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Abstract 

          Carbon Dioxide Emissions Intensity (CDEI) in Iraq correlated between carbon dioxide 

emission (kg CO2) and crude oil production (COP) (kg oil equivalent). This relationship is 

important for industry and energy sectors to the achievement of their economic and 

environmental goal, then to know a common pattern of emissions intensity. The sources of data 

set  from Carbon Dioxide  Information  analysis center (CDIAC), contain: total CO2 emission ,  

COP from Iraqi Ministry of oil and Iraqi crude oil production increased over time and about 

(more than 80%) from Basra city. Environmental Kuznets Curve (EKC) was calculated.  

  CDEI was nonlinear behavior that high level in the 1970s then decreased to reach 1.707 kg 

co2 / kg oil equivalent in 1997, and CDEI was more sensitive to COP than total CO2 emissions.  EKC 

maximum values present in early 1970s and in 2004 present highest   value was (0.082 metric ton 

/ current US$ person). COP was   unstable level, fluctuation between (1-3) mb/d, till reach 4.29 

mb/d as average   in 2019.  

   

Keywords: Carbon dioxide emission intensity, Crude Oil production, EKC                           

Introduction 

       Oil industry was united in their opposition to binding climate targets in the prelude to 

the 1992 United Nations Framework Convention on Climate Change (UNFCCC). All 

major oil companies took the view that action on global warming could damage their 

economic interests, as the oil industry earns its living from oil , gas and coal  the main 

sources of greenhouse gas emissions. Ten years later many oil companies' positions have 

completely changed. Major European multinational oil companies such as BP (British 

Petroleum) and Shell endorse the Kyoto Protocol, set ambitious goals to reduce their own 

greenhouse gas (GHG) emissions and invest in renewable energy. [1]. The existence of 

convergence of some relevant ratios as Carbon Dioxide (CO2) emissions intensity, CO2 

emissions by fossil fuel consumption, fossil fuel intensity, energy intensity and economic 

structure, between industry and energy sectors in Portugal.[2] .    
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       Better understanding of crude oil GHG emissions can help to quantify the benefits of 

renewable energy and identify the most cost-effective opportunities for oil-sector 

emissions reductions. There is a lack of comprehensive geographically rich datasets that 

would allow evaluation and monitoring of life-cycle emissions from oils. developed model 

well-to-refinery (CI) of all major active oil fields globally, and to identify major drivers of 

these emissions[3] . 

       Decadal of CO2 emissions analyzed for three states of fossil fuel in Iraq , Co2 

emission concentration from fossil fuel gaseous and fossil fuel liquid consumption 

increased 10 time, 10.4 respectively[4] . 

     The CDEI is Carbon dioxide emissions are those stemming from the burning of fossil 

fuels and the manufacture of cement. They include carbon dioxide produced during 

consumption of solid, liquid, and gas fuels and gas flaring , CDEI  it's  the ratio between 

carbon dioxide emission and crude oil production (Kg CO2 per Kg oil equivalent ) [3]. 

           Extracting, transporting and refining crude oil on average accounts for about 18% 

of well-to-wheel greenhouse gas ( GHG ) emissions, the International Energy Agency       

( IEA) predicts a 27% increase in global crude oil consumption over the next two decades 

from 83 million barrels per day (MMbbl / d) in 2009 to 105 MMbbl / d in 2030 [5]. 

         Reducing emissions from petroleum production is particularly important, as current 

transportation fleets are almost entirely dependent on liquid petroleum products and many 

petroleum uses have limited prospects for short-term substituting (e.g. air travel). Better 

understanding of GHG emissions from crude oil can help to quantify the benefits of 

alternative fuels and identify the most cost-effective opportunities for oil-sector emissions 

reductions[3]. 

 

       Carbon dioxide emission intensity is defined as the ratio between total carbon dioxide 

emissions and total crude oil production (CO2 emissions per crude oil).Industrial processes 

release CO2 in two ways; by burning fossil fuels and by physical or chemical 

transformation of materials. The vast majority (98 per cent) of CO2 emissions from the 

processing of construction materials are caused by fossil fuel combustion occurring during 

the upstream (i.e. pre-use) life-cycle processes – the procurement, storage, manufacture 

and delivery of raw materials. Just a limited fraction of the overall building sector (2 per 

cent) is the outcome of upstream physical and chemical material transfer processes ( e.g. 

chemical reactions in cement production).[6]. 

 

        The wide distribution of expected temperature increases in climate forecasts does not 

mainly derive from variability across climate models; rather, the wide variety of diverse 



2nd International Scientific Conference of Al-Ayen University (ISCAU-2020)

IOP Conf. Series: Materials Science and Engineering 928 (2020) 072048

IOP Publishing

doi:10.1088/1757-899X/928/7/072048

3
 

global socio-economic dynamics and the resulting oil demand result in strong uncertainty 

regarding possible climate change.. While the physical-science basis of models used in 

Intergovernmental Panel on Climate Change (IPCC 1990e2013)[7]. In Iraq crude oil 

production increase over time (In 1972 was nationalized) and it reached In 2019 to (4.290 

mb/d average) . 

 

            The Kyoto Protocol came into effect in February 2005. Since the Protocol is an 

international negotiation related to the United Nations Framework Convention on Climate 

Change (UNFCCC), it has been ratified by several countries. There are several signatories 

who remain without a national greenhouse gas (GHG) emissions target, or have not made 

a commitment to reduce their GHG emissions by 2020. Besides, the post-Kyoto period is 

in line with many other changes and systems in national or regional climate policy (such 

as the EU ETS). An additional periodization after 2004 would have to consider not only 

those policies or systems,.[8]. 

                

Crude Oil Production GHG emissions are determined during the extraction process 

by interactions of eight major parameters: oil field age, gas-to-oil ratio, reservoir depth, 

density, viscosity, American Petroleum Institute (API) gravity (a measure of how “light” 

or “heavy” a crude is relative to water), type of feedstock (e.g., tar sands, conventional 

crude), and development type [onshore, offshore, surface mining, steam-assisted gravity 

drainage (SAGD)] . The ratio of the volume of gas in solution to the volume of crude oil at 

standard conditions is the gas-to-oil ratio (GOR). Higher values of GOR lead to higher 

production of natural gas.  

            Flaring and drainage are an important source of GHG pollution from oil fields. 

Upon extraction of crude oil, gas dissolved in crude oil is released which can be used in 

extraction, captured and sold as a product, or flared and vented to meet energy needs. 

Flaring refers to the disposal by burning of the related gas produced during extraction. 

Venting means intentional releases of gas and the release of uncombusted gas in flaring 

(the combustion efficiency of flaring is not 100%, so some methane is left in the exhaust 

gas).[5]. 

 

         Carbon dioxide (CO2) contributes the most to current climate change . The metal 

mining industry plays an important role in global CO2 emissions due to the increasing 

demand for metallic minerals. In order to achieve the goal of reducing CO2 emissions, CO2 

emissions charges, including carbon taxes and CO2 emissions permit trading, are used as 

an effective way to reduce CO2 emissions. Mitigation approach for CO2  emissions’ 

charges facilitate the movement from energy-intensive activities to the improvement of 

energy consumption efficiency, but its negative impact on economics has recently been 
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reported .It is necessary to analyze the impact of carbon prices on the profit, CO2 

emissions, and carbon intensity of metal mining projects, for reasonable carbon pricing. 

However, such analysis is still restricted due to Lack of either a sufficiently detailed 

inventory or a valid model for estimating CO2 emissions for individual projects. Therefore, 

based on the Life Cycle Assessment ( LCA) method [9]. 

 

         The Greenhouse Gas Emissions Estimator (OPGEE) for Oil Production is an 

engineering based Life-cycle Assessment (LCA) tool estimating greenhouse gas (GHG) 

emissions from crude petroleum production, processing and transport. OPGEE 's system 

boundary runs from initial exploration to the refinery gate [10] .                                           

 

          Emission of co2 is from burning oil, coal and gas for energy use. Burning wood and 

waste materials, and from industrial processes such as cement production. The carbon 

dioxide emissions of a country are only indicators of one greenhouse gas. For a more 

complete idea of how a country influences climate change and global warming, gases such 

as methane and nitrous oxide should be taken into account. This is especially important for 

the agricultural economies. Of considerable interest are the environmental effects of 

carbon dioxide. The largest share of greenhouse gases contributing to global warming and 

climate change is carbon dioxide. Let's look at the co2 reaction specifically now. This 

reaction as follows:                                                                                                           

                                         

C + O2              CO2   …………………………….(1) 

 

         There are many indicators to calculate co2 emission intensity (CDEI) one of these 

depended on economic such as (united states and Europe ) , others depend on crude oil 

production (all oil countries ) this one of IPCC standards , china use the both.[11]. 

 

        Carbon has an atomic weight of 12, oxygen weights 16 and CO2 weights 44 (1 

carbon atom [12] + 2 oxygen atoms [2 x 16 = 32] ) . Consequently, CO2 is 3.67 times 

heavier than carbon (44 ÷ 12 = 3.67), which is how 1 L of gasoline, which contains about 

0.63 kg of carbon, can produce about 2.3 kg of CO2 (3.67 × 0.63 kg = 2.3 kg) . 

      There are many type of crude oil (light , heavy ….etc ) Barrels of  crude oil equal (159 

L ) and   Burning (1 L ) of gasoline produces approximately (2.3 kg) of CO2 that mean one 

Barrels of Gasoline produces (364.11 kg CO2)[12]. 
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Figure 1: crude oil production and gas flaring in Iraq. 

           

Literature review 

          There are  many papers have studied the CDEI, (Sirintip Juntueng et al. 2014) Study 

the intensities of carbon dioxide in Thailand's steel industry and propose greenhouse gas 

emission trends from 2011 to 2050.[13]. ( Jung-Hun Kima et al. 2019) Crude oil 

sludge(COS) thermolysis utilizing CO2[14]. ( Hongxu Li et al. 2020 ) Calculations of 

radiative intensity for co2 media[15]. ( Kangjuan Lv
1
et al. 2020) study a crucial way to 

reduce energy related carbon dioxide intensities[16]. D .Nathan Meehan et al. 2018) 

Analysis of the carbon intensity (CI) of crude oil and gas output [17]. Wen Wen 2019) he 

is re-examining the implementation of provincial targets for the reduction of carbon 

dioxide emissions in China [18]. Liu Chen
1
 et al. 2019) Carbon intensity and emission 

reduction potential in China[19].  (Jaehyeok Kim et al. 2020 ) he was study the relationship 

between income and carbon dioxide emission in Korea[20] . Eyup Dogan et al . (2020) 

Examine the role of the economic structure of European countries in the assessment of the 

Environmental Kuznets Curve ( EKC) hypothesis for European countries for the period 

1980 to 2014[21]. Jamal al rukabie et al. (2020) In Iraq after year 2000 co2 emission 

increased more than (5 time) [22].  

 

Methodology and Data Source 

 

         The data used in this paper are taken from (World Bank, 2018) from (1971 to 2014) 

(GDP per capita for Iraq, and CDEI.   

        The Total carbon dioxide emission it was taken from (Carbon Dioxide   Information  

analysis center) (CDIAC) at oak ridge National  Laboratory from (1960 to 2014). 

The crude oil production of Iraq (1971 to 2019) we are taken it from the Iraqi oil ministry. 
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       The value of CDEI and EKC values can calculated by  methods   fellow: 

 

 

EKC =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 

𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎
 ………………………….(2) 

 

 

 

CDEI =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 

𝑐𝑟𝑢𝑑𝑒 𝑜𝑖𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑒𝑠 
 ………………………..(3) 

 

 

CDEI measured by (kg co2 / kg oil eq.) and EKC value measured by (metric ton / 

current US$ person) .      

  

   

 

 Results and Discussions  

       The CDEI in Iraq was studied for period (1971 – 2014), to explain the relationship 

between carbon dioxide emissions that exponential increased and crude oil production in 

Iraq which had many fluctuations through studies period.  Moreover other relationship 

between total carbon dioxide emission and GDP per capita that named EKC model values, 

interactive with CDEI, as shown in the equation (3).  The results show that high level of 

was in the early of study's period, while ratio was in 1.707 kg CO2/ kg oil equivalent) in 1997, 

yield increased slowly in the end of time's study as shown in Fig. 2. The variance of CDEI 

leads to think that COP was more sensitivity than total CO2 emissions depend on them 

changes.   

       The relationship between CDEI and  COP was inversely proportional , but in 2004 

and 2007 the relationship was identically because of increased the total carbon dioxide 

emission. In 1991 and 2003 the (CDEI) was increased because decrease the crude oil 

production., in 1990 EKC was low value  (0.011 metric ton / current US$ person)  because 

increased the GDP per capita in this year . 

        In 2004 the value of EKC was high because increased the total carbon dioxide 

emission. Crude oil production (COP) increased over time, the most quantity of production 

from Basra city (more 80% of total production of Iraq).  
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      The lowest value was in 1991 because of the first Gulf war, the height value was in 

2019 it equal (4.290 mb/d) average. after the events of the geopolitics effect on the 

economic growth (GDP per capita) and crude oil production  in Iraq and unstable state for 

example in 1972 oil industry nationalized , 1980 -1988 Iran – Iraq war , 1990 – 2003 

sanctions ends with second Gulf war and 2009 first licensing round .  

      The total carbon dioxide emission increased over time in Iraq because increased the 

crude oil production .In 2018 was reached more than (180 mt /years ).    
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Figure 2:   CO2 emission Intensity over Time (1971 -2014) for Iraq. 
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Figure 3: Time series of EKC values over Time (1971 -2014) for Iraq. 
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Figure 4: Time series of crude oil Production Daily Average over Time (1971 -2019) for Iraq. 
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Figure 5: Time series of total CO2 emissions over time (1960 - 2014) for Iraq 

Conclusions   

        The significant results    shown the sensitivity of COP toward CDEI, that found out 

decreased values to reach minimum value in 1997. many indicators effect on calculated  

Carbon dioxide emission intensity such as crude oil production (this one of IPCC 

standards ) , it decreased over time ,carbon dioxide emission (mt) increased in last decadal 

because increasing in crude oil production .relationship between carbon dioxide emission 
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intensity and crude oil production was inverse . Values of (CDEI) were highest comparing 

with neighboring countries because Iraq burning associated gases with crude oil 

production. EKC values unstable because Iraq (oil country).                                                                                                                                           
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