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Shale gas – an unconventional source of energy 
 
Introduction 
 
Many developed countries, including the UK, depend on supplies of natural gas (i.e. 
methane) to generate electricity and for central heating systems. In 2009, gas provided 
45% of the UK’s electricity. Thus the availability of natural gas is central to maintaining the 
UK’s current way of life. 
 
Production of oil, gas and coal within the UK has fallen each year since 1999, and in 2010 
was down 44% on 1999 levels, an average rate of decline of 5.6% per year. In particular 
the UK’s gross natural gas production fell 14.3% in 2009 and has fallen by 45% since its 
peak in 2000. Consequently the UK’s reliance on imported gas is increasing year on year.  
 
In 2006, just over half of global reserves of conventional natural gas lay in only three 
countries (Russian Federation, Iran and Qatar). So, for reasons of energy security, and to 
avoid price volatility, it is clearly prudent that the UK should find sources of energy to 
replace imported natural gas. 
 
Shale gas 

Shale gas is an unconventional source of natural gas that has been known, and exploited 
to a limited extent, since the 19th century. However in the last decade or so shale gas has 
been discovered in substantial quantities in many places worldwide, notably in North 
America, where it has been recognised as an alternative to imported gas. 

The British Geological Survey has estimated that the UK’s reserves of onshore shale gas 
‘could be as large as 150 bcm (billion cubic metres). This is equivalent to approximately 
1.5 years of the UK's current total gas consumption, or 15 years of the UK's current LNG 
(liquefied natural gas) imports. However these estimates have a degree of uncertainty 
attached to them. The UK’s offshore reserves of shale gas are estimated to be much 
larger but are currently probably uneconomic to exploit. In any event the UK’s reserves are 
much less than those of other European countries such as Poland and France.  
 
A shale is a fine-grained, hard rock with a pronounced ability to split into thin sheets. Shale 
gas is formed either by prolonged heating of the rock over millions of years, like 
conventional oil and gas, or by the action of bacteria over an uncertain timescale on 
carbon-rich plant remains within the shales. Unlike conventional gas, which migrates 
through the rocks, shale gas remains trapped within the tiny pore spaces between the 
solid particles of the shale. This means that the better sources of shale gas occur in the 
thicker deposits. The shale gas is ‘released’ by a technique which involves ‘hydraulically 
fracturing’ the rock (see below). 
 
 
 
Hydraulic fracturing and gas escapes 
 
Hydraulic fracturing is a technique that has been used for many years in the oil and gas 
industries for getting more oil and gas out of the Earth. When used to obtain shale gas it 
involves pumping large volumes of water, some sand, and a mix of ten or more chemical 
additives into a shale to break up the rock and release gas. After fracturing, a significant 
amount of this water, and other fluids released from the rocks, returns to the surface (this 
is called flowback) and is accompanied by large quantities of shale gas. Shale gas is also 
emitted later when cement plugs in the borehole, used to isolate different sections of 
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borehole while fracturing is going on, are drilled out of the hole to begin producing gas. 
After a well has been made ready for production leaks may occur from equipment 
connected at the surface. Some gas may also escape during cleaning of the gas to make it 
ready for transmission down pipelines. Further leaks undoubtedly occur during transport, 
storage and distribution of the gas.  
 
It has been estimated that, over the lifetime of a US well, as much as 3.6% - 7.9% of the 
gas produced escapes into the atmosphere. This leakage has a potentially serious impact 
on climate change because shale gas, or methane, is a powerful greenhouse gas. 
 
 
Risks of hydraulic fracturing 
 
There are risks associated with exploiting shale gas using hydraulic fracturing. The 
principal risks include; leakage of methane, a powerful greenhouse gas, into the 
atmosphere and, locally, contamination of drinking water supplies, over extraction of 
drinking water supplies, problems related to the treatment and disposal of waste water, 
and the initiation of earthquakes. 
 
Shale gas may leak to the surface either along natural cracks in the rock or along cracks 
created by hydraulic fracturing. Either way this leakage may add significantly to the carbon 
footprint of the exploitation because methane is a greenhouse gas which has 25 times 
more global warming capacity than carbon dioxide (CO2). But, in addition, methane also 
reacts with tiny, man-made, sulphurous particles in the air to increase its global warming 
capacity. In the USA, other gases and fine particles are said to be commonly emitted 
during shale gas production and can lead to human health problems. These problems can 
be minimised by capturing and using flowback gases that otherwise would be burnt. 
Leakage during handling and distribution of the gas at the surface may also add to the 
carbon footprint. 
 
It has been claimed that shale gas has leaked into drinking water supplies in the USA but 
some experts have cast doubt on such occurrences being caused by hydraulic fracturing, 
not least because the fracturing occurred at a much greater depth than the water came 
from and, in one instance, even before the fracturing occurred. However, in at least one 
case, there appears to be conclusive chemical evidence that hydraulic fracturing was 
responsible. 
 
Fluids used in the fracturing process can also leak into other rock formations that may be 
sources of drinking water. It is said that to a large extent such situations can be avoided by 
properly constructing the boreholes. 
 
Large amounts of water are used in hydraulic fracturing (in the range of 7-29 million litres 
per borehole). It is possible to offset this requirement by recycling the fluid that flows back 
up the borehole. It is estimated that between 10-40% of the original injected fluid is 
recoverable. However, whether taking out large quantities of water from local reservoirs or 
rivers or from the ground has a significant impact will vary depending on the location and 
the time of year. Lowering the water table can also lead to problems of drinking water 
quality. Clearly water abstraction is a concern which has to be carefully evaluated for each 
situation. 
 
Flowback allows the fracturing fluid and naturally occurring substances to flow out of the 
borehole to the surface. The toxicity of these substances varies considerably, with 
naturally occurring metals exerting various forms of toxicity at low concentrations. 
Flowback and water released from the rocks by hydraulic fracturing operations are held in 
storage tanks and waste impoundment pits prior to or during treatment, recycling and 
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disposal. In the UK disposal remains a problem and could overwhelm the capacity of 
existing facilities built to handle similar waste from North Sea exploration for oil and gas.  
 
Finally it has been known for many years that artificially introducing fluids into the Earth 
can lead to the initiation of, usually minor, earthquakes. Such events have accompanied 
pumping waste down a borehole and filling a new dam as well as hydraulic fracturing. 
Most earthquakes occur near the edges of lithospheric plates (the lithosphere is the outer 
layer of the Earth made up of separate plates in constant, but very slow, motion), where 
stress and strain levels are high, but stress can build more slowly in between these edges 
where earthquakes are rarer but not unknown. In the UK, exploration for shale gas may 
have already caused one such earthquake of magnitude 2.3 near Blackpool and more can 
be expected elsewhere as exploration proceeds. Although generally minor and unlikely to 
pose a significant risk to life or property such earthquakes are likely to cause considerable 
local concern and opposition to further shale gas exploration. 
 
Carbon footprint of shale gas 
 
Natural gas is a fossil fuel and therefore non-renewable. Whenever it is burnt in a situation 
where the combustion products can escape to the atmosphere, for example at a power 
station without carbon capture and storage or by a central heating boiler, some CO2 is 
produced. Shale gas is therefore not a suitable fuel in the long-term for the low-carbon 
economy towards which mankind as a whole must move in order to mitigate global 
warming. This indicates that policy should be directed to finding alternative, renewable 
sources of energy. 
 
A recent study concluded that shale gas has a larger carbon footprint (483-805 gm CO2 
per kWh of electricity) than conventional gas (405 gm CO2 per kWh). It is also likely to be 
‘dirtier’ than both deep-mined and surface-mined coal over 20 years and, at best, only 
slightly better than coal over 100 years (as determined by the rate at which methane 
decays in the atmosphere). Natural gas electricity is ‘dirtier’ than nuclear electricity which 
one study has concluded causes emissions of 10-130 gm CO2 per kWh of electricity when 
the full nuclear life-cycle from mining the ore to disposing of the radioactive waste is 
considered. Some experts believe that the majority of the world's fossil fuel reserves 
(including shale gas) need to be left in the ground if dangerous global warming is to be 
avoided. 
 
With present technology for electricity generation, conventional natural gas is cleaner than 
other non-renewable fuels (except nuclear).   In future, shale gas is expected to be dirtier 
than both conventional natural gas and as well as coal-burning power stations fitted with 
carbon capture and storage. 
 
Conclusions 
 
The technology used in shale gas exploitation today carries with it a number of global and 
local risks. The greatest risk is global climate forcing caused by escaped methane which, 
over 20 years, will be greater than the climate forcing of all fossil-fuel sources of energy 
except coal and, even then, coal with carbon capture and storage will be considerably 
cleaner. Globally, and in the UK, it would be prudent to leave shale gas in the ground in 
order to mitigate climate change and to seek alternative, renewable sources of energy. If 
these renewable sources are indigenous they will also provide greater national energy 
security. 
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