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Abstract. Western Australia has globally signiﬁcant onshore gas resources, with over 280 trillion cubic feet of
economically recoverable gas located in ﬁve shale basins. The Western Australian Government and gas industry
have promoted the development of these resources as a “clean energy source” that would “help to reduce global
carbon emissions” and provide a “transition fuel” to a low carbon economy. This research examines those claims
by reviewing existing literature and published data to estimate the life cycle greenhouse gas (GHG) pollution
that would result from the development of Western Australia’s onshore gas basins using hydraulic fracking.
Estimates of carbon pollution from each stage in gas development, processing, transport and end-use are
considered in order to establish total life-cycle emissions in tonnes of carbon-dioxide equivalent (CO2e). The
emissions estimates draw from published research on emissions from shale gas development in other jurisdictions
as well as industry or government reported emissions from current technology for gas processing and end-use as
applicable. The current policy and regulatory environment for carbon pollution and likely resulting GHG
mitigation measures has also been considered, as well as the potential for the gas to displace or substitute for
other energy sources. In areas where there is uncertainty, conservative emissions estimates have been used.
Modelling of GHG emissions has been undertaken for two comparison resource development and utilisation
scenarios; Australian domestic and 100% export i.e. no domestic use. Each scenario corresponds to a different
proportionate allocation of emissions accounted for domestic emissions in Australia and emissions accounted for
in other jurisdictions. Emissions estimates for the two scenarios are 245–502 MTCO2e/year respectively over a
resource development timeframe of 20 years. This is roughly the same as Australia’s total GHG emissions in 2014
which were 525 MTCO2e/year. This research concludes that GHG emissions resulting from the development of
Western Australia’s ﬁve onshore gas basins would be equivalent to all other Australian emissions sources
combined at 2014 levels each year for 20 years which is the general lifetime of a well.

1 Introduction
This study examines and analyses the life cycle of greenhouse
gas (GHG) emissions that would occur by hydraulic fracking
for the production of shale gas in Western Australia.
Continued advances in horizontal drilling techniques,
combined with a “hydraulic fracturing” process, are providing access to previously uneconomical natural gas resources.
According to the Environmental Protection Agency (EPA)
large reserves of this “unconventional” natural gas (unconventional gas) have been identiﬁed and are distributed
globally [1]. It is predicted that there will be the greatest
growth for shale gas, from 16% of total production in 2009 to
an expected 45% in 2035 globally [2]. Considering such an
increasing rate of extraction and the labelling of the
unconventional source as a “transition fuel” between coal
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(and other high-emission fuels) and renewable sources of
energy, it is vital to understand potential climate impact of
shale gas fracking to reach a higher level of certainty with
regard to the scale of its impacts. Also, the environmental
impact of the extraction of unconventional gas sources is
under scrutiny in Australia since this country is on the verge
of exploiting its shale gas resources. The GHG emissions from
the development of unconventional (shale) gas from
hydraulic fracking are different from those of the conventional gas. In fracking, the methane escapes from the ﬂow
back and drill out following the fracturing, unlike the
development of conventional gas [3]. Methane (CH4) is a
short-lived GHG gas. It has a dominant GHG effect, with a
Global Warming Potential (GWP) 86 times that of CO2 over
the 20 years’ time period [3]. In addition methane has 25
times intensive GWP that of CO2 in 100 years [4]. Another
major portion of the carbon dioxide (CO2) emissions in the
lifecycle analysis of fracking occurs during the end use of the
gas such as for electricity generation [5].
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Shale gas basins in WA
Basins
Resource Volume (TCF)
North Perth Basin 15
Canning Basin
230
Carnarvon Basin
15
Officer Basin
10
South Perth Basin 10
Total
280
Source: (Western Australia Government 2015)
1 Trillion Cubic Feet = 28 316 846 592 cubic metres
(Equivalent to a Quad or a quadrillion Btu’s (EIA 2016)

Fig. 1. Map showing WA onshore gas basins.

In this context, full estimation of the impact of shale gas
production and use requires an assessment with an
integrated Life Cycle Assessment (LCA) approach. LCA
is an environmental management methodology for
researching the impact a product has on the environment [6]. This paper uses the LCA approach to estimate the
GHG footprint of fracking and compares this with
Australia’s carbon budget. There are ﬁve shale gas basins
known so far in WA (Fig. 1) with a total volume of about
280 trillion cubic feet (TCF) of natural gas [7,8].

2 Methodology
This study reviews available literature and data sources
related to fugitive emissions from the production of
unconventional gas. Emission factors consistent with the
Intergovernmental Panel on Climate Change (IPCC) good
practice methodology [4] are used. Information and data
used are taken from the most recent sources available
predominantly from the USA literature, as there are
limited sources of information from other countries.
Secondary data is taken from reports and papers dating
from 2010 to present. These sources were selected based on
the quality of the information and to provide a balanced
contribution from the scientiﬁc community, industry
representatives and the environmental administration
(EPA). Unconventional sources of natural gas are still a
relatively new fuel source and consequently there remains a
shortage of veriﬁed data on the factors that affect fugitive
emission levels. Any assumptions that have been made in
light of data shortages are clearly identiﬁed (Tab. 1).
Additionally, reference data from scientiﬁc journals,
public submissions in Australia, Department of Mines and
Petroleum (DMP) and other literature has been used.
This study uses the recent technical background papers on
GHG emissions from the USA experience in the shale gas

industry. The WA shale gas basins have an average of 78–
80% of methane gas content [9,10] making them comparable in terms of the fugitive emissions factors of the
basins having similar gas content to the USA Haynesville
and Barnette gas basins. There is no standard data
available for fugitive emissions from accidents and
emergencies and hence they are excluded. Some relevant
data from [11] for Australia has been used to estimate
GHG emissions from liqueﬁed natural gas (LNG)
processing, distribution and electricity generation. At
the end use, export to China has been used as the estimate
for international emissions. Asia is the closest market for
Australia.
In order to address the uncertainty, possible emissions
ranges have been estimated for each stage of shale gas
development wherever applicable. Since LCA is an
iterative process, the model developed for this study
can be updated as more data becomes available. A similar
approach has been used by a number of organisations such
as the IISAS and Exxon Mobil. The emissions that are
considered in this study come from the CO2, the CH4, from
the venting or ﬂaring fugitive gas, emissions from the
transport and the treatment of the gas (Tab. 1). The
emissions from the construction of the equipment, from
the land use, from the chemicals injected during the
extraction process or from exploration wells are not
considered in this paper.

3 Results
3.1 Emissions from well completion
The fugitive emissions during well completion can vary
across the shale gas basins, which is mainly due to lack of
standard data [3]. The emissions during well completion are
the combination of ﬂow back plus the drill out. During
fracking, a signiﬁcant volume of water returns to the
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Table 1. Emission source inclusions/exclusions.
Inclusions
• Venting and ﬂaring
• Well completion
• Emissions from processing
• LNG processing

•
•
•
•

Exclusions
• Use of grid
• Pipeline distribution in China
• Construction emissions for the drilling pad and bore whole

Table 2. Well completion emission (MTCO2e) for entire
ﬁeld.
Fugitive CH4
(m3)

Fugitive CH4
(t)

CO2e
(t)

MTCO2e

1.51E+11

1.02E+08

2.56E+09

2559.85

surface known as the “ﬂowback” [12]. The drill out is the
stage where the plugs set to separate fracturing stages are
drilled out in order to release the natural gas for further
production [13]. The lowest emissions, recorded in the
Uinta basin the USA, were 1.6% [3,13]. Therefore, 1.6% has
been used as the ﬂowback factor in this model. Also, this
paper takes the drill out emissions to be 0.33% based on the
EPA [14]. Thus, the total well completion factor is 1.9%
(ﬂow back plus drill-out). An estimate of GHG emissions
for extracting 280 TCF of shale gas in terms of CO2
equivalents associated with well completion is
2560 MTCO2e (Tab. 2).
3.2 Well leaks and underground containment failure
Subsurface pathways, such as abandoned oil and gas
wells and faults, can serve as leakage pathways for CO 2,
methane, brine, and other ﬂuids. These pathways allow
ﬂuids from deep subsurface formations to migrate into
shallow groundwater aquifers or to the atmosphere [12].
The abandoned oil and gas wells and conductive faults
in geologic formations serve as leakage pathways for
ﬂuids which would otherwise remain trapped beneath
low-permeability layers [15]. Those leaky faults and
abandoned wells must be considered in many engineering activities such as geological sequestration of
CO 2 [16]. Cornell University has reported natural gas
wells leaking methane could be at about the same rate
reported in the U.S. Environmental Protection Agency
methane emission inventories (roughly around 3–6%)
as the lower limit [17]. During the fracking process, in
each stage, a certain amount of methane is lost as
fugitives. That is, the actual volume needs to be ﬁgured
out to estimate the fugitives lost from well leaks.

Regasiﬁcation (international)
Transport (LNG)
End use (electricity)
Well leaks

Remarks
• Data NA for operations
• It is assumed that the energy used
in the pipeline distribution is not material
• Data NA

Therefore, this paper has introduced an “actual volume”
which is calculated as;
V actual ¼ V last  V lost ;
where Vactual is the actual volume used in the next
calculations; Vlast is the last volume used; and Vlost is the
lost volume gas from the previous step.
The potential well leaks and underground containment
failure emissions are estimated to be a minimum of
3965 MTCO2e to maximum of 7930 MTCO2e for extracting
280 TCF of shale gas (Tab. 3).
3.3 Emissions from venting
Venting is the controlled release of gases into the
atmosphere in the course of oil and gas production
operations [18]. Under current legislation, venting is
permitted in the WA [19,20]. So, it is important to
estimate this. A separate model is established for
accounting the CH4 fugitives and the direct CO2e
emissions during venting, using standard factors developed by Glancy [4] using the IPCC guidelines. The CH4
fugitive emissions are converted into CO2e for a 100-year
GWP. The total venting emissions are found to be
1061 MTCO2e (Tab. 4) which is about the double that of
Australian national emissions for the year 2014 which was
525 MTCO2e [8]. It is the total venting emission for
extracting all of the resource (280 TCF) from WA shale
basins.
3.4 Flaring
Flaring is the controlled burning of natural gas in the
course of routine gas production operations [18]. Efﬁcient
combustion in the ﬂame depends on achieving good
mixing between the fuel gas and air, and on the absence of
liquids. While calculating the emissions, one has to use the
facts for both CO2 and CH4, as other impurities (along
with methane) are also burnt during the process [21]. As
ﬂaring is also not prohibited in WA, it is estimated to be
241 MTCO2e (Tab. 5).
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Table 3. Emissions (tonnes) from well leaks for the entire ﬁeld.
Fugitive max

Fugitive min

CO2e max

CO2e min

MTCO2e min

MTCO2e max

3.17E+08

1.59E+08

7.93E+09

3.97E+09

3965

7930

Table 4. Emission from venting during the production of shale gas from entire gas ﬁeld.
Actual volume (m3)

CH4 (m3)

CO2 (m3)

CO2e (t)

MTCO2e

7.31E+12

4.24E+07

1.83E+06

1.06E+09

1061

Table 5. Emission from ﬂaring from extraction of all the gas resources from WA.
Shale gas WA

Volume (m3)

CH4 (m3)

CO2 (m3)

tCO2e

MTCO2e

280

7.31E+12

1.46E+06

2.05E+08

2.41E+08

241

Table 6. Estimated processing loss emission.
Shale gas WA

Volume (m3)

CH4 (m3)

CH4 (t)

CO2e (t)

MTCO2e

280

7.31E+12

1.39E+10

9.44E+06

2.36E+08

236

Megatonnes CO2e

Domestic Vs international
15000.00
10000.00
5000.00
0.00

Domestic

International

4888.99

10046.80

Series1

Fig. 2. Domestic and international emission for all shale gas
ﬁelds – WA.

3.5 Processing loss
Not all the gas produced is “pipeline ready”. The produced
gas requires further processing. The gas impurities would
contain sufﬁcient amounts of impurities such as heavy
hydrocarbons and sulphur gases that need to be removed
before the gas is piped. The range used for pipeline ready is
0.19% as suggested by Howarth et al. [3,19]. The estimated
emissions from processing loss are 236 MTCO2e (Tab. 6)
for processing whole of the shale gas reserves-WA.
3.6 End use emissions
In this study, an end use is assumed to be electricity
generation. There are two possibilities: using the gas for the
domestic market (including transport in Australia via
pipelines and burning it for electricity generation or
exporting the gas. Two scenarios have been considered.
Scenario 1: domestic, Scenario 2: export to China.
3.6.1 Liqueﬁed natural gas processing and electricity
generation
To produce liqueﬁed petroleum gas, the gas ﬁrst has to be
cooled to 150 °C at high pressure, and then the gas is
expanded and cooled to 160 °C at atmospheric pressure.

At this temperature, the gas is maintained in a liquid
state [22]. At the end the LNG is piped to a storage tank at
the same temperature. At all these stages there occur GHG
emissions. Next are the transport and the regasiﬁcation.
The LNG transport is mostly done in bubble shipping
because the LNG has to be maintained at 160° and under
pressure [23].
The ﬁnal stage of end use is electricity generation. An
emission factor for electricity generation for China and
Australia has been used to calculate emissions from
electricity generation after LNG export. First we estimate
how many kilowatt hours of electricity are generated from
1 m3 of gas. A factor to estimate the quantity of CO2e
released per kWh and then MWh has been used. According
to ABRAXAS [24], 10.54 kWh is generated from 1 m3 of
pure methane gas. In China electricity generation with
natural gas produces between 0.43 and 0.59 t of CO2e per
MWh. When the emissions from gas production processing
were compared with that of electricity generation we
ﬁgured out that its in the ratio of 22%:78% as shown in
Figure 2. It is in line with established “rules of thumb” that
production emissions constitute 15–25% while end use
emissions constitute 75–85% GHG emissions [11,21].
3.7 Domestic vs international emissions
It is estimated that the domestic emissions from fracking
could be 245 MTCO2e/year and international emissions
could be 502 MTCO2e/year for a 20-year life span of gas well
(Fig. 2). The domestic emissions include; well completion to
the processing of the gas, while international emissions
include; LNG transport regasiﬁcation and electricity
generation. Now, this annual ﬁgure including the end use
scenario in China is equivalent to the Australian national
emissions for 2014 cover 525 MTCO2e [8] in 2014.
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Fig. 3. Emission from each development stages in an export scenario for 280 TCF of shale gas.

The emissions from end use (electricity generation) are
the largest portion in the lifecycle of shale gas. In the case of
extractive emissions, well completion, well leaks (postproduction), and LNG processing are found to be the
dominant emission sources (Fig. 3).

4 Discussion
This paper has compared the emissions from fracking with
latest Australian GHG emissions for 2014 which were
525 MTCO2e/year [8]. Yet, it is not fully representative
due to conﬁdentiality of the data [8]. If all of the resource
extracted is exported to China the estimated emissions
from Cradle to Grave (502.3 MTCO2/year) are equivalent
to the national GHG emissions for 2014. It implies that if all
of the shale gas, under the assumed conditions of this study
is exploited it will challenge Australia’s goal of achieving
net zero emissions by 2050 via decarbonising the economy
in a post-Kyoto agreement on climate change. In contrast,
better regulation can help push the fracking industry
towards reduced emissions. For example, in Japan, LNG
imports achieving zero emissions are rewarded by qualifying the energy source to be traded in a special market
reserved for renewable energies (hydropower and nuclear)
or fossil fuels holding sufﬁcient green abatements [25].
Furthermore, the lower emissions in the Piceance Basin in
Colorado in the USA are largely due to a higher use of lowbleed pneumatics, enforced through stricter State regulations [26].

5 Conclusion
This paper concludes that onshore gas fracking without
any control mechanism could not be considered as a
transition fuel for climate change mitigation in Australia.
Fracking emissions could be a highly signiﬁcant source of
GHG emissions nationally as well as globally. In this
context, it will be important to invest in the development of
renewable energy resources to meet national climate goals.
Also, it is vital to closely examine all fracking proposals and
tighten up the legislation on venting, ﬂaring and other
emissions across the production stages. It will be important
to promote efﬁcient production systems in the fracking
process by learning from the experiences of the established
shale gas industry, mainly the USA.
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