimal waste and no carbon emissions.  

Advancements in nuclear fusion technology can help to make 

nuclear fusion more cost-effective and efficient [58].  

 

Energy storage: Advancements in energy storage technology, 

such as the development of advanced batteries and hydrogen 

fuel cells, can help to overcome the challenges of weather-

dependent renewable energy sources and make it more 

reliable and consistent [59].  

 

4.1 Potential for increased integration and use of non-

pollution power generators  

Renewable energy has several advantages over traditional 

forms of energy, such as reducing emissions and creating a 

more sustainable energy mix. Some of the key factors that can 

help to increase the integration and use of non-pollution 

power generators in the energy mix include:  

 

Cost competitiveness: The costs of renewable energy 

technologies have been decreasing in recent years, making 

them increasingly competitive with traditional forms of 

energy. This can help to increase the deployment of 

renewable energy and make it more cost-effective for 

consumers [60].  

 

Government policies: Government policies and regulations 

can play a critical role in increasing the integration and use of 

renewable energy. For example, government incentives and 

subsidies can help to reduce the costs of renewable energy 

technologies and increase the deployment of renewable 

energy [61].  

 

Grid integration: Advancements in technology and research 

can help to increase the integration of renewable energy into 

the grid. Improved energy storage and grid management 

technologies can help to make renewable energy more 

reliable and consistent [62].  

 

Decentralization: The decentralization of energy systems can 

help to increase the integration and use of renewable energy. 

This can enable individuals and communities to generate their 

own renewable energy and increase access to clean energy. 

Increased demand for clean energy: The increasing demand 

for clean energy, driven by concerns about climate change 

and air pollution, can help to increase the integration and use 

of renewable energy [63].  

 

Technological advancements: Advancements in technology 

and research can help to increase the efficiency and decrease 

the cost of renewable energy technologies.  

This can make renewable energy more cost-competitive with 

traditional forms of energy and enable more widespread 

deployment of renewable energy [64]. 

 

5.0 CONCLUSION  
 

Non-pollution generators such as solar, wind, hydroelectric, 

geothermal, biomass, and nuclear power generators has been 

gaining momentum in both the local and global environments. 

These sources of energy have been identified as a way to 

mitigate the environmental impacts of traditional energy 

sources while providing a sustainable and reliable energy 

supply.  Solar energy is considered one of the most promising 

sources of renewable energy. The widespread availability of 

sunlight makes it a viable option in many parts of the world. 

Furthermore, advancements in technology have made solar 

panels more efficient, making them a cost-competitive 

alternative to traditional sources of energy. Wind energy is 

another source of renewable energy that is being increasingly 

used globally. Wind turbines can be installed in areas with 

strong winds, providing a source of energy that is both 

renewable and non-polluting. Hydroelectric power is also a 

well-established source of renewable energy. The utilization 

of hydropower has been widespread for many years, and it is 

considered one of the most reliable sources of renewable 
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energy. Geothermal energy is a relatively new source of 

renewable energy. The utilization of geothermal energy has 

been limited to certain regions due to the need for a heat 

source, but advancements in technology have made it more 

accessible in other parts of the world. Biomass energy is also 

a promising source of renewable energy. The use of biomass 

energy has been widespread for many years, and it is 

considered a low-carbon alternative to traditional sources of 

energy.  

Nuclear power is a highly controversial source of energy. 

While it is considered a low-carbon source of energy, there 

are concerns about the potential risks associated with nuclear 

power, including the risk of nuclear accidents and the disposal 

of radioactive waste. The concept of non-pollution generators 

such as solar, wind, hydroelectric, geothermal, biomass, and 

nuclear power generators holds significant promise for 

mitigating the environmental impacts of traditional sources of 

energy.  

These sources of energy provide a sustainable and reliable 

source of energy, and advancements in technology have made 

them more accessible and cost-competitive. It is important for 

policymakers to continue to support the development and 

deployment of these sources of energy in order to ensure a 

sustainable energy future for the world. Non-pollution power 

generators are an excellent way to produce electricity without 

damaging the environment.  

 

6.0 REFERENCES 

1. “Prospects around 1640” (2012) How Modern 

Science Came into the World, pp. 281–288. 

Available at: https://doi.org/10.2307/j.ctt45kddd.13.  

2. Ryzhkov, A.F. et al. (2020) “Creation of energy-

efficient and environmentally friendly energy 

sources on fossil fuels to address global climate 

issues,” Journal of Physics: Conference Series, 

1677(1), p. 012115. Available at: 

https://doi.org/10.1088/1742-6596/1677/1/012115.  

3. Druxman, L. (2007) “Power conversion from 

environmentally scavenged energy sources.” 

Available at: https://doi.org/10.2172/920810.  

4. Jones, P.M. (2020) “James Watt and the steam 

engine:” James Watt (1736-1819), pp. 11–38. 

Available at: https://doi.org/10.2307/j.ctvwh8bc0.7.  

5. Lamiaa Abdallah, Tarek El-Shennawy, "Reducing 

Carbon Dioxide Emissions from Electricity Sector 

Using Smart Electric Grid Applications", Journal of 

Engineering, vol. 2013, Article ID 845051, 8 pages, 

2013. https://doi.org/10.1155/2013/845051 

6. Paraschiv, S. and Paraschiv, L.S. (2020) “Trends of 

carbon dioxide (CO2) emissions from fossil fuels 

combustion (coal, gas and oil) in the EU member 

states from 1960 to 2018,” Energy Reports, 6, pp. 

237–242. Available at: 

https://doi.org/10.1016/j.egyr.2020.11.116.  

7. Draghicescu, M. (2010) “Concerns about the non-

polluting energy sources in the European Union. 

Renewable energy sources in Romania,” 2010 2nd 

International Conference on Chemical, Biological 

and Environmental Engineering [Preprint]. 

Available at: 

https://doi.org/10.1109/icbee.2010.5652877.  

8. “Wind-hybrid power generation systems using 

renewable energy sources- A Review” (2017) 

International Journal of Renewable Energy 

Research [Preprint], (v7i1). Available at: 

https://doi.org/10.20508/ijrer.v7i1.5102.g6971.  

9. Dilip Ahuja and Marika Tatsutani, “Sustainable 

energy for developing countries”, S.A.P.I.EN.S 

[Online], 2.1 | 2009, Online since 27 November 

2009, connection on 21 February 2023. URL: 

http://journals.openedition.org/sapiens/823 

10. “Solar UAV for the inspection and monitoring of 

photovoltaic (PV) systems in solar power plants” 

(2020). Available at: 

https://doi.org/10.2514/6.2021-1683.vid.  

11. Fuks, B.I. (2014) “Improvement of the efficiency of 

silicon solar cells,” Semiconductors, 48(12), pp. 

1664–1673. Available at: 

https://doi.org/10.1134/s1063782614120070.  

12. Gros, S. and Chachuat, B. (2013) “Optimization-

based load reduction during rapid shutdown of 

multi-megawatt wind turbine generators,” Wind 

Energy, 17(7), pp. 1055–1075. Available at: 

https://doi.org/10.1002/we.1618.  

13. Mutama, K.R. (2013) “Some aspects of steam 

turbine valves: Materials, operations and 

maintenance,” Volume 1: Fuels and Combustion, 

Material Handling, Emissions; Steam Generators; 

Heat Exchangers and Cooling Systems; Turbines, 

Generators and Auxiliaries; Plant Operations and 

Maintenance [Preprint]. Available at: 

https://doi.org/10.1115/power2013-98289.  

14. Akama, A. (2017) “Impacts of the hydroelectric 

power generation over the fish fauna of the 

Tocantins River, Brazil: Marabá Dam, the final 

blow,” Oecologia Australis, 21(02), pp. 222–231. 

Available at: 

https://doi.org/10.4257/oeco.2017.2103.01.  

15. Gogonin, I.I. (2023) “Thin-film steam generators of 

binary geothermal power plants,” Refrigeration 

Technology, 111(2), pp. 97–104. Available at: 

https://doi.org/10.17816/rf107957.  

16. Laroche, S. (2017) “Thermalhydraulics, circulation, 

and steam-water separation in nuclear steam 

generators,” Steam Generators for Nuclear Power 

Plants, pp. 81–105. Available at: 

https://doi.org/10.2307/j.ctt45kddd.13
https://doi.org/10.1155/2013/845051
http://journals.openedition.org/sapiens/823


International Journal of Engineering and Information Systems (IJEAIS) 

ISSN: 2643-640X 

Vol. 7 Issue 2, February - 2023, Pages: 54-66 

www.ijeais.org/ijeais 

6 

https://doi.org/10.1016/b978-0-08-100894-2.00006-

6.  

17. Han, Y., Sun, Y. and Wu, J. (2021) “A low-cost and 

efficient solar/coal hybrid power generation mode: 

Integration of non-concentrating solar energy and air 

preheating process,” Energy, 235, p. 121367. 

Available at: 

https://doi.org/10.1016/j.energy.2021.121367.  

18. DiPippo, R. (2016) “Environmental impact of 

geothermal power plants,” Geothermal Power 

Plants, pp. 657–684. Available at: 

https://doi.org/10.1016/b978-0-08-100879-9.00023-

9.  

19. Siegl, S., Laaber, M. and Holubar, P. (2011) “Green 

electricity from biomass, part I: Environmental 

impacts of direct life cycle emissions,” Waste and 

Biomass Valorization, 2(3), pp. 267–284. Available 

at: https://doi.org/10.1007/s12649-011-9077-3.  

20. “Cost benchmarking for nuclear power plant 

decommissioning” (2019) Radioactive Waste 

Management [Preprint]. Available at: 

https://doi.org/10.1787/acae0e3b-en.  

21. Cherian, A. (2022) “Air pollution, clean energy and 

climate change.” Available at: 

https://doi.org/10.1002/9781119771616.  

22. Overland, I., Juraev, J. and Vakulchuk, R. (2022) 

“Are renewable energy sources more evenly 

distributed than fossil fuels?,” Renewable Energy, 

200, pp. 379–386. Available at: 

https://doi.org/10.1016/j.renene.2022.09.046.  

23. Price, A. (2015) “The exploitation of renewable 

sources of energy for power generation,” 

Electrochemical Energy Storage for Renewable 

Sources and Grid Balancing, pp. 3–12. Available at: 

https://doi.org/10.1016/b978-0-444-62616-5.00001-

2.  

24. Kaldellis, J.K. and Apostolou, D. (2018) “Wind 

power contribution in achieving global renewable 

energy targets: Current status and future prospects,” 

Recent Advances in Renewable Energy, pp. 238–

271. Available at: 

https://doi.org/10.2174/9781681087191118030007.  

25. Eze, N.I. (2010) “Project financing renewable 

energy projects: Can the clean development 

mechanism improve the bankability of renewable 

energy projects in developing countries?,” SSRN 

Electronic Journal [Preprint]. Available at: 

https://doi.org/10.2139/ssrn.1851908.  

26. Gaunt, C.T. and Malengret, M. (2012) “Why we use 

the term non-active power, and how it can be 

measured under non-ideal power supply conditions,” 

IEEE Power and Energy Society Conference and 

Exposition in Africa: Intelligent Grid Integration of 

Renewable Energy Resources (PowerAfrica) 

[Preprint]. Available at: 

https://doi.org/10.1109/powerafrica.2012.6498641.  

27. Hernández Ochoa, A.F., Aragón Aguilar, A. and 

Franco Nava, J.M. (2021) “An up-to-date 

perspective of Geothermal Power Technology,” 

Sustainable Fuel Technologies Handbook, pp. 201–

238. Available at: https://doi.org/10.1016/b978-0-

12-822989-7.00008-1.  

28. Idsø, J. (2017) “Small scale hydroelectric power 

plants in Norway. Some microeconomic and 

environmental considerations,” Sustainability, 9(7), 

p. 1117. Available at: 

https://doi.org/10.3390/su9071117.  

29. Chen, T. et al. (2020) “MATPLAN: A probability-

based planning tool for cost-effective grid 

integration of renewable energy,” Renewable 

Energy, 156, pp. 1089–1099. Available at: 

https://doi.org/10.1016/j.renene.2020.04.145.  

30. Dominković, D.F. et al. (2018) “The Future of 

Transportation in Sustainable Energy Systems: 

Opportunities and barriers in a clean energy 

transition,” Renewable and Sustainable Energy 

Reviews, 82, pp. 1823–1838. Available at: 

https://doi.org/10.1016/j.rser.2017.06.117.  

31. Nikolaidis, P. (2021) “Sustainable routes for 

renewable energy carriers in Modern Energy 

Systems,” Clean Energy Production Technologies, 

pp. 239–265. Available at: 

https://doi.org/10.1007/978-981-16-1190-2_8.  

32. Alami, A.H. (2019) “Buoyancy work energy storage 

(BAES) systems,” Mechanical Energy Storage for 

Renewable and Sustainable Energy Resources, pp. 

87–92. Available at: https://doi.org/10.1007/978-3-

030-33788-9_8.  

33. “Government policies and plans for Renewable 

Energy” (2020) Renewable Energy, pp. 4–6. 

Available at: 

https://doi.org/10.1355/9789814881944-005.  

34. Cherian, A. (2022) “Air pollution, clean energy and 

climate change.” Available at: 

https://doi.org/10.1002/9781119771616.  

35. Hasanova, L. (2018) “Compensation of reactive 

power of squirrel-cage asynchronous generators, 

used in wind power plants and small hydroelectric 

power stations,” IFAC-PapersOnLine, 51(30), pp. 

462–467. Available at: 

https://doi.org/10.1016/j.ifacol.2018.11.317.  

36. Rahman, A., Farrok, O. and Haque, M.M. (2022) 

“Environmental impact of renewable energy source 

based electrical power plants: Solar, wind, 

hydroelectric, biomass, geothermal, Tidal, ocean, 

and Osmotic,” Renewable and Sustainable Energy 

Reviews, 161, p. 112279. Available at: 

https://doi.org/10.1016/j.rser.2022.112279.  

37. Pitchumani, R. (2015) “Challenges and 

opportunities for cost-competitive concentrating 

solar power,” Light, Energy and the Environment 



International Journal of Engineering and Information Systems (IJEAIS) 

ISSN: 2643-640X 

Vol. 7 Issue 2, February - 2023, Pages: 54-66 

www.ijeais.org/ijeais 

7 

2015 [Preprint]. Available at: 

https://doi.org/10.1364/pv.2015.jw4a.2.  

38. “Fossil fuel consumption support has decreased 

since 2012” (2020) OECD Environmental 

Performance Reviews: Greece 2020 [Preprint]. 

Available at: https://doi.org/10.1787/ee8a7eea-en.  

39. Chanchangi, Y.N., Adu, F., Ghosh, A. et 

al. Nigeria's energy review: Focusing on solar 

energy potential and penetration. Environ Dev 

Sustain (2022). https://doi.org/10.1007/s10668-022-

02308-4 

40. Chu, C.-T. and Hawkes, A.D. (2020) “Optimal mix 

of climate-related energy in Global Electricity 

Systems,” Renewable Energy, 160, pp. 955–963. 

Available at: 

https://doi.org/10.1016/j.renene.2020.06.104.  

41. Sonar, D. (2021) “Renewable energy based 

trigeneration systems—technologies, challenges and 

opportunities,” Renewable-Energy-Driven Future, 

pp. 125–168. Available at: 

https://doi.org/10.1016/b978-0-12-820539-6.00004-

2.  

42. Das, S., Hittinger, E. and Williams, E. (2020) 

“Learning is not enough: Diminishing marginal 

revenues and increasing abatement costs of wind and 

Solar,” Renewable Energy, 156, pp. 634–644. 

Available at: 

https://doi.org/10.1016/j.renene.2020.03.082.  

43. Simshauser, P. and Gilmore, J. (2022) “Climate 

change policy discontinuity & australia's 2016-2021 

renewable investment Supercycle,” Energy Policy, 

160, p. 112648. Available at: 

https://doi.org/10.1016/j.enpol.2021.112648.  

44. Krozer, Y. (2013) “Cost and benefit of renewable 

energy in the European Union,” Renewable Energy, 

50, pp. 68–73. Available at: 

https://doi.org/10.1016/j.renene.2012.06.014.  

45. Martí-Ballester, C.-P. (2022) “Do renewable energy 

mutual funds advance towards clean energy-related 

sustainable development goals?,” Renewable 

Energy, 195, pp. 1155–1164. Available at: 

https://doi.org/10.1016/j.renene.2022.06.111.  

46. Wierzbowski, M., Filipiak, I. and Lyzwa, W. (2017) 

“Polish energy policy 2050 – an instrument to 

develop a diversified and sustainable electricity 

generation mix in coal-based energy system,” 

Renewable and Sustainable Energy Reviews, 74, pp. 

51–70. Available at: 

https://doi.org/10.1016/j.rser.2017.02.046.  

47. Timilsina, G.R. (2021) “Are renewable energy 

technologies cost competitive for electricity 

generation?,” Renewable Energy, 180, pp. 658–672. 

Available at: 

https://doi.org/10.1016/j.renene.2021.08.088.  

48. Nalamati, C.S. (2021) “Grid Energy Storage 

Technologies,” Integration of Renewable Energy 

Sources with Smart Grid, pp. 119–139. Available at: 

https://doi.org/10.1002/9781119751908.ch6.  

49. Mitra, J. and Nguyen, N. (2021) “Grid scale virtual 

energy storage to enable renewable energy 

penetration,” 2021 IEEE Industry Applications 

Society Annual Meeting (IAS) [Preprint]. Available 

at: https://doi.org/10.1109/ias48185.2021.9677310.  

50. Al-Ghaili, A.M. et al. (2022) “Can electric vehicles 

be an alternative for traditional fossil-fuel cars with 

the help of renewable energy sources towards energy 

sustainability achievement?,” Energy Informatics, 

5(S4). Available at: https://doi.org/10.1186/s42162-

022-00234-3.  

51. Mustapha, A. and Soskolne, C.L. (2018) 

“Environmental injustice: Local (environmental 

contamination) and Global (Climate Change) effects 

from the use of fossil fuels on those who benefit least 

from their use,” ISEE Conference Abstracts, 

2018(1). Available at: 

https://doi.org/10.1289/isesisee.2018.s02.03.18.  

52. “- hydrogen as energy storage to increase wind 

energy penetration into power grid” (2016) 

Hydrogen Energy and Vehicle Systems, pp. 274–

299. Available at: https://doi.org/10.1201/b13046-

16.  

53. Sivaram, V. and Kann, S. (2016) “Solar power needs 

a more ambitious cost target,” Nature Energy, 1(4). 

Available at: 

https://doi.org/10.1038/nenergy.2016.36.  

54. “Renewables - wind power. the bigger picture: 

Largest offshore wind turbine” (2021) Engineering 

& Technology, 16(10), pp. 12–13. Available at: 

https://doi.org/10.1049/et.2021.1017.  

55. “Consumption market and transmission scheme of 

the Congo River Basin hydropower” (2020) 

Research on Hydropower Development and 

Delivery in Congo River, pp. 70–106. Available at: 

https://doi.org/10.1007/978-981-15-3428-7_4.  

56. Chandrasekharam, D. (2022) “Enhanced 

Geothermal Systems (EGS) for UN Sustainable 

Development Goals,” Discover Energy, 2(1). 

Available at: https://doi.org/10.1007/s43937-022-

00009-7.  

57. Arun, N. and Dalai, A.K. (2020) “Environmental 

and socioeconomic impact assessment of biofuels 

from lignocellulosic biomass,” Lignocellulosic 

Biomass to Liquid Biofuels, pp. 283–299. Available 

at: https://doi.org/10.1016/b978-0-12-815936-

1.00009-5.  

58. Nagel, D.J. and Fazel, K.C. (2012) “Low energy 

nuclear reactions: Exciting new science and 

potential clean energy,” Fusion Science and 

Technology, 61(1T), pp. 463–468. Available at: 

https://doi.org/10.13182/fst12-a13464.  

59. Timilsina, G.R. (2021) “Are renewable energy 

technologies cost competitive for electricity 

generation?,” Renewable Energy, 180, pp. 658–672. 

https://doi.org/10.1007/s10668-022-02308-4
https://doi.org/10.1007/s10668-022-02308-4


International Journal of Engineering and Information Systems (IJEAIS) 

ISSN: 2643-640X 

Vol. 7 Issue 2, February - 2023, Pages: 54-66 

www.ijeais.org/ijeais 

8 

Available at: 

https://doi.org/10.1016/j.renene.2021.08.088.  

60. Timilsina, G.R. (2021) “Are renewable energy 

technologies cost competitive for electricity 

generation?,” Renewable Energy, 180, pp. 658–672. 

Available at: 

https://doi.org/10.1016/j.renene.2021.08.088.  

61. Nalamati, C.S. (2021) “Grid Energy Storage 

Technologies,” Integration of Renewable Energy 

Sources with Smart Grid, pp. 119–139. Available at: 

https://doi.org/10.1002/9781119751908.ch6.  

62. Rahbar, K. et al. (2016) “Shared Energy Storage 

Management for Renewable Energy Integration in 

smart grid,” 2016 IEEE Power & Energy Society 

Innovative Smart Grid Technologies Conference 

(ISGT) [Preprint]. Available at: 

https://doi.org/10.1109/isgt.2016.7781230.  

63. “Looking beyond the global climate change 

negotiations silo” (2022) Air Pollution, Clean 

Energy and Climate Change, pp. 90–133. Available 

at: https://doi.org/10.1002/9781119771616.ch3.  

64. Stanek, W. (2022) “Thermo-Ecological Cost (TEC) 

–comparison of energy-ecological efficiency of 

renewable and non-renewable energy technologies,” 

Energy, 261, p. 125152. Available at: 

https://doi.org/10.1016/j.energy.2022.125152.  

 

 


