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what is it? 
Natural gas is mainly methane and is usually extracted 
from oil or gas fields and coal beds (see coal bed meth-
ane), but it can also be found in shale formations.

Shale is a form of sedimentary rock formed from 
deposits of mud, silt and clay. Normally natural gas is 
extracted from sandstone or carbonate reserves, where 
the gas flows fairly easily once the rock is drilled into. 
However shale is relatively impermeable, meaning that 
it is harder for the gas to escape. It is only with the de-
velopment of horizontal drilling and advanced hydrau-
lic fracturing (see below) that shale gas extraction has 
become possible.

Tight gas refers to natural gas 
reservoirs trapped in highly 

impermeable rock, usually non- porous sandstone and 
sometimes limestone. It is found in different geological for-
mations from shale gas (although according to some defini-
tions shale gas is a form of tight gas). Over time, rocks are 
compacted and undergo cementation and recrystallisation, 
reducing the permeability of the rock. As with shale gas, 
directional drilling is used and fracking is necessary to 
break up the rock and allow the gas to flow. In addition to 
fracking, acidisation is also sometimes used. This is where 
the well is pumped with acid to dissolve the rock that is 
obstructing the flow of gas.

While many of the problems posed by tight gas, such as 
water pollution and contributing to climate change, are 
similar to those of shale gas, there are some differences.  
For example the differing natural carbon content in tight 
gas means that it stores different kinds of contaminants 
and therefore produces different pollutants. Shale gas is 
also generally harder to extract, being even less permeable 
and requiring more fracking.

how is it extracted? 
Shale gas has been known about for a long time. The first 
commercial gas well in the USA, drilled in New York State 
in 1821, was in fact a shale gas well. However, it is only since 
around 2005 that it has been exploited on a large-scale. This 
has been driven by the huge rise in energy prices resulting 
from declining fossil fuel reserves and the development of 
two new technologies, horizontal drilling and advanced 
hydraulic fracturing, which have opened up reserves previ-
ously inaccessible by conventional drilling.

Hydraulic fracturing, often just referred to as fracking, is 
used to free gas trapped in rock by drilling into it and in-
jecting pressurised fluid which creates cracks which release 
the gas. The fracking fluid consists of water, sand and a 
variety of chemicals which are added to aid the extraction 
process such as by dissolving minerals, killing bacteria that 
might plug up the well, or reducing friction. 

Production from shale gas wells declines very quickly and 
so new wells must be drilled constantly. This process of con-
tinual drilling and fracking means that huge areas of land 
are covered with well pads where thousands of wells are 
drilled, with each well requiring millions of litres of water.

The fracking process also produces a large volume of waste 
water, containing a variety of contaminants both from the 
fracking fluid, and toxic/radioactive substances which are 
leached out of the rocks (see below).
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NATURAL GAS THAT IS TRAPPED 
UNDERGROUND IN SHALE ROCK WHICH  
MUST BE FRACTURED TO EXTRACT THE GAS.
EXTRACTION CAUSES WATER POLLUTION 
AND METHANE LEAKAGE WITH SERIOUS 
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Climate change
Natural gas, whether it comes from shale or conven-
tional sources, is a fossil fuel and when it is burned it 
releases significant greenhouse gas emissions (GHG).

It is sometimes argued that as burning natural gas 
produces less 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 widely used by gov-
ernments and industry to promote gas as a low carbon 
energy option. However as long as energy demand 
increases, additional sources of fossil fuels such as 
shale gas are likely to supplement rather than replace 
other existing ones such as coal. 

This has happened in the US where the shale gas 
boom, instead of reducing coal extraction, has sim-
ply resulted in more of it being exported and used 
elsewhere.1

When comparing fuel types it is important to look at 
‘lifecycle’ GHG emissions, the total emissions gener-
ated by developing and using the fuel. In the case of 
shale gas these include direct emissions from end-use 
consumption (e.g. from burning gas in power plants), 
indirect emissions from fossil fuels used to extract, 
develop and transport the gas, and methane from 
‘fugitive’ emissions (leaks) and venting during well 
development and production. 

There is a lot of debate about how much gas escapes as 
fugitive methane emissions in the process of extract-
ing and transporting natural gas. The gas industry 
is particularly reluctant to investigate this, which is 
partly why it is hard to find reliable figures. However 
various studies have found significant leakage, and 
since methane is a more potent GHG that CO2, even if 
just a small percentage of the gas extracted escapes 
to the atmosphere it can have a serious impact on the 
climate.

Some studies have concluded that fugitive emissions 
from shale gas could be between 3.6% and 7.9% particu-
larly when the gas vented during flow-back is included.2 
3 4. This would make the GHG contribution from shale 
gas similar to or even worse than coal in terms of con-
tributing to climate change.

The shale gas industry attacked the findings and 
although there is ongoing dispute over the figures,5 6 re-
cent hard data estimated methane leakage rates in some 
areas to be 6 to 12%, 7 up to 9%,8 or even as high as 17%.9

Methane is a powerful greenhouse gas, particularly in 
terms of its short term influence on the atmosphere. If 
more than 3.2% of methane is lost to the atmosphere 
then switching from coal to gas will result in no immedi-
ate benefits in terms of contribution to climate change.10 

"to replace the UK's 
current gas imports 
with local shale gas would 
require up to 20,000 
wells to be drilled in  
the next 15 years"
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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 atmo-
sphere while still avoiding most serious impacts and the 
risk of irreversible and uncontrollable changes to the 
climate.11 Between 1750 and now (2014), we have already 
emitted about 370 GtC leaving a limit of 130 GtC 
that could be further 
added.12

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.13

Exploiting the world’s shale gas resources would 
add around 138 GtC to the atmosphere (with tight 
gas adding a further 211GtC).14 This is a huge 
amount and is clearly incompatible with staying 
within the limit outlined above. All of this means 
that, far from making things better, the develop-
ment of shale and tight gas is dramatically worsen-
ing the problem of climate change. 



Shale gas and Carbon 
Capture and Storage (CCS) 

Other social and environmental issues
Water use
Fracking requires huge volumes of water, which once 
used is contaminated and cannot be returned to the 
water table. The amount of water needed varies from 
well to well, but will be somewhere between about 3 
million and 40 million litres. 18 

In 2011, the U.S. Environmental Protection Agency es-
timated that 70 to 140 billion gallons (265 – 531 billion 
litres) of water was being used to fracture 35,000 wells 
in the United States each year.19 Sourcing water for 
fracking is a major problem. Because of the transpor-
tation costs of bringing water from great distances, 
drillers in the US usually extract on-site water from 
nearby streams or underground water supplies. This 
puts pressure on local water resources which can lead 
to the worsening of droughts and competition with 
farmers for irrigation water.20

Water and air pollution 
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 

There has been some discussion about the possibility 
of using exhausted shale gas formations as a storage 
location for CO2. Injecting CO2 into fracked shale 
deposits is also being considered as a way of both 
storing CO2 and extracting more gas at the same 
time (so called Enhanced Gas Recovery -see ‘Other 
Unconventional Fossil fuels’ factsheet). However, 
their viability as CO2 storage sites is questionable, 
and there are currently no shale gas sites being used 
to store CO2. In addition there are concerns that 
fracking may be compromising other potential CO2 
storage sites, as the fracked shale formations are no 
longer impermeable and would therefore not keep 
CO2 trapped in the deep saline aquifers below them.15

In addition fracking, the underground injection 
of fracking waste water (see below), and even the 
injection of CO2 itself have been shown to cause 
earthquakes, which reveal a major flaw in CCS 
technology.16 17

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) sce-
nario, 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 produc-
tion, 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).

to avoid stricter mandatory reporting requirements. 
Although the specific mix of chemicals used varies sig-
nificantly, a US House of Representatives Committee on 
Energy and Commerce report found 750 different chemi-
cals had been used in fracking fluids, including many 
known human carcinogens and other toxic compounds 
such as benzene and lead.21 Chemicals found to 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 drill-
ing mud has also found that they contain a number of 
toxic chemicals. 22 23

Increasing numbers of studies analysing water quality 
in drinking wells near natural gas extraction sites 
have also found increased levels of contamination, 24 25 
26and several studies have suggested possible pathways 
through which contaminants could reach drinking 
water aquifers from fractured shale. 27

Another area of controversy is that of methane pollu-
tion of local water supplies. Footage of people living 
close to fracking sites setting light to the water coming 
out of their tap has rapidly spread across the internet. 



The industry was quick to respond, saying that these 
were just cases of supplies that were already prone 
to natural gas contamination. However, a leaked 2012 
US Environmental Protection Agency presentation 
suggests that methane could be migrating more 
widely to water supplies as a result of fracking, a 
conclusion that was censored by the Obama admin-
istration.28 Other research has also found evidence of 
methane and other contamination of water supplies 
due to fracking,29 including a 2011 peer-reviewed 
study which found “systematic evidence for methane 
contamination” of drinking water associated with 
shale gas extraction.30 There is, however, currently a 
lack of research on the health impacts of long-term 
exposure to methane in drinking water.31

Leakage of both methane and other chemicals 
involved in fracking is a huge problem. Despite 
industry claims that leakage is due to bad well 
design, research has shown that some leakage is 
an inevitability and that fracking only exacerbates 
the problem.32 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 that half of all gas wells 
will be leaking within 15 years  (see climate change 
section for more on leakage of methane to the 
atmosphere). 33

Local air pollution at shale gas sites is also a serious 
concern. This includes emissions from vehicle traffic, 
flaring and venting during drilling and completion, 
on-site machinery such as compressors, and pro-
cessing and distribution, where gas can leak from 
pipes and at compressor stations. Local air pollution 
from these sources includes BTEX (benzene, toluene, 
ethylene and xylene), NOx (mono oxides of nitrogen), 
VOCs (volatile organic compounds), methane, ethane, 
sulphur dioxide, ozone and particulate matter.34

Research has shown that air pollution caused by 
extraction may contribute to acute and chronic health 
problems for those living near natural gas drilling 
sites,35 and there is a growing body of research iden-
tifying the health impacts of fracking and unconven-
tional gas extraction. 36 37 38

Waste water
The fracking process produces large volumes of waste 
water, contaminated by fracking fluids, and naturally 
occurring chemicals leached out of the rock. These can 
include dissolved solids (e.g., salts, barium, strontium), 
organic pollutants (e.g., benzene, toluene) and normal-
ly occurring radioactive material (NORM) such as the 
highly toxic Radium 226. 39 

This leaves the problem of how to dispose of this waste 
water. In many cases, the waste water is re-injected 
back into the well, a process that has been shown to 
trigger earthquakes (see earthquake section). In the 
US, there have been numerous cases in which drilling 
cuttings have been dumped and waste water stored in 
open evaporation pits. In some cases waste water has 
even been disposed of by spreading it on roads under 
the guise of dust control or de-icing. Treatment of 
fracking waste water is expensive and energy inten-
sive, and still leaves substantial amounts of residual 
waste that then also has to be disposed of. In addition, 
the waste water from most sites would have to trans-
ported large distances to specialised treatment plants. 
The sheer volumes of waste water generated and the 
kinds of contaminants it contains makes treating and 
disposing of it safely extremely challenging. All stages 
of the waste water disposal process are of course prone 
to accidents, which could have serious environmental 
and human health consequences.

Human and animal health
It is difficult to assess the health effects of fracking sites, 
as many impacts will take time to become apparent and 
there is a lack of background data and official studies. 
Despite this there is mounting evidence linking frack-
ing activities to local health impacts on humans and 
animals. 40 41 42

Industrialisation of countryside
Unlike conventional gas, exploiting shale gas re-
quires large numbers of wells to be drilled. As shale is 
impermeable the gas cannot easily flow through it and 
wells are needed wherever there is gas. In some cases 
up to sixteen wells per square mile have been drilled.43 

Diagram 
of fracking 
operations



In addition to the wells, extensive pipeline networks 
and compressor stations are required. In the US tens 
of thousands of shale wells have been drilled leading 
to widespread industrialisation of the landscape in 
some states. Similarly, to replace the UK’s current gas 
imports with local shale gas would require up to 20,000 
wells to be drilled in the next 15 years.44

Apart from the noise, light pollution and direct impact 
on local wildlife and ecosystems due to the well pads, 
shale gas extraction also results in large increases in 
traffic for transportation of equipment, waste water 
and other materials. It has been estimated that frack-
ing requires 3,950 truck trips per well during early 
development of the well field.45 A single well pad could 
generate tens of thousands of truck journeys over its 
lifetime. 46

Earthquakes
Underground fluid injection has been proven to cause 
earthquakes, and there are instances in the UK where 
fracking has been directly linked to small earthquakes.47 
The injection of waste water from fracking back in 
to wells has also been shown to cause earthquakes.48 
Although these earthquakes are usually relatively small, 
they can still cause minor structural damage and of par-
ticular concern is the possibility of damaging the well 
casings thus risking leakage. This did in fact happen 
after the earthquake at Cuadrilla’s site in Lancashire, 
UK. The company failed to report the damage and were 
later rebuked by the then UK energy minister, Charles 
Hendry, for not doing so. 

Occasionally larger earthquakes are triggered. A 2013 
study in prestigious journal Science linked a dramatic 
increase in seismic activity in the midwestern United 
States to the injection of waste water. It also catalogues 
the largest quake associated with waste water injection, 
which occurred in Prague on November 6, 2011. This 
measured 5.7 on the Richter scale, and destroyed four-
teen homes, buckled a highway and injured two people.49 
It should be noted that mining and conventional gas and 
oil extraction can also cause earthquakes. 

Jobs
Those trying to promote shale gas often cite the 
employment that it will generate as an argument in its 
favour. In practice much of the employment related 
to fracking will come from outside the area where the 
gas is extracted, and any boost to the local economy is 
relatively short-lived as the industry moves on once 
wells are depleted. Industry backed studies have been 

found to routinely exaggerate estimates of the number 
of jobs fracking will create. 50

Economic issues
The rate at which a resource can be extracted strongly 
influences its value as a fuel source. Estimates of re-
serves containing ‘so many years worth’ of a country’s 
gas supply ignore the fact that it will take many years 
and thousands of wells drilled before production rates 
rise sufficiently to provide significant amounts of fuel. 
This counteracts the argument that shale gas can be 
used as a ‘bridging fuel’ in the short term while renew-
ables are developed. 51

In the US, which is largely isolated from the world gas 
market due to transport issues, the shale gas boom 
has coincided with a recession, which has led to a 
reduction in energy demand and gas prices. This has 
actually made it uneconomical to produce shale gas, 
and has stalled drilling. Well production rates have 
also declined faster than expected, and spending on 
new sites has reduced as shale gas assets have lost 
value.52 For these and other reasons to do with more 
integrated gas markets, shale gas is unlikely to make 
a significant impact on the price of gas in Europe and 
Asia, and promises of cheaper fuel prices for consum-
ers are unlikely to be realised.

Natural gas can be converted to Liquefied Natural 
Gas (LNG), which can then be transported in 
specialised ships rather than pipelines. This is one 
way for the US to export shale gas to other markets. 
However, the processes of liquification, tanker 
transportation and gassification mean that using 
LNG requires significantly more energy and results 
in greater GHG emissions.53

As the most productive shale plays and their ‘sweet 
spots’ are exploited first, it becomes increasingly 
more expensive, both in terms of money and energy, 
to maintain production levels.54 There are predictions 
that the shale gas boom in the US may have already 
peaked.55 There have also been suggestions that 
much of the investment into shale gas in the US 
was based on over estimation of reserve sizes and 
underestimation of the costs involved.56 Concerns that 
the same kind of financial practices that led to the 
US housing bubble were used to provide investment 
(with the prospect of profitable merger and 
acquisition deals attracting the financial sector) have 
led some to predict that the financial bubble behind 
the US shale boom will burst, possibly instigating 
another global economic crisis.57



1  China  1,115 
2  Argentina  802   

3  Algeria  707   
4  US 665  

5  Canada  573   
6  Mexico  545   

7  Australia  437   
8  South Africa  390   

9  Russia  285   
10  Brazil  245 

Where and how Much?
Shale gas deposits occur across the globe, but there are significant variations in the estimates of how much 
shale gas exists and how much of it can be extracted, partly due to the variations in geology from region to 
region. In 2013 the US Energy Information Administration put the global amount of technically recoverable 
shale gas as 7299 trillion cubic feet (tcf),58 or 207 trillion cubic metres (tcm), with the top 10 countries in 
terms of resources (in tcf) as:

companies involved
In the US, the shale gas industry 
is not dominated by the multina-
tional super-majors such as Exxon, 
Shell and Total. Instead variously 
sized American companies operate, 
anywhere from tiny start-ups to 
mid sized companies worth tens 
of billions. Notable US shale com-
panies include Chesapeake Energy, 
Continental Resources, Marathon 
Oil, Occidental Petroleum, Pioneer 
Natural Resources, Apache, Whiting 
Petroleum, Hess, EOG Resources, 
ConocoPhillips. That said, some large 
multinational oil companies have 
now also acquired significant stakes 

In 2013 the World 
Energy Council made 
slightly lower estimates, 
with global resources of 
16,110 tcf (456 tcm), of 
which 6444 tcf (182 tcm) is 
expected to be technically 
recoverable. 59 

The industry is by far most advanced in the US, 
where there has been a boom in shale gas with tens 
of thousands of wells drilled. Other countries with 
large reserves are at various stages of exploration and 
production. China has the largest shale gas resources in 
the world, but the geology of its shale formations, par-
ticularly their depth, may make extraction much more 
difficult than in the US. Activity in China is mainly at 

the exploration and test well stage, but production 
capacity is rapidly increasing.60 In Argentina, which 
has the second largest resources, several contracts 
have been awarded and exploration and test wells have 
been drilled by a number of companies. A host of other 
countries are exploring shale gas production including, 
Australia, Austria, Canada, Germany, Hungary, India, 
New Zealand, Poland, South Africa, Sweden and the UK.

in North American shale gas including 
Exxon, Total, Shell, CNP and Reliance 
Industries.

In places where the shale gas industry 
is yet to gain a foothold, sometimes 
small exploratory companies carry 
out the initial drilling and testing. 
These are then acquired by larger gas 
companies if economically recover-
able deposits are found. This serves to 
protect the risk to bigger companies if 
testing is unsuccessful. However large 
oil multinationals are also involved 
in exploratory drilling in a number of 
regions, including China, Europe and 
South America.



Resistance
Shale gas extraction, and particularly fracking, has met wide-
spread resistance around the world. In the US, spurred on by 
the 2010 documentary film Gasland, a national anti-fracking 
movement is now active across the country. Following protests, 
various countries and regions have introduces moratoriums 
or outright bans on fracking. These include France, Bulgaria, 
Romania and the Czech Republic (see <http://keeptapwatersafe.
org/global-bans-on-fracking/> for an updated list of countries 
and regions). 

A number of countries have seen protesters using direct action 
and civil disobedience to oppose fracking. Australia’s ‘Lock the 
Gate’ movement has involved environmental activists joining 
forces with local communities to prevent exploration, with 
widespread use of blockades. 

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