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Abstract 
 

Iraq is considered as the second largest oil producer in organization of petroleum 

exporting countries (OPEC) with oil production average of 3.2 MMbbl/day. Iraq has 

very ambitious plans to increase oil production in the coming few years, which 

means rapid increase of the associated petroleum gas (APG) which has dissolve form 

in crude oil and consider as a common by-product with crude oil extraction. 

This study aims to give more understanding about APG management in the south of 

Iraq and highlight the most important reasons standing behind utilize failure of a 

huge amount of APG instead of flare it and what the consequences of flare option in 

the environmental, economic and political perspectives. 

Natural gas featuring as a cleanest fossil fuel with less emission comparing with 

other types of fossil fuels. In addition, natural gas is considered as an important 

source for thermal, electrical and mechanical energy and can be used in very wide 

branches such as transport, industry, electricity and in the housing sector. 

Furthermore, it is considered as a raw material for petrochemical, fertilizer industries 

and for the productions of pesticides. 

In this study, APG flaring from economic and environmental perspectives were 

studied. This study has produced three different scenarios for the future gas 

production. Three different scenarios were studied (business as usual (BAU), new 

processing facilities (NPF) and gas to grid (GTG)). BAU scenario depends on 

rehabilitate the entire infrastructures which are old, unsufficient and it is platform 

capacity is very small to capture and process a huge amount of APG which expected 

to be produced in the coming years. NPF means build new capturing and processing 

facilities to treat the total expected amount of APG and the GTG scenario depend on 

the same assumptions of the second scenario but, all the produced dry gas will 

destined to the power plant to produce electricity. 

Most promising results (economic and environment results) gained by adapting GTG 

scenario. These results, however, might explain and justify the economic investment 

that should be used in the Iraqi gas industry will give more revenue, improve Iraqis 

people life conditions and reduce the global environmental degradation. 

As a result of that the imported gas, electricity and natural gas liquids (NGL) will be 

stopped after three to five years. So it is recommended that the produced dry gas 

should utilize in the power plant as a feedstock instead of crude oil and diesel and 

after the increasing of provide dry gas can Iraq stop import gas and electricity as 

well. 

More involved by adopting gas to grid scenario because the produced dry gas used 

as feedstock in the power generations to cover the domestic and industry demand for 
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electricity. More investment needs to apply this scenario but also more benefit will be 

gain due to replacing oil and diesel which are currently used in the power plants by 

using natural gas. 

Iraq has to take rapid steps toward changing all the existing fuel fire generators to 

cover the shortage of electricity supply and guaranteed the domestic and the 

industrial sectors of stable providing of electricity. Iraq is facing a real problem at the 

moment because of the burning of Iraqi gas, which causes to accumulate of 20 

million tons per year of carbon dioxide emissions, the equivalent of three million 

tailpipe emissions car. 

Accompanied with the increasing in crude oil production during the past few years 

an increase in the production of APG, which means an increase in the quantities of 

burned gas and that needs to evolution of energy installations of gas collection and 

treatment in the same period. In addition, increase the quantities of liquid petroleum 

gas and light naphtha for domestic demand, will be an urgent need for the 

establishment of appropriate facilities for the storage and export in the south harbors 

to export the surplus for the local need. 

The implementation of these scenarios beginning in 2015 requires speeding up the 

construction of the assembly plants, pressure, treatment and the related 

infrastructures at the level of the oil fields production. The construction of the 

necessary pipelines infrastructure needs to connect the centers of demand treatment 

plants, power plants and the oil wells. It is also required to raise the capacity of the 

gas filling facilities near centers of domestic consumption. 

Preparation of technical plans for the gas system, gas industries, electricity 

generation and all the investment possibilities will be very important and it should 

be ready by 2015 to exploit the total gas production in Iraq and its treatment, so that 

it becomes available to transfer it to the local and international markets. At that point, 

gas flaring may reach to the lowest level, and then will meet all the requirements of 

the local gas demand, local electricity demand and contributing with international 

efforts to protect the global environment.  
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1. Introduction 

 

1.1. Background 
 

Republic of Iraq is a country in the western Asia. Iraq has borders with six countries 

Turkey, Syria, Jordan, Saudi Arabian, Kuwait and Iran and has a coastal line with the 

Arabian Gulf. 

The old name of Iraq was – Mesopotamia – A Greek toponym which means (the land 

between two rivers Tigris and Euphrates). Mesopotamia is often called the birthplace 

of writing and it was the cradle of civilization (civilization home since the 6th 

millennium BC). 

Geographically, Iraq is considered as triangle of mountain (north), desert (west) and 

fertile river valley (middle, east and south). A variable climate according to the 

variability of the geographic terrains in Iraq has played a dominant role in the Iraqi 

agriculture and livelihoods for long time (Wikipedia, 2014). 

Iraq’s agriculture history have been changed dramatically after oil discovering earlier 

in last century, especially after discovering oil at Masjid-Suleiman in Iran 1908, “An 

event that change the fate of middle east” (Demirmen, 2003). Discovered oil in Iran 

also attracted international companies to exploit oil in the old Mesopotamia. 

Turkish petroleum company (TPC), which in reality was a British company obtained 

oil concession from Ottoman Empire (Iraq was a part of Ottoman Empire since 1534 

to1917) to exploit oil in Iraq. World War I gave Iraqi oil more political dimension and 

attracted British government to secure the oil supply prior to the war and gave 

priority to get control of the Persian and Mesopotamian oil and make it the first aim 

of the war according to the secretary of the war cabinet, Maurice Hanky (Wikipedia, 

2014). 

TPC paid attention to Mosul north of Iraq to discover oil, but they were not 

successful so they paid attention to a small city called Kirkuk because of the high 

prospect of oil due to the extensive oil and gas seeps in this city. The oil and gas 

fields in Iraq are shown in figure 1. 

Baba Gorger was the first oil well in Iraq and the oil production started in October 

1927, crude oil crushed violently to the surface and a huge amount of gas pushed to 

the air of Kirkuk sky changing not only the Kirkuk face, but also changed Iraqis fate 

forever. 
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Figure [1] Iraq map shown oil and gas fields (EIA, 2012) 

Oil exploiting continues up to day with aggressive competing to get dominance for 

this vital energy source, not just in Iraq but also all over the world. More 

conventional crude oil has been discovered. Today, the global reserves of the 

conventional crude oil estimate for more than 1.48 trillion barrels (OPEC, 2012). 

Iraq began oil production in commercial scale in 1927 when the oil started to flow 

from Baba Gorger field in Kirkuk province and from that time the accompanying gas 

burn is occurring continuously. Limited interest for using natural gas began in the 

late of 1950's but more attention and wide interest for gas using was in the 1970's 

(Wikipedia, 2014). 

Although Iraq has an enormous wealth of proven natural gas in associated and non-

associated form which puts Iraq in the (10th -13th) rank according many different 

estimations (EIA, 2013). In spite of huge natural gas reserve, the production of 

natural gas is disproportionate to an enormous gas reserve and the total production 

of crude oil production. 

Parallel to the increasing of the crude oil productivity in Iraq especially after 2003 

there were increasing in APG which is a common by-product in the oil industries 

that is considered as the most challenging environmental, economic and energy 

problem the world is facing today. 



3 
 

According to Global Gas Reduction Flaring (GGRF), about 150 billion cubic meter of 

APG flared every year (World Bank, 2013). Furthermore, it is enormous wasteful of 

non-renewable natural source, gas flaring involves of more than 400 million 

equivalent CO2 emission in the global atmosphere and play a key role in the global 

environment degradation and not least it has a significant impacts on the 

populations health (Michael, 2010). 

Iraq’s production of crude oil ramped up to 3,2 MMbbl/d in the 2013, as a 

consequence of that, APG flaring projected to reach 9 billion cubic meter. According 

to World Bank estimations, Iraq has the fourth ranking among the top flaring nations 

after (Russia, Nigeria and Iran) (World Bank, 2013).  

Southern fields in Basra province involves of more than three-fourth of the total 

crude oil production and because of that there are very important aspects that should 

be taken into considerations and government must pay more attention to the large 

amount of APG in the south region of Iraq since they flare about 75% of the 

associated gas (Ali, 2014: personal communication). 

 

Figure [2] Associated gas flaring in the southern oil fields (Economist, 2014) 

 

The average gas production which was almost APG for the period of 2003-2007 (five 

years) was about 1.115 BCSF/day (11.4 MCM/day), 74% of it was flared. This amount 

of production has been raised to 16.5 BCM in 2009. 
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According to a new estimation the amount of production was about 20 BMC in 2014 

and about 13 BCM of this gas has been flared in the south region of Iraq (Economist, 

2014). This means Iraq flares 37 MCM/day, a huge amount of energy loss. In same 

time, Iraq still imports dry gas, NGL and even electricity from neighboring Iran and 

Turkey. 

The main production came from two regions, the southern and northern region with 

dominating of the southern region by more than 80% of the total production since the 

south region involved of about 83% of the crude oil production. Most of this gas is 

not used because of many reasons but mainly because of the lack of gas collection 

and processing facilities. 

Iraq built two gas companies in the beginning of 1980s which led to high rate of gas 

yielding from 11.4% in 1980 to 88.7% in 1998 that led to increase of the marketing gas 

from 1.3 BCM/year in 1980 to 5.5 BCM/year in 1998 although of war and sanction 

situations. 

A significant decline of gas utilize happened in 2003 as a results of last war and USA 

occupation of Iraq which destroyed of the Iraqi institutes especially, industrial and 

oil infrastructures. Slightly rose of gas utilize in 2005 and years after as a results of 

the rehabilitations of some gathering and processing plants in Zubair complex. 

1.2. What is the APG? 

 

APG is a raw natural gas which found as associated with crude oil in dissolved form 

and considers as a by-product in the crude oil extraction process and should be 

removed from the oil in the upstream processes. Since the APG is considered as a 

waste product, most of it venting directly to atmosphere, sent to flare chimney to be 

burned and in the best alternative re-injected to enhance the well pressure and to 

recover oil wells productivity. 

In the last decades, more attention has been paid to natural gas and to the APG as 

well as a promising energy source that could play a golden role to apply the 

increasing global demands of energy. 

According to the estimation of the International Energy Agency (IEA), the natural 

gas will overtake rival role of oil and coal by 2035 and will cover 25% of the total 

globally energy demands (EIA, 2011). 

Flaring and venting of associated gas are problematic from environmental point of 

view because both of these processes involve releasing Greenhouse Gases (GHGs). 

Venting release a huge amount of methane (CH4) and flaring release (CO2) and if the 

combustion process is not efficient, methane (CH4) will release as well. 



5 
 

APG is considered as a raw gas and can be processed to get more useful and valuable 

products. Iraq’s APG consists of 70% of natural gas and about 30% of NGL. After 

processing of associated gas, the major products are dry gas, LPG and different 

heavier hydrocarbons. 

Dry gas is the natural gas which is mostly consists of methane (CH4) and small 

amount of ethane (C2H6). Methane is a highly flammable gas and is considered as the 

lightest component combined by one atoms of carbon and four atoms of hydrogens. 

In the pure form, methane has no color and odor. Due to this characteristic of 

methane, oil processing companies add some chemical materials to make it smell to 

detect any gas leaks (Almanac, 2013). 

Associated gas also contains NGL which vary from field to field and consider as 

heavier hydrocarbons than methane such as ethane, propane, butane, pentane and 

many different hydrocarbons. Associated gas in the southern fields in Iraq is 

considered as sweet gas which means very low (less than 0.1 %) sulfur containing. 

In addition, APG consists of small amounts of carbon dioxide, water vapor, 

hydrogen sulfide, helium, nitrogen … etc. Figure 3 below shows different 

components of APG. 

 

 

 

Figure [3] Definition of dry gas, NGL, LPG and non- hydrocarbon gases (EIA, 2010) 
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1.3. Gas reserves in Iraq 
 

There are no exact data about gas reserves and oil reserves in Iraq. This was the most 

important problem faced this study because of uncertainty of the real number that 

may present the actual amount of the Iraqis fossil fuel proven reserves. This 

happened because of many reasons mainly because of long period of wars and 

unstable political situation which is the main obstacles against gas and oil 

explorations. 

But according to many oil institutes the estimation gas reserves for  Iraq is about 126 

trillion cubic feet (TCF) as a current proven gas reserves which present about 1.7% of 

the total gas reserves in the world (OPEC, 2012). 

There are three forms of the Iraqi gas reserves shown in the figure 4, below: 

1. Associated gas dissolving the crude oil reserves about 81% 

2. Associated gas over the crude oil reserves (cap gas) about 2% 

3. Non-Associated gas about 17 %. 

 

 

 

Figure [4] % of gas reserves in Iraq (Luay, 2013) 

 

From figure 4 above, it is very obvious that the gas production in Iraq is mainly 

connected to the crude oil production (dissolved gas in oil reserves) which is the aim 

of this study. 
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Since the Iraqi oil and gas industries severed of long time of neglecting and were out 

of development and out of real investment in the last four decades because of the 

Arabian Gulf Wars and USA invasion 2003. There is a big need to invest and sign 

new contractors with international and local oil enterprises to maintain the entire 

infrastructure and to build new process plants to capture, treat and separate 

associated natural gas to use it in many different industries. 

1.4. Overview of Iraqi southern oil fields 

 

Most of the current oil production in Iraq is coming from six super-giant fields with 

dominating share of west Qurna and Rumaila. Huge amounts of associated gas 

produce from these fields as well. According to ministry of oil (MOO) and Iraq 

energy outlook (IEO), Iraq oil productivity in these fields will ramp out to 4.8 

MMbbl/d in 2020 and to 6.4 MMbbl/d in 2035 (central scenario). 

Parallel to this rapid increasing of crude oil production, a huge amount of APG will 

be released and the accumulated amount of 20 years projected to reach (761billion 

cubic meter) most of it will come from Qurna oil field (336 BCM) and Rumaila (247 

BCM ). 

Rumaila, West Qurna, Zubair and Majnoon contribute more than two-thirds of Iraq’s 

projected production in 2035, slightly higher than their present share (most of which 

comes from Qurna and Rumaila) (IEO, 2012).  

Qurna: consists of two parts, the southern part and the northern part. Field located in 

Basra province with total area of 600 Km2. Currently, all the production is coming 

from the southern part which is about 1.3 MMbbl/day. 

Qurna is considered as the second largest undeveloped oil field in the world but new 

contract has been signed between Iraqi government and Russian oil company 

(Lukoil) to develop the northern part of west Qurna. The estimation production of 

this field from two parts is 2 MMbbl/day in 2020 and it will reach to 2.4 MMbbl/day 

in 2035. 

-Discovered in 1973. 

-The proven reserve is about 43 billion crude oil barrels. 

-Production depth is 5000 meter below the surface as average. 

-Consists of 72 wells. 

Rumaila: is the second largest field in the world after Ghawar in Saudi Arabia. It 

located in Basra province in the south region of Iraq. Currently, the production 

average of it is about 850 MMbbl/day and the production come from 663 wells 
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covering 1800 Km2 of the southern area. The projected oil production of Rumaila will 

increase from 2 MMbbl/day in 2020 to 2.5 MMbbl/day in 2035. 

-Discovered by British Petroleum in 1953. 

-Production began in 1972. 

-Production oil depth is about 2500 meter below the surface. 

-Estimation oil reserve is about 17 billion barrels. 

The main obstacles to develop the field are demining, destroyed of transport pipes 

and the old equipment (IEO, 2012). 

Zubair: discovered by Basra Oil Company in 1949 and consider as the first 

discovered oil field in the south region, but still undeveloped. The proven reserve of 

it is about 8 billion barrels and because of long time of neglecting the current 

production of it are 200 MMbbl/day. New contract has been singed with Italian 

energy company (Eni) in 2009 with promising plan to reach 500-750 MMbbl/day in 

2020 and then to 700-850 MMbbl/day in 2035. 

Majnoon: stayed in shadow also for long time because of the Iraq-Iran war in the 

1980s and because of huge amount of unexploded war ordnance in the field area 

make it very complicated to develop and prevent many international oil companies 

to invest in this field. Additionally, most of Majnoon infrastructures were destroyed 

and most of field equipment are even old or out of work. 

Nahr Omr: Consider as a super-giant oil field in the south of Iraq with a proven 

reserve of 6 billion barrels. Field discovered in 1948 by south oil company covering 

total area of 1000 Km2 (40 Km long and 25 Km width). 

Oil of this field considers as one of the best crude oil in the world (light oil), 

additional for that it consists of a huge amount of sweet natural gas in dry form 

(methane). 

Halfaya: Another super giant field which situated in Amarah province in the south 

east of Iraq with estimation reserved between (5-8) billion barrels and total area of 

this field is about 288 Km2. Discovered in 1976 and the currently number of 

productive wells are 70 wells with total production of 150 MMbbl/day and the 

production is expected to reach 225 MMbbl/day in 2020 and will reach 300 

MMbbl/day in 2035. 

Figure 5 explain the projected oil production in six gigantic oil fields for period (2015-

2037) according to the central scenario in (IEO, MOO & MOE) (IEO, 2012). 
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Figure [5] Projected of Iraqi oil production for six oil fields 

 

1.5. Natural gas companies in Iraq 

 

1.5.1. North gas company gas (NGC) 

 

NGC located in Kirkuk province and established in 1980. The main goal was to 

address the amount of raw gas associated with the produced crude oil in the 

northern fields and to extracted, process it and to convert it into different gas 

derivatives such as: 

• Dry gas can be used as a clean fuel for electricity power generations, c

 cement plants, fertilizers and chemical industries. 

• LPG use for home purpose consumption and can be exported. 

• Natural gasoline (condensate) can be used as a fuel after improving or 

re-injected with the exported crude oil to improve the oil specifications. 

• Sulfur can be using in many local industries and the surplus can be 

exported. 
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The total capacity of the northern gas company was to process 15 MCM/Day and the 

results of this treatment processing are: 

- About 8-11 MCM/Day of dry gas. 

- About 733 thousand tons per year of propane. 

- About 448 thousand tons per year of butane. 

- 384 thousand tons per year of natural gasoline 

- About 528 tons of sulfur per year (Ali, 2014: personal communication). 

 

1.5.2. South gas company (SGC) 

 

In spite of the growing attention of natural gas as an important source of energy, the 

gas sector has not received adequate attention in Iraq. As a result of neglecting the 

volume of the burned gas reached large amount reflecting a significant waste of this 

wealth. SGC located in Basra province and established in 1979 but did not play the 

plan role of it due to decades of war and sanction because it is location was very near 

to the fighting area from 1980 to 2003. 

In 2003 most of SGC infrastructures and equipment were destroyed which led to a 

real deterioration of the production capacity reaching below one-third of what it was 

in the past decades. 

The total design capacity of south gas company is about 29.7 MCM/Day but the 

current capacity is about 13 MCM/Day. There is also a significant shortage of the 

providing gas from south oil company; they can provide just 8.3 MCM/Day because 

of the daily cutoff of electricity and the lack of transportation infrastructure between 

the oil fields and the company complex. 

1.5.3. Basra Gas Company (BGC) 

 

Due to increasing of awareness about the economic value of gas, Basra Gas Company 

has been established in 2007. BGC consider as a joint venture between SGC, Shell and 

Mitsubishi Corporation. Some 20 million cubic meters per day is currently being 

flared in the South of Iraq. This represents about 170,000 barrels of oil equivalent 

every day (boe/d) of associated petroleum gas.  

SGC will have 51% majority shareholder in BGC, a joint venture with additional Shell 

holding interests of 44% and Mitsubishi Corporation 5%. Over time, the joint venture 

will gather, treat and process raw associated gas produced within Basra province. 
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The processed natural gas and associated products such as condensate and liquefied 

petroleum gas (LPG) will be using to cover the domestic consumption and the 

surplus will export to international markets (Shell, 2011). 

1.6. Oil and gas production 

  

Iraq has proven reserves of conventional natural gas amount to 3.4 TCM 

representing about 1.5% of the world total reserves. Most of Iraq gas reserves 

concentrated in the southern region of Iraq, mostly as APG in the super giant fields 

(Majnoon, West Qurna, Rumaila, NahrOmr, Zubair and Halfaya). 

More attention and more investments should pay to utilize natural gas as a 

promising feed stock for new power generation plants. APG in the south region has 

relatively high content of natural gas liquids (NGL) (30% of which 15% Ethane and 

8% Propane), the rest of it is Methane (about 70%). The considerations of gas as 

secondary source and dealing with it as a by-product have to change especially after 

the growing of the domestic and industrial demands. 

Figure 6 below shows a map of the southern area of Iraq and shows also the gigantic 

oil fields, this figure can explain why the invest in the gas industry is very promising 

because of many reason such as: it is close to many regional gas market (Iran, Kuwait 

and Saudi Arabia), is also close to international market because they have a close 

situation to the Arabian gulf. 

 

Figure [6] Southern oil and gas fields in Iraq (Biogh, 2009) 
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The main component of APG is methane which consider as a high flammable gas 

compound make up of four hydrogen atoms and one carbon atom which make it the 

lightest gas in the associated gas compounds and it has no color and no smell if the 

gas in the pure form and because of that the gas company adds some chemical 

materials to make it smell to detect any gas leaks. 

Associated gas also contains natural gas liquids which vary from field to field, these 

liquids consider as heavier hydrocarbons such as ethane, propane, butane, pentane 

and many other heavier liquids (Iraq oil Almanac, 2013). 

All these components and impurities should be removed in the treatment and 

processing stages to get the pure line gas which is almost methane (CH4) plus ethane 

(C2H6). Actually this processes not just to get the pure gas but also to get the valuable 

associated gas liquids especially propane and butane. The remaining heavier carbons 

can produce the natural gasoline and condensates. 

Many countries gather associated gas in the upstream stage to extract the valuable 

gas liquids and send the dry gas to flare or re-inject to oil wells to increase the well 

pressure and recover the well productivity (IEO, 2012). 

The light gas liquids with two carbon atoms up to four carbon atoms (ethane C2H6, 

propane C3H8 and butane C4H10) called liquefied petroleum gases (LPG) which are 

common fuel for coking and heating. Associated petroleum gas in the southern fields 

of Iraq can consider as a sweet gas which is mean very low sulfur contain less than 

0.1%. Additional for that, associated gas may consist small amounts of carbon 

dioxide, water vapor, hydrogen sulfide, helium, nitrogen (Alobady, 2011). 

The heavier hydrocarbons should be extracted as well, hydrocarbons with more than 

five carbon atoms called natural gasoline or same time called condensate, after 

extraction of heavy hydrocarbons more process need to fraction it to many different 

products in fractionation plant, these products are naphtha, gasoline and other 

products that blend with the heavy crude oil to improve the exported crude oil 

properties. 

Dry gas price depend on the energy content and it differ from place to place and the 

British thermal unit (Btu) used to estimate the price of dry gas, while the LPG and 

Natural gasoline used ton or barrel as  price unit but sometimes use Btu as well. 

If the utilize of gas stayed in the current level and no real actions have been taken to 

rehabilitee, develop the existing gas infrastructures and builds new facilities to deal 

with the increasing amount of associated gas in the foreseeable future and the gas 

utilizing capacity stayed about 1 billion cubic meter that means Iraq will flare more 

than 740 BCM in the coming 20 years and flare with it strong opportunities to bring 

prosperity to the Iraqi people. 
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Figure [7] Flared Gas amount in the south of Iraq (BCM)  

APG is a very common as a by-product of the crude oil extraction and consider as a 

valuable energy source around the world despite of that, enormous amount of gas 

flaring, venting directly to the atmosphere or in the best choice, gas re-injected to the 

crude oil wells which means a big loss of opportunity to use non-renewable natural 

source and release a harmful emissions which contributing of damaging global 

environment. This amount of released and flared gases projected to increase in the 

coming years and that can be noticed in the figure 7 which showed the increasing of 

flaring gas amount from 6.7 BCM in 2007 to 13 BCM in 2014 (IEO, 2012). 

Global gas flaring reduction (GGFR) is a public-private partnership aims to make a 

significant flaring reduction worldwide and make global contributions towards 

reduction of GHGs as well. 

GGFR partners have established a collaborative Global Standard for gas flaring 

reduction. This Global Standard provides a framework for governments, companies, 

and other key stakeholders to consult with each other, take collaborative actions, 

expand project boundaries, and reduce barriers to associated gas utilization. 

GGFR partners that have endorsed the Global Standard are committed to no flaring 

in new projects, and to eliminate continuous production flaring in 5-6 years, unless 

there are no feasible alternatives. In brief, the goal of the GGFR partnership is to 

unlock the value of currently wasted natural gas by improving energy efficiency, 

expanding access to energy, and contributing to climate change mitigation hence 

promoting sustainable development. 

It is estimated that about 150 BCM of natural gas that are being flared and vented 

annually. This amount is equivalent to 25 per cent of the United States’ gas 

consumption or 30 per cent of the European Union’s gas consumption per year. 
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The GGFR efforts made good succeed stories in many countries in the past few years 

and they succeed to drop gas flaring from 172 BCM in 2005 to 140 BCM in 2011, but 

still more efforts need to do (World Bank, 2013). 

 

Figure [8] Top flaring nations (BM3/year) 

 

Iraq is a member in GGFR since 2008 and there are big efforts to make technology 

and policy solutions available in Iraq by helping of the international community. 

As mentioned before and as showed in figure 8 above, Iraq has the fourth rank of the 

largest flaring countries and projects to be the largest flaring nation in the coming 

few years due to ramp out of the crude oil production ,which means ramping out of 

the associated gas productivity and ramping out of the flaring average as well. 

1.7. Golden age of gas 

 

World Bank named the near future as a golden age of gas because of promising 

future waiting for gas industry and increasing of global reliance on the natural gas. 

However, many experts claim that gas prospects in Iraq could be as high as double 

the current estimate (7.5 TCM), of which (3 TCM) is in associated form, while (4.5 

TCM) is in “free gas” form (Ali, 2014: personal communication). 

Most of Iraqi power generations using crude oil or diesel as the main feedstock but 

the Iraq electricity grid still meet just about 55% of the total local demand. Natural 

gas should reduce dominate of the oil in the domestic energy mix and should play a 

vital role in the new power generation in Iraq. 
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Gathering, processing and use the APG instead of flare it will give a double 

advantage in two important aspects, economic and environmental aspects. Currently, 

more than 850 Mcf/day of associated gas flares in the south region of Iraq releasing 

20 million ton of CO2 equivalent to the atmosphere, more environmental 

consequences and huge wasteful of energy. 

Making associated gas as main fuels for power generation will safe Iraq natural 

sources reduce the environmental implications of flaring and increasing crude oil 

exports to the international markets which mean increasing of Iraq oil revenue since 

the crude oil have higher price than natural gas. 

In spite of that, Iraq still imports coking and heating gas to cover the domestic 

demand which push many thousands families to use other fuel alternatives such as 

kerosene, oil and biomass especially in rural areas. A significant amount of biomass 

has been used in the last decades which cause for exacerbated the deforestation 

problem in Iraq. 

If there is a real strategy to utilize associated gas in the southern region, associated 

gas can change the figure of Iraq future especially because of the increasing amount 

of gas due to boom out of oil productivity. Iraq needs 70% more net power 

generations capacity to meet the aggressive demand in the foreseeable future. 

In the central scenario, Iraq needs to install 70 gigawatts of generation capacity, most 

of this generations and even the entire power plant generations have to change from 

oil-fired power mix to more reliance on efficient gas-fired generations, without of this 

transition, Iraq will forego about $ 520 million in oil export revenue and the domestic 

oil demand would be more than 1 MMbl/day higher in 2035 and if Iraq do not want 

to increase oil exports can relay his oil use for many year in the future (IEO, 2012). 

High revenue means strong economic growth and creates demand of energy, rising 

of the Iraqi people incomes lead to high consumption of electricity because of new 

house hold appliances and higher demands for fuel as results of increasing vehicle 

fleet and rapid growing for industry sector. To apply the coming rapidly high 

demand, Iraq has to create more opportunities to diverse his economic and energy 

sources. 

The first promising step to diverse Iraqi economic resources is to change to the 

traditional view of the APG as a by-product. Then, it would be possible to increase 

attention to make it as important as oil and instead of the Iraqi economy standing on 

just one support (oil industry) let Iraqi economy standing on two petroleum 

resources i.e. Oil and Gas. 

The new support will stronger Iraqi economy, industry, energy sector and 

nonetheless will support the global community efforts by adding new energy to the 
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international market and enhance the international efforts to reduce gas flaring and 

reduce the environmental degradation as well. 

Currently Iraq import dry gas from Iran to generate electricity because of shortage of 

dry gas production in Iraq. Iraq signed a contract to import 25 MCM/day of dry gas 

from Iran, all this amount of gas is destined to power generations. 

Due to decades of war and sanctions a significant shortage in electricity production 

which destroyed industry infrastructures of Iraq. Cutoff electric current happened 

many times during the day especially in the summer heat days, electricity shortage 

cost Iraq about $40 billion every year according to Hussain al-Shahristani the deputy 

prime minister in charge with energy-related issues (Economist, 2014).  

1.8. Value of APG as a natural source of energy 

 

Because of APG is rich of heavy hydrocarbons, contaminates and compound of many 

different and valuable liquids, these  contents should be captured and processed in 

fractionation units to get these valuable liquids to apply the industrial demand of 

them in many different sectors such as petro-chemical, fertilizer and many other 

industries. 

This process needs special technologies for treatment and utilizes it in the domestic 

and industries sectors and project to play a vital role in the coming years and provide 

about 25% of the total global energy consumption (World Bank, 2013). 

There are many different reasons push consumers to transfer to the gas use as: 

a) Law gas price comparing with oil prices 

b) Cleanest fossil fuel  

c) Increase of the global energy demand 

d) Increased diversification away from oil to secure energy supply 

Iraqi gas has many other advantages, additional for no cost involves for extraction 

and production since it is a by-product, all oil fields geographically situated in good 

region which make it very easy for the infrastructure construction which means 

reducing of the total cost, reducing gas price and that will attract international 

companies to invest in the Iraqi gas industry. 
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1.9. Research rationale/need 

 

This study is very important to highlight APG flaring issues and the environmental 

implication related to the gas flaring and to develop new ideas to deal with this huge 

amount of wasteful energy. 

Gas flaring also has a significant impact on climate change by adding the equivalent 

of about 400 million tons of CO2 in the annual emissions. Furthermore, it estimates 

that about 100 BCM of methane is vented or lost through fugitive emissions in the oil 

and gas sector each year. As methane has a more potent greenhouse gas than CO2, 

this adds the equivalent of over 1 billion tons of carbon dioxide annually. 

Associated gas flaring has not been consider as a high priority concern in Iraq and 

most of Iraqi people not aware about gas flaring because many of them looking for 

flaring from different way and the eternal flame consider as a type of Iraqi  heritage 

case not an economical or an environmental critical issue. 

Gas flaring is wasting of natural resources and has harm effects for the global 

environment, so it is very important to step up the efforts of reducing flaring and 

increasing gas utilization. It also deprives developing countries of an energy source 

that is cleaner and often cheaper than other types of available fossil fuel, and reduces 

potential tax revenue and trade opportunities. 

This study hopes to bring more attention and increase people’s awareness about the 

eternal flame from different points of view. 
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2. Purpose and Scope of study 
 

2.1. Flare definition 
 

Flaring is a high temperature oxidation process. This process is a very common 

process not only in the crude oil industry but also in refineries, coal mining and 

plastic manufacturing. 

2.2. Why flare? 

 

In order to identify the flaring reasons it is very important to have general review 

about Iraq oil industries. 

-why gas flaring? 

-what is the government role? 

-what are the types of barriers associated gas in Iraq has? 

-what the obstacles preventing associated gad utilize? 

And many other questions related to the study case. 

This study will map out the associated gas problem and how the government and 

producers will manage the APG and utilize it to achieve economical revenues to Iraqi 

people were about 20% of them living under the red line of poverty and to take a 

vital role against environmental degradation by preventing more than 20 million 

tons of equivalent CO2 emission released to the atmosphere for continuing flaring 

every year. 

Many reasons lead to flare associated gas; these reasons can classify to two types: 

• Hard reasons such as: 

1. Distance between gas markets and associated gas suppliers. 

2. Gas infrastructure constraints (lack of, or access to it), especially in the 

remote areas. 

3. Bad legislations and lack of economic options. 

4. Gas low price comparing with oil price. 

5. Small amount of gas not attracts the investors. 

• Soft reasons such as: 
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1. Flaring is for safety reasons to keep equipment safe and protects 

personals. 

2. Not enough awareness of government and public. 

3. Risks of gas re-injection in oil reservoir. 

4. Limited institutional, legal and regulatory framework for gas, 

including associated gas. 

5. Un-effective fiscal terms (gas price, equity share, tax structure, etc.). 

6. Underdeveloped domestic market for gas/products (LPG, CNG, 

methanol, power, etc.) (Svensson & Rios, 2012). 
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2.3. Purpose and Scope 
 

The purpose of this study is to make a comprehensive understanding of the APG in 

the southern region of Iraq where about 3.2 MMbbl of crude oil product every day 

and about 1 billion cubic feet of associated gas wastefully burn. 

As the international community is examining ways for reducing greenhouse gas 

emissions and moving toward low-carbon economies to mitigate the impact of 

climate change and to utilize the natural sources in best way, natural gas is 

increasingly becoming an attractive and important component of the energy mix in 

countries around the world. 

One of the attractiveness of natural gas is that has less polluting amongst the fossil 

fuels. Yet, in several oil and gas producing countries, vast amounts of natural gas are 

still being flared or wasted. 

Cost benefit analysis and net present value have been conducted to evaluate the 

economic value of flaring gas and the investment opportunities to utilize it which 

consider a hot spot in the oil and gas industry and also consider a hot spot in the 

global climate change because flaring of associated gas involves of releasing huge 

amounts of greenhouse gases such as carbon dioxide, methane and many other types 

of polluters. 

It is a big challenge for the global community to overtake this problem especially in 

the developing countries where the access to energy and new technologies are very 

limited. 

In this study environmental assessment and the impacts of gas flaring reduction have 

been studied to highlight to study case. 

Three scenarios for global warming potential for three related gases ( carbon dioxide, 

methane and nitrous oxide ) to evaluate the total carbon dioxide equivalent reduction 

in each scenario. Same scenarios have been used to evaluate the acidification 

potential of APG flaring. 
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3. Methods 
 

3.1. Methodological overview 

 

As basis to gathering information about this study, many methods have been used to 

make a comprehensive understanding about associated gas flaring. Since the APG 

compound of many different hydrocarbons and non-hydrocarbons consists, the Cost-

Benefit analysis, Net Present Value, Global warming potential and acidification 

potential reduction will focus for three main gas compounds that has been shown in 

the figure 3 above (dry gas, LPG and heaver hydrocarbons) which represent about 

99.8% of the gas volume and all the other impurities has been neglected in this study. 

In this study many methods will consist of intensive review of literature mostly 

scientific articles and books published in the last decade related to associate gas 

flaring concern. Collected data analysis will carry out and conducting some 

calculations to estimate the implications issues due to gas flaring. Internet search 

engines like Google and internet sites were used to gather more data and information 

about the study case. 

3.2. Study assumptions 
 

Note: all the calculations of this study depend on the crude oil production in the 

central scenario of ministry of oil (MOO) and Iraq Energy Outlook (IEO, 2013). The 

following assumptions have been used for the different scenarios according to many 

Iraqis oil experts (Ali, 2014: personal communication). 

• Horizon period for study are 23 years 

• The gas oil ratio (GOR) is 600 ft. /bbl. 

• Interest rate and discount rate equal to 10%. 

• Rehabilitate of old gas facilities cost about 11 billion ($ 2014). 

• New processing facilities cost about 24 billion ($ 2014). 

• Five processing plants with total cost of 10 ($ 2014) (2 billion for each 

one). 

• Pipelines to connect oil fields, processing facilities and power plants 6 

billion ($ 2014). 

• Six small processing plants with total cost of 3 billion ($ 2014) (0.5 

billion for each one). 
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• Pipelines between gas processing plant and power plants 4 billion. 

• Two fractionate plants, total cost 4 billion ($ 2014). 

• Liquefied station 5 billion ($ 2014). 

• Degas station 4 billion ($ 2014). 

• The estimated prices in this study are: 4.8 $(2014) _for Million British 

thermal units (MMtbu), 44 $(2014) _for LPG and 130 $(2014) _for Heavier 

Fractions (EIA, 2013). 

• Salary of labor in all scenarios are 1000 US $/month. 

• Power plant (fossil fuel) real operation time = 80% in year. 

• 1 M3 of dry gas produce 280 watt (Combined cycle gas turbine CCGT). 

 • Crude oil price 105 $/bbl. 

 

Table [1] Costs vs Benefits for investment in APG industry 

Cost Benefit 

Processing plant ,pipelines and related 

infrastructure 

Stop importing gas, electricity generation and LPG 

Interest rate Replacing oil and diesel by dry gas 

Maintenance Domestic use for LPG 

Pipeline and related infrastructures Industrial using for gas (petrochemical, fertilizer, etc…) 

labor cost  

 

Ratio of natural gas liquids have been made according the estimation of IEO which 

estimate that the associated gas of Iraq comprise of 70% of methane and 30% of 

natural gas liquids (15% Ethane and about 8% propane). 

3.3. Study Methods 

 

The following methods have been used in this study to evaluate the economic value 

of APG and the environmental implications of flaring associated gas in southern oil 

fields of Iraq: 

3.3.1. Cost-benefit analysis 

 

Cost benefit analysis (CBA) is a method for assessing the monetary costs and benefits 

of a capital investment project over a given time period. The principles of cost-benefit 

analysis (CBA) are very important because it gives a good speculation and can 
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consider as the best method to appraisal of a project. It is an economic method for 

project appraisal, widely used in business as well as government projects. In this 

way, CBA can be used to estimate the social welfare effects of an investment and 

translate it into the decision process. 

Time matters should take in account of the investment assessment and that known as 

interest rate. This is important when looking at economics and environmental 

impacts of a project in many years ahead (Riley, 2012). 

To execute a good Cost-Benefit analysis for this study case, all the relative cost and 

benefit have been taken in consideration and the associated gas has been fractionated 

to the three main derivatives which are the dry gas (C1), LPG (C2, C3, C4) and 

heavier hydrocarbons (condensate) (C5+) since they are the most usable products and 

there are infrastructures to product them but they need to be rehabilitated. 

Entire infrastructure rehabilitations can primarily consider as a good choice for the 

short term in the prospected development gas plan; more choices should be added in 

the new processing plan to fraction associated natural gas to produce ethane, 

propane, butane, pentane, and the other valuable gases and liquids. 

Environmental implications assessments such as (global warming potential and the 

acidification potential reduction) since the associated petroleum gas are a by-product 

has been handled in the study. 

The following formula have been used to calculate the Benefit-Cost Ratio 

𝑩𝑪𝑹 =
∑

𝑩𝒕
(𝟏+𝒓)𝒕

𝒏
𝒕=𝟎 

∑
𝑪𝒕

(𝟏+𝒓)𝒕
𝒏
𝒕=𝟎

  (Gerald & Marta, 2009) 

Benefit-Cost Ratio formula  

Where: r is the interest rate, t is the year and n analytic horizon (in years) 

Three scenarios have been studied  the first scenario depends on the shy progress 

that will be added by rehabilitate some of the old facilities; actually this happen in 

the current situation with no real action to reduce gas flaring. 

The second scenario depends on building new infrastructures and new facilities to 

capture, treat and use the finial productions, this scenario estimated and evaluated 

the gas value from general invest perspective, while the third scenario estimated the 

gas value and the gas role in the energy and industry sector in Iraq and what should 

this wasted gas play in the near future of Iraq post war. 

All these scenarios have 23 years as analytic horizon and three years have been 

added for rehabilitate and new facilities construction period in the study 

considerations. 
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Analytic horizon of 23 years have been chosen since there are many other scenarios 

in Iraq related power generation and industry so it is reasonable to flow this period 

and what role should gas taken in these scenarios. Other reason is the Iraq energy 

outlook has made many different scenarios with same period that will make this 

study results easy to compare with other scenarios. 

3.3.2. Net Present Value (NPV) 

 

NPV is the difference between the present value of the future cash flows from an 

investment and the amount of investment. Present value of the expected cash flows is 

computed by discounting them at the required rate of return (Business dictionary, 

2014). 

NPV has been executed for all scenarios for the same period. By using the following 

formula the present value and net present value have been calculated to find the 

present value of the invest cost and the benefit of it. 

Net Present Value will be calculated according to the following formula: 

 

𝑵𝑷𝑽 = ∑  𝒏
𝒕=𝟎

(𝑩𝒆𝒏𝒆𝒇𝒊𝒕−𝑪𝒐𝒔𝒕)𝒕

(𝟏+𝒓)𝒕       (Gerald & Marta, 2009) 

 

Net Present Value Formula 

Where: r is the discount rate, t is a year and n is the analytic horizon (in years) 

3.3.3. Global warming potential (GWP) 

 

GWP is an index that attempts to integrate the overall climate impacts of a specific 

action (e.g. the emissions of CH4, NOx, aerosols and other types of polluters). It 

relates the impact of emissions of a gas to that of emission of an equivalent mass of 

CO2. The duration of the perturbation is included by integrating radiative forcing 

(RF) over a time horizon (e.g., standard horizons for IPCC have been 20 and 100 

years). 

GWP has provided a convenient measure for policymakers to compare the relative 

climate impacts of two different emissions. However, the basic definition of GWP has 

flaws that make its use questionable, in particular, for aircraft emissions. For 

example, impacts such as contrails may not be directly related to emissions of a 

particular greenhouse gas. Also, indirect radiative forcing from O3 produced by NOx 

emissions is not linearly proportional to the amount of NOx emitted but depends also 
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on location and season. Essentially, the buildup and radiative impact of short-lived 

gases and aerosols will depend on the location and even the timing of their 

emissions. 

GWP and the carbon dioxide emission and the carbon dioxide equivalents emission 

for the released greenhouse gases for each scenario have been calculated. Since the 

associated gas is a combined of many different hydrocarbons and small amount of 

non-hydrocarbons consistent, the cost-benefit analysis, net present value and even 

the environmental assessment will forecast for those three main components which 

present about 99.8% of the gas volume. 

The price and the ratio of dry gas, LPG and natural gasoline have been estimated 

according to Shell and international energy agency (IEA) estimation of the Iraqi 

associated gas components ratio. 

Table [2] GWP for (20) years and emission factors for different gases 

Global warming potential 20 year  (IPCC, 2007) 

Carbon dioxide CO2 1 

Nitrous oxide N2O 289 

Methane CH4 72 

Emission factors (Environment Canada, 2013)  

CO2 N2O CH4 

g/m3 g/m3 g/m3 

1990 0.07 1.35 

 

Considering that the associated natural gas consists of 70% of dry gas and about 30% 

of (NGL). The estimation of emission factors has been calculated according to table 2 

above and according to the following equations: 

CH4=1.9*.7+0.026*0.3=1.35 g CH4/M3 

N2O=0.05*0.7+0.108*0.3=0.07 g N2O/M3 

 

3.3.4 Acidification potential 

 

Acid gases that are released into the air or resulting from the reaction of non-acid 

components of the emissions are taken up by atmospheric precipitations and falling 

as (acid rain) form. The acid rain will be absorbed by soil, plant and surface water 

causing to acidity of the soil and water, which affects the solubility and the 

availability of plant nutrients and trace elements plants can take in. This may lead to 

negative affects the plants growth. 
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The Acidification Potential is a measure of the disposition of a unit of the mass of a 

component to release H+ protons, expressed in terms of the H+ potential of the 

reference substance SO2. 

3.4. Study Scenarios 
 

This study considers three scenarios to be study. They are: 

3.4.1. Business As Usual scenario (BAU) 

 

In this scenario no new facilities will be added but it is depending on rehabilitate of 

the entire infrastructures in the South Gas Company were destroyed in the last war 

and the needing investment cost to rehabilitate it is about $ 11 billion US dollars. 

Facilities and all related infrastructures that needs to be rehabilitate can be 

summarized in the in the following paragraphs which explain it and most of these 

facilities currently are destroyed ,old, unsufficient or out of work. 

SGC founded in 1979, but the volume of burned gas reached large amounts reflects 

the significant waste of this wealth because of many reasons such as slow 

maintenance operations of gas facilities in Basra, SGC and it is complex 

manufacturing gas stations had exposed to major damage in the events of 2003 which 

led to the deterioration of the production capacity to below one-third of the 

production level that was in the past decade. The numbers of isolation gas stations in 

Basra are 29 stations, most of them were destroyed or out of work. 

The total design capacity of the SGC was about 30 MCM/day. The company has three 

core units to remove natural gas liquids, NGL first unit located at north gas plant in 

Rumaila, fluid pumping unit located at the Southern gas complex to process and 

separate gas components and pump it to Khor Zubair gas plant which contains two 

NGL strip units. These liquids send to fluid partition units to produce propane, 

butane and naphtha. 

The company has also refrigerated tanks to store propane and butane gases, as well 

as there are storages for Naphtha. Khawr Abd Allah port is also a part of the SGC's 

facilities to export of such products and it is located on the on the Arabian Gulf coast. 

SGC has a very complicated transmission and distribution network to marketing the 

produced natural gas, mixture system for propane and butane and pumping them to 

the network, while the LPG and naphtha will pump to refineries in Basra. 
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3.4.2. New Processing Facilities scenario (NPF) 

 

New processing plant and new related infrastructures have been considered in this 

scenario. The two first scenarios calculate the value of associated gas from 

investment perspective. 

Iraq is capable to produce more than 6,000 MCF of APG according to oil and gas 

experts, this amount of gas enough to cover domestic consumption and export, but 

currently production does not exceed 1,000 MCF, including approximately 700 MCF 

burned every day in the oil fields of Basra. To take advantage of the huge gas wealth, 

Iraqi government has to prioritize gas projects according on firmly works table as 

important as it is oil wealth. 

NPF scenario assuming rapid steps should be taken by Iraqi government at work on 

a number of projects to achieve zero level gas flaring, which leads to extract more dry 

gas and LPG where Iraq currently imports 1,200 tons per day of LPG. The needing 

investment cost to build totally new and efficient gas capturing, processing and 

manufacturing gas facilities it is about $ 24 billion US dollars. 

3.4.3. Gas to Grid scenario (GTG) 

 

In this scenario all the produced amount of dry gas will destined to power plants to 

produce electricity and this amount of dry gas will replace the crude oil and diesel 

that are currently used in the power plant to produce electricity. 

This scenario pay more attention about gas value to produce electricity and the 

perfect example for this scenario is Iraq and any country have the same situation of 

Iraq were the shortage of electricity consider the main obstacle facing the 

development of this country. 

This scenario depend also on building totally new and efficient gas capturing, 

processing and manufacturing facilities such as in the NPF scenario, but this scenario 

assuming that all the produced dry gas will be used to generate electric power. 

Pipelines and road networks are needed in this scenario to transport dry gas to the 

power generations, pipeline consider a vital and save method to transfer energy 

sources such as oil, natural gas and liquefied gas. 

Pipelines were used of human to transport water for a long time, but the use of this 

method has got his special fame only after commercially discovering of oil in the 

world and the increasing demand for alternative energy sources, and then it seemed 

the trend towards using natural gas as the main source of energy besides oil. 
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There are a set of tubes known as the assembly pipes transporting gas from the wells 

to the gas treatment units, and then sends the processed gas in the pipelines to the 

cities, power plant, industries complexes and etc... 

Constructing of pipelines network to transport natural gas in Iraq in the northern 

and southern regions to connect and operate processing plants where the interlocutor 

of the gas network in all parts of Iraq. The establishments of this network need a big 

capital to construct it and the first phase should be completed in parallel with gas 

processing to transport dry gas to Baghdad and to the power station in the southern 

region. 

This capital has included in the GTG scenario and the implement of this network will 

be in many phases to connect and provide dry gas to all the power plants, the 

pipelines supposed to be extended to transfer gas by these gas lines to cover whole 

Iraq’s area. To achieve this plans and to complete all stages, a gas pipeline with 

diameter of 42 inches in order to connecting the centers of gas gathering of North and 

South and transport networks is needed to make full implementation of GTG 

scenario with assuming total investment capital of $ 60 billion US dollars. 

3.5. Financial Analysis 

 

3.5.1. Cost-Benefit Analysis (CBA) 

 

CBA is a technical method use widely to decide about the economic advantages of 

investing in a project. It is very useful to make many different scenarios for same 

project to evaluate and compare different scenarios results. 

CBA consider as method that will help decisions makers to invest in a project or not 

according to the prospected benefits in this project. The timing and discounting are 

consider as the most sensitive factors in the CBA, interest rate is also a technic to 

convert all the costs and benefits in the present value which is mean that the value of 

one dollar today is higher than it is value tomorrow, the future value of capital can 

be estimate by adding some interest of today capital (interest rate). 

The CBA method begins from now evolutions to the future. So, if the interest rate is 

10% of   million dollars put in the bank today will be worth $1.1 after a year from 

today which means if the interest rate is10%, $1.1 to be received next year is worth 

only $1.00 today. The interest rate in the central bank of Iraq is 8.5% and many of the 

international companies have interest rate of 10%, this interest rate have considered 

in this study. 
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3.5.2. Net Present Value 

 

NPV has been executed for three scenarios for the same period to estimate the 

present value of the investments in those different scenarios. The present value and 

net present value have been used to find the present value of the invest cost and the 

benefit of it. 

3.6. Environmental Assessment 

 

3.6.1. Global Warming Potential 

 

The mechanism of the greenhouse effect can be observed on a small scale, as the 

name suggests, in a greenhouse. These effects are also occurring on a global scale. 

The occurring short-wave radiation from the sun comes into contact with the earth’s 

surface and is partly absorbed (leading to direct warming) and partly reflected as 

infrared radiation. The reflected part is absorbed by so-called greenhouse gases in the 

troposphere and is re-radiated in all directions, including back to earth. This results 

in a warming effect at the earth’s surface. 

In addition to the natural mechanism, the greenhouse effect is enhanced by human 

activities. GHGs that are considered to be caused and increased by the anthropogenic 

activities are carbon dioxide, methane, Chlorofluorocarbons (CFCs), etc. 

The GWP is calculated in term of carbon dioxide equivalents (CO2 eq.) which 

consider as a reference of GWP calculation. This means that the greenhouse potential 

of an emission is given in relation to CO2 Since the residence time of the gases in the 

atmosphere is incorporated into the calculation. The time range for the GWP 

assessment must also be specified. For example a period of 20 or 100 years can be 

chosen. 

Flaring and venting associated gas are problematic in environmental point of view 

because both of these processes involve of releasing (GHG) ,venting release a huge 

amount of methane (CH4) and flaring release (CO2) and if the combustion process not 

efficient (CH4) will be released as well. 

3.6.2. Acidification Potential 

  

Acid rain has a fundamental impact on the earth's eco-system. The acidification 

potential is given in sulfur dioxide equivalent (SO2 eq.) and uses it as reference for 

Acidification Potential calculation. The acidification potential is described as the 

ability of certain substances to build and release H+ - ions. 
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Gas flaring reduction will cure the release of acidity pollutants since gas flaring 

involves of releasing high amounts of CO2, SOX and NOX. 

Here some equations to explain the acidification phenomena for three main gases 

which release of associated gas burning ,they react with rain water or atmospheric 

vapor to produce many different acids which have serious effects for solubility and 

the availability of plant growth and many other different effects (Keulenaer, 2006). 

The following reactions illustrate how to be like this kind of rain: 

- Sulfur oxides react with water to form Sulfurous acid. 

- Nitrous oxides react with water to be Nitric acid. 

- Carbon dioxide reacts with water to form Carbonic acid. 

H2O+CO2=H2CO3           (consider as a weak acid. So, it was neglected in this study) 

H2O+SO2=H2SO3 

H2O+NO2=H2NO3 

Table [3] SO2 Equivalence Factors of Various Acid Producers (100) years 

Acid producer SO2 equivalence factor 

1 kg SO2 1.00 kg eq. SO2 

1 kg NO2 0.70 kg eq. SO2 

1 kg CO2 neglected 
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4. Results 
 

Iraqi government has an ambitious plan to increase crude oil production in the next 

20 years. Ministry of oil puts many different scenarios to apply this plan. 

In the central scenario (this study depend on the expectation of oil production 

according to the scenario scenario), the projection of oil production can sees in table 4 

below which shows oil production for period 2015 to 2037. 

Table [4] crude oil production for six oil fields 

 

Rumaila Qurna Zubair Majnon NahrOmr Halfaya Total MMbbl/day 

2015 1,2 1,3 0,4 0,175 0,07 0,15 3,3 

2016 1,3 1,4 0,4 0,18 0,1 0,17 3,6 

2017 1,4 1,6 0,4 0,19 0,12 0,19 3,9 

2018 1,6 1,7 0,5 0,2 0,13 0,2 4,3 

2019 1,7 1,9 0,5 0,22 0,14 0,22 4,7 

2020 1,8 2 0,5 0,25 0,15 0,225 4,9 

2021 1,8 2 0,5 0,25 0,16 0,25 5,0 

2022 1,8 2,1 0,5 0,25 0,17 0,25 5,1 

2023 1,85 2,1 0,5 0,27 0,18 0,25 5,2 

2024 1,85 2,3 0,5 0,28 0,19 0,25 5,4 

2025 1,85 2,5 0,5 0,3 0,2 0,25 5,6 

2026 1,85 2,6 0,5 0,32 0,2 0,25 5,7 

2027 1,85 2,6 0,5 0,35 0,2 0,25 5,8 

2028 1,85 2,6 0,5 0,38 0,2 0,25 5,8 

2029 1,9 2,6 0,6 0,39 0,2 0,25 5,9 

2030 1,9 2,6 0,6 0,4 0,2 0,25 6,0 

2031 1,9 2,6 0,6 0,44 0,22 0,28 6,0 

2032 1,9 2,7 0,6 0,47 0,25 0,3 6,2 

2033 1,9 2,7 0,6 0,47 0,27 0,34 6,3 

2034 1,9 2,7 0,6 0,48 0,29 0,38 6,4 

2035 1,9 2,7 0,6 0,5 0,3 0,4 6,4 

2036 1,9 2,9 0,6 0,5 0,35 0,4 6,7 

2037 2 2,9 0,6 0,5 0,4 0,4 6,8 

 

Alongside of increasing crude oil production in the southern region of Iraq during 

the last years there is a significant amount of associated gas production as a by-

product of crude oil extraction, most of this gas actually was flared due to lack of 

infrastructures, old treatment facilities and not efficient processing plant in this 

region as a results of decades of neglecting, war and sanction. 
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APG amount have been calculated according to gas-oil ratio (GOR) for Iraqis oil (600 

cubic feet/barrel). By using this ratio, the expected amount of APG will be according 

to table 5 below. 

Table [5] Associated gas production in different oil fields 

Year Qurna Rumaila Zubair Majnoon NahrOmr Halfaya Total (BCM) 

2015 7.5 8.1 2.5 1.1 0.4 0.9 20,6 

2016 8.1 8.8 2.5 1.1 0.6 1.1 22,2 

2017 8.8 10.0 2.5 1.2 0.8 1.2 24,4 

2018 10.0 10.6 3.1 1.3 0.8 1.3 27,1 

2019 10.6 11.9 3.1 1.4 0.9 1.4 29,3 

2020 11.3 12.5 3.1 1.6 0.9 1.4 30,8 

2021 11.3 12.5 3.1 1.6 1.0 1.6 31,0 

2022 11.3 13.1 3.1 1.6 1.1 1.6 31,7 

2023 11.6 13.1 3.1 1.7 1.1 1.6 32,2 

2024 11.6 14.4 3.1 1.8 1.2 1.6 33,6 

2025 11.6 15.6 3.1 1.9 1.3 1.6 35,0 

2026 11.6 16.3 3.1 2.0 1.3 1.6 35,8 

2027 11.6 16.3 3.1 2.2 1.3 1.6 36,0 

2028 11.6 16.3 3.1 2.4 1.3 1.6 36,2 

2029 11.9 16.3 3.8 2.4 1.3 1.6 37,2 

2030 11.9 16.3 3.8 2.5 1.3 1.6 37,2 

2031 11.9 16.3 3.8 2.8 1.4 1.8 37,8 

2032 11.9 16.9 3.8 2.9 1.6 1.9 38,9 

2033 11.9 16.9 3.8 2.9 1.7 2.1 39,3 

2034 11.9 16.9 3.8 3.0 1.8 2.4 39,7 

2035 11.9 16.9 3.8 3.1 1.9 2.5 40,0 

2036 11.9 18.1 3.8 3.1 2.2 2.5 41,6 

2037 12.5 18.1 3.8 3.1 2.5 2.5 42,5 

Total APG production    780 BCM 

  

Table 5 shows the projected gas production according to central scenario in six oil 

fields. The expected production is about 20.6 BCM in 2015 and this amount will 

increase dramatically in the coming 20 years reaching to 42.5 BCM in 2037 (table 6). 
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Table [6] Associated gas production in different oil fields 

Year Dialy oil prod. MMbbl Annual oil prod. MMbbl Annual APG prod. BCM 

2015 3,3 1205 20,6 

2016 3,6 1314 22,5 

2017 3,9 1424 24,4 

2018 4,3 1570 26,9 

2019 4,7 1716 29,4 

2020 4,9 1789 30,7 

2021 5 1825 31,3 

2022 5,1 1862 31,9 

2023 5,2 1898 32,5 

2024 5,4 1971 33,8 

2025 5,6 2044 35,0 

2026 5,7 2081 35,7 

2027 5,8 2117 36,3 

2028 5,8 2117 36,3 

2029 5,9 2154 36,9 

2030 6 2190 37,5 

2031 6,1 2227 38,2 

2032 6,2 2263 38,8 

2033 6,3 2300 39,4 

2034 6,4 2336 40,0 

2035 6,4 2336 40,0 

2036 6,7 2446 41,9 

2037 6,8 2482 42,5 

 

The total produced APG for period (2015-2037) is about 780 BCM according to figure 

9. Figure shows the expected production amount of APG in studied oil fields for 

period (2015-2037). 
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Figure [9] projected gas production in six super-giant fields for period (2015-2037) 

 

Three scenarios have been studied, analyzed and discussed in this study. The base 

lines for all scenarios were to find the best solution on the implementation 

requirements beginning in 2015. 

The assumption for three scenarios have been calculated according to figure 10 

below, BAU scenario represented in the lower curve which shown the amount of 

utilized gas if this scenario has been adopted and that means a significant amount of 

gas will be flare and this amount can be seen in same figure in the middle curve. 

Adopting of NPF or GTG scenarios will be according to the upper curve in this figure 

which assuming total capturing and processing for all amounts of producing gas and 

assuming the zero level flaring as well. 
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Figure [10] Gas projection utilize, flare and production (2015-2037) 

 

Table 7 below shows the total amount of associated gas production from the six 

super-giant fields and the amount of flare gas in billion cubic meters. This huge 

amount will be wasted and the three last columns explain derives productions that 

will gain if this flared gas is processed. Gas flare reduction is a good opportunity for 

producers and movements to create valuable energy from wasted resources. To 

achieve this opportunity they have to make right partnerships to minimize amount 

of wasted gas flaring which combined of many valuable derives. The amounts of 

these derives has been calculated and can see in the table 7.    

Table [7] Total associated gas production (2015-2037) =783 BCM 

Year Total produced gas BCM Flaring gas BCM Dry Gas BCM LPG (Ton) Heavier Fractions (Ton) 

2015 20.6 15.5 10.8 4491064.3 596228 

2016 22.5 16.9 11.8 4899342.9 650430 

2017 24.4 18.3 12.8 5307621.4 704633 

2018 26.9 20.2 14.1 5851992.9 776903 

2019 29.4 22.1 15.4 6396364.3 849173 

2020 30.7 23.0 16.1 6668550 885308 

2021 31.3 23.5 16.4 6804642.9 903375 

2022 31.9 23.9 16.8 6940735.7 921443 

2023 32.5 24.4 17.1 7076828.6 939510 

2024 33.8 25.3 17.7 7349014.3 975645 
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2025 35.0 26.3 18.4 7621200 1011780 

2026 35.7 26.7 18.7 7757292.9 1029848 

2027 36.3 27.2 19.1 7893385.7 1047915 

2028 36.3 27.2 19.1 7893385.7 1047915 

2029 36.9 27.7 19.4 8029478.6 1065983 

2030 37.5 28.2 19.7 8165571.4 1084050 

2031 38.2 28.6 20.0 8301664.3 1102118 

2032 38.8 29.1 20.4 8437757.1 1120185 

2033 39.4 29.6 20.7 8573850 1138253 

2034 40.0 30.0 21.0 8709942.9 1156320 

2035 40.0 30.0 21.0 8709942.9 1156320 

2036 41.9 31.4 22.0 9118221.4 1210523 

2037 42.5 31.9 22.3 9254314.3 1228590 

Total 783 587 411 170252164 22602443 

 

Total associated gas projected to flare (2015-2037) =587 BCM 

All the USA $ in this study depends on the value of $ in 2014. The estimation of 

energy production by gigawatt (GWh) by using dry gas has been calculated 

according to estimation of 1M3 of dry gas produce 280 watt and that has been 

explained in figure 11 below which shows the amount of the produced energy in 

GWh and the corresponding amount of dry gas (this estimation for combined cycle 

gas turbine) (Shell, 2010). 

 

 

Figure [11] the amount of gigawatts per year produced by using dry gas (combined 

cycle gas turbine) 
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Figure [12] Projected APG production according to Central Scenario 

(Iraq Energy Outlook, 2013) 
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Note: 1 M3 of dry gas produce 280 watt, does not mean that the energy content of 1 

M3 but how much amount of energy can be produced by using dry gas. In this study, 

the estimation of gas energy productivity depends on using gas in combined cycle 

gas turbine which means produce electricity and the exhausted heating will be used 

also to produce electricity by using it in steam turbine (table 8). 

Table [8] Total electricity production in GWh/Y by using dry gas (BCM) 

Year Dry Gas (BCM) Electricity GWh/Y Year Dry Gas (BCM) Electricity GWh/Y 

2015 14,5 11,1 2027 25,4 19,5 

2016 15,8 12,1 2028 25,4 19,5 

2017 17,1 13,1 2029 25,8 19,8 

2018 18,8 14,4 2030 26,3 20,2 

2019 20,6 15,8 2031 26,7 20,5 

2020 21,5 16,5 2032 27,2 20,9 

2021 21,9 16,8 2033 27,6 21,2 

2022 22,3 17,1 2034 28 21,5 

2023 22,8 17,5 2035 28 21,5 

2024 23,7 18,2 2036 29,3 22,5 

2025 24,5 18,8 2037 29,8 22,9 

2026 25 19,2 
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Table [9] Estimated price of produced gas for period (2015-2037) (Billion US$ 2014) 

Year Produced gas Dry gas BCM Dry gas Price LPG Price Heavier Fractions Price 

2015 20.6 14,5 2,5 1,9 0,7 

2016 22.5 15,8 2,7 2,1 0,8 

2017 24.4 17,1 2,9 2,2 0,9 

2018 26.9 18,8 3,2 2,5 0,9 

2019 29.4 20,6 3,5 2,7 1,0 

2020 30.7 21,5 3,6 2,8 1,1 

2021 31.3 21,9 3,7 2,9 1,1 

2022 31.9 22,3 3,8 2,9 1,1 

2023 32.5 22,8 3,9 3,0 1,1 

2024 33.8 23,7 4,0 3,1 1,2 

2025 35.0 24,5 4,2 3,2 1,2 

2026 35.7 25,0 4,2 3,3 1,2 

2027 36.3 25,4 4,3 3,3 1,3 

2028 36.3 25,4 4,3 3,3 1,3 

2029 36.9 25,8 4,4 3,4 1,3 

2030 37.5 26,3 4,5 3,4 1,3 

2031 38.2 26,7 4,5 3,5 1,3 

2032 38.8 27,2 4,6 3,5 1,4 

2033 39.4 27,6 4,7 3,6 1,4 

2034 40.0 28,0 4,8 3,7 1,4 

2035 40.0 28,0 4,8 3,7 1,4 

2036 41.9 29,3 5,0 3,8 1,5 

2037 42.5 29,8 5,1 3,9 1,5 

Total 

  

92,9 71,5 27,4 

 

Total cost of the flaring gas is equal to 92.9 plus 71.5 plus 27.4 and the total result will 

be about 192 billion UAS $(2014) according to table 9. The estimated prices of this 

study were mentioned in the study assumptions are: 4.8 $(2014) _for Million British 

thermal units (MMtbu), 44 $(2014) _for LPG and 130 $(2014) _for Heavier Fractions 

(EIA, 2013). 
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Table 10 below presents the primer investment cost for all scenarios and the number 

of labor that will be employed in these scenarios. Salary of labor in all scenarios are 

1000 US $/month. 

Table [10] Investment capital and labor number for the three different scenarios 

Year 

Invest cost 

(BAU)Million $ 

Labor 

BAU 

Invest cost 

(NPF)Million $ Labor NPF 

Invest cost 

(GTG)Million $ 

Labor 

GTG 

2015 6500 180 10000 210 20000 600 

2016 3500 200 7000 350 18000 1000 

2017 1000 220 5000 500 12000 1300 

2018 0 220 2000 600 7000 1800 

2019 0 220 0 600 3000 2300 

2020 0 220 0 600 0 2400 

2021 0 220 0 600 0 2400 

2022 0 220 0 600 0 2400 

2023 0 220 0 600 0 2400 

2024 0 220 0 600 0 2400 

2025 0 220 0 600 0 2400 

2026 0 220 0 600 0 2400 

2027 0 220 0 600 0 2400 

2028 0 220 0 600 0 2450 

2029 0 220 0 600 0 2450 

2030 0 220 0 600 0 2450 

2031 0 220 0 600 0 2450 

2032 0 220 0 600 0 2450 

2033 0 220 0 600 0 2450 

2034 0 220 0 600 0 2500 

2035 0 220 0 600 0 2500 

2036 0 220 0 600 0 2500 

2037 0 220 0 600 0 2500 
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4.1. Financial Scenarios 

 

The figures below explain the results of implementing different scenarios. 

4.1.1. Business as Usual, BAU 

 

 

Figure [13] Cost-Benefit Analysis (BAU) 

 

 

Figure [14] Net Present Value (BAU) 
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4.1.2. New Processing Facilities (NPF) 

 

 

 

Figure [15] Cost-Benefit Analysis (NPF) 

 

 

Figure [16] Net Present Value (NPF) 
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4.1.3. Gas to Grid (GTG) 

 

 

Figure [17] Cost-Benefit Analysis (GTG) 

 

 

 

Figure [18] Net Present Value (GTG) 
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All the financial scenarios figures above give good explanations for the investment 

trends for different scenarios which can be summarized in the figure 19 below, figure  

shows the expected NPV for these scenarios and that is also have been explained in 

table 9. Table shows the different values of NPVs and BCRs for different investment 

possibilities. 

 

 

 

 

Figure [19] net present value for three scenarios 

Decision criteria NPV > 1 the investment justified 

Decision criteria NPV < 1 the investment not justified 

Table [11] NPV & BCR for different Scenario 

Scenario Total Investment US Billion  $ (2014) NPV BCR 
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4.2. Global Warming Potential (GWP) 

 

Table [12] projected amount of production, utilizing and flaring gas for period (2015-

2037) according to (MOO) central scenario. 

Year Gas production BCM Flared gas BCM Utilize gas BCM 

2015 20.6 15.5 5.2 

2016 22.5 16.9 5.6 

2017 24.4 18.3 6.1 

2018 26.9 20.2 6.7 

2019 29.4 22.1 7.4 

2020 30.7 23.0 7.7 

2021 31.3 23.5 7.8 

2022 31.9 23.9 8.0 

2023 32.5 24.4 8.1 

2024 33.8 25.3 8.4 

2025 35.0 26.3 8.8 

2026 35.7 26.7 8.9 

2027 36.3 27.2 9.1 

2028 36.3 27.2 9.1 

2029 36.9 27.7 9.2 

2030 37.5 28.2 9.4 

2031 38.2 28.6 9.5 

2032 38.8 29.1 9.7 

2033 39.4 29.6 9.9 

2034 40.0 30.0 10.0 

2035 40.0 30.0 10.0 

2036 41.9 31.4 10.5 

2037 42.5 31.9 10.6 
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4.2.1. GWP of BAU scenario 

 

In the first scenario the total reduction of CO2 emission is a results of the utilize 

amount of associated gas which can see in table 12 above in the last column (Utilized 

gas in BCM). The total CO2 eq. reduction for adaptation of BAU scenario will be 

according to table 13 and this result is the lowest comparing to the other scenarios. 

Table [13] GWP and CO2 eq. reduction (BAU scenario) 

Year  CO2 Ton N2O Ton CH4 Ton Total reduction CO2 eq. Million Ton 

2015  10272664.3 361.4 6969 11 

2016  11206542.9 394.2 7602 12 

2017  12140421.4 427.1 8236 13 

2018  13385592.9 470.9 9081 14 

2019  14630764.3 514.7 9925 15 

2020  15253350 536.6 10348 16 

2021  15564642.9 547.5 10559 16 

2022  15875935.7 558.5 10770 17 

2023  16187228.6 569.4 10981 17 

2024  16809814.3 591.3 11404 18 

2025  17432400 613.2 11826 18 

2026  17743692.9 624.2 12037 19 

2027  18054985.7 635.1 12248 19 

2028  18054985.7 635.1 12248 19 

2029  18366278.6 646.1 12460 19 

2030  18677571.4 657.0 12671 20 

2031  18988864.3 668.0 12882 20 

2032  19300157.1 678.9 13093 20 

2033  19611450 689.9 13304 21 

2034  19922742.9 700.8 13515 21 

2035  19922742.9 700.8 13515 21 

2036  20856621.4 733.7 14149 22 

2037  21167914.3 744.6 14360 22 

  

   

412 

The total amount of reduction emission is 412 million tons CO2 equivalent 
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4.2.2. GWP of NPF scenario 

 

In NPF scenario,  the total reduction of CO2 emission is a results of the utilize amount 

of associated gas which can see in table 12 in the second column (Gas production in 

BCM) which means utilize the total associated gas that have been produced and 

assuming the zero level of flaring. The total CO2 eq. reduction for adaptation of NPF 

scenario will be according to table 14. 

Table [14] GWP and CO2 eq. reduction (NPF) 

Year  CO2 Ton N2O Ton CH4 Ton Total Reduction CO2 eq. Million Ton 

2015  39232286 1445 27876 42 

2016  42798857 1577 30410 45 

2017  46365429 1708 32944 49 

2018  51120857 1883 36323 54 

2019  55876286 2059 39702 59 

2020  58254000 2146 41391 62 

2021  59442857 2190 42236 63 

2022  60631714 2234 43080 64 

2023  61820571 2278 43925 66 

2024  64198286 2365 45615 68 

2025  66576000 2453 47304 71 

2026  67764857 2497 48149 72 

2027  68953714 2540 48993 73 

2028  68953714 2540 48993 73 

2029  70142571 2584 49838 74 

2030  71331429 2628 50683 76 

2031  72520286 2672 51528 77 

2032  73709143 2716 52372 78 

2033  74898000 2759 53217 80 

2034  76086857 2803 54062 81 

2035  76086857 2803 54062 81 

2036  79653429 2935 56596 85 

2037  80842286 2978 57441 86 

  

   

1579 

The total amount of reduction emission is 1579 million tons CO2 equivalent 

 

4.2.3. GWP of GTG scenario 

 

In the GTG  scenario, the total reduction of CO2 emission is a results of the utilize 

amount of associated gas which can see in table 12 in the second column (Utilize gas 

BCM) which means utilize the total APG that have been produced and assuming the 
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zero level flaring. Additional reductions will be achieved by replacing crude oil and 

diesel by using dry gas to produce electricity and by make all Iraqi families relay on 

LPG instead of kerosene, oil and biomass. 

Table [15] GWP and CO2 eq. reduction (GTG scenario) 

Year  CO2 Ton N2O Ton CH4 Ton Total Reduction CO2 eq. Million Ton 

2015  39232286 1445 27876 42 

2016  42798857 1577 30410 45 

2017  46365429 1708 32944 49 

2018  51120857 1883 36323 54 

2019  55876286 2059 39702 59 

2020  58254000 2146 41391 62 

2021  59442857 2190 42236 63 

2022  60631714 2234 43080 64 

2023  61820571 2278 43925 66 

2024  64198286 2365 45615 68 

2025  66576000 2453 47304 71 

2026  67764857 2497 48149 72 

2027  68953714 2540 48993 73 

2028  68953714 2540 48993 73 

2029  70142571 2584 49838 74 

2030  71331429 2628 50683 76 

2031  72520286 2672 51528 77 

2032  73709143 2716 52372 78 

2033  74898000 2759 53217 80 

2034  76086857 2803 54062 81 

2035  76086857 2803 54062 81 

2036  79653429 2935 56596 85 

2037  80842286 2978 57441 86 

 

To find the total CO2 emission reduction as a result of replacing diesel and crude oil 

by using  natural gas as a feedstock that have been showed in the table 12 above, the 

following  calculations have been used to find the total energy by GWh/year which 

can produce by using the natural gas : 

1 year = 8760 hours1 MW =8760 MWh = 8.76 GWh 

Power plant (fossil fuel) =80% in year (real operation time) 

1 MW = 8760*0.8=7008 MWh/ year =7 GWh/year 
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So, the total expected CO2 emission reduction by changing from oil and diesel to 

natural gas fired turbine will be according to the forth column in the table 16 shown 

below. More reductions will gain for every family that will depend on natural gas 

will reduce the total CO2 emission by 1.5 ton-family for a year – the third column in 

the table 16 below: 

Table [16] GWP and CO2 eq. reduction (GTG scenario) 

Year  CO2 eq. CO2 eq. CO2 eq. Total CO2 eq. reduction M Ton 

2015  42 8 18 68 

2016  45 8 20 73 

2017  49 8 22 79 

2018  54 8 24 86 

2019  59 8 26 93 

2020  62 9 27 98 

2021  63 9 28 99 

2022  64 9 28 101 

2023  66 9 29 104 

2024  68 9 30 107 

2025  71 10 31 112 

2026  72 10 32 113 

2027  73 10 32 115 

2028  73 10 32 115 

2029  74 10 33 117 

2030  76 11 33 120 

2031  77 11 34 122 

2032  78 11 34 123 

2033  80 11 35 126 

2034  81 11 35 128 

2035  81 12 35 128 

2036  85 12 37 134 

2037  86 12 38 136 

                                                                    2497 

Total amount of reduction emission is 2497 million tons CO2 equivalent 

 

These two values have been added in the third scenario with estimate that there are 

about 5 million families in Iraq and that number will increase to 8000 by 2037 (central 

statistical organization of Iraq, 2013). 

More reduction was achieved in the last scenario due of the fact that there is a big 

different of emission reduction can be achieved according to different feed stocks 

that may using to produce electricity in the power plant for example, using diesel or 

crude oil will release about 735 ton of CO2 emission to produce one gigawatt-hour 

and 500 ton of CO2 emission will be released if the fuel is a dry gas as showed in the 
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figure 20 below which explain different amount of CO2 eq. emission intensity for 

different electricity generation methods (World Nuclear Association, 2011). 

 

Figure [20] Different GHGs emission intensity for different electricity generation 

methods 

As a results of that this study found that the best solution is to speed up the 

construction of the gathering plants, pressure stations, transition pipeline and 

rehabilitate the entire infrastructures even it is old and not efficient but it will be 

good in the short term considerations and will help in the coming stages by 

providing experiences for the growing gas industry (BAU scenario). 

Construction of new facilities and new and modern processing plant should began in 

parallel with rehabilitation scenario that will make more revenue and will decrease 

the GHGs emissions  with total reduction of 1759 million tons of CO2 equivalent 

comparing with first scenario which have total reduction of 551 CO2 equivalent. 

More reduction of GHGs emission will be result if the (GTG scenario) have been 

implemented with about 2497 CO2 eq. of total reduction in horizon period of 23 

years. Both of the last two scenarios (NPF & GTG) have a perfect benefit that will 

gain by investing in the associated gas industry but the last scenario get more 

involved for using the producing  dry gas in power generating to apply the 

increasing demand of electricity. 
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More investment needs in gas to grid scenario but also more benefit will be gained 

due to replace the expensive crude oil and gasoline by cleanest and cheapest fuel 

(dry natural gas). 

From figure 21 below, it is very easy to compare the total CO2 emission reduction 

that can be achieved by adopting different scenarios (very low results for first 

scenario while very high and promising results will be achieved by adopting GTG 

scenario). 

 

Figure [21] Total CO2   eq. reduction in different scenarios (million ton) 
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4.3. Acidification Potential Reduction 

 

The main causes that lead to formation of acid rain is mentioned before is by the 

dissolved gases in rain water which forms different types of acids, and these types of 

gases are: 

• Sulfur oxides SOx. (Both of SOx and NOx have the biggest role in the formation of 

acid rain) 

• Nitrogen oxides NOx. 

• Carbon dioxide CO2. (Have been neglected in this study) 

4.3.1. Acidification Potential Reduction (BAU) 

 

Table [17] Acidification Potential Reduction (BAU) 

 

Year Utilize gas BCM weight of utilize gas Ton  NOx Ton SOx Ton SOx eq.Ton 

2015 5 4387821 6143 57 4357 

2016 6 4786714 6701 62 4753 

2017 6 5185607 7260 67 5149 

2018 7 5717464 8004 74 5677 

2019 7 6249321 8749 81 6206 

2020 8 6515250 9121 85 6470 

2021 8 6648214 9308 86 6602 

2022 8 6781179 9494 88 6734 

2023 8 6914143 9680 90 6866 

2024 8 7180071 10052 93 7130 

2025 9 7446000 10424 97 7394 

2026 9 7578964 10611 99 7526 

2027 9 7711929 10797 100 7658 

2028 9 7711929 10797 100 7658 

2029 9 7844893 10983 102 7790 

2030 9 7977857 11169 104 7922 

2031 10 8110821 11355 105 8054 

2032 10 8243786 11541 107 8186 

2033 10 8376750 11727 109 8318 

2034 10 8509714 11914 111 8450 

2035 10 8509714 11914 111 8450 

2036 10 8908607 12472 116 8846 

2037 11 9041571 12658 118 8978 

  

 

232874 2162 165174 
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4.3.2. Acidification Potential Reduction (NPF) 

 

Table [18] Acidification Potential Reduction (NPF) 

Year Utilize gas BCM weight produced gas Ton NOx Ton SOx Ton SOx eq. Ton 

2015 21 17551286 24572 228 17428 

2016 23 19146857 26806 249 19013 

2017 24 20742429 29039 270 20597 

2018 27 22869857 32018 297 22710 

2019 29 24997286 34996 325 24822 

2020 31 26061000 36485 339 25879 

2021 31 26592857 37230 346 26407 

2022 32 27124714 37975 353 26935 

2023 33 27656571 38719 360 27463 

2024 34 28720286 40208 373 28519 

2025 35 29784000 41698 387 29576 

2026 36 30315857 42442 394 30104 

2027 36 30847714 43187 401 30632 

2028 36 30847714 43187 401 30632 

2029 37 31379571 43931 408 31160 

2030 38 31911429 44676 415 31688 

2031 38 32443286 45421 422 32216 

2032 39 32975143 46165 429 32744 

2033 39 33507000 46910 436 33272 

2034 40 34038857 47654 443 33801 

2035 40 34038857 47654 443 33801 

2036 42 35634429 49888 463 35385 

2037 43 36166286 50633 470 35913 

  

 

931495 8650 660696 

 

4.3.3. Acidification Potential Reduction (GTG) 

 

This scenario consider as the optimal scenario for the acidification improvement 

reduction comparing with other scenarios. The total decreased is 668473 tons of SO2-

eq. Furthermore, the reduction improvement was approximately 10.5% for the 

reference level year. Additional reduction (column 4, figure 17) coming by replacing 

the entire feedstock that be using in the power plant (oil and diesel) by using dry gas. 
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The drag force of the acidification came mostly from the use of the natural gas 

instead of oil and diesel fired steam turbine as shown in the table 19 below.  

Table [19] Acidification Potential Reduction (GTG) 

Year Electricity (GW) Electricity GWh/Year  Ton SOx-eq. Ton SOx-eq. Ton SOx-eq. 

2015 11,12 77952,0 206 17428 17634 

2016 12,12 84940,8 224 19013 19237 

2017 13,12 91929,6 243 20597 20840 

2018 14,42 101068,8 267 22710 22977 

2019 15,80 110745,6 292 24822 25115 

2020 16,49 115584,0 305 25879 26184 

2021 16,80 117734,4 311 26407 26718 

2022 17,11 119884,8 316 26935 27251 

2023 17,49 122572,8 324 27463 27787 

2024 18,18 127411,2 336 28519 28856 

2025 18,79 131712,0 348 29576 29923 

2026 19,18 134400,0 355 30104 30458 

2027 19,48 136550,4 360 30632 30992 

2028 19,48 136550,4 360 30632 30992 

2029 19,79 138700,8 366 31160 31526 

2030 20,18 141388,8 373 31688 32061 

2031 20,48 143539,2 379 32216 32595 

2032 20,87 146227,2 386 32744 33130 

2033 21,17 148377,6 392 33272 33664 

2034 21,48 150528,0 397 33801 34198 

2035 21,48 150528,0 397 33801 34198 

2036 22,48 157516,8 416 35385 35801 

2037 22,86 160204,8 423 35913 36336 

   7778 660696 668473 
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5. Discussions 
 

This study was performed to capture the economic value and to assess the 

environmental implication for APG flaring in the south region of Iraq were about 3 

MMbbl of crude oil produced every day by comparing different scenarios to utilize 

APG in the right way to achieve good economic revenue and reduce the CO2 

emission with a promising reduction potential of acidification impact. 

Three scenarios have been studied, first scenario was about rehabilitate the entire gas 

infrastructures which are old and some of them are destroyed. The investment in this 

scenario (cost-benefit analysis and net present value) showed that the investment in 

this scenario was not justified. In reality, this result was expected especially when the 

crude oil production increased and the entire infrastructure unable to cover and 

process the huge amount of APG and can capture just about 25 % of total produced 

gas while the rest of it (about 75%) will be flaring. The environmental implications 

results also not support the investment in as usual scenario because the avoided 

emissions of CO2 and acidification potential reduction were not promising. 

New processing facilities which are the second scenario get more involved as a result 

of capturing all the associated gas which leads to providing a high economic revenue 

and higher reduction of CO2 equivalent emission (about 1579 million tons) during the 

assumption analytic horizon (23 years). A significant reduction of acidification 

potential will be a result of capturing all the associated gas which means preventing 

all the emissions that will cause acidity. 

Third scenario (GTG) gives the highest revenue with net benefit of 700 billion dollars 

in 2037. Highest CO2 reduction will be achieved according to the results of applying 

this scenario with additional reduction of CO2 emissions due to changing from using 

oil and diesel as feedstock in power generations and replacing them by using dry 

natural gas. Another reduction can be achieved by using LPG by Iraqi families 

instead of oil, diesel and biomass for domestic use. 

Iraq has to take rapid steps toward changing all the existing fuel fire generators to 

cover the shortage of electricity supply and guaranteed the domestic and the 

industrial sectors of stable providing of electricity. 

Full coordination requires between ministry of oil and the ministry of electricity to 

secure the power feedstock that will be needed to make seriously implementing of 

master plan to produce electricity and utilize the associated natural gas. If Iraq 

succeed to achieve this plan, self-efficient in electricity and gas supply will be 

achieved in very short time and more revenue will be earn from: 

1. Iraq will save about 3 to 4 billion $ for importing gas and electricity. 
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2. More reliance of gas in power generations will save about 600 $ billion in the 

coming twenty years of the crude oil that burn today to produce electricity. 

3. There are about more than 1.3 million privet generation just in Baghdad (and about 

6 million generation all over in Iraq) will be removed forever saving a huge amount 

of fuel and trillion meters of cable and will protect the environment from many types 

of polluters. 

4. Using associated gas to produce LNG and many other valuable gas liquids. 

5.1. Investment possibilities 

 

One of the difficult dilemmas for Iraq energy sector nowadays is how to make a 

master partnership plan between the ministry of oil (MOO) and the ministry of 

electricity (MOE) to support each other instead of blames each other. 

Figure 22 below showing a comparison of different NPV values for different 

scenarios and can easily be noticed that the GTG scenario has the most promising 

result while the investment in the first scenario cannot be justified according to these 

results. 

 

 

 

Figure [22] comparing figure of net present values for three scenarios 
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There are many different possibilities to use, capture and process the associated 

petroleum gas and use it as a vital source of energy and avoid the danger and toxic 

emissions which be released in gas flaring process. 

These possibilities can be summarizing in the following points:  

5.1.1. Re-injection to recovery oil production 

 

It is a good alternative to enhance oil recovery effort but it is depends on the region 

and the types of oil well layers and even for the providing technologies since the re-

injection has a high risk and need for complicated technologies. 

Re-injection consider as clean development mechanism (CDM) because re-injection 

will prevent gas flaring and all the related environmental implications of gas flaring 

will be avoided and also gas re-injection will enhance oil well productivity by 

increasing the oil well pressure. So, re-injection can be a good opportunity and good 

solution instead of APG flaring. 

5.1.2. Liquefied natural gas (LNG) 

 

LNG consider as  advance technology to reduce gas volume and this process can be 

very useful for the transportation of natural gas, since LNG takes up about one six 

hundredth the volume of  the normal gaseous natural gas.  To liquefied natural gas it 

should be cooling to about -260°F at normal pressure results in the condensation of 

the gas into liquid form. LNG is a reasonable solution for natural gas because it 

makes it easy to transport for long distance and avoiding the construction of 

pipelines. 

Iraq has to make good plans to use the associated natural gas and has to increase the 

natural gas output in order to reduce dependence on oil consumptions good gas 

pipelines integration should improve flare reduction options. Development of the 

new liquefied natural gas export facility and expanding pipeline networks out of the 

south region are part of the long-term plan of gas utilization. . Export monetization 

plan using associated gas must be ready to full operation by 2020 because a surplus 

of gas will be available to be exporting at this year. 

5.1.3. Gas-to-liquids (GTL) 

 

GTL is a chemical process to converts natural gas to liquid fuels such as diesel, 

gasoline, jet fuel, waxes, etc... 

This technique has gained recently more interest because of the growing spread 

between the value and needs of petroleum products and the cost of natural gas. 
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The first step process is to convert natural gas, which is mostly methane (about 85%), 

to a mixture of hydrogen, carbon dioxide, and carbon monoxide. This mixture is 

called syngas. Sulfur, water, and carbon dioxide should be cleaned and removed 

from syngas in order to prevent catalyst contamination. 

A chemical reaction combines carbon monoxide with hydrogen to form different 

types of liquid hydrocarbons. The produced hydrocarbons liquids should be further 

processed by using different refining technologies to produce different types of 

liquid fuels. 

5.2. Environmental implications 

 

5.2.1. Greenhouse gases (GHGs) emissions 

 

Beyond the impact of gas flaring on the atmosphere, local environmental impacts of 

flaring can be substantial at large-scale flare sites. Flaring natural gas creates 

particulate emissions (soot), fugitive methane emissions, nitrogen oxides, sulfur 

dioxide, and a number of other harmful emissions. 

Assessments show larger concentrations of nitrogen oxide (NOx) are found within 

one to three km of flaring sites. Sulfur Dioxide (SO2), Carbon Monoxide (CO) and 

various unburned hydrocarbon emissions can be present within five to 15 km from 

flare sites. Sulfur and nitrogen emissions are known to create acid rain problems that 

can poison watersheds and vegetation, and corrode buildings. 

5.2.2. Land use and black carbon particulars 

 

Flaring natural gas creates particulate emissions (soot), In addition to atmospheric 

pollution; gas flaring creates thermal and noise pollution near the flare. Heat from 

flares can damage soil and vegetation within 10 to 150 meters around the flare site, 

while light pollution from actual flares is also creating places “where the sun never 

sets.” 

5.2.3. Acid rain 

 

It is one of the environmental problems. Acid rain composed of many chemicals in 

water such as rotting vegetables and erupting volcanoes, but mainly acid rain falls 

because of anthropogenic activities such as burning of fossil fuels. 

Burning of natural gas released Carbone dioxide (CO2), sulfur dioxide (SO2) and 

nitrogen oxide (NOX) to atmosphere. The decomposing of these gases with rain water 

will form sulfuric and nitric acids and that’s called (acid rain). 
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When acid rain falls over earth surface will affect the animals and vegetation. These 

effects depend on many reasons such as the degree of acidity, soil chemistry, and 

type of fishes, type of trees and many other things. More effects will be in aquatic 

environmental so; the acid rain may have effect the holistic eco-system. 

Gas flaring reduction will cure the release of acidity pollutants since gas flaring 

involves of releasing a high amount of CO2, SOX and NOX. Here some equations to 

explain the acidification phenomena and the chemical reactions: 

H2O+CO2=H2CO3           

H2O+SO2=H2SO3 

H2O+NO2=H2NO3 

The reduction potential of acidification impact can be further improved when gas 

flaring reaches the zero level and that will constrained toxic emissions. More 

optimistic result can be getting when the processed gas use in power generation 

energy mix, the optimal result with double advantages can be achieved by using LPG 

in domestic purposes and that will reduce emissions and that can mitigate the 

deforestation problem by making Iraqi families more reliance on LPG that using 

biomass. Consequently, this study focused on concerns regarding the mitigation of 

acidification issue by using dry gas as a feedstock in the large power. 

5.3. Additional losses of gas flaring 

 
According to experts in the oil and gas industries, Iraq is capable to produce more 

than 6 BCSF/Day of associated gas which means self-efficient of the domestic 

consumption and will be a surplus of natural gas can be exported. Realty is very 

different and the production is about 1.3 BCSF/Day and about 1 BCSF/Day of it was 

burned every day in the south oil fields. 

If this enormous amount of the flaring gas was utilized, a huge amount of dry gas 

will be available to generate electricity and in addition, more liquefied petroleum gas 

(LPG) will be extracted as well. Currently, Iraq imports 1200 Ton/Day of LPG from 

Iran and in same time Iraq flare more than 4000 Ton/Day which make Iraq the most 

complicated energy dilemma in the world. 

Even the flaring option can be done with sufficient way if it was the last option due 

to lack of sufficient infrastructures or for the remote oil field where the cost of 

building of gathering and processing facilities will be not justified in economic 

aspect. 

Another problem facing Iraq as a result of gas flaring, this problem is about the 

environmental implications. Gas flaring process involves of accumulating about 20 
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million tons of CO2 emission released every year to atmosphere anticipated for the 

global climate degradation since the carbon dioxide consider as one of the 

greenhouse gases GHG which is involves of the global warming and other climate 

phenomena. 

The amount of CO2 releasing by gas flaring process is equivalent to the emissions of 

about 3.3 million private cars (the estimation of private car number in Iraq are about 

3.0 million) and this problem will exacerbated as a result of increasing of crude oil 

production in the foreseeable future and the related associated petroleum gas 

production as a by-product in the coming few years. 

5.3.1. Private generations 

 

Private generations are one of the related problems to electricity shortage. Because of 

that many Iraqi families run their own generators which provide about 8% of the 

total Iraqi supply. There are about 1.3 million generators in Baghdad only and there 

are about 90% of Iraqi families have access to private generation (IEO, 2013). 

5.3.2. Deforestation and biomass use 

 

The expectations of last scenario actually more than the expected revenue that will 

achieved, but also means more stable and diverse of energy supply, more reduction 

of gas flaring and significant reduction of all emissions released by wasteful venting 

and flaring. More suitable to resolve of the deforestation problem and will participate 

of biodiversity in Iraq by using LPG instead of reliance of traditional biomass fuel 

which consider as logical early step in the pattern of development by replacing 

biomass with LPG and then replacing LPG by natural gas. 

In the first year, utilize gas should replace diesel and oil that use currently as 

feedstock in the power plants and as a result of increasing the processed gas will use 

instead of the imported gas in the next few years. 

The encroachment of the desert and decrease of agricultural land needs sufficient 

programs to combat desertification and increase of the area of arable land which 

involve directly in agricultural production, especially in the region of Central and 

Southern Iraq. 

The unplanned and not sustainable cutting for Iraqi forest because of needing to 

biomass as available and cheap fuel and spread of salinity as a result of lack of 

drainage network which leads to high groundwater that make soil suffer from the 

return of salinization as a result of poor maintenance. So, providing of LPG may 

consider as a perfect mitigation step to keep Iraqi forest away from uncontrolled 

forest cultivation. 
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Other factors of desertification were the declining of forests cover from about 1.8% of 

the Iraq total area. This has resulted in the deterioration of forest cutting and military 

operations. The number of palm trees fell also from 30 million to about 9.5 million 

because of the wars, particularly Iraq - Iran war, lack of water, salinity, agricultural 

diseases, cutting and neglecting. So that is degradation of forests and other 

vegetation is an important factor in the deterioration of the environment and its 

orientation towards the drought. 

It can be said that most of the dust storms originating from the land of Iraq and of the 

territory is a results of disappearing of green cover and forest cultivations which 

were the main source of preventing dust storms especially, in the dry summer 

seasons. 

During these years a significant amount of LPG will be available as a result of 

associated gas processing, LPG will cover the domestic demand and that will 

increase Iraqi revenue since the produced LPG will replace the imported LPG and a 

surplus of LPG will be available to be exported to the international market by 2020. 

More reliance of natural gas means less biomass consumption and the deforestation 

will mitigate especially in the rural areas. 

Lower gas price means that gas competes more effectively with other types of energy 

sources especially, with the crude oil. Because of that the exporting of the processed 

gas will not be economically efficient if the electricity demand did not cover. 

Achieving self efficiently of power production will stop buying electricity and gas 

from the neighboring countries and that will save Iraqi capital and will provide 

prosperity for Iraqi people as well. 

5.4. Political issues 

 

Oil and gas infrastructures has to modernize with all the related infrastructures such 

as pipelines, processing plants and all other facilities to satisfy the increasing demand 

of gas, LPG and the other valuable heaver hydrocarbons in the power generation, 

domestic demand and in the industry sector such as fertilizer production and 

petrochemical industry. 

Since the entire oil and gas industries infrastructure are very old, destroyed and even 

out of service as result of long years of neglecting because of decades of war and 

sanction. Since 1979 and up to nowadays, Iraq faced and still facing many political 

difficulties and terrorist attack every day. 

Sothern region is relatively has a better security situation and this should push Iraq 

government, ministry of oil, ministry of electricity and the southern provinces local 

governments to focus more on the oil and gas industries and take a rapid steps to 
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utilize the associated natural gas which will bring high revenues, provide secure 

power generation and reduce huge amount of CO2 emission reduction as well. 

Issued central government before the last election, a decision to allocate five dollars 

for every barrel of oil producer and another on the barrel of refined and a dollar for 

every 150 cubic meters of gas each province oil producer. This called the (petro-

dollar) project, the purpose of it are to develop those provinces and improve the 

environment affected  that result of the production and refining of oil, and in the 

passage time on the issuance to pass the decision not succeed yet because of many 

issues and instructions mainly about how to calculated and disbursed and the 

creation of a special fund for this purpose in a State-owned banks, which forces the 

rumors that spread at the time that this decision has been issued only for the 

purposes of election propaganda. 

Activation of resolution: the legislative and executive branches of Iraqi Government, 

local Basra and the local council of the province of Basra activation of this resolution 

and to accelerate the fulfillment maintaining fiscal revenues for the purpose of 

financing projects, construction and improvement of the environment and the health 

situation in the province. 

The local authorities has to urge the pace in the preparation of plans for the proposed 

projects and holding seminars and workshops for professionals at the University of 

Basra, South Oil Company and the Ministry of Agriculture to contribute and to 

prepare of studies and provision of scientific advices to get more ideas about how to 

develop oil, gas and power industries during a specific time period by providing a 

real desire to develop and manage it in independent and scientific efficient ways. 

Basra province suffers from two major problems as a result of the production and 

refining of oil and gas in this province, namely: - 

1 - The environmental problem of the depleted oil wells which suffers for neglecting 

because that it is not suitable for human use and not for agriculture. Studies and 

research must be prepared to rehabilitate these sites the city of Basra. 

Air pollution as a result of the burning of associated petroleum gas was seemed 

orange at night and gray in the daytime especially in the city of Basra. To address the 

problem of the environment in the Iraq, many actions and steps should be taken to 

mitigate it such as: - 

A - Rehabilitation of land that is drained from the oil wells and prepared it for 

agriculture and human use and the preparation of natural pastures where cattle 

raising. 

B - Immediately stop of public money wasting, which lasted more than nine decades, 

and the burning of extracted gas from oil wells should be stopped and to be 

manufactured and sold in domestic and international markets. 
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C - Requiring all refineries and pilot flames to use filters to prevent toxic gases 

resulting from oil refining and oil fields and it should be monitored strictly by local 

health authorities. 

D - Surround the main cities in the southern region by multiple belts of trees and 

plants that repel dust and sand and securing agricultural laborers and the water 

needed for the success of this process and on an ongoing basis by using five dollars 

for every barrel of oil producer and another on the barrel of refined and a dollar for 

every 150 cubic meters of gas each province oil producer or by using the revenue of 

associated natural gas in order to set up blocker naturally repels of dust and sand. 

2 - Health problem: the south region of Iraq, especially the city of Basra, occupies top 

rank in the pathogenesis of asthma, especially diseases that infect the respiratory 

tract as a result of polluted air from burning gases, therefore, the health institutions 

should be rehabilitated and the current miserable situation should be finished by 

teaching the level of health institutions in the neighboring countries. 
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6. Conclusion 
 

Alongside with crude oil production increasing in south of Iraq during the last years, 

and because most of the Iraqi gas is of the type associated with, the production of gas 

in Iraq is influenced mainly to oil production, as a results of that a significant amount 

of APG has been produced as a by-product of the crude oil production. A huge 

amount of this gas actually was flared due to lack of processing infrastructure and 

not efficient gas collecting and treating facilities. 

It is very clear that natural gas will be the best alternatives for oil and diesel in the 

energy source consumption and Iraq should reliance more on his wealth of natural 

gas in the coming near future to make Iraq realizing its potential and revitalizing its 

economy and that is very clear according to the results of new processing facilities 

and gas to grid scenarios. 

Three scenarios have been discussed and analyzed in this study. The base lines of all 

scenarios were to put more solutions on implementation requirements in 2015, speed 

up the construction of the gathering plants, processing stations and rehabilitate the 

entire infrastructures even it is so old and not efficient but can bring some revenue in 

short-term (BAU scenario). 

Since the power generation can be consider as the hot spot of Iraq industry, so more 

focus for this branch will be the critical connect link to develop Iraq past war and 

Iraq will lost about 40 billion $ every year because of electricity shortage. 

No good result can gain from the first scenario and that is very expected because of 

old technology in the south gas company will not be efficient to capture and process 

the increasing amount of associated gas even after rehabilitation. 

Good progress and benefit can be achieved by applying the second scenario because 

of entering new technologies to deal with associated natural gas and will get more 

benefit by fractionated raw gas to new products. 

Last scenario give the biggest progress and benefit because of gas will replace the 

entirely fuel that use to produce electricity which is in Iraq case the crude oil and 

diesel and they are very expansive comparing to the gas price which is relatively 

low. 

Because of that the value of gas in the third scenario will estimated according the 

value of fuels that gas will replace. 

As a results of that the imported gas, electricity and LNG will be stopped after three 

to five years. So it is recommended to utilize gas should replace the crude oil and 

diesel in the power plant and after the increasing of provide dry gas can Iraq stop 

import gas and electricity as well. 
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Changing power plant fuels to dry gas must be the highest priority of Iraq 

government and that will save a valuable source such as crude oil and sustain Iraq 

oil production for long time or can increase the exported amount of crude oil. 

For the two other scenarios positive value will be gain after many years (five years 

for GTG scenario and 12 years for NPF scenario) of investments and that gives a 

good sign to justify the investments in this project with a high prospects benefit in 

the GTG scenario. Figure [19] show the trends of different scenarios. The first 

scenario give a negative value which means the investment in this scenario is not 

justified. 

Construction of new facilities,  gas processing plants and transport pipelines from oil 

fields to the processing complex will make more revenue (NPF scenario) and will 

decrease the CO2 emission of about 30 million ton in the first fourth years. This 

amount of CO2 emission reductions will rise in the coming years of the scenario time 

horizon reaching the peak of decreasing in 2037 with about 150 million tons of CO2 

equivalent. 

Both of the two first scenarios take the net benefit that will gain by investing in the 

associated petroleum gas industry. 

High profitability with overall efficiency of up to 100%, in the case of using of waste 

by-product of the crude oil production process (APG) instead of diesel fuel to avoid 

high costs for fuel, fuel transportation over long distances 

High profitability of using dry gas to produce power depending on gas composition 

with high output efficiency by using combined cycle gas turbines  of the 

corresponding oil and diesel turbines  avoidance of liberation of methane into the 

atmosphere, which has 21 times the global warming potential of CO2. 

Maximum availability and reliability of dry gas with small footprint comparing with 

using the traditional fuel such as crude oil, diesel and coal to generate electricity can 

be achieved in GTG scenario. 

GTG scenario get more involved by using the produced dry gas as a feedstock in the 

power generations to cover the domestic and industry demand for electricity. More 

investment needs to apply this scenario but also more benefit will be gain due to 

replacing oil and diesel which are currently used in the power plants by using 

natural gas. 

From all these results that have been gained in this study can be conclude that the 

Iraqi gas flaring is not justified especially, in the southern region of Iraq where the 

super oil fields exist –the biggest oil fields in the world- they exist in same region 

which consider as a small area with a very good and easy in geographical aspects, it 

is a plain terrestrial, no mountains no other geographical obstacles and consider 

because of  plain area which gives a good motivation for the international company  
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to invest on it and it is very close to the international markets since it situated close to 

coast of Arabian gulf. 

The situation is improving thanks to aware of public and more needs of gas to meet 

the electric generation demand. But, the improving of gas utilize still very shy and 

the progress of development rate in the associated gas industry did not go as easily 

as some hope and the gas industry needs more to utilize it in sufficient way by 

attracting the international and national companies and should connect them with 

long-term plan and contractors to manage associated gas with more ambitions to 

coincide of realty and expectations. 

The political situation is the most important obstacle facing development of Iraqi 

industries especially, utilizing of the associated petroleum gas. New building  

democracy in Iraq consider as a serious threat to all neighboring countries since they 

are all have a dictatorship or family controls over their countries . So, they try to 

make the Iraq a not stable country to justify that the dictatorship is better than 

democracy. Other aspect is the economic point of view, unstable Iraq is very good for 

the neighboring countries and this is the tragedy of Iraq which can simplified in the 

following few points: 

• Iraq imports vegetables and fruit from Jordan, the poorest country in 

water reserves in same time Iraq have two big rivers (Tigris and 

Euphrates). 

• Iraq imports drinking water from Saudi Arabia (the desert land) where 

they do not have any river. 

• Iraq import gas, LPG and oil derivate from Iran in spite of Iraq have 

one of the biggest reserves of oil and gas. 

• Iraq imports electricity from Turkey while a huge amount of gas 

wasteful burn over all Iraqi area. 

More focusing to the power generation because of the shortage of the electricity 

supply can consider as the critical hot spot in the future of Iraq. 

Fertilizer and petrochemical industries will not be economically and technically 

efficient if there is not efficient supply of electricity. Both of those sectors closed in 

Iraq under the summer period because of two main reasons which related directly of 

this study, shortage of gas supply and shortage in electricity providing. 

Lack of reliable electricity supply can be consider as a key obstacle to Iraqi 

developments and can be consider the immediate priority because power cuts daily 

occurrence  because of three decades of war and sanctions. Using of back-up diesel 

generations is wide spread in Iraq. 
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Despite of many significant economics and environments advantages of using gas as 

a feedstock in electricity generations instead of using liquefied fuels, Iraq still flare 

more than 75 % of associated natural gas that produced in the oil fields because of 

lack of gathering facilities, old and insufficient processing plants. 

The situation is improving thanks to aware of public and more needs of gas to meet 

the electricity demand. The improving of gas utilize still very shy and the progress of 

development rate in the associated gas industry did not go as easily as some hope 

and the gas industry needs more to utilize it in sufficient way by attracting the 

international and national companies and should connect them with long-term plan 

and contractors to manage associated gas with more ambitions to coincide of realty 

and expectations. 

The conclusion of this study can be summarized in the following points: 

1. Associated gas flaring is not justified (especially in Iraq case). 

2. Iraq has to take rapid steps to utilize the wasted gas. 

3. Business as usual scenario cannot apply investor ambitions. 

4. Promising benefit can be achieved in the New processing facilities scenario 

(BCR=2.4). 

5. By implementing the (GTG), self-efficient for gas, LPG and electricity supplies can 

be achieved in short period (five years) with a high reduction of the GHGs emissions 

and acidification potential. 

6. More independency (economic, energy supply and even in political issues). 

7. More diversification in energy sources. 

Additional regulations and institutional measures will be needed to encourage and 

require productive use of all amount of APG. Participating in the full supply chain 

from upstream, midstream and downstream productions to the distribution of gas to 

consumers, industrials users and power generations will be the first step to utilize 

gas and mitigated the environmental effects of flaring it. 

Managing associated gas in best way will change the future of Iraq and will help to 

mitigate deforestation problem in Iraq by reducing the dependent of biomass fuel. 

Ministry of electricity plans to increase of electricity to reach 18 gigawatts by 2015 

and more increasing planned to reach 37 gigawatts by 2030. The electricity master 

plan should push Iraqi government to provide a significant amount of natural gas as 

parallel to the increasing of power productivity. By 2030, 26.3 BCM of dry gas should 

be available as a feedstock for the gas fire turbines and for the combined cycle gas 

turbines with capacity of 20 GW according to table (6). 
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The available dry gas can produce about 19 GW by 2025 and about 23 by 2037 and 

here should to mention that this amount of dry gas is coming just from the northern 

oil fields and there is a significant amount of gas can be captured in other parts of 

Iraq if it utilized in good way which means the demand of dry gas for power 

generations can be provide from the associated natural gas saving non-associated gas 

production for another industry purposes and the surplus can be exported. 

However, extending this study to all of Iraq area will provide more comprehensive 

picture of possible associated gas that can be captured and the corresponding 

reductions of carbon emission and acidification potentials. 

Iraq’s energy sector holds the key to the country’s future prosperity and can make a 

major contribution to the stability and security of global energy markets Interest in 

Iraq realizing its potential and revitalizing its economy. Meeting the anticipated 

levels of oil, gas and power supply over the period to 2035 will require over $530 

billion in energy investment in Iraq, with the annual investment need highest in the 

current decade. 

Estimated revenue of (petro-dollar) project are approximately six billion US dollars 

annually, hopefully not spending like other wasted billions as a results of political 

and economic corruption by using it to implement any project and awarded the 

tenders to the contractors which are preferred by the local authorities, the 

governmental committee oversee the project and assignment with the contactor that 

has the lowest bid. In reality, the main contractor sell it to a subcontractor with lower 

price and that will offer him an excellent and perfect profit, the subcontractor sell it 

again to another subcontractor and so on. The result of this corruption dilemma is a 

less efficient project because it will not implement according to the national 

standards and even not in the planned time. 
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