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ABSTRACT
. Background & Aims of the Study: Gas condensate flares are a crucial factor in greenhouse
Article info: *  gas emissions. The present study aimed to investigate the global warming potential
Received: 18 Oct 2021 ¢ resulting from gas condensate flares in the Ahvaz oil field, Ahvaz City, Iran, and its impact
Accepted: 08 Jan 2022 :  onclimate indices from 2008 to 2018.
Publish: 01 Apr 2022 :  Materials and Methods: This is a descriptive cross-sectional study. The information on

gas flares and climate data has been obtained from the National Iranian South Oil Company
(NISOC) and meteorological stations in Khuzestan Province, Iran. The emission factor of
greenhouse gases due to the burning of these flares was calculated after obtaining climatic
information on gas flares in the study area. The climate indices of Ivanov, Emberger, and
Barat were calculated for 11 years. Finally, the relationship between climate indices and
Global Warming Potential (GWP) was determined using multiple regression.

Results: The results showed that during the research period, an average of 626831.2.2 tons
of carbon dioxide (equivalent) was produced due to gas flares in one month in the Ahvaz
oil field. Carbon dioxide was responsible for 90% of the global warming effect of the flares.
Based on the results of calculating climate indices, Ahvaz City in the studied years was
classified in the category of “semi-arid” in Barat index, “dry desert” in Ivanov index, and

Keywords: ¢ “semi-arid desert” and “severe desert” in Emberger index.
Cl.imate Changes, Conclusion: The results of correlation analysis between GWP and climate indices show a
Air pollution, Global :  significant negative correlation between the values of the Emberger index and the global

Warming, , Oil and gas

1L warming potential caused by gas flares, indicating the impact of greenhouse gases on climate
fields, Emmission 4

change in Ahvaz. These changes have intensified phenomena such as dust and severe floods.
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1. Introduction

reenhouse gases and global warming

are major phenomena worldwide [1].

Greenhouse gases, including carbon

dioxide, methane, nitrogen monoxide,

carbon chloride, and carbon fluoride

in the atmosphere, receive long-wave-
length waves emitted from the earth’s surface, regulate
the earth’s climate and the atmosphere and provide a
balanced temperature for human life [2]. The industrial
activities of countries since the post-industrial revolu-
tion have increased the concentration of greenhouse
gases in the atmosphere and have gradually led to
global warming [3]. Harmful effects of climate change,
such as changes in the life cycles of plants and animals,
have adverse outcomes for composition, flexibility, the
efficiency of natural ecosystems, the function of social
and economic systems, and human health [4].

The outcomes of climate change can be classified as
direct and indirect (economic) damages. Regarding di-
rect damage, rising temperatures lead to rising sea levels
due to the melting glaciers [5]. One of the most impor-
tant factors in producing greenhouse gases is the oil and
gas industry [6]. About 21% of man-made greenhouse
gases are attributed to these industries [7]. Flares are also
known as the most crucial sources of air pollutants and
greenhouse gases in these industries [8]. Industrial flares
are units designed to eliminate hydrocarbon and excess
gases from chemicals associated with petrochemical
units and refineries. A flare is an extended chimney or
vertical pipe that is used as an essential component in oil
wells, refineries, petrochemical complexes, and chemi-
cal plants to burn gases and wastewater and discharge
flammable and toxic liquids and can prevent hazards [9].
The most critical compounds in the transfer of gas flow
to the flare network include ethane, methane, propane,
butane, and hydrogen sulfide. When these gases are
burned in the flare network, pollutants such as nitrogen
oxides, carbon monoxide, carbon dioxide, sulfur oxides,
and other pollutants are released into the environment
[10]. Releasing these pollutants into the environment
seems to be an important factor in air pollution and the
greenhouse effect [11].

Assuming complete combustion, the products of
combustion of the flare gas will be SO,, CO,, NO,,
and some hydrocarbons [12]. In the case of incomplete
combustion, carbon monoxide is one of the output
products [13]. Carbon dioxide, carbon monoxide, and
nitrous oxide are greenhouse gases [14]. The Global
Warming Potential (GWP) for the major emitted gases,
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including carbon monoxide, carbon dioxide, methane,
nitrogen oxides, and ozone, can be calculated [15]. For
this purpose, we can use the coefficients of the effect
of each greenhouse gas and its conversion to relative
proportions of carbon dioxide [16].

Ahwaz oil field is an oil-rich region with many oil fa-
cilities, and there are many gas flares in this area [17].
The results of various studies have shown that this city
is the most polluted city in Iran [18, 19] and the ma-
jor source of this pollution is the oil and gas industry
[20]. According to the World Bank statistics released in
2016, about 154 billion cubic meters of gas are burned
annually from flares worldwide. This figure is equiva-
lent to 5% of world natural gas production, 25% of
gas consumption in the United States, 30% of gas con-
sumption in the European Union, and 75% of gas ex-
ports. The energy obtained from burning this amount
of gas is equivalent to 4.2 million barrels of crude oil
per day. In Africa, over 35 billion cubic meters of gas
are burned annually by flares, which is equal to half the
continent’s energy consumption [21]. Various studies
have shown that greenhouse gases are the most critical
cause of global warming. Various studies have been
conducted on the role of greenhouse gases in the oil
industry with global warming.

Bach [22], in a descriptive study, studied the role of
public oil industries in global warming. Also, Franta
[23] described oil activities as the greatest human im-
pact on global warming. Climate change is one of the
tangible events in today’s world [24]. One of the meth-
ods of calculating climate change is the study of climate
indices in different periods in a region [25]. Various cli-
mate indices have been proposed, including the methods
of De Martone, Ivanov, Barat, Koppen, and Emberger
[26]. To calculate climate indices, different components
are needed, such as precipitation, temperature, relative
humidity, and evaporation [27]. The role of greenhouse
gases in climate change can be understood by examining
the amount of greenhouse gas emissions and the global
warming coefficient resulting from them, as well as by
examining climate indices in a region. After calculating
the emission factor of greenhouse gases from gas flares
in the Ahvaz oil field, the climate indices of Emberger,
Ivanov, and Barat were calculated for 11 years, and the
relationship between them was studied.

2. Materials and Methods
A descriptive-analytical study was conducted to deter-

mine the share of oil flares in the Ahvaz oil field in green-
house gas emissions and climate change. Therefore, in
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Figure 1. Study area (Ahvaz oil field)

addition to calculating the emission factor of greenhouse
gases from the flares in the Ahvaz oil field, the climate
indices of Ivanov, Barat, and Emberger should be calcu-
lated. Necessary information, including the number of
active flares in the study area and the amount of con-
densate burned in each, was obtained from the National
Company of Southern Oil Fields. Climatic information,
such as average, minimum, and maximum temperature,
relative humidity, evaporation coefficient, annual rain-
fall, surface runoff coefficient, and the number of rainy
days, were obtained from the meteorological organiza-
tion. Figure 1 shows the study area, which is an oil-rich
region in southwestern Iran (Ahvaz City).

Emission coefficients of greenhouse gases (carbon
monoxide, carbon dioxide, methane, and N,0O) caused
by condensate flares were calculated using the DCCEEL
2009 method [28]. To determine the emission coeffi-
cients of greenhouse gases from flares, the following
process has been performed:

* Determining the amount of gas condensate entering
each flare

* Converting mass to volume: At this stage, mass dis-
charge was converted to volume because the purpose is
to determine the amount of greenhouse gas emissions.
For this purpose, Equation 1 was used:

1.mg _ ppm>M
“m? 2445
, where:

M is the molecular weight.

ppm is the contaminant concentration per volumetric unit.

m_g is the mass concentration of pollutants per unit mass.
m

Spring 2022. Volume 11. Number 2

ﬁ Archives of Hygiene Sciences
Qom University of Medical Sciences

Table 1 presents the molecular weight of each of the
pollutants studied.

After converting the mass unit to a volumetric unit and
considering the molecular weight, the emission factor of
each greenhouse gas (N,O, CH,, CO, CO,) was calcu-
lated based on Equation 2:

2. E=0xC

, where:

E=Pollutant emission rate (kg per time unit)
Q=Inlet gas condensate (cubic meters per time unit)

C=Concentration of each greenhouse gas per cubic me-
ter of gas condensate (kg per time unit)

Then, the global warming potential due to the emission
of greenhouse gases caused by the flares in the Ahvaz oil
field was calculated over 11 years. Data were analyzed
in time series. Greenhouse gases of carbon dioxide and
nitrous oxide are produced and emitted by fuel combus-
tion. Assuming complete combustion, the equation and
products resulting from the combustion of hydrocarbons
can be shown by Equation 3.

Y Z z
3. CHO+(X+--5)0,(0)CO+(5)H,0

The release of carbon dioxide is due to the oxidation
of hydrocarbons during the combustion process. Almost
all the carbon in the fuel is converted to carbon dioxide
during the combustion process, which is independent
of the fuel and the type of combustion. Also, methane
emissions may be due to incomplete fuel combustion
and unburned methane. Additionally, nitrous oxide gas
is produced and released during a series of complex re-
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Table 1. Volumetric concentration measurements of each greenhouse gase [29]

Component CO (g/mol) €O, (g/mol) N,O (g/mol) SO, (g/mol)
Molecular weight 28 44 44 64
m Archives of Hygiene Sciences
Qom University of Medical Sciences

actions during the combustion process. Unlike carbon P is the average annual rainfall per millimeter.
dioxide, the emission of methane and nitrous oxide de-
pends on the type of fuel and the type of combustion. M is the average maximum temperature in the hottest
The emission of methane and nitrous oxide (based on ~ month of the year in terms of Kelvin.
the equivalent of carbon dioxide) in combustion sources
is significantly less than the emission of carbon dioxide. m is the average minimum temperature in the coldest
Each of the four greenhouse gases has an impact coef- month of the year in terms of Kelvin.

ficient on global warming. This coefficient is 1 for car-
bon dioxide, 1.9 for carbon monoxide, 25 for methane,
and 298 for nitrous oxide [30]. Therefore, by calculating
the emission factor of greenhouse gases and multiplying
the calculated values by the impact coefficient of global
warming, the total global warming potential caused by
gas condensate flares is calculated.

Finally, the climatic index is determined in the Em-
berger index based on Figure 2 [31].

B: Ivanov climate index

To calculate the climate in the Ivanov index, we need
humidity, evaporation, and temperature indices. Ivanov

Calculation of climatic indices index is described in Equation 5:

. ) 5. =
A: Emberger climate index YEm
, where:
The calculation of the Emberger coefficient (Q,) is
based on Equation 4: [=Ivanov climate index
40, = 2000P H=Average annual relative humidity
. =2 M2_m2
where: YEm=Annual evaporation rate
m Archives of Hygiene Sciences
Figure 2. Emberger climate diagram Qom University of Medical Sciences
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Table 2. Classification of Ivanov index based on climate type

Spring 2022. Volume 11. Number 2

Climate Type

Ivanov Humidity Coefficient Range

Very humid and forested
Humid and forested
Steppe and forested

Steppe
Desert

Dry desert

121.5

1<1<1.49

0.6<1<0.99

0.3<1<0.59

0.13<1<0.29

0<1<0.12

To calculate the annual evaporation rate, we calculated
total evaporation in all the months of the year. To calcu-
late the annual evaporation, Equation 6 is used:

6. E =0.00018(2.5+¢)(100-RH)
, where:

E,_=Evaporation rate in each month of a year (in cen-
timeters)

t=Average monthly temperature (in terms of Celsius)
RH=Average monthly temperature (in terms of Celsius)

The Ivanov index classification is presented in Table 2
[32].

C: Calculating the Barat index
In this method, the climatic coefficient of Barat, which

depends on rainfall, surface runoff, and annual rainfall,
is calculated using Equation 7:

nPUC__E
365-N 365
, Where:

Table 3. Classification of Barat index based on climate type

z/‘b Archives of Hygiene Sciences
Qom University of Medical Sciences
[=Barat climate index

P=Average annual rainfall (in millimeters)

N=The number of rainy days per year

E=Annual evaporation (in millimeters)

C=Surface runoff coefficient

The calculation of the surface runoff coefficient is
also based on Equation 8:

8) =R
, where:

R is the runoff (in millimeters). Table 3 presents the
classification of the Barat index [33].

Finally, the relationship between the calculated index
levels and the GWP coefficient is investigated via lin-
ear regression.

3. Results

The information about the flares in the studied units
was determined using the field method and by attending

Climate Type Barat Coefficient Range
Desert 1<-20
Semi-arid -20<1<0
Semi-humid 0<1<7
Humid and forested |27

¢ Archives of Hygiene Sciences
Qom University of Medical Sciences
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Table 4. Calculation of Global Warming Potential (GWP) in Ahvaz oil field per month

Total of Global Warm-

Greenhouse Com-  Emission (1000 kg Equivalent Normalization Weight R .
. . ing Potential Ton CO
ponent Per Month) kg CO, kg Indices Indices e/EU 2
co, 565210 1 0.2 565210
N,O 171.80 298 a1 58.6 51196.4
co 37.98 1.9 (kg O, ~Eq) 038 72.162
CH4 414.1 25 5 10352.5
Total 582842.1 = Sum of GWP 1 626831.2

the National Company for Oil Fields and examining the
available documents. The information is as follows:

There are 20 units with gas flares; 53 gas condensate
flares were identified. The height of flares is from 4
to 68 meters. The diameter of flares is 4 to 30 inches.
Structures are mostly made of stainless steel and steel.
The flares contain natural gas, sour gas, operating gas,
hydrocarbons, methane-ethane-propane, and butane. To
calculate the amount of greenhouse gas emissions, the
standard method of converting fuel to pollutants pro-
vided by the Department of Climate Change and Energy
Efficiency (DCCEE) (2009) was used. For this purpose,
the type of fuel in the flare and its monthly amount are
considered input, and the output includes the amount
of emitted greenhouse gases. The calculated values are
in units of mass (tons), which is needed to convert the
unit from volume to mass. To calculate the GWP factor
per unit, the values of greenhouse gases specified in the
weighting index are multiplied, and the final capacity of
GWP for all greenhouse gases is added. These values are
determined per month (Table 4).

("b Archives of Hygiene Sciences
Qom University of Medical Sciences

The results showed that a total of 626831.2.2 tons of
carbon dioxide was produced due to the activity of gas
flares in one month in the Ahvaz oil field. The results
showed that a total of 626831.2.2 tons of carbon dioxide
(equivalent) was emitted due to the activity of gas flares
in one month in the Ahvaz oil field. The highest amount
of greenhouse gas emissions are related to the Mansouri
desalination plant with 217714.76 tons, and the lowest
to the Mansouri gas pressure station and the Mansouri
operation with 2 tons of carbon dioxide (equivalent) per
month. The highest greenhouse effect is related to car-
bon dioxide emissions of 565210 tons per month. Given
the long shelf life of carbon dioxide in the atmosphere,
80% of which is absorbed by the oceans for 2 to 200
years and 20% remains in the atmosphere for thousands
of years, this volume of greenhouse gases released in the
atmosphere can have consequences such as rising aver-
age temperatures and climate changes. Figure 3 com-
pares the emission factor of greenhouse gases due to the
activity of gas flares in the Ahvaz oil field. These results
show that 90%, 8%, and 2% of the global warming effect
is produced by CO,, N,O, and methane, respectively,

> e Archives of Hygiene Sciences
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Figure 3. Comparison of greenhouse gas emission factors due to the activity of gas flares in Ahvaz oil field

Rouzkhosh M, et al. Climate Change Due to Greenhouse Effect from Flares. Arch Hyg Sci. 2022; 11(2):163-174
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Table 5. Climate information of Ahvaz oil field (2008-2018)

Spring 2022. Volume 11. Number 2

Year Relative Humidity(%) Evaporation (mm/y) Min T (C°) Max T(C°) Raining (mm/y)
2008 47.4 1996 13.68 40.31 155.6
2009 48.3 2065 13.87 40.52 222.4
2010 47.1 2118 14.04 40.28 173.4
2011 47.6 1983 145 39.96 273.8
2012 46.6 2006 14.61 40.81 198.5
2013 47.3 1976 14.17 40.94 215.1
2014 47.8 2126 14.65 41.02 161.5
2015 48.5 2067 14.29 40.78 269.7
2016 46.9 2105 13.96 39.63 197.8
2017 47.5 1998 14.74 41.73 230.1
2018 49.3 1779 14.54 39.33 389.4

that are produced by the activity of the flares. The effect
of carbon monoxide was less than 1%. The assumption
in these calculations is that the inlet material of gas flares
is completely burned.

To determine the climate index, climate data and green-
house gas emissions must be available as time series
data. Table 5 lists the mean values of climate data used
in the research.

Figure 4 shows the ambrotromic curve (temperature
and precipitation) from 2008 to 2018. This diagram
shows that the dry season in Ahvaz has been 8 to 9
months per year on average. This period lasts from mid-
February to mid-October.

% e Archives of Hygiene Sciences
Qom University of Medical Sciences

Table 6 presents the results of calculating the GWP co-
efficient and climate indices of Ivanov, Barat, and Em-
berger from 2008 to 2018.

Based on these results, in the Barat index, Ahvaz City
is in the category of “semi-arid” climate in all the years
studied, and according to the Ivanov index, it is in the
category of “dry desert. ““ Also, according to the Emberg-
er index, for 2015 and 2018, when the region’s climate
was in the “semi-arid desert” category, in other years, the
climate index was in the “severe desert” category.

The best climate indices of Barratt, Ivanov, and Em-
berger in 2018 are -3.16, 0.105, and 48.52, respectively,
and the worst climate indices of 2008 are -8.21, 0.044,

'ﬁ Archives of Hygiene Sciences

Qom University of Medical Sciences

Figure 4. Ambrotromic curve for average temperature and precipitation in Ahvaz oil field (2008-2018)

Rouzkhosh M, et al. Climate Change Due to Greenhouse Effect from Flares. Arch Hyg Sci. 2022; 11(2):163-174
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Table 6. Calculation of climate indicators in Ahvaz oil field (2008-2018)

Emberger Ivanov Barat GWP
Year
Index Description Index Description Index Description Ton CO, e/FU

2008 17.95 Severe desert 0.044 Dry desert -8.21 Semi-arid 7132153
2009 25.52 Severe desert 0.062 Dry desert -6.83 Semi-arid 7281259
2010 20.27 Severe desert 0.049 Dry desert -8.03 Semi-arid 7065327
2011 32.91 Severe desert 0.076 Dry desert -5.48 Semi-arid 7559901
2012 22.78 Severe desert 0.055 Dry desert -7.54 Semi-arid 7421974
2013 24.28 Severe desert 0.06 Dry desert -7.15 Semi-arid 7455412
2014 18.44 Severe desert 0.045 Dry desert -8.18 Semi-arid 7268036
2015 30.8 Semi-arid desert 0.077 Dry desert -5.27 Semi-arid 7512568
2016 23.85 Severe desert 0.056 Dry desert -5.36 Semi-arid 7403862
2017 25.14 Severe desert 0.065 Dry desert -6.53 Semi-arid 7457102
2018 48.52 Semi-arid desert 0.105 Dry desert -3.16 Semi-arid 7859843

ﬁ Archives of Hygiene Sciences
Qom University of Medical Sciences

A: Ivanov B: Emberger

Qom University of Medical Sciences

C: Barat m Archives of Hygiene Sciences

Figure 5. Comparison of the trend of calculated values of climate indices in Ahvaz oil field (2008-2018)

170 Rouzkhosh M, et al. Climate Change Due to Greenhouse Effect from Flares. Arch Hyg Sci. 2022; 11(2):163-174
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Figure 6. Multiple regression results between studied climatic indices and GWP coefficient

and 17.96, respectively. Figure 5 compares the trend of
the calculated values of climate indices.

A correlation test was used to analyze the relation-
ship between climate indices and GWP calculated due
to the emission of greenhouse gases from gas flares in
the study area. The results showed a significant correla-
tion between the values of the Emberger climate index
and the global warming potential caused by gas flares
(P<0.05), but no significant correlation was observed
between GWP and Ivanov and Barat indices. The cor-
relations are negative, i.e., with the increase in the GWP
coefficient and global warming in this period, climatic
indices improve. Table 7 lists the correlation coefficient
between climate indices and the GWP coefficient from
2008 to 2018 in the Ahvaz oil field, and Figure 6 shows
the multiple regression relationship between the studied
climate indices and the GWP coefficient.

4. Discussion

Climate change and global warming in recent decades
have had major effects, such as floods, severe storms,
and intensification of aerosol. In recent decades, Ahvaz
has increasingly faced these phenomena, including dust
storms. Achakulwisut et al. identified climate change and

Spring 2022. Volume 11. Number 2
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an increase in drought as the most crucial contributors to
the aerosol increase in the southern United States [34].
Although various factors contribute to global warming,
greenhouse gases are important in this phenomenon [35].
Undoubtedly, oil-rich areas with numerous industrial fa-
cilities are more exposed to the effects of this phenom-
enon than other areas. Ahvaz has the largest oil field in
Iran. The highest concentration of oil facilities and gas
flares is in this area. The findings showed that assuming
the complete combustion of gas of flares, approximately
7401585 tons of carbon dioxide enters Ahvaz’s atmo-
sphere annually. Considering the climatic situation of
this area (semi-arid class in Barat index, desert in Ivanov
index, and semi-arid and extreme hot desert in Emberger
index), the entry of this amount of greenhouse gases sig-
nificantly affects the climate in the long run. The results
of the present study confirmed a negative correlation be-
tween climate indices and GWP in the study period from
2008 to 2018. Willington et al. [36] and Ward [37] have
examined this issue in several studies.

Sangsaraki and Anajafi described energy recovery from
the burning of gas condensate flares as an ideal solution
to reduce its environmental impact [38]. These climate
indices are often climatic components and cannot be used
as objective criteria for estimating climate change. The

Table 7. Correlation coefficient between climate indices and GWP coefficient during 2008-2018 in Ahvaz oil field (N=11)

GWP lvanov Barat Emberger
The Pearson correlation -0.659 -0.700 -0.890*
Sig. (2-tailed) 0.079 0.057 0.036

% ) ) )
*. Correlation is significant at the 0.05 level (2-tailed). (,‘b Archives of Hygiene Sciences

Qom University of Medical Sciences
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long-term persistence of greenhouse gases such as car-
bon dioxide, 80% of which remain in the atmosphere for
more than 100 years, shows the undeniable effect of gas
condensate burners on long-term climate change requir-
ing stronger management planning to reduce its effects.

5. Conclusion

The results of the present study are based on the daily
extraction of an average of 2.7 million barrels of oil from
the Ahvaz oil field during 2008-2018, and with the in-
crease in crude oil extraction, the amount of greenhouse
gas emissions will also increase. Knowing the status of
greenhouse gas emissions from flare activity provides a
good opportunity for environmental decisions. The re-
sults of the current study show that the effects of burn-
ing flares, especially greenhouse gas emissions in south-
western Iran, are significant and demonstrate the need
to review and implement plans to prevent combustion,
including reducing the input of flares or exploiting it for
factors such as energy production.

Ethical Considerations
Compliance with ethical guidelines

The ethical issues have been completely observed by
the authors, including plagiarism, informed consent,
misconduct, data fabrication and or falsification, double
publication and or submission, and redundancy.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions
All authors equally contributed in preparing this article

Conflict of interest

The authors declared no conflict of interest regarding
the publication of this manuscript.

Acknowledgments

We would like to acknowledge the help provided by
the Environmental Protection Organization of Ahvaz
and the National Iranian South Oil Company.

% A Archives of Hygiene Sciences
Qom University of Medical Sciences

References

[1] Kweku DW, Bismark O, Maxwell A, Desmond KA, Danso
KB, Oti-Mensah EA, et al. Greenhouse effect: Greenhouse
gases and their impact on global warming. Journal of Sci-
entific Research and Reports. 2017; 17(6):1-9. [DOI:10.9734/
JSRR/2017/39630]

[2] Tuckett R. Greenhouse gases. Encyclopedia of Analytical Sci-
ence. 2019; 362-72. [DOI:10.1016/ B978-0-12-409547-2.14031-4]

[3] Taskinsoy J. Blockchain: An unorthodox solution to reduce
global warming [Inernet]. 2019 [Updated 2019 October 24].
[DOI:10.2139/ ssrn.3475144]

[4] Walther GR. Community and ecosystem responses to recent
climate change. Philosophical Transactions of the Royal Society
of London. Series B, Biological Sciences. 2010; 365(1549):2019-24.
[DOI:10.1098/rstb.2010.0021] [PMID] [PMCID]

[5] Debelle G. Climate change and the economy.Paper present-
ed at: Public Forum Hosted by Centre for Policy Develop-
ment. 12 March 2019; Sydney, Australia. [Link]

[6] Prado-Lorenzo JM, Garcia-Sanchez IM. The role of the board
of directors in disseminating relevant information on green-
house gases. Journal of Business Ethics. 2010; 97(3):391-424.
[DOI:10.1007 /s10551-010-0515-0]

[7] IEA. Sources of greenhouse gas emissions from oil and gas
operations in 2017 [Inernet]. 2019 [Updated 2019 November
25]. Availble from: [Link]

[8] Abdulkareem AS, Odigure JO, Abenege S. Predictive model
for pollutant dispersion from gas flaring: A case study of
oil producing area of Nigeria. Energy Sources. Part A. 2009;
31(12):1004-15. [DOI:10.1080/15567030801909318]

[9] Kahforoushan D, Fatehifar E, Zoveidavi A, Jafarzadeh N,
Hedayatzadeh SM. [Evaluation of CO, SO2 AND NOX emis-
sion factors for gas flares in oil and gas processing plants
(Persian)]. Journal of Petroleum Research. 2011; 21(67):39-49.
[DOI:10.22078 /PR.2013.81]

[10] Fawole OG, Cai XM, Nikolova I, MacKenzie AR. Self-
consistent estimates of emission factors of carboncontaining
pollutants from a typical gas flare. Ife Journal of Science. 2020;
22(2):135-49. [DOI:10.4314/ijs.v22i2.13]

[11] Elvidge CD, Bazilian MD, Zhizhin M, Ghosh T, Baugh, K,
Hsu FC. The potential role of natural gas flaring in meeting
greenhouse gas mitigation targets. Energy Strategy Reviews.
2018; 20:156-62. [DOI:10.1016/j.esr.2017.12.012]

[12] Jan¢auskas A, Buinevitius K. Combination of primary
measures on flue gas emissions in grate-firing biofuel boiler.
Energies. 2021; 14(4):793. [DOI:10.3390/ en14040793]

[13] Touma D, Stevenson S, Lehner F, Coats S. Human-driven green-
house gas and aerosol emissions cause distinct regional impacts
on extreme fire weather. Nature Communications. 2021; 12(1):212.
[DOI:10.1038/ s41467-020-20570-w] [PMID] [PMCID]

[14] Herzog H, Eliasson B, Kaarstad O. Capturing greenhouse
gases. Scientific American. 2000; 282(2):72-9. [DOI:10.1038/
scientificamerican0200-72] [PMID]

[15] Jungbluth N, Meili C. Recommendations for calculation of the
global warming potential of aviation including the radiative forc-
ing index. The International Journal of Life Cycle Assessment.
2019; 24(3):404-11. [DOI:10.1007/s11367-018-1556-3]

Rouzkhosh M, et al. Climate Change Due to Greenhouse Effect from Flares. Arch Hyg Sci. 2022; 11(2):163-174



http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.9734/JSRR/2017/39630
https://doi.org/10.9734/JSRR/2017/39630
https://doi.org/10.1016/B978-0-12-409547-2.14031-4
https://doi.org/10.2139/ssrn.3475144
https://doi.org/10.1098/rstb.2010.0021
https://www.ncbi.nlm.nih.gov/pubmed/20513710
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2880129
https://www.rba.gov.au/speeches/2019/pdf/sp-dg-2019-03-12.pdf
https://doi.org/10.1007/s10551-010-0515-0
https://www.iea.org/data-and-statistics/charts/sources-of-greenhouseand-gas-operations-in-2017
https://doi.org/10.1080/15567030801909318
https://dx.doi.org/10.22078/pr.2013.81
https://doi.org/10.4314/ijs.v22i2.13
https://doi.org/10.1016/j.esr.2017.12.012
https://doi.org/10.3390/en14040793
https://doi.org/10.1038/s41467-020-20570-w
https://www.ncbi.nlm.nih.gov/pubmed/33431844
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7801713
https://doi.org/10.1038/scientificamerican0200-72
https://doi.org/10.1038/scientificamerican0200-72
https://www.ncbi.nlm.nih.gov/pubmed/10710789
https://doi.org/10.1007/s11367-018-1556-3

% ﬁ Archives of Hygiene Sciences
Qom University of Medical Sciences

[16] Fearnside PM. Time preference in global warming calcula-
tions: A proposal for a unified index. Ecological Economics.
2002; 41(1):21-31. [DOI:10.1016,/50921-8009(02)00004-6]

[17] Ahmadi A, Hosseini Alhashemi A. [Evaluation and de-
termination of amount of polycyclic aromatic hydrocarbons
(PAHs) in top soils of Masjed Soleyman Oil and Gas factories
(Case study: Haft Shahidan Dissalination and Operating Fac-
tory) (Persian)]. Journal of Environmental Science and Tech-
nology. 2018; 20(2):17-28. [Link]

[18] Dastoorpoor M, Khanjani N, Bahrampour A, Goudarzi
G, Aghababaeian H, Idani E. Short-term effects of air pollu-
tion on respiratory mortality in Ahvaz, Iran. Medical Journal
of the Islamic Republic of Iran. 2018; 32:30. [DOI:10.14196/
mjiri.32.30] [PMID] [PMCID]

[19] Neisi A, Vosoughi M, Shirmardi M, Idani E, Goudarzi G,
Hazrati S, et al. Concentration of air pollutants as toxic mat-
ter in urban and rural areas of Ahvaz. Toxin Reviews. 2018;
37(3):243-50. [DOI:10.1080/15569543.2017.1337796]

[20] Ghorbani MR, Ghanavati N, Babaenejad T, Nazarpour
A, Payandeh K. Assessment of the potential ecological and
human health risks of heavy metals in Ahvaz oil field, Iran.
Plos One. 2020; 15(11):e0242703. [DOI:10.1371/journal.
pone.0242703] [PMID] [PMCID]

[21] Global Gas Flaring Reduction Partnership (GGFR). (World
Bank. Global Gas Flaring Reduction Program). 2017. [Link]

[22] Bach M. The oil and gas sector: From climate laggard to
climate leader? Environmental Politics. 2019; 28(1):87-103. [D
OI:10.1080/09644016.2019.1521911]

23] Franta B. Early oil industry knowledge of CO, and glob-
y try 8 2 &
al warming. Nature Climate Change. 2018; 8(12):1024-5.
[DOI:10.1038 /541558-018-0349-9]

[24] O'Neill BC, Carter TR, Ebi K, Harrison PA, Kemp-Benedict E,
Kok K, et al. Achievements and needs for the climate change sce-
nario framework. Nature Climate Change. 2020; 10(12):1074-84.
[DOI:10.1038/s41558-020-00952-0] [PMID] [PMCID]

[25] Desiato F, Fioravanti G, Fraschetti P, Perconti W, Toreti
A. Climate indicators for Italy: Calculation and dissemina-
tion. Advances in Science and Research. 2011; 6(1):147-50.
[DOI:10.5194/ asr-6-147-2011]

[26] Bliithgen J, Weischet W. XII. Autorenregister. In: Bliith-
gen ], editor. Band 2 allgemeine klimageographie. Berlin: De
Gruyter; 1980. [Link]

[27] Jiang P, Chen Y, Geng Y, Dong W, Xue B, Xu B, et al. Anal-
ysis of the co-benefits of climate change mitigation and air
pollution reduction in China. Journal of Cleaner Production.
2013; 58:130-7. [DOI:10.1016/j.jclepro.2013.07.042]

28] Department of Climate Change and Energy Efficienc
P: & gy y
(DCCEE). Your Home: Technical Manual. 4" Edition, Com-

monwealth of Australia; 2010. [Link]

[29] Lashof DA, Ahuja DR. Relative contributions of green-
house gas emissions to global warming. Nature. 1990;
344(6266):529-31. [DOI:10.1038 /344529a0]

[30] Lea VL, Feidt M, Kheiri A, Pelloux-Prayer S. Performance op-
timization of low-temperature power generation by supercritical
ORCs (organic Rankine cycles) using low GWP (global warming
potential) working fluids. Energy. 2014; 67:513-26. [DOI:10.1016/j.
energy.2013.12.027]

Spring 2022. Volume 11. Number 2

[31] Emberger L. Une classification biogeographique des cli-
mates, Recueil des Travaux du Laboratoire de Botanique,
Géologie et Zoologie de la Faculté des Sciences de 1'Université
de Montpellier, série Botanique. 1995; 7 (1955):3-43. [Link]

[32] Ivanov D, Ashraf AR, Mosbrugger V, Palamarev E. Pa-
lynological evidence for Miocene climate change in the
Forecarpathian Basin (central Paratethys, NW Bulgaria).
Palaeogeography, Palaeoclimatology, Palaeoecology. 2002;
178(1-2):19-37. [DOI:10.1016,/S0031-0182(01)00365-0]

[33] Suroso D, Hadi TW, Sofian I, Latief H, Abdurahman O, Ju-
lianto H, et al. Vulnerability of small islands to climate change
in Indonesia: A case study of Lombok Island, Province of
Nusa Tenggara Barat. Paper presented at: International Semi-
nar on Climate Change on Water Resources and Coastal Man-
agement in Developing Countries. 4-6 May 2009; Manado,
Indonesia. [Link]

[34] Achakulwisut P, Anenberg SC, Neumann JE, Penn SL,
Weiss N, Crimmins A, et al. Effects of increasing arid-
ity on ambient dust and public health in the US South-
west under climate change. GeoHealth. 2019; 3(5):127-44.
[DOI:10.1029/2019GH000187] [PMID] [PMCID]

[35] Shen M, Huang W, Chen M, Song B, Zeng G, Zhang Y.
(Micro) plastic crisis: Un-ignorable contribution to global
greenhouse gas emissions and climate change. Journal
of Cleaner Production. 2020; 254:120138. [DOI:10.1016/j.
jclepro.2020.120138]

[36] Wallington, Timothy J., Jayaraman Srinivasan, Ole John
Nielsen, and Ellie ]. Highwood. “Greenhouse gases and glob-
al warming.” Environmental and Ecological Chemistry, Vol.
1;2009. [Link]

[37] Ward PL. What really causes global warming? Greenhouse
gases or ozone depletion? New York : Morgan James Publish-
ing; 2015. [Link]

[38] Sangsaraki ME, Anajafi E. Design criteria and simulation
of flare gas recovery system. Paper presented at: International
Conference on Chemical, Food and Environment Engineer-
ing (ICCFEE'15). 11-12 January2015; Dubai, UAE. [Link]

Rouzkhosh M, et al. Climate Change Due to Greenhouse Effect from Flares. Arch Hyg Sci. 2022; 11(2):163-174

173



http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/S0921-8009(02)00004-6
https://jest.srbiau.ac.ir/article_9171_en.html?lang=fa
https://jest.srbiau.ac.ir/article_9171_en.html?lang=fa
https://doi.org/10.14196/mjiri.32.30
https://doi.org/10.14196/mjiri.32.30
https://www.ncbi.nlm.nih.gov/pubmed/30159281
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6108243
https://doi.org/10.1080/15569543.2017.1337796
https://doi.org/10.1371/journal.pone.0242703
https://doi.org/10.1371/journal.pone.0242703
https://www.ncbi.nlm.nih.gov/pubmed/33232363
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7685440
http://2022-Global-Gas-Flaring-Tracker-Report.pdf
https://doi.org/10.1080/09644016.2019.1521911
https://doi.org/10.1080/09644016.2019.1521911
https://doi.org/10.1038/s41558-018-0349-9
https://doi.org/10.1038/s41558-020-00952-0
https://www.ncbi.nlm.nih.gov/pubmed/33262808
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7688299
https://doi.org/10.5194/asr-6-147-2011
https://www.google.com/books/edition/Allgemeine_Klimageographie/kImnOZ_GdlcC?hl=en&gbpv=0
https://doi.org/10.1016/j.jclepro.2013.07.042
http://www.yourhome.gov.au National Carbon Offset Standard
http://www.yourhome.gov.au National Carbon Offset Standard. 
https://doi.org/10.1038/344529a0
https://doi.org/10.1016/j.energy.2013.12.027
https://doi.org/10.1016/j.energy.2013.12.027
https://www.jstor.org/stable/23443505
https://doi.org/10.1016/S0031-0182(01)00365-0
https://repository.unsri.ac.id/26455/
https://doi.org/10.1029/2019GH000187
https://www.ncbi.nlm.nih.gov/pubmed/31276080
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6605068
https://doi.org/10.1016/j.jclepro.2020.120138
https://doi.org/10.1016/j.jclepro.2020.120138
https://www.google.com/books/edition/reenhouse+gases+and+global+warming&kptab=getbook#f=false
https://www.google.com/books/edition/What_Really_Causes_Global_Warming/LEVvjgEACAAJ?hl=en
https://www.researchgate.net/publication/316701190_Design_Criteria_and_Simulation_of_Flare_Gas_Recovery_System

This Page Intentionally Left Blank



