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Abstract 
In the last two decades energy consumption in the GCC has increased rapidly. In 2011, GCC 
countries consumed as much oil and gas as Indonesia and Japan together (Lahn, Stevens, & Preston, 
August 2013). The key characteristic in the GCC energy system is the very high reliance on 
conventional energy supply technologies based on oil and gas and the large reserves of oil and 
natural gas resources (Doukas , Patlitzianas , Kagiannas , & Psarras , 2005). 

The current and future electricity and water desalination systems of each of the six GCC member 
states were represented using a cost based optimization tool called MESSAGE. Using this tool, 
several simulations were tested to examine alternative scenarios to meet the future national demand 
for electricity and water in each GCC country. Furthermore, the effect of introducing carbon tax on 
GCC was studied. All proposed future scenarios are technically feasible and optimized by minimizing 
their total discounted costs.  Costs are composed of investment, fuel, operating, trade and 
environmental penalties. Due to the limitation of the work scope and time, the social and political 
aspects related to the topic where not considered. 

This work is one of few exploratory studies of the GCC energy system that need to be integrated 
into further future research efforts in the region. The project was carried out on several steps, 
starting with literature review of the energy system in each of the six GCC countries in order to build 
the Reference Energy System (RES) for each country. Hands-on training on the MESSAGE 
software and building the model structure for each country followed this step. Second step was 
focused on collecting reliable and representative data for each country’s energy system, historical 
electricity capacities, desalination capacities and technologies and the future demand for each 
country. The challenging part in this step is to find accurate, comprehensive and consistence data 
that leads to a more specific and accurate model. The structure of the model was finalized by 
inserting the collected data and generating the first set of results for the United Arab Emirates, and 
then is was replicated for the other countries. Finally, different alternative scenarios were designed, 
examined and improved in an iterative process to ensure representative results.  

Results shows that fossil fuels will continue playing an important role in a least cost future for the 
region. Thanks to the cheap natural gas resources in the GCC. Despite the high renewable energy 
technologies potential, their penetration proved to be limited in the GCC. On the other hand, 
nuclear energy shows clear economic potential.   

An important added value of such study is to provide interested parties like local governments, 
research centers and international organizations with an open source dataset and functional model 
that can pave the way for further future studies of the region.  
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1 Introduction 
The Gulf Cooperation Council (GCC) consists of six member states of Saudi Arabia, United Arab Emirates, 
Oman, Kuwait and Bahrain. It contains 29.4% of the total oil reserves in the world and about 25% of the total 
natural gas reserves (BP, June 2014). Covers a total area of 2.4 million km2. Since the declaration of the 
council, the GCC countries have witnessed significant development the last three decades, this can be clearly 
seen in the GDP growth from has $ 192 million in 1980 to about $ 1372 millions in 2011. Mega projects, 
modern infrastructure and economical developments increased the immigration rates to this region causing 
the population jump rapidly from 21 million in 1990 to reach up to 47 million in 2011  (The Cooperation 
Council for the Arab States of the Gulf, 2012).  

This increase in the population has obviously been reflected in the increase in primary energy consumption in 
the GCC countries, which have surpassed the total primary energy consumption of Africa although it has only 
one-twentieth of the population of that continuant. Figure 1 shows the primary energy consumption in 
different GCC countries between 1971 and 2011 (IEA, 2014). Saudi Arabia has the largest share then comes 
the United Arab Emirates and Kuwait. This is expected taking in consideration the population of each country 
and its economic capabilities, as will be discussed later. And this growth is expected to continue to reach up to 
59 million people by 2025 and 71 million people by 2050, which is a main driver for electricity and water 
demand in the region  (GCC Demographic Shift , June 2012). 

 

 
Figure 1: Primary Energy Consumption in the GCC, 1971 – 2011 

 

Accordingly the region’s generated electricity has grown from 115 TWh in the year 1990 to almost 436 TWh 
in the year 2010 (Platts, 2010). The harsh climate in GCC region causes high cooling demand throughout the 
year. Moreover, huge energy waste due to the use of low efficiency appliances, high living standards and the 
energy intensive lifestyle in GCC countries have added more elements that ranked those countries among the 
highest countries in term of energy consumption per capita according to the world bank as shown in Figure 2  
(World Bank, 2010). 
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Figure 2: Energy Intensity Trends in the GCC, 1971 – 2010 

The GCC countries lie in a geographical location that suffers from short supply of renewable resources of 
water, notably rainfall and groundwater. The average per capita renewable water supply in the Gulf countries 
is about 92 cubic meters, with the lowest level found in Kuwait at 7 cubic meters and the highest in Oman at 
482 cubic meters, taking in consideration that the globally the per capita renewable water supply threshold is 
1000 cubic meters a year (Water scarcity, 2006). On the other hand, GCC countries consume about 65 % 
more water than the world average 816 cubic meters pcpa, versus 500 cubic meters pcpa (Strategy& , 2014). 
The gap between the annual consumption and the average renewable resources supply is significant in most 
GCC countries, only Oman enjoys enough water resources that meets its demand over the year (see Figure 3). 
In such a case, GCC countries rely mainly on desalinating seawater to meet their demand for potable water. 
This makes water to be more important than hydrocarbons and one ton of water costs more than one ton of 
oil  (Aidrous, August 2014).  

 

Figure 3: Water Consumption and Renewable Water Resources, in Cubic Meters per Capita per Annum (m3 
Pcpa) (Source: AQUASTAT 2013) 
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1.1 Objectives 
The aim of this study is to optimize the energy system of the GCC countries for electricity generation and 
water desalination in a time horizon of 2014 - 2040. The study draws a road map for each country about the 
necessary investments that should take place.   

 

1.2 Methodology 
To achieve this goal, a mathematical model using Model for Energy Supply Strategy Alternatives and their 
General Environmental Impacts “MESSAGE” software was built. Then various future scenarios were 
designed to best describe the predicted future and to reflect the desired changes to the energy system.  

The study starts with giving an overview of each GCC state current situation. Focusing mainly on economical 
and energy indicators, also the current status of electricity generation is discussed.  

In chapter two, the mathematical model using MESSAGE software is explained. Starting with the load regions 
and general modeling parameters, moving to the technology selection, after that drawing the schematic 
reference energy system, next section explains the data collection of historical capacities and future demand 
projections, after that discussing the bounds and constrains of the study and finally explaining the result 
extraction procedure.  

Chapter three gives a detailed elaboration of each of the alterative scenarios implemented in this study. The 
business as usual scenario, which projects the current situation into future, is the reference scenario that is 
used to compare with the other suggested alternatives. The netback scenario introduces international market 
pricing to the GCC energy system. Then CO2 tax scenarios examines different levels of emissions penalty. 
Finally the Nuclear Hub scenario tests the feasibility of a centralized nuclear hub state in the GCC.  

Chapter four analyses and discusses the obtained results from MESSAGE model. All scenarios are tested 
against the reference scenario based on technical and economical indicators e.g the system cost per unit cost 
of energy consumed. 

Chapter five draws conclusions based on the results and discussions. This chapter gives the highlights of the 
most cost effective scenario for the GCC countries to meet their future demand of electricity and water 
desalination. Recommendations for future work are summarized in the section of this report. 

Since the focus of this study is on electricity generation and water desalination; the following sectors were not 
modeled; transport sector, oil and gas imports and exports. These sectors are important to be studied in future 
work as it is expected that the transportation fuel demand will increase by 167% between 2010 and 2025 
(Lahn, Stevens, & Preston, August 2013).  

Further, the model and data are made available for further potential study and local adaptation. 
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2 Country Overview 

2.1 Saudi Arabia 
The Kingdom of Saudi Arabia (KSA) is the world’s largest producer and exporter of oil liquids in 2012. 
Covering a total area of 2,150,000 km2 which accounts for 80% of the total area of the Arabian Peninsula, 
lying between latitudes 16 and 33 N, and longitudes 34 and 65 E (Saudi Arabia, 2014). Saudi Arabia has 
borders with Jordan and Iraq to the North; Kuwait to northeast; Bahrain, Qatar and United Arab Emirates to 
the east; Oman to the southeast and Yemen to the south. It is the only country that has coastal area to the red 
sea and the Arabian Gulf. The kingdom of Saudi Arabia was found in 1932. Ibn Saud the founder of Saudi 
Arabia, united the four main areas, which become now the four distinct regions of the country, eastern Arabia, 
southern Arabia, Hejaz and Najd.  

The Total Primary Energy Supply (TPES) reached in 2010 up to 192,004 ktoe, of which 65% comes from 
crude oil 35 % from natural gas. The Total Energy Consumption (TEC) reached 112578 ktoe in 2010, 
dominated by the non-energy sector which accounts for 35.7%, then the transport sector with 31.3 %, while 
the industrial sector accounts only for 18.3 % as shown in Figure 4 (IEA, 2014).  

The total electricity generation in 2009 was 217 TWh and the electricity use per capita was 7427 kWh, which is 
considered one of the highest rates of energy consumption per capita, comparing to the world average which 
reaches 2728 kWh and middle east average of 3378 kWh (IRENA , 2012). According to the Saudi Electricity 
Company, In 2012 the total installed capacity reaches 53.6 GW of which 61.1% generated from Gas turbines, 
32.46% steam turbines, 5.4% combined-cycle and 1.02% from Diesel cycle (Saudi Electricity Company, 2012). 
And 100% of the installed capacity is fueled by fossil fuel, with clear predominance of oil 56.7 % and the rest 
43.3 % from natural gas. (IEA, 2014)  

 
Figure 4: Saudi Arabia - TPES by source "left" and TFC by sector "right" 

As Saudi Arabia has huge fossil fuel resources, it has also huge solar resources and the annual mean global 
radiation reaches 18.36 MJ/m2/day, the Direct Normal Irradiation (DNI) of about 2500 kWh/m2/year and 
the global horizontal irradiance 2130 kWh/m2/year  (Alnaser & Alnaser, 2011). Though, the utilization if this 
high potential is still very low. Another renewable source that has considerable potential in Saudi Arabia is 
wind energy, historical metrological data shows average annual wind speed of about 4 - 4.5 m/s at different 
locations at 10 m height (Rehman, 2011) 

The petroleum sector is the leading sector of Saudi Arabia’s economy, it accounts for 80% of the total 
national budget, 45 % of GDP and 90% of the exports earnings. This reflects the general tendency of the 
dependence on fossil fuels in the GCC countries in general. Although it is the world leader in oil liquids 
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exports, Saudi Arabia ranks 20th in term of GDP with $ 927.8 billion in 2013. Coming mainly from Industrial 
sector 62.5% of GDP, while 35.5 % comes from services and 2 % from agriculture sector.  With population 
of 27 million people, the GDP per capita reaches about $ 31,300 which ranks it the 44th in the world (CIA, 
2014). 

2.2 United Arab Emirates 
A federation of seven emirates of Abu Dhabi, Dubai, Sharjah, Ajman, Um-AlQaywain, Ras AlKhaimah and 
Al-Fujairah, which declared its independence from the United Kingdom in 1971. Covering a total area of 
83600 km2, of which 87% is the emirate of Abu Dhabi, the political capital of the country. The UAE lies 
between 22°30' and 26°10' north latitude and between 51° and 56°25' east longitude, sharing borders with 
Oman to the east; Qatar to the northwest and Saudi Arabia to the west, south and southeast. The UAE has a 
strategic location with costal areas on both the Arabian Gulf to the north and the gulf of Oman to the east, 
which gives it the privilege of a strategic location on one of the most important transit points of the world 
crude oil, the straight of Hurmuz.  (UAE, 2014) 

The United Arab Emirates is the 6th largest oil exporter and the 19th largest natural gas producer in the world 
in year 2010. The proved reserves of oil were estimated to be about 97800 million barrels and with the current 
production rate of 2.7 million barrels per day the reserve should last for the coming hundred years. As shown 
in Table 1, the proved natural gas reserve in UAE has been estimated to about 215,025 billion cubic feet 
ranking it as the 7th largest reserve of natural gas (EIA, 2013 a). However, since 2007 the UAE become a net 
importar of natural gas due to the high local consumption maily in gas-based electricity generation plants, 
water desalination units and other industries. Qatar, the rich LNG neigbour is the main supplier of this 
substance through Dolphine pipeline (Mokri , Aal Ali , & Emziane , 2013). 

 

Table 1: UAE Energy Statistics summery 

UAE	  Energy	  Statistics	  summery	  

Oil	  (million	  barrels)	  	  

Proved	  Reserves,	  
2013	  

Total	  Oil	  Supply,	  
2012	  (Thousand	  

bbl/d)	  

Total	  Petroleum	  	  
Consumption,	  2012	  

Reserves	  to	  
production	  ratio	  

97800	   3218	   618	   95	  
Natural	  Gas	  (billion	  cubic	  feet)	  	  

Proved	  Reserves,	  
2013	  

Dry	  NG	  	  
production,	  2012	  

Dry	  NG	  Consumption,	  
2012	  

Reserves	  to	  
production	  ratio	  

215025	   1854	   2235	   116	  

 

The energy balance of the United Arab Emirates, shown in Figure 5, reflects the predominance of natural gas, 
supplying 79.1% of the Total Primary Energy Supply (TPES), which reached in 2010 up to 66,108 ktoe and 
the rest comes from crude oil 20%. The total final consumption shows that the industrial sector is the biggest 
energy consumer with 61.8%, and then comes the transport sector, which requires 21.3% of the TFC, leaving 
about a quarter to the other sectors of residential, commercial and non-energy sector  (IEA, 2014). 



 
-15- 

 

 
Figure 5: UAE – TPES by source "Left", TFC by sector "Right" 

The United Arab Emirates is also among the highest countries in term of the energy consumption per capita. 
Comparing the values of 2009, the total electricity generation reaches about 90.6 TWh, with a population 7.5 
million, the total electricity consumption per capita reaches to about 11,121 kWh per capita. Comparing this 
value to the world average which reaches 2728 kWh and middle east average of 3378 kWh  (IRENA, 2012). 

As other GCC countries, the UAE enjoys high potential to harness solar energy, the annual mean global 
radiation reaches 21.6 MJ/m2/day, the Direct Normal Irradiation (DNI) of about 2200 kWh/m2/year and 
the global horizontal irradiance 2360 kWh/m2/year (Alnaser & Alnaser, 2011). Currently the implementation 
of solar projects in UAE is growing, with MASDAR initiative as a leader governmental project. Shams 1, the 
100 MW solar CSP project which was launched in 2013 is the first big scale project, that is currently online in 
UAE. More capacities to be installed in Abu Dhabi and Dubai at utility scale within the coming years.  

Since the declaration of its dependence in 1971, the UAE government has carried on rapid changes in the 
countries infrastructure and living standard. At the same time, the economic diversification efforts in the last 
four decades has been successful in reducing the dependence on oil and gas sector which contributes to only 
25% of the total GDP of the UAE. In 2013 the total GDP has reached about $ 269.8 Billion, coming mainly 
from Industry 61.1 %, then services 38.2 % and the rest 0.6 % comes from the agricultural sector. Crude oil is 
the dominating exports, which accounts for 45% of the total exports. The main exports markets are Japan, 
India and Iran (despite the historical conflict over the three Islands) (CIA, 2014). According to local 
estimations, the total population of the UAE reached 8.2 million people in 2010, of which 80 % are foreigners  
(UAE Statistics, 2014).  

2.3 Oman 
In the late 17th century the Sultanate of Oman has been a super power on the Arabian Gulf, it competed with 
Portugal and Britain for influence over the strait of Hurmuz and the Indian Ocean, which was a main trading 
rout. The Omani influence reaches some parts of Iran, Pakistan and reached to Zanzibar, which is part of 
Tanzania nowadays (Oman, 2014). 

Oman lies between latitude 26° and 28° north and between longitude 52° and 60° east, sharing borders with 
the UAE to the northwest; KSA to the west and Yemen to the southwest. It also shares marine border with 
Iran and Pakistan (Oman, 2014) .The Sultanate of Oman has the privilege of a strategic location close to the 
main energy corridors, the Arabian Gulf, the Indian Ocean and the Arabian Sea. This leads Oman to plan to 
build a world-class oil refining and storage complex near Duqm that is located outside the strait of Hurmuz  
(EIA, 2013 b)  

The Sultanate of Oman is the largest oil and natural gas producer in the Middle East that is not a member of 
Organization of Petroleum Exporting Countries (OPEC). Its proved oil reserves were estimated to be about 
5.5 billion barrels and its proved natural gas reserves reached about 30 trillion cubic feet, as shown in Table 2  
(EIA, 2013 b) 
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Table 2: Oman Energy Statistics Summery 

Oman	  Energy	  Statistics	  summery	  (eia)	  

Oil	  (million	  barrels)	  	  

Proved	  Reserves,	  
2013	  

Total	  Oil	  Supply,	  
2012	  

Total	  Petroleum	  	  
Consumption,	  2012	  

Reserves	  to	  
production	  ratio	  

5500	   338	   53	   16	  
Natural	  Gas	  (billion	  cubic	  feet)	  	  

Proved	  Reserves,	  
2013	  

Dry	  NG	  	  
production,	  2011	  

Dry	  NG	  Consumption,	  
2011	  

Reserves	  to	  
production	  ratio	  

30000	   937	   619	   32	  

 

In 2012, about 86% of the government revenue came from the hydrocarbons sector and about 40 % of 
Oman’s GDP comes from Oil and gas revenues, which shows the high dependence on the hydrocarbons 
sector (EIA, 2013 b). Looking into the energy balance of Oman, it is noticed that the natural gas is the main 
energy source, as it accounts for 73% of the Total Primary Energy Supply (TPES) and the rest 27% comes 
from crude oil. The industry sector in Oman consumed in 2010 about 9218 ktoe which is 60 % of the Total 
Final Consumption (TFC), the transport sector comes second at 18% or 2823 ktoe, the non-energy sector 
consumes about 12 % and the rest 10% was consumed by other sectors like residential and services (IEA, 
2014) see Figure 6.  

  
Figure 6: Oman – TPES by source "Left", TFC by sector "Right" 

Oman as other GCC countries has a high-electricity consumption per capita rate. Oman’s total electricity 
generation reaches about 17.8 TWh, with a population 2.8 million, this rate reached in 2009 5340 
kWh/Capita, exceeding the Middle East average of 3376 kWh/Capita and the world average of 2728 
kWh/Capita (IRENA, 2012).   

So far renewable energy projects have not been implemented in Oman on large scale. Thought the 
government of Oman has announced 100-200 MW solar project but nothing has been implemented yet  
(IRENA, 2012) Oman receives about 2200 Direct Normal Irradiation (DNI) and about 2360 kWh/m2/year 
the global horizontal irradiance  (Alnaser & Alnaser, 2011). Which makes the potential for harnessing solar 
energy in Oman very high. According to a study implemented by the Authority for Electricity Regulation in 
2008, it has concluded that the wind speed at the northern areas of Oman and the mountains of Salalah shows 
the High potential for harnessing wind energy. Moreover it concludes that the maximum wind speed is during 
summer season, which is the peak demand season. The estimated energy output using 2 MW wind turbine, 80 
m hub height and 90 m rotor diameter, can reach as high as 5000 - 7000 MWh/year (Authority for Electricity 
Regulation, Oman , 2008) 
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In comparison with the rich neighboring countries, Oman’s economy is a middle-income economy with GDP 
of $ 94.86 billion or $ 29800 per Capita. As mentioned earlier, the economy is heavily dependent on oil and 
gas revenues, which were affected by the decline in Oman oil production from 970000 bbl/day in 2000 to 
710000 bbl/day in 2007. Thanks to the Enhanced Oil Recovery (EOR) technology, which brings the annual 
oil production to 919000 bbl/day in 2009 (EIA, 2013 b). The government strategy to diversify the economy is 
based on tourism and gas-based industries. Currently industry sector accounts for 64.4 % of the total GDP, 
services accounts for 34.6 % and 1 % comes from the agricultural sector (CIA, 2014). 

2.4 Kuwait 
The state of Kuwait is one of the smallest countries in the world in term of land area, covering 17,820 km2 
only at the northern edge of eastern Arabia. However it is the 10th largest oil producer in the world with 2.792 
million barrels per day in 2010, of which 1.394 million barrels per day are exported to rank Kuwait the 13th 
largest exporter of crude oil in the world (Kuwait, 2014). Kuwait is 6th largest country in the world in terms of 
proved oil reserves with total of 102 billion barrels of crude oil. This figure can rise to 104 billion barrels if the 
reserves of the Partitioned Neutral Zone (PNZ) are added to the total reserves. The PNZ is a 6200 square 
miles area established in 1922 between Kuwait and Saudi Arabia to resolve border conflict. It holds 5 billion 
barrels of crude oil reserves and 600000 barrels per day of crude oil production that is shared on 50-50 bases 
between the two countries. In term of natural gas, Kuwait holds 63 TCF of proved reserves. However, 
Kuwait is currently a net natural gas importer due to it’s increased domestic consumption (EIA, 2013 c). 

Kuwait lies between latitude 28.45 and 30.05 degrees north and between longitude 46.30 and 48.30 degrees 
east, sharing borders with Saudi Arabia to the south and southeast and Iraq to the north and west. Its strategic 
location at the northern edge of eastern Arabia helped Kuwait to be one of the main commerce and trade in 
the Middle East during the eighteenth and nineteenth centuries, however it lost its commercial position in the 
20th century. On August 2nd 1990 the Iraqi forces invaded and annexed Kuwait, its oil production declined 
sharply from about 1.8 million to less than 300 thousands barrels per day before it was liberated in 1991 and 
the oil production increased again to reach about 2.8 million barrels per day in the year 2012  (EIA, 2013 c). 

The Total Primary Energy Supply (TPES) in Kuwait reached about 23158 ktoe in 2010, of which 57% comes 
from crude oil and the rest 43 % from natural gas. looking into the Total Final Consumption (TFC) by sector, 
transport and industry sectors consume almost 50% of the total energy, then comes the non-energy sector 
with 22% leaving 16% to the residential sector and the rest 8% for commercial and public services (IEA, 
2014), See Figure 7 

  
Figure 7: Kuwait – TPES by source "Left", TFC by sector "Right" 

The total electricity generation in 2009 was 53.2 TWh, and the total population is 2.7 million. The electricity 
consumption per capita in Kuwait is the highest among the GCC countries, it reaches in 2009 about 17610 
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kWh per capita, which is six times the world average (2728 kWh/capita) and five times the middle east average 
(3376 kWh/capita)  (IRENA, 2012). 

The government of Kuwait has set a target of 5 % of electricity generation to come from renewables by 2020, 
however no renewable project has been launched yet. The highest potential is for solar energy then comes 
wind and geothermal energy. The Direct Normal Irradiation (DNI) is about 2100 and the global horizontal 
irradiance about 1900 kWh/m2/year  (Alnaser & Alnaser, 2011). 

The economy is still heavily dependent on oil revenues that make 95% of the exports, 95% of the government 
income and accounts for 50% of the GDP that reaches about $165.8 billion (2013 est.) or about $42100 per 
capita. The government’s effort to diversify the economy away from oil are still very poor and are affected by 
the political situation of the country. Currently industry sector accounts for 50.6 % of the total GDP, services 
accounts for 49.1 % and 0.3 % comes from the agricultural sector  (CIA, 2014). 

2.5 Qatar 
The world’s richest country per capita with the highest human development index in the Arab world. An 
11571 km2 peninsula on the northeast cost of the Arabian Peninsula. Has borders with Saudi Arabia to the 
south and a tiny border with the United Arab Emirates to the southeast and the rest is surrounded by the 
Arabian Gulf. Qatar lies between latitude 24 and 27 degrees north and between longitude 50 and 52 degrees 
east (Qatar, 2014). 

Since 2000, Qatar witnessed a rapid increase in the natural gas production and since 2006 it became the 
world’s leading liquefied natural gas (LNG) exporter and the world’s fourth largest natural gas producer. Qatar 
produces 1.6 million bbl/d of liquid fuels, of which 730000 bbl/d are crude oil, ranking Qatar as the second 
smallest crude oil producer among OPEC members. As shown in Table 3, the proved reserves of Qatar crude 
oil are estimated to be about 25 billion barrels and its natural gas reserves are estimated to be about 885 TCF 
(EIA, 2013 d). Thus Qatar focuses on the natural gas industry and it is the home of the world’s largest Gas to 
Liquids (GTL) facility, Pearl GTL  (Pearl GTL, 2012). 

Table 3: Qatar Energy Statistics summery 

Qatar	  Energy	  Statistics	  summery	  

Oil	  	  

Proved	  Reserves,	  
2014	  

(Million	  barrels)	  

Total	  Oil	  Supply,	  
2012	  	  

(Thousand	  bbl/d)	  

Total	  Petroleum	  	  
Consumption,2012	  
(Thousand	  bbl/d)	  

Reserves	  to	  
production	  ratio	  

25240	   1579	   190	   57	  
Natural	  Gas	  (billion	  cubic	  feet)	  	  

Proved	  Reserves,	  
2013	  

Dry	  NG	  	  
production,	  2012	  

Dry	  NG	  Consumption,	  
2012	  

Reserves	  to	  
production	  ratio	  

885000	   5523	   1257	   160	  

 

Qatar is the main Natural Gas supplier to UAE and Oman through the 48-inch, 364 kilometer Dolphin 
pipeline, which transports 2 billion standard cubic feet per day (scf/day) of refined methane from Ras Lafan 
north field of Qatar to Altaweelah, Abu Dhabi then to Oman  (Dolphin Energy , 2013).  

The country meets all its requirements of electricity generation from burning the cheap natural gas and yet 
renewables have not been part of the energy mix. According to IRENA, the government has plans to launch a 
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100 MW solar project by 2014, however this project has been delayed and no deadline has been set yet 
(IRENA, 2012). As all GCC countries, Qatar has high potential of solar energy with about 2200 
kWh/m2/year of Direct Normal Irradiation (DNI) and 2140 kWh/m2/year of global horizontal irradiance  
(Alnaser & Alnaser, 2011). 

Looking at the country’s energy balance, it’s expected that the natural gas is the main energy driver, it supplies 
81 % of the Total Primary Energy Supply (TPES) and the rest 19% comes from oil. On the other side, 
looking into the by sector energy consumption, industry and transport sectors account for about 60% of the 
Total Final Consumption (TFC), while the residential, commercial and public services together makes about 
8% only, the rest goes to the non-energy sector consumption as shown in Figure 8  (IEA, 2014). 

  
Figure 8: Qatar – TPES by source "Left", TFC by sector "Right" 

In 2009 the total electricity generation was about 24.8 TWh, with total population of 1.8 million the electricity 
consumption per capita in Qatar reached about 14420 kWh/capita which is five times higher than the world 
average (2728 kWh/capita) and four time higher than the middle east average (3376 kWh/capita)  (IRENA, 
2012). 

With the highest GDP per capita of $ 102000 (2013 est.), the country’s economy is still heavily relying on oil 
and natural gas revenues. In the year 2012, it accounts for about 57.8% of the total GDP and about 60% of 
the government revenues. According to the U.S Energy Information Administration, in 2012 Qatar earned $ 
55 billion  (EIA, 2013 d). The industry sector, which is mainly oil and natural gas industry, is the main driver 
of economy and accounts for 72% of the GDP. The service sector contribution is still small about 27.7%  
(CIA, 2014).  

2.6 Bahrain 
The kingdom of Bahrain is a small archipelago in the Arabian Gulf with total area of 760 km2 and total 
population of 1.3 million. It lies between latitude 25 32 and 26 30 north and longitude 50 20 and 50 50 east. 
Connected to Saudi Arabia, which lies to the southwest, by King Fahad Causeway. Qatar lies to the southeast 
of Bahrain, and Iran lies 200 km across the Arabian Gulf to the north. In late 1960s, Bahrain and Qatar were 
invited to form a union with what is known today as the United Arab Emirates, but both decided not to join 
this union and in 1971 Bahrain declared it independence. Later in 2002 as the current ruler of Bahrain got to 
power, he declared the kingdom of Bahrain (Bahrain, 2014)  

The least country of the GCC members in term of petroleum production, in 2012 Bahrain produced 48,000 
bbl/d of total petroleum liquids. The government has a target of increasing total petroleum production to 
100,000 bbl/d by the end of the decade. The government is also planning to increase the refinery capacity 
from 254000 bbl/d to 100000 bbl/d, currently most of the refinery feedstock is being imported from Saudi 
Arabia. Bahrain is also a small producer of natural gas; it produced 446 billion cubic feet of dry natural gas in 
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2011. In order to meet the country’s increasing natural gas demand, the government is studying plans to 
import natural gas either via pipeline from Qatar or via imports of liquefied natural gas (LNG) (CIA, 2014), 
despite the current diplomatic disagreement between the two countries that peaked by Bahrain withdrawing its 
ambassador from Doha in March 2014. The same was done by Saudi Arabia and the United Arab Emirates.  

The share of renewables in the energy mix of the kingdom of Bahrain is still negligible as most of the GCC 
countries. The government shows its interest in renewables especially solar, but no project has been 
implemented yet. The Direct Normal Irradiation (DNI) in Bahrain is about 2050 kWh/m2/year and the 
global horizontal irradiance is about 2160 kWh/m2/year  (Alnaser & Alnaser, 2011). 

The total electricity generation in 2009 reaches about 12.1 TWh, and the average consumption per capita is 
about 9217 kWh/capita, which is considered to be one of the lowest rates among the GCC countries, 
however it is still way higher than the world average of 2728 kWh/capita and the middle east average of 3376 
kWh/capita (IRENA, 2012).  

Despite the fact the Bahrain is the smallest producer of hydrocarbons among the GCC countries, the Total 
Primary Energy Supply (TPES) in 2010 was about 9457 ktoe, it is mainly supplied by natural gas 85% and the 
rest comes from crude oil. The industry and transport sectors are about 75% of the country’s Total Final 
Consumption (TFC), the share of residential sector and the Commercial and services sector are also worth 
notice in this case (IEA, 2014) see Figure 9. 

 

 
Figure 9: Bahrain – TPES by source "Left", TFC by sector "Right" 

Since it is a relatively small producer of oil and gas, the government worked on diversifying the economy. 
However, in 2012 the petroleum products and refining accounts for 87% of government revenues, 77% of 
Bahrain's export receipts, and 19% of GDP. Beside oil and gas industry, the aluminum industry is the second 
largest industry in the country. Bahrain has also ambitious plans to be the center for Islamic banking 
worldwide and this sector is one of the government’s strategies to diversify the economy. The total GDP 
reaches about $ 34.9 billion (2013 est.) and it comes mainly from the services sector 53% then from industry 
46.7%, which makes the contribution of the service sector to the GDP the highest among the GCC countries  
(CIA, 2014). 
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2.7 Gulf Cooperation Council (GCC)  
In May 1981 the leaders of the Gulf States met together in Riyadh, Saudi Arabia and established the Gulf 
Cooperation Council (GCC) as political and an economical alliance between the six member states. The aim 
of the GCC is to achieve unity among its members based on their common objectives and their similar 
political and cultural identities (GCC, 2014). 

Looking at the GCC council countries together, covers a total area of 2410 km2, has population of about 47 
million and has a GDP of $ 1.6 trillion or about $ 33 300 per capita. The economic agreement between the 
member states is one of the main achievements of the GCC council; it was signed as early as November 1981, 
just few months after the declaration of the council. However, in the last three decades the council has 
achieved very little in this regard. The council is still taking a very shy role in the Gulf countries strategies and 
plans. Except for some projects the council was not able to set any share vision or to bring. In 2009 the 
council has proposed a common currency between the member states but this was not implemented as two of 
the member states refused to join this new currency (GCC scretariat general , 2012). 

 

2.8 GCC Interconnection Grid (GCCIG): 
Related to the energy sector, the GCC interconnection is one of the main achievements that was proposed at 
the early stage of the council’s age. The GCC Interconnection Authority (GCCIA) was established in July 
2001 as a joint stock company subscribed by the six Gulf States. 

The initial study was started in med-eighties, and then in 1990 the preliminary project study confirmed the 
technical. Economical and financial feasibility of the project and recommended the formation of the GCC 
interconnection Authority (GCCIA) which was established ten years later in Dammam-KSA (GCCIA, 2010). 
The project was implemented in three phases; the first phase includes the build up of a 400kv, 50-Hz line 
from Al Zour (Kuwait) to Ghunan (Saudi Arabia) with an intermediate connection at AlFadhili (Saudi Arabia) 
and associated substations. This part is called “GCC North Grid”. Phase II consists of the integration of the 
isolated networks of the United Arab Emirates as well as the isolated system of Oman. This combined system 
is the “GCC South Grid” and is done by the local governments not the GCCIA. And the final phase III shall 
link the networks of Kuwait, Saudi Arabia, Bahrain, Qatar “North Grid” and the United Arab Emirates and 
Oman “South Grid”  (GCCIA, 2010 b).   

Figure 10 Shows a diagrammatic representation of the GCC interconnection layout and Table 4 shows the 
capacity of the established interconnection in each of the GCC countries  (Al-Mohaisen , Chaussé , & Sud , 
2010). 
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Figure 10 Layout of the GCC interconnection 

 

 

 

Table 4: The size of the interconnection in each GCC member state 

 

 

 

 

 

 

 

System Size (MW) 

Saudi Arabia 1200 

Kuwait 1200 

United Arab Emirates 900 

Qatar 750 

Bahrain 600 

Oman 400 



 
-23- 

 

2.9 Water desalination in the GCC:  
Water scarcity in Gulf Cooperation Council (GCC) countries is on of its most critical challenges. Due to poor 
renewable water resources of ground water and rainfalls, the GCC countries rely strategically on seawater 
desalination to meet the growing demand for fresh water. Therefore it is the world largest desalinated water-
producing region. Figure 11 shows that the GCC produces about 39 % of the global desalination worldwide, 
with KSA and UAE accounting for 17% and 12% respectively in 2010 (DesalData, 2012).  

 

 
Figure 11: Comparison of desalinated water production in the GCC versus the rest of the world (2010) 

 

In the last four decades the GCC countries have implemented different desalination technologies including: 1) 
thermal technologies such as Multi Stage Flash (MSF) and Multiple Effect Distillation (MED); and 2) 
Membrane Technologies such as Sea Water Reverse Osmosis (SWRO), Brackish Water Reverse Osmosis 
(BWRO) and Electro Dialysis or Electro Dialysis Reverse (ED/EDR). Despite the fact that the Reverse 
Osmosis (RO) technology is the world leading technology due to it low energy intensity, the thermal 
desalination (MSF and MED) are still dominating in the GCC and account for 68% of the total desalination 
units in 2010 leaving the rest 32% for RO (DesalData, 2012). See Figure 12. The main reason behind this is 
the poor quality of the gulf water, which is known as the “4H”: High salinity, High Turbidity, High 
Temperature and High marine life  (Fath , Sadik , & Mezher , 2013). 

 

 
Figure 12: Share of desalination technologies in the GCC and the world. 
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The GCC is leading the world in desalination capacity, with total 294 operating plants producing over 28 
million cubic meters per day of desalinated water distributed as shown in Table 5 (DesalData, 2012). The 
world largest desalination facility is Al-Jubail-KSA, which produces over one million m3/day of desalinated 
water. Another similar capacity plant in Ras Al- Kheir is under construction. 

Due to the growing population and accordingly water demand, KSA is expected to invest over 100 Billions 
USD in the next two decades to add another 10 Million m3/day by the year 2025  (Fath , Sadik , & Mezher , 
2013).  

 

Table 5: Summery of the GCC countries desalination capacity in 2010. 

	  	   Number	  of	  
Desalination	  Plants	  

Capacity	  	  

(Gl	  per	  day)	  

%	  Share	  of	  the	  
world	  capacity	  

KSA	   128	   12.5	   17%	  

UAE	   98	   9.5	   12%	  

KWT	   24	   1.7	   4%	  

QTR	   13	   1.9	   2%	  

OMN	   19	   1.6	   2%	  

BHN	   12	   1.4	   2%	  
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3 The MESSAGE Model 

3.1 Model Description 
This projects aims to identify cost optimal electricity and desalination scenarios for the future for the six GCC 
countries. In order to achieve this, a representative model of the energy system of each country was designed 
using MESSAGE software.  

MESSAGE, or “Model for Energy Supply Strategy Alternatives and their General Environmental Impacts” is 
an energy-modeling tool for optimization. It was initially developed by the International Institute for Applied 
Systems Analysis (IIASA), before it was acquired and further optimized by the International Atomic Energy 
Agency (IAEA).  (IAEA, 2007) 

The MESSAGE model is used to optimize the energy system of a region or a country under certain set of 
bounds or constraints. These bounds are a representation of the current or future limitations and or 
restrictions to the energy system of the country. The linear programming of MESSAGE runs simulation to 
achieve the objective function that contain all the possible solutions of the problem. MESSAGE framework 
allows flexible and detailed description of energy system of the region, this includes defining the energy forms 
at each level of the energy chain, then defining the technologies that are producing or consuming the energy 
forms, reaching up to the available resource at the region of the imported fuels (IAEA, 2007). 

As mentioned earlier, future scenarios are designed using projections, bound or constrains to best describe the 
future projections. In MESSAGE the user-defined constraints can be limits on new investments, availability 
of fuel, limits on the trade, environmental regulations and market penetration rates for new technologies 
(IAEA, 2007). 

The following paragraphs describe how the model that was setup in this study.  

3.2 Reference Energy System  
In order to simplify the model and to be able to understand and design the energy system of each country, a 
schematic representation of the energy system is drawn, this is called the “Reference Energy System” (RES). 
Which shows the flow of the energy horizontally from the available resources in the country, to the far left, 
going through different transformational phases to reach the final energy use to the far right. Usually the RES 
includes four main energy levels; starting from the Resources, then Primary energy level, Secondary, Tertiary 
and lastly final energy level.  

The RES is the first step in the modeling process. This requires a deep understanding of the current situation 
of the country; it also requires the ability to give flexible provision for the future enhancement to the system. 
In this study the RES was designed based on extensive literature review of each country’s energy system. 

All the available natural resources “i.e natural gas, coal,..etc” of the country are shown in the resources level. If 
any type of fuel is imported from another country, this is also shown at this energy level as an “import”. The 
extraction technologies are used to extract, refine and transport the natural resources to the next level 
“Primary”. At this level, the refined fuel is ready to be used by the power generation technologies at different 
power plants, which is the input to the “Secondary” energy level. The electricity trade can also be connected 
to this level, in the case of this study the electricity trade through the GCC interconnection grid is connected 
to the Secondary level at each country with two technologies representing export and import. After that the 
high voltage transmission lines and distribution lines are sketch to transfer electricity from Secondary level the 
Tertiary level, usually locally generated electricity “e.g mini-wind, mini-hydro” can be injected to the system at 
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this level, but in the case of GCC countries these technologies are negligible. The final consumer demand is 
represented at the “Final” energy level, distribution lines represents the transfer from the Tertiary to the Final 
energy levels. The RES can be extended to include more energy levels depending on the model, but this is a 
common representation of the reference energy system. The main driver of the model is the final energy 
demand, which will drive the model to find the optimum solution that meets the power demand and fulfills 
the bounds and constrains used in the model.  

In this study six Reference Energy Systems, similar to the one shown in Figure 13 were built for each of the 
six countries in order to build a “single region model”. Generally speaking, the energy systems of the GCC 
countries are similar, however, each country has its unique configuration of its technologies. 

3.3 Load regions and general parameters:  
This project aims to study the future scenarios from 2014 till year 2040, therefore an annual basis model was 
selected with the base year as 2010, first model year as 2011 and the final year to be 2050. This final year was 
extended beyond the study time horizon to avoid the edge effect related to the investments made to the new 
technologies. The investments were allowed in the first half of the first modeled year with the overall discount 
of 6%. 

MESSAGE allows subdividing the year into time slices that has the same electricity requirements or in 
another word has the same load; these time slices are called “load regions”. In this study the yearly load is 
divided into 2 winter seasons, one summer and one intermediate season. Moreover, the weekly load is divided 
into 5 weekdays and 2 weekends. 

3.4 Technology Selection  
In MESSAGE, technologies represent the transformation of the energy form from one level to another; for 
example a technology can be a refinery, power plant or a distribution and transformation lines. What this 
section is focusing on; is the power generation technologies. This is a main criterion in the model setup that 
will affect the whole energy system performance and therefore it required several trails and enhancements 
before it was finalized.  

The selection of the technologies was based initially on the currently implemented technologies at each GCC 
country. Due to the very generic information provided by the local authorities about the specific types of 
power plants and fuel used, PLATTS database was used to integrate it with the local authorities information 
and give a more segregated classification of technologies based on fuel type.  

Since future renewable alternatives are to be studied for each country, a list of potential renewable 
technologies was selected based on the available potential and the feasibility of the options to be considered. 
The same list of technologies was used to model all of the six countries. Table 6 gives a more detailed view of 
the implemented technologies in this study. 
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Figure 13: Reference Energy System of each GCC country in a “single region model” 
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Table 6 : Technologies Represented 

Electricity	  Generation	   Water	  Desalination	   	  	  

Technology	   Fuel	  used	  	   	   Technology	   Fuel	  used	  	  

Single	  Cycle	  Steam	  
Turbines	  

(SCST)	  

Light	  Oil	  
	  

Single	  Cycle	  
Steam	  Turbines	  

Heavy	  Fuel	  Oil	  

Heavy	  Fuel	  Oil	  
	  

Natural	  Gas	  

Natural	  Gas	  
	   	   	  

Crude	  Oil	  
	  

Single	  Cycle	  Gas	  
Turbine	  

Light	  Oil	  

	   	   	  
Natural	  Gas	  

Single	  Cycle	  Gas	  Turbine	  

(SCGT)	  

Light	  Oil	  
	   	   	  

Heavy	  Fuel	  Oil	  
	  

Combined	  Cycle	  
Gas	  Turbine	  

Natural	  Gas	  

Natural	  Gas	  
	   	   	  

Crude	  Oil	  
	  

Reverse	  Osmosis	   Electricity	  

Combined	  Cycle	  Gas	  
Turbine	  

(CCGT)	  

Natural	  Gas	  
	   	   	  

Reciprocating	  Engines	  

(RC)	  

Light	  Oil	  
	   	   	  

Heavy	  Fuel	  Oil	  
	   	   	  

Natural	  Gas	  
	   	   	  

Crude	  Oil	  
	   	   	  

Diesel	  
	   	   	  

Integrated	  Gasification	  
Combined	  cycle	  (IGCC)	  

Coal	  
	   	   	  

Renewable	  /	  Nuclear	  	   	   	  

Solar	  PV	  
Without	  Storage	  

	  
Nuclear	   Single	  Size	  

With	  Storage	  
	   	   	  

CSP	  
Without	  Storage	  

	   	   	  
With	  Storage	  

	   	   	  
Wind	  Turbine	  
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3.5 Performance and technology cost data 
After designing the RES of each country and selecting the technologies to be modeled, the second step was to 
get technical and economical data related to the performance of each technology. These data were extracted 
from the International Energy Agency (IEA), the International Renewable Energy Agency reports (IRENA, 
2012), (IRENA , 2012 b), (IRENA, 2012 c) and (IRENA, 2013), the IEA-Energy Technology Systems 
Analysis Program, technology briefs [E01, E02, E03 and P06] (ETSAP, 2010) and IEA-Energy Technology 
Perspectives (ETP, 2012).   

Majority of extracted data required unit conversion to match the appropriate units used in MESSAGE. Table 
7 and Error! Reference source not found. summarize the technical and economical characteristics of the 
technologies considered in this study for electricity generation water desalination. 

Table 7: Technical and Economical specification of the considered technologies for electricity generation  

Technology	  

Fixed	  
O&M	  

Investment	  Cost	  	  
($/kW)	   Life	  

Load	  
factor	   Efficiency	  

Const.	  
Time	  

$/	  
kWyr	  

2011	   2015	   2020	   2030	   2040	   2050	   yrs	   %	   %	   yrs.	  

SCST	   50	   1600	   1600	   1600	   1600	   1600	   1600	   40	   90%	   44%	   4	  

SCGT	   10	   500	   500	   500	   500	   500	   500	   30	   90%	   38%	   2	  

CCGT	   20	   1000	   1000	   1000	   1000	   1000	   1000	   30	   90%	   57%	   3	  

IGCC	  (Coal)	   22	   3700	   3700	   2800	   2200	   2200	   2200	   40	   80%	   46%	   4	  

RC	  	  (Diesel)	   55	   1070	   1070	   1070	   1070	   1070	   1070	   25	   80%	   35%	   2	  

Wind	  	   87	   3800	   3800	   2900	   2430	   2300	   2150	   25	   39%	   100%	   2	  

Solar	  PV	  
(Utility)	  

20	   4000	   4000	   1880	   1440	   1250	   1050	   25	   20%	   100%	   1	  

PV	  with	  
Storage	  	  

30	   6000	   6000	   2820	   2160	   1875	   1575	   25	   22.5%	   100%	   1	  

CSP	  no	  
storage	  

46	  -‐	  
30.2	  

4600	   4600	   4140	   3726	   3355	   3020	   30	   23%	   100%	   2	  

CSP	  with	  
Storage	  

84.5	  -‐	  
44	  

8450	   8450	   7600	   6080	   4900	   4380	   30	   45%	   100%	   2	  

Nuclear	   109	   4600	   4600	   4350	   4250	   4250	   4000	   50	   85%	   36%	   5	  

 

The thermal desalination units in the GCC are operating mainly in cogeneration mode with electricity 
generation, therefore the same characteristics of the single cycle steam turbine (SCST) and the gas turbines 
(SCGT, CCGT) were assumed (ETP, 2012). However, for the energy intensity of the thermal desalination 
units and Reverse Osmosis units the values obtained from literature were back-calculated to be consistent 
with statistical data as summurized in Table 8 (Blank, Tusel, & Nisan, 2007), (Reddy & Ghaffour, 2007)  
(Darwish, 2007) (Methanani, 2007). 

Table 8: Technical and Economical specification of the considered technologies for water desalination 

Technology	  

Fixed	  
O&M	  

Investment	  
Cost	  ($/kW)	   Life	  

Load	  
factor	  

Efficiency	   Power	  
Consumption	  

Heat	  
Consumption	  

ml/d	  	  per	  
installed	  
MW(e)	  

$/Gl/d	   $/Gl/d	  	   yrs	   %	   %	   KWh(e)	  
/m3	  

KWh(th)	  
/m3	  

ml/d	  	  per	  
MW(e)	  

SCST	   50	   1600	   40	   90%	   44%	   1.1	  -‐	  5	  (2.5)	   30	  -‐	  120	  (50)	   0.31	  

SCGT	   10	   500	   30	   90%	   38%	   1.1	  -‐	  5	  (2.5)	   30	  -‐	  120	  (50)	   0.31	  

CCGT	   20	   1000	   30	   90%	   57%	   1.1	  -‐	  5	  (2.5)	   30	  -‐	  120	  (50)	   0.31	  

Membrane	  -‐	  Reverse	  
Osmosis	  (RO) 

20	   1000	   30	   90%	   57%	   2.9	  -‐	  11	  (5)	   	   	  
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3.6 Historical Capacity data 
MESSAGE requires the historical data of each technology and its retirement schedule to calculate the size and 
the year of implementation for the new capacities in order to be able to meet the demand throughout the 
modeling years. Local authorities date was investigated to get the historical data, but unfortunately the data 
provided was not always consistent and representative. Therefore the commercial Platts Database  (Platts, 
2010) was used as a reference for all the historical data related to the power generation capacities used in this 
study. 

In order to easily analyze this huge amount of data, first all plants were classified based on different 
technologies (steam cycle, gas cycle, combined cycle and diesel). Then each technology is further segregated 
depending on different fuel types (light oil, heavy fuel oil, crude oil, diesel and natural gas). The capacities that 
share the same technology and fuel type are aggregated to have a common capacity for each type of 
technology with certain type of fuel (e.g single cycle steam generator burning natural gas). The final aggregated 
capacities were inserted in MESSAGE bearing in mind that for some technologies the lifetime was adjusted to 
account for the historical capacities that are still in operation.  

Plattas database was the backbone of the historical data fed into MESSAGE, however it did not have detailed 
data of the water desalination capacities. (See Appendix C for detailed historical data ) 

3.7 Demand projection 
The population of the GCC countries is expected to increase from 44 million in 2010 to about 55 million in 
the year 2020 and 67.5 million by the year 2040 (UN DESA, 2012). This increase along with the expected 
growth in the economic activity or the gross domestic product (GDP) during the study period, is reflected as 
significant growth in the final electricity and desalinated water demand increase.  The final demand is the main 
driver of the model and thus should be specified accurately.  

As a base to start with, UN-DESA database were used as a source of the historical demand since the local 
authorities data were not consistent.  However, for the future electricity and water demand forecasts the local 
authorities estimates were used to achieve consistent and accurate future demand projections. These 
predictions were mainly up to the year 2020, therefore for the study periods beyond this year an assumption 
of 30% decline in the growth rate each decade was assumed to achieve a more conservative and realistic 
projections. The same approach was implemented for both electricity and water demand projections.  

Figure 14 shows that the annual electricity demand in the GCC will increase from 467 TWh in 2011 to about 
1400 TWh in 2030 and reaching about 2000 TWh in 2040. AT the same time the demand for fresh water in 
the GCC will grow significantly from 6470 Gl in 2011 to 16000 Gl in 2030 and 21000 Gl in 2040 as shown in 
Figure 15. (See Appendix D for detailed Future demand projections) 
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Figure 14: GCC Electricity demand Forecast 2011-2050 (TWh) 

 

 
Figure 15: GCC Water demand Forecast 2011-2050 (Gl) 
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3.8 Bounds and constraints 
To ensure a representative model, bounds and constraints are used to set the limitations that occur in real life 
for different technologies and resources used in the model. MESSAGE allows the user to set different types 
of bounds and constraints, as mentioned in the user manual:  

“The user can put limit or bound on an energy resource or a technology such as maximum capacity that can 
be built on a technology, or maximum and minimum levels of output from a technology. There is variety of 
limits and bounds that can be defined on capacity building of technologies and resources. Furthermore, there 
is a set of limits/bounds that can be defined for variables related to activity of a technology i.e. its input, 
output and fuel inventory. If a technology has more than one activity, limits and bounds can be defined on 
technology variables of each activity. Furthermore, a global limit on all activities of a technology can also be 
defined.” 

 

3.8.1 Bounds on new capacity addition:  

The historical technologies were not allowed to re-install any new capacity by setting the “Upper” bound on 
new capacity addition to 0 MW. This should allow for the phase-out of the current capacity and should allow 
for the installation of the new more efficient technologies. 

On the other hand, to force the implementation of the planned capacities, the “lower” bound on new capacity 
addition was used to account for the planned capacities on each year. i.e UAE is planning to install 1400 MW 
nuclear power each year from 2017 to 2020 (ENEC, 2011), therefore the lower bound on new capacity 
addition for the technology AENUPWPn was set to 1400 for years 2017, 2018, 2019 and 2020. The same 
upper bound of the nuclear capacity was assumed for the other GCC member states.  

 

3.8.2 Bounds on total installed capacity: 

To ensure that MESSAGE will not rely on one technology to meet the demand, the “upper” bound on total 
installed capacity per year was set to 1000 MW for all the new generation technologies. This should provide a 
realistic mix of different generation technologies.  

For the planned capacities that are know to exceed the limit of 1000 MW, the “upper” bound on total 
installed capacity per year was increased to meet the planned level or to allow for new installations of that 
technology at a consistence level to the planed capacity. (i.e, the upper bound on total installed capacity for the 
UAE nuclear technology “AENUPWPn” was set to 5600 MW up the year 2024 and increased to 10000 MW 
from 2025 onwards to allow for further expansion of the nuclear power pool in the country). 

(Table 17 to Table 28  in the appendix Shows the detailed bounds and constraints used for each technology ) 
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3.9 Results extraction 
The final stage in the modeling process is results extraction, which can be done in MESSAGE in two different 
approaches. The first approach is through the interactive interface, which is a quick and easy way to check the 
obtained results. But it is time demanding if detailed analysis is to be done. The second approach through the 
CAP input file, this is more effective for detailed analysis. It helps the user to set up the tables of his/her own 
interest and export them to Excel for further analysis. In the next section, the obtained results are processed 
in excel using the CAP input file tables from MESSAGE. 

Since MESSAGE allows vast range of results, proper and relevant output should be clearly decided to have an 
effective analysis process. This study will focus on the following set of outputs:  

 

• Electricity Production by fuel category: offering an overview of the energy mix that is used in each 
country and in the GCC region to meet its electricity demand. 

• Water Production by fuel category: offering an overview of the energy mix that is used in each 
country and in the GCC region to meet its water demand.  

• Power Plant Total installed Capacity: showing the historic power plant and water desalination capacity 
as well as the new installations.  

• Total Investment cost per country per year: shows the cost of the total installation (for both electricity 
generation and water desalination) in each country per year.  

• Fixed Operating and Maintenance (O&M) Costs: shows the annual operating and maintenance cost 
for each technology used for electricity generation or water desalination in each country. 

• Fuel Consumption: Showing the amount of fuel consumed by each technology on a country level. 

• Fuel Cost: showing the annual cost of each type of fuel consumed in each country.  

• GCC interconnection: offering an overview of the electricity trade among the GCC member states on 
annual basis.  
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4 Scenario Description 
 

Modeling the energy system of any region always aims to help decision makers to see how the different 
elements of the energy system will react and behave on the long term. This exercise should provide technical, 
economical and practical recommendations to the decision makers to be able to improve the current situation. 
This means that the current situation is extended to the future with no changes, in what is knows as the 
Business As Usual (BAU) scenario, and then this situation is tested against other scenarios that have certain 
areas of focus in order to draw the best feasible future.  

In this study of the GCC countries the following scenarios are the examined: 

1. The business as usual scenario (BAU): as mentioned earlier, in this scenario the current energy 
system is extended into the future without any changes. The energy system structure and 
characteristics are kept the same. The fuel prices are also kept at the current subsidized levels. The 
current undergoing projects in the GCC countries that are in the construction phase, are considered 
under this scenario, e.g the United Arab Emirates nuclear reactor that should be online by 2017.    

2. The netback-pricing scenario: the energy sector in all GCC countries enjoys high levels of 
governmental subsidies that makes the fuel cost used in power generation and water desalination very 
low by international standards. In this scenario all fuel costs are increased to the international market 
price; which will accordingly change the electricity generation and water desalination options. The 
freed amount of fuel is assumed to be available for export to the international market. This scenario 
compares the extra electricity generation cost due to higher fuel price with the extra revenues due to 
increased fuel exports. Moreover, this scenario examines different carbon tax options of 0, 20,30 ,40 
and 50 dollars per kilo tons of CO2 emissions.   

3. The Nuclear hub scenario: with the existence of the GCC Interconnection Grid (GCCIG), 
electricity trade has been applicable among the member countries. This encourages the thinking of a 
“nuclear hub” state for the GCC region that can have all the “know-how” and logistics to provide 
sufficient nuclear energy for the other states through the GCCIG. Since the UAE is the leading 
country in the GCC in nuclear energy, it was chosen in this scenario to be the nuclear hub of the 
region. Again netback fuel pricing scheme is used.  
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5 Results 
 

In this chapter, results of the previously mentioned scenarios in chapter three are analyzed and compared to 
the current scenario through a combination of different criteria. The following paragraph refers to the seven 
scenarios examined in the study:  

• BAU: refers to the business as usual scenario. 

• NB00: refers to the Netback scenario at zero dollars carbon tax.  

• NB20: refers to the Netback scenario at 20 dollars carbon tax. 

• NB30: refers to the Netback scenario at 30 dollars carbon tax. 

• NB40: refers to the Netback scenario at 40 dollars carbon tax. 

• NB50: refers to the Netback scenario at 50 dollars carbon tax. 

• NucHub: refers to the nuclear hub scenario. 

MESSAGE model was structured and run up until 2050 but the results were restricted to 2040 for the sake of 
uncertainty and reliability considerations. The appendix shows detailed results of the following: 

• Total Electricity production by country and by source.  

• Total installed electricity capacity by country and by source.  

• Total water production by country. 

The following paragraphs discusses the findings of this study according to the scenarios mentioned earlier.  

 

5.1 Business As Usual scenario (Baseline)  
The GCC Countries are expected to witness high growth in the coming decades. The total population of the 
GCC is expected to grow from 44 million in 2010 to about 55 million in the year 2020 and 67.5 million by the 
year 2040 (UN DESA, 2012). Along with the ambitious mega projects in the region like the Expo 2020 in 
Dubai and world cup 2022 in Qatar, all these energy intensive activities are expected to boost the demand for 
electricity from 466 TWh in 2011 to 1397 TWh by 2030 and 1979 TWh by 2040, and the total installed 
capacity to increase from 127 GW in 2011 to 293 GW in 2030 and 417 GW in 2040. Making about fourfold 
increase over the study period as shown in Figure 16. 
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Figure 16: GCC total installed capacity under the BAU scenario 2011-2040. 

Due to the available fossil fuels resources in the region and low prices, the total installed capacity of electricity 
in 2011 is about 127.2 GW of which 65% comes from natural gas, 18% from crude oil and the rest is splatted 
between light oil, heavy fuel oil and diesel. In terms of energy generation, natural gas accounts for 75% then 
comes crude oil with 14.4% of the total energy generation mix of the GCC in 2011 and the rest 10% comes 
from light oil, heavy fuel oil and diesel. In the coming decades Natural gas is going to play vital role in the 
GCC. Its share of the installed capacity is going to increase to 79.5% in 2030 and about 84% in 2040. Its 
expected to supply the GCC with about 90% of the total electricity generation and replacing crude oil, which 
will decrease to only 2% of the total installed capacity by 2040 and less than 1% of the total electricity 
generation. The rest should be met by solar (PV and CSP) and nuclear power, as shown in Figure 17. 

 

 
Figure 17: BAU fuels share in the total electricity capacity (%). 
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Under the business as usual scenario, the penetration of nuclear and renewable energy like solar PV and CSP 
is mainly due to planned capacities in the United Arab Emirates, non of the other GCC members will be 
utilizing any of the other resources due to the relatively high cost of these technologies in comparison to the 
low cost fossil fuel based power plants with subsidized prices of fuels. Moreover, the low capacity factor of 
renewables in comparison to the fossil fuels based technologies, makes it more challenging to shift to 
renewables under the current scenario conditions. The concentrated solar power (CSP) with storage is the 
planned technology option to be implemented in this scenario. Its share in the total GCC electricity 
generation mix will grow from less than 1% in 2020 to about 2.8 % (42.44 TWh) in 2030 and 3.8% (81.91 
TWh) in 2040. In this scenario nuclear power capacity in each country is allowed to the maximum capacity of 
the UAE’s nuclear capacity of 5.6 GW, though the model shows that its share will not exceed 42 TWh which 
is about 2.5% of the total electricity generation mix in GCC in 2030. See Figure 18. 

 

 
Figure 18: GCC electricity generation mix under the BAU scenario. 

 

Looking into the by country profile, it is worth mentioning that the main players in the GCC energy system 
are the KSA and UAE, the two member states together accounts for more about 75% of the new capacity 
addition in the region as shown in Figure 19. This is understandable since Saudi Arabia has the highest 
population in the region of about 27 million people in 2010, which is about 60 % of the total GCC 
population. KSA is also the biggest economy of the region, it’s GDP reached 527 billion USD in 2010, which 
is 47 % of the regions GDP. The UAE comes second, it accounts for about 19% of the GCC population and 
25 % (about 287 billion USD) of the region’s GDP.  (UN DESA, 2012). 



 
-38- 

 

 
Figure 19: GCC Total Installed Electricity Capacity by country in (GW) 

Three GCC countries “Oman, Qatar and Bahrain” will rely almost 100% on natural gas to meet their future 
demand. According to the model, the state of Kuwait is going to experience a significant shift in its energy 
mix. Currently it has the highest share of crude oil in the total installed capacity of about 60% in 2011. This 
share is going to drop to about 9% only in 2030 and 0% in 2040. This gap is to be filled by natural gas, which 
will account to 100% of the electricity by 2040. The same shift is going to occur in Saudi Arabia, which will 
reduce its dependence on crude oil from 28% of the total electricity capacity to only about 11% by 2030 and 4 
% by 2040, and again natural gas should substitute crude oil.  

In the case of the UAE the governmental plans help showing a more diversify energy mix. According to the 
model natural gas will still be the main contributor with about 70% of the total installed capacity by 2030, at 
the same time renewables will start taking part in the GCC energy mix. Solar PV and CSP should collectively 
account for 800 MW in 2020 and gradually grow to about 32.8 GW in 2040. Going back to the government 
plans, the constructions in the first gulf nuclear power plant at “Baraka, Abu Dhabi” is going fast and it is 
planned to start operation by 2017 to add 1400 MW of nuclear power to the UAE energy mix and gradually 
increase to 5600 MW by 2021 (ENEC, 2011). Moreover, the UAE is planning a clean coal power plant to go 
online by 2020 with a capacity of 1200 MW  (DEWA, 2012).  

From the economical point of view, the maximum yearly investment cost is reached in the year 2020, with 
total investments in the GCC region of about 36.46 billion US dollars. Composing mainly of 32% Heavy fuel 
oil investment in Saudi Arabia, 24% of gas based investments, 22% solar based investments and 16 % nuclear 
investment (Figure 20).   
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Figure 20: GCC regional investments by fuel share 2011-2040. 

As shown in Figure 21 in the BAU scenario thermal desalination plants are the dominating technology in the 
GCC for the coming decades. Thanks to the cheap natural gas supplies, which according to the BAU scenario 
will fuel up to 80 % of the total desalination plants by 2020, growing to 90 % by 2030 and 99 % by the end of 
the study period. Natural gas will not only take the place of crude oil and heavy fuel oil in total desalination 
share but it will also take the share of reverse osmosis plants which will phase out gradually under the 
conditions of the current scenario.  

 
Figure 21: GCC water desalination mix under the BAU scenario. 
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5.2 Comparison with alternative scenarios  
In this section the new alternative scenarios are compared to the business as usual (BAU) scenario. The new 
scenarios are 1) Netback scenario: bringing all the fossil fuels prices to the international market prices, with 
carbon taxes of zero, 20, 30, 40, 50 US dollar per kilo ton of CO2. 2) Nuclear Hub scenario:  allowing for a 
centralization of nuclear power in United Arab Emirates, this scenario also is based on the fossil fuel price 
shift from the current subsidized cheap prices to the international market prices.  

5.2.1 Netback Scenario  

Currently all the GCC member states charge very low prices for fuels used in electricity generation and water 
desalination. Power utilities receive crude oil from local governments at $ 7.5/bbl. While the international 
market price for crude oil is around $ 100/bbl (WEO 2013). This leads to very cheap electricity and water 
prices for end consumers, which accordingly causes high level of energy waste, high-energy intensity in the 
GCC and significant burden of power subsidies. 

The Netback scenario changes the pricing system in the GCC from the current subsidized prices for fossil 
fuels to the high level international market prices (as shown in Table 9), assuming that all the amount of crude, 
light oil, heavy fuel oil and natural gas that is saved and not being used to generate power is available for 
export. Which will increase the export revenues and allow GCC governments to spend on new high 
efficiency, high cost technologies. Moreover, this transition is expected to make renewables and nuclear power 
more attractive since the fossil fuels used for power and water generation are now put on a competitive level 
with the exports revenues.  

 

Table 9: Assumed local fuel cost and netbacks 

	  	   $/boe	   $/boe	  
Fuel	  	   Local	  Costs	   Netback	  

Crude	   7.5	   109	  -‐	  128	  
Light	  Oil	  	   6.5	   120.63	  
HFO	  	   3.8	   98.83	  
Diesel	   9.3	   11.3	  -‐	  100	  
NG	  	   7.5	   15	  -‐	  37.74	  
Uranium	  ($/KWyr)	   10	   10	  

 

Similar to the business as usual scenario, the model indicates that Qatar, Oman and Bahrain will rely totally on 
natural gas to meet their electricity demand. In the case of Kuwait the shift toward natural gas is faster than 
the previous scenario. It’s noticed that under the conditions of the netback scenario, Kuwait will rely 100% on 
natural gas to meet its electricity demand throughout the study period. Similar trend can be noticed in Saudi 
Arabia where natural gas share in the total energy generation will increase from 73% in 2011 to 96% in 2020 
and 98% in 2030. The rest come from light oil, heavy oil and diesel collectivity. Natural gas is also a major 
player in the energy generation mix of the United Arab Emirates, however, it share decrease from 99% in 
2011 to 84% in 2020 and 74% in 2030. This decrease is due to the penetration of planned solar (PV and CSP), 
nuclear power and clean coal power plants (See Figure 34, Appendix F) 

The Arabian Peninsula is located in a region that has rich solar resources with daily average solar radiation 
exceeding 6 kWh/m2 and 80-90% clear sky days throughout the year (ReCREMA, April 2013). Which makes 
the expectation for the penetration of renewables, especially solar, very high. However, results prove that 
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renewables or solar technologies are still more expensive than the conventional fossil fuel based technologies 
in the region, even if the fossil fuels prices has been increased to the international standards. The planned 
capacities of solar PV and CSP in the UAE are the only renewable options that shown in the results, other 
countries will shift to the cheap natural gas option rather than renewables or nuclear. One of the main reasons 
for such trend is the low capacity factor for solar technologies. Even if the area receives high solar radiation 
throughout the year, high humidity and high concentration of airborne dust particles tend to diffuse and 
attenuate the intensity of solar irradiance. Experiments shows that 20-30% of the energy output is reduced 
due to the high level of dust in the region (Mokri , Aal Ali , & Emziane , 2013).  

To enhance solar energy’s competitiveness in the GCC energy system, new scenarios with more favorable 
conditions were considered. Carbon tax was introduced of zero, 20, 30, 40 and 50 dollars per kilo tons of 
CO2. This was added as constant value starting from year 2020 to 2040. Obviously all CO2 tax scenarios were 
tried with the netback-pricing scheme. It is worth mentioning that in those scenarios the model was set free to 
increase the capacity of nuclear in order to meet the demand, unlike the BAU scenario where the maximum 
capacity of 5.6 GW was set to each country.  

 

 
Figure 22: Electricity generation between 2020 and 2040 under seven scenarios 

Figure 22 indicated that as the carbon tax increase, the system would prefer nuclear energy to renewables and 
fossil fuel based technologies. By the year 2040 the share of nuclear power in the total electricity generation 
mix will reach to 29.25 % with US 50 dollars carbon tax in compare to 23.3 % and 13.5 % with 40 and 30 US 
dollars carbon tax respectively. The high capacity factor of nuclear power plants makes this option more 
economically viable to replace fossil fuel based technologies in the GCC region in the long run.  

Under US 50 dollars carbon tax, it is noticed that Oman would take the lead to shift from fossil fuels to 
nuclear. With the first reactor of 1000 MW coming online in 2024 and constantly growing this capacity to 
reach 14000 MW by 2040. This should accordingly increase the share of nuclear energy in the total Omani 
electricity generation mix from 13% (7.5 TWh) in 2024 to about 86% (105 TWh) in 2040. The second country 
of highest nuclear power share is Bahrain, which will start the first nuclear power plant in 2029 with 890 MWh 
or 2% of the total electricity generation and will grow to reach about 47.6 TWh in 2040 or 72% of the total 
electricity generation. The same trend can be noticed in the other countries as well under the conditions of 
this scenario and the total GCC electricity generation from nuclear power will reach 638.5 TWh in 2040 which 
about one third of the total electricity demand.  
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5.2.2 Nuclear Hub Scenario 

Since the United Arab Emirates nuclear reactors are in the construction phase and it has taken more serious 
actions compared to other GCC countries in terms of nuclear policy and legislation. The nuclear hub scenario 
takes the United Arab Emirates as the GCC hub for nuclear power and uses the GCC interconnection grid to 
transmit electricity to other countries. This scenario should takes the advantage of having all the required 
human resources, technical “know how” and other logistics in one central location which should reduce the 
complexity of introducing nuclear energy to the region.  

This scenario is set to the netback prices and zero CO2 tax level for all fossil fuels used in electricity 
generation; also the nuclear capacity in the hub (UAE) was freed to allow for the installation of as much 
capacity as required to meet the demand of the region.  

The first nuclear reactor should come online late 2017 with 1400 MW capacity and will gradually increase to 
reach 20 GW in 2030 and about 70 GW by 2040. In terms of electricity generation share in UAE, nuclear 
energy will grow from 13% (31.45 TWh) in 2020 to reach 34.7% (154.4 TWh) in 2030 and 71% (528 TWh) in 
2040.  On regional scale these values represents 3%, 10% and 24% of the total GCC electricity generation mix 
in the years 2020, 2030 and 2040 respectively.  Natural gas will still be the main contributor to the total 
electricity generation in the region even under the conditions of this scenario. Its share will drop from 95% in 
2020 to 85% in 2030 and 67.7% in 2040. Bearing in mind that this scenario uses netback pricing, the 
contribution of solar power to the total electricity generation mix is slightly higher in this scenario in 
comparison to the BAU scenario and almost the same as the netback scenarios. (Figure 23)  

 

 
Figure 23: GCC electricity generation mix under the Nuclear hub scenario. 

 

Looking into the electricity trade among the GCC member states, it is noticed that the UAE is the main 
supplier of electricity to the GCC interconnection as shown in Figure 24. The contribution of UAE is 
proportional to the share of renewable energy in the total electricity mix of the country.  After the year 2030 
when the share of nuclear energy reaches 30% of the UAE electricity mix and about 10% of the GCC mix, 
from this year onwards the UAE supplies almost all 100% of the GCC interconnection electricity which 
reaches about 12 TWh in 2031 and increases to about 30 TWh in 2040. On the other side, the main customer 
of the UAE’s cheap nuclear energy is Kuwait; which should account for almost 50% of the electricity 
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consumption throughout the years 2031-2040. The rest goes to Qatar and Bahrain, which will demand by 
2040 about 8.8 TWh and 3.6 TWh respectively. These values represents about 4% of total electricity demand 
in Qatar and 5 % in the case of Bahrain on the same year. 

 

 

 

Figure 24: GCC Electricity Trade in the Nuclear Hub scenario 
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5.2.3 Desalination under alternative scenarios:  

With regards to desalination under the different alternative scenarios, GCC countries will show significant 
shift into the fossil fuel based Cogeneration water instead of the stand-alone thermal desalination. The new 
desalination plants are mainly driven by natural gas, which should fuel up to 90 – 100% of the thermal 
desalination plants under different scenarios. It’s also noticed in this analysis that as the system moves toward 
more nuclear and renewables sources in electricity generation cycle, desalination cycle prefers more membrane 
RO technology as shown in Figure 25. Under Nuclear hub scenario, the share of RO in the total water 
desalination will reach 38% (8660 Gl), which is the highest share among all scenarios. The BAU and netback 
NB00 shows decrease in the share of RO between 2020 and 2040, which can be related to the increase 
installation of gas fired plants for electricity generation that will operate in Cogeneration mode to supply water 
demand as well. This trend is changed as carbon tax scheme increased in the NB20, NB30, NB40 and NB50 
scenarios, which will reduce the installation of gas power plants and substitute it with RO membrane 
desalination units. The average share of the RO in the total desalination reaches about 9-10% under these 
scenarios.  

 

 
Figure 25: Water production between 2020 and 2040 under the seven scenarios 
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5.2.4 Economic implication of the alternative scenarios 

Looking into the investment costs in the netback scenario, it’s noticed that in each decade GCC countries 
should have large investments in their electricity generation and water desalination system. The highest 
investments occur in the years 2011, 2020, 2030 and 2039 with yearly investments reaches about 26.4, 34.4, 33 
and 45.22 billion US dollars respectively. The United Arab Emirates itself account for about 50% of the total 
investments during the study period as shown in Figure 26.  

 

 
Figure 26: Total investment cost (Million USD) by country - NB00 scenario 

 

In comparison to the BAU scenario, the netback scenario (with no carbon tax) requires slightly higher 
investments. All investments in new high cost technologies like solar PV, CSP and nuclear power come from 
the United Arab Emirates, while the other countries will be still allocating their main investments into fossil 
fuel based technologies. In 2030 the United Arab Emirates will expand its coal power plant to reach a capacity 
of 10 GW, therefore it will allocate 70% of its investments that year to coal power. The highest investment in 
this scenario should be due in the year 2039 reaching around 45 billion dollars, of which 81% goes to gas and 
the rest is spend on solar technologies. (Figure 27 – NB00 investments)  

 

Figure 27: Total investment cost (Million USD) by country - NB00 scenario 
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Moving to the nuclear hub scenario, its noticed that it obviously requires much higher investment than the 
previous scenarios. Nuclear technology itself requires annual 13 billion US dollars between 2025 to 2029 and 
then it increases to 21.25 billion US dollars annualy in the last decade. The highest investments are due in the 
year 2039, consisting of 48% of gas, 36% nuclear and 14% solar based investments. (Figure 28) 

 

 
Figure 28: Investment Cost comparison between BAU and NucHub Scenario (Million USD). 

 

Figure 29 Shows the cumulative investment cost of the netback and nuclear hub scenarios, with classification 
of different investment categories. It’s clear that the majority of the annualized investments are dedicated to 
fuel cost, which would reach 42.4 billion US dollars in 2040 for the netback scenario and around 61.3 billion 
US dollars at the same year for the nuclear hub scenario. As explained earlier, this is mainly due to the shift in 
the pricing scheme from the local subsidized prices to the international market prices. The category of 
annualized generation investment shows the increase in the infrastructure investments in the GCC in the 
coming decades. These cumulative investments should reach to 43 billion dollars by 2040 in the netback 
scenario and around 54 billion dollars in the nuclear hub scenario. The O& M cost is relatively low, It 
accounts for 7.25% of the annualized investments in the netback scenario and around 11% in the nuclear hub 
scenario since more nuclear capacity is installed in this case. Both netback and nuclear hub scenario allow for 
the exporting the amounts of fossil fuels that have not been used in electricity and water desalination at the 
international market price. This yearly revenue is shown in Figure 29 as negative values. The cumulative 
export revenues for the region in the netback scenario amount to 232 billion dollars (undiscounted; 79 billion 
dollars if discounted at 6%), while in the nuclear hub scenario it amounts to 104 billion dollars (undiscounted; 
39 billion dollars if discounted at 6%).   
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Figure 29: Total undiscounted System cost under the Netback and Nuclear Hub scenarios 

As shown in Table 10, comparing the total system cost of different alternative scenarios (NB00, NB20, NB30, 
NB40, NB50 and NucHub) the difference between these scenarios is low. The highest system cost 
(undiscounted) is in the NB50 scenario which is 11% higher than the NB00. While the nuclear hub scenario is 
about 9% higher than NB00 total system cost. This indicates that all the alternative scenarios are almost 
within the same cost level in the time frame of the study period.  

On the other hand if the alternative scenarios are compared to the reference BAU scenario, it’s noticed that 
the differences are significant. The total system cost of NB00 scenario is 70% higher than the BAU, which 
considered the least difference. While the NB50 total system cost is 88% higher than the BAU. The nuclear 
hub scenario is 85.7 % higher than the BAU scenario.  These values indicates that the new technologies are 
expensive in the GCC region if compared to the current low cost fossil fuel based technologies for electricity 
generation and water desalination. Taking into consideration that carbon taxes have been introduced are as 
high as $50 per kilo ton of CO2, which is obviously very high values since currently there is no carbon tax 
scheme in any of the GCC countries, even though the new alternatives are not economically viable.  

 

Table 10: Cumulative system costs during 2011 – 2040 in Billion USD under the seven scenarios 

	   BAU	   NB00	   NB20	   NB30	   NB40	   NB50	   NucHub	  

	   Undisc
ounted	  

Discou
nted	  

Undiscoun
ted	  

Disco
unted	  

Undisco
unted	  

Disco
unted	  

Undisco
unted	  

Disco
unted	  

Undisco
unted	  

Disco
unted	  

Undisco
unted	  

Disco
unted	  

Undisco
unted	  

Discounte
d	  

Investment	  
(Generation)	  

536	   87	   578	   186	   587	   189	   625	   196	   698	   216	   742	   228	   691	   214	  

Fuel	  costs	   311	   75	   1206	   237	   1195	   235	   1155	   232	   1074	   224	   1037	   218	   1084	   225	  

O&M	  costs	   183	   44	   201	   52	   201	   52	   214	   53	   244	   56	   262	   59	   240	   56	  

Fuel	  Export	  
Revenue	  

0	   0	   -‐232	   -‐79	   -‐227	   -‐77	   -‐144	   -‐58	   -‐127	   -‐44	   -‐105	   -‐33	   -‐104	   -‐39	  

Total	  System	  
Costs	  

1029	   206	   1754	   396	   1757	   399	   1849	   424	   1890	   452	   1936	   473	   1912	   455	  
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Looking into another criteria to evaluate the proposed scenarios, the system cost per unit of energy consumed 
gives a clear indication that the BAU scenario is the least cost pathway in the long run. The GCC system cost 
of generating electricity in this scenario averages at about 33.3 USD/MWh by 2040 in comparison to 66 
USD/MWh in the NB00 scenario and 67 USD/MWh in the nuclear hub scenario for the same year. It is 
noticed that all the alternative scenarios will lead to almost the same system cost per unit of energy of about 
66 USD/MWh, which is almost double the cost in the BAU scenario. (See Figure 30) 

 

 
Figure 30: Total system cost per unit of energy consumption under seven scenarios. 

 



 
-49- 

 

6 Conclusions 
 

The GCC region is still a new area to explore in terms of the potential for renewable energy and 
nuclear energy to be part of the regions future energy mix. The significantly increasing demand for 
electricity and water desalination in the region makes the necessity of exploring new economical 
alternatives solutions of great importance for decision makers.  

It is worth recalling that the total GCC electricity demand will increase by (50 %) by 2030 and (40%) 
by 2040. At the same time the water demand will also jump by (40%) in 2030 and 40%) in 2040.  

Considering the limitations and the boundaries in this study, the scenarios analyzed indicate that the 
GCC shift into renewables will still be very expensive and challenging in comparison to the fossil fuel 
based technologies. The current costs and learning rate of renewable technologies like solar PV, solar 
thermal and wind technology is not enough to compete with the low price and high intensity fossil 
fuel source of energy. This can be future challenging with the current sharp drop of the oil market 
price, which reaches to about $ 50 per barrel, which is almost half the international price assumed 
when this study was done.  

However, nuclear power has shown that it can be an integral part of the GCC future energy mix for 
electricity generation and water desalination. The low fuel cost and the high capacity factor of nuclear 
energy leads it to be an alternative source for electricity generation and water desalination in the long 
pathway. The first key element in the competitiveness of nuclear power is to shift from the current 
pricing scheme to netback pricing for all types of fossil fuels used in electricity generation and water 
desalination in the region. Another key element is the ability to export all the saved amount of fossil 
fuels at the netback prices.  The United Arab Emirates initiative in this field will make nuclear energy 
enter the region by 2017, the growth of this technology in the region will depend on the technical, 
social and political circumstances of the region. With the current instability of the region, GCC 
member states conflicts and the Iranian nuclear program, the spread of the nuclear power in the 
other GCC member countries will highly rely on the GCC ability to overcome these challenges and 
build a nuclear road map for the region.  
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7 Next step or future work to consider  
 

As any study, this work has certain limitations and therefore needs to be followed by further future 
work. The main challenge in any energy modeling exercise is the availability of reliable and accurate 
data. In this study this was one of the main challenges that lead to using simplified assumptions in 
order to finalize the project. Detailed and customized databank for the electricity generation and 
water desalination technologies for the GCC region is a key future work that needs to be done. 
Especially for renewable energy technologies, like solar PV, solar thermal and wind, since currently 
all the costs and technical characteristics are generic values from international authorities and are not 
localized for the GCC region.  

Another challenge is to get accurate and consistence historical data from local authorities that are 
related to historical energy consumption, water consumption, historical electricity capacity and water 
capacity. There is a big gap in this area that needs to be filled by local governments first by collecting 
such important data and second by sharing this type of information publicly so that researchers can 
have access to them. Moreover, a comprehensive and consistent projections for the future electricity 
and water demand should be made by GCC in collaboration with local governments. Currently 
countries like Bahrain or Qatar dose not have future demand projections made by the governmental 
authorities. In the UAE the case is similar and two emirates out of seven have future demand 
projections but even though these projections are not consistent and need to be integrated into a 
country level.   

Finally, this mode tries to simulate the energy system of 6 countries. It would be viable and more 
practical if this exercise will be carried out in-house in each country to take into consideration each 
country’s special circumstances. It would be also of great importance if feed back on this work can 
be received from experts of this region in order to build an iterative development process for future 
work.  
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Appendices 

8.1 Appendix A: Detailed Population and GDP data  
Table 11: GCC Total Population by country  

	  	   KSA	   UAE	   Kuwait	   Qatar	   Oman	   Bahrain	   Total	  	  

1950	   3121.336	   69.59	   152.249	   24.999	   456.418	   115.614	   	  3,940.21	  	  

1955	   3553.33	   78.182	   194.811	   35.838	   495.824	   133.653	   	  4,491.64	  	  

1960	   4072.11	   89.608	   261.994	   47.316	   551.737	   162.501	   	  5,185.27	  	  

1965	   4822.502	   146.341	   482.247	   73.554	   625.007	   187.348	   	  6,337.00	  	  

1970	   5802.967	   231.529	   750.423	   109.342	   723.85	   213.102	   	  7,831.21	  	  

1975	   7377.881	   532.742	   1049.988	   164.354	   882.044	   266.686	   	  10,273.70	  	  

1980	   9843.265	   1014.825	   1371.494	   223.752	   1154.375	   359.902	   	  13,967.61	  	  

1985	   13273.786	   1347.218	   1730.441	   371.026	   1498.416	   419.425	   	  18,640.31	  	  

1990	   16206.078	   1806.498	   2059.774	   476.517	   1810.103	   495.944	   	  22,854.91	  	  

1995	   18567.343	   2346.305	   1586.123	   501.154	   2154.6	   563.73	   	  25,719.26	  	  

2000	   20144.584	   3026.352	   1906.231	   593.693	   2192.535	   668.239	   	  28,531.63	  	  

2005	   24690.067	   4148.883	   2296.314	   821.159	   2522.325	   879.534	   	  35,358.28	  	  

2010	   	  27,258.39	  	   8441.537	   2991.58	   1749.713	   2802.768	   1251.513	   	  44,495.50	  	  

2015	   29897.741	   9577.128	   3583.399	   2350.549	   4157.783	   1359.726	   	  50,926.33	  	  

2020	   32340.938	   10601.558	   4014.829	   2542.774	   4513.853	   1480.113	   	  55,494.07	  	  

2025	   34206.84	   11479.1	   4432.116	   2662.15	   4770.286	   1570.723	   	  59,121.22	  	  

2030	   35634.201	   12330.367	   4832.793	   2760.329	   4920.265	   1641.988	   	  62,119.94	  	  

2035	   36924.237	   13200.647	   5223.963	   2842.441	   4992.4	   1705.186	   	  64,888.87	  	  

2040	   38193.277	   14064.142	   5610.396	   2911.548	   5006.886	   1759.963	   	  67,546.21	  	  

Source:  (UN DESA, 2012)  

Table 12: GCC Population growth rate by country  

	  	   KSA	   UAE	   Kuwait	   Qatar	   Oman	   Bahrain	  

2005	   22.6%	   37.1%	   20.5%	   38.3%	   15.0%	   31.6%	  

2010	   10.4%	   103.5%	   30.3%	   113.1%	   11.1%	   42.3%	  

2015	   9.7%	   13.5%	   19.8%	   34.3%	   48.3%	   8.6%	  

2020	   8.2%	   10.7%	   12.0%	   8.2%	   8.6%	   8.9%	  

2025	   5.8%	   8.3%	   10.4%	   4.7%	   5.7%	   6.1%	  
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2030	   4.2%	   7.4%	   9.0%	   3.7%	   3.1%	   4.5%	  

2035	   3.6%	   7.1%	   8.1%	   3.0%	   1.5%	   3.8%	  

2040	   3.4%	   6.5%	   7.4%	   2.4%	   0.3%	   3.2%	  

 

Table 13: GCC Nominal GDP (Billion of US Dollars) 

	  	   KSA	   UAE	   KWT	   QTR	   OMN	   BHN	  

2000	  -‐	  2007	   272.6	   156.2	   64.4	   36.9	   26.8	   11.6	  

2008	   519.8	   315.5	   147.4	   115.3	   60.7	   22.1	  

2009	   429.1	   254.8	   106	   97.8	   48.2	   19.3	  

2010	   526.8	   287.4	   119.9	   125.1	   58.8	   21.5	  

2011	   669.5	   348.6	   160.7	   171.5	   70	   25.9	  

2012	   711	   383.8	   184.5	   192.4	   78.3	   27.1	  

2013	   718.5	   390	   186.1	   199.9	   81.9	   28.4	  

2014	   746.8	   403.9	   188.1	   209.9	   84	   29.1	  

 Source: (IMF Data) 

 

 

Table 14: GCC Real GDP Growth (%)  

	  	   KSA	   UAE	   KWT	   QTR	   OMN	   BHN	  

2000	  -‐	  2007	   4.7	   6.6	   7.4	   12	   4	   6.4	  

2008	   8.4	   3.2	   2.5	   17.7	   13.2	   6.3	  

2009	   1.8	   -‐4.8	   -‐7.1	   12	   3.3	   3.2	  

2010	   7.4	   1.7	   -‐2.4	   16.7	   5.6	   4.7	  

2011	   8.6	   3.9	   6.3	   13	   4.5	   2.1	  

2012	   5.1	   4.4	   6.2	   6.2	   5	   4.8	  

2013	   3.6	   4	   0.8	   5.1	   5.1	   4.4	  

2014	   4.4	   3.9	   2.6	   3.6	   3.4	   3.3	  

 Source: (IMF Data) 
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8.2 Appendix B: Detailed Demand Data  
Table 15: Final Electricity Demand Projections by Country in (TWh) 

	  	   KSA	   UAE	   KWT	   QTR	   OMN	   BHN	  

2011	   	  248.43	  	   	  102.58	  	   	  52.84	  	   	  28.63	  	   	  20.45	  	   	  13.90	  	  

2012	   	  263.34	  	   	  111.81	  	   	  56.01	  	   	  31.06	  	   	  22.09	  	   	  14.87	  	  

2013	   	  279.14	  	   	  121.88	  	   	  59.37	  	   	  33.70	  	   	  23.86	  	   	  15.91	  	  

2014	   	  295.89	  	   	  132.85	  	   	  62.93	  	   	  36.57	  	   	  25.76	  	   	  17.03	  	  

2015	   	  313.64	  	   	  144.80	  	   	  66.71	  	   	  39.67	  	   	  27.83	  	   	  18.22	  	  

2016	   	  332.46	  	   	  157.84	  	   	  70.71	  	   	  43.05	  	   	  30.05	  	   	  19.49	  	  

2017	   	  352.41	  	   	  172.04	  	   	  74.95	  	   	  46.71	  	   	  32.46	  	   	  20.86	  	  

2018	   	  373.55	  	   	  187.52	  	   	  79.45	  	   	  50.68	  	   	  35.05	  	   	  22.32	  	  

2019	   	  395.96	  	   	  204.40	  	   	  84.22	  	   	  54.98	  	   	  37.86	  	   	  23.88	  	  

2020	   	  419.72	  	   	  222.80	  	   	  89.27	  	   	  59.66	  	   	  40.89	  	   	  25.55	  	  

2021	   	  437.35	  	   	  236.83	  	   	  93.02	  	   	  63.21	  	   	  43.18	  	   	  26.80	  	  

2022	   	  455.72	  	   	  251.75	  	   	  96.93	  	   	  66.97	  	   	  45.59	  	   	  28.12	  	  

2023	   	  474.86	  	   	  267.61	  	   	  101.00	  	   	  70.95	  	   	  48.15	  	   	  29.49	  	  

2024	   	  494.80	  	   	  284.47	  	   	  105.24	  	   	  75.17	  	   	  50.84	  	   	  30.94	  	  

2025	   	  515.59	  	   	  302.40	  	   	  109.66	  	   	  79.65	  	   	  53.69	  	   	  32.46	  	  

2026	   	  537.24	  	   	  321.45	  	   	  114.27	  	   	  84.38	  	   	  56.70	  	   	  34.05	  	  

2027	   	  559.80	  	   	  341.70	  	   	  119.07	  	   	  89.40	  	   	  59.87	  	   	  35.71	  	  

2028	   	  583.32	  	   	  363.23	  	   	  124.07	  	   	  94.72	  	   	  63.22	  	   	  37.46	  	  

2029	   	  607.82	  	   	  386.11	  	   	  129.28	  	   	  100.36	  	   	  66.76	  	   	  39.30	  	  

2030	   	  633.34	  	   	  410.43	  	   	  134.71	  	   	  106.33	  	   	  70.50	  	   	  41.23	  	  

2031	   	  651.96	  	   	  428.53	  	   	  138.67	  	   	  110.76	  	   	  73.27	  	   	  42.64	  	  

2032	   	  671.13	  	   	  447.43	  	   	  142.74	  	   	  115.37	  	   	  76.14	  	   	  44.10	  	  

2033	   	  690.86	  	   	  467.16	  	   	  146.94	  	   	  120.18	  	   	  79.12	  	   	  45.62	  	  

2034	   	  711.17	  	   	  487.77	  	   	  151.26	  	   	  125.18	  	   	  82.23	  	   	  47.18	  	  

2035	   	  732.08	  	   	  509.28	  	   	  155.71	  	   	  130.40	  	   	  85.45	  	   	  48.80	  	  

2036	   	  753.61	  	   	  531.73	  	   	  160.29	  	   	  135.83	  	   	  88.80	  	   	  50.47	  	  

2037	   	  775.76	  	   	  555.18	  	   	  165.00	  	   	  141.49	  	   	  92.28	  	   	  52.20	  	  

2038	   	  798.57	  	   	  579.67	  	   	  169.85	  	   	  147.38	  	   	  95.90	  	   	  53.99	  	  

2039	   	  822.05	  	   	  605.23	  	   	  174.84	  	   	  153.52	  	   	  99.66	  	   	  55.85	  	  

2040	   	  846.22	  	   	  631.92	  	   	  179.98	  	   	  159.91	  	   	  103.56	  	   	  57.76	  	  
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Table 16: Final Water Demand Projections by Country in Giga Liters (Gl) 

	  	   KSA	   UAE	   KWT	   QTR	   OMN	   BHN	  

2011	   	  2,567	  	   	  2,372	  	   	  654	  	   	  478	  	   	  135	  	   	  262	  	  

2012	   	  2,711	  	   	  2,490	  	   	  693	  	   	  519	  	   	  142	  	   	  283	  	  

2013	   	  2,863	  	   	  2,615	  	   	  735	  	   	  563	  	   	  149	  	   	  306	  	  

2014	   	  3,023	  	   	  2,746	  	   	  779	  	   	  612	  	   	  157	  	   	  330	  	  

2015	   	  3,192	  	   	  2,883	  	   	  825	  	   	  664	  	   	  165	  	   	  357	  	  

2016	   	  3,371	  	   	  3,027	  	   	  875	  	   	  721	  	   	  173	  	   	  385	  	  

2017	   	  3,560	  	   	  3,178	  	   	  927	  	   	  783	  	   	  181	  	   	  416	  	  

2018	   	  3,759	  	   	  3,337	  	   	  983	  	   	  851	  	   	  190	  	   	  450	  	  

2019	   	  3,970	  	   	  3,504	  	   	  1,042	  	   	  924	  	   	  200	  	   	  485	  	  

2020	   	  4,192	  	   	  3,679	  	   	  1,105	  	   	  1,003	  	   	  210	  	   	  524	  	  

2021	   	  4,356	  	   	  3,808	  	   	  1,151	  	   	  1,064	  	   	  217	  	   	  554	  	  

2022	   	  4,527	  	   	  3,941	  	   	  1,199	  	   	  1,128	  	   	  225	  	   	  585	  	  

2023	   	  4,705	  	   	  4,079	  	   	  1,250	  	   	  1,196	  	   	  233	  	   	  617	  	  

2024	   	  4,889	  	   	  4,222	  	   	  1,302	  	   	  1,268	  	   	  241	  	   	  652	  	  

2025	   	  5,081	  	   	  4,370	  	   	  1,357	  	   	  1,344	  	   	  249	  	   	  688	  	  

2026	   	  5,280	  	   	  4,523	  	   	  1,414	  	   	  1,425	  	   	  258	  	   	  727	  	  

2027	   	  5,487	  	   	  4,681	  	   	  1,473	  	   	  1,511	  	   	  267	  	   	  768	  	  

2028	   	  5,702	  	   	  4,845	  	   	  1,535	  	   	  1,602	  	   	  277	  	   	  811	  	  

2029	   	  5,925	  	   	  5,015	  	   	  1,600	  	   	  1,698	  	   	  286	  	   	  856	  	  

2030	   	  6,158	  	   	  5,190	  	   	  1,667	  	   	  1,800	  	   	  296	  	   	  904	  	  

2031	   	  6,327	  	   	  5,317	  	   	  1,716	  	   	  1,876	  	   	  303	  	   	  940	  	  

2032	   	  6,500	  	   	  5,448	  	   	  1,766	  	   	  1,955	  	   	  311	  	   	  976	  	  

2033	   	  6,679	  	   	  5,581	  	   	  1,818	  	   	  2,038	  	   	  319	  	   	  1,015	  	  

2034	   	  6,862	  	   	  5,718	  	   	  1,872	  	   	  2,123	  	   	  326	  	   	  1,054	  	  

2035	   	  7,050	  	   	  5,858	  	   	  1,927	  	   	  2,213	  	   	  334	  	   	  1,096	  	  

2036	   	  7,244	  	   	  6,001	  	   	  1,983	  	   	  2,306	  	   	  343	  	   	  1,139	  	  

2037	   	  7,442	  	   	  6,148	  	   	  2,041	  	   	  2,403	  	   	  351	  	   	  1,183	  	  

2038	   	  7,647	  	   	  6,299	  	   	  2,101	  	   	  2,505	  	   	  360	  	   	  1,230	  	  

2039	   	  7,856	  	   	  6,453	  	   	  2,163	  	   	  2,610	  	   	  368	  	   	  1,278	  	  

2040	   	  8,072	  	   	  6,612	  	   	  2,227	  	   	  2,720	  	   	  377	  	   	  1,328	  	  
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8.3 APPENDIX C: Power Plants Technical data and Assumptions 
by country 

Table 17: List of technologies modeled showing generation historical Capacity & bounds on new capacity 
addition - KSA  

#	   Technology	   Fuel	  	   Type	   Bound	  on	  
new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  	  

%	  

Historical	  
Capacity	  
Year:	  	  MW	  

1	   SAHFSCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up	  :	  0	   44%	   1973	  92	  

2	   SANGSCPh	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	  	   Up	  :	  0	   44%	   1981	  1600	  
1990	  2500	  
2002	  2656	  

3	   SAOISCPh	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up	  :	  0	   44%	   1985	  1040	  
1995	  532	  
2002	  2000	  
2007	  2400	  

4	   SALOGCPh	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up	  :	  0	   38%	   1964	  45	  
1975	  1764	  
1984	  1402	  
1998	  174	  

5	   SAHFGCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up	  :	  0	   38%	   1979:	  492	  
1982:	  202	  
1999:	  484	  
2008:	  1114	  

6	   SANGGCPh	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	  	   Up	  :	  0	   38%	   1975:	  2427	  
1985:	  3825	  
1997:	  1403	  
2003:	  1803	  
2008:	  4927	  

7	   SAOIGCPh	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up	  :	  0	   38%	   1985:	  3130	  
1999:	  279	  
2008:	  3396	  

8	   SADSGCPh	   Diesel	   Single	  Cycle	  Gas	  Turbine	  	   Up	  :	  0	   38%	   1975:	  889	  
1984:	  1605	  
1995:	  1170	  
2005:	  2031	  

9	   SANGCCPh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up	  :	  0	   57%	   1998:	  648	  
2000:	  648	  
2010:	  450	  

10	   SAOICCPh	   Crude	  Oil	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   44%	   1992:	  790	  
1998:	  498	  
2010:	  840	  
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11	   SALORCPh	   	  LO	   Reciprocating	  Engine	   Up	  :	  0	   35%	   1975:	  82	  
1996:	  66	  

12	   SAHFRCPh	   Heavy	  Fuel	  Oil	   Reciprocating	  Engine	   Up	  :	  0	   35%	   0	  

13	   SANGRCPh	   Natural	  Gas	   Reciprocating	  Engine	   Up	  :	  0	   35%	   0	  

14	   SAOIRCPh	   Crude	  Oil	   Reciprocating	  Engine	   Up	  :	  0	   35%	   1972:	  56	  
	  2000:	  21	  	  

15	   SADSRCPh	   Diesel	   Reciprocating	  Engine	   Up	  :	  0	   35%	   1977:54	  
1985:	  357	  
1995:	  201	  
2004:	  112	  

16	   SAHFSCDh	   Heavy	  Fuel	  Oil	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   44%	   1978:	  277	  
1985:	  2143.5	  
1998:	  162	  
2004:	  130	  	  

17	   SANGSCDh	   Natural	  Gas	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   44%	   1982:	  1919	  
2009:	  600	  

18	   SAOISCDh	   Crude	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   38%	   1988:	  371	  
2003:	  550	  
2010:	  1940	  

19	   SALOGCDh	   Light	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   38%	   1981:	  450	  
1999:	  68	  

20	   SANGGCDh	   Natural	  Gas	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   38%	   0.0	  

21	   SADSGCDh	   Diesel	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up	  :	  0	   38%	   1981	  22	  

22	   SANGCCDh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  

Up	  :	  0	   57%	   2009	  :	  2055	  

23	   SAELRODh	   Electricity	   Reverse	  Osmosis	   Up	  :	  0	   57%	   2010	  :	  980	  
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Table 18: List of technologies modeled showing generation historical capacity & bounds on new capacity 
addition – UAE 

#	   Technology	   Fuel	  	   Type	   Bound	  on	  new	  
Capacity	  

bdc	  (	  MW	  )	  

Efficiency	  	  

%	  

Historical	  
Capacity	  
Year:	  	  MW	  

1	   AEHFSCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   1982:	  226.2	  

2	   AENGSCPh	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  1979:	  207	  

3	   AEOISCPh	   Crude	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   0	  

4	   AELOGCPh	   Light	  Oil	  	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   44%	   1978:	  254.12	  
1982:	  468.33	  
2002:	  246	  

5	   AEHFGCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1975:120	  
1998:	  17	  

6	   AENGGCPh	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1976:	  290	  
1984:	  

1403.15	  
1995:	  

1815.83	  
2005:	  3457.4	  

7	   AEOIGCPh	   Crude	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   0	  

8	   AENGCCPh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   38%	   1984:	  497	  
1995:	  2116	  
2004:	  5478	  
2010:	  2387	  

9	   AELORCPh	   Light	  Oil	  	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   1.39	  

10	   AEHFSCDh	   Heavy	  Fuel	  Oil	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   1982:	  565	  

11	   AENGSCDh	   Natural	  Gas	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   1977:80	  
1980:	  300	  
1981:	  360	  
1986:	  490	  
1996:	  738	  

12	   AELOGCDh	   Light	  Oil	  	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   38%	   1978:	  86	  

13	   AENGGCDh	   Natural	  Gas	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   38%	   1978:	  160	  
1989:	  287	  
1995:	  1078	  
2001:	  882	  
2009:	  295	  
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14	   AENGCCDh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   1998:	  1190	  
2003:	  5470	  
2010:	  1703	  	  

15	   AEELRODh	   Electricity	   Reverse	  Osmosis	  	   Up:	  0	   57%	   	  	  
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Table 19: List of technologies modeled showing generation historical capacity & bounds on new capacity 
addition - Kuwait  

#	   Technology	   Fuel	   Type	  

Bound	  on	  
new	  

Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  	  
%	  

Historical	  
Capacity	  
Year:	  	  MW	  

1	   KWLOSCPh	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	   0	  

2	   KWHFSCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	   0	  

3	   KWNGSCPh	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	   0	  

4	   KWOISCPh	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	   0	  

5	   KWLOGCPh	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  
1985:	  67	  
1991:	  12.5	  

6	   KWHFGCPh	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	   0	  

7	   KWNGGCPh	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  

1972:	  104	  
1984:	  285	  
1991:	  12.5	  
1997:	  210	  
2005:	  1000	  
2008:	  1412	  

8	   KWOIGCPh	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  
	  

9	   KWNGCCPh	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  
Up:	  0	   57%	  

	  

10	   KWOISCDh	   Crude	  Oil	  
Steam	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   44%	  

1978:	  1050	  
1986:	  4800	  
1999:	  1500	  
2000:	  900	  

11	   KWNGSCDh	   Natural	  Gas	  
Steam	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   44%	  
1972:	  804	  
2010:	  300	  

12	   KWLOGCDh	   Light	  Oil	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   38%	  
	  

13	   KWNGGCDh	   Natural	  Gas	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   38%	  
	  

14	   KWNGCCDh	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  
Up:	  0	   57%	  

	  

15	   KWELRODh	   Electricity	   Reverse	  Osmosis	  
	  

57%	  
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Table 20: List of technologies modeled showing generation historical capacity & bounds on new capacity 
addition – Qatar 

#	   Technology	   Fuel	   Type	  
Bound	  on	  

new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  

%	  

Historical	  
Capacity	  
Year:	  	  MW	  

1	   QALOSCPh	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	  
	  

2	   QAHFSCPh	  
Heavy	  Fuel	  

Oil	  
Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	  

	  

3	   QANGSCPh	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	   2007:	  96	  

4	   QAOISCPh	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  0	   44%	  
	  

5	   QALOGCPh	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  
	  

6	   QAHFGCPh	  
Heavy	  Fuel	  

Oil	  
Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  

	  

7	   QANGGCPh	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  

1975:	  376	  
1983:	  267	  
1996:	  717	  
2004:	  771	  
2009:	  472	  

8	   QAOIGCPh	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  0	   38%	  
	  

9	   QANGCCPh	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  
Up:	  0	   57%	  

2006:	  1934	  
2010:	  2380	  

15	   QAHFSCDh	  
Heavy	  Fuel	  

Oil	  
Steam	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   44%	  
	  

16	   QANGSCDh	   Natural	  Gas	  
Steam	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   44%	  
	  

17	   QALOGCDh	   Light	  Oil	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   38%	  
	  

18	   QANGGCDh	   Natural	  Gas	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  0	   38%	  

1978	  436	  
1980:	  156	  
1995:	  610	  
2009:	  597	  

19	   QANGCCDh	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  
Up:	  0	   57%	  

2010:	  1365	  
2011:	  1365	  

20	   QAELRODh	   Electricity	   Reverse	  Osmosis	   Up:	  0	   57%	  
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Table 21: List of technologies modeled showing generation historical Capacity & bounds on new capacity 
addition - Oman  

#	   Technology	   Fuel	  	   Type	   Bound	  on	  new	  
Capacity	  

bdc	  (	  MW	  )	  

Efficiency	  	   Historical	  
Capacity	  
Year:	  	  MW	  

1	   OMLOSCPh	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

2	   OMHFSCPh	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

3	   OMNGSCPh	   Natural	  
Gas	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   1976	  25.5	  

4	   OMOISCPh	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

5	   OMLOGCPh	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   	  	  

6	   OMHFGCPh	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1995:37:00	  

7	   OMNGGCPh	   Natural	  
Gas	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1979:	  170	  
1984:	  1075	  
1995:	  940	  
2005:	  1928	  
2011:	  252	  	  

8	   OMDSGCPh	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   2000	  36	  

9	   OMNGCCPh	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  	  

Up:	  0	   57%	   2003:	  525	  
2009:	  1000	  

10	   OMLORCPh	   	  	   	  	   	  	   	  	   0	  

11	   OMHFRCPh	   	  	   	  	   	  	   	  	   2010:	  74	  

12	   OMNGRCPh	   	  	   	  	   	  	   	  	   	  	  

13	   OMOIRCPh	   	  	   	  	   	  	   	  	   	  	  

14	   OMDSRCPh	   	  	   	  	   	  	   	  	   2010:	  187	  
2011:	  40	  

15	   OMHFSCDh	   Heavy	  Fuel	  
Oil	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   	  	  

16	   OMNGSCDh	   Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   	  	  

17	   OMLOGCDh	   Light	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   38%	   	  	  

18	   OMNGGCDh	   Natural	  
Gas	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   38%	   	  	  
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19	   OMNGCCDh	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   1980:	  77	  
1995:	  222	  
2006:	  585	  
2009:	  678	  

20	   OMELRODh	   Electricity	  	   Reverse	  Osmosis	   	  	   0.570	   	  	  
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Table 22: List of technologies modeled showing generation historical capacity & bounds on new capacity 
addition - Bahrain 

#	   Technology	   Fuel	  	   Type	   Bound	  on	  
new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  	   Historical	  
Capacity	  
Year:	  	  MW	  

1	   BNLOSCPh	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

2	   BNHFSCPh	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

3	   BNNGSCPh	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

4	   BNOISCPh	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  0	   44%	   	  	  

5	   BNLOGCPh	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1985:	  136	  

6	   BNHFGCPh	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   0	  

7	   BNNGGCPh	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1973:	  358	  
1978:	  150	  
1983:	  575	  
1996:	  165	  
2004:	  23	  

8	   BNDSGCPh	   Diesel	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  0	   38%	   1976:30:00	  

9	   BNNGCCPh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   1988:	  480	  
1993:	  220	  
2004:	  1395	  
2006:	  950	  

10	   BNLOCCPh	   Light	  Oil	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   1981:	  120	  
1991:	  65	  

11	   BNHFSCDh	   Heavy	  Fuel	  
Oil	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   0	  

12	   BNNGSCDh	   Natural	  Gas	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  0	   44%	   1976:	  100	  

13	   BNLOGCDh	   Light	  Oil	   Gas	  Turbine	  -‐	  Cogeneration	  	   Up:	  0	   38%	   0.0	  

14	   BNNGGCDh	   Natural	  Gas	   Gas	  Turbine	  -‐	  Cogeneration	  	   Up:	  0	   38%	   1982:	  59	  
1999:	  272	  	  

15	   BNNGCCDh	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  0	   57%	   400	  

16	   BNELRODh	   Electricity	  	   Reverse	  Osmosis	   	  	   57%	   	  	  
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8.4 APPENDIX D: Future generation capacities by country 
 

Table 23: List of planned generation capacities & future alternative technologies used in modeling  - KSA 

#	   Technology	   Fuel	   Type	  
Bound	  on	  

new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  
Planned	  
Capacity	  
Year:	  	  MW	  

1	   SASOU1Pn	  
	   	  

Up:	  1000	   100%	  
	  

2	   SASOU2Pn	  
	   	  

Up:	  1000	   100%	  
	  

3	   SASOC1Pn	  
	   	  

Up:	  1000	   100%	  
	  

4	   SASOC2Pn	  
	   	  

Up:	  1000	   100%	  
	  

5	   SAWI25Pn	  
	   	  

Up:	  1000	   100%	  
	  

6	   SANUPWPn	   Uranium	   Nuclear	   Up:	  5600	   36%	  
	  

7	   SALOSCPn	   Light	  Oil	  
Single	  Cycle	  Steam	  

Turbine	  
Up:	  1000	   47%	  -‐	  52%	  

	  

8	   SAHFSCPn	  
Heavy	  
Fuel	  Oil	  

Single	  Cycle	  Steam	  
Turbine	   	  

47%	  -‐	  52%	  

2014:	  480	  	  
2017:	  4340	  	  
2018:	  1700	  
2020:	  5160	  

9	   SANGSCPn	  
Natural	  
Gas	  

Single	  Cycle	  Steam	  
Turbine	  

Up:	  1000	  
	   	  

10	   SAOISCPn	   Crude	  Oil	  
Single	  Cycle	  Steam	  

Turbine	   	  
47%	  -‐	  52%	   2012:	  1200	  

11	   SALOGCPn	   Light	  Oil	  
Single	  Cycle	  Gas	  

Turbine	   	  
38%	  -‐	  42%	  

	  

12	   SAHFGCPn	  
Heavy	  
Fuel	  Oil	  

Single	  Cycle	  Gas	  
Turbine	   	  

38%	  -‐	  42%	  
2012:	  480	  	  
2012:	  160	  

13	   SANGGCPn	  
Natural	  
Gas	  

Single	  Cycle	  Gas	  
Turbine	   	  

38%	  -‐	  42%	   2012:	  390	  

14	   SAOIGCPn	   Crude	  Oil	  
Single	  Cycle	  Gas	  

Turbine	   	  
38%	  -‐	  42%	   2011:	  160	  

15	   SADSGCPn	   Diesel	  
Single	  Cycle	  Gas	  

Turbine	   	  
38%	  -‐	  42%	  

	  

16	   SANGCCPn	  
Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	   	  

57%	  -‐	  63%	  
2011:	  235	  
2016:	  2400	  

17	   SAOICCPn	   Crude	  Oil	  
Combined	  Cycle	  Gas	  

Turbine	   	  
57%	  -‐	  63%	  

2011:	  952	  
2012:	  448	  

18	   SAHFSCDn	   Heavy	   Steam	  Turbine	  -‐	  
	  

47%	  -‐	  52%	   2014:	  2550	  
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Fuel	  Oil	   Cogeneration	  

19	   SANGSCDn	  
Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	   	  

47%	  -‐	  52%	  
	  

20	   SAOISCDn	   Crude	  Oil	  
Steam	  Turbine	  -‐	  
Cogeneration	   	  

47%	  -‐	  52%	   2011:	  340	  

21	   SALOGCDn	   Light	  Oil	  
Gas	  Turbine	  -‐	  
Cogeneration	   	  

38%	  -‐	  42%	  
	  

22	   SANGGCDn	  
Natural	  
Gas	  

Gas	  Turbine	  -‐	  
Cogeneration	   	  

38%	  -‐	  42%	  
	  

23	   SANGCCDn	  
Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	   	  

57%	  -‐	  63%	  
	  

24	   SARODSn	   Electricity	   Reverse	  Osmosis	  
	  

57%	  
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Table 24: List of planned generation capacities & future alternative technologies used in modeling  - UAE 

#	   Technology	   Fuel	  	   Type	   Bound	  on	  
new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  	   Planned	  
Capacity	  
Year:	  	  MW	  

1	   AESOU1Pn	   	  	   Solar	  PV	  without	  Storage	   Up:	  1000	   100%	   	  	  

2	   AESOU2Pn	   	  	   Solar	  PV	  wit	  Storage	   Up:	  1000	   100%	   2017:	  100	  
2030:	  1000	  

3	   AESOC1Pn	   	  	   Solar	  CSP	  without	  
Storage	  

Up:	  1000	   100%	   	  	  

4	   AESOC2Pn	   	  	   Solar	  CSP	  wit	  Storage	   Up:	  1000	   100%	   2013:100	  

5	   AEWI25Pn	   	  	   Wind	  Turbines	   Up:	  1000	   100%	   20	  

6	   AENUPWPn	   Uranium	  	   Heavy	  water	  nuclear	  
reactor	  

Up:	  5600	   36%	   2017:1400	  
2018:	  2800	  
2019:	  3200	  
2020:	  5600	  

7	   AELOSCPn	   Light	  Oil	  	   Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

8	   AEHFSCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

9	   AENGSCPn	   Natural	  
Gas	  

Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

10	   AEOISCPn	   Crude	   Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

11	   AELOGCPn	   Light	  Oil	  	   Single	  Cycle	  Gas	  Turbine	  	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

12	   AEHFGCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

13	   AENGGCPn	   Natural	  
Gas	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

14	   AEOIGCPn	   Crude	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

15	   AENGCCPn	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  	  

Up:	  1000	   57%	  -‐	  63%	   2011:	  1570	  
2014:1000	  
2017:	  250	  
2020:	  60	  	  

16	   AECOIGPn	   Coal	   Integrated	  Gasification	  
Combined	  Cycle	  

Up:	  1000	   46%	   2020:	  600	  
2021:	  600	  

17	   AELOGCDn	   Light	  Oil	  	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

18	   AENGGCDn	   Heavy	  Fuel	  
Oil	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   2017	  :	  600	  
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19	   AEHFGSDn	   Natural	  
Gas	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

20	   AENGSCDn	   Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

21	   AENGCCDn	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  -‐	  

	  Cogeneration	  	  

Up:	  1000	   57%	  -‐	  63%	   2011:	  250	  
2012:	  250	  
2014:	  1600	  
2018:	  2400	  

22	   AERODSn	   Electricity	   Reverse	  Osmosis	  	   	  	   57%	   	  	  
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Table 25: List of planned generation capacities & future alternative technologies used in modeling  - Kuwait 

#	   Technology	   Fuel	   Type	  
Bound	  on	  

new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  
Planned	  
Capacities	  
Year:	  MW	  

1	   KWSOU1Pn	  
	  

Solar	  PV	  without	  Storage	   Up:	  1000	   100%	  
	  

2	   KWSOU2Pn	  
	  

Solar	  PV	  with	  storage	   Up:	  1000	   100%	  
	  

3	   KWSOC1Pn	  
	  

Solar	  CSP	  without	  storage	   Up:	  1000	   100%	  
	  

4	   KWSOC2Pn	  
	  

Solar	  CSP	  with	  storage	   Up:	  1000	   100%	  
	  

5	   KWWI25Pn	  
	  

Wind	  Turbine	   Up:	  1000	   100%	  
	  

6	   KWNUPWPn	   Uranium	   Nuclear	   Up:	  5600	   100%	  
	  

7	   KWLOSCPn	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  1000	   47%	  -‐	  52%	  
	  

8	   KWHFSCPn	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  1000	   47%	  -‐	  52%	  
	  

9	   KWNGSCPn	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	   Up:	  1000	   47%	  -‐	  52%	  
	  

10	   KWOISCPn	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	   Up:	  1000	   47%	  -‐	  52%	  
	  

11	   KWLOGCPn	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  1000	   38%	  -‐	  42%	  
	  

12	   KWHFGCPn	   Heavy	  Fuel	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  1000	   38%	  -‐	  42%	  
	  

13	   KWNGGCPn	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	   Up:	  1000	   38%	  -‐	  42%	  
	  

14	   KWOIGCPn	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	   Up:	  1000	   38%	  -‐	  42%	  
	  

15	   KWNGCCPn	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  
Up:	  1000	   57%	  -‐	  63%	  

2011:	  1350	  
2012:	  750	  
2015:	  1900	  

16	   KWLOGCDn	   Light	  Oil	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  1000	   38%	  -‐	  42%	  
	  

17	   KWNGGCDn	   Natural	  Gas	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  1000	   38%	  -‐	  42%	  
	  

18	   KWHFGSDn	   Heavy	  Fuel	  Oil	  
Gas	  Turbine	  -‐	  
Cogeneration	  

Up:	  1000	   38%	  -‐	  42%	  
	  

19	   KWNGSCDn	   Natural	  Gas	  
Steam	  Turbine	  -‐	  
Cogeneration	  

Up:	  1000	   47%	  -‐	  52%	  
	  

20	   KWNGCCDn	   Natural	  Gas	  
Combined	  Cycle	  Gas	  

Turbine	  -‐	  Cogeneration	  
Up:	  1000	   47%	  -‐	  52%	  

	  

21	   KWRODSn	   Electricity	   Reverse	  Osmosis	  
	  

57%	  
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Table 26: List of planned generation capacities & future alternative technologies used in modeling  - Qatar 

#	   Technology	   Fuel	   Type	  

Bound	  on	  
new	  

Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  

%	  

Planned	  
Capacity	  
Year:	  	  MW	  

1	   QASOU1Pn	   	  	   Solar	  PV	  without	  Storage	   Up:	  1000	   100%	   	  	  

2	   QASOU2Pn	   	  	   Solar	  PV	  with	  storage	   Up:	  1000	   100%	   	  	  

3	   QASOC1Pn	   	  	   Solar	  CSP	  without	  storage	   Up:	  1000	   100%	   	  	  

4	   QASOC2Pn	   	  	   Solar	  CSP	  with	  storage	   Up:	  1000	   100%	   	  	  

5	   QAWI25Pn	   	  	   Wind	  Turbine	   Up:	  1000	   100%	   	  	  

6	   QANUPWPn	   Uranium	   Nuclear	   Up:	  5600	   100%	   	  	  

7	   QALOSCPn	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

8	   QAHFSCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

9	   QANGSCPn	   Natural	  
Gas	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   2011:40:00	  

10	   QAOISCPn	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

11	   QALOGCPn	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

12	   QAHFGCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

13	   QANGGCPn	   Natural	  
Gas	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

14	   QAOIGCPn	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

15	   QANGCCPn	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  1000	   57%	  -‐	  63%	   2011:	  850	  

16	   QALOGCDn	   Light	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

17	   QANGGCDn	   Natural	  
Gas	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

18	   QAHFGSDn	   Heavy	  Fuel	  
Oil	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

19	   QANGSCDn	   Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

20	   QANGCCDn	   Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   2011:	  1365	  

21	   QARODSn	   Electricity	   Reverse	  Osmosis	   Up:	  1000	   57%	   	  	  
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Table 27: List of planned generation capacities & future alternative technologies used in modeling  - Oman  

#	   Technology	   Fuel	  	   Type	   Bound	  on	  new	  
Capacity	  

bdc	  (	  MW	  )	  

Efficiency	  	   Planned	  
Capacity	  

Year	  :	  	  MW	  

1	   OMSOU1Pn	   	  	   Solar	  PV	  without	  Storage	   Up:	  1000	   100%	   	  	  

2	   OMSOU2Pn	   	  	   Solar	  PV	  with	  storage	   Up:	  1000	   100%	   	  	  

3	   OMSOC1Pn	   	  	   Solar	  CSP	  without	  
storage	  

Up:	  1000	   100%	   	  	  

4	   OMSOC2Pn	   	  	   Solar	  CSP	  with	  storage	   Up:	  1000	   100%	   	  	  

5	   OMWI25Pn	   	  	   Wind	  Turbine	   Up:	  1000	   100%	   	  	  

6	   OMNUPWP
n	  

Uranium	   Nuclear	   Up:	  5600	   100%	   	  	  

7	   OMLOSCPn	   Light	  Oil	   Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

8	   OMHFSCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

9	   OMNGSCPn	   Natural	  
Gas	  

Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

10	   OMOISCPn	   Crude	  Oil	   Single	  Cycle	  Steam	  
Turbine	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

11	   OMLOGCPn	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

12	   OMHFGCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

13	   OMNGGCPn	   Natural	  
Gas	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   2011:	  252	  	  

14	   OMOIGCPn	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

15	   OMNGCCPn	   Natural	  
Gas	  

Combined	  Cycle	  Gas	  
Turbine	  	  	  

Up:	  1000	   57%	  -‐	  63%	   	  	  

16	   OMLOGCDn	   Light	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

17	   OMNGGCDn	   Natural	  
Gas	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

18	   OMHFGSDn	   Heavy	  Fuel	  
Oil	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

19	   OMNGSCDn	   Natural	  
Gas	  

Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

20	   OMNGCCDn	   Natural	  
Gas	  

Combined	  Cycle	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   2011:	  65	  
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21	   OMRODSn	   Electricity	  	   Reverse	  Osmosis	   Up:	  1000	   	  	   	  	  
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Table 28: List of planned generation capacities & future alternative technologies used in modeling  - Bahrain 

#	   Technology	   Fuel	   Type	  
Bound	  on	  

new	  Capacity	  
bdc	  (	  MW	  )	  

Efficiency	  

%	  

Planned	  
Capacity	  
Year:	  	  MW	  

1	   BNSOU1Pn	   	  	   Solar	  PV	  without	  Storage	   Up:	  1000	   100%	   	  	  

2	   BNSOU2Pn	   	  	   Solar	  PV	  with	  storage	   Up:	  1000	   100%	   	  	  

3	   BNSOC1Pn	   	  	   Solar	  CSP	  without	  storage	   Up:	  1000	   100%	   	  	  

4	   BNSOC2Pn	   	  	   Solar	  CSP	  with	  storage	   Up:	  1000	   100%	   	  	  

5	   BNWI25Pn	   	  	   Wind	  Turbine	   Up:	  1000	   100%	   	  	  

6	   BNNUPWPn	   Uranium	   Nuclear	   Up:	  5600	   100%	   	  	  

7	   BNLOSCPn	   Light	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

8	   BNHFSCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

9	   BNNGSCPn	   Natural	  Gas	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

10	   BNOISCPn	   Crude	  Oil	   Single	  Cycle	  Steam	  Turbine	  	   Up:	  1000	   47%	  -‐	  52%	   	  	  

11	   BNLOGCPn	   Light	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

12	   BNHFGCPn	   Heavy	  Fuel	  
Oil	  

Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

13	   BNNGGCPn	   Natural	  Gas	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

14	   BNOIGCPn	   Crude	  Oil	   Single	  Cycle	  Gas	  Turbine	  	   Up:	  1000	   38%	  -‐	  42%	   	  	  

15	   BNNGCCPn	   Natural	  Gas	   Combined	  Cycle	  Gas	  
Turbine	  	  

Up:	  1000	   57%	  -‐	  63%	   	  	  

16	   BNLOGCDn	   Light	  Oil	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

17	   BNNGGCDn	   Natural	  Gas	   Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

18	   BNHFGSDn	   Heavy	  Fuel	  
Oil	  

Gas	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   38%	  -‐	  42%	   	  	  

19	   BNNGSCDn	   Natural	  Gas	   Steam	  Turbine	  -‐	  
Cogeneration	  	  

Up:	  1000	   47%	  -‐	  52%	   	  	  

20	   BNNGCCDn	   Natural	  Gas	   Combined	  Cycle	  -‐	  
Cogeneration	  	  

Up:	  1000	   57%	  -‐	  63%	   2012:	  936	  	  

21	   BNRODSn	   Electricity	   Reverse	  Osmosis	   Up:	  1000	   57%	   	  	  
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8.5 APPENDIX E: Results by country - BAU Scenario 

Figure 31: BAU Total Electricity Generation by Source (TWh)
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Figure 32 : BAU Total Installed Electricity Capacity by Source (GW) 
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Figure 33: BAU Total Water Production by Source (Gl) 
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8.6 APPENDIX F: Results by country - NB 00 Scenario 

Figure 34: NB00 – Electricity Generation by Source (TWh) 
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Figure 35: NB00 - Total Installed Electricity Capacity (GW)
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Figure 36: NB00 Total Water Production by Source (Gl) 
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8.7 APPENDIX G: Results by country - Nuclear Hub Scenario 

Figure 37: Nuclear Hub – Electricity Generation by Source in (TWh) 
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Figure 38: Nuclear Hub – Total Installed Electricity Capacity by Source in (GW) 
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Figure 39: Nuclear Hub – Total Water production by technology in (Gl) 

 


