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Abstract   

The Arabian Gulf Countries (AGC) are struggling to reach energy sustainability. Their 

dependence on oil and natural gas production as a main source of income and source of 

energy made them produce large amounts of CO2 emissions. The goal of the project is 

to assist the AGC reach energy sustainability. The team researched the effects of 

the current energy production and consumption practices in those countries, its effectiveness, and 

how to make it beneficial. To deal with this struggle, several solutions must be considered such 

as the transition to low carbon energy sources, and carbon capture, utilization and sequestration. 

Three scenarios were created to showcase the effectiveness of those solutions.  

Keywords: direct air capture, carbon emissions, clean energy, renewable 

energy, Arabian gulf.  
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Executive Summary 

 The Arabian Gulf Countries (AGC) that are going to be discussed in this paper are Saudi 

Arabia, Kuwait, Bahrain, Qatar, Oman, United Arab Emirates, and Iraq. Those countries 

cover around 3.0 million km2 in size. Moreover, the AGC has one of the highest oil and natural 

gas production rates producing around 25% of the total oil production around the world. 

 This project addresses the struggle for AGC to reach energy sustainability. Moreover, it 

addresses the opportunities for an improved energy future in the region. Reaching energy 

sustainability for the AGC is difficult due to the dependence on fossil fuel for many years. 

However, the countries’ vulnerability to the negative effects of carbon dioxide (CO2) emissions 

and the increase in energy demand compels the transition for a cleaner and more sustainable 

energy sources. Due to the nature of the region, the AGC have a great potential in renewables, 

direct carbon air capture (DAC), and point-source carbon capture, utilization and sequestration 

(CCUS). 

 The goal of this project is to showcase that potential and its effect on the countries’ 

emissions and future energy production and consumption. To do this, the team developed three 

scenarios. The scenarios main purpose is to demonstrate the different outcomes that could 

happen from taking three different paths. The scenarios are: 

• Scenario #1 “Business as Usual”   

o This scenario explains the effects continue using the same energy sources.  

• Scenario #2 “Applying the Futuristic Plans”   

o This scenario explains each country’s energy sustainability vision.    

• Scenario #3 “Potential of renewables, DAC, and CCS”  

o This scenario showcases the potential for renewables energy, DAC, and 

CCS.  

The first step in the calculations was estimating the energy consumption for the 

upcoming years. To do that, an estimation for the population in the upcoming years was taken 

into consideration. The trend for population changes in the previous years in addition to fertility 

rates, age of marriage, employment, health, life expectancy, average age, and living conditions 

were used to determine the population growth rate in the region. After that, the current energy 

consumption per capita was used to extrapolate the trend for the upcoming years 2020-2030. 
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Using the energy consumption per capita and population, the energy consumption was 

calculated. After that, the Kaya equation was used to estimate the emissions coming from the 

energy consumption. The kaya equation depends on multiple variables such as the intensity of 

carbon in energy, GDP, population, and energy intensity of the economy.   

𝐸 = 𝑃 ×
𝐺𝐷𝑃

𝑃
×

𝑇

𝐺𝐷𝑃
×
𝐸

𝑇
= 𝑃 × 𝑔 × 𝐼 

 

Where E is the total carbon emissions, P is the population, T is the total 

energy consumption, g is the GDP per capita, I is the intensity of carbon per unit GDP. 

In scenario #2, the team researched each of the countries’ futuristic vision and focused on 

the energy sustainability parts of each vision. Saudi Arabia’s 2030 vision, Oman’s 2040 vision, 

Kuwait’s 2035 vision, Qatar’s 2030 vision, Bahrain’s 2035 vision, UAE’s 2050 vision were all 

analyzed. Unfortunately, Iraq does not have a vision regarding their energy sustainability. Thus, 

an assumption was made that they will continue using the same energy sources “scenario #1”.  

To calculate the change that those visions will do, each transition to renewables 

was quantified. These transitions were tracked to check what source of energy used to replace the 

source for that transition. After that, using the carbon content of the previously used fuel, the 

emissions that used to be emitted were calculated and subtracted from the total emissions in 

scenario #1. Moreover, energy efficiencies, DAC, CCUS in the visions were taken into 

consideration. 

To reach the goal of scenario #3, two maps were developed. The first map showcases the 

potential for thermal and electrical direct air carbon capture and sequestration (DACCS) and the 

second map showcase the NG and oil powerplants in the region with the potential for point 

source capture and the switch to low carbon energy sources. The first step in doing that was a 

geological survey for the area to figure out the geological reservoirs that could be used for the 

sequestration of CO2. The survey contained knowing where the sedimentary reservoirs, basalts, 

ultramafic rocks, and oil fields are. The second step was figuring out the potential for low carbon 

energy sources in the area. The focus was on wind and solar since it has the highest potential in 

the region. The third step was collecting data for the natural gas and oil powerplants in the AGC. 

The data was obtained from Enerdata (2019). Enerdata’s database contains the information of 

each unit inside the powerplants. The data collected were the age of the units, net capacity of the 
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units, and the location of the powerplant. The age of the units was used to estimate the 

decommissioning units in the area. The age of the units is used to see the potential for 

(1) Replacement with solar or wind if the powerplant is retiring. (2) Installing point source 

carbon capture if the powerplant still has life expectancy and located next to a low carbon energy 

source, sequestration or utilization potential. 

The population in the region is increasing rapidly, which is causing the energy demand 

and consumption to also increase.  

 

For scenario#1, the energy consumption rises and the continuation of using the same 

fossil fuels without DAC or CCUS led to the continuous increase in CO2 emissions. However, 

the futuristic visions in scenario#2 showed an optimistic decrease in the total CO2 emissions. 

Figure 1 Shows the energy consumption of the AGC 
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In scenario #3, multiple opportunities for the potential of renewables, DAC, and CCUS 

were demonstrated on two maps. The first map showcased the potential of replacing fossil fuel 

powerplants to low carbon energy source such as solar and wind.  

Figure 2 Showcases a comparison between the emissions in scenario #1 and scenario #2 

Figure 3 Mapping the potential of renewables and CCUS 
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We believe that units retiring between 2020-2030 could be replaced by renewable energy 

units if it is in the region where solar or wind can be used. Carbon capture technologies can be 

installed on units that has a longer life span. For carbon capture technologies to be installed, the 

plant must be in proximity of a renewable source potential in order to use it to power the 

technology and sequestration potential. 

The second map illustrates the potential for DACCS. In this map, the potential for 

thermal and electrical DACCS is showcased. The goal of DACCS is to help sustain emissions 

coming from the use of fossil fuels and act as a bridge to a cleaner environment in the future. 

We recommend that more data be published by the energy sector and more quantitative 

research should be done in the energy sector in the AGC. The lack of published data by the 

energy sector limited the work of the team. We believe that the availability of the data would 

motivate researchers from around the world to study the energy sector in the region. Those 

published data will also raise the awareness of the people in the AGC. Moreover, more 

quantitative data-based research can help improve the future of energy in the region.  

Figure 4 Mapping the DACCS potential in the AGC 
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Even though the AGC have been depending on fossil fuel for the past decades, the 

governments understand the effects of CO2 emission caused by the energy demand in their 

countries. Therefore, the futuristic plans created by each country asserted the responsibilities the 

countries are considering. the AGC countries showed optimistic steps toward energy 

transitioning except for Iraq. The steps taken by the AGC are just beginning. Our paper can be 

used as base to start creating thoughts and projects about the use of potentials renewables, DAC, 

and CCS to have a cleaner energy-related future. However, they still need more quantitative 

research, more time in order to reach energy sustainability, and people to be aware.  
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1.0 Introduction 

The transition to energy sustainability became the goal of most of the countries around 

the world. The Arabian Gulf Countries (AGC) defines seven countries that are in the Middle 

East. Those countries are Saudi Arabia, United Arab Emirates, Bahrain, Kuwait, Iraq, Oman, and 

Qatar. They cover around 3.0 million km2 in size. The region of the AGC has one of 

the highest oil and natural gas production rates, which makes it hard for them to reach energy 

sustainability. It produces around 25% of the total oil production around the world. The AGC has 

great opportunities for renewable energy, Direct Air Capture (DAC), and Carbon Capture 

sequestration (CCS).   

The AGC have been depending on fossil fuels as one of their main sources of income and 

energy source for decades. Some countries such as Saudi Arabia and Oman are reliant on their 

hydrocarbon sector for nearly 70% of their total revenue (Abdullah, 2019 & Figgins, 

2019). Their dependence on oil and natural gas caused the region to produce large amounts of 

CO2 emission yearly. Therefore, it is difficult for the region to convert to renewables and 

clean energy right away. They are currently trying to reduce their CO2 emission to help 

improving the environment, public health, economy, and other aspects. The AGC’s energy 

transition to clean energy must be controlled and long-term periods are needed to 

have effective impacts on the countries. Governments have been working on several visions to 

achieve this goal of energy transition.   

Iraq was the first country to discover oil in the AGC in 1923 and the last was Oman in 

1962 (Jassim & Goff, 2006). Moreover, Iraq was also the first country to detect Natural Gas in 

1927 with Kuwait last in 2006 (KOC, 2012).   

The goal of this project was to reach energy sustainability in the AGC region. In order 

to achieve this goal, we studied the energy demand, CO2 emissions, and the future of the 

energy in each of AGC. To understand those aspects, we created three different scenarios 

to compare the effects of the energy demand and CO2 emissions within the next ten years.   

• Scenario #1 “Business as Usual”   

o This scenario explains the effects continue using the same energy sources.  

• Scenario #2 “Applying the Futuristic Plans”   

o This scenario explains each country’s energy sustainability vision.    

• Scenario #3 “Potential of renewables, DAC, and CCS”  

o This scenario showcases the potential for renewables energy, DAC, and CCS.  
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2.0 Background  

This section going to discuss several matters about the Arabian Gulf Countries, AGC. 

The countries are Kingdom of Saudi Arabia, United Arab Emirates, Kingdom of Bahrain, Qatar, 

Iraq, Oman, and Kuwait. The demographics, economy, and the geography of the region is going 

to be explained. In 2019, the AGC produced around 25% of total oil around the world.  

2.1 AGC Introduction:   

2.1.1 The Kingdom of Saudi Arabia (KSA) is the largest 

country between the Arabian gulf countries. It is 2,150,000 km2 in 

area, with the population of 34.8 million (Saudi Arabia Population, 

June 2020). The average age in KSA is around 30 years old (Plecher, 

2020). It is the only country that have access to both the red sea and the Arabian gulf, as seen in 

figure (5). KSA is divided into 13 administrative regions. The capital city of the country is 

Riyadh, located in Riyadh region, as marked as in figure (5). KSA is known for being one of 

highest producers of oil in the world with 66% of their total revenue in 2019 (Abdullah, 2019). It 

is also known for having Makkah and Madinah, which are two holy cities in Islam, located in the 

Figure 5 The map of the AGC 
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west side of the country. Those two cities are great source of income during the seasons Muslims 

visit those cities. Due to its large area, KSA has different topography and climate through it 

borders. The center and the southeast parts of the country consist of mostly desserts. The climate 

of those regions is hot during summer, reaching well above 45°C. While in the winter, the 

temperature drops close to 0°C. The two coasts of the country have approximately the same 

topography and moderate climate compared to other regions. Some parts of the west and 

southwest of the country contain mountains, which change the topography and have a colder 

climate than the rest of the country (Geography of Saudi Arabia, 2020).  

              KSA’s main source of income before the discovery of oil was the trades with the 

surrounding countries. Due to its location, KSA was able to trade with many counties such as 

Egypt, Yemen, and Iraq. Currently, KSA has the highest GDP between the Arabian Gulf 

Counties, 785 billion (Tradingeconomics, n.d.). 

           2.1.2 The United Arab Emirates (UAE) is the first country in 

the AGC to start the architectural and civilizational growth. The UAE 

consists of 7 Emirates that are almost 83,000 km2 in size combined 

(Nations Encyclopedia, n.d.). Its capital city is Abu Dhabi, located in 

the north west side of the UAE. The UAE has a population of 9.5M (Crystal & Peterson, 2020). 

Most of its population in concentrated in Dubai and Abu Dhabi, where most of their trades and 

modern life are. Their average age is 33.5 years old (G.M.I., 2020). The GDP of the UAE is 

around 425 billion USD (Trading Economics, n.d.). Since the Arabian gulf covers most of their 

border, the climate is known for its extreme humid and hot weather during most of the year. 

They also depend a lot on their nature and location, therefore, fishing, pearling, and agriculture 

are some of the most dependable source of income, especially in the past (Crystal & Peterson, 

2020). UAE is the only country in the AGC that does not depend on oil and energy as the main 

source of income. Based on the information shared in the official portal of UAE government, 

only 30% of their revenues was from oil in 2014. While tourism is known to be one their main 

sources of income.  
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2.1.3 The Kingdom of Bahrain is the smallest country in the 

AGC with a total area of 770.9 km2 (Abuzeyad, 2018). It is an 

archipelago made of 33 islands located on the Arabian gulf. 

Moreover, the kingdom has a population of 1.5 million with a GDP 

of $31.1 Billion (Bahrain eGovernment, 2020). The average age of the citizens in the kingdom is 

31.7 years. Throughout the years, Bahrain had and continue to have a special status across the 

Arabian gulf countries being strategically positioned in the center of all the trade routes around 

the gulf. Since Bahrain was the second Arabian gulf country to discover oil in 1932, the 

country’s economy depends heavily on it. The oil sector comprises 85% of the country’s sources 

of income (Bahrain eGovernment, 2020). However, in the past 40 years, Bahrain tried to 

diversify its economy to move from its dependence on oil through adding real estate, 

manufacturing, communication, and metal mining to its sources of income. Before the discovery 

of oil, the country’s economy was based on the rich pearl diving industry, fishing, and spice 

trade to the surrounding countries. 

2.1.4 Qatar is known for being the richest country per capita 

in the world (Hukoomi, 2020). The gross national income (GNI) per 

capita of Qatar is $117,000. To put this number into perspective, 

Macao the 2nd richest country on earth has a GNI of $95,304. The 

country’s small size (11,521 km2) and small population (2.5 million) along with the huge oil and 

gas reserves contributes to Qatar being one of the richest countries on earth with a GDP of 

$191.4 billion (Hukoomi, 2020). Moreover, the country has a young population with an average 

age of 31.5 years. In the early 1800s, Qatar was a poor country colonized by Britain and it was 

mainly known for pearling. The climate of Qatar is desert with hot summers, warm winters, and 

scarce rainfall. Many inland seas are scattered across Qatar which has a topography of a flat 

rocky plain (Hukoomi, 2020). According to OEC (2018), Qatar’s income is composed of mainly 

exporting petroleum gas (49.9%), crude petroleum (25.6%), and refined petroleum (14.6%). 

Other sources of income are metals mining (3%), and petrochemicals (6%). 

 2.1.5 Iraq is the second largest country in the AGC region. It 

is the only country to have two rivers, which make a great source of 

water in the country. According to the U.S. Central Intelligence 
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Agency in 2018, Iraq has a population of 38.8 million living is an area of 438,317 km2, including 

950 km2 of water within its borders. Also, Iraqis’ average age is 21 years old, which indicates 

that young people affect the life in Iraq a lot. The GDP of Iraq is around 225.5 billion USD 

(Trading Economics, n.d.). Oil is their main source of income, which is 89% of their revenues 

(U.S. Energy Information Administration, n.d.). They use the water from the river in their 

agricultural lands.  

2.1.6 Oman is the oldest independent state in the AGC. The 

history of the country goes back to over 100,000 years ago (BBC 

Monitoring, January 2020). Located between three bodies of water, 

the Arabian Gulf, Gulf of Oman, and Arabian Sea, Oman lies on the 

south eastern part of the Arabian Peninsula (Nations Online, n.d.). Oman has a total area of 

309,500 km2. According to CIA (February 2018) 4,664,844 people live in Oman and 46% of 

them are immigrants. The average age in Oman is 26.2 years. Moreover, the weather in the 

summer is hot, arid, and cloudy, and in the winter is cold and dry (Weather Spark, n.d.). Oman’s 

location has been strategically great for trading and controlling the region. The country is known 

for trading with silk, gold, spices, and pearls, and they connected the trades between the east and 

Europe (Viswanathan, 2017, January 18). Oman’s GDP in 2019 was 79.5 Billion dollars, most of 

it came from the production oil and natural gas extraction (Trading Economics, n.d.). According 

to Figgins (2019), around 71% of Oman’s revenue comes from the hydrocarbon sector. 

2.1.7 Kuwait has the highest valued currency in the world 

valuing at $3.28 USD per 1 Kuwaiti Dinar (Balogun, 2020, February 

21). Moreover, it has been ranked eighth regarding their GDP per 

capita estimated to be around $72,000 dollars (World Meters, n.d.). In 

2017, Kuwait GDP was estimated to be $120.7 billion dollars. According to OEC (2018), 92% of 

Kuwait’s income comes from crude petroleum, refined petroleum, and petroleum gas. Around 3 

million people are living in Kuwait with an average age of 29.7 years old; however, only 30% of 

the citizens are Kuwaiti citizen. Kuwait is in the norther part of the AGC covering 17,818 km2 

and bordering with Iraq, KSA, and Arabian Gulf (CIA, February 2018). The weather in Kuwait 

is mostly hot during the summer and mild cold during the winter (Climates to Travel, n.d.).  
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Table 1 Background information of the AGC 

 

 

 

Figure 6 Sources of Income in the AGC 

 

0

10

20

30

40

50

60

70

80

90

100

KSA Iraq Kuwait Oman Bahrain Qatar UAE

Sources of Income

Revenue from Energy (%) Other Revnues (%)

Country GDP (billion $) Size (km2) Population 

(Million) 

Avg. Age 

(Years) 

Saudi Arabia 785 2,150,000 34.8 30 

UAE 425 83,000 9.5 33.5 

Iraq 225.5 438,317 38.8 21.2 

Qatar 191.4 11,521 2.5 31.5 

Kuwait 120.7 17,818 3 29.7 

Oman 79.5 309,500 4.7 26.2 

Bahrain 31.1 770.9 1.5 31.7 
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2.2 Energy Consumption In the AGC 

 According to the International Energy Agency (2017), mostly all the energy consumption 

in the region comes from the burning of fossil fuel. Renewable energy is rarely used in the area 

and only used in less than 1% in Iraq, Saudi Arabia, Kuwait, and the UAE. On the other hand, 

Qatar and Bahrain only use oil and natural gas to produce energy. The figures bellow 

demonstrate the exact energy consumption by source in each country.  

   

2.3 The History of Oil in the Region 

Oil and hydrocarbons were being used around the world for a long time. However, the 

uses of oil back in time were not the same uses we have today. The first known drilled oil well 

was in China in 347 (Ali, 2019). Back then, crude oil was mainly used as a material for 

construction or for lighting the lamps. In 1847, the Scottish chemist James Young distilled oil for 

the first time and the modern history of oil started. Distilling oil allowed Young to extract light 

material that he was able to use for lamps and a thicker material that he used for lubrication (Ali, 

2019). Young continued to distill oil and discovered multiple liquids such as paraffin wax and 

tried to commercialize it. In 1850, the Canadian geologist Abraham Gesner was able to distill oil 

Figure 7 Percentage of energy consumption by source 
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to kerosene which was a cheaper and cleaner liquid to burn and use for lighting the cities. Gesner 

discovery was the first success in the commercialization of fossil fuels, he was able to sell 

kerosene to the cities of the U.S. in 1850 (Ali, 2019). This success sparked companies’ interest in 

oil. The search of oil started, and the first modern well was drilled in La Brea, Trinidad in 1857 

with a depth of 280ft (Askari, 2013). The discoveries of oil were noticed by the oil baron John D. 

Rockefeller who started the world’s first oil company in 1865 and called it the Standard Oil 

Company. Russia and Iran also followed the steps of the U.S. and invited geologists from around 

the world to start looking for oil. Oil was discovered in Iran in relatively large quantities in 1907 

(Askari, 2013). 

The discovery of oil in Iran motivated geologists and mining engineers from around the 

world to go to the AGC in search of oil. Especially, the father of oil “Abu Naft” in the region, the 

British Major Frank Holmes who was convinced that the AGC are rich in oil. Holmes convinced 

both the UK government and US government to initiate the oil ventures in the region in 1920 

(Sorkhabi, 2008). 

2.3.1 Iraq was the first country in the AGC to find an oil field. The discovery of oil was 

credited to the Turkish Oil Company, TPC, who helped finding oil in Iraq in 1923 (Jassim & 

Goff, 2006). A long-term deal has been signed for the TPC to explore the area and detect oil two 

years later, in 1925 (Jeffries, 2003). According to Sorkhabi, Morton & Thornton (2009), after 

detecting oil in the area, the TPC drilled several wells in Iraq. The first oil well was drilled in 

1927 in a city called Kirkuk. Later, the construction of the TPC was reconstructed and became 

the Iraq Petroleum Company, IPC. Later, the IPC discovered several oil fields. Recently, Iraq has 

one of the highest oil production rate, 4.74 million barrel per day. This production rate placed 

Iraq at the sixth place behind USA, KSA, Russia, Canada, and China respectively (EIA, 2019). 

2.3.2 Saudi Arabia: After the discovery of oil in countries close to KSA, Holmes reached 

out to King Abdulalziz asking him permission to start looking for oil in his land. After consulting 

with his advisors, the king agreed to rent Al-Hasa region to Holmes for £2,500 a year to start 

looking of oil in 1923. Holmes was not able to find oil in the region and stopped his exploration 

in KSA (Sorkhabi 2008). In 1932, King Abdulalziz was able to unite all the kingdom and was 

named the king of Saudi Arabia. However, the country was suffering financially. The king was 

seeking outside help to look for artesian water to help the country. Harry St. john Bridger Philby, 
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who was a British friend to the king, convinced him to start looking for oil again instead of the 

water, which could not be found, to help with country’s financial problem. Philby arranged a 

meeting between the king and American oil companies to negotiate the rights for oil exploration 

in the country. They agreed on paying the king £35,000 in gold before starting and £20,000 after 

18 months. They also agreed on £5,000 rental fee for every year and a royalty from the oil 

extracted (Sorkhabi 2008).  

As result of the agreement, The California Arabian Oil Company was founded to operate 

in the kingdom in 1933. The search of oil was not successful until 1938 oil started flowing from 

one of the wells, Dammam NO.7, starting a new era for both Saudi Arabia and the American 

company. After succeeding in finding oil, the two parties signed a supplementing agreement, 

£140,000 in gold up front and £25,000 yearly rental fee. Also, the company promised £100,000 

if a new oil discovery was made plus a royalty on the extracted oil. In 1944, the California 

Arabian Oil Company was renamed the Arabian American Oil Company, Aramco. The company 

went through many changes until the Saudi government purchased the whole company by 1980 

and the company was named the Saudi Arabia Oil Company, Saudi Aramco (Sorkhabi 2008). 

2.3.3 Bahrain was where Holmes found his first success in his oil ventures which started 

in 1925 (Sorkhabi, 2008). Holmes knew that Bahrain needed water and in order to convince 

Sheikh Hamad Al-Khalifa to issue the oil concession, he drilled artisan water wells for the 

country. Holmes plan worked out and the sheikh allowed him to start digging for oil. Holmes 

went back to the oil companies and businessmen in the UK with geological samples that prove 

the discovery of oil in Bahrain. However, due to his failure in Saudi, no one was convinced to 

fund his ventures in Bahrain (Sorkhabi, 2008). Holmes did not give up and took his samples to 

the U.S. where the Gulf Oil Corporation agreed on funding him. In October 1931, the oil was 

discovered in Jabal Dukhan (Sorkhabi, 2008). Next, in 1934, Bahrain started exporting oil by 

producing almost 285,000 barrels of light crude oil. The first oil refinery was built in 1936 with 

the capacity to produce 10,000 barrels per day.  

2.3.4 Qatar was motivated by the discovery of oil in Bahrain in 1931. Geologists from 

Britain started surveying the region in 1933 and found similarities between the geological 

aspects of Jabal Dukhan in Bahrain, where oil was found, and the highest hills in southeast Qatar 

(Qatar Petroleum, n.d.). The drilling started in 1938 and oil was discovered in late 1939. 
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Moreover, in 1940 Qatar started producing at a capacity of 4,480 barrels per day (Qatar 

Petroleum, n.d.). Qatar started exporting oil in 1949. 

2.3.5 UAE’s story of oil started before the emirates was united. Right around the time of 

the discovery of oil in the countries around, an oil company constructed in the lands of Abu 

Dhabi to find oil in 1936 (Morton & Sorkhabi, 2011). This was a British oil company called the 

Petroleum Development (Trucial Coast), PDTC. After three years, they have also signed a 75-

year-old contract to discover oil in the area (Morton & Sorkhabi, 2011). According to Abu Dhabi 

National Oil Company (ADNOC), the PDTC spent around three decades to discover the first oil 

well in Abu Dhabi in 1958. Four years later, Abu Dhabi started exporting oil. After the UAE 

being united, in 1971, the Abu Dhabi National Oil Company was formed by Sheikh Zayed, an 

Emirati sheikh who was the prime minister of Abu Dhabi, to control the manufacturing of oil. 

Lastly, other oil wells were detected in the rest of the UAE and started exporting oil from other 

ports on the UAE coasts. Recently, the UAE produces three million barrels of oil on a daily 

basis. The UAE was ranked the fifth around the world in 2019 in exporting crude oil with a value 

of $66.1 billion (Workman, 2020). 

2.3.6 Kuwait has been utilizing the Pearle exportation as a major revenue until a Japanese 

businessman started the trades of artificial Pearle cheap Pearle in 1930. This impacted Kuwait’s 

money income (Sorkhabi, 2008). Thus, the Amir of Kuwait, Sheikh Ahmad al-Jaber al-Sabah, 

was looking for an alternative income option. With Bahrain discovering oil in the region 

different oil companies were interested in working in Kuwait. In 1932, the Amir of Kuwait 

received two separate offers from two oil companies, the Gulf Oil and the Anglo-Persian Oil 

Company (Tétreault, 1995). He wanted to get a good bargain, so he one side off the company 

against another. A year later, both two companies agreed to a 50-50 joint venture, called Kuwait 

Oil Company. The new company got an oil concession in Kuwait for 75 years in 1933. The 

exploration of oil started in 1935. Eventually, on February 23, 1938, oil was first discovered in 

Kuwait at a high-pressure sand zone area. Ultimately, the Kuwait Oil Company was nationalized 

in the 1970’s (Sorkhabi, 2008). 

2.3.7 Oman was first surveyed by the Indian government for coal and oil in Oman in 1904. 

They sent members of the Geological Survey to explore the Oman region. Their reports 

recommended India to not consider Oman as an oil prospect compared to Persia (Morton, 2020). 
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In 1925, the D’Arcy Exploration Company tried to do a geological survey in Kuwait; however, 

they didn’t find any conclusive evidence of oil in the country. Twelve years later, IPC obtained 

75 years of oil concessions in Oman through Petroleum Development Oman, Dhofar company 

(PDOD). After surveying the land, PDOD could not find oil in Dhofar. Therefore, they 

relinquished Dhofar from the concession in 1950, and renamed the company to PDO. The Sultan 

of Oman granted another American oil company the concession of Dhofar; however, they also 

relinquished Dhofar in 1967 for not being profitable. Later, PDO drilled their first well in 1956, 

but no oil was found. Four years later, most of the partners in PDO left the venture. In 1962, oil 

was finally discovered in Oman. By 1967, Oman started exporting oil to the world. (PDO, n.d.) 

2.4 OPEC 

 By 1960, with all those countries around the world producing and exporting oil, the 

Organization of the Petroleum Exporting Countries (OPEC) was formed by Saudi Arabia, Iraq, 

Iran, Kuwait and Venezuela (Ali, 2019). The role of OPEC was to manage the market share and 

production of the oil exporting countries in order to ensure the value of it. Today, OPEC 

manages 44% of the global oil production and possesses 86% of the oil reserves around the 

world (Ali, 2019). 

 

 

 

 

Figure 8 Timeline of oil discoveries in the AGC 
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2.5 The History of Natural Gas in the Region 

Humans recognized natural gas for a long time, it was known as a flammable gas that 

seeps from cracks on the earth surface. However, no one understood its importance until 1000 

BC in ancient Greece where it was identified as a “Miraculous gift of the gods” (Direct Energy, 

2020). After that in 400 BC, China used natural gas effectively to speed up the brine evaporation. 

It was passed through bamboo pipelines to sites where it can be used.  

The main component of natural gas is methane (CH4), but it also contains hydrocarbon 

liquids, carbon dioxide, and water vapor. It forms deeply underground and can either be 

extracted as an associated gas with the extraction of oil or by itself. Natural gas used to be either 

reinjected to the oil well or burned on site until 1820 when scientists discovered the importance 

of natural gas in it becoming a cleaner, easier to transport, and more efficient than oil (EIA, 

2019). In order to be exported, natural gas is either transported in pipelines or compressed into 

liquified natural gas (LNG).  

2.5.1 KSA’s natural gas is considered the associated type, which means it is associated 

with oil (Mabro, n,d). It was discovered with oil in 1937. The country has the fourth largest 

natural gas reserve in the world behind Russia, Iran, and Qatar. The extraction of natural gas 

began in mid-1970s (Saudi Aramco, n,d). Even though KSA has large amounts natural gas 

production, it is consumed in industries inside the country. The high demands for energy in the 

country, the seventh largest natural gas market in the world, consume most of the produced 

natural gas. Industries such as desalination of seawater and power plants and many other 

industries require huge amounts of energy that is supplied by the local natural gas production 

(Saudi Aramco, n,d).  

2.5.2 Qatar today is the largest exporter of LNG in the world today (U.S Library of 

Congress, n.d.). However, the discovery of natural gas there is recent. According to Dargin 

(2010), Qatar’s discovery to natural gas was in 1971. The discovery of the natural gas was in the 

northern region of Qatar and was called the North Field. Next, it took Qatar 20 years to announce 

the initiation of phase one of the LNG production plant in 1991. The delay was because Qatar’s 

economy was only depending on oil. The Field started production and exporting in 1997. Today, 

Qatar account almost 14% of the whole world’s natural gas reserves, ranking it 3rd after Russia 

and Iran.  



 
 

13 

2.5.3 Bahrain’s natural gas history started in 1948 when it was detected by the Bahrain 

Petroleum Company (Archer, 2012). The country started exporting natural gas after the 

discovery of the offshore field “Abu Safah” in 1963. According to Bahrain Natural Gas 

Company (2020), Bahrain is only ranked 35th in the world when it comes to producing natural 

gas. The future is bright for Bahrain, in 2018, Bahrain announced the discovery of the largest oil 

and gas field in the history of the kingdom (BANGAS, 2020). However, Bahrain did not 

announce the specifics of the field.  

2.5.4 The United Arab Emirates has always imported natural gas from countries around 

like Qatar. The first natural gas field was discovered in the emirate of Sharjah in 1983, even 

though it did not produce enough for the country. However, the government of the United Arab 

Emirates has discovered two large natural gas fields in the area early in 2020. One of the new 

natural gas fields produces a rate of 50 million cubic feet per day and was discovered in Sharjah 

(CNN, 2020). Few weeks later, a new spot between Dubai and Abu Dhabi was discovered and 

became one of the largest natural gas fields around the world, producing around 2.2 trillion cubic 

meters (Dipaola, 2020). The future of the UAE will be changed due to these discoveries. Natural 

gas in the UAE demand will be supplied from their own production instead of importing it from 

countries around like Qatar. 

2.5.5 Iraq’s Natural gas was discovered when the oil was found. According to Khalil 

(2017), the use of natural gas was minimal. The 1970’s was the beginning of a new development 

by increasing the use of natural gas in the country. That is when Iraq started to use natural gas. 

Later in the 1980’s, there was a huge development in the industry of natural gas in Iraq. Several 

gas projects were made in different parts of the country. Those projects have made a huge raise 

in natural gas production rates between the 1980’s and the 1990’s. Recently, Iraq has a fair 

amount of gas reserves. Iraq was ranked the 12th around the world regarding gas reserves (World 

Meter, 2015). 

2.5.6 Oman discovered natural gas in 1962 when they first discovered oil. There was a 

huge amount of associated gas in Yibal well located near the Saudi borders (Media Portal Oman, 

n.d.). A sample was taken from the gas which was discovered to be nearly pure methane. 

However, the natural gas industry wasn’t born until the first major gas process plant was built in 

Yibal in 1978 by the Sultan Qaboos (PDO, 2018). One main reason for building the plant was 
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getting another source of energy for the electricity after the oil reserves started to deplete 

(Country Studies, n.d.). Moreover, around 1991, Oman discovered their first non-associated 

natural gas (Media Portal Oman, n.d.). Oman is ranked 28th in the world regarding gas reserves 

with 23 trillion cubic feet (World Meter, n.d.). 

2.5.7 Kuwait is the last country in the AGC to discover natural gas. Even though they have 

discovered oil in 1938, their natural gas was only discovered in 2006 (KOC, 2012). They had 

multiple tests and examinations without disturbing or releasing the natural gas to evaluate the 

volume of gas stored (Alabaan, 2006). According to the Kuwait News Agency (2006), the 

examination’s finding has increased Kuwait’s natural gas reserves to 35 trillion cubic feet. 

 

2.6 The Futuristic Energy Plans in the AGC 

The shift to renewable energies was identified as a national priority in the AGC 

(Olawuyi, 2017). The drivers that made the shift a national priority are the increment in energy 

demand, economic diversification, cleaner environment, and the rise of opportunity to invest in 

viable renewable sources in the region such as solar energy. Those drivers were a key part of the 

futuristic national visions of the AGC.  

2.6.1 The Kingdom of Saudi Arabia led by the crown prince Mohammed Bin Salman, 

MBS, announced the 2030 vision on April 25, 2016. The main purpose of the 2030 is to improve 

quality of life the citizens of the country in all aspects. One of the main goals of the vision is 

decrease the oil dependence in the country GDP by increasing the non-oil related revenues. 

Another goal is increasing the efficiency of the energy sector. Saudi Arabia is working on 

Figure 9 Natural gas timeline 
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increasing the production of renewable energy by 2030. Increasing the renewable energy 

production is going to be achieved in steps. First, increasing the production to 3.45 gigawatts by 

2020. Then to 9.5 gigawatts by 2023. Also, the country is working in developing its nuclear 

energy program to support the high demand. The country is planning to reduce the emissions 

from burning fuel by continuously using the latest technology and equipment in their refineries 

and distribution network (Vision 2030, n,d).  

2.6.2 Qatar’s National Vision 2030 had energy plans as a core and critical part of its 

environmental and economic development pillars. Qatar understand that the continuation of only 

using non-renewable energy sources as an intergenerational injustice (Qatar Communication 

Office, 2020). Qatar aims to organize the World Cup 2022 as the first carbon neutral major sport 

competition. Newly developed cities around the country are developed to be highly sustainable. 

For example, Lusail city which is ranked amongst the most sustainable cities in the world 

(Attaullah, 2017). Regarding the transportation sector, Qatar’s Minister of Energy and Industry 

stated that Qatar Rail has strict environmental requirements that cuts 30% of the carbon 

emissions of the country coming from the transportation sector. Moreover, the country aims to 

increase the numbers of electrical and hybrid cars by 10% in 2030 (Attaullah, 2017). Lastly, the 

country has a goal of cutting the overall carbon emission by 17% in 2022.  

2.6.3 Bahrain’s National Vision 2030 focused heavily on achieving affordable and clean 

energy. According to the Sustainable Energy Authority (2017), Bahrain aims to shift 5% of the 

energy consumption to renewables by 2025 and 10% in 2035. The energy sources that will be 

used are a mix of solar, wind, and waste to energy. The projected shift is going to allow the 

country to reduce its carbon gas emissions by 392,000 tons of CO2 per year. The Sustainable 

Energy Authority developed three policies for this shift to happen. The first policy is to allow 

citizens to generate renewable, grid-connected energy. The second policy is to attract private 

investors to develop renewable energy projects. The last policy is to require new buildings and 

projects in the country to integrate renewable energy. 

2.6.4 The United Arab Emirates’ vice president, Sheikh Mohammed Al Maktoum, has 

announced an energy vision for the county. According the Ministry of Energy & Industry in the 

UAE (2017), the UAE will start a new energy plan for the next 30 years. The plans’ goal is to 

rely mostly upon clean energy by 2050. The use of clean and renewable energy will be raised to 
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50% of the energy used in the United Arab Emirates. The ambition on the plan is to distribute the 

energy used into 44% of clean energy, 12% of clean coal, 6% of nuclear energy, and 38% of gas. 

Another ambition is to lower the carbon footprint in the country to by 70%. This will lead to 

conserve a huge amount of money. The performance of utilization of energy for individuals and 

companies will be raise by 40% to reduce the energy waste. This plan will assist the country and 

help equalize the production and consumption rates (WAM, 2017). 

2.6.5 Iraq has been facing several political issues for decades. Due to all the unfortunate 

circumstances Iraq is facing, the country has been missing several development opportunities. 

However, this did not stop Iraq from building a future energy plan in 2014. The new energy plan 

is called the Integrated National Energy Strategy, INES, and it is planned to achieve its goals by 

2030. According to Chatriwala (2014), the INES is mainly focused on increasing the revenues 

from oil and natural gas for their future investments and to create more jobs for people. INES 

claims that ten million jobs will be provided from the development of oil and gas industries. 

2.6.6 Oman’s 2040 vision aims to several achievements. First, to increase the non-oil 

sector and decrease oil sector the contribution to the GDP. Secondly, to build an ecosystem to 

protect the environment and sustain the natural resources. In 2017, the non-oil sector has 

contributed 61% of the GDP. Oman is planning to increase its non-oil sector to become 91.6% 

by embracing technology, knowledge, and innovation. This will result in improving all other 

sectors, such as tourism and education. Another vision Oman has been to increase the 

consumption of renewable energy. This ecosystem will decrease the economic costs of wastes 

and loss of non-renewable resources. Oman is ranked 200th out of 210 countries in the world 

regarding the percentage of renewable energy consumed to the total consumption with 0%. By 

2040, Oman is targeting to increase the percentage to 39% by using more green renewable 

resources (Oman 2040 Vision, 2019). 

2.6.7 Kuwait’s 2035 vision is will help improve the economy and increase the sources of 

income to limit the country’s dependency on oil revenues. More than 3,500 small projects are 

proposed to achieve that, such as improving the legislation in the market. Also, Kuwait is trying 

to improve sustainability and increase the use of renewable energy by 15%. They want to obtain 

this ecosystem by providing sustainable green projects and materials. One of the projects is 

building a water distillation plant to produce water using renewable energy (New Kuwait, 2019). 
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2.7 The CO2 emissions in the AGC 

The total CO2 emissions have been increasing in the AGC countries in the past years. In 

this section, a timeline for the CO2 emission per capita for each country will be presented and 

compared to the world average emissions. Moreover, the total CO2 emissions in the region and 

the sectors contributing to it will also be presented for each country. 

 

2.7.1 KSA has the highest amount of CO2 emissions between the AGC, 532 Mt of CO2 

(IEA, 2017). The high energy demand in the country is the main reason for the high emissions. 

However, the CO2 emissions per capita was 16.2 t of CO2 in 2017, which is not as high as other 

in the AGC represented in figure (10) (IEA, 2017). The high population of the country compared 

to neighboring countries explains the high emissions. As shown in figure (11), around seventy 

percent of the total CO2 emissions is from heat and electricity production, transportation, and 

residential sectors. 

    

Figure 10 Total CO2 emissions in the region 
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2.7.2 UAE has a high rate of CO2 emissions per capita in the AGC, with a value of 20.9 t 

CO2/Capita and a total emission of 198 MT CO2. Comparing this value to the average value of 

CO2 emissions per capita in the world. The industrial revolution was a major contributor to the 

increment of CO2 emissions. This caused the UAE to have more industries and need more 

electricity and heat. Moreover, transportation is an effective factor in raising the emissions of 

CO2. The development of public transportation in the UAE was a main factor in increasing CO2 

emissions The UAE managed several projects to reduce those emissions. In 2019, the emirate of 

Dubai decreased their emissions by 19% and planned to reduce more in the future (Business 

Wire, 2019). 

 

2.7.3 Iraq has the third highest amount of CO2 emissions in the AGC, even though it has 

the lowest value of CO2 emissions per capita. Iraq’s large population compared to the AGC is an 

effective factor that resulted in reducing the value of emissions per capita. The energy industry in 

Figure 11 KSA CO2 emissions by sector 

Figure 12 UAE CO2 emissions by sector 
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Iraq is the major contributor to its CO2 emissions. In addition, transportation and electricity are 

two major factors that create most of CO2 emissions in the country. As a result, the total CO2 

emissions value in Iraq is around 139 MT CO2, while only 3.7 t CO2 emissions is what an 

individual causes in the country.   

 

2.7.4 Bahrain has the lowest CO2 emissions between in the AGC, with a value of 30 MT 

CO2.  However, the value of CO2 emission per capita is one of the highest in the AGC. 

Electricity and heat producers are the major factors causing 67% of the CO2 emissions in 

Bahrain, 20 MT CO2. Other factors in the country, shown in figure (14), have not distributed as 

much in the CO2 emissions. In addition, the small population and high energy demand in Bahrain 

is an important reason causing the value of CO2 emission per capita to be large.  

2.7.5 Kuwait has one of the highest CO2 emissions per capita in the world. The CO2 

emission per capita in Kuwait has been declining in the past few years until it reached 21.6 Mt 

Figure 13 Iraq CO2 emissions by sector 

Figure 14 Bahrain CO2 emissions by sector 
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CO2 per capita in 2017 ranking Kuwait second in the AGC countries. In 2017, Kuwait has 

emitted 89 Mt CO2, around half of the CO2 emitted, was caused by the electricity and heat 

producers’ sector with 48%. The residential sectors did not contribute much to the total CO2 

emission; however, the transport, industry, and energy industry has filled the rest of the total CO2 

emission.   

 

2.7.6 Qatar has the highest CO2 emission per capita between the AGC and the world with 

30.4 MtCO2 in 2017. These CO2 emissions are way higher than the world average CO2 emission 

per capita which is around 4.4 Mt CO2 per capita. One main factor for this gap is due to Qatar’s 

small population and being the largest LNG producer in the world (Al-Asmakh, 2018). However, 

Qatar’s CO2 emissions are not high as other AGC countries. Qatar is not the largest country to 

emission CO2 in the AGC. Different sectors have contributed to Qatar’s 80Mt CO2 total 

emission. As the largest LNG producer, Qatar's energy industry was the biggest provider of CO2 

emission with 39%. Moreover, transport, industry, and electricity and heat production were 

major contributors to the total CO2 emission. On the other hand, the residential sector had the 

lowest percentage due to the small population with 1%. 

Figure 15 Kuwait CO2 emissions by sector 
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2.7.7 Oman’s total CO2 emission trend has been increasing in the past three decades after 

the processing of natural gas started in 1992. Relatively, the total CO2 emission per capita has 

been also increasing. In 2017, Oman has emitted 14.1 Mt CO2 per capita, nearly 10 Mt more than 

the world average. Both the electricity and heat producers’ sector and the industry sector are 

responsible for 50% of the total CO2 emission with 33 Mt of CO2. The rest of CO2 emission 

comes from different sectors, such as transport, energy industry, and commercial and public 

services.  

2.8 The Effects of the Emissions and Introduction to Carbon Capture  

The Intergovernmental Panel on Climate Change final report in (2014) affirms that the 

increase in anthropogenic greenhouse gas (GHG) emissions are directly related to the rise in the 

average global temperature, rise of sea levels, and the severe weather patterns around the world. 

Figure 17 Oman CO2 emissions by sector 

Figure 16 Qatar CO2 emissions by sector 
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However, in the AGC region, there is a lack of research in the area of climate change. There are 

no studies that relate GHG emissions in the region to rise in average temperature. The peer-

reviewed, non-biased studies on climate change are scarce and limited to multiple studies on the 

marine life (Ben-Hasan & Christensen, 2019). However, the high rates of emissions in the region 

coming from the energy sector negatively affects the health of the citizens by polluting the air. 

According to a study conducted by Abbas, Kumar & El-Gendy (2018), the emissions in the area 

exceeds the World Health Organization (WHO). Thus, there is a clear need for technologies to 

capture those emissions. 

Enters carbon capture technologies which is not only needed in the region but needed in 

the whole world. The IPCC report in (2019) asserts that if the whole world continue business as 

usual in the energy sector, an increase of 2 °C in the average global temperature is not avoidable. 

Moreover, the IPCC report asserts that there is a crucial need to negative emissions which can be 

achieved using multiple methods such as increasing the greenery by planting trees and carbon 

capture technologies. The beauty of carbon capture technologies is that it can capture carbon 

directly from air or from a point source such as powerplants and petrochemical plants. However, 

due to CO2 being too diluted in air (~0.05%), natural gas powerplants (~6%), oil powerplants 

(8%), and coal powerplants (12%), the technology is costly and requires a lot of energy (Wilcox, 

2012). The cost to capture CO2 from a coal powerplant costs $80-$100 per metric ton of CO2 

avoided, and the cost to capture CO2 directly from air costs $600-$800 per metric ton of CO2 

avoided (Wilcox, 2014). The technologies today are clearly in need to higher levels of research 

and development to bring the costs down. The capturing of carbon is not the last step, the 

transportation and utilization of it also plays a role in the validity of the technology. Today, the 

utilization of CO2 is mainly being in Enhanced Oil Recovery (EOR) (Wilcox, 2012). Other 

utilization opportunities can be biological convention, carbonated beverages, petrochemicals, fire 

extinguishers, refrigeration, liquid fuels, fertilizers, and mineralization. 

Due to EOR, countries in the AGC have a great interest in carbon capture, utilization, and 

sequestration. The countries see it as an opportunity to act as a bridge to sustainable future for 

fossil fuel. Also, since the technology still in its beginning stages, the countries who have been 

working in separation and distillation of fossil fuel for years have the best chances of developing 

it. 

In Saudi Arabia, CO2 capture and utilization in EOR is already happening. Saudi 

Aramco’s carbon capture plant in Hawiyah captures 45 million standard cubic feet of CO2 per 

day and then transported for 85 km into Uthmaniyah oil field to be used in EOR (Saudi Aramco, 

2020). Saudi Aramco, which has a plan to hit net zero GHG emissions, believes that carbon 
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capture, utilization, and sequestration (CCUS) plays a central role in their future. The current 

plans for the company entail utilizing carbon in automotive fuels, plastics, and developing the 

EOR technologies. In 2030, the country plans to fivefold its CCUS capacity. Moreover, the 

company is currently working on a game-changing transport technology (Saudi Aramco, 2020). 

The technology is using mobilized carbon capture planted in vehicles, the captured carbon is 

then offloaded in gas stations and transported to Aramco. Moreover, this technology could 

capture 25% of the carbon emission from the vehicle (Saudi Aramco, 2020).  

Lastly, the country showcased its true interest in carbon capture by holding the first 

International Carbon Capture, Utilization, and Storage conference (ICCUS) 2020 in Riyadh. 

In The UAE, CCUS is also already in use. According to the Massachusetts Institute of 

Technology (2016), ADNOC currently has the capacity to capture 800,000 metric tons of CO2 

per year in Al Reyadah facility. The country plans to expand its CCUS by 500% in 2030 by 

capturing 5 million metric tons of CO2 per year. 

The rest of the countries in the AGC have no current CCUS active plants. However, by 

2025, Qatar’s LNG industry plans to capture and sequester 5 million metric tons of CO2 

(Paraskova, 2019). While Bahrain and Kuwait are still in the research phase, Iraq shows no 

signs of research due to its political issues. Oman are currently showing positive signs of 

sequestering CO2 by the in-situ carbon mineralization in its ultramafic rocks (Kelemen et.al, 

2018). 

 

 

Figure 18 Mobilized carbon capture technology by Saudi Aramco 
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2.9 Oil Prices  

Oil prices have been fluctuating over the past 50 years, as shown in figure (19). Different 

factors can influence the oil’s price making it rise or fall in a minor and major way. One of the 

biggest factors that affect the current and future prices is how much supply and demand on the 

market for oil. If the production of oil decreased or became more expensive in the US, for 

example, the prices of oil will rise around the world (Lioudis, 2020). On the other hand, 

organizations, such as OPEC, try to control or manage the supply of oil; thus, stabilizing or 

increasing oil prices (Kosakowski, 2020). Moreover, natural disasters and political disputes can 

also influence oil prices. 

 

2.10 Oil Recovery Techniques 

Extracting oil from deposits depends heavily on the internal pressure of the well, porosity 

of the rock, and the viscosity of the oil. In the past, only 5-10% of the oil in a reservoir was 

recovered due to the lack of the technology to alter the previously mentioned characteristics 

(Sheng, 2010).  

2.10.1 Primary oil recovery technique relies heavily on the natural rise of oil due to the 

well’s internal pressure. The well’s internal pressure fluctuates based on multiple characteristics 

Figure 19 Oil prices history 
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of the well and the reservoir (Solaimany-Nazar & Zonnouri, 2011). The first characteristic is the 

expansion of the natural gas above the oil reservoir. The second characteristic is the expansion of 

the gas dissolved with the oil reservoir. Thirdly, the geological structure of the rocks in the well. 

The porosity of the rocks affects the flow and pressure of the reservoir. The last characteristic is 

the underground water movement in the well which also plays a role in the placement and 

pressure of the oil reservoir. Moreover, if the internal pressure in the reservoir falls, mechanical 

devices are utilized to pump oil from the reservoir. However, in this technique, the chemical 

properties of the oil are not altered. Therefore, the potential of this technique is limited and only 

recovers 5%-15% of the oil available in the reservoir (Solaimany-Nazar & Zonnouri, 2011). 

2.10.2 Secondary oil recovery technique utilizes the extracted ground water and gasses 

from the well to alter the internal pressure and density of the remaining oil reservoir (Mijaylova, 

2008). When the internal pressure of the well becomes insufficient for primary oil recovery 

technique, gas and wastewater extracted from the well as byproducts are re-injected in the well. 

This step increases the internal pressure of the well and reduces the density of the remaining oil 

reservoir. Therefore, the potential of the oil recovery increases to 20%-40% (Mijaylova, 2008). 

           2.10.3 Tertiary oil recovery technique, which is also called enhanced oil recovery (EOR), 

is the technique with the highest potential (60%-75%) and highest cost. The increment in the cost 

comes from introducing new chemical matters that plays a role in altering the wells internal 

pressure and the oil reservoir mobility in the well. According to US Office of Fossil Energy 

(n.d), there are three EOR processes in our world today. The processes are thermal, miscible 

process, and chemical process. The thermal process increases the heat of the oil reservoir in 

order to reduce its viscosity. The heat in the thermal process comes from the injection of hot 

water or steam into the well. Another way of increasing the heat is by the in-situ combustion 

process, which happens by flaming the sand face of the well in addition to the continuation of 

injecting air and gaseous mixtures rich in oxygen. Next, the miscible process which reduces the 

capillary force by creating a miscible zone. The creation of the miscible zone occurs by the 

injection of chemicals that are miscible at high pressure such as nitrogen, carbon dioxide, and 

hydrocarbons (Solaimany-Nazar & Zonnouri, 2011). Moreover, the chemical process also works 

on increasing the viscosity of the injected fluid, which is mostly water. The chemical process 

could occur by the flooding of polymers into the injected water, surfactant flooding, and caustic 



 
 

26 

flooding. The caustic that is usually used is an alkaline chemical such as sodium hydroxide or 

sodium carbonate. The caustic works on reducing the interfacial tension between the injected 

water and oil (US Office of FossilEnergy, n.d.). 

 

 

 

 

 

 

  

Figure 20 Summary of oil recovery techniques 
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3.0 Methodology 

Since the goal of this project is to help the AGC reach energy sustainability, the team 

developed three scenarios for energy in the region. The goal of those scenarios was to provide an 

estimation for the future of energy in the region. Those scenarios were based on the increment in 

energy demand due to the expected increase in population. In the first scenario, the estimation 

was done based on the current energy consumption. The purpose of the first scenario was to 

provide an evaluation of what the future will look like if the AGC continue business as usual 

without any adjustment. The second scenario was built based on the countries’ futuristic visions. 

Each country’s futuristic vision was studied and the changes in the energy department were used 

to estimate the future of the energy after those changes. After reviewing the second scenario, the 

team assessed where improvements could be implemented and created the third scenario. In the 

third scenario, improvements in switching to renewables, CCUS, and DAC were researched and 

analyzed by the team. 

3.1 Population 

A study on the population of each country was conducted to assess in estimating the 

energy demand in the future. In addition to the trend for population in the previous years, 

multiple indicators were analyzed to estimate the population in the upcoming years. The 

indicators include fertility rates, age of marriage, employment, health, life expectancy, average 

age, and living conditions. 

3.2 Scenario#1: Business as Usual 

The goal of this scenario is to showcase what will be the outcome if the AGC continue 

consuming energy in the same current approach with an increase in the population. The 

assumption that are made in this scenario is that the countries are going to continue consuming 

energy from the same current energy sources. Moreover, the energy efficiencies are going to be 

constant. The main two variables in this scenario are the population and GDP of each country. 

Those variables directly affect energy consumption and carbon emissions. 

The first step that was estimating the energy consumption in each country was estimating 

the energy consumption per capita from 1990 to 2019. To do that, the energy consumption for a 

specific year was divided by the population of that year. After that, linear regression was used to 
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fit the trend for the upcoming years 2020-2030. Since the population for the upcoming years is 

already estimated, the energy consumption per capita is than multiplied by it to calculate the total 

energy consumption. 

The second step was to estimate the emissions of that energy consumption. To do that, 

the Kaya equation was used. The kaya equation depends on multiple variables such as the 

intensity of carbon in energy, GDP, population, and energy intensity of the economy.  

𝐸 = 𝑃 ×
𝐺𝐷𝑃

𝑃
×

𝑇

𝐺𝐷𝑃
×
𝐸

𝑇
= 𝑃 × 𝑔 × 𝐼 

Where E is the total carbon emissions, P is the population, T is the total energy 

consumption, g is the GDP per capita, I is the intensity of carbon per unit GDP. In order to use 

the Kaya equation, the forecast GDP of each country was studied. Moreover, the intensity of 

carbon per unit GDP was also studied for the years between 1990-2019 and linear regression was 

used to estimate it for the upcoming years 2020-2030. Next, the percentage of error was used to 

correct the results by using the Kaya equation to estimate the total emissions for the years 1990-

2020 and comparing it to the known actual total emissions. Lastly, the carbon emissions per 

capita was calculated by dividing the total carbon emissions by the population. 

Finally, a study on the effect of the calculated carbon emissions was conducted. The 

study was to analyze how those emissions would affect the countries’ public health, economy, 

and environment. The countries’ geography, current challenges by emissions, and health were 

used to assess the analysis. 

3.3 Scenario#2: Each Country’s Futuristic Plan 

 As explained in the background section, each country in the AGC has its own futuristic 

plans. In this scenario, the team researched those visions and focused on the energy sustainability 

parts of each vision. Saudi Arabia’s 2030 vision, Oman’s 2040 vision, Kuwait’s 2035 vision, 

Qatar’s 2030 vision, Bahrain’s 2035 vision, UAE’s 2050 vision were all analyzed. 

Unfortunately, Iraq does not have an official futuristic vision for the energy sector. Thus, Iraq’s 

scenario #2 was assumed to be identical to scenario #1. In each vision, the official governmental 

documents were researched. Each country had a section about energy sustainability. On that 

section, switching to renewables, improvements to energy efficiencies, and implementation of 
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any type of carbon capture was reviewed. After quantifying all the numbers obtained from the 

documents, the total emissions for each country was calculated. 

 To calculate the total emissions, each transition to renewables was quantified. The 

transition was tracked to check what source of energy used to be the source for that transition. 

For example, if a country stated that 20% of its electricity is going to be switched to renewables. 

That 20% is than tracked and figured out to be 10% oil and 10% natural gas. After that, the 

content of carbon that used to be emitted if it was 10% oil and 10% natural gas was calculated 

using the data obtained by the EIA (2020) for the pounds of CO2 emitted per million of British 

Thermal Units (BTU). 

Table 2 Carbon content of different fuels 

Fuel Type (million 

Btu) 

Pounds of CO2 

Emitted 

Coal (anthracite) 228.6 

Coal (bituminous) 205.7 

Coal (lignite) 215.4 

Coal (subbituminous) 214.3 

Diesel and Heating Oil 161.3 

Gasoline (no Ethanol) 157.2 

Natural Gas 117.0 

Propane 139.0 

  

After that, the content of carbon that used to be emitted is subtracted from the total CO2 

emissions in scenario #1. In addition to the energy transition, energy efficiencies, CCUS, and 

DAC were researched in the futuristic visions and were accounted for in the calculations. After 

calculating the total carbon emissions, the carbon emissions per capita was calculated. After that, 

a pie chart for the updated energy sources used in each country was developed. Lastly, in order 
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to determine the difference that those visions made on each country’s total carbon emissions a 

graph was made to showcase total emissions in 2030 in scenario #1 vs scenario #2.  

3.4 Scenario#3: Potential of Renewables, DAC, and CCS 

 In this scenario, the goal is to showcase the potential for renewable energy, CCUS, and 

DAC in the region. To do that, two maps will be developed. The first map should showcase the 

potential for thermal and electrical direct air carbon capture and sequestration (DACCS). The 

second map should showcase the NG and oil powerplants in the region with the potential for 

point source capture and the switch to low carbon energy sources. The first step in doing that was 

a geological survey for the area to figure out the geological reservoirs that could be used for the 

sequestration of CO2. The survey contained knowing where the sedimentary reservoirs, basalts, 

ultramafic rocks, and oil fields are. The oil fields data was obtained to figure out the potential for 

EOR. The second step was figuring out the potential for low carbon energy sources in the area. 

The focus was on wind and solar since it has the highest potential in the region. The nature of the 

region and the current developments was studied to determine the potential of implementing both 

solar power and wind power in the region (Baruch-Mordo, 2019). The geography and the 

topography of the region was studied determine the locations for renewable energy 

implementations. Current developments include the current use for the land and its accessibility. 

The third step was collecting data for the natural gas and oil powerplants in the AGC. The data 

was obtained from Enerdata (2019). Enerdata’s database contains the information of each unit 

inside the powerplants. The data collected were the age of the units, net capacity of the units, and 

the location of the powerplant. The age of the units was used to estimate the decommissioning 

units in the area. The estimated lifetime of a NG and oil that was used to estimate the 

decommissioning units is 40 years (Mills, Wiser & Seel, 2017). The age of the units is used to 

see the potential for (1) Replacement with solar or wind if the powerplant is retiring. (2) 

Installing point source carbon capture if the powerplant still has life expectancy and located next 

to a low carbon energy source, sequestration or utilization potential.  
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4.0 Results and Analysis 

In this section, the results for the study is going to be showcased and discussed. The 

change in population and total energy consumption which we assume to be changing in the same 

rate for all three scenarios is going to be analyzed first. Next, the effect of each scenario on the 

AGC’s total CO2 emissions, CO2 emissions per capita is going to be discussed.  

4.1 Population and Energy Consumption 

After analyzing the population in the region, it was determined that the population is expected to 

grow in all the AGC. The analyzing contained studying several factors that play a role in 

affecting the population growth. Those factors are fertility rates, age of marriage, employment, 

health, life expectancy, average age, and living conditions (Population Pyramids, 2019). The 

following graph show how the population in the AGC is expected to grow compared to each 

other.    

 

The energy consumption has been increasing in the past years. The rate of change varies 

between the countries due to the variance in population growth rate. Moreover, energy 

consumption is expected to keep growing in the AGC except for Iraq. After studying the energy 

Figure 21 Population growth in the AGC 
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consumption per capita for each country, it was discovered that Iraq’s energy consumption per 

capita is the only that is not expected to increase similarly to the other countries in the Arabian 

Gulf. Iraq’s political issues in the last few years have been causing several issues regarding 

energy in the country. Iraq’s energy capacity these years is far from meeting the growth demand 

(Mohammed, 2018). The population in Iraq is expected to grow in the future, so does the 

demand of the energy. According to our data, the current demand of energy is not met. 

Therefore, the expected population growth poses a serious threat to Iraq’s energy future. On the 

other hand, the graph shows a huge increase in energy consumption in KSA. This is attributed to 

the current transition in different sectors in the country, mainly in tourism, transportation, and 

industrial. KSA is moving fast toward completing many projects in those sectors to improve the 

quality of life in the country.     

 

 

 

 

 

Figure 22 Expected energy consumption in the AGC 
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4.2 Scenario#1: Total CO2 Emissions and CO2 Emissions per Capita 

Our analysis asserted that the CO2 emissions in the AGC is expected to increase rapidly 

in the upcoming years due to the expected increase in energy consumption. This is assuming that 

carbon content in the energy sources will be constant and no use of CCUS.   

 

Figure 23 Scenario#1 CO2 emissions in the AGC 
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Our study showed that the increase in population is proportional to the increase in CO2 

emissions in the AGC. This is reflected in the following graph for the CO2 emission per capita. 

All countries had insignificant increase in the emissions per capita due to this relationship.  

 It is confirmed that there is a relationship between the increase in CO2 emissions and 

global warming. Due to the desert climate and nature of the region, the AGC show signs of 

vulnerability to climate change. If the AGC continue business as usual and reach the numbers we 

predict in this scenario, extreme weather conditions, rise of sea level, the health of the citizens, 

natural resources, and the biodiversity of the region is going to be in danger. 

4.3 Effects of the Increase of the Total CO2 

 The region shows many signs for climate change. Extreme weather conditions are 

noticeable in many countries in the AGC. These conditions include decrease in average annual 

rainfall, increase in dust storms, increase in the extreme temperatures in the summer. For 

example, Kuwait has recorded many dust storms in the recent years, and it is expected to 

increase further. Also, the annual average temperature in Kuwait is expected to increase between 

2.7 ˚C to 4.5 ˚C (Kuwait Environment Public Authority, 2019). Moreover, Iraq has already faced 

an increase in the mean annual temperature by 0.7˚C per century. In 2050, Iraq is expected to 

face an increment in the annual temperature by 2˚C (U.S. Agency International Development, 

Figure 24 Sceanrio#1 CO2 emissions per capita 
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2017). Rainfall is also affected negatively in Iraq. The average annual rainfall is expected to 

decline by 17% in Iraq.  

 Extreme weather conditions are directly related to the public health in the region. Since 

dust storms increase the level of air pollution and the increase in temperature lead to more 

exposure to thermal extremes, the food-borne diseases. 

Table 3 Level of air pollution (World health organization, 2019) 

Country PM2.5 (µg/m³) Deaths 

Qatar 91 176 

KSA 88 10021 

Bahrain 71 231 

Iraq 62 13193 

Kuwait 61 952 

UAE 41 1496 

Oman 41 694 

  

As seen above in Table (3), the level of air pollution is extremely above the recommended by 

the world health organization, which is 10 µg/m³ (World health organization, 2019). The long 

term of this level of air pollution is known to create major health problems such as lung cancer, 

chronic respiratory illnesses, heart strokes, and heart attacks. A study in Al-Razi health center in 

Bahrain showed that almost 62% of the climate related diseases is related to heat stress 

(Bahrain’s Second National Communication, 2012). Moreover, food-borne diseases can also be 

noticed to increase in the July-August period when the temperature is at its highest.  

The sea levels are also expected to rise with the increase CO2 emissions in the AGC. This 

rise is posing a threat for the AGC which will cause flooding, agriculture soil contamination, and 

the loss of environment habitants. For example, Bahrain is expected to lose their coastlines in 

their mainland due the rise of sea levels. The graph shows that by 2050 and 2100 the sea levels 

will increase covering most of their costal border (Bahrain’s Second National Communication, 

2012).  
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Figure 25 Expected level of sea rise in Bahrain 

Moreover, inland flooding is expected to affect 18.2% of Qatar if the sea levels rose to 5 

meters above sea levels, which can affect at least 13.7% of Qatar population. The increase of sea 

levels can also affect the upstream and downstream oil and gas facilities, petrochemicals 

factories, oil and gas export terminals, and power and water generating facilities in the AGC. 

Most of these facilities are usually located offshore and coastal areas; thus, the increase of sea 

levels might disturb the process in these faculties (Meltzer, Hultman & Langley, 2014). 

 Due to the nature of the region, most AGC are struggling to fulfill the demand on water 

in their country since hundreds of years. The water scarcity in the region could be affected 

negatively by the intrusion of seawater to ground water due to the rise of sea levels. Currently, 

the desert climate and rapid increase in the population made this problem worse. For example, 

the demand on water is increasing very fast in Qatar, around 12% (Meltzer, Hultman & Langley, 

2014). Another example is the decrease of ground water levels due to the rise in temperatures 

and the low annual rainfalls in KSA (DeNicola et al, 2015). 
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4.4 Scenario#2: Energy Consumption Sources 

  

4.5 Scenario#2: Total CO2 Emissions and CO2 Emissions Per Capita 

 

Figure 26 Scenario#2 energy consumption by source in 2030 

Figure 27 Comparison between the total emissions in scenario #1 vs Scenario#2 
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 Studying the futuristic plans, visions that was mentioned in the background sections and 

analyzing the future of energy sustainability in the AGC showed optimistic results. 

 Almost all countries utilized a portion of the available renewable energy potential 

especially wind and solar. For example, the energy consumption from renewables in Saudi made 

up 0.01% of the total energy consumption in 2017 and in 2030 makes up to 20%. However, only 

Saudi Arabia, UAE, and partially Qatar showed interest in CCUS and DACCS. Also, Bahrain 

was the only country who specified that the public knowledge of improving energy consumption 

efficiency should be increased.  

 Applying those visions to Scenario #2 showed a decrease of CO2 emissions in all of the 

countries except for Iraq because it did not have any published official vision. This is due to the 

transition to cleaner energy sources as shown in Figure (28) and improving the efficiency of 

energy production and consumption. 

As established before, the population in the AGC is increasing rapidly. Thus, the 

emissions per capita is still not close to the global average emissions per capita. However, as 

Figure 28 Comparison between the emissions per capita in scenario #1 vs scenario #2 
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stated before, the results are still optimistic for countries that have been depending on fossil fuel 

for a long time. For example, the UAE’s emission per capita was 20-ton CO2 and now is 

expected to be 11-ton CO2 by 2030.  

4.6 Scenario#3: Potential of CCUS, DACCS, and Renewables in the Region 

 After analyzing our results from scenario #2, areas of improvements were clear. First, the 

potential for cleaner energy sources was not fully used. Secondly, CCUS and DACCS was not 

focused on the futuristic vision. In this section, the potential for those is going to be showcased 

on the map of the AGC. 

 In this scenario, the focus was on the energy consumption and production transition to 

cleaner, and more efficient energy sources. Thus, a study was conducted on all of the natural gas 

and oil powerplants in the region.  

 There are 784 natural gas powerplant units across all the AGC, 675 of those are currently 

operational. Those units vary in age and net capacity. The graphs below showcase the current 

state and age of all of those units. 

  

Figure 29 Operational NG powerplant units decommissioning 
year 

Figure 30 other NG powerplant units stats 
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On the other hand, there are 797 oil powerplant units across all the AGC, 741 of those are 

currently operational. The records show that Qatar does not have any oil powerplants. The 

graphs below showcase the current state and age of all those units. 

 

 In order to make use of this data, all the powerplants were mapped along with the solar 

and wind potential. We believe that units retiring between 2020-2030 could be replaced by 

renewable energy units if it is in the region where solar or wind can be used. Carbon capture 

technologies can be installed on units that has a longer life span. For carbon capture technologies 

Figure 31 Operational oil powerplant units decommissioning 
year 

Figure 32 other oil powerplant units stats 

Figure 33 Mapping the potential for renewables and CCUS 



 
 

41 

to be installed, the plant must be in proximity of a renewable source potential in order to use it to 

power the technology and sequestration potential.  

 The second step in scenario #2 was to showcase the potential for DACCS. In this map, 

the potential for thermal and electrical DACCS is showcased. The oil fields were used in this 

map since we believe that EOR can be an excellent utilization and sequestration for CO2.  

 

The goal of this scenario is to further expand the work on scenario #2 and showcase the 

potential that could be worked on to reduce CO2 emissions and reach energy sustainability in the 

region. The maps above can be used to develop the futuristic plans discussed in scenario #2 to 

match the expected increase in energy demand.  

 

 

 

 

 

 

 

Figure 34 Mapping the potential of DACCS 
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5.0 Recommendations and Conclusion 

In this section, we recommend energy sectors in the AGC to publish more data to the 

public. We also recommend conducting more quantitative research in order to achieve 

sustainability. We then discuss the responsibility of the AGC regarding the futuristic energy 

plant in the region.  

5.1 More Energy-Related Data to Public 

 The published data regarding the energy sector in the AGC are limited. There are some 

data that showcase the current usage of energy within the region; however, most of them are 

published by a third party and not the energy sectors. For people to understand the effect of the 

energy transition to the current energy usage, more data should be published by the energy sector 

that could help researchers improve this sector. Also, providing the public with such data will 

help increase the public awareness toward the energy sector.  

5.2 More Quantitative Research 

In addition, more quantified data must be collected by official entities in order to 

accurately utilize the potentials mentioned in scenario #3. Due to lack of quantitative information 

shared, the data were collected from third parties and not officially from the energy sectors. 

Those potentials depend on several aspects such as geological reservoirs, oil and natural gas 

power plants ages and production, and others that are be determined by the current situations of 

each location.  For future research, those quantitative data will help show a clear idea of how and 

where those potential will be beneficial. Quantitative data will help specify more favorable 

potentials locations in the region regarding local economy, environment, and health. For 

example, locations with higher CO2 emissions are more convenient for the potentials mentioned 

in scenario #3. This would help reducing more emissions with lower costs. While locations with 

lower CO2 emissions would cost the same with less carbon capture. We believe a further 

economical, and geological investigation on scenario #3 would lead to great results that would 

hopefully guide the AGC to energy sustainability. 
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5.3 The Countries’ Responsibility to Energy Transition 

In conclusion, the AGC except for Iraq showed optimistic and motivating steps in the 

right direction in their futuristic plans. The news showcase that those countries are heading into 

the right direction and we hope that our paper is going to contribute to that. The countries are 

facing a rapid increase in the energy demand, coupled with vulnerability to climate change, and 

fluctuation in their economy due to their dependence on fossil fuel which makes the road 

towards energy sustainability not an easy one. However, as mentioned earlier, the countries are 

taking the first appropriate steps. More attention to DACCS, CCUS, and renewable energy 

sources is the second step for those countries.  

“The best way to raise the awareness of the need to energy sustainability is by talking 

about it” Prof. Wilcox (2019). We believe that the governments are heading towards the right 

direction, but the citizens need to hear more about it to raise the awareness. Energy transition 

should be taught to the current and next generation in order to bring eyes to it and have more 

research. 
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Appendix B: Population Growth of each country of the AGC (1990-2030)  
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Appendix C: $ GDP per Capita for each country of the AGC (1990-2030)  
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Appendix D: Energy Consumption of each country in the AGC (1990-2030) 
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Appendix E: CO2 Emissions of each country in the AGC for Scenario #1 (1990-2030) 
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Appendix F: Tons CO2 Emission per capita of each country in the AGC (1990-2030) 
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Appendix G: KSA results for Scenario #2 
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Appendix H: Bahrain results for Scenario #2 
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Appendix I: UAE results for Scenario #2 
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Appendix J: Oman results for Scenario #2 
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Appendix K: Qatar results for Scenario #2  
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Appendix L: Kuwait results for Scenario #2 
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Appendix M: Remaining Powerplant Units and its Life Expectancy 
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