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ARE METHANE EMISSIONS  
DRIVING US TO A 3°C WORLD? 

INTRODUCTION

Energy Industry Report

This research paper is part of a 12-month 
series published by The Al-Attiyah 
Foundation every year. Each in-depth 
research paper focuses on a prevalent 
energy topic that is of interest to The 
Foundation’s members and partners. The 
12 technical papers are distributed in hard 
copy to members, partners, and universities, 
as well as made available online to all 
Foundation members.

The United Nations Environment Programme suggests 
that the world is on track for an average temperature 
rise of 3°c, with CoVid-19 likely to result in just a 0.01°c 
reduction in global warming by 2050. NASA announced 
that Earth’s global average surface temperature in 2020 
tied with 2016 as the warmest year on record. This 
has been driven by rising greenhouse gas emissions, 
methane being the second most important. What are 
the main sources of methane emissions and what 
is their impact on climate? What technologies and 
approaches are being introduced to measure and reduce 
methane emissions? And how are international policy 
and regulation evolving?  
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• Methane emissions affect the role and 
perception of natural gas as a transition 
fuel, and might lead countries to oppose 
the development of gas projects, including 
pipelines, LNG terminals and gas-fired 
power plants.

• Methane abatement offers a value-adding 
or at least a low-cost GHG reduction 
option, as about 40-50% of fossil fuel-
related methane emissions could be 
eliminated at zero or negative cost.

• Tackling methane emissions would help 
safeguard the industry’s future societal 
acceptance and license to operate. This 
is essential for oil and gas exporters to 
retain market access to Europe, and other 
customers that are likely to impose stricter 
standards in future.

• Corporate environmental, social and 
governance indicators, and mandatory 
financial reporting, will increasingly require 
rigorous and consistent methodologies for 
measuring and disclosing GHG emissions, 
including methane. Oil and gas companies 
should engage and lead to ensure such 
standards are accurate, practical and 
verifiable.

• There are industry-led alliances and 
partnerships, within the oil and gas sector, 
seeking to reduce leaks, including recently 
the Oil and Gas Methane Partnership 2.0. 
Working collaboratively with other sectors 
to reduce methane emissions from other 
sources, such as coal and agriculture, will 
enable more progress.

EXECUTIVE SUMMARY

IMPLICATIONS FOR MAJOR OIL 
AND GAS PRODUCERS

• Global methane (CH4) emissions rose 
by approximately 10% since 2000, with 
atmospheric concentrations of the gas 
reaching 1,890 parts per billion (ppb) as of 
October 2020 from pre-industrial levels of 
722 ppb.

• The current anthropogenic methane 
emissions trajectory is estimated to be 
between the two warmest IPCC-AR5 
scenarios (i.e., RCP8.5 and RCP6.0), 
corresponding to a temperature rise above 
3°c by end of the century.

• Methane is a powerful greenhouse gas 
(GHG) with a global warming potential 
(GWP) 28-36 times that of CO2 over 100 
years.

• The IEA estimates 72 Mt of methane was 
emitted into the atmosphere from oil 
and gas operations in 2020, the largest 
emitters being Russia, the US, Iran and 
Turkmenistan.

• Numerous options exist to reduce 
methane from oil production. The IEA 
cites options which could lead to 75% 
reductions in emissions.

• The European Union is planning to apply 
binding standards for natural gas to limit 
methane emissions, with implications 
for international producers that do not 
comply.

• China is a major emitter of methane from 
coal mines. China aimed to recover 13.2 
Mt of methane in 2020, but its mitigation 
policies were not very successful.

• The Joe Biden administration is restoring 
and tightening Obama-era regulations 
on methane, though US industry opinion 
remains divided.
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• Gas exporting companies that move 
decisively on reducing leakage could market 
their product as having lower greenhouse 
emissions, giving them a competitive 
advantage.

CLIMATE CHANGE IMPLICATIONS 
OF METHANE EMISSIONS

Over the past two decades, global methane 
(CH4) emissions rose by approximately 
10%, leading to record-high atmospheric 
concentrations of this potent greenhouse gas. 
Although its atmospheric lifetime of 12 years is 
much shorter than that of carbon dioxide (CO2), 
the gas is so powerful that it traps heat 28-36 
times more effectively than CO2 over  
a 100-year period, and is responsible for about 
23% of climate change in the 20th century 
(Figure 1). Over a 20-year period, the global 
warming potential of 1 tonne of CH4 is similar 
to that of 85 tonnes of CO2, according to the 
Intergovernmental Panel on Climate Change 
(IPCC).

Figure 1 Relative global warming potential of methane and 
other gases, per tonnei 
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CLIMATE CHANGE 
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Figure 2 Atmospheric methane concentrationiv 

Figure 3 Sources of methane emissions (Mt/year)vii 

Combined with CO2 and other GHGs, methane 
could warm Earth’s atmosphere by 3-4°c 
before the end of this centuryii. It is also 
culpable for ground-level formation of 
ozone, an air pollutant with harmful effects 
on human health. While methane does 
not cause direct harm to human health or 
crop production, tropospheric ozone (O3) is 
responsible for about 1 million premature 
respiratory deaths globally, and is also a 
greenhouse gas.

From 2000-06, average annual emissions 
increased by around 50 million tonnes (Mt), 
driven mainly by agriculture and natural gas 
production. In 2017, the latest year in which 
comprehensive data was available, global 
annual CH4 emissions reached a record-high 
of 596 Mt, according to the Global Carbon 
Projectiii. Atmospheric concentrations of the 
gas reached 1,890 parts per billion (ppb) as of 
October 2020 (Figure 2). 

The current anthropogenic methane emissions 
trajectory is estimated to be between the two 
warmest IPCC-AR5 scenarios (i.e., RCP8.5 and 
RCP6.0), corresponding to a temperature rise 
above 3°c by end of the centuryv. 

About 30% of methane emissions are from 
wetlands, including lakes, rivers and ponds, 
while 20% is emitted from agriculture, 
mainly rice cultivation, livestock, and waste 
management. Coal, oil and gas production 
account for an additional 30% of CH4 
emissions, with the remainder from natural 
minor sources like wildfires, biomass burning, 
permafrost, termites, geological sources, 
hydrates, dams and the oceanvi (Figure 3). 
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Scientists have found no proof that emissions 
from wetlands or other natural sources 
have increased from the 2000-06 average. 
Meanwhile, emissions from agriculture, 
led primarily by the increasing red meat 
consumption in certain regions, rose by around 
12% to 227 Mt in 2017, while emissions 
from natural gas fields and leaking pipelines 
contributed 108 Mt in 2017, up 17%. 

International Energy Agency (IEA) estimates for 
2019 show a slight rise in methane emissions 
from fossil fuels compared to 2018 levels. It 
seems likely that CH4 emissions would have 
fallen in 2020 given the slump in economic 
activity, hence, fossil fuel combustion, due to 
the Covid-19 pandemic. However, emissions will 
rise again as economies rebound, unless further 
action is taken.

The IEA estimated that some 72 Mt of methane 
was emitted from oil and gas operations in 
2020, with the largest emitters being Russia, 
the US, Iran and Turkmenistan. The pandemic-
induced decline in oil and gas prices could 
mean that companies would pay less attention 
to reducing their CH4 emissionsviii. Low natural 
gas prices may also lead to increases in gas 
flaring/venting, exacerbated by regulatory 
oversight in certain regions.

A study published on Earth System Science 
Data, led by the Global Carbon Project and 
the Laboratoire des Sciences du Climat et de 
l’Environnement in France, assessed the global 
methane sources and sinks to the atmosphere 
for 2000-17. Two methods were used for the 
measurement - a ‘bottom-up’ approach by 
surveying specific regions and sectors and  
a ‘top-down’ method by measuring atmospheric 
methane via plane or satellite. The combination 
of both these methods is required, to provide 
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fine granularity on sources and timing of 
emissions and to cover remote locations. 
Figure 4 shows the European Copernicus 
satellite’s view of methane, with high 
concentrations over China likely linked to rice 
cultivation.

The budget indicates that global CH4 
emissions rose by 9% (about 50 million 
tonnes) between 2000-17 (Figure 5). 
Increasing emissions from both the 
agriculture and waste sector and the fossil 
fuels sector are likely the driving force, 
highlighting the need for stronger mitigation 
in both sectors.

Figure 4 Satellite sensing of methane (ppb)ix 

Figure 5 Global methane budget 2008-17x  
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According to the IEA, around three-quarters 
of fossil fuel-related methane emissions could 
be reduced with technology that exists today 
at zero net cost. Curbing methane leakage 
from the oil and gas industry by 90% would 
eliminate 0.2°c from the forecasted increase in 
Earth’s average temperature by 2050. A 75% 
reduction of fossil fuel-generated methane 
emissions could prevent up to 6 GtCO2e 
emissions yearly – almost 10% of the planet’s 
2019 GHG emissionsxi. Emissions can also be 
cut in the other major sectors (agriculture and 
waste).

Technologies that prevent vented and fugitive 
emissions are well-known, but incentivizing 
their deployment via voluntary or regulatory 
means remains a challenge. The IEA cites  
a number of options, which if deployed across 
the oil and gas value chain would lead to a 75% 
total emissions mitigation. These include:

TECHNOLOGIES AND APPROACHES TO 
ADDRESS CH4 EMISSIONS

• Early replacement of devices;

• Replace pumps with electrical ones, powered 
by solar or other generators to eliminate 
emissions;

• Change gas-driven devices to electrically-
driven zero-bleed technologies;

• Replace compressor seals or rods;

• Install vapour recovery units;

• Conduct blowdown capture;

• Install portable flares at oil and gas 
production sites;

• Install plunger lifts to extract liquids more 
efficiently, while limiting methane leakage;

• Deploy new methane-reducing catalysts;

• Use microturbines, mini-CNG, mini-GTL or 
mini-LNG facilities at remote locations to 
avoid venting during transportation; and

• Conduct reduced emission or green 
completionsxii.  
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Most leakage in the oil and gas industry is 
due to malfunctioning equipment or poor 
operational practices. It can therefore be cut 
at low or even negative cost. Super-emitters 
are caused by a variety of factors, including 
operational error (leaving storage hatches 
open), malfunctions (valves stuck open), and 
mechanical failure (loose connections, leaking 
compressor seals). Routine maintenance and 
operational awareness can solve many of 
these problems.

Flaring unwanted gas is preferable to venting, 
which releases methane directly, but flares 
do not combust completelyxiii. Better flare 
maintenance could have a major impact, 
along with eliminating routine flaring entirely, 
by developing gas processing, on-site use, or 
connections to collection pipelines.

The IEA has estimated that about 40-50% 
of the possible 75% methane emissions 
reduction in the oil and gas industry, could be 
done at zero or negative cost, i.e., the value 
of the gas saved would more than pay for the 
measures taken (Figure 6).  

Figure 6 Marginal abatement cost for methanexiv 
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The negative cost opportunities are spread 
across primarily Asia, Africa, Middle East and 
Latin America. 

Downstream methane leakage can also be 
problematic if the industry is trying to expand its 
markets. For instance, LNG has been promoted 
as a shipping fuel. However, leakage rates (“slip”), 
from about 0.7% at high engine loads, to 2.3-
3.6% at lower loadsxv, are high and undermine 
the climate benefit of LNG compared to fuel oil 
or marine gasoil. However, modern low-pressure, 
four-stroke dual-fuel engines have slip of 0.28% 
which can be realistically reduced to 0.1%xvi.

Reducing methane emissions from agriculture 
and waste relies on relatively simple techniques. 
However, it is a more complicated policy issue 
than reducing oil and gas emissions, because 
of the very large number of individual farmers, 
the different techniques, crops and climatic 
conditions, and the challenge of measurement. 
Unlike a gas company, which can at least sell the 
methane it captures, a farmer does not benefit 
directly from reducing emissions.

The table outlines certain approaches currently 
being employed across the world to reduce 
methane emissions in the agriculture and waste 
management sectors. 
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long-term gas supply agreement with 
US LNG developer NextDecade, following 
pressure from the French government and 
environmentalist groups which oppose the 
LNG from shale gasxix.  

The Environmental Defence Fund recently 
observed some remarkable shifts in gas 
buying behaviour, with customers beginning 
to ask pertinent questions about the origin of 
the gas they are purchasing. 

Although campaigners welcomed EU’s plans 
to tackle imported emissions, green EU 
lawmakers critisize the lack of legislation on 
agriculture, where most CH4 emissions come 
from livestock farming.

In the US, where CH4 accounted for 10% of 
the country’s GHG emissions in 2018, the 
newly elected President Biden has called on 
the EPA to review the action of President 
Trump to roll the Obama administration’s New 
Source Performance Standards, set in 2016 to 
control methane emissions from the energy 
sectorxx.  

Policy and regulations to reduce CH4 
emissions differ from one region to 
another, and so does their effectiveness and 
enforcement.

The European Union plans to apply binding 
standards for natural gas to limit methane 
emissions, in line with its net-zero carbon 
strategy by 2050. The EU Methane Strategy 
was published in October 2020 and outlines 
a clearer roadmap than previous versions, 
with legislative proposals planned over the 
course of 2021. The EU is focussing on low-
cost initiatives such as detection and repair 
and the elimination of gas flaring. According 
to the strategy, oil and gas companies will 
be required to monitor and report methane 
emissions and repair leaks, while venting and 
flaring would be banned. The strategy also 
includes engagement with producer countries 
on best practices for emissions reduction. 

These announcements pushed many gas 
buyers to reconsider gas supply agreements. 
In November, France’s multinational utility 
Engie company halted talks over a potential 

Figure 7 Methane emissions by region, source category and latitude based on top-down inversion modelsxviii  
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Figure 8 China’s coal mining methane emissions estimatesxxiv  

On February 26, President Biden restored the 
Obama-era calculation on the economic cost 
of GHGs, with a 5% discounted carbon price 
of US$ 51/tCO2e to be used in government 
decision-making and budgeting by September, 
with a final number expected to be announced 
by January 2022. Using a GWP of about 29, 
the price of US$ 1,500/tCH4 is set for methane 
emissionsxxi. This discounted price has been 
criticised as too low, even though it is more than 
25 times higher than the US$55/tCH4 set by 
Trumpxxii. 

Although President Biden’s campaign to restore 
methane regulations is a step forward, the 
new administration would need at least some 
industry support to reinstate the Obama era 
performance standards. It should be noted 
that the oil majors including, BP, Chevron, 
Shell and ExxonMobil all opposed Trump’s 
decision to loosen the regulations in the first 
place. Since these companies have set targets 
to cut their emissions, they expected all other 
companies to be compelled to do their part. 
However, the American Petroleum Institute, the 
largest industry group, and numerous smaller 
companies supported Trump’s loosening of 
methane regulations. 
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In China, more than 40% of methane 
is emitted during upstream gas and oil 
operations and coal productionxxiii. Coal 
mine methane emissions, alone, rose from 
4.64 Mt in 1980 to 21.48 Mt in 2012, before 
falling moderately to 16.41 Mt in 2016 
(Figure 8). Recent data found that China’s 
overall methane emissions increased 1.1 
Mtpa between 2010-15, accounting for 
up to a quarter of the increase in global 
emissions over that period. 

The country has laid out ambitious plans to 
pursue mitigation and emissions reduction 
options. In its 12th five-year plan, China set 
out policies for 2011-15 aimed at recovering 
and use of 5.6 Mt of methane from coal 
mining. The target for 2020, was 13.2 Mt of 
methane. 

However, satellite data shows that these 
policies have so far proved unsuccessful 
in curbing CH4 emissions from the mining 
sector. 

Most coal mines are situated in remote 
mountainous areas, which are rarely 
connected to natural gas infrastructure 
networksxxv. 

Methane abatement would be supportive 
of the country’s aims to peak its GHG 
emissions by 2030, and to increase the share 
of gas in primary energy while reducing 
that of coal. The 14th five-year plan, 
which will be approved this month (March 
2021), emphasised natural gas’ role in the 
transition towards a carbon-neutral China 
by 2060. However, this will require reducing 
methane leaks from the gas system as its 
use increases. 

China National Petroleum Corporation (CNPC), 
the country’s largest oil and gas producer, 
has announced plans to deepen its methane 
emissions cuts, setting a more ambitious 
pledge in line with the country’s net-zero 
target by 2060. 
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• The Climate & Clean Air Coalition’s Oil 
and Gas Methane Partnership, which was 
officially launched at the UN Secretary 
General’s Climate Summit in New York in 
2014. Already, 62 companies with assets 
in five continents representing 30% of 
the world’s oil and gas production has 
joined the partnership. Technical partners 
include the Environmental Defence Fund, 
EPA’s Natural Gas Star program, the Global 
Methane Initiative and the World Bank’s 
Global Gas Flaring Reduction Initiativexxvi. 

• The Oil and Gas Climate Initiative (OGCIxxvii), 
that groups thirteen major international oil 
companies, has made methane reduction 
a priorityxxvii, and invested heavily in 
monitoring the gas, and providing low-
leakage valves and control systems.

• The ONExxix Future Coalition, a group of 
37 gas companies aims to reduce leakage 
in the US’s natural gas industry to 1% or 
less. It has strong representation from US-
focussed independent companies, including 
EQT, the largest American gas producer, 
as well as mid-stream and gas utility 
companies. The coalition has surpassed it 
1% goal for all 3 years of reporting.

• ExxonMobil and Chevron, joined by Equinor, 
Cheniere, and Pioneer Natural Resources, 
have formed the Collaboratory for 
Advancing Methane Science, focussing on 
research into leak reductionxxx.

• The Global Methane Initiativexxxi was 
launched in 2004 as an international 
private-public initiative on methane 
abatement, which provides technical 
support on methane recovery and use. 

Partner countries include major oil and gas 
producers Russia, the US, Saudi Arabia, 
Nigeria, Norway, China, Australia and 
others.

• The Methane Guiding Principlesxxxii is  
a collaboratively developed approach from 
industry and civil society, to measure and 
report methane emissions in  
a standardised way, and commit members 
to continuous reductions in leakage. 
Members include Qatar Petroleum, the 
large Western oil companies, Gazprom, 
Novatek, Rosneft and others.

However, some of the world’s major gas 
producing companies are absent from these 
initiatives, choosing instead to pursue their 
own individual initiatives. The examples 
of notable absentees are Lukoil, Sinopec, 
Sonatrach, and ADNOC.

There are also some methane reduction policy 
initiatives, driven by industry-led methane 
alliances and partnerships. For example: 
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The potent heat-trapping gas, methane, if 
not captured and used, greatly diminishes the 
credentials of natural gas as a clean energy 
source, as compared to low-carbon sources, 
including renewables and nuclear. 

For this, the oil and gas industry sector has to 
tackle the various economic, environmental 
and reputational aspects of methane leakage, 
if it is to see continued growth in gas usage 
through the 2030s. Oil and gas companies 
and major exporting countries would be well-
advised to engage and lead on developing 
standards, to ensure they are accurate, 
practical, rigorous and verifiablexxiii.

There are several coalitions and partnerships 
working on the problem of methane in the 
oil and gas sector. These collaborations need 
to be extended to other sectors to work 
cooperatively on methane emissions from 
other sources, such as coal and agriculture.

Low methane leakage is relatively easy to 
achieve, compared to deeper decarbonisation 
by the industry. New monitoring technologies, 
including drones and satellites, better 
completion, production and pipeline systems, 
and improved gas commercialisation options, 
offer substantial savings on emissions. 
Companies targeting carbon-neutrality, 
including most of the European majors, and 
leading gas exporting countries, will find 
cutting methane one of the key near-term 
steps for improving their greenhouse gas 
footprint and safeguarding their markets.
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