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1.1 OVERVIEW  

This chapter const i tu tes a preface of  the disserta t ion in order to 

present a superior  preamble of  the research mer i ts.  I t  h ighl ights the 

catastrophe of g lobal warming and  cl imate change, and the carbon dioxide 

greenhouse effect  a long with  the a l l ied energy role.  The need for  

a l ternat ive carbon f ree energy sources is i l lust rated with in .  F inal ly ,  i t  

expresses the d isserta t ion st ructure.  

1.2 OUTLIN E  

The abundant t rad it ional energy sources are massive ly impact ing  the 

planet ’s envi ronment .  These sources increase the Carbon Diox i de 

Greenhouse emiss ions which therefore increase the global warming  and 

cl imate change. Current ly  CO2  emission is a controvers ia l  topic in term of  

the cause whether i t  happened natural ly or by human . Neverthe less ,  there 

is a fact  that c l imate is changing . According to UN (2005),  “Greenhouse 

gases are accumulat ing in Earth ’s atmosphere as a resu lt  of  human 

act iv i t ies……The changes observed over the last  several decades are 

l ike ly most ly due to human act iv i t ies……” Hence, the Kyoto Protocol  

part ic ipant countr ies s igned an agreement to reduce the CO2  emissions to 

the 1990 leve l.  However,  some countr ies have f ixed targets of  reduct ion 

to even below 1990 level .  

As an integrated measure to reduce CO 2  emission, Nuclear energy is 

presented as a Low-carbon energy which contr ibutes to stab i l ize the CO2  

level in the atmosphere , and consequent ly d imin ishes the cl imate change 

and global warming.  Uranium is the source of  the nuclear power which is 

st i l l  avai lable wor ldwide . I t  is not predicted to deplete promptly l ike  fossi l  

fuel  which is expected to deplete  af ter  8 decades. Another v i ta l  

contr ibutor to el iminat ing the CO2  emiss ion is the renewable energy 

sources, a l though, most of  these sources are st i l l  immature and under 
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development yet .  Fur thermore, renewable power has no se lf -suff ic ient 

coverage towards the ever- increasing energy demand which  is d irect ly  

proport ional to the increased populat ion.  Thus, Nuclear energy –  as an 

already developed energy - is capable to f i l l - in part  of  the t rans it ion gap 

from foss i l  fuel  t i l l  get t ing a fu l ly mature renewable energy.  

1.3 GLOBAL  WARMIN G A ND CLIMATE CHA NGE  

“There is l i t t le t ime le f t .   The opportunity and responsibi l i ty to avoid 

catastroph ic c l imate change is in your hands, ” sa id Mr .  Ban Ki-Moon, the 

secretary -General o f  Uni ted Nat ions  (UN),  te l l ing World  Leaders at  

c l imate change summit in September 2009 (UN, 2009).  The global 

warming can be def ined as the steady increase in universal average 

temperature of  the Earth’s near-surface in recent decades,  which 

specia l ists bel ieve that man -made greenhouse gas emiss ions are the main 

cause for ( IPCC, 2007 and BBC, n.d).  Global warming is a wide -ranging 

term which ref lects a serious environmental  problem and is ,  however,  a  

leading cause to the cl imate change effect  as l iked to be refered t o by 

scientests.   

The Earth’s near -surface temperature is increasingly changing. The 

ef fect  of  c l imate change is current ly a real i ty regard less the cont rovers ia l  

v iews whether i t  is a human-made or an indi rect  resu lt  to unknown natural 

changes. The fact  now is  that burning foss i l  fuel is increasing the amount 

of  green house gases and especia l ly CO 2  in the atmosphere to 

signif icant ly  h igh leve ls.  These gases form a barr ier in the  atmosphere 

which captures the absorbed heat with in the near -surface of  the earth.    

The last  two decades were remarkably rank ing among the warmest  

years since 1850. The global  temperature of  land and ocean surface was 

0.56°C higher than the 20th century average, ty ing with 2006 as the f i f th 
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warmest s ince 1850 (see Fig.  1 -1) (NOAA, 2009;  IPCC, 2007b; and  

Houghton, 2004).  

Cl imate change effects are  s ingnif icant and widely spread.  I t  is 

tangible in the new h igh temperature levels of  ambie nt a ir  and oceans in 

adit ion to snow and ice melt ing which cause s an increase in the sea 

levels.  The Intergovernmental Panel on Cl imate Change (IPCC) fourth 

report  (2007b) pr id icts  that the warming rate  is to cont inue at  0.2 °C per 

decade for the next two decades. While as,  at  the green house emiss ions 

scenar io in  the year 2000 the temperature i r regulari ty rate was not 

ant ic ipated to be less than 0.1 °C per decade. This means the cl imate 

change problem is rapidly compounded over the years.  

 

Figure 1-1: Global Temperature Anomaly.   ( IPCC, 2007b)  

Furthermore, Bates e t .  a l .  (2008) expected that the cont inui tey of 

c l imate change wi l l  submerge huge areas of  land due to sea level  r is ing 

and loss of  fert i le  land. This wi l l  encourage the migrat ion of  agr icultural 
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inhabitants  who wi l l ,  therefore ,  seek to surv ive in  an al ternat ive safe land . 

th is process wi l l  af fect  the sustainab le dist r ibut ion of  resources  as the 

indiginous l ives are sustainably adapted in their or ig inal hab itats .    

1.4 THE CA RB ON D IOXID E GREENH OU SE GA S EFF EC T  

The green house ef fect  f rom gases into atmosphere was f i rst 

recognised by sc ient ists  in  the 19 century.  The phenomenon was 

introduced by Joseph Fourier  in 1824 and was f i rst  quant i tat ive ly 

invest igated by Svante Arrhenius  in 1896. Researchers strugg led to 

recognize the change in the leve l of  carbon dioxide in the past,  and the 

level in f luence was by chemical and bio logica l forces. They found, 

however,  that the CO 2  gas has an essent ia l  ro le in globa l warming and 

cl imate change, so th at the steady r is ing level cou ld seriously af fect  the 

future (Weart ,  2009).   

The greenhouse effect  is known as the part ia l  capturing process of  the 

absorbed heat energy and infrared emit ted radiat ion by atmosphere gases 

which lead to warming -up the lower a tmosphere and Earth’s surface (See 

Fig. 1-2).  

The three most pr imary gases in the atmosphere const i tute volumatic 

99.9% of Earth’s atmosphere are n i t rogen (78.09%), oxygen (20.95%) and 

argon (0.93%) which exert  a lmost no greenhouse effect .  Instead, 

however,  the greatest greenhouse effect  occures f rom more complex rare 

trace molecules.  Ca rbon dioxide is a lmost the second -most important one 

af ter Water vapour in addiot ion to other smal l -amount exist ing greenhouse 

gases such as Methane, carbon monoxide, n i t rou s ox ide and ozone which 

contr ibute minor ly  to the global warming ef fect  ( IPCC, 2007a; Hard ly,  

2001; and  Houghton, 2004)  

http://en.wikipedia.org/wiki/Joseph_Fourier
http://en.wikipedia.org/wiki/Svante_Arrhenius
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Figure 1-2: Greenhouse Gas Effect ,  (Samuelsohn, 2007)  

The concentrat ion of  Greenhouse gases (GHG) in  the atmosphere 

f luctuated sl ight ly,  h istor ical ly,  due to  many natura l processes l ike 

volcan ic act iv i ty and temperature var iat ion.  However,  human act iv i t ies,  

subsequent to the Industr ia l  Revolut ion, have signif icant ly inf luenced th e 

increase of  GHGs in the atmosphere by burning fossi l  fuels for energy and 

heat,  e l iminat ing forests and other act iv i t ies (EPA, 2007) .   

The global CO2  concentrat ion in the atmosphere has increased f rom 

almost 280 ppm (part  per mi l l ion) at  the pre - industr ia l  era to 386.6 ppm as 

of  September 2010 determinat ion  (See Fig.  1-3).  Th is level of  atmospheric 

concentrat ion considerably exceeds the natural f luctuat ion over the past  

650,000 years (180 –  300 ppm) based on the period of  re l iable data from 

ice cores. In recent years,  the annual concentrat ion of  CO2  has increased 

to 1.9 ppmv/year in compar ison to  1.4ppmv/year during  the period from 

1960 –  1995 taking into considerat ion the year -to-year di f ference in the 

increment rate (Loa, 2010; NOAA, 2010;  IPCC, 2007b; and EPA, 2007) .  
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Figure 1-3: Recent a tmospheric  CO2  Leve ls,  B lack l ine is  the 

average.  (NOAA, 2010)  

The four  key indicators to energy leve l re lated to CO2  emissions  are 

f i rst ly:  the carbon concentrat ion (the proport ion of  CO2  emiss ions over the 

total  pr imary energy supply),  secondly:  energy intensity ,  th ird ly:  gross 

domest ic product (GDP) per capita ,  and fourth ly:  populat ion growth. The 

populat ion growth and GDP per capita  const i tute the key dr ivers to the 

increase in carbon dioxide greenhouse effect  in the last  three decades 

(Kaya, 1990 s i ted in Rogner,  et  a l .  2007).  

Part icular ly ,  fossi l  fue l  is  the pr imary source of  the steady r ise in  CO2  

concentrat ion since the pre - industr ia l  era.  Land-use change, forestry and 

other minor  factors a lso add into the CO 2  r ise but in re lat ively  small  

contr ibut ion  (see Fig.  1-4).  The annual emission of  CO2  f rom foss i l  fue l 

has increased f rom almost 23.5 GtCO 2  (Gegaton Carbon dioxide)  in the 

1990s to around 26.4 GtCO 2  in 2005. IPCC expected a pro ject ion of  37.2–

53.6 GtCO 2  f rom energy use for 2030 (IPCC, 2007b; and Rogner,  et  a l .  

2007).   
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Figure 1-4: Global  anthropogenic  greenhouse gas emiss ions in 

2004.  (Ol iv ier,  2005 s i ted in Rogner,  et  a l .  2007)  

The UAE's records of  CO2  emiss ions were 60.8 MtCO 2  in 1990. This  

amount has increased to around 94.2 MtCO 2  in 2002 (Embassy-of-UAE,  

2009).  The CO2  leve l  has almost reached 146.9 Mt CO2  in 2008 (IEA, 

2010).  The per cap ita emission has, however,  decreased due to  advanced 

technology appl icat ion and focusing on natural gas use in power plants.  

The 32.6 ton per person a year in 1990 dropped to 25.1 ton per person a 

year in 2002. However,  th i s  drop has le f t  the UAE to rank the fourth  global  

CO2  emit ter per capita  (Embassy-of -UAE,  2009).  

The UAE endorsed the Kyoto Protoco l agreement in the beginn ing of 

2005. The UAE is c lassif ied, according to the protocol,  as a non Annex I 

country  -  Annex I  is  a  term proposed for industr ia l ized court iers who had  

to reduce their CO 2  emissions to 1990 levels by the year 2000 (UNFCCC, 

n.d).  Therefore,  UAE is not obl igated to  reduce i ts  CO 2  emiss ions 

current ly .  The UAE is ,  however,  wi l l ing to take precaut ionary s te ps for 

better sustainab le envi ronment in the country  (Embassy-of -UAE,  2009).  
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1.5 ENER GY PR OMIN ENC E  

Energy is among the foremost factors for the economic deve lopment of 

any nat ion. I t  was always present in the al l iance of  deve lopment in  

developed countr ies.  The  energy sector of  the developing countr ies is  of  

cr i t ical  importance due to the ever -esca lat ing demand of energy for 

investment and indust ry.  Various forms of energy are abundant in the 

Earth’s planet;  th is was always real ized by the mankind and used to 

faci l i tate the humans’ wel lbeing.  

The nature of  the Earth contains sources of  pr imary energy. Ord inary 

primary energy sources are coal,  o i l ,  natura l gas, wind, so lar,  uranium, 

geothermal and biomass, and ocean energy.  These sources are the  most 

pr inc ipal ly converted  into electr ic i ty and other secondary energy sources 

as shown in (F ig.  1-5).  (Sims,  et  a l .  2007; BEE, n.d).  

The world’s pr imary energy consumption has increased more than ten -

fo ld between 1900 and 2000 versus on ly  four -fo ld  r ise in  the wor ld ’s 

populat ion from 1.6 bi l l ion to 6.1 bi l l ion.  The energy demand is st i l l  

expected to increase considerably  in the future due to economic and 

populat ion growth ,  par t icu lar ly in develop ing countr ies whi le they pursue 

industr ia l iza t ion. The consu mpt ion of  g lobal pr imary energy was 238 

Exajoule  (EJ) in 1972 to r ise to 464 EJ in 2004 (Sims,  et  a l .  2007) .  

Secure, equ itable,  a f fordable  and susta inable energy supply  is 

essent ia l  to  future prosperi ty.  The end -user consumes energy as fo l low –  

approximate ly (Sims,  et  a l .  2007) :  

 45% of energy is for  low -temperature heat act ivates (cooking, space 

and water heat ing),  

 10% for h igh-temperature industr ia l  heat,  
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 15% for l ight ing, e lect ronics app l iances and e lect r ic motors,  and  

 30% for t ransport  means.  

 

Figure 1-5: Major  Pr imary and Secondary Sources.  (BEE,  n.d)  

Accord ing to IEA (2006) s i ted in S ims, et  a l .  (2007) these energy 

demands rely  mainly on foss i l  fue l which is  responsib le for  around 80% of  

CO2  emiss ion of  tota l  g lobal emissions.  

The United Arab Emirates (UAE) power sector  is  threatened by 

shortage of  future energy supply.  Steady increase in the e lectr ic i ty 

demand was factua l during the economic boom from 2003 to 2008 even 

though, i t  cont inued r is ing dur ing the recent  f inancia l  cr is is.  The demand 

on the elect r ic i ty  has increased by 7% in the UAE from 2008 to 2009 . The 

demand was –  accord ing to Abu Dhabi Water and Electr ic i ty Company  
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(ADWEC, 2010) -  14,385MW and rose to 15,426MW distr ibuted as fo l low: 

Abu Dhabi 6,255MW, Dubai 5,622MW, Sharjah 1,840MW, and other 

Emirates 1,709MW (L idstone, 2010) .  The gross generat ion capaci ty was, 

however,  17,369 MWe in 2007 (Moenr,  2008)  

The demands for energy, hence, wi l l  def in i te ly r ise to meet the 

populat ion growth and economic expansion in the world,  es pecial ly in 

developing countr ies.  Increasing standards of  l iv ing plays another ro le in 

encouraging the increment of  future energy demand. On the other hand , 

the consumption  rates  of  fossi l  fuel wi l l  probably  be reduced due to  the 

current ly r is ing prices ,  the possib le source deplet ion af ter a lmost 8 

decades, and the ef fects of  c l imate change and global warming . 

Therefore,  low-carbon and clean energy wi l l  be great demand for  future  

energy scenar ios.  

1.6 REA CTION S T O GL OB AL WAR MIN G  

Based on the aforement ioned highl ight s of  g lobal warming along with  

the energy ro le in  the ever- increasing CO 2  emiss ion, the fo l lowing 

measures form mit igat ion responses to the global warming and cl imate 

change problem:     

1.6.1  M IT IGAT ION  

Mit igat ion of  c l imate change is the process of  reducing the future 

amount of  change in cl imate. According to IPCC (2007b),  the mit igat ion is 

“Technological change and subst i tut ion that reduce resource inputs a nd 

emissions per uni t  of  output  … ,  mit igat ion means implement ing pol ic ies to  

reduce GHG emiss ions and enhance s inks”.   Mol ina e t  a l .  (2009) states 

that the mit igat ion processes are meant  for reducing the greenhouse 

concentrat ions by reduc ing the source.  
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Figure (1-6) shows a view of est imated economic potent ia l  for g lobal 

mit igat ion of  CO2  emiss ions by sector for  d i f ferent reg ions. While as,  

Table A-1 in Appendix  A presents se lected examples of  ch ief  mi t igat ion 

technologies by sector,  po l ic ies and measures, constra ints and 

opportunit ies.  

 

Figure 1-6: Est imated economic mit igat ion potent ia l  by sector and 

region using technologies and pract ices expected to be avai lable  in  

2030. The potent ia ls  do not inc lude non -technica l op t ions such as 

l i festy le changes, ( IPCC, 2007c)  

Developed and developing nat ions al ike are  looking for technolog ies 

and pol ic ies to mit igate CO 2  emission. According to IPCC (2007c),  the 

pol ic ies of  mit igat ion encouraged the use of  renewable energy, carbon -

free energy, and energy ef f ic iency. Curre nt research works ant ic ipate 

substant ia l  reduct ion in CO 2  emissions. However,  Robinson (2010) st i l l  

sees that fossi l  fuels  wi l l  remain used for  longer years despite  of  the 

mit igat ions steps. Mit igat ion processes could also inc lude carbon capture 

and storage process.  
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1.6.2  ADA PTATION  

Adaptat ion to global  warming and cl imate change is another 

mechanism of  react ions towards c l imate change. As per UNFCCC (n.d),  

adapta t ion is def ined as an “Adjustment in natural or human systems in 

response to actual or  expected cl imat ic st imul i  or t hei r ef fects ,  which 

moderates harm or exp loi ts benef ic ia l  opportunit ies”.  

The capaci ty of  adap tat ion is int imate ly associa ted to soc ial  and 

economic development,  a l though, i t  is unevenly dis tr ibuted with in 

societ ies.   There are,  however,  barr iers,  l imi ts a nd costs to the adapt ion 

measures. These complicat ions are not yet fu l ly understood  so, i t  needs 

further  invest igat ion  (IPCC, 2007c) .   

The adaptat ion mechanism is  more important to develop ing countr ies 

as i t  seems less cost ly.  The develop ing nat ions, moreo ver,  st i l l  have the 

abi l i ty to bear the impacts of  c l imate change effects.   

1.6.3  GEO-EN GINEERING  

I t  is a  modern pol icy of  engineering the c l imate which del iberately 

manipu lates the cl imate to of fset  the ef fects of  g lobal  warming  f rom GHG 

emission.  The Nat ional Academy Press proposed number of  geo -

engineering opt ions such as large -scale environmenta l engineer ing to 

of fset the ef fects of  a tmospheric changes. Most of  the proposed opt ions 

would possib ly compensate the increase in global  temperature by 

ref lect ing a fract ion of  the inward sunl ight.  Other opt ions would deal  with  

greening the planet  to absorb more carbon from the atmosphere, 

d iminishing carbon dioxide  by direct  absorpt ion  or capture,  lessening 

halocarbons f rom the atmosphere atmospher ic by di rect  dest ruct ion ,  and 

increasing the storage and natural sequestering of  carbon in surface 

water l ike oceans (NAP, 1992).  

http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Global_warming
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IPCC (2007c) ment ioned that geo-engineering opt ions such as ocean 

fert i l izat ion to mit igate CO2  f rom the atmosphere  or sunl ight b locking via  

inducing barr ier materia l  in to the upper atmosphere st i l l  immature yet 

hence, i ts re l iab le costs are not av ai lab le.  Accord ing to the Inst i tu t ion of 

Mechanical Engineers (IME, 2009) ,  geo-engineering is associated with 

mit igat ion and adaptat ion to form a 3 -stranded “MAG ”  techn ique to reduce 

the ef fect  of  g lobal warming.  

1.6.4  CARB ON  CA PTUR E A ND STORA GE  

Carbon capture and storage (CCS), or Carbon capture and 

sequestrat ion as al ternat ively referred to,  is a mechanism of captur ing the 

pre-emit ted CO 2  f rom fossi l  fuel power plants ,  factor ies and other sources 

and stored away of  the atmosphere, usual ly  t ight underground st ructural  

reservoi rs.  According to Metz (2005),  CCS can potent ia l ly reduce the 

overal l  mit igat ion costs and increase f lex ib i l i ty in reducing greenhouse 

gas emiss ion. The widespread CCS appl icat ion depends  on mature 

development ,  costs,  capacity to apply the technique, regulatory  aspect ,  

environmental  matters  and publ ic percept ion  

On the 20 t h  January 2010, Masdar (Abu Dhabi ’s mult i faceted 

renewable  energy in i t iat ive ) s igned a Memorandum of Understand ing with  

the Min ist ry o f  Energy of  the Government of  Alberta  -  Canada to 

cooperate on carbon capture and storage (CCS) in i t iat ives. Current ly ,  

Masdar is develop ing the f i rst  CCS project  in  the Midd le East ,  one of  the 

most ambit ious large -scale CCS projects in the World.  The CCS system is 

set-up to capture CO 2  f rom power plants and industr ia l  fac i l i t ies.  The 

captured CO2  wi l l  then be in jected into oi l  reservoi rs of  Abu Dhabi for 

Enhanced Oil  Recovery .  The now under design and engineering project  

wi l l  capture 5 Mton (mi l l ion tonnes) of  CO2  per year when completed in 

2014 (Masdar,  2010) .  
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1.7 LOW -CAR BON EN ER GY  

Low-carbon energy is  an energy source wi th minor CO2  g reenhouse 

ef fect  in compar ison with t radit ional  energy sources.  I t  inc ludes renewable 

(wind, so lar ,  b iofue ls,  geothermal,  etc)  as wel l  as non -renewable  energy 

( i .e.  nuc lear  power  f rom Uranium) sources. The low-carbon power 

generat ion emits sign i f icant ly minimal  CO2  amount whi le the fossi l  fuel 

power p lants s tand for extremely high amounts of  CO2  emiss ion.    

Global ly,  Kyoto Protocol which came into ef fect  on Feb.16, 2005 was 

the early ef fect ive step towards low -carbon energy to stabi l ize cl imate 

change. By 2050, the universa l soc ial  infrastructure part  is l ike ly  to be 

replaced to some extent (Nishioka,  et  a l .  2008).  The pol ic ies by domest ic 

governments should focus on momentous a lterat ion towards low carbon 

societ ies.  

Copenhagen summit 2009 (COP15) is  a  Uni ted Nat ions Cl imate 

Change Conference held f rom December 7  to 18, 2009 as the most 

serious conference since long t ime.  The agreement was drawn by a 

l imited group of  countr ies (United States, China, India,  Braz i l  and South 

Afr ica),  and then formal ly  accepted by the part ies of  the UN f ramework 

convent ion on c l imate change (COP15).  The fo l lowing months to the COP  

15 witnessed a decis ive period for a l l  part ic ipants to set -up a mot ivated 

agreement to succeed the Kyoto Protoco l  (CCC, 2009; and Andersen, 

2009).  

Measures to  el iminate  global  warming and reduce CO2  emiss ions from 

bui ld ings fa l l  into one of  three c lassif i cat ions: reduce the consumed and 

embodied energy in bui ld ings, switch to low -carbon fuels energy, or re in 

the CO 2  GHG gases emissions . Low-carbon energy is possib le  to be 

suppl ied to bui ld ings from the elect r ic i ty gr id or produced on -si te by 

technology of  generat ion means (Levine,  et  a l .  2007).  
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1.7.1  REN EWABL E EN ER GY SOURCES  

Renewable energy sources are generated f rom natural resources such 

as sunl ight,  wind, water and biomass which are al l  natura l ly replenished .  

These resources are abundant and vast ly avai lab le in the Earth  planet 

and free for  use (non -consider ing the energy mechanism).  

Contemporary technologies of  renewable energy have stead i l y been 

developing s ince the late 1970s with adequate support  f rom off ic ia l  and 

concerned people.  The past f ive years wi tnessed the launch of  a  super -

charged growth s tage.  F igure (1-7) shows the average annual growth rate 

f rom 2002-2007 for each energy source (Flav in,  2008).  

 

Figure 1-7: Average Annual growth rate by energy source from 200 2-

2007, (F lav in,  2008)  

1.7.2  NON -RENEWABL E LOW -CARB ON  ENERGY  

Non-renewable energy sources come from natural resources but,  in 

contrast  to renewable resources,  they are not re -produced or grown again 
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once consumed. These resources are of ten f ixed in nature.  The only 

common example of  non -renewable resources for  low-carbon energy is  the 

Uran ium which is the resource for nuc lear  power.   

Vattenfal l ,  a Swedish ut i l i ty  which produces elect r ic i ty ,  carr ied-out a 

study of  the fu l l  l i fe cyc le emiss ions of  e lectr ic i ty generat ion sources 

(Nuclear,  Hydro, Gas,  Solar,  Coal ,  Peat and Wind energy sources).  The 

study resu lts  showed that nuc lear  power emits 8.3  gCO2  per kW-hr of  

produced power.  The natural gas and coa l emit  around 480 and 930  gCO2 /  

kW-hr respect ively (according to Vattenfa l l ) .  Nuclear  power is therefore,  

concluded as one of  the least CO 2  emit ters among the energy types 

included in the s tudy  (see Fig.  1-8) (Mart in,  1999)  

 

Figure 1-8: CO2  emissions  for  e lectr ic i ty  Generat ion per Vattenfal l  

1999, (Mart in,  1999)  

1.7.3  ELECTRICIT Y USA GE  

Elect r ic i ty ro le in today’s  energy is the most essent ia l .  I t  is used for 

l ight ing, heat ing or cool ing, power and vast industr ia l  ut i l i t ies.  The 
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importance of  e lectr ic i ty grows -up with t ime due to growing demand and 

increasing welfare  fac i l i t ies.  The e lect r ic i ty should,  however,  be produced 

by a low-carbon energy source to mit igate  the current CO 2  emissions  

(F lavin ,  2008) .  

Elect r ic power f rom low-carbon energy is not a new technology in the 

wor ld.  Nuclear power –  as a low-carbon energy -  generates around 20% of  

United States of  America (USA) gross power whereas hydroelect r ic  

generates almost  7% of the total  gr id power (Apt,  et  a l .  2006) .  The global 

energy consumption of  e lectr ic i ty is ant ic ipated to increase f rom 421 

quadri l l ion BTU (Bri t ish Thermal  Units) in 2003 to around 7 22 quadri l l ion 

BTU in 2030 (see Fig.  1-9) (EIA, 2006) .   

 

Figure 1-9: Wor ld Marketed Energy Consumption by Region.  (EIA, 

2006) 

Non-OECD (Organizat ion for Economic Co -operat ion and Development 

with 30 member  countr ies l ike Austra l ia,  Austr ia,  Be lgium, Canada) 

countr ies are expected to have the fastest  growth of  energy demand  (EIA, 
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2006).  Therefore,  subst i tut ing the convent ional energy with low -carbon 

energy source encourages the growth of  e lect r ic i ty,  economi c and 

populat ion but,  stabi l izes the CO2  levels.  

1.7.4  COST OF  GEN ERAT ION  

Cost of  power generat ion is a lways a decisive factor for producers and 

end-users as i l lust rated in chapter 7 .  Accord ing to Kok (2009),  e lectr ic i ty  

f rom coal power is the lowest whi le so lar  (photovola taic)  is the most  

cost ly energy in construct ion phase and overal l  wh ich st i l l  needs vast 

subsid ies (see Fig.  1-10).  

Introducing new low-carbon energy in to the exis t ing energy 

infrastructure wi l l  accelerate the t rans it ion and lessen i ts  cost.  

Furthermore, a job market wi l l  be created which contr ibute sign if icant ly to 

recovery f rom the current economic cr is is.  

 

Figure 1-10: Cost of  E lectr ic i ty Generat ion by Source , (Kok, 2009)  
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1.8 D ISSERTAT ION STRU CTU RE  

Chapter 1:  Int roduct ion of  the Global warming and cl imate change 

problem along wi th the current CO 2  status,  and energy role  in 

contr ibut ion to the GHG mit igat ion.  

Chapter 2:  L i terature  Review ,  corre lat ive study of  precedent  research 

works tackl ing the nuclear energy and reducing CO2  emiss ions.  

Chapter 3:  Nuclear Energy  as a low-carbon energy source, i t  includes:  

h istory,  working princip le,  and development mechanism of the nuclear 

power.  

Chapter 4:  Methodology, th is def ines the research parameters,  carr ied-out 

methodologies of  s imi lar researches and the select ion of  s imulat ion 

methodology and software.  

Chapter 5:  Bui ld ing the Simulat ion Model,  the conf igurat ion  and running 

the simulat ion. I t  focuses on the input data  along with  assumpt ions 

and constra ints.  

Chapter 6:  Results and Discussion, a discussion of  the resul ts processed 

in Chapter 5.  

Chapter  7:  Economic Analys is  of  the nuclear energy consumpt ion  and CO2  

emission cost .  

Chapter 8:  Conclusion of  the research and recommendat ions for future 

relevant  work.  
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CHAPTER 2: L ITERATURE REVIEW  
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2.1 INTRODUCTION  

Nowadays, i t  is apparent that the envi ron mental ists and sc ient ists 

have deep concerns towards the increased Carbon Dioxide concentrat ion 

in the atmosphere  and i ts  cont r ibut ion to the cl imate change and global 

warming. Accord ing to th is fact ,  a l l  the environmenta l part ic ipants are 

seeking a lternat ive opt ions to  reduce the emissions of  CO 2 .   Foss i l  fuel is 

a convent iona l  source for energy which is the main source o f  CO2  

emission into the atmosphere. The energy, in  general,  is a key cont r ibutor  

to the CO 2  emiss ions. Therefore,  considerable  development  is needed for 

the energy prospects.  For th is  reason, Nuclear energy was introduced as 

a CO2  low emit t ing energy source in order to contr ibute for mi t igat ing the 

increased CO2  emiss ions.  

Wor ldwide, there are about 438 nuclear power plants in operat ion;  the 

USA has 104 operat ional p lants out of  them whereas f ive power plants 

were shutdown in 2009. Aside, there are Fif ty Seven nuclear power plants 

under construct ion ,  23 out of  them are in  China only  (see Figs.  2-1 ,  2-2).  

The current  nuclear energy suppl ies around 372 GWe of e lect r ic i ty  which 

represents  14% of the universal energy consumpt ion  (see Table  A-2 in  

Appendix  A).  Adamant iades and Kessides (2009)  ment ioned that  the 

wor ldwide elect r ic i ty generat ion from nuclear had decl ined from 16% in  

2005 to 15% in 2007 after i t  was in a constant  increase f rom 1960 to 

1986. L i thuania and France are lead ing the nuclear countr ies in the 

proport ion of  e lect r ic i ty generated from nuclear energy. L i thuania 

produces almost 76% of i ts total  e lect r ic i ty  supply f rom nuclear energy 

whereas;  France covers 75% of the country ’s  total  e lectr ic i ty  demand from 

nuclear.    
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Figure 2-1: Operat iona l Power plants as of  2009. ( IAEA, 2010)  

 

Figure 2-2: Under Construct ion Power p lants as of  2009.  ( IAEA,  

2010) 

Note: Long-term shutdown unites (5) are not 

included. 

In the World Total there are also (6) reactors in  

operat ion in Ta iwan, China. 
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USA suppl ies 20% of  the total  e lect r ic i ty gr id f rom nuclear energy 

nonetheless, i t  remains the foremost  nuclear energy suppl ier at  a lmost 

100GWe (see Fig.  2-3).  Noteworthy,  the developed nat ions ho ld the 

biggest e lect r ic i ty generat ion from nuclear  f ission whereas developing 

countr ies have only 10% of the un iversa l e lectr ic i ty generated by nuclear 

energy (IAEA, 2010; Adamant iades and Kessides, 2009).  

 
Figure 2-3: Nuclear Share in E lect r ic i ty Generat ion as of  2009. 

Source: IAEA 2010.  

The Middle  East countr ies includ ing the United Arab Emirates have 

plans to operate peaceful nuclear energy to meet the growing demand for 

energy and in the meant ime to ach ieve the sustainab le envi ronmental  

goals.  The reduct ion o f  CO2 emiss ions is one of  the major  a ims for  United 

Arab Emirates to use nuclear  energy for generat ing elect r ic i ty.  There are 

researchers,  however,  researched the ro le  of  nuc lear  energy -  as a 

subst i tute  to fossi l  fuel -  in reducing CO 2  emission,  some of these 

researches are summarized hencefor th:  
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2.2 ELECTRICIT Y C ON SUMPT I ON AND CO2  EMISSION  

Elect r ic i ty p lays a v i ta l  ro le player in a lmost  a l l  l i fe aspects;  i t  is the 

associa ted feature of  development  and economic growth. The t rad it iona l 

way of  generat ing e lectr ic i ty is  f rom coal  and foss i l  fuel.  Th is t rend has 

contr ibuted to CO 2  GHG emission and consequent ly to global warming and 

cl imate change.  The fo l lowing researches were carr ied-out to check the 

accuracy of  th is legit imacy.    

Qader (2009) researched the elect r ic i ty  consumption and GHG 

Emissions in Gul f  Counci l  Countr ies (GCC).  At the beginn ing, he l isted the 

four wor ldwide ef fect ive factors of  c l imate change:  economic growth, 

populat ion ever - increasing numbers,  increased use of  t ransportat ion, and 

industr ia l iza t ion. The focus in the study paper is  on the electr ic i ty  

generat ion phase. The electr ic i ty demand in GCC has increased at  three 

fo ld the universa l average  in the few precedent years due to th e high GDP 

rate and the pol icy of  bui ld ing mega construct ion and infrast ructure 

projects,  especial ly,  UAE and Kingdom of Saudi Arabia (KSA).  The air -

cool ing requirements and governments subsid ize of  c i t izen bi l ls 

encouraged the electr ic i ty  demand furthermore.  

The demand in the GCC is,  however,  ant ic ipated to grow by 80% in 

2015 from the current instal led capacity (Laura, 2008 ci ted in Qader,  

2009).  The GCC nat ions were ident i f ied by the Uni ted Nat ions 

Envi ronmenta l program as the highest per capita energy consumers. The 

six GCC countr ies emit  around 45 –  50% of the cumulat ive Arab region 

CO2  emissions (ROWA, 2005 ci ted in Qader,  2009) .  KSA is leading the 

CO2  emission fo l lowed by UAE (see Fig.  2-4).   I t  is,  however,  noteworthy 

that the GCC popula t ion is less  than 18% of the tota l  Midd le East 

populat ion (USCB, 2010 ci ted in IWS, 2010).  
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Figure 2-4: CO2 tota l  emissions from consumption of  foss i l  fue l for 

GCC countr ies.  (Qader,  2009)  

Qader (2009) cont inued compar ing the six  GCC countr ies  for the 

relat ion of  e lectr ic i ty  consumption and CO 2  emission.  Another re lat ion he 

studied is the populat ion with GHG emiss ion.  Thereafter,  the research has 

a compar ison between the GCC countr ies and other indust r ia l ized 

developing countr ies with re lat ive ly s imi lar populat ion and simi lar  

economic growth,  especial ly,  KSA versus Malays ia and UAE versus 

Singapore. KSA of 26 mi l l ion populat ion have signif icant ly h igher CO 2  

emission –almost 2.5  t imes –  than Malaysia of  23 mi l l ion populat ion. 

Malaysia  has been showing a decl ine in i ts CO 2  emission since 2004. 

Similar ly,  UAE of 4 mi l l ion populat ion emits a marg inal ly  h igher CO2  than 

Singapore of  4 .4 mi l l ion populat ion but,  much less than the di f ference in 

KSA and Malays ia case (see Table 2-1).  

 



 

 

Page |  26  

 

Table 2-1: Comparison between KS, UAE, Singapore and Malays ia  

presents the total  emission (CO2 Mton).  (Qader,  2009)  

 

As a conclus ion of  Qader (2009) research,  the energy sector  in  the 

GCC is  the main source of  CO2  emiss ion due to foss i l  fuel  (o i l  and gas)  

great  usage. CO2  gases per capita rates are rap idly r is ing the GCC 

countr ies especial ly KSA and Qatar.  the current e lect r ic i ty consumption 

and CO2  rates in the six  GCC countr ies are  higher than other developing 

countr ies of  a lmost s imi lar  populat ion and economic growth.  The domest ic 

governments are wi l l ing to fu l l f i l  the electr ic i ty future demand, and 

paral le ly  to reduce the CO2  emiss ion. Examples on th is t rend are the solar  

v i l lage in Raas Al Khaimah,  an d the proposed nuclear power p lant in Abu 

Dhabi in UAE.   

Psomopoulos et  a l .  (2009) stated in thei r study of  e lectr ic i ty savings 

and CO2 emissions in bui ld ings sector that mit igat ion po l ic ies are  great ly 

becoming more important i f  the pol icy makers have an accurate p ic ture of  

the CO2 sources and impacts.  The current energy consumption const i tutes 

future ant ic ipat ion of  the energy demand and CO2 future leve ls.  I t  is 

necessary to ded icate  a focal study o f  bui ld ings due to the ir  la rge number,  

s ignif icant  percentage of  energy consumpt ion, and variety of  networks. 



 

 

Page |  27  

 

Thus, the research focuses on the electr ic i ty networks ’ losses role in 

reducing the CO2 emission once apply ing energy ef f ic iency measures into  

bui ld ings.  Noteworthy,  a l l  e lect r ical  networks have losses dur ing the 

transmission and dist r ibut ion of  power.  Joule heat ing, hysteres is,  and 

leakages are among the causes of  these losses in the electr ic i ty  

networks. F igure (2-5) i l lustrates the div is ion components of  energy 

losses in  European networks.  An important  factor  af fects the e lectr ic i ty 

losses calcu lat ion as a percentage of  the total  gross demand is the import  

and export  of  e lect r ic i ty .   

 

Figure 2-5: Electr ic i ty t ransmission and d ist r ibut ion loss components 

in European. (Psomopoulos et .  a l .  2009) 

In conclusion, the ca lculat ions resu lts showed that i f  the emission 

factor ’s ca lcu lat ion considered the e lect r ic i ty gr id,  the connect ion type in 

bui ld ings ( low o r medium vo ltage) does not a f fect  the e lect r ic i ty losses.  

Romeo et a l .  (2009)  s tud ied the potent ia l  of  e lect r ic i ty consumption of 

and carbon diox ide  capture in Spain.  They started ment ion ing that 
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Spanish economy has an important r is ing t rend in pract ice for the last  

couple of  decades. The GDP has increased 48.8% from 1990 –2004, 14 

points higher than the average of  the 30 founded OECD (Organizat ion for 

Economic Co-operat ion and Development) countr i es.  

Spain was permit ted to increase i ts  CO 2  emiss ions up to 15% of the 

1990 level under the 1997 Kyoto Protocol.  This has, however,  changed 

now due to signi f icant  recorded r ise of  52.2% CO 2  emiss ion above 1990 

level in 2005. In 2006, CO 2  value was reduced to 48.1% (MMdMA, 2006 

ci ted in Romeo et a l .  2009) .  Set of  act ions to el iminate  CO 2  were put in 

p lace by the Spanish,  these include: Improvements in energy ef f ic iency,  

the use of  renewable  energy and carrying out mit igat ion projects .  Now, 

elect r ic i ty  product ion emits 24.0% of CO 2  and 23.8% for t ransport .  Carbon 

capture and storage (CCS) projects are expected to achieve secured 

power generat ion at  low GHG emissions. The development of  CCS 

projects in Spain,  therefore,  is necessary for sustainab le deve lo pment 

goals as wel l  as approaching the post -Kyoto targets of  CO 2  in Spain.  

Figure (2-6) i l lust rates the paper’s research methodology .  The inputs 

included:  Populat ion,  per cap ita GDP, energy intensity and cont r ibut ion of  

e lect r ic i ty  to the gross energy demand. The outputs present e lectr ica l  

demand scenarios.  The targeted year of  study is 2050 as predict ing 

energy demand and pol ic ies beyond that might have large uncertaint ies 

which were not considered in the simula t ion.   

The potent ia l  for CCS based on coa l wa s def ined by avai lable 

predict ion scenar ios for the future technologies.  Thereafter,  eva luat ion of  

economic and emission for th is potent ia l  g ives lead to d iscussion  of  the 

cost of  e lect r ic i ty,  the CCS p lant and the reduct ion of  CO2 emission.  
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Figure 2-6: General methodology used for  evaluat ing CO 2  capture 

potent ia l  in Spain.  (Romeo et a l .  2009)  

The Scenarios for e lectr ic i ty demand was set as fo l low: Scenar io  1 

assumes a constant t rend in immigrat ion up to 2010 before i t  stabi l izes. 

Scenario 2 presumes a decrease in immigrat ion. Both scenarios,  however, 

comprise an increase in populat ion growth. Among the ca lcu lat ion of 

e lect r ic i ty demand, i t  is an essent ia l  to study the supply of  energy. The 

Spanish elect r i c i ty system is ext remely rely ing on fossi l  fuels as 63.7% of 

the elect r ic i ty in 2005 was generated by fossi l  fuels.  

Accord ing to McCracken (2005),  capaci ty factor is “the rat io of  the 

elect r ica l  energy produced by a generat ing unit  fo r the per iod of  t ime 

considered to the electr ica l energy that could have been produced at 

cont inuous fu l l  power operat ion dur ing the same per iod” .  Romeo et a l .  

(2009) ment ioned that  t he capacity factor for carbon capture in fu ture is 

presumed to increase from 40% at 2005 to 50%  in 2011, 59% in 2020 and 

to stabi l ize a t  65% (5870 h/year) f rom 2025 onward.  Nuclear energy has a 
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constant capacity factor of  90% (7890 h/year).  The avai labi l i ty of  future 

renewable energy is ant ic ipated to increase from 18% in 2005 to 31% 

(2720 h/year) in 2050 due to technological advances and deve lopment.  

The researchers concluded that cutback of  CO 2  emiss ions in 2050 wi l l  

probably accomplish 90% in an ef f ic iency scenar io with medium 

populat ion-economic growth and min imum CO 2  opt ion.  The cont r ibut ion of  

energy sources wi l l  possib ly consist  of  50% renewable and Carbon-free 

energy and 50% CCS, therefore,  the new capacity  might reach 228 GW 

with a  capi ta l  investment cost  between of around 254,000 mil l ion euro.  

Hence,  the development of  energy storage for Carbon-free energy wi l l  

occupy an essent ia l  p lace in future of  Spain .  The emissions of  CO2 due to 

elect r ic i ty product ion would reach 33% below the agreed Kyoto 1990 level 

with CO2 emission decrease of  around 650 Mt on CO2/year.  

2.3 NUCL EAR ENER GY ROLE IN  CLIMATE SC ENAR IO (CO2  EMISSION )  

Vail lancourt  et  a l  (2008) researched the nuclear energy role on the 

long-term cl imate scenario.  They conducted a simulat ion of  the nuclear  

impacts via  computer software cal led World -TIMES (The Integrated 

MARKAL-EFOM System); th is model o f  s imulat ion has superior 

characterist ics of  MARKAL (Market Al locat ion),  and EFOM (Energy Flow 

Model Opt imizat ion) systems. The database of  th is software associates 

about 1300 technologies used in the energy expenditure and demand. The 

research geographical area, however,  covered 15 developed nat ions whi le 

the study period is set -up for  a century f rom the year 2000 to 2100.  

Two d iverse CO 2  emission const rain ts were adopted in  the research 

for correlat ion purpose; 450ppmv (parts per mi l l ion volume) and 550ppmv 

of carbon d iox ide levels in the atmosphere. Cost constra int  of  the 

simulat ion included:  investment,  welfare loss,  and operat ion and 
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maintenance cost.  The chief  expected outputs were future investment and 

technology act iv i t ies a t  every interva l.  

The resu lts of  the research recorded larger nuclear energy demand 

under the 450ppmv scenario which is equal to almost 20 -fo lds increase in 

the 2100 (see Fig.  2 -7).  The 550ppmv CO 2  scenario resulted with less 

demandable nuclear energy in 2050 (see Fig .  2 -8).  The researchers,  

hence, forecasted growing usage of the renewable and nuclear power 

plants fo l lowing to the year 2050 to meet the future demand of c lean 

energy. Consequent ly,  nuclear energy could  most probably become the 

major universal e lect r ic i ty  product i on source in 2100.  

 

Figure 2-7: E lect r ic i ty product ion by type under the 450 -ppmv 

cl imate scenar io,  Va i l lancourt  et  a l .  (2008)  
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Figure 2-8: Electr ic i ty product ion by energy type in 2050, 

Vai l lancourt  et  a l .  (2008)  

The impact  of  nuclear energy on the c l imate mit igat ion at  L i thuania 

-a European Union member–  was researched by St reimikiene  (2008).  

L i thuania is  most probably capable to  comply wi th  the Kyoto targets in  

2008 to 2012. The researcher discussed the possible mi t igat ion of  post -

Kyoto cl imate change,  and in which approach i t  could be achieved . The 

researcher exp lained the rule of  three sustainabi l i ty d imensions of  for 

assessment 3As (Acceptabi l i ty,  Ava i lab i l i ty,  and Accessibi l i ty ) which can 

be read as environmental cr i ter ia,  economic cr i ter ia,  and social  cr i ter ia 

consequent ly.  

An almost 14% of L i thuania’s pr imary energy demand is suppl ied by 

domest ic resources.  Nuclear energy –  Uranium fuel  comes f rom Russia –  

covers almost 70% of the total  power consumption.  
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The exist ing nuclear power p lant in “Ignal ina” is scheduled to shut 

down by 2009 as i t  is no longer complying with safe ty standards. The 

fossi l  fuel energy is ,  hence, ant ic ipated to s ubst i tute the shut -down 

nuclear  power plant  which consequent ly  increases the CO 2  GHG 

emissions in Li thuania.  There are v igorous ef forts to construct  a new 

nuclear power p lant by 2015; neverthe less,  these ef forts are yet  to be 

conf i rmed by the Nat ional Energy Strategy  

 

As a summary, the highl ighted target by the government is set -up to 

reduce the consumpt ion of  fossi l  fuel.  The researcher,  furthermore,  

strengthened h is  research by f inancial  impl icat ions and stat ist ica l  analys is  

of  GHG e l iminat ion towards the  compl iance with the post -Kyoto cl imate 

change mi t igat ion plans.   

2.4 NUCL EAR ENER GY ROLE IN  T HE EC ON OMIC GR OWTH  

Nuclear energy as al l  energy sources plays a signif icant ro le in the 

economic growth. As the economic growth re l ies on indust ry booming and 

commerce; i t  is then associa ted with the energy expansion to cover the 

demanded economic growth.  

Wolde-Rufae l and Menyah (2010) accomplished a research to 

invest igate  the consumption of  nuclear energy in re lat ion to  economic 

growth in n ine developed countr ies (C anada, Nether lands,  Switzerland,  

France,  Spain,  United Kingdom, Japan,  Sweden and Uni ted States) .  The 

researchers  eva luated the casual re la t ionship  of  nuc lear energy 

consumpt ion and factual GDP for the per iod of  1971 to 2005. The 

causal i ty f ramework was class if ied into four main assessment hypotheses:  
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 Bi-d irect iona l causa l i ty  

 No causal i ty  

 Unid irect ional  causa l i ty f rom energy consumption to econom ic growth  

 Unid irect ional  causa l i ty f rom economic growth to energy consumpt ion  

Investment  and manpower were f ixed as supplementary  variab les to 

the nuclear energy-economic nexus.  Wolde-Rufae l and Menyah (2010) 

used two research opt ions in the study; the f i rst  one is  an upgraded 

vers ion of  Granger causal i ty assessment test  whi le as,  the second opt ion 

used a general ized  var iance decomposi t ion assessment.   

The resu lts found a un idi rect ional causal i ty  in Japan, Nether lands and 

Switzer land f rom nuclear  energy consumption to economic growth 

whereas,  an opposite causal i ty  found in  Canada and Sweden from 

economic growth to  nuc lear energy consumpt ion. Nuclear energy 

consumpt ion and economic growth have di rect  re lat ion in Spain,  United 

Kingdom (UK) and USA meanwhile ;  energy conservat ion might  lessen the 

economic growth. Energy conservat ion measures in Canada and Sweden 

to reduce nuclear  energy consumption may not af fect  economic growth.  

As a conclus ion, each country of  the study sample is c lass if ied under 

one of  the  four assessment  hypotheses . The study can advantage the 

pol icy makers in the ir  decis ions of  construct ing new fac i l i t ies of  nuclear  

power.  As an example, Sweden found to have a negat ive associat ion 

between the nuclear  energy consumpt ion and the economic growth ;  

meanwhi le,  fur ther improvement  and progress  is needed for more ef f ic ient 

nuclear power  plants .  
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2.5 SOCIAL AN D R ISK ACC EPTANC E OF NUCL EAR  EN ER GY  

Pidgeon et a l .  (2008) executed a mixed-methodology research to 

invest igate the socio -technica l r isk of  nuc lear power in Br i ta in  in 5  years 

project  t ime. The research was focused on the residents of  c losed  

communit ies to in-operat ion nuclear  fac i l i t ies.  Three nuclear  p lants  among 

Bri t ish dist r ic ts were covered by the survey (Oldbury,  Bradwell  and 

Hink ley Point ).   

The mixed-method study was div ided into three sub -methods;  1) 

narrat ive interviews method: examines the voice -over r isk in the close 

parameter to  nuclear faci l i t ies.  2) Q -sorts:  to examine people ’s  opinions.  

3) Survey appl ied for Oldbury and Hink ley Point :  v ia a quest ionnaire of  s ix 

parts includ ing envi ronmental concerns ( i .e  nuclear power,  rad io -waste 

and cl imate change),  opinions corresponding with the preceding Q -study, 

r isks and benef i ts,  eva luat ion of  t rust  in nuclear inst i tute,  etc.  Three days 

af ter spreading the quest ionnaire on the targeted sample, around 1326 

responds were rece ived.  

Noteworthy,  there were some dif ferences among the surveyed samples 

towards local power s tat ions, and about nuclear  power in common.  The 

study showed less concern about nuclear po wer in very c lose proximity. 

Majori ty of  people l iv ing in close proximit ies to nuclear p lants consider  

the exist ing stat ion as an ordinary  day- l i fe issue and are moreover 

support ive for nuclear  power general ly.  The near-nuclear residents are,  

however,  wi l l ing to be involved in al l  future  decisions of  nuclear power 

plants.  

The social  va lue of  nuclear  energy  was measured in a survey research 

by Jun et  a l .  (2009).  They implemented a  cont ingent valuat ion method 

(CVM), which of ten recognized as “s tated preferenc e” model.  The study 

has been targeted to test  the Wil l ingness -to-pay (WTP) for nuclear energy 
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in order to assess  the social  cost of  nuclear  energy due to i rregulari ty  or  

l imited d i f fusion of  informat ion regard ing  the safety of  nuc lear energy.   

The survey was set -up to be face-to-face interv iew to avoid possible 

bias.  I t  covered e ight  d i f ferent c i t ies of  South Korea in May 2007. Two 

sets of  quest ionnaires were  proposed, the f i rst  one was designed for 

part ic ipants without  specif ic knowledge about  nuclear ene rgy whereas the 

second one inc luded part icular  quest ions of  nuclear energy. The second 

nuclear knowledgeable targeted quest ionnaire includes:  r isk and 

radioact ive  waste,  economic -environmental  benef i ts,  concise  accident  

h istory,  e lectr ic i ty  generat ion f rom nuclear ,  and CO2  GHG emissions. 

Every part ic ipant was briefed about the topic pr ior s tart ing the survey.  

The quest ionnaire has four  main  categories:  percept ion, at t i tude, 

awareness, and wi l l ingness -to-pay. I t  was noteworthy  from the survey 

resul ts  that the amount of  WTP becomes almost 68.5% greater  when 

appropr iate informat ion about nuclear energy is communicated with publ ic 

than i t  is not.  

 

The publ ic acceptance of  Nuclear Power was, furthermore, former ly 

researched by Otway et  a l .  (1978).  They assessed the people at t i tude 

“at t i tude model” towards nuclear power.  The study focused on the socia l  

characterist ics  of  r isk (est imat ion, evaluat ion and management ).  As 

“Bel iefs are the bui ld ing blocks of  at t i tudes ” ,  a part icu lar intent ion to each 

bel ief  was paid to  assessment  with the at t r ibute in th is at t i tude model. 

The process of  invest igat ion was carr ied-out  at  three phases; 1) In tended 

for a group of  energy specia l ists.  2) Invo lved  a heterogeneous sample of  

people in Aust r ia,  and 3) was a referendum study by cho ice of  vot ing 

executed in USA.  
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For energy experts ,  a quest ionnaire was spread at  univers i ty 

associa ted energy research inst i tute in  the USA. Thereafter,  the 

quest ionnaire inc luded 39 quest ions rather than 23 or ig ina l ly ,  and 

dist r ibuted in Aust r ia to evaluate the at t i tude of  224 random 

heterogeneous people of  the country.  The amended quest ionnaire 

included four further  resources of  energy in addit ion to Nuclear energy.  

In the survey of  the research ,  four  fundamental  analys is  factors were 

considered to simpl i fy  and l imit  the var iety  of  bel iefs;  1) psychologica l  

r isk,  2) economic and technolog ica l benef i ts,  3) sociopo l i t ica l  r isks,  and 

4) phys ica l and environmental r isk factor.  The feed-back in  both 

quest ionnaires was, however,  grouped of  “for” fo r favorable towards 

nuclear power and “against ”  for negat ives towards nuclear power .  The 

resul ts found to be largely  re l iable  when compared to  simi lar  surveys 

appl ied in  other countr ies .  

2.6 NUCL EAR ENER GY ROLE IN  SUSTA INABL E DEVEL OPMENT  

Matsu i et  a l .  (2008) conducted a simulat ion research to invest igate the 

nuclear energy’s ro le in sustainable development.  They adopted 

in tegrated analysis  energy software cal led Global  Relat ionsh ip 

Assessment to Protect Envi ronment  (GRAPE) for the s imulat ion study.  

The research was set -up for long-term energy supply to opt imize and 

min imize the cont ingent energy cost for the hundred years f rom the 2000 

up to 2100. The researchers considered an assumpt ion of  double energy 

demand of the CO 2  emiss ion, 2% annual cost  d iscou nt for energy, and 550 

ppmv of carbon dioxide concentrat ion. The research examined the 

fo l lowing three types o f  energy sources:  

 Exhaust ib le energy sources (gas,  o i l  and coa l).  
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 Renewable energy sources (b iomass, wind,  hydropower,  geothermal 

and photovolta ic ).  

 Nuclear energy.  

Figure (2-9) presents a compar ison  of  two scenarios,  the f i rst  is  

Wig ley,  Rich les,  and Edmons at 550 ppm CO2 (WRE550) Constra int  and 

the second is the Extended Kyoto Protocol (EKP)  –  the same Kyoto 

Protoco l 2010 with 5% reduct ion every decade in future - to reduce the 

carbon diox ide  emiss ion in Annex I  and Non-Annex I  countr ies.  In Fig.  (2-

9a) WRE550 scenario ,  the both Annex I  and Non -Annex I  par t ies are 

intersect ing in around the year 2030 which const i tute a reduct ion point  of  

CO2 emission by Annex I  countr ies whi le Non -Annex I  countr ies resume 

emit t ing higher CO2 to reach stabi l iza t ion in 2060s. Figure ( 2-9b) EKP 

scenar io,  the Annex I  part ies started decreasing CO2 emiss ion f rom 2000 

and wi l l  cont inue t i l l  2100 whereas, Non -Annex I  countr ies resume 

emit t ing CO2 at h igher levels  than WRE550 scenar io to s tart  reduct ion 

af ter 2050s.  

The research concluded to around 18% reduct ion in CO2 emission in 

Annex I  (deve loped countr ies )  versus 13% al lowed increase  of  using 

fossi ls in the Non-Annex I  (develop ing countr ies) in the 21st century.  The 

developed countr ies are ant ic ipated to have 91% growth of  nuclear energy 

usage.  

The researchers,  furthermore, conf irmed that the nuclear energy is  

important for sustainable development whi le  i t  has been int roduced to the 

wor ld by the Clear Development Mechanism (CDM) under Kyoto Protocol.  
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Figure 2-9: carbon d ioxide emission. (a) Only Wig ley,  Richles,  and 

Edmons at  550 ppm CO2  scenar io  (WRE550) Const rain t .  (b)  

Extended Kyoto Protocol.   (Matsui et  a l .  2008)  

Mourogov (2000)  explored the contr ibut ion of  nuclear energy  in  

sustainab le development.  At the beginning of  the research, t wo opposite  

points of  v iew were argued about the sustainable ro le of  nuc lear energy:   

1. The f i rst  v iewpoint  const i tutes a drawback  to the sustainabi l i ty  on 

nuclear  energy.  The groups of  people who adopt th is op inion rela te i t  

to the two earl ie r  nuc lear acc idents in Three Mile Is land  (TMI) and 

Chernobyl.  
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2. The second perspect ive  encourages  nuclear  energy usage in 

sustainab le deve lopment.  Th is group of  posit ive op inion towards 

nuclear power accumulate their  approach due to  the fo l lowing reasons:  

a. Nuclear power does not have CO2  emiss ion opposed to the fossi l -

based energy.  

b. Nuclear energy is an already technolog ica l ly deve loped energy 

which is not the case for the s t i l l  at  demonstrat ion stage 

renewables (wind, so lar,  b iomass).  

c. Nuclear power is the appropriate energy contr ibutor to the 

countr ies without foss i l  fuel prosperi ty.  

d. The constant development of  nuclear power encourages further 

advance expansion in science, industry,  agr iculture and so on.  

The researcher cont inued arguing the theoret ical  evolut ionary v iew of  

nuclear power rather than the revo lut ionary vis ion. The safety stand and 

concerns, radioact ive waste disposa l and non -pro l i fe rat ion issues were 

addresses  in  the research. He, moreover,  d iscussed the task of  the 

innovat ive technologies in condit ions of  safety,  rad ioact ive waste 

disposa ls and non-pro l i ferat ion.  

 The research concluded the fo l lowing: the current nuclear power 

acquire  enhanced technologies that guarantee suff ic ient  safety  level and 

harmless rad ioact ive waste d isposa l.  The Internat iona l Atomic Energy 

agency ( IAEA) is ef fect ive ly support ing the non-pro l i fe rat ion o f  nuclear 

components  by the safeguards system. I t  had further recommended that 

nuclear industry should witness further innovat ive technologies in  order 

to:  f i rst ly,  reduce the energy costs for future chal lenge in energy market 

and secondly,  present more t ransparency to the ci t izens for more 
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acceptances by publ ic.  The successfu l in ach ieving those factors wi l l  lead 

to large-scale growth o f  nuclear energy in the near future.  

 

Kanoh (2006)  researched the nuclear energy as a vi ta l  opt ion for 

sustainab le development with intensive focus on the global economy.  The 

research gathered both  logical and interpret ive methods for invest igat ion 

purpose. The forehead of the research represented an i l lust rat ion  of  the 

economic status of  developed and developing countr ies.  Fo l lowed by, a n 

argument  of  the chal lenges of  post-Kyoto protocol c l imate changes and 

the greenhouse gas  emiss ions.  From a viewpoint ,  the researcher 

presented a debatable quest ion  of  the Kyoto agreement in terms of 

whether major contr ibutors of  CO2  a re not part ic ipat ing .  The research 

represented  stat ist ica l  data for  those carbon dioxide  cont r ibutors (see Fig.  

2-10).  Another debatable quest ion was raised regarding the ef fect iveness 

of  the Kyoto pol icy and the  potent ia l  of  the CDM with in the Kyoto protocol  

in the appl icat ion of  nuclear  energy .  Th is argument discussed the possib le 

rest r ict ions by the ant inuclear environmental ists in Europe. A further th ird 

quest ion presented about  the Kyoto Protoco l  i tse l f .  The researcher argued 

herein the ef forts to comply with the Kyoto agreement along with the 

various di f ferences of  part ic ipant countr ies.  A corre lat ion between  CO2  

and the economic growth  was presented along wi th the biggest CO 2  

contr ibutors (see Fig.  2 -11).  

Furthermore, a controvers ia l  debate of  ant i -nuclear supporters was 

managed logica l ly.  The ant i -nuc lear concerns bel ieve that,  in sp ite  of  the 

fact  that nuclear energy is set as a non -CO2  emit t ing in the operat ion  

phase, i t  emits CO 2  f rom using fossi l  fue l in the const ruct ion of  power 

plant,  uran ium min ing and waste disposal.  The d iscussion was 

strengthened with chart  of  the CO 2  emiss ions versus other fue l types. The 

chart  represents almost negl ig ib le CO 2  amounts emit ted f rom nuclear 

energy in contrast  to  fossi l  fue l.  F inal ly,  the research f igured -out a 
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predicted v iew of the nuclear energy among the electr ic i ty  demand in the 

2050 in order to ach ieve the targeted CO 2  GHG reduct ion.  

 
Figure 2-10: Shares o f  CO2 emiss ion by country in 2001.  (Kanoh,  

2006) 

 

Figure 2-11: Correla t ion between economic growth and CO2 

emission (12 b iggest CO2  emit ters) ,  (Kanoh, 2006)  
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Omoto (2005) has a research on the nuclear power for sustainable 

development and re levant IAEA act iv i t ies for the future .  The research 

intended to present  the aspects  for  susta inable energy  and the nuclear 

power.  The research, therefore,  was sub-d iv ided under th is part  in to two 

sub-parts.  The f i rst  sub-part  focused on the importance of  susta inabi l i ty 

opt ions as declared in  the Agenda 21 in the earth summit 1992 where 

three susta inable mechanisms were glared “envi ronmenta l protect ion, 

economic growth and social  equity”.   

The researcher ,  thence, ment ioned  that the low greenhouse gas 

emit ted from the nuclear energy remains even fewer than that emit ted 

from renewable energy sources. Moreover,  the research tackled the 

out look project ions of  energy future demand and t he projected nuclear  

growth in 2050. Comparison was presented between the deve loped and 

developing countr ies for the current d isrupt ion  in energy consumption.  

Furthermore, the research was st rengthened by i l lust rat ion examp les from 

the past.  

As A conclus ion; the research discussed the e xpected act ions by the 

IAEA and some suggest ions were prov ided by  Omoto (2005).  IAEA should 

spread-out  inclus ive  and accurate  informat ion in order to  acquire  proper 

publ ic understand ing o f  the nuclear power.  The researcher a l so proposed 

some proposals for the IAEA to br idge the gap between the current and 

future nuclear energy supply.  

2.7 A IM  AND  OBJECT IVES  

From L iterature rev iew, the pr inc ipal  a im of  the dissertat ion is focused 

to invest igate  the potent ia l  ro le of  nuc lear energy in mit igat ing the ever -

increasing leve ls  carbon diox ide emissions in the bui l t  env i ronment of  the 

United Arab Emirates .  This study is h igh ly needful in terms of cont r ibut ion 



 

 

Page |  44  

 

to sustainable deve lopment in the bui l t  envi ronment by el iminat ing the 

CO2  emiss ions.  

CO2  is not iced to be a primary contr ibutor to the dangerous 

phenomenon of g lobal warming and cl imate change. The targeted goal  is 

to produce low-carbon energy into the  bui l t  environment -  as a subst i tute  

energy source to fossi l  fuel –  to mit igate the ever- increasing CO2  

emissions. On the way of  achiev ing the research aim, the fo l lowing 

object ives need to be at tempted:  

 Acknowledge the need for lessening the CO2  emission as to protect 

the planet ’s prosper i ty  f rom the globa l warming.  

 Highl ight the ro le of  d i f ferent energy sources in contr ibut ion to CO 2  

emissions.  

 Invest igate  the need for mit igat ing CO 2  emiss ion in the UAE.  

 Simulate the predic ted contr ibut ions of  nuclear  energy to CO2 

mit igat ion up to 2050. This inc ludes the crad le– to–grave stages.  

 Evaluate the di f ference can nuclear  energy make in the demanded 

energy and economic growth.  
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CHAPTER 3: NUCLEAR ENERGY  
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3.1 INTRODUCTION   

Due to the incompetence of  the convent ional energy sources in the 

eco-environment,  a l ternat ive energy sources became st rongly needed . 

Nuclear energy has f i rst  been used regrettably for war purpose in the 

World’s war I I  before  i ts introduct ion  into the peaceful c iv i l  ut i l izat ion 

which he lps to wipe out the preceding black h istory  of  nuc lear .  The f iss ion 

technology was f i rst  d iscovered in 1938 by coincidence. The react ion 

thence developed f rom s ingle to chain  react ion to produce more amounts 

of  energy with di f ferent  reactor types.  Nuclear energy is wel l -known as 

environmental  c lean  energy as i t  has negl ig ib le  GHG emiss ion .  

This chapter h igh l ights suff ic ient features of  nuclear energy. I t  

represents  the his tor ical br ief  of  the energy resource. Construct ion of  

nuclear  power p lants to generate  e lect r ic i ty was launched in USA and few 

other countr ies in  1951 and cont inued in the 1950s according to (Abdul -

Salam, 2009)  and ( IAEA, 2004a).  Two meltdown acc idents were,  

thereafter ,  occurred to the nuclear energy industry in 1979 and 1986 at 

Three Mi le Is land and Chernobyl subsequent ly .  Those accidents  caused 

negat ive growth o f  the nuclear energy deve lopment  for about two decades 

t i l l  the late 1990s.  

At present,  there is a strong return of  nuclear energy development due 

to the fr ightening global warming and cl imate change issues. Advanced 

generat ions of  nuc lear  reactors are in the p ipel ine for  more susta inable 

and rel iable source of  energy.  The sc ient ists  –  supported by governments 

and internat ional associat ions –  a re focus ing on safety and securi ty,  

prol i ferat ion resis tance, and economic compet i t iveness. Generat ion IV is 

now under intensive study,  and is ant ic ipated  to be avai lable commercia l ly 

by 2030 which is pred icted  to extend the l i fe of  nuclear energy by more 

than 3000 years and to dimin ish the bad universa l env ironmental and 

socia l  impacts.  



 

 

Page |  47  

 

3.2 H ISTORY OF  NUCLEAR ENER GY  

Aligned with economic development and populat ion growth, Energy 

sources gain esca lat ing importance due to the ever- increasing demand.  

The last  decades, nuclear energy witnessed further revo lu t ion of 

development at  many l i fe ’s aspects.  In th is part  of  the chapter,  us ing the 

nuclear  f iss ion react ion in producing e lect r ic i ty is focused as CO2  emit t ing 

sources.  

3.2.1  NUCL EAR D ISC OVER Y  

Remarkably ,  the year 1895 had witnessed the commencement  of 

atomic researches (Abdul-Salam, 2009) .  In  1934, the I ta l ian physicist  

Enrico Fermi recorded astonish ing experimental results on Uranium with 

neutrons which  leaded to great ly  l ighter e lements than Uranium. the 

German scient ists,  Otto Hahn and Fri tz St rassman, experimented neutron -

bombarded uranium in  1938 to  f ind - un-expectedly  -  that l ighter e lements 

in the outstanding substances such as barium (atomic number 56)  

comprise about ha lf  of  the uranium atomic mass. The both German 

scient ists jo inted thei r resul ts with  the Austr ian Lise Meitner  whom carr ied 

further examinat ions on the uranium with Bohr and others af terwards; they 

publ ished thei r innovat ion as the “Fiss ion” process which makes almost 

two equal  atoms of  uranium whi le  the orig inal  atom is neut ron -bombarded.  

Meitner exercised Einstein ’s theory E=MC 2  (E is energy, m is mass, and c 

is the speed of l ight  in a vacuum) to conf irm that the lost  mass is 

converted to  energy  (DOE/NE, n.d;  CHF, 2005; and Bob, 2009) .  

3.2.2  THE F IRST  SUCC ESSFUL  CHAIN  REACT ION  

Bohr shared the uranium react ion discovery  with  Einstein in 1939 in 

Amer ica, and further ,  he discussed with Fermi the probabi l i ty of  achiev ing 

self -susta in ing react ion .  In 1941, a tentat ive design for self -sustain ing 
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uranium chain reactor  was proposed by Fermi in associat ion  with Leo 

Szi lard.  In 1942, the f ission theory was deve loped by Femi lead ing a team 

of sc ient is ts at  the Univers i ty o f  Chicago and they were prepared to bui ld  

the world’s f i rs t  nuc lear reactor “Chicago Pi le -1 “(DOE/NE, n .d).  

In 1944, Otto  Hahn was granted Nobel ’s  pr ize for chemist ry  on his 

detect ion of  the nuclear f iss ion. Noteworthy,  the detect ion was l ia ised 

with Meitner and Strassman whom excluded from the award (Sime, 1997 

and 2005).  

3.2.3  THE PEA CEFUL  NUCLEA R ENERGY  

From its invent ion and t i l l  the year of  1945, the nuclear reactor was 

only used to manufacture  an ef fect ive nuclear weapon for Wor ld War I I .  

Fol lowing to the over lef t  damage from nuclear weapon in the war;  the 

phrase “peaceful nuc lear energy” began into sight as a foca l t rend. United 

States government  leaded the peaceful tendency  in the 1946. in the 1953, 

Eisenhower - the US president –  recorded the stand progress ive point  in 

his speech of  ”Atom for Peace” for the launch of  peaceful use of  nuclear 

energy  (Abdul -Salam, 2009 and DOE/NE,  n.d).  

Elect r ic i ty f rom nuclear f iss ion reactor was f i rst  generated on 20th 

December 1951 in the Unites States  of  Amer ica.  Subsequent ly ,  generat ing 

commercia l  e lectr ic i ty  f rom f iss ion react ion was the focal  concern 

amongst  the mid-1950s (Abdul-Salam, 2009; DOE/NE, n .d and IAEA, 

2004a)  

The f i rst  universal ’s  nuclear p lant connected to power grid  was 

constructed in 1954 in the Union of  Soviet  Social ist  Republ ics ( USSR) to 

produce about 5MW of e lect r ic i ty ( IAEA,  2004a).  then, England bui l t  the 
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f i rst  commercia l  nuc lear p lant in 1956 at an in i t ia l  pro duct ion capacity  of  

50MW and upgraded la ter to produce 200MW  (e) (Abdul -Salam, 2009)  

Noteworthy,  th is era witnessed the establ ishment of  the Internat ional 

Atomic Energy Agency (IAEA) in 1957 to ensure and mainta in  the peaceful 

usage of nuc lear  react ions (IAEA, 1997 and Abdul -Salam, 2009) .  

Afterwards, l ightweight water int roduced to the self -susta in ing chain 

react ion for  cool ing purpose which enhanced the opportuni t ies of  further 

development of  the nuclear react ion process.  Hence, the f iss ion produced 

elect r ic i ty became widespread in the deve loped nat ions as a share of  the 

total  produced electr ic i ty (Abdul -Salam, 2009 and DOE/NE,  n.d)  

Nuclear p lants were ,  thereafter  and part icu lar ly fo l lowing to the oi l  

cr is is in 1973, const ructed  in many countr ies .  Only USA bu i l t  41 nuclear  

power p lants  in  the 1973 , and further  72 p lants in  the 1979 .  The nuclear 

became to produce a lmost 12% of the tota l  USA elect r ic i ty gr id (Abdul -

Salam, 2009 and DOE, 1996).   The f ission produced elect r ic i ty cont inued 

escalat ing to reach 360GW (e) in the 2005 to compr ise around 16% of the 

universal ’s  demand of e lect r ic i ty  (see  Fig.  A-1 in Appendix A)  

3.2.4  DEPR ESSION  OF TH E NU CLEAR  DEMA ND  

Heyday dur ing the steady development of  nuclear energy, the 

evolut ion entered a cloudy per iod. Unfortu nate happens on ground 

directed to socia l  fear and economica l unwi l l ingness. These events 

founded an opposit ion at t i tude towards the nuclear  energy  usage.  

The year 1979 sighted the f i rst  nuc lear accident at  the Three Mi le 

Is land nuclear reactor in Pennsylvan ia,  USA. I t  had  lef t  about  2000 

in jured persons by Gamma radiat ion  (Rambo, 1996) .  A further nuclear  

t ragedy occurred in the  1986 when meltdown at Chernobyl  nuc lear reactor 
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in Ukraine, a  former USSR country  a lmost  50 fo lks were k i l led,  336,000 

ci t izens evacuated, and three countr ies were the most af fected (Ukraine,  

Belarus and Russia).  The res idents of  these three countr ies are bel ieved 

that st i l l  threaten ing by the  radioact ive ef fects of  the nuclear meltdown 

(Rhodes, 1993 and Finn, 2005 ).  Moreover,  according to Abdul -Salam 

(2009) the oi l  p r ice had dropped down in  the 1980s which encouraged the 

dependence on oi l  fo r producing energy.  

 Al l  of  the aforement ioned factors combined leaded to a recession age 

of  nuclear industry.  Furthermore , there was an escalat ing panic towards 

further  safety  and heal th shie ld against  nuclear industry .  

3.2.5  STRON G RETURN  OF  TH E CL EAR ENER GY  

The late decades witnessed a strong return of  the  nuclear energy  

development  fo l lowing to  an important  improvement to the secur i ty and 

safety levels of  nuclear p lants.  Global warming and the ever -escala t ing oi l  

process const i tuted s ignif icant factor for the strong return of  nuclear 

energy (Abdul -Salam, 2009).  Sc ient is ts,  envi ronmen ta l ists and 

governments are keen to lodge a clean energy to al ter the convent ional 

energy sources and to mit igate the CO 2  emissions into  the atmosphere. 

Besides, develop ing countr ies ( i .e.  China and India) are essent ia l ly 

dedicated to energy to  pract ice economic growth a fort ior i ,  c lean energy is 

in demand.  

3.3 THE F ISSION  WOR KIN G PRINCIPL E “SPLITT IN G ATOMS”  

Fission react ion is on among the two main processes in nuclear  

industry whereas the other is  Fusion.  Nuclear f iss ion is known as the  

process of  spl i t t ing large atom into two dif ferent smaller atoms with 

energy in the output  (Wright,  2008) .  The Uranium represents the princ ip le  
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e lement in the nuclear  react ion, uranium-235 (U2 3 5 )  isotope in par t icular .  

The fo l lowing equat ion is an example of  f ission react ion which generates  

energy by adding a neutron to the react ion  (Thinkquest,  1998b):  

                →                                   (3-1)  

Upon bombarding one neutron into the heavy nucleus  U2 3 5  i t  outcomes 

2 3 6U and spl i ts  into  two smaller equal masses. Th is  process emits  further  

neutrons in addit ion to  energy (see Fig .  A-2 in Appendix A) (Th inkquest,  

1998a and  Takada, 2006)  

3.3.1  CHAIN  REACT OR  

Chain react ion is ident i f ied as a cont inuous avalanche of f ission 

react ions when f iss ion bombard exceeds one leve l of  react ion .  In the case 

of  two or more f ree neutrons are charged into the f ission of  U2 3 5 ,  th is 

promotes more f iss ions of  uran ium ore  U2 3 5  (Takada, 2006) .  

I t  is worthy to note that  uncontrol led speedy  react ions lead to atomic 

blast  or nuc lear bombard which is a lmost  certa in ly  used in mil i tary  

purpose. The released neutrons into  the react ion, hence , have to be 

proper ly cont rol led  to ensure sustained react ions producing energy for  

peaceful uses. Thus, boron or cadmium, as a neutron absorbing 

substances, has to be added into the f ission process to cont rol  the 

number of  re leased neutrons. Furthermore, heavy water ,  ordinary water or  

graphite is essent ia l ly required in the react ion as s lowing substance 

capable to  re in the extra rapid k inet ic neutrons (see Fig.  A-3 in Appendix 

A)  (Takada, 2006; Gr i f f i th and Rossenfe ld,  2008)  
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3.3.2  F ISSION POWER  PLANT S  

The adopted technology in the f iss ion power plants is the conversion 

of  thermal power us ing the enriched uran ium as an input fuel to produce 

elect r ic i ty .  Var ious types of  f ission reactors were bu i l t  to achieve th is  

mechanism. Uranium patches normal ly contain  U2 3 5  and U2 3 8  isotopes so,  

enrichment is needed to reduce the amount  o f  U2 3 8  and enhance U2 35  rat io  

in the fuel patch used in the chain react ion inside the nuclear  f iss ion 

plant.  The U2 3 8  is  a non-f iss i le isotope and absorbs neutrons so;  i t  has to 

be extracted from the fuel patch as  i t  obstructs the chain react ion 

process. Water is int roduced into  the react ion process as a coolant and 

slowing agent.  Contro l  rods are added to absorb ext ra f ree neutrons to 

avoid probable overheat ing and mel t ing. Uranium fue l  heat up water and 

convert  i t  into stream, th is dr ives the turbine to run the generator  which 

eventual ly  re lease electr ic i ty  (see Fig.  A-4 in Appendix  A) (Shult is and 

Faw, 2008; Brain and Robert ,  2000; Thinkquest,  1998b)  

3.4 NUCL EAR REACT ORS TECHNOL OGY  

Nuclear reactors are various in  type and design. Some reactors were  

developed us ing graphite and heavy water  with natural  uran ium U 2 35  

isotope. However,  the  f ission reactors are current ly us ing almost  3% of 

enriched uranium techniques (Shult is and Faw, 2008).  The fo l lowing 

nuclear reactors types are character ist ical ly  used or researched for 

generat ing e lect r ic i ty.  

3.4.1  TYPICAL  NUCLEAR REA C TOR S  

The nuclear reactors have been developed and bui l t  in variant designs 

and prototypes. Most  of  the nuclear countr ies started with graphite or 

heavy water moderated reactors whi le these reactors operate with natural  

uranium of 0.711  weight of  U2 3 5  whereas, the most of  the current reactors 
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use 3% enr iched uran ium. The steam supply moderates are among the 

important types of  nuc lear reactors as out l ined below (see Fig.  3 -1) (Abu-

Khader,  2009; ECSSR, 2009; Shult is and Faw, 2008 ):  

PRESSUR IZ ED WAT ER REA CTOR (PWR): is  commonly used in nuclear 

power plants with two water loops. Water  is pressurized at  h igh 

level ins ide the reactor  to avoid any probable  boi l ing.   

BOIL IN G WATER REACT OR S (BWR): cool ing water is permit ted to boi l  in 

the react ion core to al low steam to pass into the turbine. The 

reactor has one loop system with lower price  substance  than that  in 

PWR.  

HEA VY WAT ER REACT ORS (HWR): heavy pressur ized water in pr imary 

loop is des igned for  cool ing the core.  Pressure tubes conta in the 

uranium fuel and pass i t  in to the moderator vessel.  In the secondary 

loop, l ight  weight water is used in steaming water to .  

GAS COOLED REA CTOR  (GCR): the coo l ing agent in reactor is carbon 

dioxide or he l ium gas, th is gas is  pumped in to the graphite 

moderator  whi le as,  the hot gas is re leased through steam 

generator .  The graphi te rods are  prov ided  to avoid us ing  cost ly 

pressure vessel .  

L IQUID  METAL  FA ST BREEDER  REACT OR S (LMFBR): th is  reactor adopts 

the technology of  fast  neutrons for cont rol l ing  the chain react ion.  

L iquid metals f rom e ither sodium or potassium are used as a 

coolant  to exclude low atomic mass materia l  f rom the reactor ’s core .  

The dist inguished  advantage is mult i - fo ld ing the product ion of  

f iss i le  fuel.  

GRAPH ITE -MODERATED  WATER COOL ED REACTOR (RBMK):  Russians 

designed th is reactor as a  high powered chinned reactor.  Uranium 

fuel is conta ined in graphite containers shaping the core. L ight 
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water is pumped in to  pressure tubes for cool ing and into steam 

barre l .  The steam is ,  then, re leased into the turbine   

 

Figure 3-1: Typ ica l Nuclear Reactors ,  (Shult is and Faw,  2008) 

3.4.2  GEN ERATION  I I  

Subsequent to  the operat ion of  f i rs t  peaceful nuclear reactor 

generat ion in 1950,  the development of  second generat ion “Gen I I ” 

fo l lowed thence for supplying e lect r ic i ty.  The current ly in -operat ion f iss ion 

nuclear  p lants  are predominant ly  us ing Gen I I  reactor .  They were  bui l t  in  

1970s and are st i l l  ant ic ipated to remain supply ing energy for the coming 

20years.  The power p lants of  Gen I I  have a capacity of  supply ranging 

from 150 MWe to 1500 MWe. Among the prominent Gen I I  reactors,  

Pressurized Water Reactor (PWR) and Boi l ing Water Reactors (BWR)  are 

the most common (Shult is and Faw, 2008; Wright 2008).  
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3.4.3  GEN ERATION  I I I  AND  I I I+       

The 1990s witnessed the evolut ionary commencement of  impr ovement 

ef forts in nuclear reactors’  des ign and insta l lat ion.  The Gen I I I  recognized  

as an evolut ionary design ranges of  an approximate  100,000MWe from 

103 nuclear f ission p lants.  Gen I I I+ is a more advanced category wi th in 

Gen I I I  developed in 2000.  Gen I I I+ invo lved “passive safety” as ult ra-safe 

characterist ics.  These safety character is t ics  adopted key forces for 

cool ing such as gravi ty ,  natura l c i rcu lat ion , and pressur ized gas. The 

fo l lowing are two evo lut ionary plants design (Light  Water Reactors ) and 

three passive plants design (Advanced Light  Water Reactors) respect ive ly  

(Shult is  and Faw, 2008; ecssr  2009; Adamant iades and Kessides,  2009; 

WNA, 2010b):  

ADVANC ES BOIL IN G WA TER REACT OR (ABWR):  The design of  th is reactor 

was deve loped by GE nuclear  e nergy with Hitachi and Toshiba to 

produce about 1,350 MWe. I t  uses dig i ta l  logic and contro l ,  and 

enhanced electron ics turbine and fuel technology which improve the 

avai lab i l i ty,  operat ion,  safety and rel iabi l i ty  of  the nuclear power 

plant (NPP).  Tokyo Elect r ic Power Company own two ABWR 

reactors in operat ion whi le Ta iwan Power Company has two s imi lar 

p lants under const ruct ion.  

THE SYSTEM 80+  DESIGN AND APR  1400:  APR 1400 is an advanced PWR 

design developed by South Korea from the US System 80+ with 

enhanced safety features. I t  generates between 1 ,350-1,400MWe 

with two loop primary ci rcui t .  The f i rst  power plant of  APR 1400 is 

expected to operate on 2013 with P lant l i fe  of  60 years.  The APR 

1400 has been purchased for the use in the United Arab Emirat es 

nuclear program due to i ts compet i t ive cost and rel iable bu i ld ing 

schedule.   
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AP600  REACT OR :  is a pressurized water  reactor generates about 

600MWe. 

AP1000  REACT OR :  is  a  pressurized water reactor generates more than 

1000MWe. 

ECON OMIC S IMPLIF IED  BOIL IN G WAT ER REACT OR (ESBWR):  i t  p roduces 

around 1,550MWe. 

3.4.4  GEN ERATION  IV  “AD VAN CED”   

Looking ahead to sat isfy the future’s demand, the Generat ion IV 

Internat iona l Forum (GIF) was found in 2001 by ten act ive countr ies 

includ ing the United States  to carry further development on s ix selected 

nuclear reactors  known as Gen IV reactors  (see Fig.  A-5 in Appendix A) .  

The part ic ipant countr ies  agreed to develop new advanced generat ion of  

nuclear reactors for commerc ial  use by 2030.  The GIF aims to accompl ish  

four main  goals  in  developing the new generat ion of  reactors ,  these goals  

are:  1)  pro l i fe rat ion resistance and physical protect ion (PR&PP), 2) 

energy susta inabi l i ty ,  (3 safety and rel iab i l i ty ,  and 4) economica l 

compet i t iveness of  nuclear  energy.  The six types of  Gen-IV reactors are 

(see Fig.  3-2)  (Shul t is and Faw, 2008; Adamant iades and Kessides, 2009; 

Bennett ,  2007; Pomeroy et  a l .  n .d;  and GIF, 2001):  

VERY HIGH TEMPERAT U RE REACT ORS (VHTR):  the subsequent  advance of 

Gas-coo led reactors.  I t  is able to  create hydrogen via thermo 

chemical iodine -su lfur  f rom heat and water.   

MOLTEN SALT REA CTOR S (MSR):  is generated  in a circulat ing molten of 

sodium, z irconium, uranium or fue l mixture of  p lutonium f luor ides.  

SODIUM -COOL ED FA ST  REACT OR S (SFR):  rapid  sod ium reactors with 

closed fue l cyc le.  
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SUPERCRIT ICAL WAT ER -COOL ED REACT OR S (SCWR):  a high temperature 

and pressure reactor operates over (374ºc,  22.1 MPa) which is  the 

thermodynamic cr i t ical  point  of  water.  

GAS -C OOLED  FA ST  REACTOR  (GFR):  rapid hel ium cooled reactor  wit h 

closed fue l cyc le.  

LEAD -COOL ED  FA ST REACT OR S (LFR):  the used cool ing agent  is lead 

bismuth.  

s imi lar  to the GIF ef forts,  IAEA developed a project  ca l led INPRO 

(Internat ional  Pro ject  on Innovat ive Nuclear Reactors and Fuel Cycles) to 

ensure the ease accessib i l i ty  of  the nuclear energy as a sustainable 

source of  energy in the 21 s t  century.  The INPRO share, near ly,  the same 

aims of the GIF charter.  

 

Figure 3-2:  Six technologies of  Generat ion IV selected for further  

research. (Bennet,  2007)  
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3.5 CURR ENT STAT US OF F ISS ION TEC HN OLOGY  

 The nuclear has st rong return in to sight as i t  has the capabi l i ty to 

contr ibute for c lean envi ronment ,  and has signif icant safety improvements 

to the nuclear reactors.  As elaborated un der sub-sect ions “3.4.3 ” and 

“3.4.4 ” above, the th i rd generat ion of  reactors Gen I I I  and Gen I I I+ is the 

current ly operat iona l technology. The fourth generat ion Gen IV is yet 

under research and development for superior  susta inabi l i ty and safety 

targets.  

3.5.1  IMPR OVEMENTS OF OPER ATION PERF ORMANC E  

Safety,  economy and advanced nuclear techniques were not a l located 

as a prior i ty at  the former bui ld ing of  nuclear power plants ,  whi le ,  they 

occupy s ignif icant concern in the nuclear indust ry nowadays. th is  

importance of  improv ing nuclear techniques were especia l ly astonished 

af ter the publ ic  fear o f  possib le  nuclear acc idents beside to the need of 

competent nuc lear energy source. S ince then, the safety performance of  

nuclear p lants was put  under prospect  of  in ternat iona l and governmental  

acts that period ica l ly or ient the nuclear improvement and safety 

requirements.  Nevertheless, the energy accessibi l i ty and product iv i ty  

recorded a s l ight  dec l ine to 79.3 % over the last  decade (see Fig.  A-6 in 

Appendix  A).  USA and Russia,  then, leaded the universe in i mprov ing the 

capacity of  nuc lear energy product ion.   

Operat ion performance can be improved at more than one leve l such 

as: management pract ices,  personnel characterist ics and tra in ing,  p lant ’s  

operat ion, maintenance, and technical support ,  and reactor surve i l lance 

and diagnost ic ( IAEA, 1999; and Li l l ington, 2004) .   

Outage t ime ach ieved reduct ion in number of  operat ing plants via 

technica l and administrat ive improvement.  Computerised systems are 
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added to improve the outage planning and management.   The scheme of 

fuel l ing has sign if icant  inf luence on outage planning such as the general 

t rend towards fuel cycle.  However,  the outage might have sign if icant 

impacts on safety so; i t  should be avoided in peak demand t imes 

(Li l l ington, 2004) .  Extensive improvement occurred to the durat ion of  

refuel l ing outage whi le ;  serious ef forts were gathered to increase the 

refuel l ing and lessening the outage period (see Fig.  A-7 in  Appendix A).  

This techn ique enhanced  the product iv i ty of  nuclear p lants along with the 

revenue (L i l l ington, 2004; and Adamant iades and Kessides, 2009) .  

3.5.2  EXTEN DIN G T HE OPERAT ION  L IFE  OF NUCLEAR POWER  PLANT S  

The or ig inal  l icenses are usual ly  issued for 30 to 40 years of  

commercia l  power reactors operat ion which is so ca l led  the in i t ia l  l i fespan 

of NPP.  The l i fespan can be extended to 20 more years.  F i f ty two 

l icenses of  nuc lear power plants were renewed in USA in 2009 (Nik i t in  

and Kudrik,  2006;  Wachter,  2007 ;  and Adamant iades and Kessides, 2009) .  

There are few countr ies includ ing USA have renewed the operat ion 

l icenses for se lect ive old nuclear power plants ( Adamant iades and 

Kessides, 2009) .  According to Niki t in and Kudrik (2006),  Russia extended 

the l i fespan for 7 NPPs in 2005 and another 4 NPPs in 2008 beyond a 30 

years engineered l i fe  span. A lso,  Newsroom (2010) ment ioned that UK 

extended the l i fespan for two NPPs in 2009. Such regulat ions of  extension 

add signif icant enhancement to the economic growth i f  the ef f ic iency and 

the performance competency of  these p lants is ensured.  

However,  there is no generic reason to l imi t  the l i fet ime of 

operat ing NPP. A l l  the current ly at  in i t ia l  l i fespan operat ing NPP are 

planning to apply for extension as ment ioned by Brian Hol ian, d i rector of 

l icense renewals for  the US Nuclear Re gulatory Commiss ion at 

PLIM/PLEX conference in Chicago. The NPPs with extended l i fespan  are 
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interested in a second l i fespan extension beyond 60 years to 80 years of  

l i fet ime. Garry Young, Entergy's head of business deve lopment  stated 

saying “We do have a p recedent for th is– there are some hydro p lants that 

were bu i l t  over 100 years ago" .  The Elect r ic  Power Research Inst i tute  in  

USA is current ly preparing a research and development strategy to 

examine re lated issues to NPPs l i fe -beyond-60. This  research is p lanned 

to be completed by 2014 (NEI,  2010) .   The l i fespan extension , especial ly  

for the f i rst  generat ion  reactors,  is st i l l  quest ionable in terms of economy 

and safety  and cases not  feas ib le in most .  

3.6 NUCL EAR F ISS ION CHAR ACTER IST ICS (PR OS AND  CON S)  

Besides the incessant technical development of  nuclear energy to,  

publ ic op inion towards nuclear  energy usage has two contrary di rect ions. 

The melt  down nuclear accidents opened a non -yet end less debate; the 

ant i -nuc lear people,  on one side of  the debate, are more worr ied about 

the negat ive impacts and safety precaut ions of  the nuclear energy versus 

the nuclear  supporters.  According to ESCCR (2009),  the publ ic bel ief  has 

complex const i tuents of  opinion, at t i tude and values. T he major i ty  of  the 

nuclear energy concerned people are wi l l ing  to accept both the pros and 

cons in each s ide’s  view.  

3.6.1  THE ADVANTA GES OF  THE NUCL EAR F ISSI ON ENER GY CA N BE 

CONC ISED  AS F OLL OW :  

LOW ENVIR ONMENT AL IMPACT S :  when compared with convent ional energy 

sources, the nuclear energy has the least GHG emission and the least 

atmospher ic  pol lut ion. Therefore,  nuc lear  energy contr ibutes a 

responsible integrated solut ion to the worry ing global warming.  

L IMIT ED LAND USE :  by compar ison with the other energy sources  

especia l ly ,  renewable  l ike wind and solar energy which need huge 



 

 

Page |  61  

 

areas of  land for the same suppl ied amount of  e lect r ic i ty,  nuclear need 

fa ir ly smal l  p iece of  land. Accord ing to  ANS (n.d) ;  the land area 

needed to produce of  1000 MWe from nuclear energy  is around 4 Km2  

whereas so lar energy needs almost 40 Km 2 ,  b iomass requires 6,000 

Km2 ,  and wind energy needed land to for the same produced elect r ic i ty  

is a lmost 100 Km 2 .  

SECUR ED EN ER GY SU PPLY :  the reserves of  uranium are expected to 

cover the next 50 years demand at the current consumpt ion rate 

whereas, und iscovered and unconvent ional sources of  uranium would 

cover the demand for a lmost 100 years.  Recycl ing pluton ium isotopes 

and advance reactors technologies would,  however,  of fer 70 t imes of  

today’s uran ium reserves which cover not less than 3000 years of 

demand on the current  using rate ( IAEA, n.d) .   

Accord ing to Rauf and Vovchok (2009),  there is an approach as a 

recent move by IAEA towards secur ing nat ional operat ions via 

assurance of  fuel supply,  uranium-enrichment ,  separat ion technolog ies 

of  p lutonium, and storage or d isposa l of  spent fuel.  Th is is due to 

increasing demand of nuclear opt ion by number of  countr ies.  

H IGH AMOUNT OF EN ER GY  FR OM SMALL PELLET OF  URANIUM :  the f issi le U 2 3 5  

isotope produces re lat ively very high amount of  energy. According to 

ENEC (2010d),  1 Uran ium fuel pel let  equals to almost 907 Kg of coal 

and equal to 474 l i ters  of  o i l .  

THE AVAILABIL ITY OF IN EXPENSIVE U RAN IUM S OURCES F OR N UCLEAR F UEL :  

the uranium is  enormously avai lable for  pul l ing out f rom open -cut 

areas.  

LOW COST  ELECTRICIT Y :  the elect r ic i ty generated by nuclear energy 

ranges f rom 2 to  8 US&/MWe - exc luding the construct ion capita l  cost 
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and decommission ing - which is somewhat the cheapest sources f rom 

other energy sources (see Fig.  3-6).  

LOW WAST E AMOU NTS :  apart  f rom i ts radioact iv i ty,  the re leased amount 

waste f rom the f iss ion react ion is low i f  compared to the produced 

energy or  to the ash produces from coal and wood.  

TECH NOLOGY IS ALREADY DEVELOPED  (Mourogov, 2000):  nuclear can 

start  mit igat ing g lobal warming at  immediate act ion upon p lant 

construct ion as i t  is  commercia l ly ava i lable.  Other c lean energy 

sources, especia l ly renewable,  are st i l l  under invest igat ion and 

development.  

 

Figure 3-3: e lectr ic i ty cost est imates from studies completed in 

2003-2005.  (Sokolov,  2008)  

3.6.2  THE D ISAD VANTA GES  OF  THE NUCL EAR ENER G Y CAN BE SUMMAR IZED  

AS F OLL OW :  

EXPOSUR E T O R ISK :  publ ic fear towards nuclear has increased 

subsequent to the two accidents in Chernobyl and Three Mi le Is land. 
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Although energy supply plants are not used for research l ike 

Chernobyl and Three Mi le Is land, there is st i l l  h igh possibi l i ty of  

explos ion in  absence of  the appropria te safety and cont ro l  measures. 

The r isk exposure is,  however,  decreasing due to sign if icant scient i f ic 

appl icat ions in the advanced reactor generat ions.  

HEFT Y INIT IAL  C APITAL C OST :  the nuclear power plant ’s  (NPP) 

construct ion stands for a lmost 60 - 70% of the overal l  cost whereas 

20% stands for operat ion and maintenance (Sokolov, 2008).  Other 

shares of  capi ta l  remain for the decommission ing. However,  f inal 

construct ion est imates have some uncerta inty.  

D IFF IC ULT Y OF SAF E WAST E ST ORAGE IN  LON G T ERM :  storing the 

radioact ive waste in a  safe and w el l  sealed storage is required for  10 

to 20 decades. In spite the low mass waste;  there is no f i rm assurance 

against geolog ica l d isaster such as earthquakes and vo lcanoes ra ther 

than the possib i l i ty  of  leak.  

LON G T IME C ONSTR UCTIN G PR OGR AM :  bu i ld ing nuclear  power plant lasts 

f rom 6 to 16 years af ter proper permits and before electr ic i ty 

product ion (IAEA, 2007a).  Today’s  decision to connect nuclear  

elect r ic i ty  to the gr id  should be a planning for minimum 12 years 

ahead 

NOT  F OREVER SU STAINAB LE SOURC E :  the nuclear energy is correla ted to 

the avai labi l i ty of  exhaust ib le uranium source; meanwhile,  there is a 

t ime l imit  for us ing nuclear f ission before i t  stops.  

H IGH CONTR OL MEASUR ES ARE N EEDED :  internat ional organisat ions l ike 

IAEA need to ensure the peaceful c iv i l ian use of  the nuclear  at  regular 

basis.  They have to keep open eyes on the part ic ipant countr ies or 

associa t ions to remain using nuclear peacefu l ly  and far f rom terrorism.  



 

 

Page |  64  

 

3.7 NUCL EAR ENER GY IN  TH E UNIT ED ARAB  EMIRAT ES  

As discussed in chapter 1 under sect ion 1.4,  the CO 2  level in UAE has 

reached almost 146.9 MtCO 2  in 2008 according to IEA (2010).  Kyoto 

Protoco l determined that th is leve l is  st i l l  with in the al lowed range for 

UAE as a Non-Annex I  country.  However,  UAE wi l l ingly decided to commit 

to Kyoto Protoco l and take a proact ive s tep in th is  area by introducing low 

carbon energy sources to promote the environmental susta inabi l i ty of  the 

country (Embassy-of -UAE, 2009).   

Therefore,  UAE pursued a peaceful nuc lear energy program as an 

opt ion to mit igate  the CO2  emissions and sustain the UAE’s envi ronment.  

Accord ing to Stanton (2010),  Abu Dhabi decided to turn to nuclear power 

which is expected to cut the carbon emiss ions in the country  by 32 Mt on 

CO2 annual ly  once the nuclear p lant  operated. This quant i ty is  a lmost 

equivalent to the total  carbon footpr int  o f  Bahrain which represents 

between 16% and 20% of UAE today’s CO 2  emission. However,  th is 

amount found underest imated according to  the simulat ion results in th is 

research as d iscussed in Chapter “6”.  

Accord ing to Radan (2010),  reference to a recent ly pub l ished report  on 

“Cl imate Change -  Impacts,  Vulnerab i l i ty  and Adaptat ion in UAE” 

publ ished recent ly,  the UAE st rateg ic p lann ing wi l l  focus on the cl imate 

change. This is expected to be planned for 2050. Nuclear energy is ,  

however,  expected to occupy a signif icant  part  of  the UAE strategic 

planning due to i ts bel ieved impacts on lessening the cl imate change. 

Furthermore, the 2030 economic v is ion has st ressed on sustainable 

development  and growth v ia the expansion of  energy as one of  the 

strateg ic economic sectors (TGOAD, 2008) .  Therefore,  the economical ly 

favourable  Nuclear energy, as ver i f ied in Chapter “7”,  should  be play a 

signif icant  ro le in the Abu Dhabi economic v is ion of  2030.  
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3.7.1  ELECTRICIT Y D EMA ND  

ENEC (2008) and Embassy -of -UAE (2009) stated that of f ic ia l  UAE 

ent i t ies have recent ly conducted an analysis of  e lectr ic i ty projected 

demand. The analys is  concluded that annual peak demand for e lectr ic i ty  

is expected to go beyond 40,000 MW’s by 2020 at an approximate 

cumulat ive annual growth rate  of  9% (see Fig.  3 -3) .   

 

Figure 3-4: UAE committed capacity and projected demand of 

e lect r ic i ty  t i l l  2020, (ENEC 2008)  

Accord ing to the e lect r ic i ty project ions, the UAE evaluated the feasible 

opt ions to cover the future’s  inab i l i ty of  electr ic i ty supply.  The feasible  

opt ions inc luded the fo l lowing (ENEC, 2008; WNA, 2010a; and Embassy -

of-UAE,  2009) :  

 The possib ly avai lable  natural gas quant i t ies would be insuff ic ient to 

meet future demand of e lect r ic i ty .  I t  suppl ies merely 20,000 -25,000 

MWe of power generat ion capacity by 2020.  



 

 

Page |  66  

 

 Although burning l iqu id fuels ( i .e.  crude oi l ,  d iesel ) found logist ical ly 

v iable,  heavy rel iance on l iquids in future is economical ly cost ly  

environmental ly  harmful.   

 Coal-f i red power generat ion is  comparat ively cheap but,  i t  has 

negat ive envi ronmenta l impacts in addit ion to thorny issues of  secur i ty  

of  supply.   

 Alternat ive energy sources ( i .e.  solar,  wind)  would supply  a maximum 

of 6-7% of UAE’s peak elect r ic i ty demand by 2020 in the best cases of  

development .  Masdar has started develop ing alternat ive renewable 

energy especial ly ,  solar power .   

Therefore,  nuclear has proposed as a better opt ion for envi ronment 

and economic compet i t iveness to generate e lect r ical power in the UAE.  I t  

could contr ibute sign i f icant ly to the base -load improvement of  future 

economy and energy securi ty (ENEC, 2008) .  

3.7.2  NUCL EAR POL ICY STAT EMENT  

Further to re levant studies and analys is,  the UAE has establ ished a 

Nuclear Energy Program Implementat ion Organizat ion (NEPIO) according 

to IAEA recommendat ion. Th is was fo l lowed by an evaluat ion of  a 

peaceful nuc lear  program for  c iv i l ian accessibi l i ty of  nuc lear energy  by 

UAE people.  Noteworthy,  The UAE government emphasizes that nuclear  

energy is one of  several  integrated energy sources for future  power 

generat ion. The UAE aims to meet future energy demands in add it ion to  

developing diverse and secure resources of  powe r-generat ion. Therefore,  

the fo l lowing pol icy s tatement -  of  a peaceful c iv i l ian nuclear energy 

program - was formal ly endorsed by the UAE government in Apri l  2008 to 

form a basis on the potent ia l  establ ishment o f  the program (ENEC, 2008) :  
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 “The UAE is committed to complete operat ional t ransparency”.  

 “The UAE is committed to pursuing the highest standards of  non -

prol i ferat ion”.  

 “The UAE is commit ted to the highest standards of  safety and 

secur i ty”.  

 “The UAE wi l l  work d i rect ly  with the IAEA and conform to  i ts  standards 

in evaluat ing and potent ia l ly establ ish ing a peaceful nuclear energy 

program”.  

 “The UAE hopes to develop any peaceful  domest ic nuc lear power 

capabi l i ty in partnership with the Governments and f i rms of 

responsible nat ions, as wel l  with the ass ist ance of  appropriate expert  

organizat ions”.  

 “The UAE wi l l  approach any peaceful domest ic nuclear power program 

in  a manner that best ensures long - te rm sustainabi l i ty ”.   

The aforement ioned pol ic ies and act ions are ei ther  being implemented 

or p lanned to be implemented during deploying nuclear fac i l i t ies with in  

the UAE (ENEC, 2008).  They are,  furthermore,  inc luded in the UAE 

Nuclear Law which was issued in late 2009.  

Moreover,  the UAE has signed with the IAEA a Comprehensive 

Safeguards Agreement  (SCA) in Apri l  2009 as an Addit ional Protocol.  The 

SCA forms a methodology for survei l lance of  nuclear faci l i t ies and 

operat ions. This is v iewed by UAE as an important factor t o achieve 

operat ional t ransparency and the highest  non -prol i fe rat ion standards 

accord ing to the f i rst  two pol ic ies of  hav ing a peaceful c iv i l ian nuclear  

energy program. The UAE has endorsed cooperat ion agreements wi th 

many countr ies ( i .e.  Korea, France, an d the United States) in the f ie ld of  

peaceful nuc lear energy (Embassy-of -UAE, 2009) .  
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3.7.3  DESIGN  CH ARACT ERISTICS  

The pro ject  is  p lanned to consist  of  four APR 1400 reactor units  for 

generat ing power  ( th is  is  d iscussed in  sub -sect ion “3.4.3”) .  Each unit  is 

designed to produce up to 1,400 MWe for a total  capacity of  5600 MWe. 

Every nuclear power plant (NPP) conta ins a reactor bu i ld ing for the 

reactor and re lated safety and non -safety systems needed to generate 

steam supply.  The turbine bui ld ing is next to  the reac tor bui ld ing is  where 

thermal energy from the reactor is t ransformed to electr ica l energy.  The 

NPP Power Block consists  of  the three main fo l lowing parts (Rizzo, 2010) :  

Nuclear Is land: conta ins structures, operat ing systems, and support ing 

components for the nuclear reactor operat ion. These support ing 

components include associated steam supply,  uran ium fuel handl ing 

and storage, heat removal ,  and maintenance equipments.  The four 

reactor bui ld ings are the ta l lest  on the s i te  at  a lmost 63 meters (m) 

height.  Each one is of  cyl indrica l so l id st ructure,  with spher ica l dome 

cap. Further  support ing faci l i t ies for operat ion inc lude standby d iesel 

power units;  supplementary power and cool ing water in add it ion to 

control  systems (see Fig.  3 -4).  

Turb ine Is land:  contains the turbine of  steam, equipment  for 

generat ing e lect r ic i ty,  t ransformers,  and other support ing components.  

Al l  the un its are connect ing to a switchyard.  

Switchyard: includes interconnect ion equipments of  the main 

generators and transformers to the nat ion al  e lect r ical gr id.  They are 

interconnected via two independent 400 ki lovo lt  (kV) t ransmiss ion 

l ines as a min imum.  
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Figure 3-5: Features o f  APR 1400 Reactor ,  (NEImagazine, 2010)  

3.7.4  THE PREF ER ED  S IT E  

Site se lect ion for NPP has certa in requirements and characteris t ics . 

There are factors to be considered to eva luate the si te such as : Reactor  

design and proposed operat ion inc luding ( in tended use and radioact iv i ty ,  

specia l  features, safe ty features),  Popula t ion (density,  s i te neighborhood, 

populat ion zone and center  d istance),  Physical  characteris t ics 

(seismology, meteoro logy, geology, hydrology),  and so for th ( CNSC, 

2007; and Salman, n.d).  Accord ing to Gürpinar (2010) s i te selct ion 

process includes screening the possible  si tes,  then ranking the candidate 

si tes,  and arbi t rary exclus ion cr i ter ia.  For instance, si tes with in tsunami 

occurance must be excluded at  survey stage . Furthermore, the screened 

si te should be located with in 10 km from the coastal or,  with in 1 km from 

a lake or a  f jord  shore l ine  or,  at  less than 50 m e levat ion from the water  

level.  

A process of  s i te select ion for the UAE NPP began in mid-2008 to 

ident i fy the best  su itable s i te in  terms of  safety cr i te r ia and min imum 

environmental impacts.   Select ion process fo l lowed the si te se lect ion 

standards of  IAEA which discussed earl ie r  in  th is sub-sect ion,  the Elect r ic 
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Power Research Inst i tute  (EPRI)  in USA and United States Nuclear 

Regulatory Commiss ion (NRC). The ent ire UAE was proposed at the 

beginning as the region of  interest.  Unsuitable reg ions were then 

excluded after constant evaluat ions, and almost 10 candidate si tes 

remained and fu l ly  detai led in the study. Final ly ,  the s tudies showed that 

the Braka si te on the Arabian Gul f  at  approximately 53 km southwest of  

the town of  Ruwais in Abu Dhabi ’s Western Region is the preferred si te  to  

bui ld UAE’s f i rst  nuc lear power plant (see Fig.  3-5).  The Braka si te  

preference accompl ished due to the encouraging character ist ics such as 

i ts low se ismici ty,  Isolated from set t led ci t ies,  No tectonic  plate 

boundaries,  Sat isfactory distance to road network,  Prox imity to sea water 

for coo l ing purpose, etc (ENEC, 2010b; ENEC, 2010d; and Rizzo, 2010).   

The select ion process was relat ive ly s imi lar to three s i tes select ion in 

Syr ia which predicted to star t  const ruct ion af ter 2018 at a start -up 

capacity of  1,000 MWe as documented by Othman and Mashfe j (2010) .  

The se lect ion process is a lso simi lar to  select ion process of  NPP in 

Thai land  where they have f ive prefered si tes (Si r indhorn, Phanom Rok, 

Mai Root,  Khantu lee,  and Pak Nam Lamae) with a predicted start  of  

construct ion by 2014  (Ratanakorn,  2010) .  

ENEC rece ived two l icenses f rom the Federal Author i ty for  Nuclear 

Regulat ion (FANR) for  work re lated to the construct ion of  features of  the 

preferred s i te at  Braka on July 2010. Those both l icenses are for l imited 

construct ion for manufactur ing and assembl ing safety equipments (ENEC, 

2010a).Const ruct ion Environmenta l Permit  to star t  the civ i l  work is  st i l l  

must be obtained from Environmental Agency –  Abu Dhabi (EAD). That is 

why the Braka s i te is  st i l l  ca l led the preferred si te as the re lat ive legal 

approval are not completed yet (ENEC, 2010c; and 2010b).  
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Figure 3-6 :  The preferred s i te  “Braka” map of the UAE’s f i rst  Nuclear 

Power p lant,  (ENEC, 2010b)  

3.7.5  CONSTR UCTION  PR OGRA M  

The program of const ruct ing the UAE’s f i rs t  nuclear power plant  at  

Braka si te in Abu Dhabi has started i ts roadmap on Apri l  2008 which was 

publ ica l ly announced on May of the same year.  The t imel ine program, 

however,  d isplays the key milestones and object iv es for NPP const ruct ion 

to feed electr ic i ty  in  the UAE.  The program is developed according to 

guidel ines establ ished by the IAEA. The current p lan is setup to operate 

the f i rst  commerc ial  unit  by 2017 at 1400 MWe. The fo l lowing three units 

are planned to generate power by 2018, 2019 and 2020 successively to  

operate the NPP at i ts  fu l l  capacity of  des ign (ENEC, 2010d;  ENEC, n.d)  

(see table 3-1).  I t  is noteworthy that Korea Electric Power Corporation (KEPCO) 

was selected on 27 December 2009 as the prime Contractor to design and build NPP 

(Rizzo, 2010). 
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Table 3-1: Timel ine for the const ruct ion and f i rst  operat ion of  the 

UAE's 1st  NPP,  (ENEC, n.d;  ENEC, 2010d)  

Date  Activi ty  

2008 Roadmap for UAE Nuclear program completed on 
Apri l .  UAE Nuclear energy program announced on 
May. Appointment  of  managing agent on November  

2009 Prime cont ractor se lect ion on Apr i l .  Technology and 
prime cont ractor down -select  on June  

2010 Preparat ion of  Unit  1  construct ion on March. Nuclear 
and "Safety cul ture" t ra in ing begins on July.  
Submit ta ls for re lat ive l icenses and approvals  

2012 First  safety re lated concrete poured for unit  1 on 
March. Submit  Const ruct ion L icense appl icat ion (CLA) 
to FANR.  

2013 Pour unit  2 power block concrete.  

2014 Operat iona l t ra in ing underway on March.  

2015 Contro l  room s imulator completed on March.  
Submit  operat ing l icense appl icat ion for uni t  1 and 2 
to FANR.  

2016 First  fue l del ivery for unit  1 on Ju ly.  

2017 First  e lectr ic i ty to the grid on June for Unit  1.  
Submit  operat ing l icense appl icat ion for uni t  3 and 4 
to FANR.  

2018 Unit  2 Commerc ial  operat ion  

2019 Unit  3 Commerc ial  operat ion  

2020 Unit  4 (the last  of  the UAE's 1st  NPP) Commerc ial  
operat ion  

3.8 FUTUR E CHALL EN GE PR OSPECT S  

Paral le l  to the opt imist ic pred ict ion of  an increasing nuclear demand, 

sustainab i l i ty of  nuclear energy has to be st rongly  examined. A lthough, i t  

is int roduced as a successfu l subst i tute to convent ional energy sources, 
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the nuclear energy remains having som e key chal lenges to be fu l f i l led for  

a future compet i t ive  and susta ined energy source, these chal lenges 

include the fo l lowing:  

3.8.1  SAFETY  

Subsequent to  the two past accidents,  vast nuclear deve lopments were 

occurred on safety.  Technologica l perfect ion of  react ors is concerned of  

prevent ing future ’s acc idents and protect ing health of  l ives.  The safety is, 

therefore,  const i tutes a key factor for sustain ing nuclear energy.  

Accord ing to (IAEA, 2002b) ,  there are three basic ob ject i ves to ensure the 

safety of  nuclear p lants.  These object ives are:  1) general nuc lear  safety 

via ef fect ive defence measures to protect people,  soc iet ies and 

environment,  2)   Radiat ion protect ion, and 3) Technica l safety to prevent 

accidents by ensur ing al l  the reasonably pract ical measures. 

Adamant iades and Kessides, (2009) ment ioned that e xposure to reactors ’  

radiat ion during the operat ion phase has an immense concern. Therefore,  

the NPPs might have physica l barr iers as an essent ia l  techn ique to 

capture any possible  radiat ion inside a l imited space. Any possib le 

radiat ion must not be released into atmosphere in any case.  Proper 

design and period ic maintenance should be ensured to  the core st ructure 

of  the plants.  Furthermore,  safe measures have to be set -up for  human 

errors and uncontro l led f iss ion cha in react ion.  

As ment ioned in  sub -sect ion “3.7.4”,  UAE has committed to ensure 

nuclear safety to the highest robust standards. The design integrated 

proper features and systems to protect the faci l i ty against  accidents 

during operat ion and to prevent  rad iat ion in the occasion of  a terror ist  

at tack. The associated nat ional authori t ies and safety marshals are also 

wel l  t ra ined professional safety support .  Hence, str ict  regulat ions and 

safety management  ru les are  set -up across a l l  operat ional  aspects of  the 
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nuclear sector.  The measures are purposed to prevent accidental  

radio logica l  d ischarge  and to lessen the consequences of  any such  

discharge. I t  has bel ieved by the UAE that  the selected APR 1400 from 

the Generat ion I I I+ have enhanced safety prospect ive such as: longer 

plant l i fe (normally 60 years),  enhanced user -fr iendl iness, and higher 

burn-up rates which reduce fue l consumption and waste.  Safety 

improvements in the UAE inc luded extremely robust  concrete  suppression 

structures to protect  the reactor and prevent rad iat ion d ischarge in the 

occasion of  an acc ident,  design s impl i f icat ions to ensure lower d isrupt ions 

r isk,  and ‘pass ive ’  safety systems to re in intervent ion and avoid accidents 

in case of  breakdown.  Furthermore, necessary border and protect ions is 

designed to insu late the NPP, t ransportat ion inf rast ructure and storage 

blocks from externa l threats or sabotage (ENEC, 2008) .  

3.8.2  SECUR ITY  AND  NON -PR OLIFERAT ION  

The geographical locat ion is an important factor  accredit ing new 

nuclear  p lants  whi le nuclear  reactors have to be wel l  protected f rom any 

predictab le terror is t ic  at tacks. Hence, unstable geogr aphica l areas are 

considered as not appropr iate surroundings to own nuclear energy.  NEAC 

(2008) poin ted-out that further securi ty opt ions l ike 1) Ant i - threat design,  

2) accountab i l i ty and 3) safeguard are to  be adapted against secur i ty  

hazards. The safety and securi ty should be examined by the nuclear  

operators and government at  period ic intervals.   

The publ ic have a steady fear of  the nuclear  associat ion with 

plutonium product ion and the nuclear weapon increasing terror ist ic  

danger.  As aforement ioned - under the sub-sect ion “3 .2.3”,  (The Peaceful 

Nuclear Energy) ,  the IAEA stands for peaceful organizat ion s ince 1957. 

About 180 countr ies agreed that IAEA monitor ing the i r nuc lear  act iv i t ies in 

order to not  at ta in  nuclear  weapons. Even though, some countr ies l i ke 
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I ran and North Korea are st i l l  uncerta in in their nuclear p lans (IAEA, n.d;  

ecssr,  2009),  with  cont inuous ca l ls f rom the wor ld nat ions to  remain in l ine 

back under the IAEA non -pro l i fe rat ion program. For that reason, suff ic ient  

secur i ty  and non-prol i fera t ion guarantee has to accompany further nuclear 

development.  

The UAE is  committed to high standards of  non -pro l i ferat ion. The 

pol i t ica l  commitment was made by UAE in 1995; th is was fo l lowed by a 

commitment to non-prol i fe rat ion of  the IAEA Comprehensive Safeguards 

Agreement  in 2003. The UAE is repeatedly and assert ive ly sta t ing that the 

government  is against  the existence of  weapons of  mass destruct ion in 

the Midd le East .  The UAE carr ied-out  a number of  lega l and inst i tut iona l 

measures to execute non -pro l i fe rat ion in i t iat ives such as prevent ing non -

state actors to acquire or deve lop nuclear,  b io logical and chemica l 

weapons. Unl ike other countr ies having c iv i l ian nuclear energy programs, 

the UAE wi l l  not pract ice nuclear fue l -cyc le and enrichment act iv i t ies  

(ENEC, 2008) .  

3.8.3  WA STE D ISPOSAL  AND  MANA GEMENT  

Waste disposal  a lmost  occupies the most noteworthy t roubles in  f ront 

of  the nuclear deve lopment and i ts pub l ic acceptance. I t  has an immense 

concern due to  i ts hazardous radiat ion ef fect .  The waste prob lem is 

accumulat ing fo l lowing to the growth of  the nuc lear  p lants.   Adamant iades 

and Kessides (2009) ment ioned that,  comparat ively  insign if icant low and 

intermediate radioact ive waste levels are generated with in the nuclear 

fuel cycle.  

Management o f  radioact ive waste is an imperat ive tool  for  future’s  

development.  The current universa l rate of  nuclear waste volume stands 

for a lmost 12,000 tons annual ly which is re lat ively low i f  compared with  
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fossi l  fue l waste  of  an approx imate 8.5 b i l l ion tons of  po l lut ing CO 2  in  

addit ion to large amounts of  ash. Nuclear wast e has,  however,  to be 

geologica l ly isolated and sealed in ceramic or g lass containers.  I t ,  

furthermore, has to be enclosed wi th containers with corrosion resist  

specif icat ion. Scient i f ic researchers are,  moreover,  cont inuing to reduce 

the quant i ty and toxic i ty of  nuclear waste (Adamant iades and Kessides,  

2009).  

Yucca Mounta in is a current proposal by the USA as reposi tory  of 

spent nuclear fue l and high level waste.  I t  has a capacity o f  70,000 tons 

of  waste  with extension al lowance to  12,000 tons. The waste has to be 

deeply bur ied above the water level which reduces the exposure to  

blast ing r isk (NEAC, 2008).  This model of  safe repository at  deep level is 

technica l ly preferab le to many countr ies,  [especia l ly UAE] which started 

studies and invest igat ions to ha ve their own repositor ies (Adamant iades 

and Kessides, 2009).  

This  improvement  has i ts  way to  appl icat ion, a l though,  i t  remains a 

controvers ia l  matter part icular ly to the ant i -nuclear supporters.  There are 

worr ies of  potent ia l  underground leakage at these r epositor ies whereas; 

the burying wi l l  stay for severa l years pr ior the fading of  radioact ive 

toxic i ty .  Furthermore,  the radioact ive waste repositor ies have to be 

al located in safe places from earthquakes,  volcanoes, and terrorism in 

order to ensure long t ime safety and securi ty .    

The UAE would prefer ,  at  short - term fuel storage, to source nuclear 

fuel through fuel leas ing or simi lar measures that re l ieve i t  of  the  long-

term requirements of  safeguarding spent fuel .  In the event of  long -term 

storage is requi red, the UAE would bui ld  and manage the suitable 

faci l i t ies according to the internat iona l safety standards o f  waste d isposa l 

under str ict  regu lat ions. The UAE wil l  use fuel ing serv ices by foreign 
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suppl iers to  reduce the volume of spent fue l which leads to  reduct ion in  

the permanent storage requirements.  These serv ices are p lanned be 

condit ioned that a l l  reprocessing act iv i t ies to be done outside the UAE. 

Noteworthy,  the UAE would always support  internat iona l ef forts to develop 

a network of  mult i - la teral  fuel secured supply.  This support  might include 

a “ last  resort ” fuel bank,  which would insure constant nuclear fue l supply  

for nat ions without local  enr ichment fac i l i t ies.  

Addit iona l to the abovement ioned chal lenges, there are few fur ther 

concerns for more compet i t ive nuclear energy. These concerns inc lude:  

 Dimin ish poverty  and improve l iv ing standards.  

 Mainta in economic growth.  

 Contr ibute to c lean energy scheme.  

 Subst i tute ef f ic ient ly the fossi l  fue l  

 Ensure f inancia l  p lan to bui ld nuclear  p lants .  
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CHAPTER 4: METHODOLOGY  
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4.1 INTRODUCTION  

This dissertat ion is set -up to invest igate the potent ia l  ro le of  Nuclear 

energy in  mit igat ing the carbon dioxide emissions in the United Arab 

Emirates. Several research  methodologies can be conducted to 

invest igate s imi lar ro les o f  nuclear energy in di f ferent countr ies or  

wor ldwide. The four most  widely  used  research methods are discussed 

herein as fo l low:  

4.2 CASE STUD Y  

As ident i f ied by researchers,  case study methodology concerns with a 

real ist ic prominence . Groat and Wang (2002),  c i t ing Y in (1994),  have 

mentioned that case study research is def ined as “. . .  an empir ica l  inquiry 

that invest igates a contemporary phenomenon with in i ts rea l - l i fe  context,  

especia l ly  when the boundaries between phenomenon and context are not 

c lear ly evident . ”    

Davidson (2010),  for instance, carr ied over a case study research of 

nuclear  energy in Alberta City  in Canada. The mot ivat ion of  study was the 

proposal  of  bu i ld ing a 4,000 MW nuclear power p lant in the ci ty.  He 

studied the current and ant ic ipated energy supply and demand  in Alberta .  

The current sources of  e lectr ic i ty are almost only coal and natural gas. 

The ant ic ipated electr ic i ty consumpt ion in 2037 is three and half  t imes the 

2007 amount.  The researcher also studied the current status of  nuclear  

power in Canada along with i ts at t ract ions and summary of  associated 

r isks.  Economic viabi l i ty was researched includ ing f inancing plant 

construct ion,  const ruct ion and operat ion costs,  decommission ing, and 

costs of  uncerta inty.  Furthermore, the social  d imensio ns study included 

the percept ion of  r isk as a key factor inf luencing the pol i t ica l  acceptabi l i ty  

of  compound technologies,  the pol icy cl imate, and host communi t ies of  

nuclear  p lants .  Addit ional ly,  the ethical impl icat ions o f  nuc lear power 
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development  were out l ined by the s tudy. As a summary,  the research 

highl ighted that the ethical impl icat ions of  nuclear power deve lopment are 

ambiguous.  However,  two ch ief  conclusions came in the study;  f i rst ,  the 

associa ted cha l lenges with nuclear power are socia l  rather  than technica l 

second, decis ion-making process can be enhanced by concentrated 

at tent ion to these social  issues.  

Bruhn-Tysk and Eklund (2001) performed a case study to veri fy the 

environmental  impact  assessment (EIA)  for b io-fue l led energy p lants in 

Sweden.  The EIA is a tool for promot ing sustainable development which 

was int roduced as part  of  the country’s Environmental Protect ion Act in 

1981. The study adopted an environmental impact statements (EISs) for 

Swedish b io-fue l led energy plants to analyze  i f  the components of  EIA are 

vi ta l  to meet intra -generat iona l and intergenerat ional equi ty,  local and 

global impacts,  resources management ,  publ ic part ic ipat ion  in  plants 

development,  and a lternat ive design opt ions. The study examined the 

associa ted EISs for 55 appl icat ions of  b io -energy sector of  Sweden. 

These appl icat ions are of  deve lopment  consent which made according to 

the Envi ronmenta l Protect ion Act f rom 1995 to 1998. The appl icat ions 

vary in the ir ob ject ives to inc lude: new construct ion of  energy plant,  

capacity enlargement,  cont inued operat ion of  an energy plan and so on.  

Thereafter,  the researcher concluded that the 55 EISs for the Swedish 

bio-fue led energy plants showed few posit ive  signs of  EIA to funct ion as a 

promot ing tool  of  sustainable  development.  However,  EIA pract ice in 

Sweden, as a fu l l  extent,  might  not be the proper too l to promote 

sustainab le development.  

Further researchers performed case study methodologies to study 

relat ive issues to nuclear energy  and i ts ro le of  susta inabi l i ty in the bui l t  

environment.  However,  us ing a case study or f ie ld study , in th is 

d issertat ion, as a research methodology to  serve the research quest ion  
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requi res certa in act ions in  steps .  These act ions inc lude the fo l lowings in 

sequence:  

 An already in -operat ion or ready to operate nuclear f ission energy 

plant.  

 Comprehensib le records of  CO 2  leve ls in the atmosphere ( i .e,  f rom the 

convent iona l energy supply pr ior introducing nuclear energy as a 

mit igat ion st rategy).  

 A nearly un l imi ted Access to the avai lable  data and in format ion of  

energy plants in terms of power capaci ty,  maintenance requirements,  

operat ion constra ints  and product ion cost.  

 Appropr iate ca l ib rat ion inst ruments to measure the CO 2  emiss ions 

from foss i l  fuel p lants.  

Accord ingly,  the results of  the study –  af ter introducing nuclear power 

plant –  has to  be compared to the previous CO 2  leve ls in the atmosphere 

thence; the di f ference wi l l  const i tute the shares of  nuc lear energy 

contr ibut ion to the CO 2  emiss ions.  

The case study research methodology remains viab le with  a number of  

constra ints l ike,  the populat ion growth, increased demand on the energy, 

d i f ferent  CO 2  leve ls  in peak demand in summer than lower energy demand 

in winter.  Therefore,  using a case study need a comparat ively long t ime,  

and st i l l  incapable to  provide accurate results for future due to  many 

reasons.  Furthermore, there is no bui l t  nuc lear power p lant in the UAE so; 

th is methodology is  not pract ica l ly su itable for the dissertat ion purpose.  
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4.3 LOGICAL AR GUMENT  

Logical argument method of  research rel ies on a wide status of 

knowledge and negot iates a solut ion for  open controvers ia l  subjects.  

Accord ing to Groat and Wang (2002),  logical  argument research is set -up 

for conceptua l f ramework grouped wi th basics and powerfu l  techn iques to 

deal with an argument.  

Kanoh (2006) conducted a log ical  argument research to veri fy  the 

essent ia l  ro le of  nuclear energy for sustainable development,  precisely 

the global economy. He proposed three debatable quest ions of  Kyoto 

agreement,  i ts contr ibut ion to mit igate CO2 ,  and the ef fect iveness of  CDM 

with in Kyoto agreement.  Among the most e f fect ively  argued var iable s is  

the statement of  ant i -nuclear people towards the CO2  emiss ion from 

nuclear  p lants  in  the construct ion phase and the disposal of  rad ioact ive 

waste.  The researcher directed the debate in a logical manner and 

supported his argument wi th meaningful  stat ist ics  and proofs.  He pointed-

out the nuclear ro le in mit iga t ing 40% of  CO2  emiss ion by 2050. In 

summary, the researcher st ressed that nuclear is the proper needed 

opt ion to pursue the sustainable  development of  the economy as a global 

view. Remarkably ,  th is research paper was discussed in chapter  “2” in  

sect ion 2.6 “nuclear  energy role in sustainable development”.  

Omoto (2005),  which also discussed in sect ion 2.6 “nuclear energy 

ro le in sustainab le development”,  performed a research on the role of  

nuclear power for sustainable development and relevant IAEA act iv i t i es 

for the fu ture using a  log ical  methodology in combinat ion with an 

interpret ive approach.  The research highl ighted the nuclear power as an 

important opt ion for sustainable deve lopment along with a discussion of  

the Agenda 21 in the earth summit 1992, and  the 2002 Johannesburg’s 

World summit on sustainable deve lopment  (WSSD).  The focus in the 

research was on the three dimensions of  sustainabi l i ty (economic growth, 
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environmental  protect ion and social  welfare).  He further poin ted -out the 

princ ip le drivers of  energy demand (populat ion and economy) along with 

the demand project ion of  energy by 2050.  The IAEA role of  nuclear 

development was d iscussed a long with other re levant act iv i t ies of  the 

agency such as: br idging the gap between the current and forecast  

nuclear capaci ty a long with safety and cost,  nuclear energy as a dr iver  for  

economy in develop ing countr ies,  advanced reactors technology, l i fe 

management p lanning of  ex ist ing NPP, peaceful use of  nuclear energy,  

and publ ic access to credib le and re l iab le inf ormat ion.  

Jacobs and Haber (2003) logical ly researched the safety of 

organizat ional processes and nuclear power plant.  They h ighl ighted the 

integrated ef for t  towards  NPP safety organizat iona l factors.  Previous 

studies of  safety in operat ion of  NPP and oth er high rel iabi l i ty industr ies 

were rev iewed in the research. A survey was included in the research 

design to support  the logical argument.  

For the d issertat ion, logical argument  research can, however,  serve 

the research’s purpose via wel l  supported rat ion al f ramework. The 

fo l lowing are some steps needed to fu l f i l  the logical argument research 

methodology to determine the CO 2  mi t igat ion in the bui l t  env ironment:   

 Wide range of data col lect ion f rom accred ited and rel iab le academic 

research administ rat ions.  

 Comprehensive analys is of  the nuclear impact in the bui l t  env ironment 

along with the CO 2  reduct ion va lues.  

 Proper access to data in nuclear data centres ( i .e.  IAEA, ENEC 

(Emira tes Nuclear Energy Corporat ion). . .etc) .  

http://www.enec.gov.ae/?lang=en
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 An Accurate awareness of  a l l  re levant mathematical,  cu ltura l  and 

discurs ive ranges of  the research matter (Groat and Wang, 2002),  

nuclear energy contr ibut ion to the CO2  mit igat ion in th is d issertat ion.  

 Secondary research quest ion and then drive a princ ipal log ical 

argument  methodology to tackle  the contrary point  of  v iew in a  su itable 

scient i f ic way.  

4.4 S IMULAT ION METH ODOL OGY  

The methodology of  s imulat ion research contr ibutes to composite  

research prospects.  Specif ical ly des igned computer software is  usual ly 

used to simulate compl icated models to ease a comprehensive study.  

As i ts su itable role for  composite researches such as nuclear energy, 

many researchers had adopted simulat ion research methodology to 

assess the nuclear energy role on reducing the  CO2  emission to the level 

of  year 1990 or lower.  Streimik iene (2008),  for instance, carr ied over a 

case study research of  L i thuania to examine the role of  nuclear power in 

reducing the cl imate change. He ment ioned that L i thuania –  as an Annex I 

country -  committed to reduce the GHG emiss ion by 8% below the 1990 

levels f rom 2008 to 2012. He overv iewed the status of  the energy se ctor 

in the country in terms of domest ic and imported resources of  e lectr ic i ty 

generat ion. He also ment ioned the nat iona l energy st rategy in target ing 

20% of  renewable energy by 2025 along with the forecast pr imary energy 

supply.  The used s imulat ion sof tware was developed al L i thuania energy 

inst i tute (LEI).  This  software was based on the MESSAGE mathematical  

model which was produced by the Internat ional Inst i tute of  Appl ied 

System Analys is (I IASA) in Laxenburg, Austr ia (ht tp: / /www. i iasa.ac.at /)  

and thereafter improved by IAEA.  The study scenarios included the CO2  

emission per capita,  CO2  emissions from industr ia l  processes and waste 



 

 

Page |  85  

 

management by the year 2050. This research paper was discussed in 

chapter “2” in sect ion 2.3 “Nuclear Energy Role in Cl imate Scenar io (CO 2  

emission) ” .   

Vai l lancourt  et a l .  (2008),  d iscussed in chapter “2” in sect ion 2.3 

“Nuclear Energy Role in Cl imate Scenar io (CO 2  emission) ”,  used further  

simulat ion software ca l led “World –TIMES” to explore the ro le of  nuclear 

energy under set -up CO2  emission scenar ios.  Furthermore,  Matsui et  a l .  

(2008 ) ,  d iscussed in chapter “2” in sect ion 2.6 “nuclear energy role in 

sustainab le development”,  used an integrated simulat ion model  cal led 

“GRAPE” to examine the role of  the nuclear energy in sustainable 

development.  

Further s imulat ion research performed by Kurosawa (2000) to evaluate 

the role of  long term nuclear power under CO2  emission constra int  f rom 

2000 to 2100. The research used the GRAPE model of  assessment.   Five 

sub-models inc luded in the GRAPE to  assess e nergy, c l imate, land use,  

macroeconomics and environmental impacts.  The study covered 10  

regions wi th maximum l imit  of  CO2  emission accord ing to  the Kyoto 

protocol .  Accord ing to  the populat ion pred ic t ion and the energy out look, 

the regiona l popula t ion and energy demand were two const ra ints  of  the 

simulat ion . The research compr ised almost a l l  the obtainab le  energy 

resources.  The s imula t ion was run for four test  cases on the impact s of  

nuclear  phase-out  and cert i f icate t rade under the CO2  constra ints  (BAU, 

No trade, Annex I  t rade, and No t rade plus no nuclear) .  The al lowed CO2  

emission was set ,  according to the Kyoto Protoco l,  to a percentage of 

1990 CO2  levels .  The simulat ion po inted-out the importance of  nuclear  

energy as an opt ion o f  a l ternat ive energy source in the next 100 years.  

Therefore,  nuc lear energy should mainta in a compet i t ive cost to achieve 

more soc ial  acceptance.    



 

 

Page |  86  

 

Simulat ion research methodology is predicted to be benef ic ia l  in 

address ing the quest ion of  th is research as i t  assesses th e nuclear  

mit igat ion ’s  ro le of  the CO 2  emiss ions in the bui l t  envi ronment.  To achieve 

th is purpose of  assessment,  few steps are required to be set -up as fo l low:  

 Suitable simula t ion software is needed to  measure and predict  the 

future energy demand and the related CO2  emissions in the targeted 

year of  the study.  

 Ful l  access to the country ’s input data which are needed for  meant 

software f rom an accredited source of  informat ion.  

 Former conducted studies or publ ished informat ion for correlat ion 

purpose.  

4.5 QUANTITAT IVE METH OD OL OGY  

Design of  quant i tat ive research is classif ied amongst the exce l lent 

scient i f ic research approaches. I t  usual ly advocates prec ise data, 

measures and analysis.  Data col lect ion technique can be determined by 

the researcher in a su itab le matter to the research quest ion and the way 

to be answered (Jenkins 2009).  Jenkins (2009) c i t ing At ieno (2009) 

suggests:  “quant i tat ive research paradigm…is empir ica l in nature;  i t  is 

a lso known as the sc ient i f ic research parad igm”.   

L i  (2009) performed a quant i tat ive analysis of  susta inable energy 

strateg ies in China by us ing the econometr ic  method.  The research 

quant i tat ively d iscusses sustainab le st rateg ies in China toward energy -

related issues.  He conducted a reference scenario  v ia s imulat ion 

methodology on the country’s economy, energy and envi ronment  up to 

2030 under the name of 3Es -Model which developed by the researcher.  
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This  model was made-up of  761 equat ions wi th 113 of  them for  macro -sub 

model and the rest  o f  equat ions for energy and environment  sub-models. 

Thereafter,  the researcher performed alternat ive scenario s imulat ion and 

discussed the nat ional st rategies in re lat ion to energy.  The results of  

energy consumption,  e lectr ic i ty generat ion, energy secur i ty,  energy 

pol lutants and CO2  emission were quant i ta t ive ly discussed  in terms of 

actual status in 2005,  reference scenar io and the al ternat ive scenario by 

2030.  

Ohnishi (2003)  proposed a methodology to predic t  the future tendency 

of  quant i tat ive var iables related to the publ ic  acceptance of  nucl ear  

energy. The environment of  publ ic acceptance was decomposed into a 

l imited number of  basic  elements.  Thence, the interact ive formulas 

between the quant i tat ive variab les were carr ied -over by using precedent 

actual va lues of  the variab les.  The est imated values of  exogenous 

variab les were put into these formulas  to obtain the forecasted values of  

endogenous variab les.  The quant i tat ive methodology was used to assess 

the publ ic  acceptance of  nuclear in Japan to inc lude publ ic  sector, 

environmental society  and socio-psychology sectors.  The publ ic  sector 

c lassif ied into three categories:  the general publ ic,  the near -nuclear  

inhabitants and the advocates of  ant i -nuc lear movements.  The 

environmental soc iety  and socio -psychological sectors categor ized into 

four and three groups, respect ively,  such as news media and emotional  

factors ,  27 endogenous and 7 exogenous variab les were introduced to 

quant i fy these categories.  Thereafter ,  growing features of  the endogenous 

variab les,  such as the pro - and ant i -nuclear  f ract ions were quant i tat ively 

est imated in publ ic opinion pol l  and the occurrence of  ant i -nuclear  

movements.  
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The quant i tat ive research methodology can be conducted via ei ther 

structur ing a stat ist ica l  model and evaluate the outputs or col lect ing the 

obtainable stat ist ical  data from data centers,  former researches, or 

nat ional of f ices  in order to sat isfy the research topic .  Stat ist ica l  model ing 

for nuc lear is  an excessive consumpt ion o f  t ime and cost.  Therefore,  

col lect ing data from exist ing data provider would be the most appropr iate 

to compete for t ime and cost.  Hence, the needed data for co l lect ion would 

include records of  the CO 2  emissions  from each energy source , nuclear 

energy capacity ,  energy demand and the coverage via  nuclear. . .etc .  

Further the abovement ioned methodologies,  h istor ica l and interpret ive 

research methodologies can set -out e i ther indiv idual ly or s ide -a-side to 

the logica l argument  or s imulat ion research. Combinat ion of  e i ther 

research methods is potent ia l  to conf i rm the role of  nuclear energy in 

mit igat ing the CO 2  emissions in the bu i l t  envi ronment of  the UAE.   

4.6 SELECT ED  METH OD OL OGY  

The process of  f inding the most su itab le research methodology which 

addresses the research quest ion or  prob lem is not  an easy task. The 

selected research methodology has to be useful  in terms of tack l ing the 

research variab les (Ismai l  2005).   

As an eventua l choice from former research works dealt  with s imi lar  

subjects and research prob lems; simulat ion  (Stre imik iene,  200; 

Vai l lancourt  et  a l . ,  2008; Matsui et  a l . ,  2008; and Kurosawa,  2000 

discussed in sect ion 4.4 ),  log ical argument  with l i te rature rev iew and 

interpret ive (Kanoh, 2006; Jacobs and Haber,  2003; and Omoto,  2005 

discussed in sect ion 4.3),  and quant i tat ive (Li ,  2009; and Ohnish i,  2003 

discussed in sect ion 4.5 ) research methods seem to be appropriate to 

sat isfy the research quest ion. S imulat ion metho dology of  research would,  
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however,  be the best to invest igate the potent ia l  ro le of  nuclear energy in 

mit igat ing the CO 2  emiss ions in the bui l t  envi ronment o f  the United Arab 

Emirates.   

Noteworthy,  performing a case study research of  an operat ional 

nuclear p lant results with rea l ist ic  readings. This process would,  however,  

consume much longer t ime than the standard al located for d issertat ion.  

The study has to a l low for  p lant ’s  const ruct ion t ime and energy product ion 

records, th is  range f rom 10 –  12 years.  Moreover,  nuclear power plant is 

not avai lable with in the regional borders.  Case study is,  however,  remains 

possib le to be adopted with in a simulat ion research to predict  the nuclear 

energy future’s records for the country .  

Simulat ion research methodology b y means of  computer software is 

thought to proper ly sat isfy the a im of  the research quest ion. I ts 

advantages are s ignif icant in terms of t ime and cost;  the fo l lowing are few 

advantages of  the se lect ive simulat ion methodology:  

 Simulat ion software should be able to predict  t rusty measures of  CO 2  

mit igat ions in the targeted study years in comparat ive ly l imited t ime by 

using the publ ished accurate data inputs.  

 Simulat ion is much cheaper than physica l model l ing as main asset is  

the computer software.  

 Encouraging outcomes of the simulat ion to use nuclear energy in 

sustainab le envi ronment can form the future out look. Meanwhile,  i t  

helps in decision making of  p lanning for nuc lear p lants.  

 Discourag ing resu lts  can di rect  the tendency of  future’s  plans, and 

alternat ive  energy sources can be se lected a t  earl ier  p lanning stage.  
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 The awareness of  appropr iate measures for susta inable  the 

environment in advance saves any potent ia l  waste of  e f forts,  capita l  

and protects  the current essent ia l  resources.  

 Computer simula t ion methodology is a comparat ive ly safe approach 

versus exper imenta l model l ing of  nuclear energy which might have 

unforeseen r isk exposure dur ing research.  

 Presents several scenarios by manipulat ing di f ferent const raints and 

variab les.  This ass ists  in select ing th e best af fordable scenar io out of 

the possib le.  

 Satisf ies the components of  research cyc le with in reasonable t ime and 

cost.  Meanwhi le,  for unsat isfactory results,  there is wide convenience 

of  opt ions to re -f rame the research quest ion, re -co l lect  proofs or  re-

draw the inference to accomplish su itable  answers.  The fo l lowings are 

l i t t le possib le opt ions to sat isfy the research cyc le i f  change is needed 

due to any log ist ic or technica l reason:  

a.  Limit  the def in i t ion of  s imula t ion to  fundamental mathemat ica l 

equat ions and persist  the proxy process.  

b.  Alternate the research methodology to  comply with the 

obtainable const raints  (quant i tat ive,  Logica l  argument. . . ) ,  and 

re-explore the inter ference to mainta in the proxy process and 

get rev is i t  object ive answers.   

c.  Re-def ine the research topic or quest ion and frame new 

object ive to re -start  the research cyc le.  

 Simulat ion research methodology has strong relat ion with corre lat ion 

research especial ly for  comparing the output  data.  

 



 

 

Page |  91  

 

4.7 S IMULAT ION SOFT WAR E PROGRA MS  

Accred ited and sat is factory computer simula t ion software intended to 

be a compulsory key feature to perform the simulat ion research. V irtua l ly 

there are very l i t t le commercia l ly or academica l ly avai lable computer  

software programs fu l f i l l ing the research purpose wh i le few others are 

only ava i lab le for governments use only .  The fo l lowing sub-sect ions 

out l ine some simulat ion softwares which can sat isfy the research aim :  

4.7.1  GRAPE  (GL OB AL RELATION SHIP ASSESSMENT T O PR OT ECT  

ENVIR ON MENT ) :  

GRAPE is integrated energy analys is software. I t  is recognized 

model by the In tergovernmenta l Panel on Cl imate Change (IPCC) for t r ia l  

est imates of  energy.  Kurosawa et a l .  (1999) f i rs t  publ ished the GRAPE 

model which is run by General Algebraic Model ing System programming 

language (GAMS). GAMS, however,  has to be downloaded from i ts  source 

website (www.gams.com), and GRAPE model is then ava i lab le f rom the 

publ isher.  Matsui et  a l .  (2008),  Kurosawa (2000) and other researchers 

used the software in simulat ion s tudies for nuclear  energy  as discussed in  

sect ions 2.6 of  chapter  2 and 4.4 in th is chapter .  

Main Features: GRAPE has the abi l i ty to  simulate the emit ted CO 2  

values and envi ronmental impacts of  energy.  

Availabil i ty :  upon contact wi th the GRAPE publ isher,  he showed his 

wi l l ingness to prov ide the software with s igning a business agreement 

and l icense outside Japan at cost to  be agreed later .  The GAMS 

model ing language wi l l  separate ly cost AED 4,710 Dhs for academic 

user (2,355 Dhs for  the base model p lus ano ther 2,355 Dhs for  

GAMS/CONOPT as advised by the GRAPE publ isher ) .  Addit ional 

charges are expected for cargo  

http://www.gams.com/
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4.7.2  MESSAGE  (MODEL F OR ENER GY SUPPL Y STR ATEGY ALTERNATIVES 

AND TH EIR  GENERAL EN VIR ON MENT AL IMPA CTS ) :  

 This  model of  s imulat ion has been prepared by the  IAEA among 

their number of  models for nuclear energy p lanning. I t  was used in 2004 

for a case study research by the IAEA for L i thuania (IAEA 2004b).  The 

operat ion princip le and detai led descrip t ion are d iscussed later in th is 

Chapter.  

Main Features: a model for u t i l iz ing and opt imizing envi ronmenta l 

impacts of  energy sources.  

Availabil i ty :  i t  is usual ly avai lable for governments.  After back -

and-forth communicat ion with the IAEA, they agreed to supply the 

software for  academic purpose only at  f ree cost.  

4.7.3  TIMES  CL IMAT E MOD EL :  

 World-TIMES  (The Integrated MARKAL -EFOM System) bottom-up 

model was used by  Vail lancourt  et  a l .  (2008)  for invest igat ing the nuclear 

energy impacts on the cl imate. The Integrated MARKAL -EFOM (Market  

Al locat ion),  and EFOM (Energy Flow Opt imizat ion Model)  System is 

avai lab le f rom ETSAP (Energy Technology System Analysis Program). I t  

was f i rs t  appeared in Fishbone and Abi lock (1981) and was, s ince then, 

improved for a range of appl icat ions.   

Main Features: i t  t racks of  CO2  and other  emiss ions f rom fuel 

combust ion and processes. I t  a lso simula tes the CO 2  changes in three 

reservoi rs (atmosphere, l i thosphere and hydrosphere)  

Availabil i ty :  MARKAL/TIMES is not avai lable for commercia l  use,  but 

could be obtained for academic use on ly.  
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4.7.4  DECADES:   

Databases and Methodologies for Comparat ive Assessment  of 

Dif ferent Energy Sources (DECADES) for E lect r ic i ty Generat ion is a lso 

prepared by the IAEA for governmenta l use. I t  is an analy t ica l sof tware 

assist  in decis ion support  studies.  I t  permits an access to the Reference 

Technology Database (RTDB) which conta ins a set  of  technical,  economic 

and environmental  data on energy cha ins for e lectr ic i ty generat ion, and 

the Country Specif ic Database (CSDB) which contains reg ional database 

to evaluate cost and environmental ana lyses from energy. i t  was 

establ ished in 1992,  and is a short  running software with extensive 

report ing capabi l i t ies over severa l decades (IAEA 1995).  

4.8 SELECT ION OF  MESSAGE  S IMUL ATION SOFT WAR E  

The Model  for Energy Supply Strategy Alternat ives and thei r General  

Envi ronmenta l Impacts  (MESSAGE) was se lected to be the software for 

running the simulat ion in th is research due to many reasons. At the f i rst  

instance, i t  was recommended by the IAEA as a capable model to 

opt imize the CO 2  emissions f rom energy. I t  ranks as the most 

mult ipurpose and sophist icated s imulat ion software of  a l l  programs 

avai lab le at  the IAEA,  and could pr inc ipal ly fu l f i l l  the targeted ob ject ives 

of  a l l  the IAEA softwares family of  energy planning tools.  Therefore,  the 

software gains h igh credi ts to be used as recommended s imulat ion 

software in th is research.  

4.8.1  SOFTWARE OVER VIEW  

MESSAGE software is designed to opt imize al ternat ive strateg ies 

consonant of  energy supply under a set of  user -def ined const raints such 

as: investment l imits,  penetrat ion rates for  technologies in market,  fuel 

accessibi l i ty,  and envi ronmenta l emiss ion.  The software was in i t ia l ly 
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developed at the Internat iona l Inst i tute for Appl ied Systems Analys is 

(I IASA) in  Laxenburg,  Austr ia (ht tp: / /www. i iasa.ac.at /) .  Thereafter,  the 

IAEA acquired the latest  vers ion and enhanced the MESSAGE software,  

especia l ly add ing a user - interface, to fac i l i tate i ts appl icat ions. The 

princ ipal  purpose of  the MESSAGE is to opt imize an ob ject ive funct ion 

under user -def ined constra in ts which def ine the feasible region or county 

along with the possib le solut ions of  a  prob lem ( IAEA, 2007b; and IAEA, 

2008).  

The MESSAGE’s main backbone is a technical f lex ib le f ramework that 

descr ibes the energy modeled system. This  has the def in i t ion of  c erta in 

energy levels included in energy forms (pr imary and f ina l  energy, 

technologies producing these energy forms, and energy resources) ,  these 

forms of  energy actua l ly used such as oi l  and nuclear,  as wel l  as energy 

serv ices such as space heat or hot wat er.  Inputs and outputs,  ef f ic iency, 

and the degree of  variab i l i ty are factors def ined under technologies.  

These energy technologies are combined to form what is cal led energy 

chain which is star ted from energy supply to demand (IAEA,  2007b; and 

IAEA, 2008)  (see Fig.  4-1).   

The model considers the exist ing instal lat ions and their usefu l  l i fe 

span. This determines the requirements of  extra capaci ty under di f ferent 

technology scenar ios which he lps in assessing the energy growth on the 

economy.  Environmental impacts can be analyzed by t rack ing the emit ted 

amounts of  po l lutants by technolog ies for a l l  steps of  the energy chains 

(IAEA, 2008) .    
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Figure 4-1: Major  inputs and outputs of  MESSAGE, (IAEA 2009)  

The user can l imit  or bound an energy resource or a technology ( i .e.  

maximum capacity of  a technology, or maximum and min imum levels of  

technology output ).  I t  is s igni f icant ly noteworthy that MESSAGE can 

model re lat ionships of  technologies and resources. I t  is f lex ib ly def ine a 

varie ty of  re lat ionsh ips types such as (IAEA, 2007b) :  

 Limit ing a technology in re lat ion to other technologies ( i .e.  a maximum 

share of  wind energy in total  pr ime electr ic i ty product ion) .  

 Technolog ies predic t ion l imi t  ( i .e.  maximum l imit  on CO 2  emiss ion in 

mi l l ions tons of  CO 2 ) .  

 Product ion and instal led capacity constra ints ( i .e.  ensure take -or-pay 

clauses in gas contracts determin ing the minimum level of  

consumpt ion)  
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4.8.2  SOFTWARE C OMPON ENT S  

The fol lowing compr ise the key components o f  the MESSAGE  software. 

Figure (4 -2) i l lust rates the Interre lat ionship  between these components in 

execut ion of  the software:  

 A user - interface for model bui ld ing.  

 Databases.  

 A matr ix  generat ion program (mxg).  

 An Opt imizat ion program (opt ).  

 A program for so lut ion post processing to ext ract  resu lts  (cap).  

 

Figure 4-2: Interre lat ionship between MESSAGE components,  ( IAEA,  

2007b) 

4.9 RESEARCH  PARA MET ER S AND MATR IX  

As the MESSAGE simulat ion model is  created for the ent i re study, 

s imulat ion variab les and constra ints  wi l l  be manipu lated with in the 

process to assess the potent ia l  ro le nuclear energy in mit igat ing CO2  

emission of  the bu i l t  environment in the UAE. Elect r ic i ty consumption and 
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i ts re lated CO2  emiss ion from energy sources wi l l  be the main output of 

th is study. The base year wi l l  be used as a reference for compar isons in 

addit ion to further comparisons between the proposed scenarios.   

4.9.1  PARAMETER S  

The fol lowing parameters const i tute the main var iables in  the 

simulat ion which wi l l  inf luence the outputs:  

CARB ON D IOXID E EMISSION RAT ES:  the current CO2  emiss ion as 

publ ished by the IEA (2010)  wi l l  be used as a reference for 

compar ison.  The publ ished rate o f  CO2  f rom convent ional energy 

sources wi l l  be lodged into the simula t ion at  d i f ferent scenar ios to 

predict  the future’s CO2  emiss ion and the way to mi t igate th is 

emission.  

NUCL EAR ENER GY :  I t  is  the main parameter  in th is  study as the results  

must veri fy i f  the nuclea r energy is a viab le  opt ion for mit igat ing CO2  

emission or not.  The current ly  proposed APR 1400 by the UAE wi l l  

const i tute in a separate case of  study which wi l l  be used as a 

reference case in  the compar ison.  Further  four proposed scenar ios of  

nuclear energy wi l l  be simulated to examine i ts ro le in address ing the 

research quest ion.  

REN EWABL E ENER GY :  by i tself  is considered clean energy wi thout CO 2  

emission. Subsid izing act iv i t ies for generat ing electr ic i ty f rom 

renewable energy such as plant construct ion, m aintenance and 

refurb ishment are consuming energy and thus emit t ing some f ract ions 

of  CO2 .  These fract ions are assumed as n i l  in the simula t ion of  th is 

research due to i ts comparat ive ly neg l ig ib le amounts.  
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CARB ON CAPT URE AND STORA GE :  as announced by Masdar  (2010),  the 

project  of  carbon capture and storage wi l l  be ready by 2014 at a 

capacity of  captur ing 5.0 Mton CO 2  f rom UAE power p lants.  

Accord ingly,  CCS too l wi l l  be considered in the simulat ion as ef fect ive 

from the year 2014. This wi l l  be added ( in negat ive f igure) to the total  

emit ted amount of  CO2  f rom electr ic i ty.   

ENER GY GR OWTH DEMAND :  the expected demand of e lectr ic i ty was 

issued by the Moenr (2007) t i l l  2020. The predic t ion t i l l  2050 wi l l  be 

assessed accord ing to the scenario assumptions. I t  wi l l  be  di f ferent  at 

the Business As Usual  (BAU) scenar io than the other scenarios.  

O IL  EN ER GY :  current ly,  i t  forms around 33.5% of e lectr ic i ty generat ion 

sources. As i t  is the major CO2  emi t ter f rom elect r ic i ty therefore ,  the 

target is to  wipe-out th is source from generat ing electr ic i ty.  Almost a l l 

the proposed scenarios propose an alternat ive energy to displace the 

oi l  energy.  

NATURAL GAS EN ER GY :  i t  forms around 66.5% of e lectr ic i ty generat ion 

sources most of  i t  is imported by the UAE from neighbor countr ies.  As  

i t  is the second major CO2  emit ter f rom elect r ic i ty and is cheaper than 

oi l  therefore ,  the target is  to lessen th is  source f rom generat ing 

elect r ic i ty .   

Populat ion growth is the ident ica l for the ent ire study; the expected 

populat ion was set -up accord ing to project ions made by the Uni ted 

Nat ions (2008).  
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4.9.2  RESEARCH MATRIX 
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CHAPTER 5: S IMULATION MODEL CONFIGURATION  
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5.1 INTRODUCTION  

Energy p lanning stud ies should consider several  aspects l ike fuels 

avai lab i l i ty ( fossi l  fuels,  uranium, etc. ) and their supply re l iabi l i ty,  

domest ic supply suff ic iency in meet ing the increasing demand, energy 

capacity of   supply,   e lapsed t imes for maintenance o utages, gr id size, 

peak to base load demand, and the current and future development  of  the 

energy infrastructure .  General select ion o f  energy supply  opt ions wi l l  be 

accord ing to certa in economic driv ing forces ( i .e.  capita l  avai labi l i ty and  

cost of  energy serv ices),  and some constraints l ike fuel  ava i labi l i ty,  

sustainab le approach to l imi t  pol lut ions and GHG emissions ( IAEA,  2008).  

Wor ldwide ava i lable nuclear  power p lants  have an output  capacity  

range from around 300 MWe to 1500 MWe. These plants could,  for  

economic reasons, be operated at  a high capacity factor to supply f rom 

almost 2 TWh to 10 TWh of e lectr ic i ty per year,  subject  to the plant s ize 

and power grid s ize.  The capacity factor for nuclear energy is set -up in  

the simulat ion to be 90%.  Detai led data and tables of  th is Chapter  can be 

found in Appendix B.  

5.2 BASE YEAR   

The base year in th is research, which stands for the reference year of 

model conf igurat ion,  is  cal ib rated to be 2008. Th is is due to the 

avai lab i l i ty  of  the most needful input data  (energy and CO 2 )  f rom the IEA 

stat is t ics up to th is year.  The research focuses on the next four decades 

t i l l  2050. Therefore,  future energy out looks and the CO 2  emissions 

mit igat ion are projected to the 2050 horizon using various dr ivers of  

growth such as popula t ion, economic growth,  publ ic invi tat ions for energy 

saving, and avai labi l i ty  of  fuel.   
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5.3 COUNTR Y OVERVIEW  

Populat ion and gross domest ic product are essent ia l  factors for  

growing the energy growth. This sect ion presents stat ist ic data of  those 

two factors in the UAE which wi l l  be considered in  the simula t ion as a  

measure to the energy growth and therefore the CO2   emission.  

5.3.1  POPULATION  

The populat ion in  the UAE has rap idly  grown at  an un-precedent rate 

due to the fast  booming economy which encouraged the migrat ion of  

expats in to the country.  The expats in UAE const i tute  in the recent years 

almost 81% of the total  populat ion of  the country.  The tota l  populat ion 

recorded 5.066 mil l ions in 2009 which is a l most n ine-fo lds than the year 

of  1975 (MOE, 2008a) (see Fig.  5 -1).  

 

Figure 5-1: Popula t ion (Thousands) of  the UAE. From 1970 –  2000 is  

shown as overa l l  populat ion whi le,  f rom 2005 –  2009 is shown as per 

ci t izensh ip status,  (UN, 2008; and MOE, 2008a)  
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The pro jected popula t ion in the target year (2050) can be est imated 

accord ing to the mathematical equat ion of  compound populat ion as a 

geometr ica l growth P n=Po  (1+r)n  whereas; (P n )  is the pred icted 

populat ion in certa in year,  (P o )  is the populat ion in the base year,  ( r)  is  

the growth rate,  and (n) is the numer ica l  d i f ference of  years.  The 

growth rate (r )  in the UAE is 2.31% for locals and 0.58% for expats.  

(DIE-G,  2010).  On the other hand, the United Nat ions (UN,  2008) have 

a database of  populat ion project ions t i l l  the year 2050 (see Fig.  5 -2) .  

However,  both of  the project ions are very close. Therefore,  the UN 

project ion wi l l  be adopted in the simulat ion as i t  is assumed to be more 

accurate  in  terms of  populat ion forecast.  Thus by 2050,  the UAE 

populat ion is expected to reach 8.2 mil l ions.  

 

Figure 5-2: Total Pro jected Populat ion (Thousands) af ter apply ing a 

geometr ic growth equat ion and another predict ion by the United 

Nat ions, (DIE -G, 2010;  and UN, 2008)  
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favourable  country for business industry  in the Midd le East .  The GDP rate 

has sharp ly increased since the year 2000. However,  there is an 

ambigu ity in the publ ished readings of  the nat ional GDP. The data were 

col lected from two d if ferent sources; the f i rs t  is the Ministry of  Economy 

(MoE,  2008b) which shows a lmost 18% growth rate  of  the GDP from 2000 

to 2008 whereas, the second source is the Internat iona l Energy Agency 

(IEA, 2010) which shows an annual growth rate of  around 8% for the same 

period (see Fig.  5 -3) .   

 

Figure 5-3: GDP rate in the UAE from 1971 –  2008, (MoE, 2008b; 

and IEA, 2010)  

Although, the Min ist ry  of  Economy of the UAE is more of f ic ia l  source 

of  economic informat ion as they are the of f ic ia l  legis lator for economy; 

the data f rom IEA seem to  be more rel iable  due to the logica l GDP growth 

rate.  This is a lso supported by a report  posted on 15 t h  November 2010 

from (UAEInteract,  2010)  ment ioned that Abu Dhabi is target ing 6 –  7 % 

growth in the GDP fro m 2008 to 2012, and conf irmed that the GDP growth 

rate was a lmost 8.1% in recent years.  Therefore,  the data from IEA (2010) 

is thought to be more rel iable .  
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5.4 ELECTRICIT Y  

The simulat ion prospects in th is d issertat ion focuses on the electr ic i ty  

used for the bu i l t  environment (resident ia l ,  commercia l ,  and l ight  

industr ia l)  act iv i t ies which is responsible for a lmost 49.4% of the total  

CO2  emiss ion in the UAE accord ing to IEA (2010).  As ment ioned in 

Chapter 1 under sect ion 1.5 “Energy Prominence”,  the e lect r ic i ty demand 

recorded an increase of  7% between the years 2008 and 2009. According 

to Moenr (2008),  the average growth from 2001 to 2009 is a lmost 9%. The 

2007 gross generat ion capacity was 17,369 MWe and the generated 

elect r ic i ty  was 74,717 GWh. The fue l source for th is  e lectr ic i ty  is d iv ided 

between 66.35% of gas and 33.5% of o i l  with negl ig ib le f ract ion of  d iese l 

in the Emirate of  Sharjah. F igure 5 -4 shows the elect r ic i ty generat ion 

capacity f rom 2001 to 2009 accord ing to fuel  source.  

 

Figure 5-4: The e lect r ic i ty generat ion capaci ty per fue l source f rom 

2001 –  2009, (Moenr,  2008)  
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5.4.1  O IL  ENERGY  

The UAE has the seventh largest prove oi l  reserves in the world in 

2009 at 97.8 bi l l ion barre ls with a product ion of  120.6 Mton. The oi l  

consumpt ion was 23 Mton in 2008 which dropped down to 21.8  Mton in the 

year 2009 (BP, 2010) .  These amounts represent the country ’s  overal l  

consumpt ion (electr ic i ty,  t ransport ,  const ruct ion, e tc).  The electr ic i ty 

generated from o i l  in the UAE was almost 25,075 GWh in the year 2007 

(Moenr,  2008).  I t  is predicted that the generated amount of  e lectr ic i ty 

f rom oi l  in 2008 was 26,755 GWh accord ing to the evaluat ions of  the 

expected demand by Min ist ry  of  Energy in  2007. Th is amount wi l l  be 

conf igured in the simulat ion software as the base year data.   

Accord ing to Mongi l lo  (2005),  1 GWh of e lectr ic i ty pr oduced requ ires 

almost 253.4 tons of  o i l .  Therefore,  the o i l  used to produce e lect r ic i ty in 

2008 is 26,755 x 253.4 which equals 6.78 Mton of  o i l .  Figure 5 -5 shows 

the relat ion between total  o i l  product ion and consumption along with the 

proport ion of  used o i l  to produce electr ic i ty .   

 

Figure 5-5: Oi l  Stat ist ics in UAE f rom 1999 –  2009, (BP, 2010; and 

Moenr,  2008)  
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5.4.2  GAS EN ER GY  

Similar to  oi l  reserves,  the UAE has the seventh largest proved natural  

gas reserves in the world in 2009 at 6.43 tr i l l ion cubic meters with an 

annual product ion of  44Mton oi l  equivalents.  The natural gas consumption 

was 53.5Mton of  o i l  equivalent in 2008 which has dropped sl ight ly down to 

53.2Mton in  the year 2009 (BP, 2010) .  These amounts,  however,  

represent  the country ’s overa l l  consumption (electr ic i ty,  cock ing, etc).  

In recent years,  there is a shortage in gas supply for e lectr ic i ty due to 

increased demand for e lect r ic i ty generated in gas -f i red plants,  as wel l  as 

the rapid  growth of  country’s economy.  Despite the large reserves of  

natural gas, i t  conta ins impuri t ies and is cost ly to extract .  Therefore,  the 

UAE covers the demand shortage by import ing natural gas  main ly f rom 

Qatar (EIA,  2009) .  The elect r ic i ty generated from natural  gas was almost 

49,574 GWh in the year 2007 Moenr (2008).  Mathemat ica l ly,  Natural gas 

generated around 52,896 GWh of e lect r ic i ty in 2008 as evaluated from the 

expected demand by Min ist ry of  Energy in 2007. This is the amount which 

wi l l  be used in the s imulat ion software as the base year data.  F igure 5 -6 

shows the relat ion between natural gas product ion and consumption in the 

UAE.  

 

Figure 5-6: Natura l gas product ion and consumpt ion in UAE f rom 

1999 –  2009, (BP, 2010)  
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5.4.3  NUCL EAR EN ER GY  

Current ly,  nuclear energy has no cont r ibut ion to the electr ic i ty gr id of 

the UAE due to the non -yet bu i l t  NPP. The planned four  units APR 1400 

NPP have the capacity to supply 1400 MWe each. Hen ce, and according 

to ENEC (2010d) operat ion schedule,  the UAE’s NPP could supply 1,400 

MWe by 2017, 2,800 MWe by 2018,  4,200 MWe by 2019, and a fu l l  

capacity of  supply of  5,600 MWe by 2020. The expected annual 

consumpt ion of  nuc lear generated e lect r ic i ty  a t  fu l l  operat ion of  the four 

NPP units by 2020 is est imated us ing the fo l lowing equat ion:  

                                                               

    
 

         ……….  (5-1)  

The total  consumed elect r ic i ty  f rom nuclear energy equals a lmost  

44,150 GWh. This would account for a lmost 25% of the tota l  e lectr ic i ty 

consumpt ion in the UAE by 2020.  

5.4.4  REN EWABL E ENERGY  

Similar to nuclear energy, renewable energy has not yet scaled to 

contr ibute to the e lect r ic i ty gr id of  the UAE. However,  accord ing to  ENEC 

(2008),  the renewable  energy is targeted to fu l f i l l  6 –  7% of the gross 

energy demand by 2020. By assuming a 7% of proport ional supply as the 

higher expected rate,  th is means that a lmost 1,560 MWe of supply  which 

corresponds to around 12,303 GWh of consumption in 2 020. (F igure 6-5)  

i l lust rates the expected shares of  energy sources in the UAE by 2050.  

5.5 CO2  EMISSION S  

This sub-sect ion high l ights the re lated deta i ls of  CO2  emiss ion in the 

UAE country.  The main source for the input  data is the IEA (2010) as i t  
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has accessib le stat ist ics for the UAE. IEA (2010) est imated the CO2  

emissions from fue l combust ion by adopt ing the default  techn iques and 

emission factors f rom the IPCC Guidel ines of  1996 (IPCC, 1997).  The CO 2  

emissions in  the UAE have rapid ly  increased to  reach 146.9 Mton in 2008 

at 184.7% increase f rom the year 1990. F igure 5 -7 shows the increase in 

CO2  emiss ions in the UAE from 1971 to 2008. The emiss ion rate in recent 

years is the highest among the past.  F igure 5 -8 represents CO 2  emiss ions 

by sector in 2008 which i l lustrates the proport iona l cont r ibut ion o f  each 

sector in emit t ing CO 2 .     

 

Figure 5-7: CO2  emissions in the UAE f rom 1971 to 2008, ( IEA, 

2010) 

 

Figure 5-8: CO2  emiss ions by sector in 2008, ( IEA, 2010)  
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5.5.1  ELECTRICIT Y  

As represented in Fig.  5 -8,  e lect r ic i ty is the major CO 2  emi t ter in the 

UAE. I t  emit ted 72.6 Mton of  CO 2  in 2008 which const i tutes 49.4% of the 

total  emissions of  the same year.  The rate of  emit t ing CO 2  f rom e lectr ic i ty  

increased sl ight ly in the last  years to reach 842g/KWh from 728g/KWh in 

the year 2000. This  could be due to increased demand of combust ion and 

decreased eff ic iency of  power plants .  Hence, the average rate  of  CO2  

emission from elect r ic i ty t i l l  2008 is  831g/KWh. However,  th is rate seems 

inaccurate as i t  is c lose to the CO 2  emission from natura l gas whi le gas 

shares around 66.35% of the total  e lect r ic i ty consumption (IAEA,  2010).  

Therefore,  the publ ished rate  of  CO2  emiss ion from elect r ic i ty –  f rom IEA 

(2010) -  wi l l  be replaced in the simulat ion by an est imated rate of 

904g/KWh. This new rate is calcu lated as an average emiss ion o f  o i l  and 

gas use for e lect r ic i ty  generat ion (see Fig.  5 -9).  F igure 5 -10 shows the 

CO2  emiss ion f rom e lectr ic i ty accord ing to the generat ing fue l source.  

 

Figure 5-9: CO2  emiss ions g/kWh from e lect r ic i ty ,  and i ts gas and oi l  

sources, ( IEA, 2010)  
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Figure 5-10: CO2  emiss ion f rom electr ic i ty  per fue l consumpt ion 

accord ing to  annual energy consumption and CO2  rates for  o i l  and 

gas (Moenr,  2008; and IEA, 2010)  

5.5.2  O IL  FUEL  FOR EL ECTRIC ITY  

As ment ioned under sect ion 5.4 “E lect r ic i ty” above, o i l  produces 

almost 33.55% of the gross consumed electr ic i ty.  According to  IEA (2010), 

the total  CO 2  emissions from the consumed oi l  in the UAE increased 

reaching 34.5 Mton. This increase is h igher by 86.6% in the 2008 than the 

year 1990 (see Fig.  5 -11).  The emiss ion rate  increased between 2001 and 

2004 to remain a lmost constant  at  1,194gCO 2 /KWh thereafter  which 

const i tutes the average CO 2  emiss ion f rom oi l  (see Fig.  5 -9).  

 By using the CO 2  emission rates from IEA (2010) and the annual 

e lect r ic i ty  consumpt ion from the Min ist ry of  energy in the UAE (Moenr,  
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reasonable,  and seems that there is data uncerta inty of  the total  emission 

rates f rom the data source IEA (2010):   

(         )                                               (
 

   
)

         
 

        …………….. (5 -2)  

 

Figure 5-11: CO2  emission f rom Oil ,  tota l  emission is  f rom (IEA,  

2010),  and emission f rom oi l  used to produce electr ic i ty is est imated 

using IEA (2010) rates along with Moenr (20 08) annual e lect r ic i ty  

consumpt ion.  
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produces almost 66.35% (rounded to 66.5%) of  the country’s consumed 

elect r ic i ty .  According to IEA (2010),  the total  CO 2  emissions from 
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due to natural gas power plants e f f ic iency to have an average of 

824gCO2 /KWh (see Fig .  5 -9) .  

Al ike  to oi l  emiss ions, the CO2  emiss ions ( in  mil l ion tonnes) f rom 

natural gas used for  generat ing elect r ic i ty would then be est imated 

accord ing to the fo l lowing equat ion (see f igs 5 -10, 5-12):   

(         )                                    (   )       (
 

   
)

         
 

        …………….. (5 -3)  

 

Figure 5-12: CO2  emission f rom Natural  Gas , total  emiss ion is f rom 

(IEA, 2010),  and emission from o i l  used to produce elect r ic i ty is  

est imated us ing IEA (2010) rates along with Moenr (2008) annual 

e lect r ic i ty  consumption.  

5.5.4  NUCL EAR -  EL ECTR ICIT IY  
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and decommiss ioning of  NPP. CO 2  f rom al l  energy inputs should be 

est imated and compared with sav i ng in fossi l  fuel emissions when nuclear 

subst i tutes convent ional energy power plants .  

From a rev iew of recent studies of  associated GHG emissions with  

nuclear energy l i fecy le,  the emiss ions are est imated between 1 gC/KWh 

and 80 gC/KWh. the lowest va lue ap pears rock-bottom est imates whi le the 

highest value is great ly overest imated.  the real ist ic  average emiss ion of 

GHG is  about 18 gC/KWh, of  which uranium min ing and mi l l ing emit ts 7  

gC/KWh (Harvey, 2010 ci t ing Sovacool,  2008 and Lenzen, 2008).   

The act iv i t ies of  mining and mil l ing,  conversion and reconvers ion, 

enrichement,  and fuel fabricat ion for the UAE’s NPP wi l l  be exc luded from 

the simulated est imates. The geographic l imi ts for th is d issertat ion is the 

UAE boundaries whi le these act iv i t ies wi l l  a lways o ccure outs ide the UAE 

and uranium fue l wi l l  be imported to  the UAE as fabricated to be used in  

the NPP. CO 2  emiss ions from spent fue l waste wi l l  a lso be exc luded due 

to the fact  that spent  fuel in the UAE wi l l  be returned to the fue l se l le r  

accord ing to ENEC (2010d).  Elect r ic i ty generat ion from nuclear has no 

CO2  emissions at  operat ion phase but,  support ive act iv i t ies (const ruct ion, 

maintenance,  t ransportat ion, etc)  are  the responsib le for the emissions. 

Harvey (2010) presentd that the energy used af ter con struct ion –  

exclud ing spent fue l waste -  forms almost  40% of  the tota l  energy input 

for supplying electr ic i ty f rom nuclear energy (see Table B -13, Appendix 

B).  Therefore,  the GHG emiss ions from nuclear energy in  the UAE could 

be around 7 gC/KWh. Accord ing  to conversion rates of  the Department of  

Trade and Industry (DTI,  2006) ,  the equivalent carbon dioxide emission 

(gCO2  /KWh) is equal  to 25.62gCO 2 /KWh as calculated by the fo l lowing 

equat ion:  

                        (                   )    (5-4)  
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Although th is rate of  emission remains almost three t imes higher than 

the Vattenfal l  study by (Mart in,  1999) –  ment ioned under sub-sect ion 

1.7.2 in chapter 1,  but i t  sounds reasonable as i t  includeds the NPP 

construct ion, decommession ing and  waste disposal phases. Therefore,  

25.6 gCO2 /KWh is the amount of  CO 2  emiss ion from nuclear energy which 

wi l l  be adopt in the simulat ion process.  

5.5.5  CO2  EMISSION S PER CA PITA  

The est imates for CO 2  emiss ion per capi ta  are af fected by certa in 

number of  sensit ive factors.  The major factor of  these is the correct  

f igures of  populat ion from a loca l accred ited source o f  stat ist ics  at  the 

exact same t ime of est imat ing the tota l  CO2  emiss ions in a country.   

Further factors inc lude the l i festy le,  urbanized area, t ravel d istances, 

nature of  the country ,  etc.  

Figure (5 -13) shows the per capita emiss ions of  CO2  in the UAE from 

1971 t i l l  2008. There are two sl ight ly d i f ferent readings; the f i rs t  is the 

publ ished data from IEA (2010) whi le the other represents an est imate 

accord ing to the publ ished stat ist ics of  populat ion f rom MoE (2008) by 

divid ing the total  CO2  emission on the populat ion. The trend of  per capita 

emissions has decreased from mid 1990s to  2005 due  to certa in  ef fect ive 

measure such as shif t ing to natura l gas e lectr ic i ty -  which conf i rms the 

Embassy-of -UAE (2009) under sub sect ion  “1.4” of  chapter 1 -  but,  i t  

returned increasing thereafter.  Th is  is due to the decreased ef f ic iency of  

the power plants.  However,  there might be some intolerance in the 

publ ished numbers for the period of  dropped t rend.  
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Figure 5-13: The per capita emiss ions of  CO2  in the UAE from 1971 

t i l l  2008, ( IEA, 2010; and MoE, 2008)  

5.5.6  CO2  FR OM TRA NSPORTA TION  

This sub-sect ion is ment ioned in th is research to h ighl ight the 

signif icant  impact  of  t ransportat ion on the CO2  emission.  I t  is  a fast  

growing sector of  energy demand, and is  closely associated with oi l .  

Almost 98% of the g lobal t ra nsportat ion fuel is f rom oi l  (ExxonMobi l ,  

2009).  People in the UAE depend heavi ly on using transporta t ion in their 

movements with less dependence on commuting which encouraged the 

number of  pr ivate and commerc ial  cars to  increa se. Accord ing to MoE 

(2007),  the number of  cars has jumped from 792,000 in 2003 to 1,078,000 

in 2006, and the number of  buses increased from 17,000 to 40,000 in the 

same t ime.  Th is leads to an average rate of  1  car for every 4 persons.  

CO2  emission f rom t ransportat ion sector is the th ird highest in the UAE 

after e lectr ic i ty and construct ion whi le i t  is the wor ld ’s  second largest CO 2  

emit ter o f  a lmost 22% of the globa l  CO2  emiss ions in 2008.  I t  was 

responsible of  25.2 Mton of  CO 2  emiss ions in the UAE in the year 2008 
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which const i tutes almost 17.2% of the country ’s total  emiss ions of  that 

year (see Fig.  5 -8).  The per capita  emiss ion for t ransportat ion sector was 

5.61 ton CO 2  in 2008 with less than 1% increase from 2007 (IEA, 2010).  

Figure (5-14) represents the  est imated CO 2  emiss ion ( in Mton) f rom 

transportat ion sector f rom 2000 to 2008 us ing the fo l lowing equat ion:  

                 (   
   

      
)

         
    ………. (5 -5)  

 The 25.2 Mton CO2  emit ted in 2008 as publ ished by IEA (2010) wi l l  

then be adjusted to 26.7 Mton CO2  in the same year af ter consider ing the 

publ ished populat ion of  4.76 mil l ion from MoE (2008) which is s l ight ly 

h igher than the adopted populat ion of  4.4mil l ion adopted in IEA (2010) 

est imates.  However,  t ransportat ion sector  must have decisive changes  to 

the used operat ing fue l.  I t  cou ld move to  low carbon fuel sources, hybrid  

cars,  or  other ef fect ive technologies which can mit igate the CO2  

emissions f rom t ransportat ion sector.  

 

Figure 5-14: CO2  emission ( in Mton) CO 2  per cap ita (ton /  cap ita)  

f rom t ransportat ion sector and f rom 2000 to  2008, ( IEA, 2010; and 

MoE, 2008)  
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5.5.7  CO2  PER GR OSS DOMIST IC PR ODU CT (GDP) 

The gross domest ic product ref lects the economical sta tus of  a 

country,  and represents an essent ia l  factor  of  CO 2  emiss ions. The CO 2  

emission per GDP almost a lways increases in al l  developing countr ies due 

to their  increasing demand for industry and deve lopment.  This 

development usual ly consumes convent iona l  fuel which is d i rect ly re lated 

to the GDP growth. F igure (5 -15) shows the CO2  emissions per GDP in the 

UAE. I t  is  apparent the emiss ion rate  has a drop from mid 1990s to 2005 

which might be due to higher t rend of  economic growth along with certa in 

mit igat ion measures of  CO2  in the same period as ment ioned under sub -

sect ion 5.5 .5 above.  

 

Figure 5-15: CO2  emissions per GDP rates  using 2000 US do l lar  

rates,  ( IEA, 2010)  
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5.6 SOFTWARE VALIDATION  

A basic va l idat ion case was conducted in order to ver i fy  the accuracy 

and the sensit iv i ty of  the MESSAGE simulat ion software. This basic case 

was compared with a bui l t - in case study in the software. Demo_Case5 is a 

case with energy components (o i l ,  coal  and renewable)  as inputs whereas 

the f inal  chain leve l  is e lect r ic i ty.  The base year is  2000 whi le the 

simulat ion per iod is f rom 2002 to 2030. Further to est imat ing the energy 

contr ibut ions to the e lect r ic i ty demand, the demo_case5 computes the 

SO2  emiss ion from fossi l  fuel (coa l and o i l )  at  constant emiss ion rate s of  

0.089 and 0.039 MW/yr respect ively.  The results are obtainable via 

select ing a scenar io and running the simulat ion process.  

A new case was in i t iated and given a name of “UAE_Validat ion” using 

the same input data o f  demo_case5 for  comparison reason of the resul ts  

thereafter .  The only changes to the bui l t - in case study are replacing the 

coal energy with natural gas and the SO2 wi th CO2  (as i t  is the focus in  

the dissertat ion) .  Al l  the other parameters remained ident ical,  the base 

year is 2000 and the target year is 2030, e lectr ic i ty demand is 200 MW/yr 

at  annual growth of  5%, CO2  emiss ion from oi l  is 0.039 MW/yr whi le i t  is 

0.089MW/yr f rom gas which is the same as coal in the demo_case5, and 

so on.  

Figure (5-16) shows the demo_case5 resu lts for SO2  emission by 

energy source, and Fig.  (5-17) shows the in i t iated UAE_val idat ion resul ts 

for CO2  emiss ion by energy source. Both results are ident ica l as shown in 

the f igures.  
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Figure 5-16: Demo_Case5, results  for SO2  emission by energy 

source  

 

Figure 5-17: UAE_val idat ion, resul ts for CO 2  emission by energy 

source  
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5.7  S IMUL ATION CONFIGU R ATION  

The MESSAGE software is insta l led under Microsoft  Windows 7 as a 

fu l l  vers ion. Simula t ion parameters ( i .e.  base year,  growth rate,  e tc) wi l l  

be conf igured for each simula t ion case separately  -  us ing the input data 

which d iscussed earl ie r in th is chapter.  E ach case wi l l  have an individual 

f i le due to d i f ferent parameters.  I t  has been found appropriate  to set three 

dif ferent s imulat ion cases of  future CO2  emissions in the UAE as 

explained af terward. Upon complet ion of  software insta l lat ion, new cases 

wi l l  be opened to star t  the process.  

The fo l lowing three sub -sect ions discuss the research s imulat ion 

cases a long with  the parameters and the assumed scenarios with in each 

case:  

5.8 BUSIN ESS A S USUAL (BAU)  S IMULAT ION CASE  

In th is case, the same energy rhythm of supply  and consumption in 

2008 is assumed to  remain as is t i l l  2050. The energy demand is  

est imated to increase at  recent growth rate of  energy consumpt ion (f rom 

2001 to 2009) which is  a lmost 9% as an average from Moenr (2008) which 

is ment ioned under sect ion “5.4 ” .  The used energy for generat ing 

elect r ic i ty  is a combinat ion of  33.5% oi l  and 66.5% natura l gas (0.15% 

displacing the negl ig ib le diese l source to ease the simulat ion).  Populat ion 

forecast is set -up according to the UN (2008) for th is case and the other  

two cases as wel l .  CO 2  emiss ions are hence est imated accord ing to the 

oi l  and gas emiss ions ra tes ment ioned under subsect ions “5.5 .2 and 

5.5.3” respect ive ly.  Thereafter,  a new case is in i t iated at  the software 

f rom the commands l ist  and given a name and l i t t le descr ipt ion (see Fig.  

5-18).   
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From the edit  command, conf igurat ion starts with sett ing -up the t ime 

period of  2008 as a base year t i l l  2050 the targeted year of  the simulat ion 

research (see Fig .  5 -19).  Other conf igurat ions such as the energy forms 

and demand, constra ints,  resources, e tc are fo l low then (see Appendix C 

for the s tep-by-step conf igurat ion windows).  

 

Figure 5-18: Creat ing new case f rom new case command  

  

Figure 5-19: Appl icat ion data base from edi t  command, general data 

(s imulat ion period)  
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5.9 UAE  PR OPOSED  S IMULA TION  CASE (APR  1400)  

This case looks at  the actual proposal by the UAE as ment ioned under 

sub-sect ion “3.7 .1 ”.  Nuclear energy is int roduced to the energy scheme to 

supply e lect r ic i ty to the nat ional gr id .  The NPP wi l l  start  supply ing 1,260 

MWe (90 % capacity  factor) which is equivalent to 11,037.6 GWh of 

e lect r ic i ty  consumpt ion by 2017 with  a mult ip le yearly increase to  cover a 

constant consumption demand of 44,150.4 GWh from 2020 onward. 

Renewable  energy wi l l  cover 12,303.25 GWh (7%) of  e lectr ic i ty 

consumpt ion by 2020 and to remain constant t i l l  the target year.   

Furthermore, CCS is introduced to the case to start  cut t ing 5 Mton of  

CO2  emiss ions by 2014; th is feature wi l l  be appl ied af ter get t ing the 

resul ts of  total  CO 2  emissions. Oi l  source of  generat ing elect r ic i ty  is more 

expensive than natura l gas and more environmental ly harmfu l according 

to BP (2010).  Therefore,  both nuclear and renewable energy are assumed 

to proport ional ly d isplace the oi l  energy and then natural gas i f  excess  

clean energy remains assuming that natural gas is avai lable t i l l  the target 

year.  Populat ion remains simi lar to the BAU case. F igure (5 -20) i l lustrates 

the integrat ion of  the e lect r ic i ty parameters during the simulat ion period.  

Start ing working on the simulat ion case wi l l  have simi lar steps as BAU 

except for add ing nuclear and renewable energy. Dif ferent to BAU, energy 

demand is assumed to grow at lower rat e  due to the cal ls for  energy 

saving t rends by UAE environmental ists,  increased publ ic awareness 

about the opt imal use of  energy, and more ef f ic ient e lect r ic i ty appl iances 

and devices in future.  Therefore,  the growth rate of  energy demand is 

assumed to grow constant ly at  4% f rom 2020. This assumption has been 

inf luenced by Moenr (2008) pred ict ion for  the years 2018 to 2020.  
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Figure 5-20: The in tegrat ion of  the e lectr ic i ty parameters as 

proposed in the APR 1400 simulat ion case.  

5.10 THE CA SE OF CLEAN EN ER GY ERA (CEE) 

In th is case, more clean energy acts are integrated into the electr ic i ty 

scheme.  Three main scenar ios are proposed individua l ly,  and each one 

includes four sub-scenarios.  The fo l lowing sub -sect ions expla in the major  

parameters of  these scenarios which ment ioned tentat ive ly in the research 

matr ix in chapter 4:  

5.10.1  NUCL EAR ENER GY SC EN ARIOS (NES) 

This scenar io includes four sub-scenarios:  1) int roducing one NPP of 

5,600MWe a l l  over the research period to  rea ch fu l l  capaci ty by 2020 

which is the same as the APR 1400 case , 2) two NPPs by 2020 and 2040, 

3) four NPPs dis tr ibuted gradual ly  by 2020,  2030, 2040 and 2050, and 4) 

e ight NPPs at gradual d ist r ibut ion on 2020, 2025, 2030, 2035, 2040, 

2045, 2 units  by 2050  to reach a tota l  nuc lear energy supply of  44,800 
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wi l l  remain ident ical to  the case of  APR 1400 ( 4% energy growth ra te,  7% 

of renewable energy by 2020 and 5Mton CCS unit  by 2014).  Figure 5-21 

i l lust rates the scheme of int roducing NES scenar ios during the study 

period whereas Fig.  5 -22 shows the integrated generat ion percentage of 

each scenario in the e lect r ic i ty sector.  Other parameters are not shown in 

the f igure for ease conf igurat ion.  

 

Figure 5-21: the scheme of introducing NES scenarios from 2010 –  

2050 

 

Figure 5-22: the percentage of  NES scenar io in the tota l  e lect r ic i ty  

generat ion  
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5.10.2  REN EWABL E EN ER GY SC ENAR IO S (RES) 

Typical ly,  th is scenario includes four sub-scenarios:  1) 7% of the 2020 

elect r ic i ty demand wi l l  be covered by renewable sources as proposed by 

the UAE in APR 1400 case, 2) the percentage of  renewable energy supply 

to the electr ic i ty gr id  wi l l  reach 15% by 2035 and maintain a constant 

supply of  the same percentage , 3) the percentage of  e lect r ic i ty generated 

from renewable energy wi l l  reach 25% by 2040, and 4) 35% of renewable 

energy wi l l  be integrated into supply scheme of the ele ctr ic i ty gr id by 

2050. Further CO2  mi t igat ion measures are assumed to be ident ical  to the  

other APR 1400’s for the four RES scenarios;  these measures  are 1NPP 

by 2020 and 5Mton CCS unit  by 2014.  

Figure 5-23 shows the int roduct ion of  RES scenarios along with their  

predicted elect r ic i ty consumpt ions whereas Fig.  5 -24 i l lustrates the 

generat ion percentage of  each RES scenar io  in the e lect r ic i ty sector.  The 

(7%) scenar io reaches a 12.3TWh by 2020 and cont inues supplying a  

constant amount  which is d i f ferent to the other scenar ios where the 

assume percentage of  supply is mainta ined t i l l  2050.   

 

Figure 5-23: the scheme of int roducing RES scenar ios showing the 

ant ic ipated elect r ic i ty consumpt ion va lue (TWh) 

0

50

100

150

200

250

2010 2015 2020 2025 2030 2035 2040 2045 2050

A
nn

ua
l E

le
ct

ric
ity

 G
en

er
at

io
n 

(T
W

h)
 

Years 

7%

15%

25%

35%



 

 

Page |  127  

 

 

Figure 5-24: the generat ion percentage of  each RES scenario in the 

elect r ic i ty  sector  
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25 shows the proposed capacit ies of  CCSS scenar ios among the study 

period.  
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emissions of  the base year,  BAU case,  and APR 1400 case. The 

dif ference between the APR 1400 case and every CEE scenario wi l l  

recognized as an achievement to be discussed in detai ls in chapter 6 

“Results  and Discussion”  

 

Figure 5-25: the proposed capaci t ies of  CCSS scenar ios  
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s imulat ion runn ing has to restart  again  and, f requent ly,  the non -reported 

cause for an error has to be guessed and manipulated .  The inputs intake 

consume relat ive ly a long t ime whi le many parameters and relat ions have 

to be conf igured such as levels  of  energy chain,  energy demand, study 

period, energy growth rate,  rates of  CO2  emission of  each energy source, 

etc.  Moreover,  in case of  missing or incompat ib le inputs,  the software 

stops running at  the middle of  the process or  somet imes close to the end  

of  running process. This stop d ue to an error is usual ly not reported 

specif ica l ly by the software so; i t  might need to re - in i t iate  a new scenario 

f rom scratch.  

 

Figure 5-26: BAU, Running the s imulat ion process.  

The software, however,  has a good level of  the outputs whether 

f igures or tables whereas, the tables  are much better than the qual i ty of  

the f igures for presentat i on (see Figs.  5 -17 and 5-27).  Therefore,  i t  was 

found better  to export  the tables to Microsoft  Excel to produce the needed 

charts  when appl icab le.  Furthermore, the usage of Exce l at  the resul ts 
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stage can veri fy the certa inty of  the outputs whi le errors dur ing the inputs 

intake might happen.  

Upon complet ing al l  s imulat ion processes, the results are then 

obtained from “Results” command using various opt ions to select  the 

desired output data from them. Figure (5 -27) shows one opt ion of  gett ing 

resul ts for the  e lect r ic i ty produced from o i l  in  the BAU scenar io.  S imi lar  to 

the simulat ion running, th is  step is repeatedly appl icab le for  each 

scenar io.  

 

Figure 5-27: BAU, sample of  gett ing results  f rom MESSAGE 

simulat ion software  
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CHAPTER 6: RESULTS AND D ISCUSSION  
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6.1 INTRODUCTION  

The resu lts f rom the simulat ion processes are presented in th is 

chapter and discussed under each simulat ion case indiv idual ly.  

I l lustrat ion charts are provided wherever meaningful to support  the 

discussion and to  present the outputs for each case  and scenar io .  The 

sub-scenar ios are of ten integrated in one f igure  under a main scenario  to 

ease the comparison among them. The resul ts are  also compared with the 

base year data and the other cases and sc enarios whenever useful.  

Detai led tables and data of  the results can be found in Appendix  “D ” .  

6.2 BUSIN ESS AS USUAL  (BAU)  CASE  

This s imulat ion case is a scenario by i tse lf .  The results are divided 

into two separate sub -sect ions: the f i rst  d iscusses the energy  demand 

whi le the second sub -sect ion focuses on the CO2  emissions under the 

BAU case from 2010 to  2050.  

6.2.1  ENER GY DEMAND  

The simulat ion resu l ts for  future energy demand represent  an 

exponent ia l  increase t i l l  2050. The predicted electr ic i ty consumpt ion  in 

2050 is  a lmost  2,975TWh which is nearly 40 t imes the consumption of  the 

base year (see Fig.  6 -1).  The UAE was facing inabi l i ty problems in 

fu l f i l l ing the elect r ic i ty  demand in 2008 and started look ing for a l ternat ive 

energy sources as ment ioned in sub -sect ion “3.7 .1 ”.  Due to the large 

forecasted demand of e lect r ic i ty by 2050 , i t  is a pr ior i ty to f ind al ternat ive 

energy sources and other energy sav ing techniques to avo id a probable 

catastrophe in the next  four decades.  
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Figure 6-1:  BAU, Expected energy demand t i l l  2050 per energy fuel  

source  

The capacity  of  product ion in 2050 is  a lmost  691.5 GWe at  49% 

generat ion ef f ic iency from power plants.  The oi l  energy and gas energy 

remain suppl ies 33.5% and 66.5%  of the overal l  generated electr ic i ty.  

UAE is current ly import ing natura l gas according to BP (2010) as the 

local ly ava i lab le amounts are insuff ic ient to fu l f i l l  the increasing demand. 

This t rend is expected to cont inue and more imported natural  gas wi l l  

steadi ly be demanded. There are certa in  factors to be considered when 

import ing gas such as pol i t ica l  stab i l izat ion, the avai lab i l i ty  of  the assets,  

the avai labi l i ty of  gas f rom i ts source,  and the price of  imported fue l which 

have to be considered during e nergy plann ing techniques.  

6.2.2  CARB ON  D IOXID E EMISSION  

The large increase of  consuming convent ional energy in  the electr ic i ty  

sector  is associated with the unprecedented increase in emit t ing CO 2  into 

the atmosphere. CO 2  emiss ion f rom electr ic i ty is  increasing a lmost 40 

t imes the 2008 levels at  an annual increase of  9% which ref lects the same 
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energy growth rate .  By 2050, the CO 2  emission f rom electr ic i ty could 

reach 2,820 Mton. The oi l  energy of  33.5% electr ic i ty supply is  

responsible for a lmost 42% of the elect r ic i ty emissions (see Fig.  6 -3).   

 

Figure 6-2: BAU, Tota l  CO2  emission per source t i l l  2050  

The emiss ion from other sectors is added to  the elect r ic i ty emiss ions 

using an est imated average of  7% annual  incr ease for other  sectors 

accord ing to IEA (2010) average growth rate.  This  rate is  2% less than the 

elect r ica l energy growth rate in the BAU. The country ’s tota l  CO 2  emission 

could reach 4,027Mton by 2050 (see Fig.  6 -2).  This amount of  emission 

exceeds the total  emit ted CO 2  f rom the ent ire European cont inent of 

3,991.2 Mton in 2008. I t  a lso represents more than two and half  t imes the 

2008 emiss ion from the ent ire Midd le East  countr ies as inf luenced from 

the IEA (2010) stat ist ics.  UAE has been recognized by Ky oto Protocol as 

a Non-annex I  reg ion thus, l imitat ions on CO 2  emission has not  been put 

yet to const i tute a gu ide for the country emissions. However,  f rom the 

compar ison with the European cont inent  as an Annex I  region, the 
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projected emiss ion in  th is scena r io is threatening to the nat ional and 

internat ional envi ronment.  

In the year 2050, the per capita emiss ion is  increasing by more than 

13-fold,  as an overal l  emission, than the current CO 2  levels (see Fig.  6 -3).  

This is due to higher growth rate of  per cap ita emissions than i t  for 

populat ion. The UAE is current ly the World ’s second highest per capita 

emit ter af ter Qatar according to IEA (2010);  however,  UAE might become 

the highest per capita  emit ter  of  CO2  by 2050 i f  the BAU cont inued. The 

emission rate of  488 ton CO 2 /cap ita by 2050 is a terr i fy ing value which 

requires necessary prevent ive act ions and techniques in place to lessen 

the emit ted amounts of  CO2  .  

 

Figure 6-3: BAU, per capita emission of  CO2  ( ton /  cap ita)  

6.3 APR  1400  SCENARIO  

This scenar io is an actual proposal which is p lanned to  be 

implemented by the UAE government.  The results are therefore,  ref lect ing 

the expected status of  UAE future p lans for energy  and i ts  envi ronmental  

impacts of  CO 2 .  
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6.3.1  ENER GY DEMAND  

Due to the assumed mit igat ion measures to the future energy demand 

under the APR 1400 scenario,  the s imulat ion resu lts represent reasonable 

increase t i l l  2050. The total  predicted consumption of  e lect r ic i ty in 2050 is 

expected to be almost 570 TWh (see Fig.  6-4) which const i tutes 7 - fo ld the 

base year demand, and less than 20% of the BAU scenar io.  The fuel 

components in 2050 are expected to be 66.5% natural gas, 23.6% o i l ,  

2.2% renewables, and 7.7% nuclear energy (see Fig.  6 -5).  Under th is 

scenar io,  c lean energy has more inf luence –  as a percentage –  into the 

elect r ic i ty  gr id once int roduced by 2020 ( re fer  to Appendix D).  

The capacity  of  product ion is  found to be 132.5GWe in 2050 at  a lmost 

62.5% generat ion ef f ic iency from power plants.  The key achieve ment of  

a l ternat ive energy sources is that they are d isplacing o i l  energy which is 

responsible for the major i ty of  CO 2  emission.  Natural gas is st i l l  expected 

to be imported but at  lower amounts i f  compared with the BAU scenario as 

the needed natural gas in th is scenario is for 397.09 TWh which is less 

than 20% of  (1,978.4 KWh) the needed in BAU scenario.   

 

Figure 6-4: APR 1400 scenario ,  Expected energy demand t i l l  2050 

per energy fuel source  
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Figure 6-5: APR 1400 scenario ,  Percentage of  the expected fuel  

shares by 2050  

6.3.2  CARB ON  D IOXID E EMISSION  

The comparat ive ly less future demand of e lectr ic i ty has –  by i tsel f  -  a 

construct ive mit igat ion tool of  CO 2  emissions. Alternat ive energy sources,  

main ly nuclear energy of  25% of the total  e lectr ic i ty generat ion by 2020, 

contr ibuted posi t ive ly to the mi t igat ion measures of  CO 2  emission as wel l .  

Elect r ic i ty sector,  by the 2050, found emit t ing 6 -fo lds the base year but ,  i t  

is a lmost 16.6% of the emit ted amounts in the BAU scenar io.   

The CO2  emission from e lect r ic i ty,  in the target year 2050, could reach 

474Mton. Th is amount is ad justed to 469 Mton due to the ef fect ive  

measure o f  5 Mton CCS. Nuclear energy which suppl ies  7.7% of  the total  

e lect r ic i ty  emit  less than 0.25% of  the total  CO 2  emiss ion f rom e lectr ic i ty  

in 2050 (see Fig.  6 -6).  The per capita emissions have a drop -down 

between 2014 and 2020 due to int roducing CCS technique in 2014 and 

then, nuclear and energy  by 2017 t i l l  2020,  and renewable energy also 

resul ted a  lower per capita rate  of  CO 2  emiss ion (see Fig.  6 -7) .  
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Figure 6-6: APR 1400 scenario,  CO2 emiss ion f rom electr ic i ty  per  

fuel source t i l l  2050 includ ing the CCS technique  

* (CCS is not shown as i t  is be low the   axis and f i l led in wi th CO2 ) 

 

Figure 6-7: APR 1400 scenario,  per capita emission of  CO2  ( ton /  

capita)  f rom elect r ic i ty and i ts components inc ludin g the CCS 

technique.  
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The total  per capita t rend returned increasing af ter 2020 at an annual 

average of  20% as the CO 2  growing rate returned overbeat ing the 

populat ion growth ra tes.  The per cap ita rate of  emission is expected to 

reach 56.8ton CO 2 /capita by 2050 which is s ign if icant ly h igh in 

compar ison to 2008 rate.  

6.4 THE CA SE OF CLEAN EN ER GY ERA (CEE) 

This scenar io is proposed in th is study to promote a clean environment  

level  to a high v iable extent in the UAE. Due to the relat ive ly wide range 

of scenar ios w i th in the CEE as shown in the research matr ix “chapter 4”,  

the resu lts  for some scenarios –  a lmost  the moderate  scenarios - wi l l  be 

presented tentat ive ly whi le the extreme scenarios wi l l  be more detai led. 

The results are  ref lect ing opt imist ic  scenarios in  order to assist  the 

decis ion makers to easi ly choose among them for implementat ion in the 

country.  Simi lar to APR 1400 scenario,  future energy demand represents 

reasonable t rend of  4% annual growth ra te between 2020 and 2050. 

Populat ion project ions are a lso ident ica l to both BAU and APR 1400 

scenar ios.  

6.4.1  NUCL EAR ENER GY SC EN ARIOS (NES) 

Nuclear energy starts d isplacing the convent ional energy (o i l  and then 

gas) at  i ts f i rs t  operat ion in 2020 to generate elect r ic i ty.  The four 

scenar ios (1NPP, 2NPPs, 4NPPs, and 8 NPPs) are s tep-by-step integrated 

into the elect r ic i ty scheme at d i f ferent degrees. As shown in Fig.  (5 -22),  

the nuclear energy in 1NPP and 2 NPPs scenarios has a peak supply of  

25% in 2020. In the 4NPPs scenario,  i t  has a peak supply of  34.4% in 

2040 whi le the 8NPPs scenar io records the highest peak supply of  62% 

elect r ic i ty f rom nuclear energy by 2050. F igure (6 -8) shows the shares of 

energy sources in generat ing electr ic i ty for  NES scenar io s in the target 
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year 2050. I t  is  apparent that the convent ional e nergy sources become 

less when more nuclear energy is integrated into the electr ic i ty scheme. 

This means cleaner environment in the future as d iscussed later in th is 

sub-sect ion in the CO2  emiss ion.  

Figure (6-9) shows the trends of  energy components f rom 2 010 to 

2050 for the ext reme scenario (8NPPs).  This is thought to be an opt imum 

choice to ach ieve the future energy demand and mainta in cleaner 

environment a l ike.  Oi l  energy,  as the most  CO2  emi t ter  in  the UAE, is 

expected to be barred by the year 2022. Under th is NES scenar io ,  c lean 

energy has s ignif icant  inf luence into  the e lectr ic i ty gr id  which encourages 

cleaner and health ier environment ( refer to Appendix D ).  

However,  natural  gas is st i l l  demandable but,  at  low levels i f  compared 

with  BAU and APR 1400 scenar ios.  The natural  gas required in th is 

scenar io is a lmost  ha lf  the quant i ty in the NES (1NPP) and APR 1400 

scenar ios.  I t  a lso accounts for a lmost one ninths the needed natural gas 

for BAU scenar io by the year 2050. This is a great contr ibut ion to  le ssen 

the dependence on fossi l  fuel energy in order to mit igate CO 2  emiss ions.  

 

Figure 6-8: Energy shares in generat ing e lect r ic i ty for each NES 

scenar io in 2050  
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Figure 6-9:  NES (8NPPs) scenario,  the trend of  e lect r ic i ty supply  per  

fuel source t i l l  2050  

CARB ON  D IOXID E EMISSION :  

Further clean energy to the electr ic i ty gr id,  the appl icat ion of  eco -

fr iend ly bu i ld ing codes by local  authori t ies,  and energy saving 

approaches; a l l  these and more are usual ly important factors which play 

signif icant  ro le in adapt ing and mit igat ing the CO2  emiss ions. A l though 

the other factors rather than energy are assumed as part  of  adaptat ion 

mechanism (refer to sub -sect ion 1.6.2) and not est imated along with the 

CO2  emission in th is  study, they s t i l l  can be recognized by the decis ion 

makers at  the measurements of  CO2  emissions from electr ic i ty.  This is in  

l ine with Psomopoulos et  a l .  (2009) which discussed in chapter 2 

“L i terature  Review”.   

Each one of  the four NES scenar ios mit igate d var iant leve ls of  CO2  

f rom the electr ic i ty sector during the study per iod. The more goes extreme 

in generat ing e lect r ic i ty by nuclear,  the more CO2  mit igat ion is achieved 

(see Fig .  6 -10).  The overal l  emit ted CO2  f rom electr ic i ty at  the 8NPPs 
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scenar io in 2050 is a lmost 172.6Mton (f rom nuclear and gas energy  only).  

This emit ted amount forms almost one th ird  the emissions at  the 1NPP 

scenar io and 6% of the CO2  emiss ion at  BAU. Therefore,  the 8NPPs 

scenar io saves a lmost  two th i rds of  the emit ted CO2  f rom 1NPP which is 

the same as APR 1400. The saving goes sign if icant ly at  94% is compared 

to the BAU. Noteworthy,  in th is ext reme NES scenario nuclear energy 

suppl ies around 62% of the total  e lect r ic i ty whi le i t  emits less than 5.25% 

of the total  CO2  f rom elect r ic i ty.  The mode rate scenarios,  2NPPs and 

4NPPs save around one ninth and on e th i rd  CO2  emiss ions f rom the APR 

1400 respect ive ly .  

 

Figure 6-10: NES scenarios,  tota l  CO2  emission f rom elect r ic i ty  t i l l  

2050 includ ing the CCS technique.  

The overa l l  emit ted CO 2  f rom the 8NPPs by 2050 is re lat ively twice the 

base year amount of  CO 2  f rom elect r ic i ty.  I t  is a lso 4 -fo ld higher for  

4NPPs, 5.5 t imes more for 2NPPs, and 6 -fo ld higher than the base year 

for the 1NPP scenar io  in the same target year.  The emit ted amounts f rom 
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using nuclear energy to generate electr ic i ty,  according to IEA (2010).  

Figure (6 -11) show the CO 2  emission per  fuel source a long with  the CCS 

technique in the 2050 for the four  NES scenarios.  I t  is obv ious that more 

nuclear  energy in tegrat ion leads to  more mit igat ion measures of  CO 2  by 

the target year.  

 

Figure 6-11: CO2  emission per fuel  source inc luding the CCs 

technique in the 2050 for the NES scenarios.  

The results prove the potent ia l  capabi l i ty of  nuclear  energy to mit igate 

CO2  f rom elect r ic i ty sector in the bui l t  env i ronment.  This conforms the 

researches of  Matsu i et  a l .  (2008),  Mourogov (2000) and Kanoh (2006) 

which were stud ied in chapter 2 “L i terature Review”.  The researchers 

conf i rmed the vi ta l  ro le of  nuclear energy in mit igat ing the CO2  emissions. 

Therefore,  i t  is apparent now that the nuclear energy cou ld  be integrated 

into the elect r ic i ty generat ion scheme as a  tool of  lessening the carbon 

dioxide emiss ion which ul t imate ly improves the bui l t  envi ronment.  

The per cap ita emissions from electr ic i ty f luctuated during the study 
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the 1NPP scenario .  The lowest achieved per capita rate of  14.26 ton 

CO2 /capita in 2030 was by the 8NPPs scenario ( see Fig.  6 -12).  Th is rate 

is less than the base year emission rate per capita for e lectr ic i ty.  

 

Figure 6-12:  NES scenarios,  per cap ita  emission of  CO2  ( ton /  

capita)  t i l l  2050  

6.4.2  REN EWABL E EN ER GY SC ENAR IO S (RES) 

Each scenar io of  the four RES scenarios is gradual ly int roduced into 

the scheme of e lect r ic i ty to replace foss i l  fuel stat ing from 2010 as shown 

in F ig.  (5 -23).  The renewable energy in the (7%) scenar io,  which is  

proposed by the UAE in the APR 1400 case , reaches a  constant peak 

supply of  12.3TWh by 2020 so, i ts percentage  share of  the total 

e lect r ic i ty  starts  decreasing t i l l  2050.  In the (35%) scenar io,  renewable 

energy supply maintains gradual increase t i l l  the 2050. The two 

intermediate  scenar ios main tain gradual supply of  renewable elect r ic i ty at  

stable percentages which has the peak in 2035 and 2040 for the (15%) 
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Figure (6 -13) shows the shares of  energy sources in generat ing 

elect r ic i ty  for each RES scenar io in 2050 . The gas energy in the (35%) 

scenar io has s l ight ly  reduce d in comparison with the 8NPPs scenario  

whi le the oi l  energy is s ign if icant ly reduced in the (15%) scenario i f  

compared by the 2NPPs scenar io.  I t  then presents a bi t  more inf luence of 

RES scenarios to rest raint  the gas energy f rom electr ic i ty sector.   

 

Figure 6-13: Energy shares in generat ing e lectr ic i ty for each RES 

scenar io in 2050  

Figure (6 -14) shows the trends of  energy components f rom 2010 to 

2050 for the extreme scenar io (35%). Th is is thought to be a  better 

choice,  with in  the RES scenarios ,  to  d isp lace oi l  energy tota l ly  by the 

year 2035. The gas energy at  the (35%) scenario becomes s l ight ly less 

than the APR 1400 scenario  by 2050. The renewable energy sources in  

th is scenar io suppl ies  almost 199.5 TWh which is more than two and half 

t ime the tota l  e lect r ic i ty demand in the base year.  This amount of  supply 

const i tutes one th i rd  the renewable -sourced electr ic i ty in China, the 

current world ’s leading producer of  renewable energy, in 2008. The 

growth rate of  renewable energy is a lmost  13% which is equal  to the 
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renewable growth in Germany f rom 1998 to 2008 according to Liebard et 

a l .  (2009).  Th is growth is  however less than what Romeo et a l .  (2009)   

expected regard ing 31% growth of  renewable energy in 2050 as 

mentioned in sect ion “2.3” in chapter 2 .  

 

Figure 6-14: RES (35%) scenar io,  the trend of  e lect r ic i ty supply per  

fuel source t i l l  2050  

CARB ON  D IOXID E EMISSION  

The four  NES scenarios are  ind iv idual ly  cont r ibute  to the CO2  

mit igat ion from the electr ic i ty sector in the UAE at variant  leve ls  for each 

scenar io .  F igure (6 -15) shows the di f ferent CO2  emiss ion schemes from 

elect r ic i ty  for each scenario between 2010 and 2050. Noteworthy,  the 

renewable energy is a  f ree carbon emiss ion source  as ment ioned in the 

research parameters in chapter 4.  

The total  CO2  emiss ion at  the (35%) scenar io in 2050 could be about 

265Mton which is a lmost one and half  the emit ted amount f rom the 8NPPs 
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the (7%) and APR 1400 scenar ios.  I t  is,  furthermore, saving about 90% of  

the CO2  emi t ted at  the BAU scenario .  The moderate scenar ios,  (15%) and 

(25%) save around one f i f th  and one th ird CO2  emiss ions f rom the APR 

1400 respect ive ly .  

 

Figure 6-15: RES scenarios,  tota l  CO2  emission f rom elect r ic i ty  t i l l  

2050 includ ing the CCS technique.  

The overal l  emi t ted CO 2  f rom the (35%) by 2050 is around three and 

half  t imes the base year amount o f  CO2  f rom electr ic i ty.  I t  is a lso 4 -fo ld  

higher than the base year at  the (25%) scenario,  f ive t imes more at  the 

(15%), and 6- fo ld h igher than the base year for the (7%) scenar io  in the 

same target year.  The emit ted amounts at  the (25%) and (35%) scenarios 

in 2050 are less than the CO2  emiss ion f rom Franc in 2008 which is 

s imi lar  to the 4NPPs and 8NPPS scenar ios as aforement ioned . F igure (6-

16) presents the CO2  emission per fuel source inc luding the technique of 

CCS in the 2050 for  the four RES scenar ios.  I t  is apparent  that increasing 

the shares of  renewable energy to generate elect r ic i ty mit igates further 

CO2  emiss ions by the ta rget year.  
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Figure 6-16: CO2 emission per fuel source inc luding the CC S 

technique in the 2050 for the RES scenarios.  

 

The per cap ita emissions from electr ic i ty started decreasing f rom the 

year 2014 due to the appl icat ion of  CCS technique. This decrease 

cont inued due to the introduct ion of  nuclear energy and increasing 

renewable supply of  e lectr ic i ty t i l l  2020 to be 16.8ton CO 2  /capita.   

Thereafter,  the per capita emiss ions returned to steady increase for th e 

four RES scenarios at  d i f ferent ind iv idual levels (see Fig.  6 -17).  This  

might  be in terpreted due to more growth of  CO 2  emiss ions than the 

populat ion growth. After the 2020 increase,  the lease ach ieved rate in  

2050 was 32.12 ton CO 2  /cap ita at  the RES (35 %) scenar io which is  

a lmost double the base year.   
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Figure 6-17:  RES scenarios,  per cap ita  emission of  CO2  ( ton /  

capita)  t i l l  2050  

6.4.3  CARB ON  CA PTUR E A ND SEQUESTRAT ION SC ENA RIO S (CCSS) 

As shown in F ig.  (5 -25) of  chapter  5,  the four CCSS scenarios have 

dif ferent  ef fect ive  schemes of  integrat ion for  each scenar io.  Figure (6 -18) 

shows the d i f ferent levels of  CO2  emission from e lect r ic i ty af ter applying 

each CCSS scenar io individua l ly between 2010 and 2050. The overal l  CO2  

emission form electr ic i ty at  the (10 Mton/3yrs) scenar io in 2050 could be 

about 359Mton which is a lmost two t imes the emit ted amount f rom the 

8NPPs scenar io.  However,  th is scenar io is saving almost one fourth  of  the 

CO2  emiss ions f rom the (5 Mton once) and APR 1400 scenarios.  The 

moderate scenarios,  ( 5 Mton/6yrs ) and (5 Mton/3yrs ),  have a CO2  sav ing 

of  25Mton and 55Mton respect ively when compared by the APR 1400 

scenar io by the 2050.  

Figure (6 -19) shows the CO 2  emiss ion per fuel source includ ing t he 

CCS technique by 2050 for the four CCSS scenarios.  I t  is obvious that the 

emission leve ls o f  CO 2  f rom Gas,  o i l  and nuclear  energ ies remain 
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ident ica l for each CCSS scenar io whereas,  the overa l l  leve l of  CO 2  is 

changing due to di f ferent CCS reservo irs cap acity for each scenario.  

 

Figure 6-18: CCSS scenarios,  to tal  CO2  emission f rom e lect r ic i ty t i l l  

2050 af ter applying the  CCS techniques.  

 

Figure 6-19: CO2  emission per fue l source in  the 2050 for the CCSS 

scenar ios.  
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The per cap ita emiss ions from elect r ic i ty  have the least value by 2020 

due to the introduct ion of  nuclear energy  and renewable energy .  

Thereafter ,  the per capita emiss ions returned to steady incr ease for the 

four CCSS scenarios at  d i f ferent individual leve ls  due to the less 

populat ion growth than CO2  emission (see Fig.  6 -20).  After the least per 

capita emission of  13.3 ton/capita f rom the extreme scenario (10 

Mton/3yrs) in 2020, the least  achieved rate in 2050 was 43.5 ton CO2  

/capita which is a lmost two and half  t imes the base year.  The per capita  

emissions from (5 Mton/6yrs) and (5 Mton/3yrs) scenar ios were above 

three t imes higher than the base year per capita emissions.  

 

 

Figure 6-20: CCSS scenarios,  per cap ita emission of  CO2  ( ton /  

capita)  t i l l  2050  

6.5 COMPARATIVE ANAL YSIS  OF  THE SC ENAR IOS  

Comparat ive analysis  was found needful in order to determine the 

suitable  scenario for a  desi rable target.  Among the extreme scenar ios of  

CEE case, the CCSS (10Mton/3yrs) achieved the leas t  CO2  emiss ion 

between the years 20 17 and 2024 thereafter ,  returned increasing to rank 
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the highest among the three extreme scenarios.  The RES (35%) scenario  

achieved a comparat ively less CO2  emiss ion from the 2039 to 2050  than 

the CCSS (10Mton/3yrs) to  rank in the middle status among the three 

extreme scenarios .  The 8NNPs scenar io  not iced to be achieving  the 

min imum CO2  emission from the 2024 t i l l  the target years (see Fig.  6 -21).  

This is a proof that nuclear energy is the best opt ion to mit igate the CO2  

emissions of  the bui l t  envi ronment  as po inted-out under sub -sect ion 

“6.4.1”  

 

Figure 6-21:  Compar ison between the CEE extreme scenar ios,  APR 

1400 and BAU of CO2 emission from 2010-2050 

Figure (6 -22) compares of  the CEE moderate  scenar ios,  APR 1400 and 

the BAU in terms of CO 2  emission va lues from 2010 to 2050. The trends 

of  CO2  emission are f luctuated and varied among al l  the scenar ios.  The 

CCSS (5Mton/3yrs) found to be properly mit igat ing CO 2  emiss ion between 

2017 and 2027. The NES (4NPPs) ach ieved, re lat ive ly,  bet ter mi t igat ion 

level  between the 2028 and 2034. The RES (25%) was the best scenar io 

among the CEE moderate in mit igat ing the CO 2  f rom 2035 to 2050.  By the 
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target year,  both RES (25%) and NES (4NPPs) were very c lose, they 

furthermore, ach ieved better mit igat ion opt ions than the ext reme CCSS 

(10Mton/3yrs) scenario .   

 

Figure 6-22: Comparison between the CEE moderate scenarios,  APR 

1400 and BAU of CO2  emission from 2010-2050 

Similar to the CO2  emission values, the CCSS (10Mton/3yrs) of  the 

CEE ext reme scenar ios recorded  the least  per cap ita emiss ion between 

the years 2017 and 2024 afterward, i t  returned increasing. The RES (35%) 

scenar io achieved less CO2  emiss ion from the 2039 to 2050  than the 

CCSS (10Mton/3yrs).  The 8NNPs scenario was achieving the min imum per 

capita  emiss ions from the 2024 t i l l  the target years .  I t  has a per capita 

emission value of  20.9 ton CO2  /  capita in  the 2050 which is s l ight ly 

h igher than the base year value (see Fig.  6 -23).  Th is is  again  conf irms 

that nuclear energy is the superlat ive opt ion to mit igate the CO2  

emissions f rom the bu i l t  env ironment  in  the UAE.  

0

100

200

300

400

500

2010 2015 2020 2025 2030 2035 2040 2045 2050

an
nu

al
 C

O
2 

E
m

is
si

on
 (

M
to

n)
 

Years 

BAU

APR 1400

2NPPs

4NPPs

15%

25%

5Mton/ 6yrs

5Mton/ 3yrs



 

 

Page |  154  

 

 

Figure 6-23:  Compar ison between the CEE extreme scenar ios,  APR 

1400 and BAU of per capita emission of  CO2 from 2010-2050 

Figure (6 -24) compares between the CEE moderate scenar ios,  APR 

1400 and the BAU in terms of CO2  per capi ta emission va lues from 2010 

to 2050. The CCSS (5Mton/3yrs) found to be the super lat ive scenario in  

mit igat ing CO2  emiss ion as a proport ion of  populat ion  between 2017 and 

2027. By the target year,  both RES (25%) and NES (4NPPs) were very 

close at  37.8 ton CO2  /capita and 38.1 ton CO2  /capita respect ive ly .  They 

furthermore, ach ieved better mit igat ion opt ion than the ext reme CCSS 

(10Mton/3yrs) scenar io  by the 2050. Both CCSS (5Mton/3yrs ) and NES 

(2NPPs) were a lso very c lose at  50.18 ton CO2  /capita  and 50.59 ton CO2  

/capita respect ively  whi le the RES (15%) was lower than both o f  them at  

46.25 ton CO2  /cap ita.  
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Figure 6-24: Comparison between the CEE moderate scenarios,  APR 

1400 and BAU of per capita emission of  CO2  f rom 2010-2050 

As a summary, the nuclear energy in the extreme scenar ios (NES, 

8NPPs) found to be the most appropr iate  opt ion to mit igate the CO2  

emission and consequent ly lessening the global warming and cl imate 

change from the bui l t  environment of  the UAE. In the upper moderate 

scenar ios (NES 4NPPs, RES 25%,  and CCSS 5Mton/3yrs) ,  nuclear energy 

not iced to  be p lay ing a very close ro le to  the renewable energy in CO2  

mit igat ion which a lso conf i rms the potent ia l  ro le of  nuc lear  energy in  

mit igat ing the CO2  emission.  In the lower moderate scenar ios  (NES 

4NPPs, RES 25%, and CCSS 5Mton/6yrs) ,  the renewable energy  achieved 

a better mit igat ion opt ion than nuclear energy and CCS by 8% and 14% 

respect ive ly which s t i l l  conf i rms that nuc lear energy is a  compet i t ive 

opt ion for  future  mit igat ions of  CO2  emissions from electr ic i ty sector  in the 

UAE’s bu i l t  envi ronment.  Sl ight enhancement,  hence, might be required 

for the nuclear  energy at  the lower moderate scenar io.   
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6.6 OPTIMUM SCENARIO  

As inf luenced from the compar ison between the scenarios,  i t  has found 

interest ing  to gather the CEE extreme scenarios in an opt imum scenario.  

This  scenario  has further ef fect ive power of  contr ibut io n to d imin ish CO2  

emissions of  the bui l t  environment.  The three inputs are (8NPPs),  (35%) 

renewable energy, and (10Mton/3yrs).  The energy growth demand is 4% 

after 2020,  populat ion growth is accord ing to the UN (2008).  F igure 6 -25 

shows the electr ic i ty  supply up to  2050 per fuel source.  The natural gas 

energy is decreasing from 2021 to supply mere ly 17.34 TWh (3% of the 

total  gr id elect r ic i ty) by the 2050 which is a lmost 38% of the UAE’s gas 

product ion  in the base year.  The UAE can thence export  gas rather than 

import ing i t  f rom Qatar .  Nuclear energy suppl ies 62% of the total  gr id 

elect r ic i ty  by the 2050  which is same as CEE RES (8NPPs) scenar io .  

 

Figure 6-25:  The opt imum scenar io,  the t rend of  e lect r ic i ty supply  

per fuel source t i l l  2050  

I t  is a lmost  97% clean energy sources to  the elect r ic i ty gr id  which 

signif icant ly d iminishes the CO 2  emiss ions by 2050 to almost 23.3 3 Mton. 

The carbon capture and sequestrat ion of  115 Mton capacit ies by 2050 

0

100

200

300

400

500

600

2010 2015 2020 2025 2030 2035 2040 2045 2050

A
nn

ua
l E

le
ct

ric
ity

 C
on

su
m

pt
io

n 
(T

W
h)

 

Years 

Nuclear-
Electricity

Renewable-
Electricity

Oil-Electricity

Gas-Electricity



 

 

Page |  157  

 

gets r id of  CO2  emiss ion tota l ly  f rom the UAE’s atmosphere with  empty 

reservoi rs to accommodate around 91.67 Mton. In th is scenario achieved 

CO2  sav ing of  162.4% of the target year  (see Fig.  6 -26) .   

 

Figure 6-26: The opt imum scenario,  tota l  CO2  emissions f rom 

elect r ic i ty  t i l l  2050 inc luding the CCS technique.  

*(CCS has star ted appearing beyond 2035 as i t  is empty)  

At the f i rst  g lance, th is achievement looks over targeted and th is  

scenar io might be the opt imum beyond the year 2050. In  fact ,  th is 

accomplishment  is  f rom elect r ic i ty  sector on ly which was responsible for  

49.4% in 2008 as discussed in Chapter 5 under sect ion “5.5”.  The other 

sectors (Construct ion, t ransportat ion and others) may perhaps not 

accomplish simi lar level of  mit igat ion by the target year so, the empty 

reservoi rs wi l l  be eager to receive captured CO2  f rom these other sectors.  

On the other hand, the  CCS can be advanced and improved to be a 

business sector.  This  new type of  investment can be used s imi lar to  
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carbon t rading and cap -and-t rade system. CO2  can be captured f rom other 

countr ies,  especia l ly neighbors and sequestered in these empty CCS 

reservoi rs.  Unl ike the carbon t rading, CCS business d iminishes the 

overal l  CO2  emiss ion rather than redistr ibute i t  which wi l l  def in i te ly be 

favoured by Kyoto Protocol.  However,  i t  might be a compet i tor sector to 

the carbon trading so;  feasibi l i ty study is mandat ory pr ior launching th is 

kind of  business. In the event of  non ef fect ive feas ibi l i ty study then, 

a lmost quarter  of  the proposed CCS capacit ies would  be enough i f  there 

is no further CO2  emission f rom other sectors than electr ic i ty.  

Accord ingly,  the (10Mton /3yrs) cou ld be replaced by (5Mton/6yrs)  which 

wi l l  end up of  only ( -6.67) Mton by the 2050  
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CHAPTER 7: ECONOMIC ANALYSIS  
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7.1 INTRODUCTION  

Economic analys is is a vi ta l  factor to  evaluate the ef fect iveness of  

nuclear  power plants in terms of commercial  feas ibi l i ty and  integrat ion.  

Integrat ing NPPs into  the e lect r ic i ty gr id  should posit ively  cont r ibute to 

the economic growth ,  and the outcome benef i ts are to  outweigh the 

induced costs in add it ion to the envi ronmental cont r ibut ion. This chapter 

h ighl ights the costs associated with nuclear  energy from capita l  cost t i l l  

e lect r ic i ty  supply to the gr id  along with the CO2  emission cost .  I t ,  main ly,  

draws on the data f rom the recent ly  bui l t  or about to be bui l t  nuclear 

reactors.  Cost compet i t iveness is a lso exp lained as an important tool for  

the future of  nuc lear energy.  

7.2 CAPITAL COST  

The capita l  cost of  bui ld ing an NPP can be est imated in var ious 

methods; however,  the accurate method s hould set -up for the cumulat ive 

expenses dur ing the construct ion period  (5  –  10 years) a long with the 

inf lat ion cost and interest rate  costs .   One assessment method is  cal led 

“overnight ” cost which is quoted using the prices at  the start  of  

construct ion as  everything is suppl ied at  once without interest rate;  th is 

includes the engineer ing, procurement,  and construct ion (EPC). Addit iona l 

costs inc lude: overhead and prof i t ,  inf la t ion and interest rate,  and 

changes to upgrade the grid to absorb the addit ional loads of  power.  The 

f inal cap ita l  cost could  jump to twice the overnight EPC cost,  and is of ten 

found to be 50 -75% h igher (Harvey, 2010) .  

Figure 7-1 shows cost  var iat ion of  completed NPPs between 1971 and 

1997 and projected NP Ps f rom 2001 to 2009. The pro jected overn ight EPC 

costs were in range of $1,400 to 2,350 /  KWe from 2001 to 2009. The EPC 

costs increased f rom $2,500 to 5,500/KWe between 2007 and 2008. 



 

 

Page |  161  

 

Further increases of  $5,000 to 10,000/KWe are projected between 2008 

and 2009 (Harvey,  2010 ci t ing Cooper,  2009).   

 

Figure 7-1: Overn ight Cost of  Completed Nuclear Reactors 

Compared to Projected Costs of  Future Reactors  (Cooper,  2009)  

An under construct ion NPP at Olk i luoto  si te in Finland was cont racted 

in 2004 for 1,600MW unit  a t  a cost  of  around $2,800/KWe. On March 

2009, the progress recorded three years de lay of  const ruct ion program, 

and the projected cost jumped to $4,400/KWe  (Harvey, 2010 ci t ing 

Schneider,  et  a l .  2009 ) the reasonable range of capita;  cost ranges from 

$4,000/KWe to $6,000/KWe (Kok, 2009; and Harvey, 2010).  

Accord ing to Carl is le (2010),  the in i t ia l  cost of  the UAE’s NPP is $20 

bi l l ion.  By div id ing th is  capita l  cost  on the capacity  of  5,600Mwe, i t  resul ts  

an overn ight EPC cost  of  a lmost  $3, 571/KWe. However,  th is cost is less 

than the f inal Olk i luoto NPP in F inland and i t  is with in the cost range of 

Harvey (2010) between the years 2007 and 2008.  Therefore,   th is is a 
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construct ive indicat ion that the UAE proposed NPP have a reasonable 

in i t ia l  cost  which keeps the nuclear  energy in the UAE in l ine wi th the 

other nuclear country in terms of supplying e lect r ic i ty f rom nuclear 

energy.  

7.3 OPERATIN G COSTS  

The costs of  operat ing  NPPs include a l l  f ixed and var iable costs of 

operat ion and maintenance (O&M), employees, fuel (which comprises the 

min ing, enr ichment,  conversion,  and manufacturing),  waste and 

decommission ing st rategies and insurance. However,  the minimum annual 

f ixed cost is about $50 mil l ion (Kok, 2009; and Harvey, 2010).  The f ixed 

O&M costs $56/KWe/yr whi le var iables wi thout fuel cost 0.042cents/KWh 

(Harvey, 2010 ci t ing Du and Parsons, 2009).  T he fuel cost ($ /kg) is 

est imated f rom the fo l lowing equat ion:  

   ∑          ∑                 (7-1)   

Where    is  the mass o f  materia l  used in stage( ),     is  the cost per 

unit  mass,   is the annual carry ing charge as a fract ion of  in i t ia l  

investment,  and    is the durat ion (years) f rom the start  of  cost  t i l l  

halfway point  in 9the use of  fuel.  The f i rs t  part  of  equat ion (7 -1)  deals 

with the year ly cost whereas, the second part  happens only once prior 

e lect r ic i ty  generat ion (Harvey, 2010).  

There is a lmost 4.5 mi l l ion tons of  uranium wor ldwide can be mined at  

$80/Kg which maintain almost 50  –  70 years of  usage at the current 

consumpt ion rate of  65,000 tons per year.  The recent increasing demand 

and escalat ing uranium prices encouraged the investment in uranium 

min ing indust ry.  The uranium pr ice is,  therefore,  esca lat ing to more than 

$130/kg in recent years (Adamant iades and Kessides, 2009) .  
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Table (7 -1)  present  the inputs of  equat ion (7 -1),  the to tal  cost  of  fuel 

is $2,040/Kg for uran ium ore of  $30/Kg. When uraniu m ore cost increases 

to $150/Kg (which is  5-fo ld expensive than $30/Kg),  the fuel  costs 

becomes almost $3,788/Kg (which is less than double).  The cost  of  fuel 

per KWh of e lect r ic i ty  is est imated via the fo l lowing equat ion  (Harvey, 

2010):  

 

   
  

  (    )

 (     ⁄ ) 
   

     

       
   

     

        
   (7-2)  

Where B is  the burn -up, and   is the thermal ef f ic iency.  I f  

B=40MWd/kg (Mega Watt  day per ki logram) and  =0.33, fuel –  according 

to equat ion (7 -2) wi l l  cost 0.64 cents/KWh and 1.2cents/KWh for    

=$2,040/kg and $3,788/kg respect ively.  

Table 7-1: Inputs to equat ion (7 -1)  for  comput ing the cost of  1kg of  

uranium fuel,  and f ina l  fuel cost,  (Harvey,  2010 ci t ing MIT, 2003)  

I tem 

Input  Direct 
cost  

       
($)  

Carrying 
charge  

         
($)  

          (yr)  

   

Ore purchase  
10.2 

kg/kg 
$30/kg  4.25  307 130 

Conversion  
10.2 

kg/kg 
$8/kg  4.25  82 35 

Enrichment  
6.23 kg 
SWU/k

g 

$100/kg  

SWU 
3.25  623 202 

Fabrication  1 kg/kg  $275/kg  2.75  275 76 

Storage and 
isolat ion  

1 kg/kg  $400/kg  -2.75  400 -90  

Total  
   

1686 353 

Grand tota l  
   

$2040/kg  
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7.4 DEC OMMISSION IN G COST  

At the f i rs t  instance,  decommiss ioning cost cou ld be equal  to  the 

construct ion cost  i f  not more expensive. However,  the already 

decommissioned NPPs const i tute a learn ing example such as 28 shutdown 

reactors in the USA, and the land is reused.  Figure (7-2) shows est imated 

costs o f  decommissioned power p lants  in UK.  I t  is obv ious that there is an 

inverse relat ionship between decommiss ioning cost and NPP size.  

Accord ing to Harvey (2010),  s imi lar to the down est imat ion of  capi ta l  cost  

which usual ly increases during the const ruct ion, the actual costs of  

decommission ing in i t ia l  est imates are l ikely to be higher during or  af ter 

decommission ing. Nevertheless, the average cost of  decommiss ioning  per 

KWh is around 0.15 cents/KWh.   

 

Figure 7-2: Est imated cost of  decommiss ioning graphite -moderated 

nuclear power plants  in UK, (Harvey,  2010)  

7.5 F INAN CIN G COST S  

There are severa l  methods of  f inancing nuclear  power plants  or 
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 Debt (borrowing f rom lending inst i tutes and paying interest ranges 

between 5-6%).  

 Equity (se l l ing add it ional stocks or  bonds in the power  p lant) .  The 

expected return of  equ ity by stockholders is a lmost 16% annual ly.  

Due to the high r isk of  investment in nuclear p lants and the long 

construct ion t ime which accumulate the interest rate,  the pr ivate investors 

wi l l  demand a comparat ive ly h igher return rate.   

7.6 COST OF  NUCL EAR  ELEC TRICIT Y (UAE  A ND GL OB AL )  

As accumulated f rom the precedent factors,  the elect r ic i ty  cost for the 

UAE NPP (5 ,600 MW) operat ing at  90% capacity factor cou ld be as fo l low 

as i t  wi l l  produce             KWh: 

Simple annual pay-back capita l  cost according to Kok (2009) is  

calcu lated by the fo l lowing equat ion:  

                                   
 

  (   ) 
    (7-3)  

Where   is the interest rate which wi l l  be assumes as 5% as ment ioned 

in  sect ion “7.5”.  And   is the project  l i fe  cycle  which is  60years.  

Noteworthy,  the commercia l  NPPs are usual ly l icensed to operate for 40 

years which can be extended to extra 20 years as what happened on 52 

NPPs in USA in 2009, th is is d iscussed in sub -sect ion “3.5 .2”.  According 

to ENEC (2010b),  the UAE have designed the NPP for a cont inuous 

60years of  operat ion.  

So, annual payment  o f  the UAE NPP by us ing the equat ion (7 -3)  is 

a lmost $ 1,048,294,727 
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Therefore,  the amort ized capita l  cost  per KWh is:    

                               = 2.37 cents /  KWh 

The f ixed operat ion cost (not inc luding fue l) wi l l  be (assumed $ 85 

mi l l ion a year)  as a range according to Kok (2009) :              

                which equals to  0.19 cents /  KWh 

Fuel cost is assumed to be 0.64 cents /  KWh  as per Harvey (2010)  

Disposal waste in excluded as i t  wi l l  not be disposed with in the UAE 

but,  wi l l  be returned back to fue l suppl ier.  

The total  cost  could  then be 3.2 cents/KWh which equals  to a lmost 

Fi l ls  11.8 (Emirat i  currency) on currency convers ion rate o f  Dhs 3.68 for 

$1. This est imated cost is a lso conf i rmed by the ENEC (2010b) as the 

ment ioned that  the KWh electr ic i ty  f rom nuclear  power wi l l  cost  a lmost  

one th ird the  current cost of  e lectr ic i ty f rom convent iona l energy sources 

which is around Fi l ls  30 accord ing to ADWEC (2009) .   

Per KWh cost is a lso cal led “the level ized cost of  e lectr ic i ty” which has 

to be charged to the consumer to pay back the investment expendi tures. 

This can be also ca lculated via the fo l lowing equat ion  (Harvey, 2010) :  

       
(     )               

      
                       (7-4)  

Where     is the factor of  cost recovery,    is  the annual insurance 

payment (proport ion of  capita l  cost ),       is the capita l  cost  of  NPP, 

        is the annual f ixed O&M ($/kw/yr),             is variable O&M cost 

($/kwh),      is the capacity factor,  and       is the cost of  fuel to generate 

elect r ic i ty .  
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Table (7 -3) represents cost est imates of  e lectr ic i ty using equat ions (7 -

1,  7-2,  and 7-4) ,  subject  to assumptions in Table (7 -2) .  The const ruct ion 

period is  assumed to  be 5 years.  I t  appears that nuc lear  e lectr ic i ty costs 

almost 5 to 34 cents/KWh depending on the capita l  cost and investment ’s 

rate of  return.  However,  the est imated costs vary f rom 4 cents/KWh to 24 

cents/KWh for more recent est imates which are t ending to be at h igher 

cost (Harvey, 2010).  This cost increase is  due to  such factors of  

increasing in i t ia l  cost  of  construct ion, increasing fuel pr ice,  and cost of  

uncertain ty.   

Table 7-2: Assumpt ions for co mput ing the future nuclear e lectr ic i ty  

cost,  (Harvey, 2010)  

Parameters Assumed Value 

Construction period 
5 years, distributed as 10%, 20%, 30%, 25% and 15% of the 

total cost over years 1 to 5 respectively.  

Owner's cost 20% of EPC cost 

Decommissioning cost Equal to construction cost, discounted at 3%/yr 

Plant lifespan 40 years 

Capacity factor 0.85* 

Fixed O&M $60/KW/yr 

Variable O&M 0.05 cents/KWh 

Insurance and Liability 0 

Fuel Cost $2000/kg 

Burn-up 40MWd/kg 

Thermal efficiency 0.328 

* The capacity factor of  the UAE NPP is 90% rather than 85% of 

Harvey (2010) which means more ef f ic ient energy supply.  
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Table 7-3: I l lust rat ive costs of  nuc lear e lect r ic i ty for various capita l  

costs subject  to assumptions in Table (7 -3) ,  (Harvey, 2010)  

Overnight 

EPC cost 

($/kw) 

EPC + 

financing + 

owner's 

costs ($/kw) 

Discounted 

decommissioning 

cost   ($/kw) 

Cost of Electricity (cents/kwh) 

Without 

decommissioning 

With 

decommissioning 

 

5%/yr cost of capital 

 

2,000 2696 591 4 4.5 

4,000 5393 1183 6.1 7 

6,000 8088 1774 8.2 9.6 

8,000 10785 2366 10.3 12.2 

 

10%/yr cost of capital 

 

2,000 3022 591 6.1 6.9 

4,000 6044 1183 10.2 11.8 

6,000 9066 1774 14.4 16.8 

8,000 12088 2366 18.5 21.8 

 

15%/yr cost of capital 

 

2,000 3380 591 8.7 9.9 

4,000 6760 1183 15.6 18 

6,000 10140 1774 22.4 26 

8,000 13520 2366 29.2 34 
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7.7 CARB ON  EMISSION TRAD ING  AND  COST OF CO2  EMISSION  

Cap-and-trade (a lso as emission trad ing) is  a market -based approach 

which prov ides economic incent ives to  cont rol  CO 2  emiss ion or pol lut ion 

by reducing and l imit ing further emissions and pol lu t ions from the 

pol lutant.  Usual ly a l imit  or “cap” is set -up by government or internat ional 

f i rm l ike Kyoto protoco l on the a l lowed amount of  CO 2  emiss ion. This cap 

is sold to certa in  special ized f i rms in a form of emiss ion permits  which 

determine the specif ic  a l lowed vo lume of emissions –  usual ly per year.  

However,  these specia l ized f i rms have to ho ld specif ic number of  permits 

(or carbon cred its) which is equal to the ir  emiss ions. This number is equal 

or less than the cap. From here, f i rms the demand an increasing emission 

permits must buy them from other f i rms that consumed less permi ts than 

al located for  them (Stavins,  2001) .Trade is  thus referred to as the transfer 

of  permits whi le the buyer pays a  charge for CO 2  emissions and the sel ler  

gets rewards for reducing emiss ion. Therefore,  theoret ica l ly,  reducing 

CO2  emiss ion wi l l  be favourable at  the lowest cost to nat ions and 

societ ies (Montgomery, 1972) .   

The CO2  emiss ion from convent ional energy sources can be l imited in 

two ways (and thus l imit  o i l  and gas use):  v ia apply ing carbon taxes or 

quotas “ i .e.  a cap -and- t rade system”, and the preferred opt ion which 

depends upon part icular economic condit ions where these ways are 

implemented.  The quota system was ca lculated by economists l ike 

Weitzman (1974).  Recent ly,  taxes are being favoured as superior to 

quotas, most ly in dynamic economic cl imates, in order to al low mor e 

f lex ib i l i ty in the ex istence of  uncerta inty.  Cap -and-t rade systems would be 

an appropria te approach to mit igate cl imate change. These systems are 

current ly preferred by the Canadian Federa l Government as wel l  as the 

United States, as ref lected in the Act  of  Amer ican Clean Energy and 

Securi ty in 2010  (Davidson, 2010) .  
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The price of  e lectr ic i ty f rom convent ional energy sources can, 

therefore,  be ra ised by $30 per tonne  of  carbon emit ted for example as a 

carbon tax accord ing to Davidson (2010)  and Houston (2010) .  Al ike, 

MacCracken et a l .  (2010) ment ioned that the CO2  margina l cost could be 

$26 per tonne of  carbon in 2010 i f  a global system of mit igat ing CO2  

emissions cou ld be implemented quick ly and ef fect ively .  Since o i l  and gas 

burning emit  CO2 ,  such a tax would increase the cost  of  producing 

elect r ic i ty by convent ional energy sources. Accord ing to Houston (2010),  

th is such a mechanism wi l l  p robably be a useful tool to l imit  CO2  

emissions. Th is tax wi l l  fur thermore favour the opt ion of  nuc lear energy.  

7.8 COST COMPARISON OF  PO WER  SOU RCES  

The current pr ic ing forecasts ind icates that o i l  and gas generated 

elect r ic i ty might be more economica l ly v iable in the absence of  f isca l 

mechanisms l ike carbon tax or quota system. The future implementat ion 

of  such f iscal mechanisms would be encouraging for  an eventu al  carbon 

market to mit igate cl imate change. Therefore,  apply ing a carbon tax in 

cap and trade system depends on the average amount of  CO2  emit ted 

from convent ional  power plants .  As inf luenced by Chapter  5 in sub -

sect ions “5.5.2” and “5.5.3”,  1 KWh of o i l  generated elect r ic i ty produces 

an average of  1 ,194 g CO2  ,  and 1 KWh of natura l gas generated 

elect r ic i ty  produces an average of  824 g CO2  .   

Accord ing to  BP (2010),  1  barrel  of  o i l  costs,  in ternat ional ly,  $61.39. 

The 1 barrel  of  o i l  is  equivalent to 0.136 4 metr ic tonne meanwhile;  the 

cost of  1 tonne of  o i l  is                   which equals $450.07 /  tonne of  

o i l .  Since the 1 tonne of o i l  produces 4,400 KWh of e lect r ic i ty then, the 

cost of  o i l  generated elect r ic i ty per KWh is                      which 

equals around 10.23 cents /  KWh  elect r ic i ty f rom oi l .  Al ike,  1 mil l ion BTU 

of natural  gas costs $9.06. Since the 1 KWh is equ ivalent  to 3,412 BTU 
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then, the cost of  KWh elect r ic i ty  f rom gas is                            

which equals 3.1 cents /  KWh e lect r ic i ty f r om gas. As these are 

internat ional pr ices they wi l l  be used as a rat io to est imate the exact 

costs of  loca l o i l  and gas generated elect r ic i ty in the UAE as fo l low:  

The total  cost of  e lectr ic i ty (o i l  and gas) in UAE is 30 Fi l ls which 

equals to 8.15 cents as  in f luenced f rom sect ion “7.6”.  This cost is a total  

of 66.5% of gas and 33.5% of o i l  so;  the fo l lowing two equat ions wi l l  be 

used to est imate the local costs of  o i l  and gas:  

                                     (7-5)  

(    
     

)    (   
   
)  →                 →                      (7-6)  

By apply ing the equat ions (7 -5) and (7 -6),  the est imated costs  of  

e lect r ic i ty generat ion from o i l  is 15.2 cents per kwh and  4.6 cents per 

kwh whereas i t  is  3.2  cents/KWh for nuc lear  –  as ca lcula ted in  sect ion 

“7.6”.  By apply ing a $30 per tonne of  CO2  emission as discussed in seb -

sect ion “7.7” and from the known rates of  CO2  emiss ion from oi l  and gas 

in generat ing electr ic i ty,  the cost of  convent ional energy sources in the 

UAE would increase as fo l low:  The CO2  tax for 1 KWh of o i l  generated 

elect r ic i ty  is:   

(                                     

        ) (              )                          (7-7)  

Therefore,  the o i l  generated electr ic i ty  should cost 15.2 cents p lus 3.6  

cents which equals to 18.8 cents /KWh. S imilar ly ,  but by changing the CO2  

emission rate in equat ion (7 -7) to 824 gCO2  /KWh, gas generated 

elect r ic i ty  would cost  7 .1 cents /KWh.  
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Accord ingly,  by apply ing a simple mathemat ical process, the proposed 

nuclear  p lant of  5,600 MWe in  the APR 1400 scena r io in Chapter  “6” is 

displacing 44.15 TWh of o i l  f rom 2020 onward which means a saving of 

(18.8 cents of  o i l  –  3 .2 cents of  nuc lear) X 44.15TWh = $ 6.88 bi l l ion 

annual ly  whi le (             ).  There is a cost of  inf lat ion and 

interest rate should also be added to th is saving in addi t ion to the 

predicted increase in the future oi l  p r ices. Moreover,  the sav ing of  51.58 

mi l l ion tone of  CO2  as i l lust rated in F ig.  (6 -6) can be traded as an 

investment for ext ra income to the loca l economy.  

Another example for instance, the proposed scenar io of  CEE NES 

(8NPPs) starts supply ing an 11.04 TWh of o i l  by 2017 to  revoke the oi l  

energy from elect r ic i ty  generat ing scheme by 2021 and thereafter starts  

d isplacing gas energy  from 2022. The saving in displac ing gas energy is  

(7.1 cents of  gas –  3.2 cents of  nuc lear) which equals 3.9 cents /  KWh. 

simi lar to the precedent est imat ion or the  APR 1400 scenario.  F igure 7-3 

and Table 7-4 represent  the year ly saving of  nuclear energy in generat ing  

elect r ic i ty between the years 2017 and 2050. This est imat ion excludes the 

cost of  inf lat ion, interest rate,  and future increase in oi l  and gas pr ices.  

 

Figure 7-3: Annual cost saving by nuclear energy in 8NPPs scenario 

as i t  d isp laces o i l  and gas energy.  
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Table 7-4: Annual  cost  saving by nuclear energy in 8NPPs scenario 

as i t  d isp laces o i l  and gas energy accord ing to the shown ammounts 

along with the amount of  CO2  wh ich can be traded.  

Year 
Displaced Oil 

energy (TWh) 

Displaced 

Gas energy 

(TWh) 

Annual cost 

Saving by 

nuclear          

($ billion)* 

CO2  saving 

which can be 

traded (Mton 

CO2 ) 

2017 11.04 0.00 1.72 12.90 

2018 22.08 0.00 3.44 25.79 

2019 33.11 0.00 5.165 38.69 

2020 44.15 0.00 6.88 51.59 

2022 44.15 11.04 7.31 63.07 

2025 44.15 44.15 8.60 92.45 

2030 44.15 88.30 10.33 133.44 

2035 44.15 132.45 12.05 175.68 

2040 44.15 176.60 13.77 219.43 

2045 44.15 220.75 15.49 265.02 

2050 44.15 309.05 18.94 348.10 

* Cost  saving due to fuel swi tching ( i .e.  us ing nuclear energy instead 

of  o i l  and gas)  

Table (7 -5) shows comparison of  energy sources along with the factors 

involved in the to tal  cost to generate e lect r ic i ty .  Construct ion cost  is the 

most ambiguous due to the in f lat ion rate of  used mater ia l  in recent years.  

For fue l cost,  natural  gas costs for gas turbine -combined cycle (GTCC) 

plants are the most vo lat i le (Kok, 2009).  
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Table 7-5: Comparat ive costs of  generat ing elect r ic i ty  in  cents/KWh, 

(Kok, 2009)  

Plant Type 
Capacity 

factor (%) 

Capital 

cost 

(Cents) 

Operating 

cost (Non 

fuel) 

(Cents) 

Fuel 

costs 

(Cents) 

Total 

(Cents) 

Carbon 

tax 

(Cents) 

Nuclear 90 2.9 1.1 0.8 4.8 - 

Coal (pulverized) 95 1.9 0.7 1.5 4.1 - 

GT/CC natural 

gas 
95 1.5 0.7 4 6.2 - 

Solar 

(photovoltaic) 
45 9 0.5 0 9.5 - 

Wind 30 6 0.5 0.5 7 - 

UAE NPP *  90 2.37 0.19 0.64 3.2 - 

UAE Oil energy * 35% - - - 15.2 3.6 

UAE Gas energy* - - - - 4.6 2.5 

* These cases are est imated by the researcher in th is chapter under 

sect ions “7.6” and “7.8”  

Al ike  to APR 1400 and 8NPPs scenarios,  the annual cost savings and 

traded CO2  amounts can be est imated for the other (NES) nuclear  

scenar ios,  the (RES) renewable energy scenarios as wel l  as the opt imum 

scenar io est imates. The amounts of  CO2  which can be traded from the 

(CCSS) carbon capture scenarios can also be est imated in the same way. 

However,  the presented example of  the 8NPPs adds signif icant value to 

encourage the cho ice of  nuclear energy integrat ion in the  e lectr ic i ty 

scheme in the UAE.  Hence, the nuclear  energy is economica l ly favourable 

alongside to  i ts env ironmental complimentary feature in mit igat ing CO2  

emission from the bu i l t  envi ronment in the UAE.  
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CHAPTER 8: CONCLUSION AND RECOMMENDATIONS  
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8.1 CONCLU SION  

Global warming and cl imate change have increased to  threatening 

levels in recent years .  Carbon diox ide is a  foremost GHG contr ibutor to 

global warming whi le  the current concentrat ion of  CO2  exceeds the natural 

f luctuat ion  over the past 650,000 years .  The CO2  emission in the UAE has 

jumped around two and half  t imes  f rom 1990 to 2008. E lect r ic i ty sector in 

the UAE depends sole ly on  foss i l  fuel (o i l  and gas) which is the primary 

responsible source of  CO2  emission. A lthough, the UAE is c lassif ied by 

the Kyoto protoco l as a non-Annex I  country which means a permi t  to emit  

further CO2  in the fo l lowing few years ,  the UAE has wi l l ingly decided to 

commit to the Kyoto protocol  which they s igned in 2005  and reduce the 

country ’s CO2  emissions. Therefore,  the UAE has dec ided to approach 

nuclear energy of  5,600MWe NPP as a feas ible low-carbon energy source  

to displace convent ional energy,  meet the increasing energy demand, and  

to mit igate CO2  emissions. Hence, th is founded an encouraging mot ivat ion 

to evaluate the e f fect iveness of  the proposed nuclear  energy and i ts ro le 

in mit igat ing CO2  emissions f rom the bui l t  envi ronment of  the UAE by the 

UAE, further  aggressive scenar ios of  switching to nuclear  energy 

proposed in the research to ver i fy i ts sca lable  ef fects in mit igat ing the 

emissions. Th is goal  was the main eng ine of  the disserta t ion which 

achieved thereafter in the due course Chapters.   

Simulat ion research methodology is used in the dissertat ion as  found 

appropr iate to serve the goal of  the dissert at ion the next forty  years.  

MESSAGE software f rom the internat iona l atomic energy agency was used 

to run the s imulat ion  process. Simula t ion research parameters such as 

Carbon Diox ide Emission Rates, Nuclear Energy, Renewable Energy,  

Carbon Capture and Storage, were exp lained and conf igured in the 

simulat ion. The research simula tes three main cases (Business As Usual,  

the UAE proposed APR 1400, and Clean Energy Era of  three main 

scenar ios and twelve sub-scenarios from 2010 to 2050 .  
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The resu lts  were interpreted for  each scenario individua l ly .  Electr ic i ty  

demand in the BAU scenario was est imated at  an annual growth of  9% 

after 2020 versus 4% for the other scenarios.  The APR 1400 scenario  

could emit  16.6% of the CO2  at  the BAU case. The  CEE (8NPPs) scenario  

found to be the least CO2  emit t ing opt ion of  a lmost 6.1% of the CO2  

emission a t  the BAU and 36.7% of the CO2  emission at  the UAE proposed 

scenar io (APR 1400).  CCS s ignif icant ly mit igated CO2  emissions between 

the years 2017 and 2024 and RES (35%) relat ive ly  mit igated CO2  

emission f rom 2035 to 2050.  However,  both of  them did not compete with  

8NPPs scenar io t i l l  the 2050.  The nuclear  energy at  the four  CEE nuclear  

scenar ios found an appropr iate opt ion to mit igate CO2  emissions from 

elect r ic i ty  sector which ul t imate ly lessening the global warming and 

cl imate change impacts of  the bui l t  envi ronment in the UAE.  Therefore,  

th is ind icates that the nuclear energy is more compet i t ive source of  

energy than other sources of  energy . For an opt imum opt ion, a  col lect ion 

of  the three CEE extreme scenar ios  would nearly d imin ish the CO2  

emission from the UAE bui l t  envi ronment  by 2050.  

Final ly,  economic analysis was conducted in  the study to examine the 

economic feas ibi l i ty  o f  nuclear energy. The cost of  KWh nuclear-e lectr ic i ty 

found 3.2 cents/KWh versus 18.8 cents/KWh for o i l -e lectr ic i ty  and 7.1 

cents/KWh for gas-e lectr ic i ty  af ter applying a carbon tax system. The cost 

saving by (8 NPPs) scenario in 2050, due to fuel swi tch ing to nuclear 

energy, is a lmost  $18.94 bi l l ion.  Furthermore,  the amounts of  CO2  

emission that saved by using nuclear energy can be t raded as an 

investment asset for the country.  Hence, nuclear energy is economical ly 

v iable in addi t ion to i ts  environmental  v iabi l i t y in mi t igat ing CO2  emiss ions 

so; i t  should be extensive ly used as an in tegrated source to generate 

elect r ic i ty  and to d isplace convent ional energy sources which are 

environmental ly  harmful and not economica l ly compet i t ive.  



 

 

Page |  178  

 

8.2 REC OMMENDAT IONS  

At th is  stage,  the research has ach ieved i ts  intended purpose to  veri fy 

the potent ia l  ro le of  nuclear  energy in  mit igat ing CO 2  emissions of  the 

bui l t  envi ronment in  the United Arab Emirates. The results  were 

represented,  d iscussed and compared wi th other re lat ive  works and data. 

Therefore,  the fo l lowing recommendat ion should be a v i ta l  tool to 

const i tute  guide l ines to future researches :  

 Deregula t ions of  e lect r ic i ty industry can be studied as a v i ta l  tool  to 

introduce commerc ial  and private investors which cou ld e ncourage 

alternat ive energy sources at  var iant scales such as nuclear 

Privat izat ion  ( i .e.  compet i t ive market for expert ise nuclear companies) ,  

renewable  energy at  individua l se lf -suff ic iency ( i .e.  wind mi l ls  for 

factor ies and farms and solar  cel ls  for housing).  

 Carbon capture and storage found a funct ional measure to decrease 

the overal l  CO2  emission from power plants therefore,  a study is 

recommended to invest igate the economic v iabi l i ty of  increasing CCS 

reservoi rs.  Furthermore, Can these  reservoi rs be upgraded to form an 

independent business by captur ing CO2  f rom other countr ies at  cer ta in 

charges as an addit ional system to carbon taxes, Carbon taxes or  

quota ( i .e.  cap-and-t rade system) and carbon trading?  

 An integrat ion of  advanced nuclear reactors such as the IV generat ion 

and Fusion technology could be researched to invest igate  i ts 

mit igat ion to eco -envi ronment and dimin ish ing CO2  emiss ions.  

 Transparency i s one of  the UAE nuclear  pol ic ies.  Th is  pol icy can be 

surveyed with in a  study of  the nuclear  soc ial  impacts therefore,  the 

interact ion with the publ ic can be measured clar i f ied in terms of 

involvement in decis ion making, s i te se lect ion, design cr i ter ia,  nuc lear 

sat isfact ion and awareness, and so forth.   
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 The cu ltura l  impacts of  nuclear energy can be researched to  examine 

i ts inf luence on the rel ig ion, customs and tradit ions, nat ional 

enthusiasm, etc   

 The actual cap ita l  cost should be known precise ly as the signed f ixed 

price cont ract  with the prime cont ractor  (Korea Elect r ic Power 

Corporat ion Team as Prime Contractor) might be h igher  by 2020 

simi lar to Olk i luoto s i te in Fin land which is discussed in sect ion “7.2” 

of Chapter 7.  Furthermore, the current ly contracted price include s fuel  

f i l l ing for the f i rst  and a half  year and other operat iona l re lated i tems 

as ment ioned by AlQahtani (2010) which could lead to an est imat ion 

conf l ict .  

 Local ly measured CO2  emissions by specia l  inst ruments would lead to 

more accredited resu lts as a lmost the ent ire  avai lable  data are 

est imated according to Kyoto Protoco l and IEA (2010).  Therefore,  a 

case study cou ld be re formed, at  a comparat ively longer t ime, by us ing 

real measurements of  CO2 .  

 Certa in upper l imit  of  CO2  emiss ion for the UAE has to be determined 

by Kyoto Protocol for  referenced comparisons which a lso ass ist  in  

select ing the r ight stra tegy according ly in the r ight t ime.  

 Further extensive integrat ion scenar ios that using higher capacit ies of  

nuclear  power could be researched of i ts  economica l v iabi l i ty  for  

longer targeted per iods of  s imula t ion ( i .e.  the year 2100).  I t  has to  

discuss the decommissioning of  t he f i rst  current p lant by 2077, waste 

disposa l,  t ransportat ion, inf lat ion cost and in terest rate cost,  and other 

re lat ive economic issues.  

 Mit igat ing CO2  emissions from UAE transportat ion could be studied as 

transportat ion is responsible for a lmost 17.2% of the total  CO2  

emission. Fuel  switch ing opt ions can invest igated ( i .e.  Hybrid engines, 

nuclear -electr ica l operat ing vehicles).  



 

 

Page |  180  

 

 

REFERENCES AND B IBLIOGRAPHIES  



 

 

Page |  181  

 

Abdul-Salam, R. (2009).  Nuclear Energy and sustainable goa ls in  the Gulf  

Counci l  countr ies.  Abu Dhabi:  The Emirates Center for St rategic Studies 

and Research. [Arabic ] .  pp25 -36.  

Abu-Khader,  M.  (2009).  Recent advances in nuclear power:  A rev iew.  

Progress in Nuclear Energy 51 (2009) 225–235, Elsev ier Ltd.  

Adamant iades, A.,  and Kessides, I .  (2009).  Nuclear power for sustainable 

development:  Current  status and future prospects.  Energy Pol icy 37 

(2009) 5149–5166, E lsevier  Ltd.  [pdf] .  

ADWEC. (2010).  ADWEC Winter 2009 /  2010 Demand Forecast . ,  f rom Abu 

Dhabi Water & Electr ic i ty Company (ADWEC)  [onl ine] :  [accessed 31 

October 2010].  Avai lable at : 

ht tp: / /www.adwec.ae/documents/ppt /2074005133_adwec%20meed%20ma

rch%202010%20arabian%20power%20water%20summit%20f inal%20sub

mit ted%20to%20meed.pdf  

AlQahtani,  F.  (2010).  Capita l  cost of  the UAE NPP. (T.  researcher,  

Interv iewer)  

Andersen, M. (2009).  A Copenhagen Accord i t  is  [on l ine] .  Denmark. 

[accessed 20 December 2010].  Avai lable at :   

ht tp: / /www.denmark.dk/en/menu/Cl i mate-Energy/COP15-Copenhagen-

2009/Selected-COP15-news/A+Copenhagen-Accord-i t - is.htm 

ANS. (n.d) .  Nuclear Power:  A Sustainab le Source of  Energy.  Amer ican 

Nuclear Society.  [pdf] .  

Apt,  J. ,  Keith ,  D. W.,  and Morgan, M. G. (2006).  Promot ing Low-Carbon 

Elect r ic i t y Product ion  [onl ine].  Issued in  Science and Technology : 

[accessed 02 November 2010].  Avai lable at :   

ht tp: / /www. issues.org/23.3/apt.html  

 

 



 

 

Page |  182  

 

At ieno, O.  (2009).  An Analys is  of  the Strengths and Limi tat ions of  

Qual i tat ive and Quant i tat ive Research Paradigms. P rob lems of 

Educat ion in the 21st century.  Vol.  13,  p13 -18, 6p. ,  EBSCOHost  

database.  

Barnaby, F. ,  and Kemp, J.  (2007).  Secure Energy? Civ i l  Nuclear Power,  

Securi ty and Global Warming.  London: Oxford Research Group.  

Bates, B.,  Kundzewicz,  Z.  W.,  Wu, S. ,  and Palut ikof ,  J.  (2008).  Cl imate 

Change and Water.  Technica l Paper of  the Intergovernmenta l Panel on 

Cl imate Change, IPCC Secretariat ,  Geneva.  

BBC. (n.d).  Climate change glossary.  [onl ine].  [accessed 28 October 2010].  

Avai lab le at :  ht tp: / /news.bbc.co.uk/2/h i /science/nature/8314501.stm  

BEE. (n.d).  Energy Scenario .  f rom The Nat ional Cert i f icat ion Examinat ion 

for Energy Managers and Energy Auditors,  Bureau of  Energy Ef f ic iency  

[onl ine].  [accessed 30 October 2010].  Avai lable at :  ht tp: / /www.em-

ea.org/Guide%20Books/Book -1/1 .1%20Energy%20Scenar io.pdf  

Bennet,  R. (2007).  The Generat ion IV Internat ional Forum. A Partnership for 

Sustainable Nuclear Energy Systems.  Idaho Nat ional Laboratory,  US. 

[pdf] .  

Bob, W. (2009).  Lise Meitner (1878–1968):  Protact in ium, Fission, and 

Meitnerium [on l ine].  [accessed 05 May 2010].  Ava i lab le at :   

ht tp: / /www.weizmann.ac. i l / ICS/booklet /21/pdf/bob_weintraub.pdf  

BP. (2010).  BP Stat ist ical  Review of Wor ld Energy.  Bri t ish Petro l ium.  [pdf]  

Brain,  M.,  and Robert ,  L.  (2000 ).  How Nuclear Power Works.  [onl ine].  

[accessed 11 May 2010].  Avai lab le  at : 

ht tp: / /sc ience.howstuffworks.com/nuclear -power3.htm#  

Bruhn-Tysk, S.,  and Eklund, M. (2001).  Environmenta l impact assessment -  

a tool for susta inable  development? A case study of  b iofuel led energy 

plants in Sweden.  Sweden: Elsevier Science Inc.  22 (2002) 129–

144.[pdf]  



 

 

Page |  183  

 

Car l is le,  T.  (2010).  Abu Dhabi  may use debt to f inance nuclear p lant.  

[onl ine].  [accessed 21 December 2010].  Avai lable at :  

ht tp: / /www.thenat ional.ae/business/energy/ab u-dhabi-may-use-debt - to-

f inance-nuclear-p lant  

CCC. (2009).  The Road to Copenhagen [onl ine].  Copenhagen Cl imate 

Counci l .  [accessed 20 December 2010].  Avai lab le at : 

ht tp: / /www.copenhagencl imatecounci l .com/get - informed/cl imate -

negot iat ions -updates.h tml  

CHF. (2005).  Otto Hahn, Fri tz Strassmann, and Lise Meitner.  Chemical  

Her i tage Foundat ion [onl ine].  [accessed 05 May 2010].  Avai lable at : 

ht tp: / /www.chemheri tage.org/c lassroom/chemach/atomic/hahn -

meitner.html  

CNSC. (2007).  Site  Evaluat ion for New Nuclear Power P l ants.  Canada: The 

Canadian Nuclear Safety Commission.  [pdf]  

Cooper,  M. (2009).  The Economic of  Nuclear Reactors:  Renaissance or 

Relapse?  [on l ine] .  Vermont Law School .  [accessed 21 December 2010].  

Avai lab le  at : 

ht tp: / /www.vermont law.edu/Documents/Cooper%20Report%20on%20Nucl

ear%20Economics%20FINAL%5B1%5D.pdf  

Davidson, D. (2010).  Nuclear Energy In Alberta:  What you Need to Know.  

Alberta:  Universi ty of  Alberta. [pdf ]  

DIE-G. (2010).  Populat ion pred ict ions of  Wadi Elhe low and adjacent  vi l lages 

for 2010.  Shar jah: Department  of  Informat ion and E -Government.  

DOE. (1996).  The Changing Structure of  the Elect r ic Power Industry.   

Washington, DC. :  Department  Of E nergy. DOE/EIA-0562(96).  pp110.  

DOE/NE. (n.d).  Science and Techno logy.  Washington, P4 -12: Department Of 

Energy /  Off ice of  Nuclear Energy.  

 



 

 

Page |  184  

 

Doosan. (2009).  Nuclear Power P lants  [on l ine] .  Doosan Heavy Industr ies 

and Const ruct ion . [accessed 09 December 2010].  Avai lable at :  

ht tp: / /www.oecd-nea.org/sc ience/smins2/documents/ DoosanHeavyIndu-

NUCLEARPOWERPLANT.pdf  

DTI.  (2006).  Pol icy Framework for New Nuclear Bu i ld [onl ine].  Department  

of  Trade and Industry:  [accessed 15 December 2010].  Ava i lab le at :  

ht tp: / /webarchive.nat ionalarch ives.gov.uk/+/h t tp: / /www.berr .gov.uk/ f i les/ f

i le31931.pdf  

ECSSR. (2009).  Nuclear Energy in the Gulf .  .  Abu Dhabi.  pp24-63: the 

Emirates Center  for St rategic  Studies and Research (ECSSR).  

EIA. (2006).  World  marketed energy consumpt ion by reg ion [onl ine].  

[accessed 02 November 2010].  Avai lable at :  

ht tp: / /www.e ia.doe.gov/neic/press/ images/06 -03-1.gi f  

EIA. (2009).  Country  Analysis  Briefs,  United Arab Emirates [onl ine].  U.S 

Energy Informat ion Adminstrat ion: [accessed 13 December 2010]. 

Avai lab le at :  ht tp: / /www.eia.doe.gov/cabs/UAE/pdf.pdf  

Embassy-of -UAE. (2009).  The UAE Energy and Cl imate Change  [onl ine].  

Embassy of  The United Arab Emirated in Washington DC . [accessed 31 

October 2010].  Avai lable  at :  ht tp: / /www.uae-

embassy.org/uae/energy/cl imate -change 

ENEC. (2008).  Pol icy of  the United Arab Emirates on the Evaluat ion and 

Potent ia l  Development  of  Peaceful Nuclear Energy.  Abu Dhabi:  Emirates 

Nuclear Energy Corporat ion.  

ENEC. (2010a).  Subject:  Request for a l imited const ruct ion l icence for  

manufacturing and assembl ing Nuclear safe ty re lated equipments,  UAE 

Nuclear Power Plants Units 1,  2,  3 and 4  [onl ine].  Emirates Nuclear 

Energy Corporat ion .  [accessed 10 December 2010].  Ava i lable at :  

ht tp: / /www.enec.gov.ae/ images/pdfs/en/ l imi ted -const ruct ion- l icense-for-

manufacturing -and-assembl in.pdf  



 

 

Page |  185  

 

ENEC. (2010b).  Emirates Nuclea r Energy Corporat ion Fi les License 

appl icat ion and envi ronmental assessment for UAE c ivi l  Nuclear Power 

Program [onl ine].  Emirates Nuclear Energy Corporat ion .  [accessed 10 

December 2010].  Avai lab le at : 

ht tp: / /www.enec.gov.ae/ images/pdfs/en/enec -preferred -s i te -appl icat ion-

en.pdf  

ENEC. (2010c).  ENEC Receives L icense Approvals for Work at  Braka, 

Preferred Site for UAE Nuclear Power Plants  [onl ine].  Emirates Nuclear 

Energy Corporat ion .  [accessed 10 December 2010].  Ava i lable at :  

ht tp: / /www.enec.gov.ae/news/enec -receives- l icense-approva ls -for-work-

at-braka-preferred-si te /  

ENEC. (2010d).  Emira tes Nuclear Energy Corporat ion Forum. Abu Dhabi:  

Emirates Nuclear Energy Corporat ion.  

ENEC. (n.d) .  Timelime [onl ine] .  Emirates Nuclear Energy Corporat ion .  

[accessed 10 Decembe r 2010].  Avai lable at :  

ht tp: / /www.enec.gov.ae/t imel ine/  

EPA. (2007).  Recent Cl imate Change: Atmosphere Changes.  Ret r ieved 10 

29, 2010, Cl imate Change Science Program  [onl ine] .  United States 

Envi ronmenta l Protect ion Agency . [accessed 29 october 2010].  Ava i l able 

at :  ht tp: / /www.epa.gov/cl imatechange/sc ience/recentac.h tml  

ExxonMobil .  (2009).  Outlook for Energy, A View to 2030. SP -124.  

Texas. [pdf]  

Finn, P.  (2005).  Chernobyl 's Harm Was Far Less Than Predic ted, U.N. 

Report  Says. Washington Post Foreign Service  [on l ine] .  [accessed 06 

May 2010].  Avai lable at :  ht tp: / /www.washingtonpost.com/wp -

dyn/content/ar t ic le/2005/09/05/AR2005090501144.html  

Fishbone, L. ,  and Abi lock,  H. (1981).  MARKAL, a l inear -programming model 

for energy systems analys is:  technica l descr ipt ion of  the BNL version.  

Energy Research 5,  353–375.[pdf]  



 

 

Page |  186  

 

Flav in,  C. (2008).  Low-Carbon Energy:  A Roadmap.  Danvers,  USA: 

Wor ldwatch Inst i tute,  2008. ISBN 978 -1-878071-87-3 [pdf] .  

GIF. (2001).  Charter of  the Generat ion IV Internat iona l Forum.  Generat ion 

IV Internat ional Forum. [pdf] .  

Gri f f i th,  C.,  and Rossenfeld,  C. (2008).  Control led Nuclear Fiss ion.  Atomic 

Arch ive [onl ine].  [accessed 10 May 2010].  Avai lable  at :  

ht tp: / /www.atomicarchive.com/Fiss ion/Fiss ion4.shtml  

Groat,  L. ,  and Wang, D. (2002).  Architectural Research Methods.  United 

States of  Amer ica. (346).  John Wi ley & Sons.  

Gürpinar,  A. (2010).  An Overv iew of Site Survey, S ite Select ion and Site 

Evaluat ion for  Nuclear Instal lat ions.  V ienna: Internat iona l Atomic Energy 

Agency.  

Hard ly,  J.  (2001).  Cl imate change: causes, ef fects,  and solu t ions.  England: 

John Wiley and Sons Ltd.  Pp 3 - 20.  

Harvey, L.  D. (2010).  Energy and the New Real i ty 2,  Carbon -Free Energy 

Supply.  London: Earthscan Ltd.  

Houghton, J.  (2004).  Global Warming. Camri dge: 3rd ed.,  The Press 

syndicateof the universi ty  of  Cambr idge, UK.  

Houston. (2010).  Researchers ca lcula te the cost of  CO2 emiss ions, cal l  for 

carbon tax [on l ine] .  Rice Universi ty .  [accessed 29 December 2010].  

Avai lab le at :  h t tp: / /www.r ice.edu/nat ionalmed ia /news2010-07-07-

natgas.shtml  

IAEA. (1995).  Elect r ic i ty ,  health,  and the envi ronment:  The DECADES 

project .  Vienna: Internat ional Atomic Energy Agency, IAEA BULLETIN,  

2/1995.  [pdf]  

IAEA. (1997).  History of  the Internat ional Atomic Energy Agency. 

Internat iona l Atomic Energy Agency  [onl ine].  [accessed 05 May 2010]. 



 

 

Page |  187  

 

Avai lab le  at :  ht tp: / /www-

pub. iaea.org/MTCD/publ icat ions/PDF/Pub1032_web.pdf  

IAEA. (1999).  Evaluat ing and Improving Nuclear Power P lant Operat ing 

Performance [on l ine].  [accessed 31 December 2010].  Avai lable at :  

ht tp: / /www-pub. iaea.org/MTCD/publ icat ions/PDF/te_1098_prn.pdf  

IAEA. (2002a).  Time-l ine of  Nuclear Power  in The Wor ld.  Unpubl ished work  

[onl ine].  [accessed 06 May 2010].  Ava i lab le at :  Internat ional  Atomic 

Energy Agency: 

ht tp: / /www. iaea.org/About/Pol icy/GC/GC48/Documents/gc48inf -

4_ftn3.pdf  

IAEA. (2002b).  Workshop on Advanced Nuclear Reactor Safety Issues and 

Research Needs [on l ine] .  Internat ional  Atomic Energy Agency . [accessed 

01 January 2011].  Avai lab le  at :  

ht tp: / /books.google.ae/books?id=UndUTe_nAmAC&pg=PA132&lpg=PA13

2&dq=APR1400+Nuclear+Is land&source=bl&ots=_wWMGvDPCB&sig=_lbf

NdMbZWH5WCWA2zDk46q2U00&hl=en&ei=tzIeTeSaCYPtrAexuaTLCw&s

a=X&oi=book_resu lt&ct=resu lt&resnum=1&ved=0CBQQ6AEwAA#v=snipp

et&q=MCR&f=fal  

IAEA. (2004a).  From Obninsk Beyond: Nuclear Power Conference Looks to 

Future [onl ine].  Internat ional Atomic Energy Agency . [accessed 05 May 

2010].  Avai lab le  at :  

ht tp: / /www. iaea.org/NewsCenter/News/2004/obninsk.html  

IAEA. (2004b).  Energy supply  opt ions for  L i thuania,  A deta i led mul t i -sector 

integrated energy demand, supply  and environmental  analysis.  V ienna: 

Internat iona l Atomic Energy Agency. IAEA -TECDOC-1408.  

IAEA. (2007a).  Managing the f i rst  nuclear  power plant pro ject  [onl ine] .  

Internat iona l Atomic Energy Agency. [accessed 01 December 2010].  

Avai lab le  at :  ht tp: / /www-

pub. iaea.org/MTCD/publ icat ions/PDF/te_1555_web.pdf  



 

 

Page |  188  

 

IAEA. (2007b).  MESSAGE, Model for Energy Supply Stra tegy Alternat ives 

and their  General Envi ronmenta l Impacts,  User Manual.  Internat ional  

Atomic Energy Agency.  [pdf]  

IAEA. (2008).  Guidance for the Appl icat ion of  an Assessment Methodology 

for Innovat ive Nuclear Energy Systems, INPRO Manual —  Overv iew of 

the Methodology.  V ienna: Internat iona l Atomic Energy Agency, IAEA -

TECDOC-1575 Rev. 1.  [pdf]  

IAEA. (2010).  Power Reactor Informat ion System [on l ine] .  Internat iona l 

Atomic Energy Agency.  [accessed 18 May 2010].  Avai lab le at : 

ht tp: / /www. iaea.org/pr is/  

IAEA. (n.d).  Sustainab le Development,  Nuclear power advantages  [onl ine] .  

Internat iona l Atomic Energy Agency.  [accessed 16 May 2010].  Avai lable 

at :  

ht tp: / /www. iaea.org/Publ icat ions/Booklets/Development /develeven.html  

IEA. (2006).  Wor ld energy out look 2006. .  Internat ional Energy Agency, 

OECD Publ icat ion Service, OECD, Paris .  [pdf]  

IEA. (2010).  IEA Stat ist ics.  CO2 emiss ions f rom fuel  consumpt ion 

High l ights .  France: Internat iona l Energy Agency, 2010 edit ion.  [pdf ]  

IME. (2009).  Mit igat ion, Adaptat ion and Geoengineering  [onl ine] .  Inst i tut ion 

of  Mechanica l Engineers.  [accessed 13 December 2010].  Ava i lable at :  

ht tp: / /www. imeche.org/about/keythemes/environment/Cl imate+Change/M

AG 

IPCC. (1997).  The Revised 1996 IPCC Guidel ines for Nat ional Greenhouse 

Gas Inventories.  Paris:  Intergovernmental  Panel on Cl imate Change, 

IPCC/OECD/IEA.  

IPCC. (2007a).  Chapter 1:  His tor ical  Overv iew of Cl imate Change Science.  

Retr ieved 10 29, 2010, f rom http: / /www. ipcc.ch/pdf/assessment -

report /ar4/wg1/ar4 -wg1-chapter1.pdf  



 

 

Page |  189  

 

IPCC. (2007b).  Summary for Pol icymakers.  In:  Cl imate Change 2007: The 

Physical Sc ience Basis.  Contr ibut ion of  W orking.  Cambridge Universi ty  

Press,  Cambridge, Uni ted Kingdom.  

IPCC. (2007c).  Cl imate Change 2007: Synthesis Report ,  4 .  Adaptat ion and 

mit igat ion opt ions  [onl ine].  IPCC Fourth Assessment  Report .  [accessed 

31 October 2010].  Avai lab le  at :  

ht tp: / /www. ipcc.ch/publ icat ions_and_data/ar4/syr /en/spms4.html  

Ismail ,  M. (2005).  Quant i tat ive Research Methodology  [on l ine].  [accessed 

22 March 2010].  Avai lab le  at :  

ht tp: / /www.scribd.com/doc/98295/Quant i tat ive -Research-Methodology 

IWS. (2010).  Internet  Usage in the Middle  East  [onl ine].   In ternet Wor ld  

Stats,  usage and populat ion stat ist ics:  [accessed 18 December 2010]. 

Avai lab le at :  ht tp: / /www.internetwor ldstats .com/stats5.htm  

Jacobs, R.,  and Haber,  S. (2003).  Organizat ional processes and nuclear 

power p lant safety  [onl ine] .   Sc ience Direct .  [accessed 28 December 

2010].  Avai lab le  at : 

ht tp: / /www.sc iencedirect .com/sc ience?_ob=Art ic leURL&_udi=B6V4T -

481DTF1-

3R&_user=10&_coverDate=12%2F31%2F1994&_rdoc=1&_fmt=high&_orig

=search&_orig in=search&_sort=d&_docanchor=&view=c&_searchStr Id =1

590662286&_rerunOrig in=scholar .google&_acct=C000050221&_ver  

Jenkins,  L.  (2009).  Fundamentals of  Quant i tat ive Research. Suite101, 

[onl ine].  [accessed 22 Mar 2010].  Avai lable  at :  

ht tp: / /academicwr i t ing.suite101.com/art ic le.cfm/fundamenta ls_of_quant i t

at ive_research  

Jun, E.,  WonJoonKim, YongHoonJeong, and SoonHeungChang. (2009).  

Measur ing thesocia lvalueofnuclearenergyusingcont ingent valuat ion 

methodology.  Energy Pol icy38(2010)1470–1476, Elsev ierL td.  



 

 

Page |  190  

 

Kanoh, T.  (2006).  Nuclear energy–An essent ia l  opt ion for sustainable  

development of  g lobal  economy Keynote Speech at  Opening Session of  

ICONE-13.  Nuclear Engineering and Design 236 (2006) 1455–1459, 

Elsev ier,  Sc ience Direct .  [pdf]  

Kaya, Y. (1990).  Impact of  Carbon Diox ide Emission Contro l  on GNP. 

Interpreta t ion of  Proposed Scenar ios.  Paper presented to the IPCC 

Energy and Indust ry Subgroup, Response Strategies Working Group, 

Paris.   

Kok, K. D. (2009).  Nuclear Engineer ing Handbook.  Boca Raton, USA: Tylor 

& Francis  Group, LLC, pp 727 - 749.  

Kurosawa, A. (2000).  Long term Nuclear power Role under CO2 Emissions.  

Vol.  37, No. 1 -4.  pp. 101-106, 2000. Elsevier  Science Ltd .  [pdf]  

Kurosawa, A. ,  Yagita ,  H.,  Zhou, W.,  Tokimatsu, K.,  & Yanagisawa, Y. 

(1999).  Analysis of  carbon emission stabi l izat ion targets and adaptat ion 

by integrated assessment model.  The Energy Journal Kyoto Special  

Issue, 157-175.  [pdf]  

Laura, W. (2008).  Power and Water in the GCC Provides a Comprehensive 

Overv iew of Recent  Developments.  Dubl in,  I re land:  Research and 

Markets.  

Lenzen, M. (2008).  L i fe Cycle Energy and greenhouse gas emissions of  

nuclear energy: A rev iew. Energy Convers ion and Management.  Vol 49, ,  

2178 - 2199.  

Levine, M.,  Ürge -Vorsatz,  D.,  Blok,  K.,  Geng, L. ,  Harvey, D.,  and Lang, S. 

(2007).  Resident ia l  and commerc ial  bui ld ings. In Cl imate Ch ange 2007: 

Mit igat ion. Contr ibut ion of  Working Group I I I  to the Fourth Assessment  

Report  of  the Intergovernmenta l Panel on Cl imate Change  [onl ine].  

[accessed 30 October 2010].  Avai lab le  at : 

ht tp: / /www. ipcc.ch/pdf/assessment -report /ar4/wg3/ar4 -wg3-chapter6.pdf 



 

 

Page |  191  

 

L i ,  Z.  (2009).  Quant i tat ive  analys is  of  sustainable  energy st ra tegies in 

China.  E lsev ierLtd,  Energy Pol icy38(2010)2149–2160. 

L idstone, D. (2010).  Demand for e lect r ic i ty soars in Abu Dhabi  [onl ine].   

Midd le East Buis iness Intel l igence . [accessed 31 October 2010]. 

Avai lab le at :  ht tp: / /www.meed.com/supplements/2010/gcc -power-market -

report -2010/demand-for-e lect r ic i ty -soars- in-abu-dhabi/3005256.art ic le  

LIÉBARD, A.,  Nahon, C.,  and Bal,  J . -L.  (2009).  Worldwide e lectr ic i ty  

product ion f rom renewable energy sourc es, Eleventh Inventory - Edit ion 

2009 [onl ine] .  [accessed 24 December 2010].  Avai lable 

at :ht tp: / /www.energies -renouvelables.org/observ -

er/html/ inventai re/Eng/conclus ion.asp  

Li l l ington, J.  (2004).  The Furture of  Nuclear Power.  Amesterdam: Elsev ier 

Ltd.  Google books.  

Loa, M. (2010).  Earth 's CO2 Home Page  [on l ine].  Mauna Loa Observatory:  

NOAA-ESRL, powered by Joomla . [accessed 29 October 2010] .  Ava i lab le 

at :  ht tp: / /co2now.org/  

MacCracken, C. N.,  Edmonds,  J.  A.,  and Sands, S.  H. (2010).  The 

Economics of  the Kyoto Protocol [on l ine] .  Internat iona l Associat ion for 

energy Economics: [accessed 29 December 2010].  Avai lable  at :  

ht tp: / /www. iaee.org/cn/publ icat ions/kyoto.aspx  

Mart in,  A. (1999).  Greenhouse Emissions of  Nuclear Power  [onl ine].  

[accessed 02 November 2010].  Avai lable at :  

ht tp: / /nuclearin fo.net/Nuclearpower/WebHomeGreenhouseEmiss ionsOfN

uclearPower  

Masdar.  (2010).  Press Release, Masdar signs MOU with the Province of  

Alberta  [onl ine].  [accessed 01 November 2010].  Avai lab le at : 

ht tp: / /www.masdar.ae/en/mediaCenter/newsDesc.aspx?News_ID=139&fst

=mc&nws=1&MenuID=55&CatID=44  



 

 

Page |  192  

 

Matsu i,  K.,  Uj i ta,  H.,  and Tashimo, M. (2008).  Role of  Nuclear Energy in 

Envi ronment,  Economy and Energy Issues of  the 21st century Green 

House Gas Emission Const raint  Effec ts.  Progress in Nuclear Energy 50 

(2008) 97 -102, Elsev ier Ltd.  Sc ience Direct . [pdf]  

McCracken, M. (2005).  explain Capacity factor  [onl ine] .   TeachMeFinance. 

[accessed 20 December 2010].  Avai lable at :  

ht tp: / /www.teachmef inance.com/Scient i f ic_Terms/Capacity_ factor.html  

Metz,  B.,  Davidson, O.,  Coninck, H.,  Loos, M.,  and Meyer,  L.  (2005).  IPCC 

Special  Report  on Carbon Diox ide Capture and Storage.  Canada: 

Intergovernmenta l Panel on Cl imate Change.  

MMdMA. (2006).  Perf i l  Ambiental  de Espan˜a ,  Informe basado en 

indicadores 2006.  Spain:  MMA Minister io de Medio Ambiente.  

MoE. (2007).  U.A.E In Figures 2007  [onl ine].  Min ist ry of  Economy. 

[accessed 15 December 2010].  Avai lable at :  

ht tp: / /www.economy.gov.ae/Arab ic/EconomicAndStat ist icReports/Stat ist i

cReports/Documents/Stat ist ic%20Reports/UAE%20in%20Numbers/UAE%

20Figures2007.pdf  

MoE. (2008a).  Stat ist ic Abst ract  2008, ch2 -Populat ion and Vita l  Stat ics 

2008  [onl ine].Minist ry  of  Economy - Central  Stat ist ic Department.  

[accessed 12 December 2010].  Avai lable at :  

ht tp: / /www.economy.gov.ae/Engl ish/EconomicAndStat is t icReports/Stat ist

icReports /Stat ist icAbst ract /Pages/sa2008.aspx  

MoE. (2008b).  Economic Reports,  Nat ional  Abstract  [on l ine].  Minist ry of  

Economy: [accessed 12 December 2010].  Avai lable at : 

ht tp: / /www.economy.gov.ae/Arab ic/EconomicAndStat ist icReports/Econo

micReports/Documents/Nat iona l%20Abstract -

Ar/Nat ional%20Abstract%202008.pdf  

Moenr.  (2008).  Final Yearly Stat ist ics Report  for e lectr ic i ty and water in 

UAE, 2003 -  2007.  Abu Dhabi:  Minist ry  of  energy.  



 

 

Page |  193  

 

Mol ina, M. ,  Zaelke, D.,  Sarma, K. M.,  Andersen, S. O.,  Ramanathan, V.,  and 

Kaniaru,  D.  (2009).  Reducing abrupt c l imate change r isk us ing the 

Montrea l Protocol and other regula tory act ions to complement cuts in 

CO2 emissions  [onl ine].  Department of  Chemistry and Biochemistry,  

Univers i ty  of  Cal i forn ia:  [accessed 31 October 2010].  Avai lable at :  

ht tp: / /www.pnas.org/content/early/2009/10/19/0902568106.fu l l .pdf  

Mongi l lo,  M.  (2005).  Saving Factors for  Geothermal  Energ Ut i l izat ion  

[onl ine].  [accessed 12 December 2010].  Ava i lab le at :  ht tp: / /www.iea -

gia.org/documents/SavingsFactorsforGeoEnergyUseMongi l lo14Jan0523D

ec08.pdf  

Montgomery, W. (1972).  Markets in Licenses and Eff ic ient Pol lut ion Control  

Programs,  publ ished in 2004  [onl ine].  [accessed 29 December 2010]. 

Avai lab le at :  ht tp: / /www.sciencedirect .com/science/art ic le/B6WJ3 -

4CYGBY2-PD/2/8497b83217afcb9dd9197f22fb18ac5b  

Mourogov, V. M. (2000).  Role of  Nuclear energy for Sustainable  

Development.  Progress in Nuclear Energy,  Vol.  37, No. 1 -4 ,  pp. 19-24, 

2000, Elsev ier  Science Ltd .  

NAP. (1992).  Policy Impl icat ions of  Greenhouse Warming: Mit igat ion, 

Adaptat ion, and the Science Base  [onl ine].  The Nat iona l Academy Press . 

[accessed 20 December 2010].  Avai lable at :  

ht tp: / /books.nap.edu/openbook.php?record_ id=1605&page=433  

NEAC. (2008).  Nuclear Energy: Pol ic ies and Technology for the 21st 

Century.  Nuclear Energy Advisory Committee. [pdf] .  

NEI.  (2009).  World Stat ist ics  [onl ine].  Nuclear Energy Inst i tute.  [accessed 

19 May 2010].  Avai lable  at :  

ht tp: / /www.nei.org /resourcesandstats/nuclear_sta t ist ics /  

NEI.  (2010).  No reason why NPPs cannot l ive beyond 60  [onl ine].  Nuclear 

Engineering Internat ional:  [accessed 31 December 2010].  Avai lab le at : 



 

 

Page |  194  

 

ht tp: / /www.neimagazine.com/story.asp?sect ionCode=132&storyCode=20

57693 

NEImagazine. (2010).  KEPCO wins UAE civi l  nuclear b id  [onl ine].  Nuclear 

Engineering Internat ional .  [accessed 23 December 2010].  Avai lab le at : 

ht tp: / /www.neimagazine.com/story.asp?storyCode=2055052  

Newsroom, I .  (2010).  Brit ish Energy to extend the l i fe of  two nuclear power 

plants  [onl ine].  Industr ia l  fuel and power.  [accessed 31 December 2010].  

Avai lab le at :  ht tp: / /www.i fandp.com/art ic le/008705.html  

Nik i t in,  A.,  & Kudrik,  I .  (2006).  Li fe Extension of  Russian Nuclear Power 

Plants  [onl ine].   Bel lona: [accessed 31 December 2010].  Ava i lable at :  

ht tp: / /www.bel lona.org/ f i learch ive/f i l_Bel lona_Posit ion_Paper -reactors -

Oktober -06.pdf  

Nish ioka,  S.,  Fuj ino, J . ,  Kainuma, M.,  Kanie,  N.,  Hanaki,  K. ,  and Fuj imoto,  

J.  (2008).  Japan Low Carbon Society Scenarion towards 2050  [on l ine].  

Nat iona l Inst i tute for  Environmental Stud ies .  [accessed 02 November 

2010].  Avai lable at :  h t tp: / /2050.nies.go. jp/pro ject_e.html  

NOAA. (2009).  State  of  the Cl imate  [onl ine].  Nat iona l Oceanic and 

Atmospheric Admin ist rat ion, Nat iona l Cl imat ic Data Center .  [accessed 28 

October 2010].  Avai lable at :  

ht tp: / /www.ncdc.noaa.gov/sotc/?report=globa l&year=2009&month=13  

NOAA. (2010).  Trends in Atmospher ic Carbon Diox ide  [onl ine].  NOAA Earth 

System Research Laboratory .  [accessed 29 October 2010].  Ava i lable at :  

ht tp: / /www.esr l .noaa.gov/gmd/ccgg/t re nds/  

Ohnishi ,  T.  (2003).  A method to forecast quant i tat ive var iables re lat ing to 

nuclear publ ic acceptance  [onl ine].   Sc ienceDirect .  [accessed 28 

December 2010].  Avai lab le at : 

ht tp: / /www.sc iencedirect .com/sc ience?_ob=Art ic leURL&_udi=B6V1R -

498W1P1-

19W&_user=7381840&_coverDate=07%2F31%2F1992&_al id=159071363



 

 

Page |  195  

 

1&_rdoc=3&_fmt=high&_orig=search&_or ig in=search&_zone=rslt_ l ist_ i te

m&_cdi=5681&_sort=r&_st=13&_docanchor=&view=c&_ct=18559&_a  

Oliv ier,  J .  (2005).  Recent t rends in g lobal greenhouse gas emissions: 

regional t rends 1970-2000 and spat ia l  d ist r ibut ion of  key sources in 

2000. Environmenta l Science, DOI:  10.1080/15693430500400345.  ,  2(2-

3),  pp. 81 -99.  

Omoto, A. (2005).  Nuclear Power for  Susta inable Development and relevant  

IAEA act iv i t ies for the Future.  Great Bri ta in:  Progress in Nuclear Energy; 

gol.  47, No.  1 -4,  pp.  16-26, 2005, Elsev ier Ltd. [pdf]  

Othman, I . ,  and Mashfej,  H. (2010).  Site Select ion in Syria.  V ienna: Syr ian 

Atomic Energy Commission.  [pdf]  

Otway, H. J. ,  Maurer ,  D.,  and Thomas, K. (1978).  Nuclear Power The 

quest ion of  publ ic  acceptance.  FUTURES, IPC Business Press.  

Pidgeon, N.,  Henwood, K.,  Parkhi l l ,  K. ,  Venables, D.,  and Simmons, P. 

(2008).  Liv ing wi th Nuclear Power in Br i ta in:  A Mixed-methods Study.  

Card if f  Univers i ty and the Univers i ty  of  East Angl ia. [pdf]  

Pomeroy, G.,  Bar i ,  R.,  Wonder,  E.,  Zentner,  M.,  Haas, E.,  Ki l leen, T. ,  et  a l .  

(n.d).  Approaches to  evaluat ion of  prol i fe rat ion resistance of  nuclear 

energy systems [onl ine].  Internat iona l Atomic Energy Agency . [accessed 

01 December 2010].  Avai lable  at :  

ht tp: / /www. iaea.org/NuclearPower/Downloads/INPRO/Fi les/PRADA/appro

aches.pdf  

Psomopoulos, C.,  Skoula,  I . ,  Karras, C.,  Chatzimpiros,  A.,  and Chionidis,  M. 

(2009).  Elect r ic i t y savings and CO2 emiss ions reduct ion in bui ld ings 

sector:  How important the network losses are in the calculat ion?  Elsevier  

Ltd. ,  Energy 35 (2010) 485–490. 

Qader,  M. (2009).  Electr ic i ty Consumption and GHG Emissions in GCC 

Countr ies.  Energies 2009, 2,  1201-1213; doi:10.3390/en20401201.  [pdf]  



 

 

Page |  196  

 

Radan, S. (2010).  Strategic P lanning Wil l  Focus on Cl imate Change [onl ine].   

Khaleej T imes: [accessed 01 January 2011].  Avai lable at : 

ht tp: / /www.khaleej t imes.com/DisplayArt ic le08.asp?xf i le=data/theuae/201

0/January/ theuae_January408.xml&sect ion=theuae  

Rambo, S. (1996).  Three Mi le Is land. [on l ine].  [accessed 06 May 2010]. 

Avai lab le  at : 

ht tp: / /www.pbs.org/wgbh/pages/front l ine/shows/react ion/read ings/tmi.ht

ml  

Ratanakorn, S. (2010).  Site select ion and evaluat ion in Thai land  [onl ine].  

Internat iona l Atomic Energy Agency .  [accessed 01 January 2011].  

Avai lab le  at : 

ht tp: / /www. iaea.org/NuclearPower/Downloads/Infrast ructure/meet ings/20

10-06-TM/SITE.SELECTION.AND.EVALUATION.IN.THAILAND.pdf  

Rauf,  T. ,  and Vovchok, Z.  (2009).  A Secure Nuclear Future  [onl ine] .  

Internat iona l Atomic Energy Agency . [accessed 31 December 2010].  

Avai lab le  at : 

ht tp: / /www. iaea.org/Publ icat ions/Magazines/Bul let in/Bul l511/5110487101

3.html  

Rhodes, R. (1993).  Chernobyl.  Publ ic Broadcast ing Serv ice .  [onl ine].  

[accessed 06 May 2010].  Avai lab le  at : 

ht tp: / /www.pbs.org/wgbh/pages/front l ine/shows/react ion/read ings/cherno

byl.html  

Rizzo, P.  (2010).  Strategic Envi ronmenta l  Assessment  (SEA),  Proposed 

Nuclear Power Plant Complex Western Region, Abu Dhabi Emirate,  UAE.  

Abu Dhabi:  Rizzo Associates Inc.  [pdf]  

Robinson, S. (2010).  World Future Energy Summit,  How to reduce Carbon 

emmiss ions: Capture and Store I t  [onl ine].   TIME in partnersh ip with 

CNN. [accessed 31 October 2010].  Avai lable at :  

ht tp: / /www.t ime.com/t ime/specials/packages/art ic le/0,28804,1954176_19

54175,00.html  



 

 

Page |  197  

 

Rogner,  H. -H.,  Zhou, D.,  Brad ley,  R.,  Crabbé, P.,  Edenhofer,  O.,  and Hare,  

B. (2007).  Int roduct ion. In Cl imate Change 2007: Mit igat ion. Contr ibut ion 

of  Working Group I I I  to the Fourth Assessment Report  o f  the 

Intergovernmenta l Panel on Cl imate Change  [onl ine].  [accessed 29 

October 2010].  Avai lable at :  ht tp: / /www. ipcc.ch/pdf/assessment -

report /ar4/wg3/ar4 -wg3-chapter1.pdf  

Romeo, L .  M.,  Calvo,  E.,  Va lero,  A.,  and Vita,  A.  D.  (2009).  Elect r ic i ty 

consumpt ion and CO2 capture potent ia l  in Spain.  Energy 34 (2009) 

1341–1350, Elsev ier Ltd.  [pdf]  

ROWA. (2005).  Envi ronment impacts of  the arab oi l  and gas sector.  In 

Proceedings of  the Arab Regional Conference on Energy for Susta inable 

Development .  Cairo,  Egypt, :  UNEP-Regional Off ice for West Asia.  

Salman, A. (n.d).  Nuclear Power Plant S ite Select ion  [onl ine].   Internat iona l 

Atomic Energy agency . [accessed 01 January 2011].  Ava i lab le at :  

ht tp: / /www. iaea.org/OurWork/ST/NE/NEFW/documents/RawM ateria ls /TM

%20JOR/26%20NUCLEAR%20POWER%20PLANT%20SITE%20SELECTI

ON%203.pdf  

Samuelsohn,  D. (2007).  Bush- led ta lks spark dip lomats’  debate over post -

Kyoto  [onl ine].  [accessed 29 October 2010].  Avai lable  at : 

ht tp: / /www.earthportal .org/news/?p=508  

Schneider,  M.,  Thomas, S.,  Froggatt ,  A. ,  and Koplow,  D. (2009).  The Wor ld 

Nuclear Indust ry Sta tus Report  2009 With Part icular Emphasis on 

Economic Issues  [onl ine].  German Federal  Minis try of  Envi ronment,  

Nature Conservat ion and Reactor Safety:  [accessed 21 December 2010]. 

Avai lab le  at : 

ht tp: / /www.bmu.de/f i les/engl ish/pdf/appl icat ion/pdf/welt_statusbericht_at

omindust r ie_0908_en_bf.pdf  

Shult is ,  J. ,  and Faw,  R. (2008).  Fundementals of  nuc lear sc ience and 

engineering.  2nd ed.  USA: Taylot  & Francis group. pp341 -385.  



 

 

Page |  198  

 

Sime, R. (1997).  Lise Meitner:  A Li fe in Physics.  [on l ine] .  [accessed 05 May 

2010].  Avai lab le 

at :ht tp: / /www.ucpress.edu/book.php?isbn=9780520208605  

Sime, R. (2005).  From Except ional Prominence to prominent except ion. 

[onl ine].  [accessed 05 May 2010].  Avai lable at :  ht tp: / /www.mpiwg-

berl in.mpg.de/KWG/Ergebnisse/Ergebnisse24.pdf  

Sims, R. E.,  Schock, R. N.,  Adegbululgbe, A. ,  Fenhann, J. ,  

Konstant inav ic iute,  I . ,  and Moomaw, W.  (2007).  Energy supply.  In 

Cl imate Change 2007:  Mit igat ion. Contr ibut ion of  Worki ng Group I I I  to 

the Fourth Assessment Report  of  the In tergovernmenta l Panel on 

Cl imate Change  [onl ine].  [accessed 30 October 2010].  Ava i lab le at :  

ht tp: / /www. ipcc.ch/pdf/assessment -report /ar4/wg3/ar4 -wg3-chapter4.pdf  

Sokolov, Y.  (2008).  Competi t iveness of  Nuclear Energy: IAEA´s Perspect ive 

and Study Results for Europe  [onl ine].  Internat iona l Atomic Energy 

Agency. [accessed 16 May 2010].  Avai lable  at :  

ht tp: / /www. iaea.org/NewsCenter/Statements/DDGs/2008/soko lov121108.

html  

Sovacool,  B. (2008).  Valuat ing the gre enhouse gas emiss ions f rom nuclear 

power:  A cr i t ical  survey. Economy Pol icy,  Vo l  36  ,  2940 - 2953.  

Stanton, C. (2010).  Nuclear programme wil l  c lean up the skies  [onl ine].  The 

Nat iona l .  [accessed 08 December 2010].  Avai lab le at : 

ht tp: / /www.thenat ional.ae/bu siness/energy/nuclear -programme-wi l l -

c lean-up-the-sk ies  

Stavins,  R. (2001).  Experience with Market -Based Envi ronmental Pol icy 

Instruments [on l ine].  [accessed 29 December 2010].  Ava i lab le at : 

ht tp: / /www.rf f .org/documents/RFF -DP-01-58.pdf  

Streimikiene, D. (2008).  The role of  nuc lear energy in Li thuania under 

various post -Kyoto cl imate change mit igat ion regimes.  Energy 33 (2008) 

1005–1014, Elsev ier Ltd.  Science Direct .  



 

 

Page |  199  

 

Takada, K. (2006).  Microscopic World -3.3  Nuclear Fiss ion  [onl ine].  The 

Wor ld of  the Atomic Nucleus. Kyushu Universi ty.  [accessed 09 May 

2010].  Avai lable at :  ht tp: / /www.kut l .kyushu-

u.ac. jp/seminar/MicroWorld3_E/MicroWorld_3_E.html  

TGOAD. (2008).  The Abu Dhabi  Economic V is ion 2030  [onl ine].  The 

Government of  Abu Dhabi:  [accessed 01 January 2011].  Avai lab le at :  

ht tp: / /gsec.abudhabi .ae/Sites/GSEC/Content/EN/PDF/Publ icat ions/econo

mic-vis ion-2030-execut ive -summary-mandate2,property=pdf.pdf  

Thinkquest.  (1998a).  Basic Nuclear Fission.[onl ine].  Ret r ieved,  [onl ine].  

[accessed 09  May 2010].  Avai lab le  at : 

ht tp: / / l ibrary. th inkquest.org/17940/texts/ f iss ion/f iss ion.html  

Thinkquest.  (1998b).  The Nuclear F ission Power P lant  [onl ine].  [accessed 

11 May 2010].  Avai lable  at :  

ht tp: / / l ibrary. th inkquest.org/17940/texts/ f iss ion_power/ f iss ion_po wer.htm

l  

UAEInteract.  (2010).  Abu Dhabi is p lanning to achieve growth by 6 -7% in 

real GDP over the period 2008 -2012  [onl ine].  [accessed 12 December 

2010].  Avai lab le  at : 

ht tp: / /www.uaeinteract .com/docs/Abu_Dhabi_ is_plann ing_to_achieve_gro

wth_by_6-7_ in_rea l_GDP_over_the_period_2008 -2012/43357.htm 

UN. (2005).  Air Qual i ty and Atmospher ic Pol lut ion In the Arab Region  

[onl ine].  United Nat ions.  [accessed 19 December 2010].  Ava i lable at :  

ht tp: / /www.un.org/esa/sustdev/csd/csd14/escwaRIM_bp1.pdf  

UN.  (2008).  World Populat ion Prospects:  The 2008 revision populat ion 

database  [onl ine].  United Nat ions populat ion divis ion . [accessed 12 

December 2010].  Avai lable at :  ht tp: / /esa.un.org/unpp/p2k0data.asp  

 

 



 

 

Page |  200  

 

UN. (2009).  Meetings Coverage  [onl ine].  United Nat ions, Department of  

Publ ic  Informat ion ,  News and Media  Div is ion ,  New York:  [accessed 28 

October 2010].  Avai lable at : 

ht tp: / /www.un.org/News/Press/docs/2009/envdev1069.doc.htm  

UNFCCC. (n.d).  Glossary o f  c l imate change acronyms  [on l ine] .  United 

Nat ions Framework Convent ion on Cl imate Change :  [accessed 01 

November 2010].  Avai lab le at : 

ht tp: / /unfccc. int /essent ia l_background/g lossary/ i tems/3666.php  

USCB. (2010).  U.S. Census Bureau  [onl ine].  [accessed 28 December 2010].  

Avai lab le at :  ht tp: / /www.census.gov/  

Vai l lancourt ,  K. ,  Labr iet ,  M.,  Loulou, R.,  & Waaub, J. -P. (2008).  The role of  

nuclear  energy in long -term cl imate scenarios:  An analysis  wi th the 

Wor ld-TIMES model .  Energy Pol icy 36 (2008) 2296–2307, Elsevier Ltd.  

[pdf]  

Wachter,  B. D . (2007).  Life expectancy of  nuclear power p lants  [onl ine].   

Leonardo Energy, The Global Communi ty for Sustainab le Energy 

Profess ionals .  [accessed 31 December 2010].  Ava i lab le  at : 

ht tp: / /www. leonardo -energy.org/drupal/node/1530  

Weart ,  S. (2009).  The Carbon  Diox ide Greenhouse Effect  [onl ine].   The 

Discovery of  Global Warming, Amer ican Inst i tute of  Physics .  [accessed 

28 October 2010].  Avai lab le  at :  

ht tp: / /www.a ip.org /history/c l imate/co2.htm  

Weitzman, M. (1974).  "Proces vs.  quant i t ies" .  The review of Economic 

Studies 41:477 -491. 

WNA. (2006).  Energy Analys is of  power systems .  f rom world  nuclear  

associa t ion: www.wor ld -nuclear.org  

WNA. (2010a).  Nuclear Power in the United Arab Emirates  [on l ine] .   World  

Nuclear Associat ion .  [accessed 09 December 2010].  Ava i lab le a t : 

ht tp: / /www.wor ld -nuclear.org/ info/UAE_nuclear_power_ inf123.html  



 

 

Page |  201  

 

WNA. (2010b).  Advanced Nuclear Power Reactors  [onl ine].  wor ld nuclear  

associa t ion .  [accessed 01 December 2010].  Avai lable  at : 

ht tp: / /www.wor ld -nuclear.org/ info/ inf08.html  

Wolde-Rufae l,  Y.,  and Menyah,  K.  (2010).  Nuclear energy consumption and 

economic growth in  nine deve loped countr ies.  Energy Economics, 

Elsev ier B.V.  

Wright,  R. (2008).  Environmenta l Sc ience, 10th ed. .  Upper Saddle River:  

Pearson Pract ice Hal l .  pp332 -333. 

Yin,  R. (1994).  Case Study Research: Design and Methods,  2nd ed.  

Thousand Oaks, Cal i f .  pp13.:  Sage Publ icat ions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


