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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 the UK, of the 91 
million tonnes (Mt) of gas consumed in 2008, 21 Mt were used by power stations to 
generate electricity and 51 Mt were used for heating.1 In 2009, gas provided 45% of the 
UK’s electricity.2 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.2 In particular 
the UK’s gross natural gas production fell 14.3% in 2009 and has fallen by 45% since its 
peak in 2000.2 Consequently the UK’s reliance on imported gas is increasing year on year. 
In 2010 net imports of gas accounted for a third of gas input into the gas transmission 
system. 
 
In 2006, 56% of proven global reserves of conventional gas lay in just three countries 
(Russian Federation, Iran and Qatar)3. Thus in 2008 the UK’s Committee on Climate 
Change declared that ‘This geopolitical issue could be important in relation to oil and gas 
supplies, which are likely to come increasingly from a small number of Middle Eastern and 
central Asian countries together with Russia’.4 So, for energy security reasons, and to 
avoid price volatility, it is clearly prudent that the UK should find sources of energy that are 
alternatives to 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.7 However in the last decade or so shale gas has 
been discovered in many places worldwide, notably in North America where it has been 
recognised as an alternative to imported gas. In January 2011, the International Energy 

                                             
1
 www.publications.parliament.uk/pa/ld200708/ldselect/ldeconaf/195/19505.htm 

 
2
 http://www.decc.gov.uk/assets/decc/Statistics/publications/305-pn10-086.pdf 

 
3 Anon. (2011). Are we entering a golden age of gas? Special Report. Paris, France, International Energy 

Agency: pp.131. 
 
4
 Committee_on_Climate_Change (2008). Building a low-carbon economy – The UK’s contribution to 

tackling climate change. London, Committee on Climate Change: pp.511; p.425. 
 

This document aims to summarise the risks to the environment, including global 
warming, caused by the current upturn in activity, on a global scale, in the search for, 

and exploitation of,  shale gas. 
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Agency said in a report that global gas resources roughly doubled when unconventional 
gas resources, including shale gas, were included.5  

Other smaller sources of unconventional gas also exist, principally coal bed methane6, but 
they are not considered further here. 

Shales are fine-grained hard rocks with a pronounced fissile or laminated character which 
are already naturally fractured or are hard enough to be fractured artificially. Shale gas is 
formed either by prolonged heating over millions of years, like conventional oil and gas, or 
by the action of bacteria on organic carbon within the shales7. The most productive shales 
are dark-coloured because of their high organic carbon content. The gas remains trapped 
within the relatively low-porosity (up to ~12%) and impermeable shales (i.e. it has not 
migrated from a source rock to a ‘trap’ in a reservoir rock as has conventional natural gas). 
This means that the best shale gas prospects lie in thicker beds. The gas has to be 
‘released’ by a technique which involves hydraulically fracturing the rock (see below). A 
greater amount of gas can be released if a well is drilled sub-horizontally along a bed8 
rather than sub-vertically through it. 
 
Hydraulic fracturing and gas escapes 

 
Hydraulic fracturing is a technique that has been used for many years in the oil and gas 
industries for enhancing the productivity of wells. When applied to shale gas exploitation it 
involves the forcing of large volumes of fluid (99.5% water and sand, plus a mix of ten or 
more chemical additives9) under pressure into a shale to fracture it to release gas (Fig.1). 
After fracturing, a significant amount of this fluid, and other fluids released from the rocks, 
returns to the surface (flowback) and is accompanied by large quantities of methane i.e. 
shale gas. Methane is also emitted later when downhole plugs, set to separate fracturing 
stages, are drilled out of the hole to begin production. After a well has been completed (i.e. 
made ready for production) leaks may occur from equipment connected at the well head. 
Some gas may also escape during processing of the gas to make it ‘pipeline ready’. 
Further leaks undoubtedly occur during transport, storage and distribution of the gas.10 
 
Howarth et al (2011) have estimated the total leakage from shale gas installations in the 
USA and concluded that, over the lifetime of a well, as much as 3.6% - 7.9% of the gas 

                                             
5
 Anon. (2011). Are we entering a golden age of gas? Special Report. Paris, France, International Energy 

Agency: pp.131. Some sections of the press, misunderstanding the important difference between reserves 

and resources, reported this inaccurately as a doubling of gas reserves. 
 
6
 ‘Coal bed methane (CBM) is a natural gas contained in coal beds, trapped in the fractures and on the 

surface of the coal. CBM is a severe hazard to mining operations and extraction of CBM was initially 
undertaken to make mines safer. However, since the late 1980s, commercial production has taken off in the 
United States and elsewhere.’ Quoted from Anon. (2011). Are we entering a golden age of gas? Special 
Report. Paris, France, International Energy Agency: pp.131. 

 
7 Selley, R. (2011). “Shale gas: Blessing or curse?” Geoscientist 21(4): 14-19. 

 
8
 Sub-horizontal drilling is a form of drilling where the borehole is initially vertical at the surface but is 

gradually deviated increasingly away from the vertical as it gets deeper to the point where it becomes sub-
horizontal. 
 
9
 http://www.energyindepth.org/frac-fluid.pdf 
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produced escapes into the atmosphere.10 This 
leakage has a potentially serious impact on 
climate change because methane is a 
powerful greenhouse gas. 
 
 
Risks of hydraulic fracturing 

 
The UK’s Energy and Climate Change 
Committee (ECCC) has recently reported on 
shale gas and the risks associated with its 
extraction.11 In their summary they describe 
‘…. the use of ….. hydraulic fracturing at 
multiple wells, which requires large volumes of 
fresh water and chemicals, as well as 
generating large volumes of waste water 
requiring treatment. There is no evidence that 
the hydraulic fracturing process poses any risk 
to underground water aquifers provided that 
the well-casing is intact before the process 
commences. Rather, the risks of water 
contamination are due to issues of well 
integrity, and are no different to concerns 
encountered during the extraction of oil and 
gas from conventional reservoirs. However, the large volumes of water required for shale 
gas could challenge resources in regions already experiencing water stress.’ Expert 
witnesses pointed out to the Committee that these disadvantages can be reduced because 
the fluids used in hydraulic fracturing can be re-cycled and that, as production rates drop, 
gas bearing formations would be expected to be hydraulically fractured again one or more 
times. 
 
It appears that the principal risks of using hydraulic fracturing to exploit shale gas include; 
leakage of 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 fractures or along fractures created 
by hydraulic fracturing. In either event this leakage may add significantly to the carbon 
footprint of the exploitation because methane has a global warming potential which (over 
100 years) is 25 times stronger than that of carbon dioxide (CO2).

12 But, in addition, 

                                             
10 Howarth, R. W., R. Santoro, et al. (2011). “Methane and the greenhouse-gas footprint of natural gas from 
shale formations: A letter.” Climatic Change 106(DOI 10.1007/s10584-011-0061-5): 679-690. 

 
11 Anon. (2011). Energy and Climate Change Committee - Fifth Report: Shale Gas. 

http://www.publications.parliament.uk/pa/cm201012/cmselect/cmenergy/795/79502.htm. 
 
12 IPCC, Ed. (2007). Summary for Policymakers and Technical Summary: WG 1. Climate Change 2007: The 

Physical Science Base: Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge, UK and New York, NY, USA, Cambridge 
University Press. 

Figure 1. Diagram illustrating hydraulic 
fracturing to release shale gas. Not to 
scale. Taken from 
http://sciencefocus.com/blog/how-it-
works-shale-gas-fracking. 
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methane also reacts with aerosol particles (sulphates in the atmosphere) to increase its 
global warming potential. In the USA, oxides of nitrogen (NOx), volatile organic 
compounds (such as benzene), particulate matter and sulphur dioxide are said to be 
commonly emitted during shale gas production and can lead to human health problems. 
So-called ‘green completions’ of wells, when flowback gas that otherwise would be burnt is 
captured and used, are said to minimise these problems. Leakage during handling and 
distribution of the gas at the surface may also add to the carbon footprint10. 
 
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 aquifer 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.13 
 
Fluids used in the fracturing process can also leak into other rock formations that may 
include drinking water aquifers. It has been said that to a large extent such situations can 
be avoided by properly constructed wells. The ECCC conclude that, ‘The Environment 
Agency needs to ensure that companies declare the type, concentration, and volume of all 
chemicals added to the hydraulic fracturing fluid. The Agency must ensure that they have 
the resources necessary to detect these chemicals in water supplies should an incident 
lead to potential contamination of water resources.’11 
 
Significant quantities of water are used in hydraulic fracturing (in the range of 7-29 million 
litres per well). As the ECCC remark ‘It is possible to offset the large water requirements 
for hydraulic fracturing by recycling the fluid that flows back up from the well…. It is 
estimated that between 10-40% of the original fluid injected is recoverable’. They also note 
‘Whether the withdrawal of this much water from local surface (reservoirs or rivers) or 
ground water sources (aquifers) has a significant impact will vary depending on the 
location and the time of year’. The ECCC report notes that lowering the water table of an 
aquifer can also lead to problems of 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 
wellbore 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 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.11 
 
Finally it has been known for many years that perturbing the stress regime of the Earth’s 
crust by the artificial introduction of fluids can lead to the initiation of, usually minor, 
earthquakes. Such perturbations have accompanied pumping waste down a borehole (e.g. 

                                                                                                                                                    
 
13 Osborn, S. G., A. Vengosh, et al. (2011). “Methane contamination of drinking water accompanying gas-
well drilling and hydraulic fracturing.” Proceedings of the National Academy of Sciences 108(20): 8172-8176. 
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Rangely, Colorado14), filling a new dam (e.g. Koyna Dam, India15) as well as hydraulic 
fracturing. Earthquakes signify the release of stress that has built up in the Earth’s crust 
over many years from a number of sources. Most earthquakes occur near plate 
boundaries, where stress and strain levels are high, but stress can build more slowly in 
intraplate regions 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 
Blackpool16 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. 
 
Concerns were also raised with the ECCC about the greater impact of UK shale gas 
exploitation, compared to the USA, in such a densely populated island. 
 
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 are vented to the atmosphere, for example at a power 
station without carbon capture and storage or by a central heating boiler, some CO2 is 
produced. On a ‘net calorific value’ basis natural gas emits 226 gm CO2e per kWh when 
used for central heating17 and 405 gm CO2 per kWh of electricity produced.18 It is therefore 
not a fuel which is suitable in the long-term to be used within the low-carbon economy 
towards which mankind as a whole must move in order to mitigate global warming. This 
indicates that policy in this area should be directed to finding alternative, renewable 
sources of energy. 
 
Table 1. Estimates of emissions (grammes CO2e per kWh of electricity supplied) from 
using different sources of primary energy to generate electricity 
 

 Howarth et al. 2011 
(over 20-yr time frame) 

DUKES 
2010 

Other 
sources 

Lenzen 2008 (over 

power station life cycle) 

 Maximum Minimum   Maximum Minimum 

Conventional 
gas 

668 338 405 a    

Shale gas 805 483     

Nuclear     130 10 

                                             
14 Raleigh, C. B., J. H. Healy, et al. (1972). Faulting and crustal stress at Rangely, Colorado. American 

Geophysical Union Monograph: Flow and Fracture of Rocks. H. C. Heard et al. 16: 275-284. 
 
15 GUPTA, H. K., B. K. RASTOGI, et al. (1971). “KOYNA EARTHQUAKE OF DECEMBER 10 1967 - 
MULTIPLE SEISMIC EVENT.” Bulletin of the Seismological Society of America 61(1): 167-. 

 
16

 Financial Times article. http://www.ft.com/cms/s/0/0577dda0-8c82-11e0-883f-
00144feab49a.html#axzz1PHAfYxnp 
 
17 Defra/DECC (2010). 2010 Guidelines to Defra / DECC's GHG Conversion Factors for Company 
Reporting. London, Defra/DECC: pp.48. Table 1d. 

 
18 Anon. (2011). Digest of UK Energy Statistics (DUKES) 2010. 

http://www.decc.gov.uk/assets/decc/Statistics/publications/dukes/311-dukes-2010-ch5.pdf.  
 

http://www.ft.com/cms/s/0/0577dda0-8c82-11e0-883f-00144feab49a.html#axzz1PHAfYxnp
http://www.ft.com/cms/s/0/0577dda0-8c82-11e0-883f-00144feab49a.html#axzz1PHAfYxnp
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Coal 418 370 915 a    

Coal (with CCS)    <150 b   

UK fuel mix    617 c   
Note: Howarth et al calculated climate forcing over a 20-yr period; the other estimates relate to 
instantaneous combustion emissions. a indicates CO2

 only. Values for 2009. b from Anon. (2006). 
Carbon footprint of electricity generation. London, Parliamentary Office of Science and 
Technology: pp.4. c Table 3c in Defra 2010. Value for 2008. 

 
Howarth et al (2011) also compared the emissions from different fuels (Fig. 1; Table 1), 
using the latest estimates of climate forcing by greenhouse gases, after taking account of 
the likely global warming potential of conventional and unconventional natural gas that has 
leaked into the atmosphere as well as their combustion products.10 They argue that it is 
more important to consider the warming potential of leaked gases over 20 years, rather 
than the conventional 100 years, because of the urgent need to mitigate climate change 
over the next few decades. They conclude that, over both 20-year and 100-year time-
horizons, shale gas has a larger carbon footprint than conventional gas. 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. 
 
Natural gas causes greater emissions per kWh than nuclear electricity which one 
academic study has concluded causes emissions of 10-130 gm CO2e per kWh of electricity 
over the full nuclear life-cycle (Table 1).19 Another study has shown that, for all but the 
lowest grade uranium ores (less than 0.02 mass-% U3O8), a nuclear plant is cleaner than 
gas.20  
 
Others have expressed misgivings too about the carbon footprint of shale gas. Various 
expert witnesses giving evidence to the ECCC, noting the potential for significant leakage, 
agreed that the eventual greenhouse gas footprint of shale gas was uncertain. The WWF 
witness to the ECCC believed that "the majority of the world's fossil fuel reserves 
[including shale gas] need to stay in the ground"11 if dangerous global warming is to be 
avoided (see also ref.21). 
 
With present technology, conventional natural gas is cleaner than other non-renewable 
fuels, except nuclear, for electricity generation. But shale gas is always more polluting than 
conventional gas. In future even coal, with carbon capture and storage (CCS), is estimated 
to be much cleaner (<150g CO2/kWh) than shale gas.22 
 

                                             
19 Lenzen, M. (2008). “Life cycle energy and greenhouse gas emissions of nuclear energy: A review.” 

Energy Conversion and Management 49: 2178-2199. 
 
20 van_Leeuwen, J. W. S. and P. Smith (2007). Chapter 1. The CO2-emission of the nuclear life cycle. 
Nuclear power, the energy balance: pp.6. See http://www.stormsmith.nl/report20050803/Chap_1.pdf. 

 
21 Meinshausen, M., N. Meinshausen, et al. (2009). “Greenhouse-gas emission targets for limiting global 
warming to 2 °C.” Nature 458(7242): 1158-1162. 
 
22 Anon. (2006). Carbon footprint of electricity generation. London, Parliamentary Office of Science and 
Technology: pp.4. 
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Figure 1. Comparison of 
greenhouse gas emissions 
from shale gas with low 
and high estimates of 
leaked methane emissions, 
conventional natural gas 
with low and high estimates 
of leaked methane 
emissions, surface-mined 
coal, deep-mined coal, and 
diesel oil. A is for a 20-year 
time horizon, and B is for a 
100-year time horizon. 
Emissions relate to the 
energy released at the time 
of combustion. After 
Howarth et al (2011) and 
Shindell et al (2009). 1 g C 
per MJ = 13.2 g CO2 per 
kWh. 
 
 
 
 
 
 
 
The UK’s reserves of shale 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.’11 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.  
 
Conclusions 

 
The technology used in shale gas exploitation today carries with it a number of global and 
local risks. The greatest risk is warming on a global scale caused by escaped methane 
which, over 20 years, is greater than the warming caused by all fossil-fuel sources of 
energy except coal and even then coal with CCS 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. 
 
RB Whitmarsh 
 
p.s. A postscript dated 16 January 2012 follows in Appendix 1. 
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Appendix 1 (16 January 2012) 
 
UK Government’s response to the Energy and Climate Change Committee’s report 
on Shale gas 

 
On 26 July 2011 the UK government published a response to the Energy and Climate 
Change Committee’s (ECCC’s) report on ‘Shale gas’.11,23 This response is summarised 
below in so far as it involves some of the matters described above. Matters raised by the 
ECCC are shown in italics. The full text can be read in ref.23. 
 

1. Risks to water aquifers. The government concurs that a moratorium on 
hydrofracturing (fracking) is unnecessary at present but stresses that because 
exploration of the Bowland Shale is the first attempt to produce shale gas in the UK 
DECC will continue to monitor the exploration activity very closely. 
 

2. Concerns about seismic tremors. The government was going to await the results of 
an independent report before allowing exploration of the Bowland Shale to continue. 
In October 2011 the British Geological Survey (BGS) concluded that two recent 
earth tremors felt nearby were most likely to have been caused by fracking. The 
BGS said the correlations between the earthquakes and the time of fracking 
operations and the proximity of the quakes to the site, all pointed towards the 
earthquakes being a result of the fracking process. As of 12 January 2012 Cuadrilla 
Resources, the company involved, had not been given permission to resume 
exploration. 
 

3. There is a risk of creating ‘contaminated and abandoned sites where shale gas 
production has stopped’. The government responded that ‘post-activity site 
restitution would be an issue for the planning process’. They did not consider that 
further powers are necessary. 
 

4. ‘Shale gas has the potential to diversify and secure energy supplies. Domestic 
prospects could reduce the UK’s dependence on imports but the effect on energy 
security is unlikely to be enormous’. The government responded that it ‘recognises 
the need to take a balanced approach and does not believe that security of supply 
considerations will be the main driver of policy’ as far as the exploitation of shale 
gas is concerned. 
 
The ECCC recommended that ‘UK legislation and regulation should take specific 
account of the challenges unique to shale gas exploration and production’ such as 
the requirement for large volumes of both water and chemicals, and waste water 
that must be managed and disposed of. The government responded that the 
technologies involved in shale gas operations are not novel. They continued that 
the Health and Safety Executive considers that existing legislation is sufficient 
although they ‘will not be complacent’. Further, the Environment Agency and its 
Scottish equivalent do not foresee significant challenges to waste water treatment 
and disposal that are unique to shale gas exploration and production. Likewise, 
adverse effects on water resources ‘are not expected’. Regarding access to water 

                                             
23

 http://www.publications.parliament.uk/pa/cm201012/cmselect/cmenergy/1449/144904.htm 
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supplies ‘A licence will only be issued where a sustainable water supply is available’ 
apparently as judged by the local water company. 
 

5. A switch from coal to gas for electricity generation will cut carbon emissions. 
Although this will reduce the impacts of climate change it will not be sufficient to 
meet long-term emissions reduction targets. The government responded that 
provided fugitive emissions of methane are properly controlled [added underlining] 
‘shale gas should have a carbon footprint of the same order as natural gas … and 
significantly lower than that of other hydrocarbon sources such as coal’. This last 
statement is clearly at odds with Howarth et al.10  if fugitive emissions occur. The 
underlined proviso is absolutely critical.  
 

6. ‘The emergence of shale gas increases the urgency of making CCS technology 
work for gas as well as coal’. The government replied that over the longer term they 
recognise that gas plant will need to reduce their emissions to meet climate change 
targets. They continued that ’There is therefore likely to be a role for gas plant 
equipped with CCS, which is why new gas plants are required to be built carbon 
capture ready.’ The government statement then goes on to say they are in high 
level negotiations for the contract for the first CCS demonstration project led by 
Scottish Power. Unfortunately this project at the Longannet coal-fired power station 
was cancelled on 19 October 2011 leaving the UK with no CCS demonstration 
project at all! 

 


