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ABSTRACT

The concentrations of anthropogenic emissions of greenhouse gases (GHG) in the atmosphere have
considerably increased in recent years. This has caused to an increase in the greenhouse effect.
Methane (CH4), one of the greenhouse gases, is emitted from a variety of sources and its
concentration in atmosphere has increased dramatically over the last few centuries. Natural gas and
Keywords: | oj| systems are one of the important sources of methane emissions whose concentration in
Natural gas, | atmosphere has rapidly increased. It is, therefore, highly important to determine the primary sources

Oil, of emissions in terms of regions and countries. This paper examines the methane emissions from
Methane natural gas and oil systems from 1990 to 2010. It analyses the changes in methane emissions on the
emission, basis of geographic scale. Results indicate that the non-European Union nations had the biggest share

Mitigation, in global methane emissions. Between these nations, Russian Federation was the highest emitter and

its natural gas emissions dominate the region’s emissions. Following the non-European Union
nations, OECD countries and current members of the European Union were the next biggest
contributors to the emissions. The United States was responsible for the majority of emissions in this
group. Results also showed that these emissions can be decreased by nearly 100% using technology
or equipment upgrades, improving management practices and operational procedures to reduce
venting, enhancing management practices.

Dogal gaz ve petrol sistemlerinden kaynaklanan metan emisyonlarinin analizi: 1990—

2010
OZET

Antropojenik sera gazi emisyonlarinin atmosferdeki konsantrasyonlari, son yillarda énemli dlgiide
artmigtir. Bu artig, sera gazi etkisinin de artmasina yol agmustir. Sera gazlarindan biri olan metan
(CH,), gesitli kaynaklardan agiga ¢ikmakta olup, atmosferdeki konsantrasyonu son birka¢ yiizyilda
carpici bir bicimde artmistir. Dogal gaz ve petrol sistemleri, atmosferdeki konsantrasyonu hizla artan
Anahtar metan emisyonlarinin 6nemli kaynaklarindan biridir. Bu nedenle, bolgesel ve iilkeler bazinda metan
Kelimeler: | emisyonlarina sebep olan birincil kaynaklarin belirlenmesi 6nem arz etmektedir. Bu ¢alisma, dogal
Dogal gaz, gaz ve petrol sistemlerinden kaynaklanan metan emisyonlarinin 1990-2010 yillar1 arasindaki
Petrol, Metan | degisimi incelemektedir. Caligma, metan emisyonlarindaki degisimi cografik Olgekte analiz
emisyonu, etmektedir. Sonuglar, Avrupa Birligi’ne {iye olmayan iilkelerin kiiresel metan emisyonlarina sebep
Azaltim olan iilkeler igerisinde en biiylik paya sahip oldugunu gostermektedir. Bu iilkeler igerisinde, en
yiiksek paya sahip olan iilkenin Rusya Federasyonu oldugu ve bu iilkenin bolgedeki metan
emisyonlart degisimi agisindan baskin iilke oldugu belirlenmistir. Avrupa Birligi’ne {iye olmayan
iilkelerin ardindan, OECD ve Avrupa Birligi’ne iiye iilkeler metan emisyonlarina en fazla sebep olan
iilkelerdir. Bu gruplar icerisinde, Birlesik Devletler emisyonlarin ¢ogunlugundan sorumludur.
Calismanin sonuglar1 ayrica; dogal gaz ve petrol sistemlerinden kaynaklanan metan emisyonlarimin,
kullanilan ekipmanlarin yenilenmesi, yonetim prosediirlerinin 1iyilestirilmesi, havalandirmanin
azaltilmasi gibi yontemlerle neredeyse % 100 oraninda azaltilabilecegini gdstermistir.

* Sorumlu yazar (Corresponding author) e-posta: gaydin@ktu.edu.tr
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1. Introduction

Anthropogenic emissions of greenhouse gases (GHG)
have led, over the past 100 years, to a considerable
increase in the concentration of these gases in the
atmosphere [1]. The increase causes the greenhouse
effect that is the sum of the interactions between the
heat that is attempting to escape from earth to space and
the molecules of various gases that trap the heat,
reradiating it within the atmosphere, and impeding its
loss to space. Without the greenhouse gases, the surface
of the Earth would be as cold as the surface of the
Moon (about -18 degrees Celsius or °C) [2].
Measurements taken from all over the world, however,
have shown that the global climate is changing. In the
last 100 years the atmosphere has warmed up by about
half a degree Celsius. Also during the time humans
have been emitting extra greenhouse gases, which are
the result of burning fossil fuels (like coal, oil and gas)
including carbon dioxide (CO,), methane (CH,) and
nitrous oxide (NO,) [2,3,4].

Methane is emitted from a variety of anthropogenic
(human-induced) and natural sources and accounts for
16% of global GHG emissions (Fig.1). Human-induced
sources include landfills, natural gas and oil systems,
agricultural activities, coal mining, stationary and
mobile combustion, wastewater treatment, and certain
industrial processes. Approximately 60% of methane
emissions come from these sources and the rest are
from natural sources. Over the last two centuries,
methane concentrations in the atmosphere have
increased more than doubled [5]. Compared to carbon
dioxide, methane is relatively short-lived and its
atmospheric perturbation lifetime is 12 years [6]. As
methane is a much more short-lived greenhouse gas
than CO,, it has high reduction potentials and high
impacts on radioactive forcing within short time
periods. On the other hand, methane has a higher global
warming potential (GWP) than CO,, controlling for its
shorter atmospheric lifetime. GWP of methane is 21
relative to CO, on a 100 year time horizon (see Table 1)

[7].
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Fig.1.Contribution of Anthropogenic Emissions of
Greenhouse Gases to the Enhanced Greenhouse
Effect [8].

Table 1. Global Warming Potentials of greenhouse

gases [8].
Gas GWP
Carbon Dioxide (CO,) 1
Methane (CHy) 21
Nitrous Oxide (N,O) 310
HFC-23 11.7
HFC-32 650
HFC-125 2.8
HFC-134a, HFC-4310mee 1.3
HFC-143a 3.8
HFC-152a 140
HFC-227ea 2.9
HFC-236fa 6.3
CF4, C2F6, C4F10, C6F14 6.5-9.2
SF6 23.9

Following the enteric fermentation, the oil and natural
gas sector is the second biggest anthropogenic methane
source releasing 1354.42 MtCO.eq (Million ton carbon
dioxide equivalent) of methane to the atmosphere in
2010. It is highly important to determine the biggest
emitters on the regional or local levels and understand
the reasons affecting methane emissions so that the
emissions can be reduced.

2. Method

Current study evaluates the methane emissions from
natural gas and oil systems on the regional and local
level. Grouping used in the study is based on the
classification presented by EPA [8]. The groups include
countries in the following geographic or geopolitical
classifications:

i. OECD 1990 & EU3 - all of the countries in the
Organization for Economic Cooperation and
Development (OECD) as of 1990, the 25 current
members of the European Union (EU), and
countries whose accession to the EU is scheduled
for 2007,

ii. Africa,

iii. China and Centrally Planned Asia (China/CPA),
iv. Latin America,

v. Middle East,

vi. Non-European Union nations that are newly
independent states from the former Soviet Union
(non-EU FSU),

Other non-EU nations in Eastern Europe (non-EU
Eastern Europe), and

viii. South and Southeast Asia (S&E Asia).

Changes of methane emissions by these groups from
1990 to 2010 were analyzed. Contribution and
percentage change presented in this study were
calculated based on the average emissions from 1990 to
2010. Natural gas and oil production and consumption

Vii.
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data were taken from BP Statistical Review of World
Energy while the emission raw data are taken from a
report published by EPA [8].

3. General outlook to world energy

World energy consumption increased from 8096.56
Mtoe in 1990 to 11164.3 Mtoe in 2009, with an annual
increase rate of 2%. About 90% of the primary energy
is currently supplied by fossil fuels (Fig.2a). Fossil fuel
consumption increased from 1990 to 2010 as a result of
increasing population which caused an increase in
energy demand (Fig. 2b). Although renewable energy
use increased, any critical changes have not been
observed in its share of word energy consumption. The
share of renewable energy in energy consumption was
around 11% in 1990 and 12% in 2009 [9].

It is expected that an increase will be occurred in energy
demand with an increasing role of natural gas mainly in
electric power generation in the next two decades [10].
The share of oil and natural gas in word energy
consumption was on average 69% from 1990 to 2009.
Oil and natural gas consumption showed almost the
same trend. Their consumption increased from 1990 to
2009, with a slight increase from 1990 to 1995,
increasingly positive growth from 1995 to 2005 and
little increase between 2005 and 2009, as shown in Fig
2b.

Production/Consumption (P/C) ratio is an indicator of
energy transportation between the regions. Changes in
both exports and imports of natural gas and oil are
important to understand the changes in emissions
because methane is released both production and
transportation [11]. From 1990 to 1995, the P/Cs of
Russian Federation and Canada for oil quickly rose up
to 3.96 and 1.61, respectively. The oil production of
Russian Federation in 2009 was 0.96 times of year
1990, while its consumption decreased 0.5 times. The
oil production of Canada in 2009 was 168% of year
1990, while its consumption was 122%. The P/Cs of
China, Mexico, Venezuela, Iran, Saudi Arabia, United
Arab Emirates and United States decreased up to 0.47,
1.72, 456, 2.42, 3.77, 0.91 and 0.08, respectively
(Table 2). P/Cs of Venezuela, Saudi Arabia and United
Arab Emirates was extremely high (Fig 2c).

There was not any critical increase or decrease in
natural gas production and consumption of countries
that are responsible for majority of the emissions. The
natural gas P/Cs of China, Mexico, Venezuela, Iran,
Saudi Arabia and United Kingdom were around one in
1995. Russian Federation, the United States and Canada
are the main natural gas producers of the world. The
natural gas production of Russian Federation in 2009
was 0.89 times of year 1990, while its consumption

increased 1.05 times. The natural gas production of the
United States had generally increased in the period
(Table 3). The natural gas production and consumption
of the United States in 2009 was 117% of year 1990,
while its consumption was 119% (Fig 2d).

4. Methane emissions from natural gas and oil
systems

The oil and gas sector is the most complex source
category. The high emissions of methane are connected
with oil and gas production; crude oil transportation and
refining, and natural gas processing, transportation and
distribution [12, 13, 14, 15]. A more detailed
breakdown of natural gas and oil industry is provided in
Table 4.

Oil and natural gas are found as stored in porous and
highly permeable reservoir rock, trapped under low
permeability cap rock. Within the reservoir, oil and gas
are arrayed vertically according to their densities, oil at
the greatest depths and natural gas above. Natural gas is
also usually found dissolved in the oil. The natural gas
held in rock reservoirs typically contains between 70%
and 100% methane. Methane in both oil and gas is
produced during the thermal degradation of organic
matter in sedimentary rocks [16]. Oil and gas are
withdrawn from underground formations using on-
shore and offshore wells. Gathering lines are used to
bring the crude oil and raw gas to one or more
collection point(s) within a production field [17, 18].
Because methane is the major component of natural
gas, leaks or venting from these systems result in
methane emissions [19].

Venting from crude oil storage facilities that hold the
oil before it is piped or trucked to refineries is the
largest contributor to methane emissions from the oil
sector. The methane that is in solution vaporizes and is
vented from the storage tanks directly to the
atmosphere, unless it is captured by vapor recovery
units. Some emissions occur as crude is transferred in
tankers and pipelines for shipment to refineries.
Refineries break crude oil down into its various
components such as gasoline and kerosene. Refineries
are responsible for only about 2% of the emissions from
the oil sector [19, 20].

During processing, natural gas is dried and most of the
heavier hydrocarbons or condensate is removed from
the gas. Processed gas is then injected into the natural
gas transmission system and the heavier hydrocarbons
are marketed separately.
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Fig. 2. General outlook of world energy: Primary energy sources and their share in word energy
(2); their consumption between 1990-2009 (b); P/Cs for main oil (c) and natural gas (d) producer/consumers

Note: * In this figure, primary energy comprises commercially traded fuels only. Excluded, therefore, are fuels such as wood, peat and animal waste which,
though important. Also excluded are wind, geothermal and solar power generation.
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Qil production and consumption of the countries accounting for majority of methane emissions in each region (Million tones equivalent oil)

Production (Mt)

Consumption (Mt)

Group 2009 2009
Country 1990 1995 2000 2005 2009  share of Country 1990 1995 2000 2005 2009 share of
total total
Algeria 575 566 668 864 776 203
Angola 23.4 312 369 69 874 229 Algeria 9.2 8.4 85 110 149 038
Africa | Egypt 455 466 388 339 353 092 Egypt 238 233 272 298 337 087
Libya 67.2 679 695 819 771  2.02 South Africa 16.6 200 220 243 243 063
Nigeria 91.6 975 1054 1221 991 259
China/C | China 1383 149 1626 1808 189  4.95 . 223, 327,
PA | Vietham 2.7 7.7 162 194 168  0.44 China 1129 1602 ¢ 8 4046 1042
Argentina 25.4 375 404 362 338 088 Argentina 183 195 203 197 223 058
Brazil 323 355 632 846 1004  2.63 Brazil 643 761 916 895 1043 2.69
Latin | Colombia 223 295 353 273 341 089 Colombia 9.2 11.8 105 103 8.8 0.23
America | Ecuador 14.9 201 209 276 252 066 Ecuador 4.2 5.1 58 75 99 0.25
Mexico 1463 1505 1712 1871 1475 386 Mexico 678 733 857 877 856 220
Venezuela 117.8 155.3 167.3 151 124.8 3.27 Venezuela 18.4 20.0 225 259 274 0.71
Iran 1628 1855 1913 2063 2024 530
Iraq 1053 26 1288 90 1218 3.19
Kuwait 46.8 1049 1091 1293 1213 3.17 Iran 471 585 625 773 836 215
Oman 342 428 464 374 385 101 Kuwait 5.4 6.5 11.8 174 192 049
Middle | Qatar 21.1 218 361 473 579 152 Saudi Arabia 549 589 734 914 1218 3.4
East | SaudiArabia 3426 4384 4563 5268 4595 12.03 | United Arab Emir. 128 180 129 190 218 056
Syria 20.2 296 273 224 187 049
E:T‘]'itre_d”ab 1075 1111 1193 1200 1206 3.16
Yemen 8.7 167 213 196 140 037
Azerbaijan 125 9.2 141 224 506 132 Azerbaijan 85 6.6 63 54 28 0.07
ﬁO”'EU Kazakhstan  25.8 206 353 626 78 2.04 Belarus 248 104 70 71 94 0.24
Soorvr?eetr Russian Kazakhstan 216 120 74 110 120 031
Onion | pessan 5159 3107 3233 4700 4942 1294 [ Lo oo o0 1280 121 0 oo
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Table 2. Continued

Production (Mt) Consumption (Mt)
up 2009 2009
Country 1990 1995 2000 2005 2009  share | Country 1990 1995 2000 2005 2009  share
of total of total

South & | India 342 366 342 346 354 093 |S.Korea 495 949 1032 1054 1043  2.69
South. Asia | Indonesia 744 765 715 53 49 1.28 | Thailand 19.7 35.0 36.7 47.0 44.2 1.14
Australia 316 35.3 37.7 39.8 42.7 1.10
Canada 79.8 79.8 881 1003  97.0 250
France 89.4 89.0 94.9 93.1 875 225
Australia 288 254 353 245 236 062 |Germany 1273 1352 1298 1224 1139 293
Canada 926 1119 1269 1449 1557  4.08 | ltaly 93.6 955 935 86.7 75.1 1.94
Norway 821 1384 1602 1382 1083  2.83 | Japan 2477 2676 2555 2441 1976 5.9

United Netherlan
OECD1990 | o 916 1299 1262 847 68 1.78 35.9 39.0 42.7 50.8 494 127

2 EU Klquom ds
gtg'tzesd 916 1299 1262 847 68 1.78 | Spain 48.7 56.4 70.0 78.8 72.9 1.88
Turkey 22.1 28.4 31.1 30.2 289 074
United

_ 82.9 81.9 78.6 83.0 744 1.92

Kingdom
United 781.8  807.7 897.6 9514 8429 2171

States
Total 3171.7 32831 3609.0 38986 38205 3150.9 31509 3266.1 35621 3877.8
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Table 3. Natural gas production and consumption of the countries accounting for majority of methane emissions in each region (Million tones equivalent oil)
Production (Mtoe) Consumption (Mtoe)
2009 2009
Group Country 1990 1995 2000 2005 2009 Sehgfr Country 1990 1995 2000 2005 2009 Sh(f‘fre
total total
Algeria 443 528 76.0 79.4 73.3 2.97 | Algeria 18.2 189 179 209 240 0.90
Africa Egypt 7.3 11.3 18.9 38.3 56.4 1.09 | Egypt 7.3 11.3 180 284 38.3 1.44
Nigeria 3.6 4.4 11.3 20.2 22.4 0.57
China/CPA China 13.8 16.2 24.5 44 4 76.7 1.43 | China 13.7 16.0 221 421 79.8 3.01
Vietnam 0.1 14 6.2 7.2 0.11 | Cambodia 13.7 16.0 221 421 79.8 3.01
Argentina 16.1 225 33.7 41.1 37.2 1.36 | Argentina 18.3 24.3 29.9 36.4 38.8 1.46
Latin Brazil 2.8 4.6 6.7 9.9 10.7 0.32 | Brazil 2.8 4.6 8.5 17.4 18.3 0.69
America Mexico 244 259 34.0 40.5 52.4 1.59 | Mexico 24.8 270 36.2 480 62.7 2.36
Venezuela 19.8 24.8 25.1 24.7 25.1 1.12 | Venezuela 19.8 248 25.1 24.7 26.8 1.01
Bahrain 5.2 6.5 7.9 9.6 11.5 0.36 | Iran 20.4 317 56.6 94.5 1185 4.47
Iran 208 31.8 54.2 93.2 118.1 2.66 | Kuwait 3.8 8.4 8.6 11.0 12.1 0.45
Kuwait 3.8 8.4 8.6 11.0 11.3 0.37 | Saudi Arabia 30.2 38.6 4438 64.1 69.7 2.63
ME'ggt'e Qatar 57 122 213 412 804 126 Errr‘]'ltfd Ardb 455 223 283 379 532 2.00
Saudi Arabia 30.2 38.6 44.8 64.1 69.7 2.21 | Qatar 5.7 122 8.7 16.8 19.0 0.72
United Arab 101 585 345 430 440 155 | Russian 366.8 330 3186 3602 3507 13.22
Emir. Federation
Russian 531. 22.8 .
Non-EU Federation 0 479.3 4757 5221 4748 5 Turkmenistan 8.6 7.0 11.0 145 17.8 0.67
Fsoor\?eetr I“rkme”'Sta 715 263 383 513 327 192 | Ukraine 111.6 665 639 621 423 159
Union Ukraine 229 148 14.6 16.7 17.3 0.74 | Uzbekistan 32.2 37.0 411 384 439 1.65
Uzbekistan 33.2 395 45.9 48.6 58.0 2.02 | India 10.8 169 237 32.1 46.7 1.76
India 10.8 16.9 23.7 26.7 35.3 0.99 | Indonesia 15.2 253 26.8 299 33.0 1.24
South & Indonesia 395 54.6 58.7 64.1 64.7 2.61 | Pakistan 11.0 140 194 320 34.1 1.29
South. Asia  Pakistan 11.0 14.0 19.4 32.0 34.1 0.97 | Thailand 5.9 102 198 293 353 133
Thailand 59 102 18.2 21.3 27.8 0.74
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Production (Mtoe)

Consumption (Mtoe)

2009

Country 1990 1995 2000 2005 2009 of Country 1990 1995 2000 2005 2009 share of
total
total
Australia 187 268 280 334 381 129 |Australia 187 268  28.0 334 381 1.29
Canada 977 1438 1640 1687 1453 676 |Canada  97.7 1438 164.0 1687 1453  6.76
Netherland 0,9 610 523 563 564 253 |Netherlan o0 610 523 56.3 56.4 253
OECD1990 ° ds

ooy Norway 229 250 448 765 931 228 |Norway 229 250 448 765 93.1 228
United 409 637 975 794 537 325 |United 409 637 975 794 53.7 3.25
Kingdom Kingdom
United 4618 4800 4955 467.6 5418 2220 |Ynited 461.8  480.9 4955 4676 5418  22.20
States States

Total 17903 19097 21780 2509.1 2696.0 17693 19241 21755 24983 2653.1

Major methane emissions sources in the gas processing are compressor
fugitives, compressor exhaust, vents, pneumatic devices, and blowdown.
Most fraction of the gas is transported through transmission and distribution
pipelines while a small amount of gas is shipped by tanker as liquefied
natural gas (LNG). Transmission pipelines are large diameter, high pressure

lines that transport gas from production fields, processing plants, storage
facilities, and other sources of supply over long distances to local
distribution companies, or large volume customers. Major methane
emissions sources are chronic leaks, compressor fugitives, compressor
exhaust, vents, and pneumatic devices in transmission pipeline [20-21].
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Table 4. Sources of methane emissions from natural gas and oil systems [14]

Other Possible

Categories Segment Major Emission Sources o
Emission Sources
Venting Elarin
Oil and Gas Oil and Gas Wells Normal operations: fugitive 1ng,
; e e maintenance,
Production Gathering lines emissions; deliberate releases from
. . . system upsets
Treatment facilities pneumatic devices and process .
and accidents
vents
. . Normal operations: fugitive .
transcglrj'?;ti?;; and 'T';%elza?gs emissions; deliberate releases from rljwlsir:l?egjﬁance
portat process vents at refineries, during ’
Refining Storage tanks loadi d unloadi f tank system upsets
Refineries oading and unloading of tankers and accidents
and storage tanks
Natural _Gas Gas Plants S e .
Processing, Normal operations: fugitive Flaring,
. Underground storage Lo X
Transportation, reServoirs emissions; deliberate releases from  maintenance,
and L L pneumatic devices and process system upsets
Lo Transmission Pipelines .
Distribution vents and accidents

Distribution Pipelines

5. Analysis of the emissions from natural gas and oil
systems

Methane is released from activities conducted in
energy, waste, agriculture, and industry sector. Energy
sector following the agricultural sources was the second
biggest contributor to global methane emissions. It was
responsible  for 29% (177450 MtCO.eq) of
anthropogenic methane emissions (Fig.3a). These
emissions increased from 1990 to 2010, especially after
2000. Percentage change was 17% (Fig.3b). Although
there were many reasons causing the increase in
emissions from energy sector, main factors can be
ranged as follows:

i. the economic restructuring in the Eastern

Europe and the Former Soviet Union,

ii. a shift from coal to natural gas as an energy
source in several regions,

iii.  restructuring in several
countries and

iv.  expansive growth in energy consumption in less
developed regions [8, 12].

key coal mining

Natural gas and oil systems are a significant source of
global methane emissions from energy sector [13]. The
source emitted approximately 1104.03 MtCO,eq
annually and constituted 62% of methane emissions
from energy sector (Fig.3c). In other words, 18% of
global anthropogenic methane emissions were released

from the activities in natural gas and oil systems.
Emissions from this source increased between 1990 and
2010, with a slight decrease between 1990 and 1995,
increasingly positive growth between 1995 and 2010, as
shown in Fig.3d. The non- EU FSU economic
transition, the mild growth in production in parts of the
OECD, and the accelerated growth in energy production
and demand in all other regions (especially Asia)
affected the overall trend in the emissions.

Emissions over the period of 1990-2010 increased in all
regions except the non-EU FSU, as shown in Table 5.
Although the rank order of the regions did not change
during the study period, each region’s contribution to
global emissions changed dramatically. Non-EU FSU
and OECD90 & EU’s total emissions accounted for the
majority of anthropogenic methane emissions from
natural gas and oil systems (Fig.4a). These regions were
followed by Middle East, Latin America, SE Asia,
Africa, China/CPA and Non-EU Eastern Europe.
Changes in emissions by these groups are shown in
Fig.4b.

Non-EU FSU was the biggest emitter and the only
group where methane emissions decreased. Russian
Federation, Ukraine, Uzbekistan, Turkmenistan and
Azerbaijan were the countries having big share in
emissions from the group (Fig.5a). Only Russian
Federation is responsible for 55% of these emissions.
Natural gas emissions by Russian Federation dominate
this region’s emissions. Economic transition of Russia
Federation caused a short term decline in the production
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and use of natural gas and oil, which leads to a sharp
decrease in emissions from 1990 to 2000 [8]. Following
Russian Federation, Ukraine was the important emitter
in the group. Methane emissions from Ukraine
accounted for 22% of emissions by group and have
increased by 20% in study period. Other countries in the
group emit low methane, respectively (Table 5).

After the non-EU FSU, OECD90 & EU was the next
biggest emitter of methane. The share of this group in
global methane emissions was 25%. United States,
Canada, Turkey, Romania, England and Germany were
the major countries releasing methane (Fig.5b). Among
the country in the group, just the United States released
about 52% methane. During the period of 1990-2010,
United States has decreased its methane emissions by
about 142.37 MtCO,eq. Although the consumption of
natural gas and oil in the United States has increased,
methane emissions by this country has decreased (Table
5). This can be explained by the decrease in oil
production and mature natural gas and oil industries
with stabilized or limited growth in production sectors.
Turkey’s methane emissions were the second biggest
share (14%) in total emissions. Canada, following
Turkey was one of the big emitters in the group and
accounts for 13% of emissions by the group. Methane
emission from this country has increased by 49% from
1990 to 2010. Other countries in this group emit low
methane compared to countries given above. Many
OECD countries have instituted air quality and safety
rules that have the ancillary benefit of reducing methane
emissions. However, it is likely that there will be a
continued and growing demand for natural gas in the
OECD, which may result in increased emissions in the
distribution and transmission sectors [8].
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Table 5. Numerical evaluation of regional methane emissions from natural gas and oil systems

Average Emissions Share 2010 over 1990 Percentage Change between years

Group Country kz)giv(\)/een 1990 and L ocal . ot %
oca umulative
(MtCO,eq) % % 90-95 95-00 00-05 05-10 90-10
Nigeria 36.94 57 57 38 113 30 21 362
Algeria 13.69 21 78 14 40 1 21 95
Africa Others 7.90 12 90 6 14 10 20 59
Egypt 6.60 10 100 52 46 21 21 222
Total 65.14 26 70 20 21 211
China/ China 5.07 96 96 18 57 54 62 364
CPA Vietnam 0.19 4 100 1400 60 17 4 2800
Total 5.26 24 57 52 60 375
Mexico 65.33 50 50 7 36 27 33 147
L atin Venezqela 39.89 30 80 17 8 20 12 70
America Argentine 13.29 10 90 37 36 0 12 109
Others 13.03 10 100 22 42 25 32 184
Total 131.54 15 27 21 25 120
Iran 44.43 34 34 48 16 64 30 268
Others 44.43 34 68 40 23 16 22 143
. United Arab
ME'ggtl € Emiraj[es 34.14 26 94 40 83 12 22 249
Kuwait 7.96 6 100 8 58 -2 22 103
-5 16 -4 22 28
Total 130.98 36 39 25 25 196
Non-EU Alban_ia 0.06 4 4 -89 0 50 33 -79
Eastern Croatia 1.26 75 78 -8 1 20 17 31
Europe Others 0.37 22 100 371 -70 8 38 112
Total 1.68 24 -29 18 21 26
Russian Fed. 219.09 55 55 -28 -31 4 4 -47
Ukraine 86.62 22 77 4 6 4 4 20
Uzbekistan  35.29 9 86 11 15 14 12 63
Non-EU Turkmenista
FSU n 35.78 9 95 -14 46 90 56 270
Azerbaijan 7.97 2 97 -16 -28 37 25 3
Others 10.50 3 100 -31 18 34 30 43
Total 395.25 -20 -15 13 13 -14
Indonesia 43.45 46 46 30 4 10 2 53
Others 16.95 18 64 30 32 35 4 141
India 19.72 21 85 56 26 63 38 345
SE Asia Pakistan 5.53 6 91 34 32 -1 4 82
Thailand 5.85 6 97 30 84 12 4 181
South Korea 3.12 3 100 183 98 26 49 948
Total 94.62 36 20 24 13 126
United
States 144.00 52 52 3 -2 -15 12 -4
Others 30.09 11 63 -3 -6 13 13 16
Canada 35.39 13 75 34 9 0 2 49
OECE[E?O & Turkey 39.44 14 90 41 34 30 12 176
Romania 12.22 4 94 -43 -27 11 29 -40
England 8.94 3 97 -6 -17 -4 -4 -28
Germany 7.46 3 100 8 -3 5 0 10
Total 277.53 4 1 -2 10 14

World Totals 1104.03 -2 5 13 16 36




216

Aydin ve ark., Erciyes Universitesi Fen Bilimleri Enstitiisii Dergisi, 28(3):205-224

(a)
Energy
28.65%
Agric.
50.63% Industry
0.1%
-
Waste
20.61%
() Biomass
comb.
10.01%

Stat. and

mobile

comb.

3.64% Natural

gas and

Coal oil
mining systems
24.13% 62.22%

(b)

Year

(d)

Year

2010
2005
2000
1995
1990
0 500 1000 1500 2000 2500 3000 3500 4000
Methane Emissions (MtCO,eq)
@ Energy O Industry O Waste B Agriculture
2010 = l |
2005
2000
1995
1990
0 200 400 600 800 1000 1200 1400
Metahne Emissions (MtCO,eq)
B Natural gas and oil systems @ Coal mining
O Stationary/mobile combustion 0O Biomass combustion

Fig. 3. General outlook of methane emissions from natural gas and oil systems: Sectoral contribution to methane emissions (a) and change in emissions
by sectors between 1990 and 2010 (b); contribution of activities in energy sectors to energy-related emissions (c) and changes of emission by the

activities defined in defined period (d).
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Middle East was the third biggest emitter of methane
and responsible for 12% of the emissions. Iran, United
Arab Emirates and Kuwait were the countries
releasing majority of methane in the group (Fig.5c).
The share of Iran and United Arab Emirates in
methane emissions was 79%. Percentage change of
emissions by these countries was 267.82 and 143.49
respectively. These were caused by the increase in oil
and natural gas production of the countries. Oil
production of Iran and United Arab Emirates
increased from 162.8 Mtoe and 107.5 Mtoe to 202.4
Mtoe and 120.6 Mtoe between 1990 and 2009,
respectively (see Table 2). Similarly, natural gas
production of Iran and United Arab Emirates
increased from 20.80 Mtoe and 18.10 Mtoe to 118.10
Mtoe and 44.00 Mtoe, respectively (see Table 3).

Latin America followed Middle East as emitter that was
responsible for 12% emissions of methane. Mexico,
Venezuela and Argentine were the countries accounting
for majority of emissions in the group (Fig.5d). Mexico
was the biggest emitter and its share in methane
emissions by group was 50%. These emissions have
dramatically increased by 147% from 1990 to 2010.
Methane emission by Venezuela was 39.89 MtCOyeq
that makes it be responsible for 30% of emissions. On
the other hand, these two countries released 80% of the
group emissions. Argentine followed these countries
with a share of 10% (see Table 5).

94.62 MtCO,eq of methane released by SE Asia. These
emissions have a share of 9% in the emissions and
dramatically increased by 126% between 1990 and
2010. Indonesia, India, Pakistan, Thailand and South
Korea were the main emitters in the group (Fig.6a).
Indonesia is the biggest share in the emissions by the
group and accounted for 46% of the emissions. The
highest increase was observed in the emissions by
Indonesia from1990 to 1995. Percentage change of
these emissions between in study period was 53%. India
has also big share in methane emissions and emission
from this country has increased between the studied
period where the percentage change of emission
extremely high (344.93%) (see Table 5).

Africa released 65.14 MtCO,eq methane and these
emissions dramatically increased especially from 1995
to 2000 (Fig.6b). Overall percentage change of
emissions in study period was 211%. Nigeria, Algeria
and Egypt were the primary emitters in the group. Only
Nigeria released 57% of methane emissions by the
group. Algeria and Egypt followed Nigeria with
contributions rate of 21% and 10%, respectively. These
three countries account for 88% of methane emissions
released by this group (see Table 5).

China/CPA shows the largest rate of growth in
emissions at 375%; however, it still accounts for only
5% of the global total emissions since it relies more
heavily on coal than oil and gas production for its
energy needs (Fig.6¢; Table 5). Non-EU Eastern is the
lowest emitter between the groups and only responsible
for 2% of global methane emission (Fig.6d).
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Fig. 5. Changes in methane emissions released by the biggest emitters in the groups of non-EU Eastern Europe (a), OECD1990 & EU (b), Middle East
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6. Emission mitigation

Many technologies and practices are available to reduce
methane emissions cost-effectively. Opportunities to
reduce methane emissions generally fall into one of
three categories:

Technology or equipment upgrades, such as
low-emission regulator valves, that reduce
or eliminate equipment venting or fugitive
emissions

Improvements in operational procedures
and management practices to reduce
venting

Enhanced management practices, such as
leak detection and

measurement programs, that take advantage
of improved measurement or emission
reduction technology [22, 23, 24]

Table 6 provides detailed options to reduce methane
emissions from natural gas and oil systems, which
includes abatement options, description of options,
applicable sub-sector and reduction efficiency. Methane
emissions from natural gas and oil systems can be
reduced by 4 to 100% based on abatement options [25,
26].

Table 6. Summary of Natural Gas Infrastructure Emissions Mitigation Options [26]

Abatement Option

Description

Install Vapor Recovery
Units

Install Flare Systems

Install Plunger Lift System

Green Completions

Install Flash Tank
Separators in Production

Install Flash Tank
Separators in Processing
and Transmission

Replace High Bleed
Pneumatics with Low
Bleed Devices

Replace High Bleed
Pneumatics with
Instrument Air Systems

During crude oil storage, light hydrocarbons
vaporize out of solution and vent to the
atmosphere. Vapor recovery units capture
these vapors for fuel or sales.

Flaring devices burn vented gas,
converting methane
Applicable to onshore and offshore gas
wells.

Instead of “venting” gas wells to the
atmosphere to expel accumulated well bore
fluids, a plunger lift uses the well’s energy to
efficiently push the fluids out of the well.

After drilling new wells, instead of venting
the well to remove debris (i.e., fluids, sand,
and cuttings) from around the well bore,
green completions use additional separator
traps and dehydrators to route gas to sales.

Flash tank separators are used to recover
methane from tri-ethylene glycol for fuel or
sales, minimizing venting with water vapor.

Flash tank separators are used to recover
methane from tri-ethylene glycol for fuel or
sales, minimizing venting with water vapor.

Natural gas powered pneumatic devices are
designed to emit (bleed) natural gas as part
of their normal operations. Such systems can
be replaced with low bleed pneumatics.

Natural gas powered pneumatic devices can
be replaced with compressed, dried air
systems, eliminating methane emissions.

Transmission

Applicable Reduction
Sub-Sector Efficiency
Crude Oil Storage 95
Tanks
thus
to carbon dioxide. Natural Gas (NG)
. 95
Production
NG Production 4
NG Production 70
NG Production 54
NG Processing
2 54
and Transmission
NG Production,
Processing and 86
Transmission
NG Production,
Processing and 100
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Table 6. Continued

Abatement Description Applicable Reduction
Option Sub-Sector Efficiency
Portable This practice uses an in-line portable compressor to NG Transmission
Evacuation remove gas and lower pipeline pressure before
Compressor for venting. 72
Pipeline Venting
Fuel Gas Retrofit  Installing a connection to fuel gas, the methane that NG Transmission
for Blowdown is typically vented during a compressor blowdown is
Valve recovered to supplement fuel. 33
Directed
Inspection &
Maintenance Conduct leak detection surveys of facilities to .
(DI1&M) at identify and repair leak sources that are cost NG Processing 13
. and Transmission
Compressor effective.
Stations
DI&M at Gate Conduct leak detection surveys of facilities and NG Distribution
Stations and equipment to identify and repair leak sources. 26
Surface Facilities
For non-leaking damaged pipelines, composite wrap
Composite Wrap  repairs can be implemented with the pipeline in .
Repairs service, preventing the need to shutdown and vent NG Transmission 100

gas from the pipeline.

As seen from Table 6, there are many effective ways to
reduce methane emissions in the oil and gas sector.
However several issues are important for successful
project development. Some of the key issues include:

i.  Recognizing leak prevention and mitigation
as a core business opportunity and directing
available capital toward leak reduction
projects.

ii.  Making project investments economically
viable in areas where there are artificially
low natural gas prices.

iii.  Providing robust information on and access
to the many available emission reduction
technologies and management practices.

iv. Identifying and addressing  specific
regulatory barriers that might inhibit project
development.

v.  Improving and expanding existing markets
and creating new markets for methane gas
[27].

7. Summary and conclusions
Greenhouse gases from burning of fossil fuels,

production, transportation, conversion and using of
energy result in climate changes by affecting the

atmosphere chemically in the long term. Methane,
which is an important greenhouse gas, constitutes 16%
of greenhouse gas emissions its concentration has
doubled in atmosphere recently. Although the changing
rate is less than the carbon dioxide has, it affects
climate change at least as much as carbon dioxide due
to its global warming potential.

The traditional fossil fuels are the dominant sources of
primary energy in the world economy. They contributed
about 90% of total primary energy supply in 2009. It is
expected an increase in energy demand met
predominantly by fossil fuels, with oil set to continue to
maintain its major role complemented with an
increasing role of natural gas mainly in electric power
generation in the next two decades. Therefore, It would
gain importance determine and mitigation of emissions
in these sector. Although there are available options,
new policies and technologies are required for further
reduction in methane emission by these sectors.

Natural gas and oil systems are the second biggest
sources of anthropogenic methane emissions constituted
62% of methane emissions from energy sector. These
emissions increased recently as a result of non- EU FSU
economic transition, the mild growth in production in
parts of the OECD, and the accelerated growth in
energy production and demand in all other regions.
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Emissions in the study period increased in all regions
except the non-EU FSU and the rank order of the
regions did not change during the study period.
Emissions share of each region in global emissions
changed dramatically. Non-EU FSU and OECD90 &
EU’s total emissions accounted for the majority of
emissions. These regions were followed by Middle
East, Latin America, SE Asia, Africa, China/CPA and
Non-EU Eastern Europe. It is obvious that there will be
an increasing demand for natural gas and oil in near
future. As mentioned in the study, mitigation of
emissions from natural gas and oil systems seems to be
possible and required to mitigate the impact on the
environment. These emissions can be decreased by
nearly 100% by upgrading technologies or equipment,
improving management practices and operational
procedures to reduce venting, enhancing management
practices. Consequentially, methane recovery and use
from natural gas and oil systems will have a large
impact on future emission levels. Thus, not only would
the economical benefits be obtained, but also
enhancements in reducing the effects on global
warming would be possible.
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