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Energy contributes greatly to every aspect of life and 
other activities, and is the main source of economic 
development of any country. Globally, the demand for 
electrical power has increased in recent times, causing 
a major increase in the price of various fuels. Energy 
production from various renewable and non-renew-
able resources is not new. However, its impact on the 
environment is a major concern. Several power plants 
from large hydro, wind, thermal and others are being 
used for energy generation, nevertheless the depletion 
of the environment is the major global concern. The 
challenges posed to the environment need to be 
tackled to protect our environment. This study eva-
luates the state of energy generation and distribution, 
and its potential environmental impacts on biodiversity, 
climate change, aquatic life, land use, emission  
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generation, etc. We also propose some environmental 
management strategies that can help overcome these 
challenges.  
 
Keywords: Energy production, environmental pollu-
tion, emission generation, management strategies. 
 
PROBLEMS associated with energy generation and distri-
bution are not only limited to global warming, but also air 
pollution, acid rain, ozone depletion, shrinking of forests, 
radioactive emission, etc. that are added environmental 
problems. These issues must be considered in the design-
ing and installation of energy generation plants to achieve 
sustainable development and protect our environment.  
Research has shown that if care is not taken to stop envi-
ronmental degradation, it will have negative impact in  
the future1. According to Erdogdu2, emissions from geo-
thermal energy constitute approximately 2.5% and 5.4% 
compared to coal and natural gas plants respectively.  
Studies have shown that emission of mercury from geo-
thermal plants is between 45 and 900 mg/kW, similar to 
that from coal-fired power plants. This releases about 57–
1938 mg/kW ammonia into the atmosphere, which has  
a great impact on the environment3. Figure 1 shows the 
comparison of carbon dioxide and sulphur emissions 
from geothermal and fossil fuel-fired plants3. Figure 2 
shows greenhouse gas (GHG) emissions for the major 
economies in the world (1990–2020). 
 In Europe, environmental protection and structures to 
guard ecological development are of paramount impor-
tance. For example, the Alps and the German state of 
Bayern, before the development of small and micro hydro-
power station, are expected to focus on the ecological and 
environmental protection and their benefits to the nation. 
If other countries can adopt this system with proper  
supervision and management, the continuous develop-
ment of energy resources will have complete benefits of 
clean energy supply and improve management efficiency, 
policy enforcement and effective implementation. 
 Although several small hydropower stations with  
several management policies exist, each station belongs 
to either a specific river or valley. If each management 
group establishes its power station based on the required 
policies and procedures, the generation and distribution 
of power will be devoid of pollution. The UK Department 
for Transport proposed the establishment of small  
watershed comprehensive management committee to see 
to the development of small hydropower and bring them 
together as a group of small hydropower stations to carry 
out scientific research and improve the technical level of 
research on content and distributed energy construction4. 
The large, medium, small and micro hydropower plants in 
developed countries such as the European Union (EU) are 
quite mature. Nevertheless, further advancement and  
development will encounter challenges due to technical, 
economic and environmental aspects. Figure 3 shows the 

total electricity generation from fuel source by regions in 
2017 and 2018. 
 According to the World Health Organization, about 
212 million people or 71% of the population in the  
Sub-Saharan African countries (apart from Mauritius and 
Seychelles) are affected by household air pollution from  
indoor smoke, pollution due to small particles, carbon 
monoxide and nitrogen oxides. About 153,229 people die 
every year due to indoor air pollution, with approximately 
45% of them being children, including the impact due to 
coal use in several Sub-Saharan African countries on the 
environment5,6. For example, Botswana and South Africa 
still rely heavily on coal for power generation, causing 
potential health effects due to air pollution and also in-
creasing the emission of GHGs. Small hydropower plants 
(SHPs) in rural communities serve two purposes: (i) to 
protect the ecology and environment, and thus ecological 
and environmental benefits and (ii) to reach rural electri-
fication target and the annual power generation. Although 
it is easy to evaluate the efficiency of annual power gene-
ration, the environmental and ecological benefits of SHPs 
are difficult to evaluate. Therefore, the benefits must be 
balanced, but the different periods should be considered. 
According to China’s first national water census data  
released in 2013, the number of hydropower stations and 
the installed capacity of distribution of less than 500 kW 
in the country7 is 658, accounting for 52.5% of the total 
power generation. The data show that benefits of small 
and micro hydroelectric power generation are more, but 
benefit to the environment is less. Therefore, small  
hydropower development and environmental and ecologi-
cal protection should be of national concern7. 
 Wind energy use has currently increased with about 
20% growth in annual installed capacity. For example, 
USA recorded an installed capacity of 51 GW in 2014, 
67 GW in 2015, 54 GW in 2016 and 47 GW in 2017, 
whereas China recorded 23 GW in 2014, 30.7 GW in 
2015 and 23 GW in 2016. As of 2017, a total capacity of 
514 GW was recorded globally with several new turbines 
installed (Figure 4). According to the World Energy Out-
look 2017 reports8, additional 1664 GW of wind  
capacity is expected to be installed by 2040, which will 
generate about 4270 TW of power, representing 29.3% 
capacity. The sustainable development scenario also 
projects 2629 GW capacity that will generate 6950 TW of 
power8. In recent times, several countries are operating 
wind turbines of about 6 MW. However, an 8 MW plant 
having 167 m rotor diameter was constructed in Denmark 
in 2017. This indicates that 2017 saw a rise of 23% com-
pared with 2016, with an average size of 5.9 MW new  
installed turbines9,10.  
 Geothermal energy is another source of renewable 
energy that has great potential in countries such as New 
Zealand, USA, Mexico, Indonesia, the Philippines and  
Italy. This form of energy is cheaper in both production 
and supply compared to wind and solar energy. As of 
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Figure 1. Comparison of (a) CO2 and (b) sulphur emissions from geothermal and fossil fuel-fired plants. 
 
 

 
 
Figure 2. Greenhouse gas emissions for the major economies in the 
world (1990–2020). 
 
 
2016, 12.7 GW of geothermal energy capacity has been 
installed worldwide, an increase from 11.85 GW capacity 
in 2015 (ref. 11). This installed capacity consists of 
951 MW from Mexico, 2500 MW from California, 
1534 MW from Indonesia, 986 MW from New Zealand, 
1916 MW from the Philippines and 824 MW from Italy. 
However, the 2015 production included Indonesia with 
10 TW, Italy with 6.2 TW, Mexico with 6.5 TW, the  
Philippines with 11 TW and New Zealand with 7.85 TW, 
all from geothermal energy11. In Iceland, 5.0 TW consti-
tutes 28.5% of electricity in the country whereas Japan 
also generated 533 MW which constitutes 0.25% of the 
national energy. In 2016, over 100 geothermal plants of 
approximately 2.5 GW have been installed in Europe. 
This added about 15 TW of geothermal energy to the  

existing capacity. In 2017, Turkey attained an installed 
capacity of 1100 MW. It is projected that geothermal 
energy installed capacity and generation will triple by 
2030. The Global Geothermal Alliance has set a target  
to increase worldwide geothermal energy capacity to 
500 MW by 2030 (ref. 12). 
 Burning of wood pellets is increasing globally owing to 
national policies on climate change that have exempted 
emissions of carbon dioxide from nationwide totals.  
According to the United Nations, wood pellet production 
reached 28 million tonnes in 2015 which is an increase of 
over 40% in three years, with USA leading as the major 
source13. Electricity generated from waste produced and 
biomass in 2015 was 429 TW globally from 101 GW  
capacity14 and 314 TW from 86 GW (ref. 15), with bio-
mass having the highest production capacity of about 
60%. Nevertheless, biomass energy generation is  
expected to triple and add 2% to the global total by 2030. 
Figure 5 shows the total primary energy consumption 
from fuel type by energy sources in 2017 and 2018. 
Tables 1 and 2 show the global total electricity generation 
in 2017 (million tonnes) and global total electricity  
generation in 2018 (million tonnes) respectively. 
 Energy production undergoes several stages, with each 
stage having the ability to affect the environment. Some 
of these environmental impacts include biodiversity, loss 
of birds, emissions, consumption of natural resources, 
depletion of the ozone layer, climate change, etc. These 
impacts could either be positive or negative. It is therefore 
necessary to conduct a study to find suitable remedies 
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Figure 3. Total electricity generation from source by regions in (a) 2017; (b) 2018. 
 

 

 
 

Figure 4. Total primary energy: consumption by regions.
 
 
to these impacts. The main impact of electric power gene-
ration is change or damage to natural habitats. Changes to 
ecosystems can also occur as dams convert system of 
running water into slow water. This disturbs the physico-
chemical and geobiocentric processes which occur in  
rivers, and consecutively produce new biotopes with 
comparatively stable environmental conditions.  
 Emissions from GHG intensifications of anthropogenic 
nature are higher compared to the standards set by the  
Intergovernmental Panel on Climate Change (IPCC). This 
results in changes to many ecosystems. It is important to 
maintain a range of temperatures which will make earth 
habitable, considering the natural greenhouse effect from 
extreme human activities of GHGs. Currently, measures 
have been put in place to reduce CO2 and other GHG 
emissions. They comprise installation of renewable energy 
services, for example, small hydropower, wind and solar 
energies, energy efficiency measures, as well as techno-
logical expansion of geothermal and ocean energies. Glo-
bally, there are several types of hydropower plants. The 
most common one that is found in many countries is the 
large hydropower plant, although the small and micro  
hydropower plants are cheap with no or minimal envi-
ronmental hazards. Large-scale hydroelectric dams are 
being constructed in countries like China, Ghana and 
Brazil. Hydro energy, like other renewables, has an im-

pact on the environment which needs to be taken into 
consideration while constructing hydroelectric dams,  
particularly large ones.  
 The amount of land required for constructing a hydro 
dam or reservoir mostly depends on the size of the 
project, and the generators as well as turbines to be used. 
Projects on flat lands usually use more land than the ones 
constructed on hills or valleys, where deep reservoirs 
could contain a larger capacity of water in a smaller 
space. According to Fearnside16, the large Balbina hydro 
plant built on a flat land in Brazil, flooded 2360 km2 at 
Delaware, whereas it generated only 250 MW of energy. 
On the contrary, a small 10 MW run-of-the-river plant in 
a hilly area could use only 2.5 acres of land17. Flooding 
caused by hydro dams and reservoirs has a major impact 
on the environment as it degrades forests, habitats of  
flora and fauna, agricultural land, etc. For example, in 
case of the Three Gorges Dam in China, the whole com-
munity had to be moved for constructing the reservoirs18. 
Similar incidents have happened in Ghana for the Bui and 
Weija dams. 
 Although several constructed reservoirs are used for 
other activities, which include irrigation, flood control 
and recreation, hydropower dams also contribute some 
major effects on water ecologies. For example, fish and 
other organisms are mostly affected by turbine impellers 
which may either kill or injure them. Chemicals released 
into water bodies may harm them. Noise pollution these 
also caused by turbines and other generators. With the 
exception of direct interaction, the effects on wildlife 
could occur both in the downstream and dammed reser-
voirs. Water in reservoirs is normally motionless com-
pared to river water. This makes the reservoir contain 
high amounts of deposits  that could develop an excess of 
algae in addition to other aquatic weeds in it which can 
cause water pollution and affect wildlife. Thus these 
weeds sometimes troop other animals in the water bodies 
as well as plant-life. This can be prevented either by  
introducing fish that eat these plants or by manual har-
vesting19. Additionally, evaporation in dammed reservoirs 
also causes loss when compared to flowing rivers. 
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Figure 5. Primary energy: consumption by energy source in (a) 2017; (b) 2018. 
 

 
Table 1. Global total electricity generation in 2017 (million tonnes) 

Region/Country Oil Natural gas Coal Nuclear energy Hydroelectric Other renewables
 

Canada 3.2 59.6 60.1 100.4 396.5 42.1 
Mexico 38.9 196.3 30.9 10.9 31.8 19.1 
US 23.0 1394.0 1310.0 847.3 296.8 417.8 
Argentina 11.6 80.8 2.0 6.1 41.5 3.0 
Brazil 15.5 65.6 25.8 15.7 370.9 94.5 
Other South and Central American countries 80.4 98.0 49.7 – 308.0 41.9 
Germany 5.6 86.7 241.9 76.3 20.2 196.2 
Italy 11.5 140.3 35.1 – 34.4 67.7 
The Netherlands 1.2 57.9 31.3 3.4 0.1 17.4 
Poland 2.0 10.0 133.8 – 2.6 21.6 
Spain 15.8 64.0 46.3 58.1 18.8 69.5 
Turkey 1.2 110.5 97.5 – 58.2 29.0 
Ukraine 1.4 9.1 46.7 85.6 8.7 1.9 
United Kingdom 1.6 136.8 22.5 70.3 5.9 93.4 
Other Europe 21.6 172.0 233.3 642.4 436.1 220.4 
Kazakhstan 1.9 19.8 69.9 – 11.2 0.4 
Russian Federation 10.7 515.9 168.9 203.1 185.3 1.1 
Other CIS 1.8 127.5 12.7 2.6 43.6 0.5 
Iran 28.9 251.2 0.5 7.1 17.2 0.3 
Saudi Arabia 156.9 225.1 – – – 0.1 
UAE 1.6 132.4 – – – 0.5 
Other Middle East  134.8 232.3 22.3 – 3.6 4.5 
Egypt 27.7 149.4 – – 13.4 2.7 
South Africa 0.1 1.9 221.4 15.8 0.9 10.6 
Other Africa 56.0 173.6 27.4 – 110.3 13.6 
Australia 5.3 55.2 159.1 – 13.5 25.7 
China 10.7 202.8 4445.5 248.1 1165.1 492.4 
India 10.1 73.5 1117.6 37.4 135.7 95.8 
Indonesia 18.9 55.7 148.0 – 18.6 13.4 
Japan 65.7 401.5 361.8 29.1 79.2 98.8 
Malaysia 5.0 65.1 67.7 – 23.1 1.3 
South Korea 13.1 128.0 261.7 148.4 2.8 17.6 
Taiwan 12.8 93.4 125.9 22.4 5.4 5.3 
Thailand 0.3 121.0 35.7 – 4.7 14.9 
Vietnam 0.7 44.4 76.1 – 70.9 0.3 
Other Asia-Pacific  72.4 201.6 116.9 8.4 130.4 31.1 

 
 Installation and disassembling of hydropower plants 
normally causes global warming due to significant emis-
sions. The emissions depend on the size and topography of 
the land swamped by the reservoir as well as the size of the 
river. According to IPCC and the National Academy of 
Sciences, USA, SHPs produce between 0.01 and 0.03 
pounds of carbon dioxide equal to kWh. However lifecycle 

emissions produced by large hydropower plants constructed 
within the semiarid regions constitute about 0.06 pounds of 
carbon dioxide equal to kWh. Therefore, global warming 
due to emissions produced by large hydropower plants in 
temperate zones is high considering the approximations  
for lifecycle. Nonetheless, the present estimation indicates 
that lifecycle emissions could be above 0.5 pounds of 
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Table 2. Global total electricity generation in 2018 (million tonnes) 

Region/Country Oil Natural gas Coal Nuclear energy Hydroelectric Other renewables 
 

Canada 3.2 58.7 59.3 100.0 387.3 45.3 
Mexico 36.8 196.7 29.2 13.6 32.4 21.4 
USA 26.4 1578.5 1245.8 849.6 288.7 458.5 
Argentina 6.4 85.3 2.0 6.9 41.6 3.8 
Brazil 11.5 46.8 21.9 15.6 387.7 104.5 
Germany 5.2 83.0 229.0 76.1 16.9 209.2 
Italy 10.9 127.2 36.6 – 45.9 66.0 
The Netherlands 0.6 57.3 30.0 3.5 0.1 18.6 
Poland 1.2 12.4 134.7 – 2.0 19.5 
Spain 15.6 57.2 38.4 55.6 35.2 70.7 
Turkey 0.6 92.2 111.7 – 59.5 37.7 
Ukraine 0.5 12.1 47.7 84.4 9.9 2.6 
United Kingdom 1.7 131.5 16.8 65.1 5.5 105.6 
Kazakhstan 1.7 24.2 70.2 – 10.3 0.7 
Russian Federation 11.4 521.5 177.5 204.5 190.2 1.3 
Iran 23.0 269.1 0.5 7.0 10.8 0.4 
Saudi Arabia 150.6 233.0 – – – 0.2 
UAE 1.6 134.4 – – – 1.0 
Egypt 22.1 160.9 – – 13.5 3.5 
South Africa 0.1 1.9 225.0 11.1 0.9 12.4 
Australia 5.3 50.2 156.6 – 17.3 31.9 
China 10.7 223.6 4732.4 294.4 1202.4 634.2 
India 10.1 74.3 1176.3 39.1 139.7 121.5 
Indonesia 20.2 59.6 156.4 – 16.4 14.8 
Japan 60.0 386.9 347.2 49.1 81.0 112.1 
Malaysia 2.3 66.4 74.1 – 24.2 1.5 
South Korea 9.1 160.4 261.3 133.5 2.9 21.9 
Taiwan 8.4 94.8 126.6 27.7 4.5 6.4 
Thailand 0.2 116.3 35.8 – 7.6 17.8 
Vietnam 0.7 44.3 86.7 – 80.7 0.5 

 
carbon dioxide which is equal to kWh. This is due to the 
decomposition of vegetation and soil after flooding which 
release carbon dioxide and methane20,21. 
 Environmental regulations have caused difficulties for 
developing SHPs in many countries along with increasing 
installation costs. There has been advancement in SHP 
technology to lower its environmental impact and provide 
suitable protection for the fauna and flora, especially  
migratory fish. In many developed countries, new envi-
ronmental protection regulations have prevented the  
development of SHPs potential sites since the regulations 
either involve additional costs that make projects unfeas-
ible, or they prevent development entirely. In Norway 
and Sweden, for instance, feasible SHPs potential has 
been developed due to the implementation of a new regu-
lation that has rendered development of potential sites  
illegal or economically unviable. Similarly, the government 
of Austria has made it mandatory to conserve fish that are 
in the rivers used by SHPs. Though ensuring a low envi-
ronmental impact, governments should consider SHP  
developers as important stakeholders when formulating 
and implementing regulations. Also, the industry must 
continue to lower the impact of SHPs and seek lower-cost 
technology to ensure that environmentally sound sites 
remain viable. Wind energy like other renewable energy 
resources has undesirable effects on the environment. 

These include noise pollution, visual effect, shadow flicker 
and reflectance, etc. Wind turbine installations cause  
visual impact on the environment, leading to accidents par-
ticularly along roadsides. Constructing several wind  
turbines also disturbs the landscape, for instance, visibility 
to one side. This environmental visual effect could be redu-
ced with suitably modifying the size of the turbine and  
design during installation. Another effect is the noise 
produced by wind farms and turbine blades as they rotate. 
This affects the health and comfort of people living nearby. 
 Before any project is commenced, it is necessary to 
conduct environmental impact assessment (EIA), which 
will help forecast the impact it will have on the environ-
ment and recommends whether the project can be carried 
out or not. This assessment should be impartial devoid of 
any political influence.  
 It is also necessary to consider Environmental Man-
agement System (EMS) for the protection of the envi-
ronment in each energy project. EMS is a part of the 
management system of an organization which is respon-
sible for developing, implementation and management of 
its environmental policy. This comprises organizational 
structure responsibilities, operational planning, proce-
dures, processes, practices and resources to develop. Ap-
plication of this system involves studying the legislation 
and standards appropriate for all facilities, identifying the 
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major environmental impacts, valuation of the risks of 
these impacts, plans to decrease the risks, as well as all 
the appropriate prepared management systems. This sys-
tem allows the organization to evaluate the efficiency of 
the procedures and technical instructions in the applica-
tion of environmental policies and objectives. 
 Government policies that support specific renewables 
resource generation usually produce clear grants together 
with other mechanisms for example quota duties, feed-in 
tariffs and energy tax exemptions. In the EU, feed-in  
tariffs are popular. The taxes levied on a specific renewa-
ble resource are justified by climate change or associated 
policies. A clear example is found in Sweden, where  
taxes have been levied on energy resources such as nuc-
lear at around EUR 0.6 cents/kWh. Others such as  
environmental taxes can also be implemented to check 
and control environmental pollution caused by energy 
generation. In Australia, it is mandatory for energy trad-
ers to source identified amounts of power from new  
renewables, except hydropower. This has brought a con-
tingency tax of AUD 4 c/kWh for retailers who do not 
obey the laws. Ten of the 29 states in India are practising 
feed-in tariffs. For example, Karnataka levies 2.75 times 
the tariff for coal-produced energy together with a federal 
incentive scheme paying one-third of the coal-fired tariff. 
Similarly, in Germany and Portugal, small-scale PV con-
tribution is stimulated by high feed-in tariffs of 48 and 
50 c/kWh respectively. 
 Energy from renewable sources are clean and suitable 
to overcome electricity crisis worldwide and improve 
economic growth with minimal or no environmental  
hazards. Wind energy has shown about 20% growth in 
annual installed capacity. As of 2017, a total capacity of 
514 GW was recorded globally with several new turbines 
being installed. Environmental protection and measures 
to protect ecological development are important in  
Europe. Development of SHPs must focus on ecological 
and environmental protection and benefits. SHPs generate 
energy with minimal environmental effects. Wind, geo-
thermal and solar energy sources have minimal emissions 
compared with fossil fuels, which makes them suitable 
for application, and to reduce dependence on the im-
ported fuels. However all these energy sources have some 
impact on the environment that needs to be controlled be-
fore production. Several developing countries do not have 
access to electricity due to the fear of environmental  
pollution caused by some energy generation sectors. In 
this study, we have discussed various environmental im-
pacts from energy generation, such as on biodiversity, 
climate change, wildlife, global warming, etc. EIA, EMS, 
quota duties, feed-in tariffs and energy tax exemptions 
are some of the remedies to overcome these challenges. 
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