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CONTRIBUTION OF GLOBAL NATURAL GAS FLARING
IN CLIMATIC CHANGES, A Local Case Study
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Petroleum Engineering Department, Faculty of Engineering, Tobruk University, Tobruk, Libya
Geology Department, Faculty of Science, Tobruk University, Tobruk, Libya
*Corresponding author: ahmed.mohammed@tu.edu.ly

Abstract:

The impact of gas flaring is of local and global concern. Gas flaring is one
of the most challenging energy and environmental problems facing the world
today whether regionally or globally. It is a multi-billion dollar waste, a local
environmental catastrophe and a global energy and environmental problem
which has persisted for decades. Gas flaring is a widely used practice for the
disposal of associated gas in oil production and processing facilities where there
is insufficient infrastructure for utilization of the gas (primarily methane).
Improved utilization of the gas is key to reducing global carbon emissions to the
atmosphere. The estimates of flared gas volume are based on a calibration
developed with a pooled set of reported national gas flaring volumes and data
from individual flares. Flaring efficiency was calculated as the volume of flared
gas per barrel of crude oil produced. Global gas flaring has remained largely
stable over the past fifteen years, in in the range of 140 to 170 billion cubic
meters (BCM). Global flaring efficiency was in the seven to eight cubic meters
per barrel from 1994 to 2005 and declined to 5.6 m* per barrel by 2012. The
2012 gas flaring estimate of 139 BCM represents 21% of the natural gas
consumption of the USA. The 2008 flaring added more than 278 million metric
tons of carbon dioxide equivalent (CO,) into the atmosphere. The estimation of
gas flaring volumes indicate that global gas flaring has declined by 19% since
2005. An attempt has also being made to cover up-to-date trends in gas flaring
and current developments in some of the most flared countries. This paper aims
to highlights gas flaring emissions in the petroleum industry and their role for
climatic changes due to the global warming. A local small scale case study
represented by the daily gas production of Faregh gas field which includes
Faregh field | and Faregh field Il at Al Wahat area south Libya. Whereas the
total gas daily production is 63.097 million standard cubic feet/day, 6.350 of
them were flared.

Keywords: Gas Flaring; emissions; global warming; environmental impacts;
climatic changes.
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CONTRIBUTION OF GLOBAL NATURAL
GAS FLARING IN CLIMATIC CHANGES

1. Introduction

Although global warming is scientifically accepted, its cause is
still disputed. (Nordell, 2003) suggested a most natural
explanation; that this warming is a result of heat emissions from
the global consumption of non-renewable energy. Global warming
means that heat has been accumulating in air, ground, and water
since 1880. During the same period heat was released into the
atmosphere by heat dissipation from the global use of fossil fuel
and nuclear power. Any such thermal pollution must contribute to
the warming. A comparison of accumulated and emitted heat show
that heat emissions explains 55% of the global warming.
Moreover, the amount of emitted heat is underestimated, since the
non-commercial use of fossil fuel is not included, e.g. gas flares
(Fig. 1), underground coal fires, oil used in production of plastics,
and also biofuel (wood) consumed at a greater rate than the
growth. Here, the task was to estimate the heating caused by one
of the non-commercial energy sources, the flaring of gas.

Fig. 1 Gas flare in producing oil fields

In oil production wells, refineries, and chemical plants the
primary purpose of gas flaring is to act as a safety device to protect
vessels or pipes from over-pressuring due to upsets. Whenever the
plant equipment items are over-pressured, pressure relief valves
unplanned automatically releases gas (and sometimes also liquids).
The released gases and/or liquids are burnt as they exit the flare
chimney. The size and brightness of the resulting flame depend
upon the amount of released flammable material. Steam can be
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injected into the flame to reduce the formation of black smoke. In
order to keep the flare system functional, a small amount of gas is
continuously burnt, like a pilot light, so that the system is always
ready for its primary purpose as an over-pressure safety system
(Nordell, 2003).

2. Study Area

This study has been focused on the global impacts of gas flaring
in the climatic changes due to the emissions of greenhouse gases.
On the other hand, the study attempts to review the gas flaring in
Faregh gas field which includes Faregh field | and Faregh field 11,
at Al Wahat area in the south Libya (Fig. 2) from the obtained
field data.
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Fig. 2 A map showing hydrocarbons fields locations in Libya (AGOCO, 2018)

3. Objectives of Study

This study highlights the gas flaring in both oilfield and
petroleum refineries and their effects on global warming due the
large amounts of CO, emission in the atmosphere.
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4. Oil and Gas

One of the environmental sustainable development criteria is
the improved sustainability of natural resources, such as oil and
gas. Oil is expected to remain the dominant energy-providing fuel
in the world: both its production and consumption are projected to
increase by more than 80% from 1990 to 2025 (Figs. 3 & 4) (EIA,
2004).

8000
7000 -
6000 —6668 -
| eo7e| | - || |
2 5000 5519
Lo 4602/ || B 1 71 I
= 3000 |—4027 | - | | | L 1| | |
2000 — — — — M= H
1000 — — — M= H
0
1990 2001 2010 2015 2020 2025
Years
Fig. 3 World oil production (EIA, 2004)
8000
7000
- 701
;) B | B9 | B
E 5303
g 4000 : 4474——‘
= 3000
2000
1000
0

1990 2001 2010 2015 2020 2025
Years

Fig. 4 World oil consumptions (EIA, 2004)

However, natural gas is projected to be the fastest growing
component of world primary energy. Consumption of natural gas
worldwide is projected to increase by an average of 2.2 percent
annually from 2001 to 2025 (Figs. 5 & 6), compared with
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projected annual growth rates of 1.9 percent for oil consumption
and 1.6 percent for coal. The natural gas share of total energy
consumption is projected to increase from 23 percent in 2001 to 25
percent in 2025. Most of that increase is expected to come from
electricity generation (EIA, 2004).

5000
4000
4276
2 3000 o209
o 2987
S 2000 [ ' 2580—— (1 —
2055
1000 — —H K —
0
1990 2001 2010 2015 2020 2025
Years
Fig. 5 World natural gas productions (EIA, 2004)
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™ 3794 o
Esooo g | 3% —
S 2000 2540H— —
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1000% Lo — . Fo- —
0
1990 2001 2010 2015 2020 2025
Years

Fig. 6 World natural gas consumptions (EIA, 2004)
5. Crude Oil Production, 1880-2002

The aim is to estimate flared gas from 1880 (start of global
warming) to 2002. Based on available data, the amount of gas
flaring is evaluated from the CO, emission that it generates. It is
also interpolated from the world crude oil production. Fig. 7 shows
the oil and gas flow diagram or crude oil battery (crude oil is
processed initially at field facilities called batteries). It is similar to
study the gas flaring from emission or production of crude oil (Fig.
8).
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Fig. 7 Oil and gas flow diagram (BPMIGAS, 2004)
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Fig. 8 CO, emission and production of crude oil from 1880-2002 (EIA, 2004)

The main source for the crude oil production is EIA (Energy
Information Administration). Unfortunately, this administration
does not have any data before 1980. Figure 9 shows gas flaring
volume against global production rates from 1996-2012 (World
Bank, 2000/2001).
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Fig. 9 Gas flaring volume versus global production rates from 1996-2012
(World Bank, 2000/2001)

The impact of gas flaring is of local and global concern. Gas
flaring is one of the most challenging energy and environmental
problems facing the world today whether regionally or globally. It
is a multi-billion dollar waste, a local environmental catastrophe
and a global energy and environmental problem which has
persisted for decades.

The World Bank has estimated that the annual volume of
associated gas being flared and vented is about 110 billion cubic
meters (bcm), which is enough fuel to provide the combined
annual natural gas consumption of Germany and France. Flaring in
Africa (37 bcm in 2000) could produce 200 Terawatt hours (TWh)
of electricity, which is about 50 percent of the current power
consumption of the African continent and more than twice the
level of power consumption in Sub-Saharan Africa with the
exception of the Republic of South Africa (World Bank,
2000/2001). Gas flaring is a common practice in the oil production
process globally. Libya for instance flares about 21% of its natural
gas, while Saudi Arabia, Canada and Algeria flare 20%, 8% and
5%, respectively. This implies that Nigeria has one of the worst
rates of gas flaring in the world. In 2002, Nigeria flared about 76%
of its natural gas (World Bank, 2014).
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6. Top 20 Flaring Countries

Table 1 shows Top 20 flaring countries through the period 2007-
2011.

Table 1: Estimated flared volume of flared gas for top 20
countries (World Bank, 2014)

Estimated flared volume from satellite data
Change from 2010
Volumes (becm) | 2007 | 2008 | 2009 | 2010 | 2011 10 2011
Russia 52.3 | 42.0 | 46.6 | 35.6 | 37.4 1.8
Nigeria 16.3 | 155 | 149 | 15.0 | 146 -0.3
Iran 10.7 | 10.8 | 10.9 | 11.3 | 114 0.0
Iraq 6.7 7.1 8.1 9.0 9.4 0.3
USA 2.2 2.4 3.3 4.6 7.1 25
Algeria 5.6 6.2 4.9 5.3 5.0 -0.3
Kazakhstan 5.5 5.4 5.0 3.8 4.7 0.9
Angola 3.5 3.5 34 | 41 4.1 0.0
Saudi Arabia 3.9 3.9 3.6 3.6 3.7 0.1
Venezuela 2.2 2.7 2.8 2.8 35 0.7
China 2.6 2.5 2.4 25 2.6 0.1
Canada 2.0 1.9 1.8 2.5 2.4 -0.1
Libya 3.8 4.0 35 3.8 2.2 -1.6
Indonesia 2.6 2.5 2.9 2.2 2.2 0.0
Mexico 2.7 3.6 3.0 2.8 2.1 -0.7
Qatar 2.4 2.3 2.2 1.8 1.7 -0.1
Uzbekistan 2.1 2.7 1.7 1.9 1.7 -0.2
Malaysia 1.8 1.9 1.9 1.5 1.6 0.2
Oman 2.0 2.0 1.9 1.6 1.6 0.0
Egypt 15 1.6 1.8 1.6 1.6 0.0
Total top 20 132 124 127 118 121 3.1
Restofthe | oy | 25 | 20 | 20 | 19 (L1)
world
Global flaring | 45, | 146 | 147 | 138 | 140 1.9
level

Source: NOAA Satellite data

Figure 10 shows the variation of the top 20 flaring countries,
Russia is highest followed by Nigeria and the lowest one is Egypt.
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Fig. 10 Gas flaring of top 20 countries from 2005-2009 (World Bank, 2014)

7. Gas Flaring Emissions

A large number of hydrocarbons are produced when waste oil-
gas and oil-gas-water solutions are flared. Flaring is inefficient
with combustion being most affected by ambient winds and
heating value of the fuel. Inefficient burning releases raw fuel
(Argo, 2002). The efficiency of flares can be dependent on several
factors like composition of the flare stream, Flow rate of flare
gases, wind velocity, ambient turbulence, presence of hydrocarbon
droplets in the flare stream and presence of water droplets in the
flare stream (Alberta, 2004).

Flaring is a high-temperature oxidation process used to burn
combustible components, mostly hydrocarbons, of waste gases
from industrial operations. Natural gas, pro-pane, ethylene,
propylene, butadiene and butane constitute 95% of the waste gases
flared (USEPA, 1993). In combustion, gaseous hydrocarbons react
with atmospheric oxygen to form carbon dioxide (CO,) and water.
In some waste gases, carbon monoxide (CO) is the major
combustible component. During a combustion reaction, several
intermediate products are formed, and eventually, most of them are
converted to CO, and water. Some quantities of stable
intermediate products such as carbon monoxide, hydrogen, and
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hydrocarbons will escape as emissions (Gervet, 2007). Fig. 11
illustrates the future oil production and flaring trends.

Flaring
Production increment (1998-2020) B lsldad

North Amenza
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2000 262[)
Fig. 11 Future oil production and flaring trends (EIA, 2004), (World Bank, 2004)

8. CO; Emissions of Gas Flaring

Atmospheric carbon dioxide (CO, ) is produced both from
natural sources and human (anthropogenic) activities. The most
important source of carbon dioxide from human activities is the
release during the consumption of fossil fuels.

The difficulty to evaluate the gas flaring emission is to find out
the most reliable database and to understand why these databases
show different data.

The first database is from EIA. The gas flaring emission is
obtained by comparing the World Carbon Dioxide Emissions from
the Consumption and Flaring of Natural Gas, and the World
Carbon Dioxide Emissions from the Consumption of Natural Gas.

The second database is from CDIAC (Carbon Dioxide
Information Analysis Centre). Here, the gas flaring emission is
given. The CDIAC is really interesting because the database starts
in 1950, whereas the EIA’s database starts in 1980. Moreover, all
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flared gas emissions since 1950 from are recorded, from the
production of cement, crude oil, coal and natural gas. However,
there are some uncertainties to consider.

Figure 12 shows CO, emission through the period 2000 to 2011
for the top flaring countries.
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Fig. 12 CO, emissions from 2000-2011 (EIA, 2004)

Figure 13 shows a difference between the two curves, from 1986.
On the other hand, the curves are quite similar between 1980 and
1986, considering some uncertainties.
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Fig. 13 CO, emission from two different sources (1950-2003)
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Currently the GHG emission per capita of developed countries
is far above the one of developing countries. However, the climate
change is a global problem. Its impact will affect all regions in the
world, and then all countries will have to make efforts to lessen the
climate change. If the non-developed countries do not try to reduce
their GHG emission, it is projected that in the year 2020 their
emission will exceed that of the developed countries (Fig.14). On
the other hand, its expected to decrease CO, emission to reach zero
in 2030 (Fig. 15).
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Fig. 14 CO, expected emission through the period 1990-2025 (EIA, 2003),
(EIA, 2004)

Essentially, the huge amount of the gas being flared could be
used for other more productive purposes, such as for power
generation. This means that flaring is a waste of resources.
According to EIA 2004, annual flaring will increase by 60% from
1999 to 2022 if there is no effort done to reduce the flaring.
However, it is possible to reduce flaring by applying certain
policies and strategies. In addition, the gas utilization in
international and domestic markets, site use and reinjection, can
also decrease the amount gas flaring.
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Fig. 15 Global gas flaring from 2013-2030 (expected to be zero in 2030)

9. Impacts of Gas Flaring

The effects of gas flaring under this heading are multifaceted.
These effects, have received the most attention and corrective
action worldwide. Although the impacts are seen more in
developing countries like Nigeria, Angola, Libya etc. where
technology for utilization of such energy are only recently just be
employed at a snail pace. The impacts on human, the environment
and the economy remain that of a global concern. Nigeria and
Russia have been mentioned to be the highest gas flaring countries
in all the literatures reviewed.

10. Case Study

This case study has been carried out on the Faregh gas field
which includes Faregh field I and Faregh field 11, at Al Wahat area
south Libya. The study displays the available data which obtained
from the field and concerned with amounts of gas flaring. Whereas
the total gas daily production is 63.097 million standard cubic
feet/day, 6.350 of them were flared. The daily gas production of
Faregh fields (I &I1) is illustrated in Table 2 and Fig. 16.
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On the other hand, this study can't be discussed the local
impacts of gas flaring on the surrounding area of Al Wahat
because of no available data neither published information about
that due to the conflict of local and international environmental
regulations.

The study just try to highlights that is one of petroleum
industrial activities that sharing in the global warming and climatic
change. Because of it’s a global phenomena.

Table 2: Faregh gas field (WOC, 2013).

— Faregh field (MMSCFD)
Description Faregh | Faregh 11 Total
Gas produced 62.527 0.570 63.097
Fuel gas consumed 0.227 0.120 0.347
Gas to condensate 0.000 0.000 0.000
Gas injection Nil Nil Nil
Gas sales 56.400 0.000 56.400
Controllable flared 5.900 0.450 6.350
Noncontrollable flared - - -
Total flare 5.900 0.450 6.350
® Faregh| ® Fareghll Total
70
62.527
60 56.4 56.4
50
s
20
10 59 6.35
057 0 - 0.45

o

Gas produced

Gas sales

Gas fields

Total flare
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Fig. 16 Faregh gas field production and flaring rates
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11. Conclusion

In the light of the previous study the following conclusions can
be drawn:

1.

Gas flaring and its impacts globally have continued for
decades ever since the exploration of crude oil and natural
gas began.

With the continuous increase in demand for energy from
fossil fuels like hydrocarbons in the next few decades,
different researchers need to come together harnessing
research works of decades in the oil and gas industry,
academia and governments to determine ways of reducing
gas flaring drastically.

If gas must be flared, an accurate means to determine
volume of gas flared, its emissions quantity and
concentration must be agreed upon.

Natural gas is a vital component of the world’s supply of
energy. It is one of the cleanest, safest, and most useful of
all energy sources. To flare it, is to degrade energy, to
mitigate it is to stop its resulting environmental
degradation.

There are top 20 flaring countries, Russia is highest
followed by Nigeria and the lowest one is Egypt.

The new trends of these countries began to reduce the
quantity of emissions according to the regulation of
Environmental Protection Agency (EPA) regulations.

The energy released by gas flaring during the last 120 years
corresponds approximately to the annual global energy
consumption in 1999, i.e. 0.9*10* kWh. This amount
accounts for about3% of missing net heat generation and
for 1.2% of considering the total net heat generation.
However, the large volumes of emissions such as carbon
dioxide (CO,) and methane (CH,) due to the gas flaring in
oilfields, gasfields and oil refineries contribute for climatic
changes because of global warming and greenhouse effect.
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