
what is it? 
Coalbed methane  (CBM), also known as coal-seam gas 
(CSG) in Australia, refers to methane found in coal seams 
(underground layers of coal, also called ‘coal beds’). It 
occurs when methane is absorbed into coal and is trapped 
there by the pressure from the weight of the rocks that 
overlie the coal-seams. CBM is formed and trapped during 
the geological process that forms coal (coalification). It is 
commonly found during conventional coal mining where 
it presents a serious hazard (see ‘Coal Mine Methane’ 
below). As well as methane, CBM is typically made up of a 
few percent carbon dioxide (CO2), carbon monoxide (CO) 
and nitrogen (N2) and traces of other hydrocarbons such 
as propane, butane and ethane. 

Coalbed
Methane

Methane has been removed from coal mines for a long 
time, but it was not until the 1980s following a tax 
break in the US, that commercial production of CBM 
began.4 The industry continued to expand almost 
exclusively in the US and by 2000 Australia was the 
only other country to have commercial production, 
although on a very small scale. There is now wide-
spread CBM extraction, both from coal mines (see 
Coal Mine Methane below) and from ‘stand-alone’ 
CBM operations, in the US, Canada, Australia and 
China, and a handful of production wells in the UK.

endsOF earththe
     to 

the

EXTRACTING METHANE FROM COAL SEAMS 
BY DRILLING LARGE NUMBERS OF WELLS. 
USUALLY INVOLVES PUMPING OUT VERY 
LARGE VOLUMES OF GROUNDWATER TO GET 
THE GAS TO FLOW AND OFTEN INVOLVES 
HYDRAULIC FRACTURING (FRACKING).
POSES A SERIOUS RISK OF GROUNDWATER 
POLLUTION, AND CAUSES SIGNIFICANT 
GREENHOUSE GAS EMISSIONS, PRIMARILY 
THROUGH METHANE LEAKAGE.

Coal Mine Methane  CBM often accumulates in the working areas of underground coal mines. 
In this context, CBM is commonly referred to as coal-mine methane (CMM) and presents a serious explosive and 
suffocation hazard. Miners used canaries (and later Davy’s lamps) to warn them of the presence of methane and 
other dangerous gases. CMM is commonly vented into the atmosphere or flared (controlled combustion) and both 
of these processes release significant amounts of greenhouse gasses (GHGs) into the atmosphere. 

Increasingly CMM is being used as an energy source and is extracted in manner very similar to CBM (see below). 
While the CBM industry is keen to promote this as a way of reducing GHG emissions from venting or flaring, exploit-
ing CMM results in the same environmental problems associated with CBM. 

The amount of methane in a coal seam varies accord-
ing to the geological conditions, particularly the type 
of coal and depth of the seam, with higher quality 
and deeper coal containing more methane.1 CBM is 
usually found at depths of 300-2000 metres below 
ground.2 At shallower depths (less than about 300 
metres) the CBM concentration tends to be very low 
as the pressure is not high enough to hold the gas in 
place. At greater depths, while the gas concentrations 
are generally higher, the high pressures and the lower 
permeability of higher quality coals (e.g. bituminous 
coals and anthracite) make extraction less efficient. 
Studies of the major coal-bearing basins of the world 
suggest that more than 50% of the estimated CBM is 
found in coals at depths below 1500 metres.3 



how is it extracted? 
To extract CBM, wells are drilled into the coal seam and 
groundwater is pumped out (known as de-watering). 
This reduces the water pressure within the bed, re-
leasing the methane trapped in the coal. The gas then 
migrates along fractures in the coal and is pumped 
out of the well. The process involves removing large 
amounts of groundwater from the coal bed, especially 
in the initial phases where mainly water is produced 
and only small amounts of gas. About 7,200 to 28,800 
gallons (27,255 to 109,020 litres) per day are initially 
pumped from a coal bed methane well to release the 

methane.5 As production continues, the amount of wa-
ter extracted reduces, and the amount of gas extracted 
increases until it peaks and declines. Typically a well 
peaks in production after one or two years. In order to 
maintain production rates from a seam more and more 
wells are needed to keep the gas flowing.

There are a variety of methods used to extract the 
methane, depending on the characteristics of the 
coal seam being exploited. In the most permeable 
seams, found at shallower depths, water is pumped 
out and the gas simply flows after it. Most seams are 

"countries that have 
carried out CBM activities 
have experienced numerous 
blow-outs, spillages  
and other accidents"

less permeable, and fracking or cavitation 
is sometimes used to break up the coal 
and allow the gas to flow more readily (see 
‘Fracking’ and ‘Cavitation’ sections below). 
Other technologies such as multilateral wells 
(where one well exploits a number of seams) 
and horizontal drilling are also utilised.

Occasionally de-watering is not required 
and wells produce gas immediately. This 
can be as a result of previous production 
or for wells completed in coal seams where 
water has been removed during mining 
operations.

Although producing Coal Mine Methane 
(CMM) can involve simply extracting the  
gas that has accumulated in old coal mines  
(in which case a CBM-air mixture is re-
covered, from which the methane can be 
separated), in practice, many of the same 
drilling extraction techniques used in CBM 
extraction, such as fracking, are also used.

Coal bed methane equipment



also normally used less with CBM than shale gas, 
which could mean lower fugitive emissions. 

An investigation by Southern Cross University into 
atmospheric methane at a CBM field in Australia, 
found methane levels to reach 6.9 parts per million 
(ppm), compared to background levels of lower than 
2 ppm outside the gas fields, suggesting significant 
leakage.6 It has been estimated that leakage rates 
may be as high as 4.4%.7

Methane is a powerful greenhouse gas, particularly 
its short term influence on the atmosphere. This 
means that if more than 3.2% of extracted methane 
is lost to the atmosphere then switching from coal 
to gas will result in no immediate benefits in terms 
of contribution to climate change. 8

If we are to reduce carbon emissions  
to anything like the levels required to maintain  
a reasonably habitable planet we must move away from all 
forms of fossil fuel as fast as possible. Measuring from the start 
of the industrial revolution (around 1750), a maximum of 500 
Gigatonnes of carbon (GtC) can be emitted to the atmosphere 
while still avoiding most serious impacts and the risk of irre-
versible and uncontrollable changes to the climate.9 Between 
1750 and now (2014), we have already emitted about 370 Gt 
leaving a limit of 130Gt that could be further added.10

In order to stay within this limit we have to leave the vast 
majority of the remaining conventional oil, coal and gas 
in the ground. Estimates vary significantly, but remaining 
conventional coal reserves alone are well over 500GtC.11

‘SAFE’ 
EMISSIONS LIMIT

COAL BED 
METHANE CONVENTIONAL GAS

CONVENTIONAL OIL

325 GtC

130 GtC 277 GtC

130 GtC 

Climate change
It is sometimes argued that since burning natural gas 
produces less greenhouse gas (GHG) emissions than 
coal it can be used as a ‘bridging’ or ‘transition’ fuel, 
replacing coal while renewable energy technologies 
are developed and implemented. This argument is 
used by governments and industry to promote gas 
as a low carbon energy option. However, natural gas, 
whether it comes from shale or conventional sourc-
es, is a fossil fuel and when it is burned it releases 
significant GHG emissions. Further, as long as energy 
demand increases additional sources of fossil fuels 
such as coal bed methane are likely to supplement 
rather than replace existing ones such as coal.

When comparing fuel types it is important to use 
lifecycle GHG emissions, the total GHG emissions gen-
erated by developing and using the fuel. In the case of 
CBM these include direct CO2 emissions from end-use 
consumption (e.g. from burning gas in power 
plants), indirect CO2 emissions from fossil fuel 
derived energy used to extract, refine and 
transport the gas, and methane from ‘fugitive’ 
emissions (leaks) and venting during well 
development and production.

The gas industry is particularly reluctant to 
investigate how much gas escapes as fugitive 
methane emissions in the process of extract-
ing and transporting natural gas. However 
various studies have found significant leakage, 
and as methane is such a powerful GHG, even a 
small percentage of the gas extracted escaping 
to the atmosphere can have a serious impact 
on the climate.

Lifecycle emissions from CBM are similar to 
those of shale gas, but there are a number of 
factors that could mean either slightly greater 
or lower emissions. For example CBM requires 
lots of wells to be drilled into the seam to 
keep the gas flowing, all of which need to be 
connected to a central processor. This means 
additional sources of fugitive emissions from 
the wells and connecting pipes. During the 
initial phases when water is pumped from 
the coal seam, any gas that comes out with 
it is either flared (where gas is burned off) or 
vented directly to the atmosphere, but there is 
generally less gas flared or vented during these 
initial phases than with shale gas. Fracking is 

Exploiting the world’s CBM would add around 130 
GtC to the atmosphere.12 This is a huge amount and is 
clearly incompatible with staying within the limit out-
lined above. This means that rather than being part of 
the solution, the development of CBM is dramatically 
worsening the problem of climate change.



Enhanced Coal Bed Methane (ECBM)
ECBM is the process of injecting CO2 into a coal seam 
containing CBM in order to extract more gas. The CO2 
pushes out the remaining methane, and is intended 
to stay trapped in the coal. While the industry argues 
that this is a way of making CCS economical, in 
reality it is just a way to extract more methane [See 
enhanced recovery section Other Unconventional 
Fossil Fuels factsheet].

As the coal seams are generally shallower and closer 
to aquifers CBM fracking poses a greater risk of 
contamination than when it is used to extract shale 
or tight gas and oil. Fracking can both create connec-
tions to aquifers and lead to cross-contamination 
between aquifers.

There has been a great deal of controversy over the 
chemicals contained in fracking fluids. In the US many 
companies have resisted revealing the recipes for their 
fracking mixes, claiming commercial confidentiality, 
or have adopted voluntary reporting measures in order 
to avoid stricter mandatory reporting requirements. 
Although the specific mix of chemicals used varies 
significantly, a US House of Representatives Committee 
on Energy and Commerce report found 750 different 
chemicals had been used in fracking fluids, including 
many known human carcinogens and other toxic com-
pounds such as benzene and lead.13 Chemicals found to 

Fracking
Fracking, or hydraulic fracturing, is used to free 
gas trapped in rock by drilling into it and injecting 
pressurised fluid, creating cracks and releasing the gas. 
The fracking fluid consists of water, sand and a variety 
of chemicals which are added to aid the extraction 
process e.g. by dissolving minerals, killing bacteria 
that might plug up the well, or reducing friction.

Fracking is sometimes used in CBM extraction and 
often takes place before water is pumped out from the 
coal bed. This means that most of the fracking fluid 
will be extracted along with the groundwater, adding 
further contaminants to the waste water. In Australia 
about a tenth of CBM sites have been hydraulically 
fractured to date, but this expected to grow to 40% or 
more, since there is a tendency to target the seams 
that are easiest to exploit first. A much higher propor-
tion of CBM wells in the US are fracked.

Other social and environmental issues

CBM and Carbon Capture and Storage 
(CCS)
Those involved in the CBM industry say it is ideally 
suited for CCS, as the coal seams that hold the meth-
ane will also readily take up CO2. However in practice 
technical and economic problems have prevented 
the use of CCS at CBM sites. Only certain highly 
permeable coal seams would be appropriate for 
injecting CO2, and not all CBM sites fit this criterion. 
Another problem with CCS in coal seams is the fact 
that the coal expands and reduces in permeability as 
it absorbs CO2, meaning that injection becomes more 
and more difficult. CBM is also trapped in the coal 
and held in place by water pressure rather than by a 
layer of impermeable ‘cap rock’ above the seam (as 
is the case with conventional gas). As CO2 dissolves 
in water much more readily than methane it is less 
likely to be held in place by water pressure. Injecting 
CO2 into the coal seam is also used as a way to eke-out 
the remaining gas (see ECBM below). 

Proponents of unconventional fossil fuels often argue 
that with CCS technologies, these new energy sources 
could be exploited at the same time as reducing GHG 
emissions. However, even if the huge problems with CCS 
technology are overcome (and this currently looking 

extremely unlikely), it would not change the fact that 
we need to move away from all forms of fossil fuel, 
conventional and unconventional, as soon as possible.

In the most optimistic (and highly implausible) 
scenario, CCS could be used to reduce a small proportion 
of emissions from fossil fuels. In reality, the promise of 
CCS being implemented in the future is being used to 
allow the continued expansion of fossil fuel production, 
to prevent alternatives from being developed, and to 
deflect attention away from approaches which tackle 
the underlying systemic causes of climate change and 
other ecological crises. Ultimately CCS is a smokescreen, 
allowing the fossil fuel industry to continue profiting 
from the destruction of the environment. (see ‘Carbon 
Capture Storage’ factsheet for more information).



be most commonly used in fracking fluids such as methanol 
and isopropyl alcohol are also known air pollutants. 

A variety of chemicals are also added to the ‘muds’ used to 
drill well boreholes in order to reduce friction and increase 
the density of the fluid. Analysis of drilling mud has also 
found that they contain a number of toxic chemicals.14 15

Water use and waste water
Aside from climate change, the main environmental 
issues with CBM concern its impact on water resources. 
Extracting CBM involves removing large volumes of 
groundwater, and also results in large volumes of con-
taminated waste water. The contaminants in the waste 
water arise both from fracking chemicals, if they have 
been used, and from higher concentrations of harmful 
substances naturally present in coal-seams and coal-
seam waters.

Waste water from CBM varies greatly depending on the 
geology of the coal seam, with deeper seams usually 
containing saltier water. It can be saline (with high con-
centrations of dissolved salt), or sodic (with high concen-
trations of sodium) or both. Highly saline or sodic waters 
damage soils and affect plant growth.16 

As the water is pumped out it brings along the naturally 
occuring contaminants stored in the coal seam. These 
can typically include heavy metals,17 radioactive materi-
al,18 and hydrocarbons,19 including carcinogenic organic 
compounds.

Waste water is dealt with in a variety of ways, either 
directly disposing of it into streams and rivers, discharg-
ing onto land or roads, storing in surface ‘impoundments’ 
and sending it to be processed, or re-injecting it into the 
coal seam or the rock below. All of these disposal methods 
have associated problems. 

Surface impoundments are often unlined, meaning that 
subsurface water can be contaminated and accidents can 
lead to surface water contamination. Evaporation from 
impoundments can also further concentrate pollutants in 
CBM waste water.20 Disposal on land or into streams and 
rivers pollutes the local environment,21 and re-injection 
can lead to pollution of aquifers. Re-injection is also only 
possible in certain high-porosity formations located 
below saline aquifers, and risks contaminating ground 
water. Treatment of the contaminated water is extremely 
difficult due to the volumes involved, the salinity of the 
water, and the variety of containments present, particu-
larly radioactive material.22

Effects on groundwater and aquifers
In some places coal seams are adjacent to or are 
themselves important aquifers, and both pumping 
out water for CBM extraction and re-injecting 
waste water can seriously affect local drinking 
water sources. 

Extracting water for CBM production also affects 
pressures and flows of surrounding groundwater 
and can result in lowered water levels in aquifers, 
making water more difficult or impossible to ac-
cess from wells and springs.23 Water levels several 
miles away from the CBM site can be reduced 
by tens of feet and levels can take years or even 
decades to recover.24

The changes in water pressure can also mobilise 
naturally occurring pollutants, and enable any 
remaining fracking fluids to flow in to surround-
ing groundwater. Methane released in the process 
can also contaminate groundwater. Research on 
the health impacts on those living near CBM sites 
is now starting to emerge.25 26

Well failure and methane leakage
Methane can naturally leak from coal seams into 
surrounding aquifers. However, de-watering the 
coal seam for CBM extraction releases the meth-
ane and significantly increases the risk of seepage 
to aquifers, water wells and surface soil.27 Methane 
pollutes drinking water and if it reaches soil it 
displaces oxygen, killing vegetation. 

Failure of CBM well casings also increases the risk 
of leakage and contamination. Despite industry 
claims that leakage of methane and fracking 
chemicals is due to bad well design, research has 
shown that some leakage is inevitable and that 
fracking only exacerbates the problem.28 Wells 
routinely lose their structural integrity and 
leak methane and other contaminants outside 
their casings and into the atmosphere and water 
wells. Even research by oil services company 
Schlumberger suggests half of conventional gas 
wells will be leaking within 15 years.29 Failure rates 
for some CBM wells could be even higher due to 
fracking activities. Well failure is a problem as it 
contributes to both groundwater pollution and 
greenhouse gas emissions (see climate change 
section for more on methane leakage rates). 



Cavitation
Cavitation or Open-Hole Cavity Completion involves 
injecting a very high pressure foamy mixture of air 
and water into the coal seam, then suddenly releasing 
the pressure, causing an explosive release of coal, wa-
ter and rock from the well, a bit like shaking up a bottle 
of fizzy drink and taking the lid off. The violent process 
of liquid, foam and fragments of rock flowing out the 
well, sometimes know as ‘surging’ can last up to fifteen 
minutes and is extremely noisy. The cavitation process 
is repeated dozens of times over about a two week 
period,30 expanding the diametre of the initial bore 
hole. It also connects the natural fractures in the coal, 
creating channels for gas to flow.

Gas produced by the process is vented or flared off, 
creating huge flames. Cavitation also produces signif-
icant quantities of coal and other solid waste which 
is burned or stored on-site. Caviataion is used as an 
alternative to fracking to increase permeability of coal 
seams, but is very unclear how frequently it is used, in 
what situations and how its use is evolving with time.

Industrialisation of countryside
In order to be economically viable CBM requires an 
ever expanding networking of wells, pipelines, com-
pressor stations and roads to be built, leading to wide-
spread industrialisation of the countryside. Equipment 
also needs to be monitored in future, meaning that 
the impact will last long after the wells have stopped 
producing gas. The various stages of CBM extraction 
also generate significant noise, through heavy traffic, 
drilling, gas compressors and other industrial equip-
ment, flaring and explosions. 

CBM operations have a very high density of wells 
(boreholes), typically varying between 1 to 3 wells 
per square kilometre.31

Underground fire risk
The process of removing water from the coal-seams 
during CBM extraction from old or operating mines 
increases the risk of underground fires, as oxygen 
from shafts and tunnels can replace the water and 
come into contact with the coal, resulting in spon-
taneous coal combustion. The lowering of the water 
table can also increase the fire risk to nearby seams. 
Underground coal fires pose a serious risk of ground-
water contamination and are also a source of signifi-
cant CO2 emissions.

Air pollution
As well as GHG emissions, CBM extraction produc-
es various sources of local air pollution, including 
increased vehicle traffic, venting and flaring, and 
pollutants from compressor stations. Air pollutants 
from CBM operations are likely to be similar to those of 
shale gas extraction including BTEX (benzene, toluene, 
ethylene and xylene), NOx (mono oxides of nitrogen), 
VOCs (volatile organic compounds), methane, ethane, 
sulphur dioxide, ozone and particulate matter.32

Subsidence
Removing large volumes of groundwater, particu-
larly from shallow aquifers, can result in significant 
subsidence at the surface. This can damage infrastruc-
ture and put ground and surface water resources at 
risk. Depending on the site, removing water for CBM 
extraction can cause subsidence.33 Many CBM sites are 
in former coalfield areas, where de-watering will have 
significant impacts on surface stability; reactivating 
old subsidence  faults, as well as creating new ones. 
Subsidence also increases the risk of fugitive emis-
sions, creating new pathways for gasses to escape to 
the atmosphere.

Accidents
Despite industry claims of it being a safe, controlled 
process, countries that have carried out CBM activities 
have experienced numerous blow-outs, spillages and 
other accidents.34 35These have resulted in serious 
ground and surface water contamination.

 Kate Ausburn 2012 



companies involved
Current major players in the industry include:

Australia: QGC (BG Group), Santos, Origin

Canada: Apache, Encana, MGV

US: Pioneer, CONSOL, Williams

UK: Dart, IGas (though they are tiny compared 
to companies in other countries)

Other companies involved include Arrow 
Energy, Baker Hughes, Far East Energy Corp, 
Queensland Gas, Sydney Gas, Sinopec and 
PetroChina.

Many of the well known ‘super majors’ such 
as Royal Dutch Shell, ConocoPhillips, BP 
and ExxonMobil are also involved in CBM 
production.

Resistance
Coal Bed Methane operations have been met with 
sustained resistance in the US and even more so in 
Australia, where the Lock the Gate movement has seen 
land owners, community groups and environmental-
ists join forces to prevent exploration and production 
of CBM (known as Coal Seam Gas in Australia).

Where and how Much?
Coal bed methane occurs around the world along-
side coal resources, and although it is only currently 
extracted on a large scale in a few countries, it is 
being rapidly adopted in other places. Extraction is 
widespread in the US (over 55,000 wells), Canada (over 
17,000 wells), Australia (over 5,000 wells) and China 
(thousands of wells). India also began commercial 
production in 2007 and now has hundreds of wells, and 

there are a handful of wells in the UK. Around forty 
other countries are looking into exploiting their 
CBM resources.36

The global market for coal bed methane was estimat-
ed to be 2,932 billion cubic feet (bcf) or 894 billion 
cubic metres (bcm) in 2010 and is predicted to reach 
market volumes of 4,074 bcf (1,242 bcm) by 2018.37

1  Canada  17-92 
2  Russia  17-80   
3  China  30-35   

4  Australia 8-14  
5  US  4-11

6  Ukraine  2-12
7  India  0.85-4.0   

8  Germany  3.0   
9  Poland  3.0   

10  UK  2.45 

In 2006 global 
reserves were 
estimated to be 143 
trillion cubic metres 
(or 143,000 billion cubic 
metres) by the IEA,38 with 
the following countries 
have the greatest reserves 
(in trillions of cubic 
metres):

 Lock the Gate Alliance 2012 

For more information on resistance see the Corporate Watch website (corporatewatch.org/uff/resistance)
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