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ABSTRACT 
 
 This paper discusses the environmental impacts of different energy sources. It is known that each energy 
source has some environmental impacts. However, these impacts are sometimes overlooked when evaluating 
different energy sources, especially with regard to renewable energy sources.  The environmental impacts of 
nuclear energy  including accident conditions (e.g Three Mile Island accident in the United States, the 
Chernobyl accident in Ukraine and Fukushima nuclear accident in Japan) should be seen in a wider context 
taking into consideration the whole fuel cycle and not only the  power generating step. Recently, the world paid 
more attention to promoting other renewable energy sources (solar, wind, hydropower, geothermal) in order to 
meet the developing growing energy needs. Unfortunately, the excessive usage of fossil fuel as well as 
renewable energy sources with disregard of their environmental impacts creates many environmental problems. 
So, the principal goal of this paper is to discuss the environmental impacts of nuclear, fossil and renewable 
energy sources for a sustainable development and to help the decision makers to choose the optimum energy 
mix which gives the lowest environmental impacts and taking also the economic factors into consideration. 

 
Key words: Impacts of nuclear – fossil fuels- renewable energy sources-environmental impacts- sustainable 

development. 

 

INTRODUCTION 
 
 In the recently published international energy projections through 2035 an assessment was given of the 
outlook for energy (including electricity) demand and supply. Based on this study, the world net electricity 
generation will increase by 87 percent (in the basic scenario) from 18.8 trillion kWh (18.8 x 10

12
 kWh) in 2007 

to 25.0 trillion kWh in 2020 and to 35.2 trillion kWh in 2035 as shown in (Fig. 1) where the global demand for 
energy has increased greatly in recent years and is projected to grow even more. At the beginning the world 
used conventional energy sources based on oil, coal and natural gas but, excessive use of these traditional fuel-
based energy sources are damaging economic progress, environment and human life in many aspects as will be 
summarized later, besides these energy sources are all non-renewable and have limited reserves and uneven 
geographical distribution. Nuclear energy has played a major role in reducing the world's use of oil for 
electricity generation over the past two decades and it has minimum emissions of greenhouse gases so the 
nuclear power is the only baseload electricity source that could effectively replace fossil-burning plants and help 
in reduction of global warming threat.(It is estimated that nuclear power currently reduces carbon dioxide 
emissions by about 2.5 billion tonnes per years) (Vujic et al., 2012) However, there is considerable uncertainty 
with the predictions for nuclear power growth, related to radioactive waste disposal, safety, non-proliferation 
issues, as well as rising construction cost and investment risk. The world attention is heading to other renewable 
energy sources (solar, wind, hydropower, geothermal) in order to promoting renewable alternatives to meet the 
developing growing energy needs. But none of energy sources have zero or negative impact. A life cycle 
analysis methodology should be used to compare different electricity generation options. Life Cycle Assessment 
(LCA) is a technique for assessing the environmental aspects and potential impacts associated with a product 
from the cradle to the grave. In this paper, an attempt has been made to discuss the environmental impacts of 
nuclear, fossil and renewable energy sources. 
 
Life-Cycle Assessment (LCA) methodology: 
 
  Life cycle assessment (LCA) is a technique for assessing various aspects associated with development of a 
product and its potential impact throughout a product‟s life (i.e. cradle to grave) from raw material acquisition, 
processing, manufacturing, use and finally its disposal. Life cycle assessment (LCA) includes definition of goal 
and scope, inventory analysis, impact assessment and interpretation of results as shown in Fig. 2 (ISO, 1997, 
1998, 2000 and 2000). 
 
Nuclear energy sources: 

 
 Operational technologies of nuclear power are based on the fission of heavy atoms in which only heat is 
generated. There are various commercial technologies such as pressurized, boiling and water cooled graphite 
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moderated light water reactors heavy water reactors; gas-cooled reactors as shown in Fig(3). Also, some new 
technologies are under development for the future such as breeders and fusion of light atoms. Existing nuclear 
plants operates at very large scales such as 500, 1000, 1300 and1500 MW and larger capacities are planned for 
the future reactors. Due to technical and economic reasons, they operate at constant full load and located at far 
distances from urban area and preferably also from industrial mega-complexes due to safety regulations. 

 
 

Fig. 1: World net electricity generation by fuel, 2007-2035 (trillion kWh). (IEO, 2010). 

 

 
 

Fig. 2: Interrelation of LCA phases. 

 

 IAEA‟s Power Reactor Information System (PRIS)(2013) revealed that there are 29 countries worldwide 

operating 434 nuclear power reactors for electricity generation (with a total net installed capacity of 374,042 

MWe) as in Fig.(4), 5 nuclear power reactors are in long term shutdown, and 66 new nuclear power reactors are 

under construction in 15 countries (PRISD,2011). The largest number of reactors under construction is in China 

(27) and Russia (11). The percentage of electricity generation by nuclear power in the world is 13.8% and in the 

OECD countries is 21.4% (T R - NE, 2010).The USA operates 104 nuclear power reactors in 31 states (with 

total installed net capacity of about 101,000 MWe and the capacity factor of 92%) that produce about 20% of 

the total electricity production in the U.S (Resources and statistics,2011). When considering nuclear power 

technology for electricity generation there are a lot of issues must be addressed such as sitting criteria and rising 

construction cost, regulatory and licensing issues, management and disposal of spent nuclear fuel (SNF). 
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Fig.  3: Nuclear reactor generations (Climate Change, 2007). 

 

 Mining of uranium currently takes place in 18 countries, with Kazakhstan, Canada and Australia providing 

over 60% of total uranium supply from mines (Stamford, and Azapagic, 2011). As uranium mining and milling 

have generated the largest volume of radioactive waste, worldwide the total estimated volume of mill tailing is 

938 x 10
6
m

3
 produced at about 4384 mines, and the radioactivity of these tailings depends on the grade of ore 

mined and varies from less than 1 Bq/g to more than 100 Bq/g (WNA,2010). The radionuclides in uranium mill 

tailings include (
238

U, 
235

U and 
234

U), 
230

Th, 
226

Ra and 
222

Rn; both 
238

U and 
230

Th are long lived α-emitters. 
222

Rn, 

an inert radioactive gas with a short half-life (3.8 days), has been identified as an important carcinogen. Radon 

concentrations persist in mill tailings because 
222

Rn is a decay product of the longer-lived 
226

Ra (half-live 1600 

years), with gamma radiation constituting the principal radiation risks from uranium tailings. In addition to 

radioactivity, uranium mill tailings are often associated with elevated concentrations of highly toxic heavy 

metals. Because of the oxidation of high sulfide content (a few to ten of wt. %), uranium tailings generates 

acidic waters and accelerates the release of radioactive and hazardous elements (Abdelouas,  2006). Typically, a 

light water reactor producing 900 MW of electrical power uses 20 t of metallic uranium per year, which requires 

the mining of 17,000 t of 1 wt% uranium ore.  

 

Spent nuclear fuel issues: 

 

 The management and disposal of Spent Nuclear Fuel is a very important issue in the current and future 

considerations of expansion of nuclear power and its environmental footprint. Nuclear fuel consists of pellets 

encased in tubes of zirconium alloy, arranged in a lattice within a nuclear fuel assembly (FNFC,2011). A fuel 

assembly spends three or four years in the reactor. A typical LWR spent fuel contains about 95.6% 
238

U, 0.8% 
235

U, 3% waste products, and about 1% of plutonium. A typical LWR generates about 27 tonnes of SNF per year 

or 3 m
3
 of vitrified waste (MRWA and RWM, 2011). 

 For the “open” or “once-through” fuel cycle SNF is waste, which needs to be stored for several decades to 

reduce radioactivity and radioactive decay heat, and eventually needs to be disposed of in a geological 

repository. However, only 3% of SNF can be considered as “real” waste, while uranium and plutonium are 

extracted and recycled in a “closed” fuel cycle. The “real” HLW is separated out for further treatment followed 

by interim storage, pending final disposal in a geological repository. At present, the worldwide capacity to 

reprocess SNF is between one-third and one-half of the annual production rates (~ 10,000 tHM/y). 

 

Radioactive pathways and Radiological impact on public and environment: 

 

 Radionuclides move through the environment and into the body through many different pathways. 

Understanding these pathways makes it possible to take actions to block or avoid exposure to radiation. This can 

minimize peoples‟ exposure to additional radiation resulting from human activities. Radionuclides travel 

through the environment along the same pathways as other materials. They travel through the air, in water (both 

groundwater and surface water), and through the food chain. Radionuclides may enter the human body by eating 
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or drinking, by inhalation, or by absorption through the skin. The fundamental safety objective is to protect 

people and the environment from harmful effects of ionizing radiation or keep it As Low as Reasonably 

Achievable (ALARA). The occupational exposure of any workers as well as the public shall be controlled in 

such a way that the following limits (ICRP, 1991 and 2007) are not exceeded as in Table (1):  

 

 

 
 

Fig. 4: Total number of reactors worldwide with power capacity(GW) (IAEA, PRIS 2013). 

 

Life-Cycle Assessment (LCA) of Nuclear power: 

 

 The life cycle of nuclear power is shown in Fig. (5), where there are a number of stages in the nuclear fuel 

cycle that produce radioactive waste. 

 Over 200 radionuclides are produced during the operation of a typical reactor (Paschoa, 2004); most of the 

radionuclides are relatively short-lived and decay to low levels within a few decades (Crowley,1997). A number 

of radionuclides are emitted from normal operation of NPP. The annual discharge of gaseous 
14

C to the 
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atmosphere from pressured water reactors in Germany was 280 ± 20 GBq/GWe in 1999, on average 30% is 

thought to have been emitted in the form of CO2, the rest in organic form (CH4 in particular). In France, 
14

C 

discharges were estimated to be 140 GBq/ y per unit of 900MWe and 220 GBq/y per unit of 1300MWe (Roussel 

et al., 2006). Based on combined worldwide operable nuclear reactors of 3.72X10
5
MWe (WNA, 2007), the 

annual discharge of 
14

C worldwide is about 60 TBq/y. As a comparison, all atmospheric nuclear tests emitted 

about 2.13 X10
5
 TBq of 

14
C, cosmogenic natural production in the upper atmosphere is at a rate of 

approximately 1.54 X10
3
 TBq/y. 

 
Fig. 5: The life cycle of nuclear power (HLW: high-level waste; MOX: mixed oxide fuel) (IAEA, 2013). 

 
Table 1: Limits for occupational and public radiation exposure. 

 
 

Other health hazards from nuclear power plants: 

 

 The radioactive emissions  do not only cause radioactive environmental problems from operating nuclear 

power plants but also other environmental problems (water eco-toxicity, global warming, Ozone depletion, 

Acidification, Eutrophication, photochemical smog, land use and quality)  may arise. (Zwaan, 2013) presents an 

updated overview of recent literature on the role of nuclear power in mitigating greenhouse gas (GHG) and 

particulate matter (PM) emissions from electricity generation. On a life cycle basis, nuclear power emits 

approximately 10 g CO2 equiv/kWh within an uncertainty range of 5-17 g CO2 equiv/kWh.  As shown in Fig. 

(6) Nuclear power emits around 0.55µg CFC-11 equiv/kWh, most of which is normally attributable to mining 

and milling and varies widely depending on the enrichment technology used. While, acidification  causes 

increased mortality of aquatic organisms in lakes and rivers as well as erosion of buildings due to emissions of 

acid gases such as SO2, NOx, HCl and NH3. (40-90) mg SO2  equiv/kWh is emitted during the nuclear power 

plant life cycle, the majority of which occurs during mining and milling. 

 

Nuclear accidents: 

 

According to accident fatalities there have been three major accidents for the nuclear power generation:  

 

 -Three Mile Island (USA, 1979) with 0.92–3.7 x10
5
 TBq radioactive gas release, this accident did not cause 

notable radiation effects on individuals living in the vicinity of the reactor (25,000 people lived within 8 km of 

the site at the time of the accident), yet the sociopolitical ramifications of the accident were evident. The Three 

Mile Island accident was a significant turning point in the global development of nuclear power. From 1963 to 

1979, the number of reactors under construction globally increased every year except in 1971 and 1978. 
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However, following the Three Mile Island accident, the number of reactors under construction declined every 

year From 1980 to 1998. 

 

 
 

Fig. 6: Life cycle environmental impacts of nuclear power plant (EC-http://www. ecoinvent.org/database/). 

 

-Chernobyl (Ukraine, 1986):  

 

 It was estimated that 1.2 x 10
7
 TBq of radioactivity was released in the Chernobyl accident (UNSCEAR, 

2000) and the noble gases contributed about 50% of the total release. (Eikenberg et al. (2004) compared the 

total atmospheric release of long-lived dose-relevant fission radionuclides and actinides from the atomic bomb 

tests and the Chernobyl reactor explosion. Compared to the sum of all previously performed atmospheric bomb 

tests, the values for 
90

Sr, 
137

Cs, and 
239+240

Pu from the Chernobyl accident were in the order of 10% and much 

higher for 
238

Pu and 
241

Am. Fallout of hot particles in the vicinity of the reactor caused a considerable 

contamination of the soil surface, with 
137

Cs up to 106 Bq/m
2
, and 116,000 people had to be evacuated within a 

zone of 30 km distance from the reactor (Balonov, 2007 and  Izrael, 2007). The contribution of 
137

Cs from the 

Chernobyl plume was significant even 2000 km away; however, the total surface contamination was at least two 

orders of magnitude below the level within the 30-km exclusion zone. In all, there were 28 deaths from the acute 

radiation syndrome as a result of the Chernobyl accident (Eisenbud, and Gesell,  1997).  Where the destruction 

of the reactor by explosion and fire killed 31 people and had significant health and environmental consequences. 

 

- The Fukushima accident (On March 11, 2011):  

 

 Following the mega-earthquake and destructive tsunami on the east coast of Japan, there was a series of 

equipment malfunction, reactor core meltdowns, and releases of radioactive materials at the Fukushima Daiichi 

Nuclear Power Plant (NPP). (Matsumoto et al., 2013) studied Tritium concentrations in Japanese precipitation 

samples collected after the accident at the Fukushima Daiichi Nuclear Power Plant (FNPP1). Values exceeding 

the pre-accident background were detected at three out of seven localities (Tsukuba, Kashiwa and Hongo) 

southwest of the FNPP1 at distances varying between 170 and 220 km from the source. The highest tritium 

content was found in the first rainfall in Tsukuba after the accident; however concentrations were 500 times less 

than the regulatory limit for tritium in drinking water. Tritium concentrations decreased steadily and rapidly 

with time, becoming indistinguishable from the pre-accident values within five weeks. The atmospheric tritium 

activities in the vicinity of the FNPP1 during the earliest stage of the accident was estimated to be 1.5×10
3
 

Bq/m
3
, which is potentially capable of producing rainwater exceeding the regulatory limit, but only in the 

immediate vicinity of the source. 

http://www/
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 Accident fatalities is a measurable indicator in contrast to many others such as long-term morbidity and 

mortality, economic and environmental damage, and people‟s displacement, which are difficult to measure 

accurately Maturity of technology, quality and maintenance of equipment, and safety and environmental 

controls are of great importance for the drastic reduction of accident fatalities. 

 

Fossil fuels as energy source: 

 

 The three fossil fuels crude oil, coal and natural gas fill about 80% of the global energy supply as in Fig.(7). 

Fossil fuels are relatively concentrated pure energy sources, technically easy to exploit and at least until today 

still provide cheap energy.  Crude oil products provide almost all of the world‟s transportation fuels and are the 

basis of most organic chemicals from bulk to fine chemicals (polymers, pharmaceuticals, dyes, etc.). Coal and 

natural gas mainly provide heat and electricity and also chemicals like ammonia and hydrogen and synthetic 

fuels via Fischer–Tropsch and methanol synthesis. 

 
Fig. 7: Fuel shares of global energy consumption in 2009 (EIA , 2011).  

 

Coal as energy source: 

 

 The build-up of silt and other sediments, together with movements in the earth‟s crust (known as tectonic 

movements) buried these swamps and peat bogs often to great depths. With burial, the plant material was 

subjected to high temperatures and pressures. This caused physical and chemical changes in the vegetation, 

transforming it into peat and then into coal.  

 

Life- Cycle Assessment (LCA) of Coal for electricity generation: 

 

 All stages of the coal fuel-cycle including mining, transportation, combustion and disposal of the bottom 

ash and fly ash cause exposure to the natural radiation Fig. (8). These radioactive elements in coal include 

potassium (
40

K) and the decay series headed by uranium, thorium, as well as radium and radon as trace 

elements. The levels of chemical and radiological toxic trace elements in coal are receiving greater attention in 

the assessment of the environmental impact of electricity generation from Coal-Fired Power Plants (CFPPs) 

(Nakaoka,1984 and USGS, 2001). 

 Combustion process converts coal into useful heat energy, but it is also a part of the process that produce 

greatest environmental and health concerns. 

 Combustion of coal at thermal power plants emits mainly carbon dioxide (CO2), sulphur oxides (SOx), 

nitrogen oxides (NOx), CFCs, other trace gases and air borne inorganic particulates, such as fly ash and 

suspended particulate matter (SPM). CO2, NOx and CFCs are greenhouse gases (GHGs). 

 Coal combustion eliminates organic components causing an increase in ash radioactivity compared to coal 

radioactivity. During combustion heavier portion of ash, together with incompletely burned organic matter fall 

to the bottom of the furnace known as bottom ash. Fly ash, the lighter portion, is carried through the boiler. 

Most of the fly ash is collected with electrostatic filters while rest is released to the atmosphere. In big CFPP‟s 

fly ash to bottom ash ratio is 5 to 1(Battaglia, and Bramati, 1988). 

 (Uslu, et al., 2010) studied Turkish coal and its pathways and environmental impacts especially on the 

population living around coal-fired power plant (CFPP) who are exposed to natural radionuclides  that are 

external and internal (ingestion and inhalation) dose and fly ash particles the major component of the risk.  A 

comparison of the activity concentration in fly ash vs. coal as in Table (2) is shown. It is estimated that the 

people working or living near the CFPP in Turkey receive a dose between 0.1mSv and 1 mSv extra from CFPP 

because nearly all the region of Turkey uranium (U) and thorium (Th) content in the coal are higher than 5 ppm 

to 7 ppm and around 25 ppm to 40 ppm respectively.  
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Fig. 8: LCA for Coal fired power plant (Liang, 2013). 

 
Table 2: Activity concentration in fly ash vs. coal (Bq/kg). 

 
 

 Also, in a study of Life cycle GHG emissions factors in UK for coal power plants(2008) (Odeh and  

Cockerill, 2008) the results in table (3) indicated that the majority of CO2 is, as expected emitted directly from 

the power plant as the coal is combusted. Indirect emissions account for (108.1 g/kWh) with two thirds (72.9 

g/kWh) coming from coal mining. Methane leakage accounts for 88.9% of mining emissions. Material 

production and transport for operating the power plant accounts for 31.5% of indirect emissions. Other 

emissions are more easily controlled by the use of the modern filtering techniques but could be very costly. 

Since the majority of coal-fired power plants represent old and less efficient techniques, average emissions of 

greenhouse gases will remain high. Besides the radioactive emissions discussed above, coal fired power plants 

cause other health hazards as illustrated in Table (4). 

 
Table 3: Life cycle emissions for typical UK coal fired power generation systems (2008). 
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Table 4: Health and environmental issues associated with hazardous air pollutants (HAP)  estimated by electric generating stations fueled 

by coal (ALA, 2011). 

 
 

Comparing the whole life cycle of coal fired power plants versus nuclear power plants: 

 

 The values for Energy-density comparisons (fuel and land requirements) for solid fossil fuels and for 

nuclear power are (Rashad and Hammad, 2000) 

1 kg coal: 3 kWh 

1 kg oil:   4 kWh 

1 kg uranium:      50 000 kWh (3 500 000 kWh with reprocessing) 

Consequently, a 1000 MW (e) plant requires the following tonnes of fuel annually (IAEA,1997):  

2 600 000 t coal:       2000 train cars (1300 t each) 

2 000 000 t oil:               10 supertankers 

30 t uranium:              reactor core (10 cubic metres) 

 

 The energy densities of fossil and of nuclear fuels allow relatively small power-plant areas of some several 

square kilometres (km
2
). The low energy density of renewables, measured by land requirements per unit of 

energy produced, is demonstrated by the large land areas required for a 1000 MW(e) system with values 

determined by local requirements and climate conditions (solar and wind availability factors ranging from 20 to 

40%): 

Fossil and nuclear sites:                                    1-4 km
2
 

Solar thermal or photovoltaic (PV) parks:    20-50 km
2
 (a small city) 

Wind fields:                                                   50-150 km
2
 

Biomass plantations:                               4000-6000 km
2
 (a province) 

 

 A 1000 MW(e) coal plant, without abatement technology, produces annually an average of some 44 000 

tonnes of sulphur oxides and 22 000 tonnes of nitrous oxides that are dispersed into the atmosphere. 

Additionally, there are 320 000 tonnes of ash containing 400 tonnes of heavy metals arsenic, cadmium, cobalt, 
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lead, mercury, nickel and vanadium quantities which ignore energy-chain activities, such as mining and 

transportation (Pirila, 1986 and UNDP,1995). 

 While, a1000 MW(e) nuclear-power plant does not release noxious gases or other pollutants as in Table.(5) 

and produces annually only some 30 tonnes of discharged high-level radioactive spent-fuel along with 800 

tonnes of low and intermediate level radioactive waste. 

 
Table 5: Emissions in kg/GWh of power-generating systems, for the full energy-chain, including the fuel cycle and the construction of the 

plant. 

 
 

 During plant operations, coal fired plants generate large quantities of combustion waste including fly ash 

and bottom ash that result from the burnt fuel. Data from a number of sources suggest that the amount of ash 

typically ranges from 200 to 600 thousand t/GW(e) per annum  and other wastes can be as much as 100 

thousand t/GW(e) per annum (Seitz, 1997). Waste from the operation of nuclear-power plants is probably the 

most studied waste in the world. However, the amount of waste generated by nuclear power plants is very small 

as shown in table (6) compared with the waste generated by electricity generation systems as a whole.  
 

Table 6: Fuel and waste comparisons: 1000-MWe electricity plant in tonnes/year. 

     Nuclear                                                              Coal 

Fuel: 27 t (160 t Natural uranium 1400 t/day)              Fuel:  2.6 million t (five trains /year)                                                                       

Wastes                                                                      Wastes 

25 t (high level)                                                        6.5 million t CO2 

310 t (intermediate)                                                   900 t SO2 

460 t (low level)                                                       4500 t NOx 320,000 t Ash  

                                                                              (with 400 t toxic heavy metals) 

 

Where coal was equipped with latest pollution abatement technology. 

 

 (Aly, et al., 1988) made a comparative assessment for the environmental impacts of nuclear and fossil 

power plants. Several estimates indicated that the health risk resulted from coal fired power plants were more 

than that resulted from an equivalent nuclear power plant generating the same amount of electricity under 

routine operation. Coal fired power plants produce also radioactive materials which are mostly Alpha-emitters 

with higher dose factors than beta or gamma emitters. The calculations give the result that the effective dose 

equivalents caused by both nuclear and coal fired power plants are of the same order of magnitude and lie in the 

range of 0.1 to 1 mrem/1 GWe electric energy. The radioactive exposure from brown coal (lignite) fired power 

plants is 5 times less than coal fired ones; while the radioactive exposure due to boiling water reactors are 4 

times greater than from pressurized water reactors. Also, a systematic comparative study was performed to 

assess the radiation doses to the Egyptian public resulting from atmospheric radioactive release during routine 

operation from a proposed model coal-fired power plant and a model pressurized water reactor (PWR), each 

producing 1000 MW(e), (Aly, et al., 1994) at three locations in the Suez canal area (Port said, Ismailia and 

Suez). The results indicate higher doses for Suez than other location. The maximum individual doses from the 

coal-fired power plants for the total body and most organs are shown to be greater than those from a pressurized 

water nuclear reactor. 

 

Oil as energy source: 

 

 Crude oil (liquid petroleum) forms underground in rock such as shale which is rich in organic materials.  

After the oil forms, it migrates upward into porous reservoir rock such as sandstone or limestone, where it can 

become trapped by an overlying impermeable cap rock.  Wells are drilled into these oil reservoirs to remove the 

gas and oil. Over 70 percent of oil fields are found near tectonic plate boundaries. 

 

Life- Cycle Assessment (LCA) of oil fired power plant: 

 

 Greenhouse gases, primarily in the form of carbon dioxide and methane, are emitted during a variety of 

stages in oil sands production. A number of published and publicly available studies have attempted to assess 

the life-cycle GHG emissions data for oil sands crudes and their usage in LCA for oil fired power plant as in 

Fig(9). In a study of LCA for CO2 emissions for Japan‟s different energy sources as illustrated in Fig(10) about 

738 g CO2 /kWh emitted from oil fired power plants. 
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Fig. 9:  LCA boundary of oil fired power plant (Kannan, et al., 2004). 

 
 

Fig. 10: Lifecycle assessment CO2 emissions intensity for Japan‟s energy sources (Graphical Flip-Chart of 

Nuclear and energy related topics). 

Source: Central Research Institute of Electric Power Industry “Evaluation of Life Cycle CO2 Emissions of 

Power Generations technologies (July 2010)” 

 

 In another study of the environmental impacts of oil fired power plants (Nazari, et al.,2012) studied SO2 

pollution of heavy oil-fired steam power plants in Iran. Steam power plants using heavy oil provided 

about17.4% equivalent to 35.49 TWh, of electricity in Iran in 2007. However, having1.55–3.5 weight 

percentage of sulfur, heavy oil produces SO2 pollutant. The average emission factor of SO2 pollutant in Iran‟s 

heavy oil-fired steam power plants was 15.27g/kWh, which means regarding the amount of electric energy 

generated by steam power plants using heavy oil, 541,000Mg of this pollutant was produced (Developing 

Pollutant Map of Iran‟s thermal Power plants, 2008). 
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Natural gas as energy source: 

 

 Natural gas is generally considered a nonrenewable fossil fuel. because most scientists believe that natural 

gas was formed from the remains of tiny sea animals and plants that died 300 to 400 million years ago. When 

these tiny sea animals and plants died, they sank to the bottom of the oceans where they were buried by layers of 

sediment that turned into rock. Over the years, the layers of sedimentary rock became thousands of feet thick, 

subjecting the energy-rich plant and animal remains to enormous pressure. Most scientists believe that the 

pressure, combined with the heat of the Earth, changed this organic mixture into petroleum and natural gas.  

 

Life- Cycle Assessment (LCA) of natural gas: 

 

 Natural gas is the cleanest burning fossil fuel but emissions must be further reduced to reach GHG 

reduction targets. LCA show emissions associated with natural gas are a fraction of the associated coal 

emissions but LCA also indicates what stage has the most potential for improvement throughout the life cycle of 

natural gas. Areas of highest potential improvement are Electricity production (~76% of total emissions) and 

Methane leakage (~13.5% of total emissions) as in Fig.(11). 

 

 
 

Fig. 11: Emissions LCA breakdown of natural gas as an energy source (Modified from: ICF consulting Canada, 

2012 and Jiang et al., 2011). 

 

 An assessment of the environmental impacts of natural gas combined cycle (NGCC) electricity generation 

with carbon dioxide capture and storage (CCS) was done (Singh et al., 2011). The result shows that there is an 

increase in all environmental impacts except the global warming potential (GWP). The impacts are unevenly 

distributed over various processes, e.g., natural gas exploration, transport, combustion at the power plant, CO2 

capture, infrastructure, solvent production, as well as locations, e.g., offshore natural gas production facility, 

chemical manufacturing sites, power plant facility, dispersed transportation, iron and steel industry, mining 

sites, etc. Direct emissions at the power plant facility consist of various substances as NOx, SOx, NH3, MEA 

vapors, acetaldehyde, formaldehyde and hazardous reclaimer wastes (Veltman et al., 2010). The capture process 

while capturing CO2 also reduces NOx, SO2 and particulate emission, however their net removal efficiency per 

kWh electricity generation is lower than the designed performance parameter, due to increased combustion of 

natural gas to meet the energy requirement of the capture process. The energy penalty also results in increased 

emission of CH4, CO and other pollutants which are not captured by the process. Further, there is emission of 

NH3, MEA vapor, formaldehyde and acetaldehyde during the capture due to degradation of MEA and vapor 

loss. 

 

Renewable energy sources: 

 

 Renewable energy resources will play an important role in the world‟s future. The energy resources have 

been split into three categories: fossil fuels, renewable resources and nuclear resources .Renewable energy 
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sources are those resources which can be used to produce energy again and again, e.g. solar energy, wind 

energy, biomass energy, geothermal energy, etc. and are also often called alternative sources of energy. 

Renewable energy sources that meet domestic energy requirements have the potential to provide energy services 

with zero or almost zero emissions of both air pollutants and greenhouse gases. Renewable energy system 

development will make it possible to resolve the presently most crucial tasks like improving energy supply 

reliability and organic fuel economy; solving problems of local energy and water supply; increasing the standard 

of living and level of employment of the local population; ensuring sustainable development of the remote 

regions in the desert and mountain zones; implementation of the obligations of the countries with regard to 

fulfilling the international agreements relating to environmental protection. Development and implementations 

of renewable energy projects in rural areas can create job opportunities and thus minimizing migration towards 

urban areas. Harvesting the renewable energy in decentralized manner is one of the options to meet the rural and 

small scale energy needs in a reliable, affordable and environmentally sustainable way. 

 

1-Solar energy: 

 

 Solar energy systems (photovoltaics, solar thermal, solar power) provide significant environmental benefits 

in comparison to the conventional energy sources, thus contributing to the sustainable development of human 

activities.  

 

Photovoltaics as energy source: 

 

 Photovoltaics (PV), made from semiconducting materials, convert photons into electricity. When sunlight 

hits these materials, photons with a certain wavelength trigger electrons to flow through the materials to produce 

direct current (DC) electricity. Commercial PV materials include multi-crystalline silicon, mono-crystalline 

silicon, amorphous silicon, and thin film technologies, such as cadmium telluride (CdTe), and copper indium 

diselenide (CIS). A typical PV system consists of the PV module and the balance of system (BOS) structures for 

mounting the PV modules and converting the generated electricity to alternate current (AC) electricity of the 

proper magnitude for usage in the power grid. 

 

Life- Cycle Assessment (LCA) of Photovoltaic: 

 

 The life-cycle stages of photovoltaics involve (1) the production of raw materials (2) their processing and 

purification (3) the manufacture of modules and balance of system (BOS) components (4) the installation and 

use of the systems and (5) their decommissioning and disposal or recycling (Fig. 12). 

 
Fig. 12: Flow of the life-cycle stages, energy, materials, and wastes for PV systems (Fthenakis and Kim, 2011). 

 

 The following issues are generally perceived as important when discussing the environmental impacts of 

PV technology: 

• Energy Pay-Back Time (EPBT) 

  The EPBT indicator is defined as the years required for a PV system to generate a certain amount of energy 

(converted into equivalent primary energy) for compensation of the energy consumption over its life cycle, 

including energy requirements in PV modules‟ manufacturing, assembly, transportation, system installation, 

operation and maintenance, and system decommissioning or recycling (Kim and Fthenakis, 2006). 

• Greenhouse gas (GHG) mitigation 

• Toxic emissions 

• Resource supply 

• Health & Safety risks 
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 (Peng et al., 2013) examined the sustainability and environmental performance of PV-based electricity 

generation systems by conducting a thorough review of the life cycle assessment (LCA) studies of five common 

photovoltaic (PV) systems. The results show that, among the five common PV systems, the CdTe PV system 

presents the best environmental performance in terms of energy payback time (EPBT) and greenhouse gases 

(GHG) emission rate due to its low life-cycle energy requirement and relatively high conversion efficiency. The 

EPBT and GHG emission rate of thin film PV systems are within the range of 0.75–3.5years and10.5–50gCO2-

eq./kWh, respectively. 

 Compared with the traditional fossil-based power plants, one important merit of PV power systems is the 

potential to mitigate GHG emissions. For example, PV system could eliminate up to 1000 t of CO2, 10t of SO2, 

4t of NOx and 0.7t of particulate matters by generating per GWh of electricity 

 

Solar thermal heating systems: 

 

 Solar water heating systems are the simplest and most widely used solar energy collection and utilization 

devices. They are intended to supply hot water for domestic use and are based on natural circulation or so called 

thermosyphon principle. They supply hot water at a temperature of about 60°C and consist of a collector, 

storage tank and connecting pipes Fig. (13). 

 

 
Fig. 13: Solar water heating (SWH) system (Kalogirous, 2004). 

 

 The environmental impacts analyzed include the categories of global warming, acidification, eutrophication 

(air), eutrophication (water), heavy metals, cancerogenic effects, winter smog and summer smog. The impacts 

are normalized and evaluated based on weighting factors. From the impact assessment, it is obvious that the 

acidification effect has the largest contribution to the total environmental score impact (Fig. 14). It is evident 

that the major contribution comes from the storage tank, accounting for 58% of the total environmental impact. 

The solar collector accounts for 25% whereas the aperture and component box have the smallest impact 10% 

and 7% respectively. 

 These results are comparable to the study of (Tsilingiridis, et al., 2004) who, studied the Life cycle 

environmental impact of a thermosyphonic domestic solar hot water system in comparison with electrical and 

gas water heating and deduced that the environmental impact of the four major parts of a Domestic Solar Hot 

Water System (DSHWS), as they result from LCA, for the various systems examined. It is evident that the 

major contributor for all systems is the tank, accounting for 48% (for the larger systems) to 67% (for the smaller 

systems) of the total environmental impact. Aperture and component-box are proved to have the smallest, 

practically negligible, impact. Also, the participation of the materials used on the overall environmental impact 

of the DSHWS was studied. It is clear that the major contributor is steel, ranging from 69% to 52%, closely 

followed by copper. Plastic and paper contribution is limited, while glass and aluminium contributions are 

practically negligible. 

 

Solar power systems: 

 

 Solar powered electricity generation is experiencing rapid growth. Current worldwide installed capacity is 

more than 22 GWp and increasing at 40% per year (EPIA, 2010  and Gay C. Accelerating Solar, 2010).  Most 

published investigations of environmental impacts from solar power use a life cycle assessment (LCA) 

framework, and typically focus on greenhouse gas emissions and energy payback time (Fthenakis, et al., 2005 
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and Mason et al, 2006). For example, the most up-to-date LCA results for CO2 emissions are 16–40 g CO2 kW 

h−1 (Hondo, 2005 and Scholten and Alsema,2005) but these numbers do not account for CO2 emissions that 

arise if the power plant is installed in a forested region, in which case the removal of vegetation during 

installation needs consideration. 

 
Fig. 14: Environmental impact assessment of each category during SWH life span (Koroneos and Nanaki, 

2012). 

 

2- Wind energy: 

 

 A wind turbine consists of many electrical, electronic and mechanical parts and components Fig.(15). The 

components of a wind turbine, such as the nacelle, also comprise many sub-components and/or electrical parts. 

It is difficult to gather all the information on all the parts and components from suppliers. Using life cycle 

assessment were compared two systems: a 4.5MWand a 250Wwind turbines (Tremeace and Meunier, 2009). 

According to (Table 5), the 4.5 MW wind turbine consumes about 70.1 TJ of primary energy in its life cycle and 

produces 11.7 GWh (~ 42.12 TJ) of electricity. The 250Wwind turbine consumes 2.8 GJ and produces 2MWh 

(~ 0.0072 TJ) of electricity. The manufacturing of the system accounted for 75% of the life cycle energy 

consumption for the 4.5MW wind turbine and about 96% for the 250W one. 

 
Fig. 15: LCA  of  wind turbine (Martı´nez,et al., 2009). 
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Table 5: Wind turbines impacts (Impact 2002+ approach) with (a) 4.5MW and (b) 250W wind turbine. 

 
 

 With respect to climate change, From Table 5, the amount of gCO2/kWhe emitted was 15.8 and 46.4 

respectively for the 4.5W and 250W wind turbines. (Ardente et al., 2008) obtained for a wind farm a CO2   

intensity index ranging from 8.8 to 18.5 g CO2/kWhe. Generally it is claimed that nuclear energy yields a little 

less than 10 g CO2/ kWhe and fossil fuel electricity yields, depending on the technology and on the fuel, figures 

ranging from 400 to 1000 g CO2/kWhel (considering only the operational step). According to (IEA, 2008) the 

world CO2 emission is equal to 600 g CO2/kWhel. Therefore, wind energy presents very interesting figures with 

respect to CO2 emissions as compared to fossil fuel power stations and is close to that of nuclear energy. 

 

3- Hydropower energy: 

 

 Hydropower plants can be divided into two groups, according to their operating regime: run-of-river and 

peak hydropower plants. In a run-of-river hydropower plant some of the river‟s flow is diverted into a channel 

or a tunnel and returned back to the river downstream of the turbine(s)(Juan et al., 2010). Environmental 

impacts of run-of-river type hydroelectric power plants have many dimensions associated with both construction 

and operational phases. The issues that are expected to occur during the construction phase include dust 

emissions, air pollution, noise, erosion, landslide, and excavation debris. Especially dust and landslide are the 

major problems of the construction phase that cause health and environmental degradation problems. The topics 

related to the amount and the timing of water to be released back to the river, efficiency of fish passages, 

sediment passages, access roads and energy transmission lines are the main considerations of the operational 

phase. Aquatic life may be adversely impacted in the diversion reach if sufficient amount of water is not kept in 

the river for sustaining a healthy aquatic habitat.  

 
 

Fig. 16: Hydropower generation (TWh) by region (BP, 2010). 

 

 Moreover, chemical composition and physical characteristics of the water (pH, temperature, suspended 

solids, etc.) might change and migration of fish may also be disturbed (Kentel and Alp, 2013). Hydropower 

plants (HPP) today span a very large range of scales, from a few watts to several GW. Hydropower projects are 



89 
Int. J. Environ., 3(2): 73-93, 2014 

 

always site-specific and thus designed according to the river system they inhabit. Historical regional 

hydropower generation from 1965 to 2009 is shown in Fig.(16). 

 

4- Biomass energy: 

 

 The world derives a fifth of its energy from renewable resources: 13-14% from biomass and 6%from 

hydropower. Biomass is the general term which includes phytomass or plant biomass and zoomass or animal 

biomass. Sun‟s energy when intercepted by plants and converted by the process of photosynthesis into chemical 

energy, is „fixed‟ or stored in the form of terrestrial and aquatic vegetation (Fig. 17). The vegetation when 

grazed (used as food) by animals gets converted into zoomass (animal biomass) and excreta. The excreta from 

terrestrial animals, especially dairy animals, can be used as a source of energy, while the excreta from aquatic 

animals gets dispersed as it is not possible to collect it and process it for energy production. 

 

 
 

Fig. 17: The solar energy–biomass energy pathways (Abbasi and Abbasi, 2010). 

 

-The Environmental impacts: 

 

 There is a growing consensus that renewable energy must progressively displace the use of fossil fuels, with 

fears of global climate change adding urgency to this need. Among renewable energy sources  biomass is unique 

in its ability to provide solid, liquid and gaseous  fuels which can be stored and transported. But burning 

biomass for fuel production is closely associated with energy-related health problems in developing countries. 

Coal and biomass are suspected of causing cancer where exposure rates are high (Smith et al., 1993). Also, 

exposure  to particulates  from biomass or coal burning causing respiratory infections in children and CO is 

implicated in problems in pregnancy with additional problems caused by sulphur and trace metals emissions as 

illustrated  in Fig.(18)  that compare the emission limits for different types of fuels (waste, solid-biomass) in 

combustion plants (Erdogdu, 2009). 

 
Fig. 18: Comparison of emission limits valid for waste incinerators and other large combustion plants according 

to fuel used (corrected values for uniform O2 content 11%). 
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 Biomass energy requires too much land that depend on energy crop yields and efficiency of conversion. 

Also, land type assumed is degraded forest land or non-arable agricultural land. But removal of biomass from 

land and water for energy production programme increase soil and water degradation, flooding and removal of 

nutrients. It also affects wildlife and the natural biota. 

 

5-Geothermal energy: 

 

 Geothermal energy is heat stored in the Earth‟s crust within the rocks and fluids. It is this heat which 

provides the mode for electricity generation or for direct use. The temperature within the Earth increases with 

depth, and consequently, the heat resources can be used through drilling wells and piping steam or hot water to 

the surface (Taleb, 2009 and Lund, 2005). There are two fundamental approaches in utilizing geothermal 

energy: 

(a) Hydrogeothermal: Hot water reservoirs tapped underground. This water can be then used for heating and 

where temperature is high enough, used for electricity generation (Sawin, 2004). 

(b) Hot dry rock: Water pumped into a fundamental hot plutonic rock under high pressure. The water heats up 

underground and return via a second borehole. This allows the heated water to be used for electricity and water . 

 Geothermal energy is being strongly considered as it is potentially inexhaustible. However, it only accounts 

for approximately 0.5% of the global primary energy supply. (Hepbasil and Ozgener, 2004) indicate that the 

potential global geothermal energy generation is approximately 1089 billion kWh/ yr. Therefore, geothermal 

energy has the potential to contribute significantly sustainable energy globally. However, geothermal energy 

does entail some environmental impacts (Phillips, 2010). 

 

-Environmental impact of geothermal energy: 

 

 The potential environmental impacts deriving from geothermal energy production have been detailed in the 

literature (Kristmannsdóttir and Ármannsson, 2003). These can be summarized as follows: 

1- Surface disturbance 

2- Physical effects on fluid withdrawal 

3- Noise 

4- Thermal effects 

5- Chemical pollution 

6- Biological effects 

7- Protection of natural features 

 Surface disturbances include the clearing of land, changes in landscape and the introduction of manmade 

structures where none existed before. Physical effects of fluid withdrawal include subsidence, lowering of the 

groundwater table and induced seismicity as earth layers consolidate due to the removal of fluids from matrix 

pore spaces or when increased pressure due to injection causes the relief of accumulated geological stresses. 

Thermal effects include elevated temperatures of rivers, lakes and groundwater due to thermal fluid discharges 

and changes in cloud formation and local weather due to steam emissions (Haraldsson, 2011). Chemical 

pollution can be caused by steam and non-condensible gas emissions to the atmosphere and the discharge of 

brine to surface or subsurface water bodies. All of these have the potential of impacting wildlife, vegetation and 

the socio-economic sphere around a geothermal power plant, as well as altering natural features for the short 

term or permanently. Monitoring and controlling sources and their impacts is therefore of utmost importance. 

On the other hand, the impacts of the environment on geothermal power plants include: 

• The application of external dynamic forces to power plant structures. These include seismic forces changing 

over short time scales and deforming forces that may change over much longer time scales due to subsidence. 

Wind (hurricanes), floods, snow and ice are also examples of dynamic environmental forces that may follow a 

seasonal pattern and affect power plant structures. 

• Degradation of equipment and materials due to environmental chemistry. These effects include corrosion and 

scaling. 

 

Summary and conclusion: 

 

 In the present study, environmental impacts of energy utilization have been investigated the following 

concluding remarks may be drawn from this study: 

1- None of energy sources have zero or negative environmental impacts. 

2- Environmental problems such as acid precipitation, the stratospheric ozone depletion and global climate 

change are due to a combination of several factors. 

3- Investment in renewable energy technologies requires a long term planning perspective. 
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4- A number of factors are considered to be important in determining the future level of a country's energy 

consumption and production, including population growth, economic performance, consumer tastes, 

technological developments, government policies concerning the energy sector, and developments on world 

energy markets. 

 Finally, using more than one form of energy to meet needs is an important way to ensure long-term energy 

needs will be met, Depending on only one form of energy leaves nation vulnerable to all sorts of problems. 
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