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ABSTRACT 
 

     The world population is currently about 6.5 billion and expected to reach 9 
billion by 2050.This population increase and economic development will bring 
dramatic increase of energy demand in all over the world, especially in 
developing countries. Global electricity demand grows at 2.4% per year. To meet 
this growth, the world’s electricity generating capacity grows from about 3700 
GWe in 2004 to 7303 GWe in 2030.The world may run short of fossil fuels, in 
particular oil. The protection of the global environment including the reduction of 
carbon dioxide emissions will be an important issue also.   Nuclear energy is 
clean, safe, reliable and cost-effective, with many environmental benefits. It does 
not emit greenhouse gases that contribute to climate change, or combustion 
products and acid gases that cause air , water resource and land pollution. As of 
14 January 2008 there were 439 nuclear power plants in operation around the 
world. They total about 372 GWe of generating capacity and supply about 16% of 
the world electricity, 7 % of global energy. 
     The present article briefly summaries the environmental aspects of the nuclear 
power and varies factors which support the attractiveness of it for many countries 
all over the world. 
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INTRODUCTION 
 

     Today the world population is over 6.5 billion and growing at the rate of 90 million a year. 
By the year 2025 it is expected to reach 8 billion and 9 billion by 2050. Over 90% of world 
population growth in the foreseeable future will be in the less developed countries, which 
already contain 75% of the world's people. More than 30% live in poverty without access to 
electricity [1]. 

     World energy demand is expected to increase by more than 50% from 2005 to 2030 as 
shown in Figure1 [1]. Electricity is the most widely used and rapidly growing form of 
secondary energy supply. Its generation accounts for about 40% of total primary energy 
supply. During the years 1990 to 2003 electricity production in the major geographic regions 
and the world grew as in Table1. 

     In the International Energy Agency (IEA) reference scenario, global electricity demand 
grows at 2.4% per year. To meet this growth, the world’s electricity generating capacity 
grows from about 3700 GWe in 2004 to 7303 GWe in 2030. This is roughly a doubling of 
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installed electricity generating capacity between now and 2030[2]. Figure 2 shows world 
electricity generation from different energy sources [3].  
 

Table 1:"  Growing Electricity Production: Billion Kilowatt Hours (TWh) [1]. " 

 

OECD = Organization for Economic Co-Operation and Development. 

 

 
 

Figure 1:" World energy demand [1] " 
 

 
Figure 2:" World electricity generation from different energy sources [3]. " 
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     Potable water is in short supply in many parts of the world. It is estimated that one fifth of 
the world's population does not have access to safe drinking water, and that this proportion 
will increase due to population growth relative to water resources. The worst-affected areas 
are the arid and semiarid regions of Asia and North Africa. So that, desalination of seawater 
or mineralized groundwater is required [4]. 
 
     In recent years the world may run short of burning fossil fuels, in particular oil, limited 
freshwater supplies and constrains for protection of the global environment including the 
reduction of carbon dioxide emissions that causing climate change(i.e., "global warming") 
[1,2]. Therefore, increasing energy efficiency , reducing consumption of fossil energy and 
increasing less carbon energy such as nuclear power and renewable energy sources are 
essential [5].   
 
     Nuclear energy is clean, safe, reliable and cost-effective, with many environmental 
benefits. It does not emit greenhouse gases or combustion products and acid gases that cause 
air, water resource and land pollution. Nuclear power is the only energy industry which takes 
full responsibility for all its wastes, and costs this into the product So that nuclear power will 
be a part of the solution to the commercial energy needs of Africa, Latin America, Asia, and 
parts of Central and Eastern Europe [1-6]. 
  
     The aim of this paper is to highlight that nuclear power is fully justified to be an option for 
the world demand of energy and the climate change dilemma.  
 
 

CLIMATE CHANGE DILEMMA 

     Global climate change is probably the most significant challenge to energy and 
environmental policy for the next decades. The increasing scientific evidence on the fact and 
the consequences of global warming caused by anthropogenic emissions leads to the necessity 
of new approaches in energy policy. If greenhouse gas emissions (GHGs) continue to rise and 
the concentrations of these gases in the atmosphere will double or increase, even more 
significant interferences with the plant’s climate system will arise. Carbon dioxide (CO2) 
emissions from fuel combustions play a major role in climate change. CO2 emissions from the 
burning of fossil fuels are responsible for about 80 percent of emissions worldwide. CO2 is 
one of the most significant of the GHGs contributing to global warming with an amount of 
nearly 25 billion tons of global emission annually. Although the concentration of some other 
GHGs such as Methane (CH4), Nitrous oxide (N2O). The global atmospheric concentration of 
CO2 has increased from a pre-industrial value of about 280 ppm to 379 ppm3 in 2005. The 
atmospheric concentration of CO2 in 2005 exceeds by far the natural range over the last 
650,000 years (180 to 300 ppm) as determined from ice cores. The annual CO2 concentration 
growth rate was larger during the last 10 years (1995–2005 average: 1.9 ppm per year). The 
global atmospheric concentration of methane has increased from a pre-industrial value of 
about 715 ppb to 1732 ppb in the early 1990s, and is 1774 ppb in 2005 [7].  

     Global warming effects on sea level and regional precipitation result in a wide range of 
social and economic impacts [8]. Figure 3 shows greenhouse gas emissions from electricity 
generation by different sources [6]. 
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Figure 3:" Greenhouse gas emissions from electricity generation by different sources [6]. " 

 
     It is clear that nuclear power is one of the prime means available for limiting the emission 
of carbon into the environment [9]. According to Kyoto Protocol, the 1997 climate protection 
agreement under the auspices of United Nations, the developed countries as signatories to the 
agreement are committed to reduce their greenhouse gas emissions by more than 5.6% to their 
1990 level by 2012 [8]. Nuclear energy is not included in the Kyoto Protocol as a greenhouse 
gas-free technology [1, 5]. 
 
     The science behind the politics of global warming took a step forward and also ratcheted 
up concerns with the release of the Third Assessment Report from the UN's 
Intergovernmental Panel on Climate Change (IPCC), in September 2001 [10].  

     In 2007 the IPCC is publishing the results of their Fourth Assessment Report (AR4 - 
Climate Change 2007). The AR4 report was released in four distinct sections (10) : 

• Working Group I Report (WGI):  The Physical Science Basis (published in February 
2007).  

• Working Group II Report (WGII):  Impacts, Adaptation and Vulnerability (published 
in April 2007).  

• Working Group III Report (WGIII):  Mitigation of Climate Change (published in May 
2007).  

• The Synthesis Report (SYR): Summary for Policymakers (SPM) (published in 
November 2007).   

     The IPCC report says there is 90% certainty that the burning of fossil fuels and other 
human activities are driving climate change. This report is expected to predict that 
temperatures will rise by 2 °C to 4.5 °C by 2100, relative to pre-industrial temperatures, and 
could be as high as 6.4 C. The 2001 report gave a range of 1.4° C and 5.8 °C by 2100, relative 
to 1990 temperatures – a wider range and a lower minimum rise [1, 10]. 
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     Similarly, the report is believed to predict that sea-level will rise between 28 cm and 43 cm 
by 2100, compared with the 2001 prediction between 9 cm and 88 cm, threatening low-lying 
of land around the world [10]. 
 
     In December 2007, the IPCC was awarded the The Nobel Peace Prize 2007 for their efforts 
to build up and disseminate greater knowledge about man-made climate change, and to lay 
the foundations for the measures that are needed to counteract such change." The award is 
shared with Former U.S. Vice-President Al Gore for his work on climate change and the 
documentary An Inconvenient Truth [10]. 
 
    Global Warming is bringing other unpredictable changes. Melting glaciers and 
precipitation are causing some rivers to overflow, while evaporation is emptying others. 
Diseases are spreading. Some crops grow faster while others see yields slashed by disease and 
drought. Strong hurricanes are becoming more frequent and destructive in addition to 
agricultural exploitation and deforestation .Arctic sea ice is melting faster every year [10]). 
 
     The United Nations Climate Change Conference held in Nairobi, Kenya during 6-17 
November 2006 concluded that Africa is the least responsible for climate change but will be 
hit the hardest. Seventy million people and 30 percent of Africa's coastal infrastructure face 
the risk of coastal flooding by 2080 linked to rising sea levels. Crop yields will fall due to 
warmer temperatures and more intense droughts. By 2025, some 480 million people in Africa 
could be living in water-scarce or water-stressed areas. Even though temperatures in Africa 
have only warmed by an average of 0.5°C over the past 100 years, desert lands are advancing 
into once arable rain-fed areas, and wetter equatorial parts of Africa are getting wetter, often 
leading to devastating floods [11, 12]. 
 
     Recently, from 3 to 15 December 2007, 187 countries have agreed on a so-called Bali 
Roadmap in Bali, Indonesia to implementing methods to reduce global greenhouse gas 
emissions, identifying and deploying climate-friendly technology and allocating funds for 
more climate change mitigation and adaptation measures. During this conference the 
International Atomic Energy Agency (IAEA) supports and contributes to climate change 
studies and assessments on mitigation of GHG emissions. It also advocated its position that 
nuclear energy could play an important role in future strategies to reduce future carbon 
emissions [10] .   

 
ENVIRONMENTAL AND SAFETY ASPECTS OF NUCLEAR POWER PLANTS 

 
     The principal environmental aspects associated with nuclear power and sustainable 
developments are radiation, air pollution, Greenhouse Gas (GHG) Emissions and radioactive 
waste [3, 5, 13]. 
 

RADIATION 

     In nuclear activates, radiation is especially of great concern to the public and to the 
environment. So that nuclear safety and radiation protection consequently have the same 
objective i.e. the protection of man and the environment against the harmful of ionizing 
radiation Nuclear plants are carefully designed, built and monitored to prevent releases of 
radioactive materials [3, 5].The radiation monitoring programs are conducted basically to 
comply with applicable law, regulations, licenses, application standards and permit conditions 
[14)]. 
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     Figure 4 presents a worldwide comparison, based on data from the United Nations 
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).It Shows that the 
average radiation dose from nuclear power production is one ten-thousandth of the dose from 
natural background sources [15]. 

 

 
 

Figure 4: " Typical sources to public radiation exposure (in mSv per year) [14]. " 
                                                         
     The design and operation of nuclear power stations is based on radiation releases from 
normal operation and design-based accidents that give a radiation dose to the public at the site 
boundary of no more than 1 mSv, 1000 times lower than the radiation level known to cause 
harm, giving a risk involved death of 1 in200,000 per year. US Environmental Protection 
Agency (EPA) estimates that someone living within 50 miles of a coal fired power plant 
receives an average dose of 0.3 µSv; someone living within 50 miles of a nuclear power plant 
receives 0.09 µSv [16]. Recent reports by the Environmental Protection Agency(EPA) indicate 
that guidelines for radon safety are up to 35 times less strict than those for nuclear power and 
nuclear waste facilities [17]. 
 

AIR POLLUTION 
 
     Nuclear power reactors emit virtually none of the traditional air pollutants associated with 
fossil fuel combustion, principally sulphur dioxide (SO2), nitrogen oxides (NOx) and 
suspended particulate matter (PM) that could threaten our atmosphere by causing ground-
level ozone formation, smog, and acid rain. Nor do they emit trace heavy metals, like arsenic 
and mercury, associated with coal combustion. According to the Nuclear Energy Institute, 
U.S. nuclear power plants prevent 5.1 million tons of sulfur dioxide, 2.4 million tons of 
nitrogen oxide, and 164 million metric tons of carbon from entering the earth's atmosphere 
each year [18]. A 1000 MWe coal plant, depending on sulphur content, on average produces 
annually 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 
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tonnes of heavy metals. Abatement procedures themselves can produce as much as 500 000 
tonnes of associated solid waste. A 1000 MWe nuclear power plant does not release noxious 
gases or other pollutants and produces annually only some 30 tonnes of high level radioactive 
spent fuel along with 800 tonnes of low and intermediate level waste [19]. 
 

GREENHOUSE GAS EMISSIONS (GHGS) 
 
     As previously mentioned, reducing the CO2 and other GHG emissions to cope with the 
global warming is one of the most challenging issues for the global energy system. Among 
various technological options nuclear power is expected to play a key role if accepted by the 
society. If the electricity produced worldwide by nuclear reactors were generated instead by 
burning coal, an additional 2600 million tonnes of CO2 would be released into the atmosphere 
each year. This can be compared with the target of a 5% reduction (600 million tonnes per 
year) in CO2emissions by the year 2010, as agreed in 1997 at Kyoto just for the developed 
countries [1]. Today, nuclear power and hydroelectric each avoid annually some 8% of global 
CO2 emissions from electricity production [19]. 
 

RADIATION WASTE 
 
     The main objective in managing and disposing of radioactive (or other) waste is to protect 
people and the environment. Managing nuclear power waste has distinct advantages as the 
quantities are remarkably small relative to the energy produced. The small quantities permit a 
confinement strategy, with the radioactive material, beginning with the nuclear fission process 
through to waste disposal, essentially isolated from the environment. The relatively small 
quantity of spent fuel discharged annually from all operating nuclear power plants worldwide, 
some 12 000 tonnes, can be readily stored for eventual reprocessing or disposal. The volume 
of high level liquid waste from reprocessing 30 tonnes of spent fuel released annually from a 
1000 MWe plant is some 10 cubic metres. There is a growing recognition that management of 
indefinitely toxic waste and radioactive waste warrants a harmonized approach.  

 Three general principles are employed in the management of radioactive wastes: 

• concentrate-and-contain  
• dilute-and-disperse  
• Delay-and-decay. 

The first two are also used in the management of non-radioactive wastes. The waste is either 
concentrated or then isolated, or it is diluted to acceptable levels and then discharged to the 
environment. Delay-and-decay however is unique to radioactive waste management; it means 
that the waste is stored and its radioactivity is allowed to decrease naturally through decay of 
the radioisotopes in it (20). Further research is underway that would use accelerator driven 
systems to reduce the volume and radio-toxicity of waste [21]. Safe methods for the final 
disposal of high-level waste are technically proven; the international consensus is that this 
should be deep geological disposal as shown in Figure 5 for the Swedish program [2]. 
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Figure 5 :" The Swedish concept for the disposal of spent nuclear fuel as an illustration of the 
multi-barrier concept[2]. " 

 

SAFETY ASPECTS  
 
     The nuclear power plant is considered sufficiently safe, technical and organizational 
measures are put in place at all stages of its lifetime; starting with its sitting and design, its 
manufacturing, construction and commissioning; during operation; and finally its 
decommissioning. Safety is a prime concern for those working in nuclear plants. The 
existence of a good "safety culture" is a root cause for excellent safety performance in a 
nuclear power plant. The attribute of a good safety culture include a strong sense of 
responsibility, self-discipline and respect for regulatory requirements on the part of 
individuals, but management style is also an essential component [3].  
 
     To achieve optimum safety, nuclear plants in the world operate using a 'defense-in-depth' 
approach, with multiple safety systems. The safety systems include a series of physical 
barriers between the radioactive reactor core and the environment (as shown in Figure 6) The 
“defense-in-depth” strategy that protects the public from radiological hazard in the event of a 
reactor malfunction also protects the reactor’s fuel and safety systems from attempted 
sabotage. The serious environmental consequences of the Chernobyl accident compared with 
the inconsequential environmental consequences of the Three Mile Island (TMI) accident 
confirmed the importance of a strong structural containment enclosing the reactor primary 
system as shown in Figure 6. Safety systems account for about one quarter of the capital cost 
of such reactors. In addition nuclear power plants are designed to shut down automatically in 
an earthquake, and this is a vital consideration in many parts of the world. Also, nuclear 
power plants also have backup systems to protect against almost every imaginable problem, 
including equipment failure, floods, tornadoes and tsunami [22].

 Emergency planning and 
public notification systems are coordinated with plant security procedures to protect public 
health and safety [23]. 
 
     There is a great deal of international cooperation on nuclear safety issues, in particular the 
exchange of operating experience. These operating experiences and the broad dissemination 
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of lessons learned (thought regular meetings of The World Association of Nuclear Operators 
(WANO) - The International Atomic Energy Agency (IAEA) - Nuclear Energy Agency of the 
Organization for Economic Co-operation and Development ((OECD/NEA))) are essential 
parts of maintaining and strengthening the safe operation and considering constructing new 
nuclear power plants [3]. 

 
 

Figure 6:"Typical barriers confining radioactive materials in nuclear power reactor [3]." 
 
 

NUCLEAR POWER: STATUS AND PROSPECTS 
 

     As of 14 January 2008, there were 439 nuclear power reactors in operation in 30 countries 
around the world. They total about 372 GWe of generating capacity and supply about 16% of 
the world's electricity. There are also 34 new reactors under construction in 12 countries. 
Table 2 shows the distribution across countries of operating reactors, reactors under 
construction, reactors planned and reactors proposed. It is clear from Table 2 that there is a 
nuclear revolution in many countries such as China, India, Russia Japan,Ukraine and USA. Of 
the 439 nuclear power plants in operation, just two are in Africa: koeberg-1 and koeberg-2 in 
South Africa. Both are 1842MWe [24].Current expansion of nuclear electricity production, as 
well as near term and long term growth prospect are centered in Asia. A number of African 
countries are particularly interested in nuclear power generation such as Morocco, Algeria, 
Tunisia, Egypt, Ghana, Nigeria, Cameron, Tanzania and Kenya [12].  
 
     The effort of Generation IV International Forum was started at the end of 2000 as a 
collaboration of interested governments, industry and research community in an attempt to 
develop and demonstrate one or more advanced nuclear system that could be commercially 
deployed by 2030 ("fourth generation" nuclear system). The objective is to make advances 
over existing systems in the areas of economy; safety and reliability; sustainability, and 
proliferation resistance and physical protection. At the beginning of 2003, the members of the 
group were Argentina, Brazil, Canada, France, Japan, the Republic of Korea, South Africa, 
Switzerland, the United Kingdom and the United State [3]. 
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Table 2:" World Nuclear Power Reactors 2006-07, 14 January 2008 [24]. " 

 

NUCLEAR 
ELECTRICITY 
GENERATION 

2006 

REACTORS 
OPERABLE 
January 2008 

REACTORS 
UNDER 

CONSTRUCTION 
January 2008 

REACTORS 
PLANNED  

January 2008 

REACTORS 
PROPOSED  
January 2008 

 BillionkWh % e No. MWe No. MWe No. MWe No. MWe 

Argentina 7.2 6.9 2 935 1 692 1 740 1 740 

Armenia 2.4 42 1 376 0 0 0 0 1 1000 

Bangladesh 0 0 0 0 0 0 0 0 2 2000 

Belarus 0 0 0 0 0 0 2 2000 0 0 

Belgium 44.3 54 7 5728 0 0 0 0 0 0 

Brazil 13.0 3.3 2 1901  0 0 1 1245 4 4000 

Bulgaria 18.1 44 2 1906 0 0 2 1900 0 0 

Canada 92.4 16 18 12652 2 1540 4 4000 2 2200 

China 51.8 1.9 11 8587 5 4540 30 32000 88 68000 

Czech Republic 24.5 31 6 3472 0 0 0 0 2 1900 

Egypt 0 0 0 0 0 0 0 0 1 1000 

Finland 22.0 28 4 2696 1 1600 0 0 1 1000 

France 428.7 78 59 63473 1 1630 0 0 1 1600 

Germany 158.7 32 17 20339 0 0 0 0 0 0 

Hungary 12.5 38 4 1826 0 0 0 0 2 2000 

India 15.6 2.6 17 3779 6 2976 10 8560 9 4800 

Indonesia 0 0 0 0 0 0 2 2000 0 0 

Iran 0 0 0 0 1 915 2 1900 1 300 

Japan 291.5 30 55 47577 2 2285 11 14945 1 1100 

Kazakhstan 0 0 0 0 0 0 0 0 1 300 

Korea(North)  0 0 0 0 0 0 1 950 0 0 

Korea (South) 141.2 39 20 17533 2 2000 6 7600 0 0 

Lithuania 8.0 69 1 1185 0 0 0 0 2 3200 

Mexico 10.4 4.9 2 1310 0 0 0 0 2 2000 

Netherlands 3.3 3.5 1 485 0 0 0 0 0 0 

Pakistan 2.6 2.7 2 400 1 300 2 600 2 2000 

Romania 5.2 9.0 2 1310 0 0 2 1310 1 655 

Russia 144.3 16 31 21743 7 4920 8 9600 20 18200 

Slovakia 16.8 57 5 2064 2 840 0 0 0 0 

Slovenia 5.3 40 1 696 0 0 0 0 1 1000 

South Africa 10.1 4.4 2 1842 0 0 1 165 24 4000 

Spain 57.4 20 8 7442 0 0 0 0 0 0 

Sweden 65.1 48 10 9086 0 0 0 0 0 0 

Switzerland 26.4 37 5 3220 0 0 0 0 1 1000 

Thailand 0 0 0 0 0 0 0 0 4 4000 

Turkey 0 0 0 0 0 0 0 0 3 4500 

Ukraine 84.8 48 15 13168 0 0 2 1900 20 27000 

United Kingdom 69.2 18 19 11035 0 0 0 0 0 0 

USA 787.2 19 104 99049 0 0 7 10180 25 32000 

Vietnam 0 0 0 0 0 0 0 0 2 2000 

WORLD 2658 16 439 372059 34 27798 93 100595 222 193095 
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     A number of developing countries are particularly interested in the development of 
commercial reactor designs that are Small and Medium Reactors (SMRs ). The International 
Atomic Energy Agency (IAEA) defines small   as having rated capacity of less than 300 
MWe, while medium reactors are from 300 to a maximum of 700 MWe. SMRs are less 
capital cost, may be built independently and better suited to the small electrical grids of many 
countries [2, 3]. Research and development efforts are also focused on tow non-electric uses of 
nuclear power particular relevance to sustainable development: desalination of sea water and 
hydrogen production as future transportation fuel [2].  
 
 

CONCLUSION 

 
     Nuclear power is safe, clean and cheap option to produce electricity choice and sea water 
desalination. It will have to play an increasingly important role in long term energy 
management of many countries to achieve the objectives of sustainable development. 
   
   Global environmental regulation such as limits on CO2 emissions will change the energy 
cost as well as energy mix, and it will eventually affect the potential economic growth and 
future energy demand. For those who are serious about confronting global warming, nuclear 
power should be seen as part of the solution. The stakes are large, and the scientific and 
educational community should seek to ensure that the public understands the critical link 
between nuclear power and climate change. 
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