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Figure 1:  Technically recoverable shale gas reserves in trillion cubic metres (tcm) in the top 18 countries. 
Data source: Royal Society, 2012; cartography by UNEP/GRID-Geneva. 
 

 
 
 

 

 

Thematic Focus:  Resource Efficiency, Harmful Substances and Hazardous Waste 

Gas fracking: can we safely squeeze the rocks? 

Hydrological fracturing techniques have made accessible vast unconventional 
gas reserves. However, observed impacts on the environment and human 
health raise legitimate public concerns. The potential climate benefits of coal-
to-gas substitution are both less clear and more limited than initially claimed. 
The question of whether to allow or ban gas fracking needs to be carefully 
assessed by relevant authorities. A review of current related policies and 
regulations is critically needed. 

Why is this issue important? 

Fossil fuels are the world’s main source of energy, accounting for 81% of global primary energy use in 2010 
(IEA, 2011). However, as conventional reserves are depleted (IEA, 2010) and demand for energy rises, there is 
increasing pressure to exploit unconventional energy sources (UNEP, 2011a; UNEP, 2011b). Hydraulic 
fracturing (or fracking) is a gas extraction technique used in low permeable rocks. This is referred as 
unconventional gas (UG) production. UG has triggered both strong opposition and heightened economic 
interest.   
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There is enough UG world-wide to increase gas from 13% of global energy resource base in 2009 to 25 % in 
2035 (IEA, 2011; IEA, 2012), ranking gas as the second most important source of exploitable energy after oil 
(IEA, 2012). As the geographic distribution of UG differs from that of conventional fossil energy resources, it 
changes the dynamics of the international geopolitics of energy (Milosevic and Markovic, 2012). Countries 
which are largely dependent on foreign imports to meet their energy supply might look at local UG as one way 
to decrease their dependency. In several cases, the development of UG would enable certain countries to 
achieve greater energy independence, making the exploitation of UG reserves highly attractive to some 
governments. 
 
While offering economic and energy security benefits, UG production presents considerable environmental 
risks. These range from potential water and soil contamination from surface leaks or from improperly 
designed well-casing, to spills of improperly treated water, increased competition for water usage, and 
fugitive emissions of gas with implications for the global climate. A number of other issues, related to 
environmental degradation, can also occur including air pollution from volatile contaminants, noise pollution, 
negative impacts on ecosystems, biodiversity losses and landscape disruption. 
 
Proponents of UG development present it as a cleaner alternative to coal that could reduce greenhouse gas 
(GHG) emissions (Burnham et al., 2011). However, this assertion has been increasingly challenged by a number 
of recent studies showing both less clear and more limited benefits than initially claimed (Wigley, 2011; 
Hultman et al., 2011a; Howarth et al., 2011b). Ultimately the question of coal-to-gas substitution is a 
misguided debate, as none of the scenarios leads to satisfying results to limit global warming. Comparisons 
should be made with other alternative energy such as hydro, solar and wind. 
 
What is unconventional gas? 
Both conventional and unconventional gas are natural gas - what differentiates the two are their geophysical 
locations and how they are extracted. While conventional gas (CG) is located in permeable rocks and can 
escape freely after drilling, UG is trapped in insufficiently permeable rock formations, such as shale, tight 
sands and coal beds (also called coal seam gas in Australia), that need to be fractured in order to release gas in 
commercial quantities. Hydraulic fracturing, often shortened to fracking (or fraccing), is a process that injects a 
large amount of fluids (water with chemicals and sand) at high pressures into rock formations to fracture 
them, enabling compounds such as gas that are held tightly inside to be released (IEA, 2012). These 
techniques have generally only been economically viable since the mid-1990s, but have recently become even 
more appealing (Arthur et al., 2008). A combination of factors, including technological advance, desire to 
decrease dependence from foreign energy, new geopolitical realities (Milosevic and Markovic, 2012) and high 
oil prices, have made unconventional gas and subsequently hydraulic fracturing particularly attractive. 
 
Most of UG is trapped deep inside of shale formations (shale gas) at depths between 1500 to 3000 metres 
(Boyer et al., 2006). A typical horizontal well has an average lateral extension of 1400 m (maximum of 3000 m) 
(Santoro et al., 2011). The rock is hydraulically fractured multiple times every 100 metres along this horizontal 
extent. These fractures can extend between 150 and 250 metres perpendicularly from the horizontal well and 
should, in theory, not propagate vertically more than the thickness of the gas-producing layer.  Several 
horizontal lateral bores can extend from a vertical well (Santoro et al., 2011). 
 
Coalbed methane (CBM), also known as coal seam gas, coalbed gas, or coal mine methane, is methane held 
within the solid matrix of coal seams, usually located in shallow geological settings in comparison with shale. 
Depths of 800 to 1200 metres are typical, but CBM can also be found at as little as 100 metres below the 
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surface. In such shallow settings, it is more economical to drill using several vertical wells rather than 
horizontal wells, resulting in multiplying the number of wells and thus having a larger footprint on land. 
Exploitation of CBM may lead to higher venting (gas freely released into the atmosphere) of methane as 
compared with shale gas and being at shallower depth, requires higher caution to avoid infiltrations in the 
water table (IEA, 2012). Water is also often present in CBM and needs to be removed. This “produced” water 
must be properly treated and disposed of, so as to prevent spills and land or soil contamination.  
 
World reserves 
As of 2010, world production of UG was about 472 billion cubic metres (bcm), 89% of which is produced in 
North America (USA: 76%; Canada 13%) (IEA, 2012). However, this resource is widely available globally (see 
Figure 1) – estimated total technically recoverable reserves amount to 420 trillion cubic metres (tcm), with 
shale gas estimated at 208 tcm, tight gas at 76 tcm and CBM at 47 tcm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 
 
Unconventional gas accounts for 44% of total possible gas production with existing technologies, shale gas 
representing two-thirds of UG sources or 28% of total technically recoverable gas (IEA, 2012). While Eastern 
Europe, Eurasia (incl. Russia) and the Middle East are estimated to hold 61% of CG, these regions account for 
only 16.6% of UG; all the other regions have a larger proportion of UG as compared with CG (Figure 2). Due to 
this distribution, growing development of UG reserves will create a shift in global energy supply. 
 
Due to population growth, increase in individual demand, new demand from emerging economies and 
depletion of oil reserves, global demand for gas may grow by 45% to 50% by 2035 (IEA, 2012; Howarth et al., 
2011a), and according to IEA, the production of UG could more than triple to reach 1600 bcm per year, with 
the new largest developments expected in Australia, China, India, Indonesia and Poland. UG could rise from 
14% in 2010 to 32% of gas production by 2035 (IEA, 2012). Despite these prospects, UG faces an uphill struggle 

Figure 2:  Global remaining technically recoverable gas by types in per cent (left) and by types and regions, in 
tcm (right). Data source: IEA (2012); graph by UNEP/GRID-Geneva. 
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in gaining public acceptance and, given public health and environmental concerns, UG’s future potential may 
be limited and thus only increase marginally (IEA, 2012). 
 
UG effects on the global climate 
The evaluation of GHG emissions linked to UG production is a major point of contention and is the subject of a 
number of conflicting studies (Wang et al., 2011, Ridley, 2011 and Howarth et al., 2011a). Proponents highlight 
UG’s lower GHG emissions in comparison with coal (IEA, 2012; Burnham et al., 2011). However, this 
assumption is being challenged by other research scientists who are stating UG may be on par or may even 
exceed the impacts of coal emissions on climate, mostly due to larger fugitive methane emissions (Wigley, 
2011; Hultman et al., 2011; Howarth et al., 2011b). 
 
Comparisons between UG and coal may be misleading, as new sources of energy, such as UG, would better  be 
compared with other non-conventional sources of energy such as wind or solar. UG life-cycle GHG emissions 
are much higher than wind power: 500 g-CO2 per KWh, compared to 30 g-CO2 per KWh (McCubbin and 
Sovacool, 2011). 
 
Ultimately, the overall effects of UG developments on the global climate may be limited (Wigley, 2011), and 
are contingent on several factors (See Box 1). To have a small to medium chance of achieving the +2°C global 
temperature target, CO2 emissions from energy and industry must be reduced on average by 3.2 to 3.6% per 
year between 2020 and 2050 (i.e. -48 or -54% reduction in CO2 equivalent emissions) (UNEP, 2010). Even with 
large investments and developments and under best practices, UG production may lead to only 1.3% 
reduction of GHG emissions by 2035 (IEA, 2012). Investments in UG development are facing large and 
increasing public opposition. Hence, the development of UG production globally may remain much lower and 
have even smaller impacts on the GHG emissions (IEA, 2011).  
 
Box 1: Specific questions regarding possible UG effects on global climate 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Whether UG will induce a decrease or an increase in GHG emissions is contingent to several conditions.  
 
Short or long-term view? 
The 100-year horizon is commonly used for impacts on climate change; however, given the need to reduce 
GHG emissions in the coming decades, it is also critical to assess the 20-year horizon (Howarth et al., 2011 
b). Methane (CH4) is a more potent GHG than CO2 - albeit over a shorter lifetime. When methane is 
released in the atmosphere (venting), its Global Warming Potential (GWP) is up to 72 times higher than CO2 
over a 20 year period, but then gradually decreases so that over a 100 year horizon its GWP is 25 times 
higher than CO2 (IPCC, 2007). Recent studies found that emissions from UG could initially lead to an 
increase in climate warming in a 20-year horizon and would only be comparable to coal over a 100-year 
time horizon (Wigley, 2011; Hultman et al., 2011; Burnham et al., 2011; Hayhoe et al., 2002). 
 
What are the average emissions of methane from UG production?  
Methane leakage (venting) can significantly reduce the life-cycle benefit of gas compared to coal or 
petroleum (Burnham et al., 2011). The production of UG without methane venting is technically feasible 
(IEA, 2012), however in practice, compilation of data revealed a high level of methane vented (Wigley, 
2011; Hultman et al., 2011; Howard, 2011).  
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The advantage of UG GHG emissions versus coal highly depends on the percentage of methane vented and 
the time horizon considered. A theoretical value of 2-3% of methane emissions (IPCC, 2007) and a 100-year 
time period are typically used (blue point in Figure 3); however, observed emissions ranged between 3.6 to 
7.9% (Howarth et al., 2011 b). 
 
Such levels of GHG bring UG emissions to a par with coal over a 100-year time horizon (range a) and largely 
exceed them if a 20-year time horizon is considered (range b). 
 
 

 

 

 

Would UG be a substitute or be used in addition to energy from coal? 

Given the increase in energy demand and in absence of pressure to reduce the use of all forms of fossil 
fuel, UG might not be a substitute but may add to the energy produced from coal (Wood et al., 2011). 

Do investments in UG development compete with greener energy development? 

IEA foresees a possible US$ 6.9 trillion investment to develop UG by 2035. Effects on climate of this 
investment in UG should be compared with effects of similar level of investments in cleaner energy. 
Indirect impacts on the climate should also be studied. UG opponents fear that large investments in UG will 
come at the expense of more environmentally-friendly alternative energies, such as solar, wind, tidal, 
geothermal and secondary biomass energy sources, all of which carry high up-front investment costs. 

 

Figure 3: Comparative of UG versus coal under different time horizons and different levels of methane 
venting. 
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Impact of unconventional gas extraction on the 
landscape 

Environmental and health concerns 
UG exploitation and production may have unavoidable 
environmental impacts (see Figure 4). Some risks result if the 
technology is not used adequately, but others will occur 
despite proper use of technology (EU, 2011). UG production 
has the potential to generate considerable GHG emissions, 
can strain water resources, result in water contamination, 
may have negative impacts on public health (through air and 
soil contaminants; noise pollution), on biodiversity (through 
land clearance), food supply (through competition for land 
and water resources), as well as on soil (pollution, crusting). 
The sections below further outline the potential  
environmental and health impacts. 
  
 
 
 
 

 
 
Figure 4: Schematic representation of infrastructures and potential impacts. Source: UNEP/GRID-Geneva, 
2012. 
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Pools of fracking fluid located few miles away 
from residential area. 

Risk on  public health  
When occurring in densely populated areas, UG production 
raises several specific threats to well-being. The most direct 
concern is the risk of explosion from the construction of new 
pipelines (Rahm, 2011). Other consequences have a slower 
onset, such as release of toxic substances into air, soil and 
water. In Texas, emissions from shale gas operations are being 
checked for contaminants after blood and urine samples taken 
from household residents near shale wells revealed that 
toluene was present in 65% of those tested and xylene present 
in 53% (Rahm 2011). Both of these chemicals are commonly 
present in fracking fluid and known for being toxic. The biocide 
substances which are also contained in fracking fluid, and may 
be released during surface water leaks, can lead to serious 
damage to the surrounding habitat (IEA, 2012). 
 
More common nuisances include noise pollution, primarily 
associated with drilling and fracking (which is a non-stop 
operation over several weeks), but also from truck transport 
(Rahm, 2011). 
 
Fracturing fluid consists of large amounts of water mixed with chemicals and sand. In most countries the 
chemicals used in fracking fluid are considered trade secrets (Zoback et al., 2010). If companies are not 
required to publicly disclose the full list of chemicals used, assessing potential short- and long-term impacts on 
public health will be difficult. Colborn and others (2011) compiled a list of products (about 1000) used in 
fracking fluid. They carried out literature review on 353 chemicals and found that “more than 75% of the 
chemicals could affect the skin, eyes, and other sensory organs, and the respiratory and gastrointestinal 
systems. Approximately 40–50% could affect the brain/nervous system, immune and cardiovascular systems, 
and the kidneys; 37% could affect the endocrine system; and 25% could cause cancer and mutations.” 
(Colborn et al., 2011). 
 
Nonylphenol, for example, which is commonly used in fracking fluid, mimics estrogen, and can cause the 
feminization of fish, even at concentrations not detected by normal monitoring of the fluid (NYS-WRI, 2011). 
The consequence of the feminization of fish is an imbalance between male and female populations, resulting 
in a deficit of fertilization and potentially leading to a rapid decline of these fish populations. 
 
Footprint on land and natural enviroment 
The connection between wells and seismic activity is a controversial issue (Sminchak et al., 2011). Although a 
link between injection wells (such as used in UG) and high-magnitude earthquakes is unlikely, it cannot be 
ruled out completely (Cuadrilla Resources, 2011; IEA, 2012). Fracking techniques, just like dam building and 
the injection of water for geothermal energy production, are known to have a potential to impact the local 
seismicity. In Oklahoma, seven hours after the first and deepest hydraulic fracturing stage in Eola field (Garvin 
County), 50 earthquakes of small magnitude (1 to 2.8 Md) occurred within 3.5 km from fracking sites.  Changes 
in fluid pressure at well bottoms were sufficient to encourage seismicity. Correlation (in space and time) 
doesn’t mean causality, but remains a “strong possibility” (Holland, 2011). As such, an in-depth assessment of 
faults and seismic activity should be conducted to avoid drilling in hazard-prone areas (IEA, 2012). 
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Figure 5: These two satellite images from 1984 and 2011 show the high density of wells where over 1000 UG 
well pads (small, white dots) were cut into the Louisiana landscape (USA), most of them in recent years, as 
use of hydraulic fracturing technology became widespread. 
 
The exploitation of UG has a significant footprint on the landscape (see Figure 5). As compared with CG, UG 
requires significantly more wells due to the limited area exploited per well (1 km2) and shorter life span (five 
to 15 years), with most of the production occurring over the first six months (IEA, 2012). Each well requires 
approximately one to two hectares (ha) of land plus road networks (Belvalkar and Oyewole, 2010). Drilling also 
requires the clearing of land, which has a negative impact on landscapes and biodiversity, and can lead to 
significant soil erosion and sediment disposition (Adams et al., 2011). Horizontal drilling allows multiple wells 
to be placed in one location and thus limits the impact on the surface environment (NPS, 2008). In shallower 
settings (e.g. on coalbed methane), vertical drilling is economically more profitable but has increased impact 
on land (IEA, 2012). The restoration of well sites after exploitation needs to consider soil salinity and acidity. 
Often restoration fails due to toxicity problems (Cook and Johnson, 2002). 
 
Water scarcity and competition 
Fracking is an extremely water-intensive practice. A single horizontal shale gas well will use between 11 and 34 
million litres of water, roughly 360 – 1100 truckloads.  The exact amount varies depending on the size of the 
area being exploited, the depth of the well and the geological characteristics of the formation (Harper, 2008; 
Brownell, 2008). 
 
Electricity produced using UG uses substantially more water than solar or wind depending on the area in 
which the unconventional reserves are located. This could be a major limitation if drilling occurred in an area  
in which water resources are scarce (Sovacool and Sovacool, 2009). 
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Tight gas requires 100 times more water than CG and shale gas between 2000 – 10000 times compared with 
conventional gas exploitation (IEA, 2012). Although water can be recycled, excessive water usage can have 
broad and serious negative impacts (IEA, 2012) on biodiversity and local ecosystems, while lowering the water 
table, resulting in reduced availability of water for use by local communities and agriculture. The depletion of 
aquifers as a consequence of CBM production is well known; production of CBM also increases the amount of 
dissolved salts and other minerals in some areas (IEA, 2012). 
 
The needs of water for exploitation and the depletion of aquifers has (and will) create conflicts in water 
usages. Notably, competition with agricultural users is likely to be a serious issue (IEA, 2012). 
 
Produced water 
Underground water often needs to be pumped from coalbed methane wells. This is referred to as “produced 
water”. Produced water needs to be properly treated before it can be released, as it can contain high 
concentrations of sodium, calcium and magnesium. If spilled onto surrounding fields without appropriate 
treatment, produced water can cause severe damage. Saline water can inhibit germination and plant growth 
while excessive sodium can change the physical properties of soil and result in poor drainage, crusting and 
reduced crop yields (IEA, 2012). 
 
Risk of water leakages 
Leakage of fracturing fluids into the water table causing water contamination or explosions can occur if the 
cement columns around the well casings have an imperfect seal. Several examples of leaks in the casing 
leading to explosions or contamination of the water table have occurred in the USA (Myers, 2011 and Zoback 
et al., 2010). Discharge of improperly treated waste water could lead to seepage into ground water.  
 
The leakage of hydrocarbons or chemicals from the UG producing zone into shallow aquifers is possible, 
however with low probability. This is an issue that may occur in CBM production due to relatively shallow 
depths of exploitation, but is less likely with shale and tight gas extraction. Evidence of water contamination 
by fracturing fluids and methane was found in Wyoming, where wells are shallower than average (EPA, 
2011a). 
 
In aquifers overlying the Marcellus and Utica shale formations of northeastern Pennsylvania and upstate New 
York, Osborn and others (2011) found  systematic evidence of methane contamination of drinking water 
associated with shale gas extraction. For the 316000 wells analysed in Alberta, 4.6% had leaks  (Watson and 
Bachu, 2007, in Nygaard, 2010). The main origin of groundwater contamination is as a result of accidental 
spills of fluids or solids at the surface. A review of publications on well leakage worldwide concluded that, 
“cased wells are more prone to leakage than drilled and abandoned wells, and injection wells are more prone 
to leakage than producing wells.” (Nygaard, 2010). There is a risk that fracturing the rocks might ease the 
migration of naturally occurring toxic substances present in the subsurface, such as mercury, lead or arsenic 
(EPA, 2011b; EU, 2011). 
 
Spills or leaks can also occur during the transport, mixing and storage of the water and flowback. Spills from 
pits have been widely reported due to a number of reasons, including improper lining of the pit or from 
storms. Between 2008 and 2010, Marcellus Shale gas drillers in Pennsylvania (USA) were cited for 1435 
violations, 952 of which were considered “likely” to be detrimental to the environment (Gilliland, 2010). 
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Flowback and fracking fluid storage in open air settings.  
 

Drilling requires the clearing of land which alters the landscape. 
Here, trees have been cleared to build a road to reach the drilling 
site. 

None of these hazards are new risks or exclusively tied to unconventional extraction and production methods. 
However, given that the number of UG wells has increased, these problems are more likely to occur. 
Moreover, chemicals added to the fracturing fluid can add to the danger level of the leaks. 
 
A proportion of the injected fluid returns 
to the surface through the well, in a 
process referred to as flowback. 
Flowback contains the fluids that were 
initially injected into the well, as well as 
naturally occurring substances within 
the fractured rock formations, such as 
minerals, salt, weakly radioactive 
material and potentially toxic substances 
such as arsenic, benzene, methane or 
mercury (Kargbo et al., 2010). Flowback 
must be collected, treated and properly 
disposed off, as concentrations of 
contaminants can be very high. To 
reduce transport requirements, 
flowback can be treated on site and re-
injected into the well, but is often 
stocked on site, in tanks or in open 
evaporation pits (Manz, 2011). In the 
latter case, air pollution caused by the 
evaporation of chemicals can be severe 
(Madsen et Al., 2011). 
 

What can be done? 
Ultimately the best solution would be to 
lessen our dependency on fossil fuels. 
Given the uncertainty in terms of GHG 
emissions, public health, environmental 
issues and depletion of water resources, 
the continued development of UG 
reserves is an option which brings with it 
great responsibility. For governments 
that choose this path, there are 
recommendations which, if followed, 
would reduce the risk of environmental 
impacts, while resulting in just a small 
increase in production costs. 
 
The actions needed for reducing 
environmental costs can be divided in 
technical and policy types. 
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Technical considerations: 

 Fracking should be avoided in areas of water scarcity, in close proximity to densely populated areas, 
and/or in areas where it can impact on agricultural production. Sites deep below the water table are 
safer (IEA, 2012).  

 Rigorous training and strict oversight can prevent (or contain) surface spills and leaks from wells and 
ensure that any waste fluids and solids are disposed off properly (IEA, 2012). 

 To minimize climate impacts, developers should be encouraged to implement a zero-venting and 
minimal flaring policy. This is technically feasible by separating gas during the drilling process (IEA, 
2012).  

 CO2 can react with materials used to construct a well. For example, it is known to reduce cement’s 
strength and increase its permeability. CO2 can also corrode steel, and thus injection wells should be 
designed to minimize this risk (Nygaard, 2010). 

 
Policy considerations: 
Solutions to some of the issues that UG extraction presents are not only based on using better drilling 
techniques, but are also related to improving environmental governance such as setting rules for 
environmental, climate and health protection. Such regulations could include: 

 Mandating full disclosure of products used in the fracking process and banning substances known to be 
harmful;  

 Implementing monitoring and enforcement procedures.   

 Robust regulations and adherence to industry best practices should be followed, particularly in the 
areas of well design and cementing, in order to completely isolate the well from other strata, and 
especially from freshwater aquifers.  

 Governments should also ensure that companies secure enough funds for restoration of land and 
mitigate any potential impacts on land and water, in order to avoid so-called “extract and run” 
practices (a company declares bankruptcy after large accidents or simply after the end of UG extraction 
to save on restoration costs).  

 Finally, if UG is used during a transition phase from carbon-based energy sources, governments should 
design a plan to achieve this transition. Laws, taxes or other incentives would need to be in place to 
assure that a certain level of UG-related profits are re-invested in research and development on 
alternative sources of energy, such as solar, wind, hydropower, geothermal, tidal, and on energy-
saving policies. 

 

Conclusions  
Hydrologic fracking may result in unavoidable environmental impacts even if UG is extracted properly,  and 
more so if done inadequately (EU, 2011). Even if risk can be reduced theoretically (IEA, 2011), in practise many 
accidents from leaky or malfunctioning equipment as well as from bad practises are regularly occurring. This 
may be due to high pressure to lower the costs or to improper staff training, or to undetected leaks leading to 
contamination of the ground water (EU, 2011).  
 
Existing laws and regulations of the mining activities often do not address specific aspects of hydraulic 
fracturing. For governments who choose this path, UG will require dedicated regulations (EU, 2011).  
 
The debate on UG exploitation cannot be disassociated from a “comeback” of fossil fuels. UG is and will be 
produced by the same actors. Although only very recent, the history of UG exploitation already includes 
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instances of water contamination, leakages to soil, wide-scale land clearing and negative health impacts. 
Furthermore, increased extraction and use of UG is likely to be detrimental to efforts to curb climate change. 
Given the increased demand for fossil energy, the UG may be used in addition to coal, rather than being a 
substitute. Even under the optimistic assumption of the substitution of coal by UG, UG will likely have a 
limited reduction impact on 21st century global warming. The claim that UG can reduce GHG emissions is 
conditional on whether UG, over its entire life-cycle, is demonstrated to have a much lower GWP than coal 
(Howarth, 2011; Jiang, 2011; Hayhoe et al, 2002 ; Wigley, 2011; Hultman et al., 2011; Burnham et al.,2011; 
IEA, 2011; EU, 2011).  
 
Given the ever-increasing demand for energy, UG use is likely to grow. With large gas reserves and the 
comparative advantage of using existing infrastructures, equipments and networks from the oil and gas 
industry (drilling equipment, pipelines, thermal power stations, etc) UG will remain a tempting power source 
for the industry and for some governments who want to decrease their foreign dependency on energy. 
However it will face strong opposition given low public acceptance in certain places. As a non-renewable 
source of energy, UG remains a stop-gap measure in the transition to a low carbon future. In order to develop 
energy plans that maximize benefits and minimize harm, other forms of energy will also be needed (McKay, 
2008). 
 
Finally, injecting toxic chemicals in underground restricts later use of the contaminated layer (e.g. for 
geothermal purposes) and long-term effects are not investigated (EU, 2011). New technologies and or energy 
supplies, such as biofuels or UG, are often greeted as a panacea, but under further investigation are revealed 
to be less ideal than originally thought. Further research and appropriate, transparent and well-enforced 
regulation are all critical to possible development of the unconventional gas industry. 
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