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Foreword
On 7 September 2012, Cabinet announced various decisions in respect of shale gas and hydraulic fracturing in particular. One of 
these decisions was that on-going research is to be conducted and facilitated by relevant institutions to develop and enhance 
scientific knowledge in respect of shale gas, including, but not limited to, geo-hydrology of the prospective areas, methodologies 
for hydraulic fracturing in South  Africa and environmental impacts. 

In line with Cabinet’s decision and in keeping with the science-policy dialogue that informed South  Africa’s climate change response 
policy and which continues to inform the implementation of this policy, the Department of Environmental Affairs commissioned 
research with a view to informing and enriching the debate around the possible shale gas – climate change mitigation nexus.

Although the independent research and findings contained in this publication do not necessarily represent the views, opinions 
and/or position of Government, the department believes that this research is an important addition to the evolving climate 
change and shale gas discourse. Hence, the department is happy to make this work publicly available and accessible.

Peter Lukey 
Chief Policy Advisor 
Department of Environmental Affairs

 

ERM Disclaimer

This report has been prepared by Environmental Resources Management under the trading name of Environmental Resources Management Southern  Africa 
(Pty) Limited, with all reasonable skill, care and diligence within the terms of the Contract with the client, incorporating our General Terms and Conditions of 
Business based on the information, materials, data or other documentation expressly referred to and taking account of the resources devoted to it by agreement 
with the client. We disclaim any and all liability and responsibility to the client and others in respect of any matters outside the scope of the above. This report 
is confidential to the client and we accept no responsibility or liability of whatsoever nature to third parties to whom this report, or any part thereof, is made 
known. Any such party relies on the report at their own risk. This report is provided solely for the purposes set out in it and may not, in whole or in part, be used 
for any other purpose without ERM’s prior written consent. This report may contain information derived from third party sources. ERM disclaims any liability 
or responsibility to the client or any other parties in respect of the completeness or accuracy of such third party information.  This report may not, in whole or 
in part, be reproduced or altered in any manner without ERM’s prior written consent.ERM is a fully independent firm solely engaged in providing technical and 
environmental and related services on a contract basis to private and public clients. ERM is not any way owned by or otherwise affiliated with Department of 
Environment or any subsidiaries thereof, except on a contractual basis for executing this and other such consulting services.
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Glossary
Term Definition

Base fluid
Base fluids used in hydraulic fracturing typically comprise 99 % water and 1 % sand or ceramic beads 
known as “proppant”. In addition, depending on the type of unconventional gas in question, a mixture 
of chemical additives is also used to provide the base fluid with the properties required (IEA, 2012).

Compressors
Compressors are mechanical devices which are used to pressurise a gas to reduce its volume 
(Bradbury, et al., 2013).

Conventional gas
In contrast to unconventional gas, conventional gas is trapped within a permeable rock reservoir, 
which in turn is overlain by a layer of impermeable rock (AfDB, 2013).

Distribution
Refers to the process whereby natural gas and associated products are conveyed to an end user 
through a local pipeline system, these pipelines are smaller in diameter in comparison to transmission 
pipelines (Branosky, et al., 2012).

Estimated 
ultimate recovery

Estimated ultimate recovery refers to the expected cumulative output of a given unconventional gas 
well. Estimated ultimate recovery may differ between wells depending on the underlying geology, 
whether a well is located in a ‘sweet spot’ i.e. where output is particularly high, or the degree to 
which advanced technologies in drilling and completing wells have been applied (IEA, 2012).

Exploration

Exploration typically refers to an undertaking to locate subsurface reservoirs of gas (conventional 
and unconventional) and oil. Exploration may involve seismic exploration, surface mapping and 
exploratory drilling, and the use of equipment such as magnetometers, seismic streamers and sound 
array guns or gravity meters (Branosky, et al., 2012).

Flaring
Flaring involves intentionally burning methane over an open flame as it is released, as this reduces the 
carbon content by converting the methane to carbon dioxide (Barcella, et al., 2011).

Flowback
Flowback is the process whereby the used base fluid, natural gas and other debris migrates to the 
surface after the process of hydraulic fracturing, during well completion (Bradbury, et al., 2013).

Fugitive emissions

Fugitive emissions denote gas losses from the upstream natural gas system (i.e. losses as a result of 
equipment leaks, venting and flaring). In this report, the term does not cover those GHG emissions 
associated with fuel combustion during the shale gas life cycle. Another term for fugitive emissions is 
‘methane leakage’. This definition stems from Day et al. (2012).

Gathering lines Small diameter pipelines that move gas from the production field to a transmission line.

Global Warming 
Potential 

Global Warming Potential is a common metric used to quantify and communicate the relative and 
absolute contributions to climate change of certain substances by accounting for the respective 
radiative efficiencies of these substances and their lifetimes in the atmosphere, and providing values 
relative to those for the reference gas carbon dioxide (IPCC, 2013).

Green 
completions

Green completion is considered good practice during the flow back period. Green completion 
(also referred to as reduced emissions completion) refers to the process whereby hydrocarbons 
are separated from the flow back prior to being sold, as opposed to being flared or vented into 
the atmosphere, and remaining flow back fluid is collected for processing and recycling or disposal. 
The capture and sale of gas during the initial flow-back phase requires investment in gas separation 
and processing facilities (IEA, 2012).

Greenhouse gas
These are gases which are emitted that trap energy radiated from the sun in Earth‘s atmosphere in 
turn producing the greenhouse (or warming) effect. Greenhouse gases include water vapour, carbon 
dioxide and methane. 

Horizontal drilling

This refers to the process whereby the vertical direction of a well bore is changed in order to 
target horizontal rock formations in which shale gas has been located, which in turn will increase gas 
production. Lateral shale formations may be drilled over a length extending upwards of hundreds of 
metres (Jiang, et al., 2011; Western Cape Government, 2012).
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Term Definition

Hydraulic 
fracturing

Hydraulic fracturing involves the pumping of engineered fluids (referred to as base fluid) at a high 
pressure into a well that has been drilled to great depths. At the extremities of the well the fluid is 
forced into target rock where it causes fractures or fissures a few millimetres in diameter. The fissure 
can branch out up to hundreds of metres from the well bore. The fissures are kept open by small 
particles such as sand or ceramic beads known as “proppants” which enable the flow of hydrocarbons 
into the wells and to the surface where treatment/processing occur (IEA, 2012).

Life cycle 
assessment

A Life Cycle Assessment (LCA) is the assessment of the consecutive and interlinked stages of a 
system from which a product is produced from the acquisition or generation of a given raw material 
to its end of life.

In the case of an LCA pertaining to GHG emissions from hydraulic fracturing the assessment may 
include calculating emissions from the production and transportation of material involved in the well 
development activities; emissions from fuel consumption for powering the drilling and fracturing 
equipment; fugitive emissions and fuel combustion emissions associated with gas production, processing, 
transmission, distribution, and natural gas combustion (Bradbury, et al., 2013; Branosky, et al., 2012).

Liquids unloading
Liquids which could slow well production in mature wells are removed from the wellbore either through 
the use of a down-hole pump or through a reduction of wellhead pressure (Branosky, et al., 2012).

Pneumatic 
controllers

Pneumatic controllers are responsible for regulating gas flow and pressure, liquid levels and 
automatically operating valves in the separator, gas dehydrator, and compressor (Harvey, et al., 2012).

Prime mover
Refers to a device which transforms energy from thermal to electrical or vice versa, or pressure to/
from mechanical form. A prime mover is typically an engine or turbine that powers the drilling rig 
(Broderick, 2011; AEA, 2012).

Production
Production refers to the primary production phase, once wells have been connected to processing 
facilities. Hydrocarbons and waste streams are produced by wells during this phase. 

Site remediation
Site remediation, i.e. efforts to restore the well site to its pre-drilling state, is performed after well 
closure (Branosky, et al., 2012).

Storage
Storage refers to the short or long term containment of natural gas either locally (in high pressure 
pipes and tanks), or underground in naturally occurring geological reservoirs which may include salt 
domes or depleted oil and gas fields (Branosky, et al., 2012).

Transmission
The physical transferal of gas from single or multiple sources of supply, to single or multiple points of 
delivery (Branosky, et al., 2012).

Reservoir 
stimulation

A class of activities intended to improve the productivity of oil and gas wells. This includes the 
injection of various chemicals (depending on the nature of the reservoir) at pressures below the 
fracture pressure of the rock to dissolve material that may be restricting flow from pore to pore, and 
as a separate subset, the fracturing of reservoirs to create new flow paths by the injection of fluids at 
pressures above the fracture pressure of the rock and at rates sufficient to sustain the propagation of 
the new fracture system (DMR, 2012).

Unconventional 
gas

Unconventional gas refers to shale gas, tight gas and coalbed methane, which are gasses trapped 
in impermeable rock. These gasses are referred to as such due to the difficulty associated with 
extracting them and corresponding high production costs (IEA, 2012).

Venting
Venting denotes the process whereby methane is directly and intentionally released into the 
atmosphere (Barcella, et al., 2011).

Well closure
Once the supply of gas from a well is exhausted, the wellbore is plugged and the equipment is 
removed (Branosky, et al., 2012).

Well completion
Well completion involves readying a well after drilling for production. This will involve clearing the 
well by recovering the base fluid that has been injected into it (i.e. flowback) (Allen, et al., 2013). 

Workovers
Workovers refer to operations undertaken to remediate producing wells in order to increase 
hydrocarbon output levels (Branosky, et al., 2012).
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Introduction

Environmental Resources Management Southern  Africa (Pty) 
Ltd (ERM) was commissioned to assist the Department of 
Environmental Affairs (DEA) in understanding the potential 
greenhouse gas (GHG) emissions profile associated with the 
life cycle of shale gas extraction, production and use. At the 
time of publishing, uncertainty exists with regard to the GHG 
emissions profile, and possible available options for the use 
of potential shale gas reserves in South  Africa. As such, it 
is unclear what impact the extraction, production and use 
of South  Africa’s potential shale gas reserves may have on 
the country’s GHG mitigation intentions. This report aims 
to reduce this level of uncertainty by analysing the GHG 
emissions profiles of shale gas extraction, production and use 
options based on a review of publically available information.

Limitations

There are a number of factors that need to be taken into 
account when considering the implications of potential shale 
gas extraction, production and use in South  Africa. Of these 
factors, the broader environmental (e.g. water impacts) 
and socio-economic implications are particularly topical. 
However, the scope of this report does not address these 
implications but, rather, is centred on the GHG emissions 
profile of shale gas along its life cycle. One factor limiting the 
level of detail in this report is that the majority of research 
on the GHG emissions associated with shale gas has been 
conducted in the United States of America (USA). There 
is little data available from the rest of the world and, at the 
time of publishing, no GHG emissions data that is specific to 
the South  African context was available.

What is shale gas and fracking

Shale gas denotes natural gas found within certain under-
ground geological formations of a class of sedimentary rocks 
called shale, which is characterised by low porosity and low 
permeability (DMP, 2012; DMR, 2012; EIA, 2012a). The im-
permeable nature of the pockets in which shale gas is stored 
prevents the gas from migrating from high to low pressure 
spaces and collecting in a conventional gas deposit, making 
extraction difficult. As a result, shale gas is termed an ‘un-
conventional’ gas resource (DMP, 2012).

The physical difficulties related to the extraction of shale gas 
have in the past prevented the gas from being extracted and 
utilised to the same extent as conventional gas. The primary 
difficulty being that shale gas cannot be economically exploit-
ed through traditional drilling methods as there is seldom 
enough gas in each individual pocket to warrant the expense 
of drilling individual wells (EIA, 2012a). Recent advances in 
extraction technologies, however, have made the extraction 
of shale gas technically and economically feasible (Bradbury, 
et al., 2013). Advances have included horizontal drilling inno-
vations and the introduction of a technique known as induced 
hydraulic fracturing or hydro-fracking, commonly termed 
“fracking”. Hydraulic fracturing is a highly specialised proce-
dure involving complex mechanical and chemical processes.

Shale gas and climate change 

Debate exists around the potential negative impacts that 
shale gas (particularly its extraction) may have from an en-
vironmental and social perspective. Among the hotly de-
bated environmental concerns associated with shale gas is 
the cumulative impact that shale gas may have on global 
GHG emissions compared with conventional fuel use and, 
as such, on global climate change (Bradbury, et al., 2013). 
For example, certain studies showcase shale gas as having a 
lower emissions intensity compared with conventional fuels 
(particularly coal) (e.g. Cathles, et al., 2012; AEA, 2012; and 
Burnham, et al., 2011) and thus having the potential to reduce 
global emissions should the gas replace conventional fuels. 
On the other hand, there are studies that suggest that shale 
gas has, under certain circumstance, a greater GHG emis-
sions intensity than that of conventional fuels (e.g. Howarth, 
et al., 2011; Wigley, 2011a and Jiang, et al., 2011b). 

Overall, whether the impact of shale gas on global climate 
change is positive or negative is widely debated and the 
difference in opinion is largely linked to uncertainty around 
the upstream fugitive emissions associated with shale gas 
extraction and production. In the absence of appropriate 
controls, upstream fugitive emissions as a result of leaks, flar-
ing and venting of shale have the potential to be high which 
can increase the life cycle GHG emissions profile  (Bradbury, 
et al., 2013; Stephenson, et al., 2011). 

Executive Summary

a.   This study considered a scenario where a portion of coal usage was replaced with shale gas usage (considering a methane leakage rate) over 

a period of time. The findings suggest that the methane leakage counteracted the reduction in carbon associated with a switch from coal 

combustion to gas combustion.

b.   When comparing shale gas to conventional natural gas. Their results show shale gas has approximately 3 % more emissions than conventional 

gas but they conclude that this is ‘likely within the uncertainty bounds of the study’.
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Shale gas and South  Africa

South  Africa is the leading emitter of GHG emissions in 
 Africa and ranked the 12th greatest GHG emissions emit-
ter in the world (EIA, 2012c), largely owing to the coun-
try’s dependence on coal. South  Africa has a potential, but 
unproven, shale gas reserve located in the Karoo Basin, a 
sedimentary basin covering 612 273 km2 and located in cen-
tral and southern South  Africa (EIA, 2013a). At the time of 
publishing, the volume of shale gas in South  Africa has only 
been estimated for the southern portion of the Karoo Basin. 
Given the current state of the energy landscape (particularly 
its reliance on coal and the resulting GHG emissions), South 
 Africa has four main national imperatives related to energy 
(DMR, 2012), namely:

• A ‘drive to diversify sources of energy and thereby reduce 
South  Africa’s dependence on coal’;

• A ‘commitment to reduce the ‘carbon intensity’ of South 
 Africa’s energy systems’;

• A ‘desirability of improving ‘security of supply’ by developing 
indigenous resources’; and

• An ‘ immediate need to expand national capacity to gen-
erate electricity’.

The need to diversify from coal is reiterated in the country’s 
Integrated Resource Plan (IRP; 2010 - 2030) (DOE, 2010), 
the Department of Energy’s (DOE) 20-year electricity road 
map until 2030. If introduced into the local market, shale gas 
has the potential to replace coal used in both the Coal to 
Liquid (CTL) process and in electricity generation as well 
as to assist in sustaining the operation of the Gas to Liquid 
(GTL) facility in Mossel Bay and permit additional liquid fuels 
production from new GTL plants (DMR, 2012). 

Shale gas lifecycle framework

The potential climate impact of shale gas, and how this com-
pares to other conventional fuels, can be understood by 
analysing GHG emissions data associated with the life cycle 
of shale gas (i.e. from exploration to end-use). The frame-
work employed in this report to discuss the life cycle GHG 
emissions of shale gas is based on the framework developed 
by Branosky et al. (2012) at the World Resources Institute 
(WRI) (see figure below). This study sets life cycle boundaries 
using the Greenhouse Gas Protocol Product Life Cycle Ac-
counting and Reporting Standard (product standard) and the 
International Organisation for Standardisation (ISO) 14044 
Standard for life cycle assessments (Branosky, et al., 2012).  

Figure 1 Life cycle framework for shale gasc

 

c.   Note that comparison between these studies is difficult given the different assumptions and the variations in the scope considered by the studies. 
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The shale gas LCA studies available at the time of publishing 
employ varying methodologies and assumptions. It is gener-
ally accepted in the literature that upstream GHG emissions 
associated with shale gas production are roughly comparable 
to each other, apart from those reported on in Howarth 
et al. (2011) (Bradbury, et al., 2013). One reason for this is 
that most studies source their data from the EPA’s inven-
tory (Bradbury, et al., 2013). The table below presents an 
overview of the available GHG estimates from stages I – III.d

Source
GHG emissions estimates 
(Stages I –III) (g CO2e per MJ)

Stephenson et al. (2011) 7.0 – 9.0

Jiang et al. (2011) e 4.8 – 13.9

Skone et al. (2011) 9.4

Weber & Clavin (2012) f 13 – 15

Howarth et al. (2011) 41.7

The f igure below graphically depicts the estimated 
non-use-combustion GHG emissions per MJ from five LCA 
studies  broken down by life cycle stage (Bradbury, et al., 
2013). Not only does this figure demonstrate the variation 
between LCA study findings but it also indicates that Stage 
II (Production; comprising both production and processing 
according to the framework in Figure 1 above) of the first 
three stages of the life cycle of shale gas likely accounts for 
the greatest non-use-combustion GHG emissions. Note that 
these figures do not include GHG emissions resulting from 
shale gas use or end-of-life. 

Figure 2.   Comparing non-use-combustion GHG emissions across 
shale gas LCA studies (Bradbury, et al., 2013) g

Shale gas use

Natural gas has a number of different end uses characterised 
by different GHG emission intensities. Common uses include 
electricity production, conversion to transport fuel, direct 
use and liquefaction. Electricity combustion using natural 
gas involves combustion, which is the process of igniting the 
natural gas to release energy in the form of heat (Branosky, et 
al., 2012). This process is responsible for the greatest amount 
of GHG emissions among all of the stages of the life cycle of 
shale gas. Indeed, Bradbury et al. (2013) estimate combustion 
to comprise approximately 80 % of the total GHG emissions 
over a 100 year timescale when the end use is electricity. 
AEA (2012) estimate this figure to be as high as 90 %.

The total life cycle GHG emissions for shale gas can be esti-
mated by summing the GHG emissions from the five stages. 
However, data uncertainties resulting from gaps in data and 
the assumptions made are contained throughout the life 
cycle and as a result, GHG emissions estimations vary across 
studies. The figure below reflects this variation in published 
GHG emissions across LCA studiesh.

d.   These values were taken from AEA (2012), where conversions were made in the report.

e.   Note the original figures from this reference (0.1 – 9.2 g CO2e per MJ) did not include processing. Hence, the figure here includes the average 

GHG emissions associated with processing (i.e. 4.7 g CO2e per MJ as reported in AEA (2012)).

f.   The uncertainty range reported in this study is 11 – 21 g CO2e per MJ.

g.  Namely Howarth et al. (2011), Jiang et al. (2011), NETL (2012a), Burnham et al. (2011), and Weber and Clavin (2012).

h.   Note that comparison between these studies is difficult given the different assumptions and the variations in the scope considered by the studies.
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Figure 3.  Total shale gas life cycle GHG emissions as published in different LCA studiesi (all using a 100 year timescale)

 

i.   All the studies apart from Howarth et al. (2011) presented in the figure consider electricity use as the end-use of shale gas (and compare 

this with the GHG emissions associated with that of coal-fired electricity generation). The studies include various assumptions regarding the 

efficiency of converting coal and gas to electricity. Howarth et al. (2011) assumes all shale gas extracted is combusted for heat.

Mitigation

Fugitive emissions along the life cycle of shale gas can po-
tentially contribute significantly to the gas’s GHG emissions 
profile. The mitigation focus described in the report is largely 
on Stages I - III of the shale gas life cycle. These are the areas 
where fugitive emissions can be potentially high. Mitigation 
techniques include:

• Low-bleed pneumatic controllers/devices or no-bleed 
instrument air devices

• Glycol dehydrator emissions controls

• Dry seal systems

• Improved reciprocating compressor maintenance

• Pipeline maintenance and repair

• Desiccant dehydrators

• Green completion

• Plunger lift systems

• Vapour recovery units 

• Leak detection and repair

• Eliminate venting and minimise flaring  

Comparison of GHG profile of shale gas

Extracted shale gas can act as a substitute for conventional 
fuels, including coal, conventional gas and liquid fuels, in the 
power, heating and transport sectors. Although natural gas 
is an attractive source of fuel compared to other fossil fuels 
due to its comparatively lower rate of GHG emissions when 
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combusted, the whole life cycle should be taken into account 
when considering it as a substitute. A comparative analysis 
of the literature indicates:

• At the point of combustion, natural gas, including uncon-
ventional gas, emits lower quantities of GHG emissions 
per unit of energy produced than other fossil fuels;

• LCA studies that have conducted comparisons of fossil 
fuels to shale gas suggest that extracted shale gas may 
have an increased, similar or reduced GHG emissions 
intensity to that of conventional gas depending on the 
assumptions made regarding the upstream processes 
of the life cycle and the level of mitigation employed;

• the majority of research suggests coal power generation 
is 30 % to 55 % more intensive in terms of GHG emis-
sions compared with shale gas;

• the GHG intensity of shale gas in the form of CNG is 
similar to petrol and diesel driven vehicles when com-
pared on a per kilometre basis (Burnham, et al., 2011).  

Emission Scenarios

Emission scenarios were developed to understand, at a high 
level, how different use scenarios for shale gas might impact 
South  Africa’s GHG mitigation commitments should the po-
tential shale gas reserve be found to be recoverable. In order 
to assess this, the possible magnitude of GHG emissions 
associated with various end use scenarios for shale gas is 
explored, specifically:

• A gas-to-liquid (GTL) scenario;

• An electricity generation emissions scenario;

• A direct use scenario (looking at both direct use in 
vehicles and direct use for heating and cooking pur-
poses); and

• A Liquefied Natural Gas (LNG) export scenario.

It is important to note that the scenarios developed are 
purely hypothetical and based on a number of assumptions. 
Additionally, they are focused solely on understanding the 
GHG emissions intensity of the different scenarios and 
do not take into consideration projected future energy 
 pathways. As such, they are not intended to be used for 
planning purposes as financial, social, regulatory, and specific 

infrastructural details have not been considered. Rather, the 
information presented is intended to inform and enrich the 
shale gas debate and catalyse further research in this area. 
Furthermore, the scenarios are simplified to provide indica-
tive estimates of emissions, holding other variables constant. 
These simplifying assumptions are intended to provide illus-
trative results to contribute towards more informed debate 
and evidence-based policy development.

GTL Scenario

In the business as usual base case South  Africa’s consump-
tion of liquid fuels for transport are predicted to increase 
by 5% per annum for diesel and 1.5% per annum for petrol 
for a period of 20 years. The GHG emissions arising from 
this base case start at 77 million t CO2e in the first year 
rising to 142 million t CO2e in the 20th year amounting to 
a total of 2.1 billion t CO2e for the full 20 year period. For 
the GTL scenario all the crude oil-based petrol and diesel 
products that are imported into South  Africa as described 
in the base case are replaced by locally produced synfuels 
manufactured through the GTL process using local shale gas 
as the feedstock.

The results show the average case is approximately 15 % 
more carbon intensive than the base case. The reason that 
the scenario emissions are higher than the base case is that the 
upstream emissions from crude oil refining of the imported 
diesel and petrol are not accounted for as they occur outside 
of South  Africa’s boundaries. The upstream emissions from 
shale gas extraction and processing in the GTL process are ac-
counted for in the GTL scenario and thus there are additional 
emissions in this scenario. From a shale gas use perspective, 
the scenario indicates that in terms of GHG mitigation, the 
use of shale gas for transportation fuel production (GTL) to 
substitute imported diesel and petrol produced by a crude oil 
refinery outside of our borders may have a negative impact 
on South  Africa’s GHG emission objectives.

Electricity generation scenario

In the business as usual base case electricity consumption 
in South  Africa increases at 2.9% per year from a base of 
35 525MW. The generation mix remains constant at 91% 
coal. The GHG emissions arising from this base case start 
at 230 million t CO2e in the first year rising to 400 million 
t CO2e in the 20th year. For the electricity scenario all the 
coal generated electricity in the national grid is replaced by 
gas in the form of combined cycle gas turbines. 
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The results show that the GHG emission differences are 
potentially substantial. The GHG emissions associated with 
the base case amount to approximately 83 % more than the 
average scenario case. One key factor for this difference is 
the fact that coal fired power plants are significantly more 
energy and GHG intensive compared to natural gas fired 
power plants. From a shale gas use perspective, the scenario 
indicates that in terms of GHG mitigation, the use of shale 
gas for electricity generation to substitute coal-powered 
electricity generation may have a positive impact on South 
 Africa’s GHG emission objectives.

Direct use scenario

In the business as usual base case the City of Cape Town 
will experience annual growth in demand for electricity of 
2.9 %, 5 % for diesel and 1.5% for petrol.  The GHG emissions 
from combining electricity and transport fuel amounts to 
22 million t CO2e in the first year rising to 39 million t CO2e 
in the final year. For the direct use scenario, shale gas is used 
in combined cycle gas turbines to replace national grid elec-
tricity. In addition, Compressed Natural Gas (CNG) is used 
as a transport fuel substituting diesel and petrol.

The results show that there is a substantial difference in GHG 
emissions between the base case and the scenario. The base 
case is between 65 % and 70 % more GHG intensive than the 
average scenario case. Two key factors for this difference are:

• This scenario assumes that all electricity produced by 
Eskom is substituted by natural gas fired power plants. 
Given that South  Africa’s national grid relies heavily on 
coal-fired power plants, the relative GHG intensity of the 
electricity produced by natural gas is substantially lower.  

• The GHG emissions from crude oil refining and pro-
duction to produce diesel and petrol are included in 
the base case scenario. Given that transport using CNG 
from shale gas does not require significant refining, it is 
likely that the emissions from CNG are relatively lower. 
Concluding that CNG is significantly better than diesel 
or petrol for transport from a GHG perspective must 
be cautioned though as literature has shown that the 
GHG profile of CNG vehicles compared to diesel or 
petrol vehicles is similar (See Section 2.6.3). 

From a shale gas use perspective, the scenario indicates that 
in terms of GHG mitigation, the use of shale gas for heat and 
power via electrical generation and direct use as a transport 
fuel in the form of CNG, may have a positive impact on South 
 Africa’s GHG emission objectives.

LNG export scenario

This scenario is a stand-alone case and differs from the other 
scenarios as it does not require comparison to any business 
as usual base case scenario. The business as usual base case 
would be the country’s existing GHG emissions and any 
GHG emissions from the production of LNG would be ad-
ditional to South  Africa’s current GHG footprint. Since LNG 
is exported from the country the GHG emissions associated 
with its combustion are not included. All the gas extracted 
from the Karoo is converted to LNG for export over a 
20 year period.

The results show that the GHG emissions from the produc-
tion of LNG are substantial, increasing South  Africa’s national 
GHG inventory by 14 million t CO2e in the best case in year 
1, increasing to potentially 28 million t CO2e in the worst 
case in year 1. From a shale gas use perspective, the scenario 
indicates that in terms of GHG mitigation, the use of shale 
gas for the production of LNG will have a negative impact 
on South  Africa’s GHG emission objectives as outlined in 
the NCCRP. This is based on the assumption that all of the 
LNG is exported out of the country and is not used to sub-
stitute other fossil fuels that would have been combusted 
in South  Africa.

Conclusion

Typically, natural gas is favoured over other fossil fuels from 
a GHG emissions perspective owing to its comparatively 
lower GHG emissions intensity at the point of combustion. 
However, the relative GHG emissions intensity of shale gas 
compared with conventional gas as well as other fossil fuels 
has been questioned given the extraction techniques and 
technologies (i.e. hydraulic fracturing) employed to access 
the gas and the estimated rates of fugitive emissions along 
the life cycle of the gas. The latter is considered by many 
studies to be potentially significant (although the degree to 
which varies across studies) but largely controllable using 
various mitigation technologies and methods.

At the time of publishing, the research and literature on the 
GHG emissions intensity of shale gas extraction, production 
and use is large and growing. However, many studies utilise 
similar datasets from a small range of sources (primarily from 
the USA) and only one study based their findings on direct 
measurements of GHG emissions. Additionally, published 
studies utilise a variety of assumptions and methodologies 
which limits their comparability. As such, a clear understand-
ing of the comparative GHG emissions intensities of different 
shale gas uses, and of the comparative lifecycle GHG emis-
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sions intensities of shale gas versus conventional fuels has not 
yet been reached. However, the majority of studies support 
the following conclusions:

• Shale gas combustion for electricity generation is less 
GHG emissions intense than coal-fired electricity gen-
eration;

• The lifecycle GHG emissions of shale gas are comparable 
to those of conventional gas sources, provided that good 
practice shale gas extraction is undertaken to minimise 
fugitive emissions;

• Mitigation of the majority of upstream fugitive emissions 
is possible; and

• Stage I I (Production) accounts for the greatest 
non-use-combustion GHG emissions.

A review of the literature around the lifecycle of GHG 
 emissions of shale gas and the development of theoretical 
scenarios for South  Africa suggests the following:

• Substituting imported fuel produced from crude oil re-
fineries located outside of South  Africa with fuel pro-
duced from the GTL process in South  Africa with shale 
gas as a feedstock will likely increase GHG emissions in 
the country;

• Substituting coal with shale gas for electricity generation 
is favourable from a GHG emissions perspective; 

• The use of shale gas as a direct source of energy for 
heating and cooking may have GHG mitigation benefits 
if it is substituting coal based electricity;

• The use of shale gas for the production of LNG may 
increase South  Africa’s GHG emissions assuming that 
all of the LNG is exported out of the country and is not 
used to substitute other fossil fuels  that would have 
been combusted in South  Africa; and 

• Additional research is required to conclude whether 
the use of shale gas as a source of fuel for transport in 
the form of CNG is better or worse from a GHG per-
spective.  

Although this study looks to understand the implications 
of potential shale gas extraction, production and use in the 
South  African context, it is important to note that the data 
analysed is not South  Africa-specific given that shale gas ex-
traction and production has not taken place in the country at 
the time of publishing.  Therefore caution must be exercised 
in drawing conclusions on the relative GHG intensity of shale 
gas against other fossil fuels. 

Overall, more research is required, particularly on direct 
measurements of GHG emissions, in order to better under-
stand the GHG emissions intensity of shale gas extraction, 
production and use in South  Africa. 
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1. Introduction

1.1 Scope and Objectives

Environmental Resources Management Southern  Africa (Pty) 
Ltd (ERM) was commissioned to assist the Department of 
Environmental Affairs (DEA) in understanding the potential 
greenhouse gas (GHG) emissions profile associated with the 
life cycle of shale gas extraction, production and use. At the 
time of publishing, uncertainty exists with regard to the GHG 
emissions profile, and possible available options for the use 
of potential shale gas reserves in South  Africa. As such, it 
is unclear what impact the extraction, production and use 
of South  Africa’s potential shale gas reserves may have on 
the country’s GHG mitigation intentions. This report aims 
to reduce this level of uncertainty by analysing the GHG 
emissions profiles of shale gas extraction, production and use 
options based on a review of publically available information. 
Specifically, the report investigates: 

• Whether shale gas could be more GHG emissions- 
intense than the current fossil fuels being used in 
South  Africa;

• Whether it is possible to potentially reduce the GHG 
emissions associated with shale gas;

• Whether life cycle shale gas GHG emissions reduce or 
negate the potential GHG mitigation benefit associated 
with the end use of shale gas compared to that of other 
fossil fuels;

• What the best and worst case scenarios with respect 
to shale gas could be from a climate change mitigation 
perspective; and

• How the GHG emission profiles of the different end 
uses of shale gas compare with each other and with 
conventional fuels.

1.1.1 Limitations

There are a number of factors that need to be taken into 
account when considering the implications of potential shale 
gas extraction, production and use in South  Africa. Of these 
factors, the broader environmental (e.g. water impacts) 
and socio-economic implications are particularly topical. 
 However, the scope of this report does not address these 
implications1 but, rather, is centred on the GHG emissions 
profile of shale gas along its life cycle. One factor limiting the 
level of detail in this report is that the majority of research 
on the GHG emissions associated with shale gas has been 
conducted in the United States of America (USA). There is 
little data available from the rest of the world and, at the 
time of publishing, no GHG emissions data that is specific to 
the South  African context was available.

The life cycle boundary employed when analysing the pub-
lished data on GHG emissions along the life cycle of shale 
gas is discussed in Section 2.3, which includes further lim-
itations of the study related to the GHG emissions data 
assessed. Section 2.4.8 details typical limitations associated 
with life cycle assessments (LCA) such as those that this 
report draws on.

1.2  Introduction to Shale Gas

‘Shale gas’ denotes natural gas found within certain un-
derground geological formations of a class of sedimentary 
rocks called shale, which is characterised by low porosity 
and low permeability (DMP, 2012; DMR, 2012; EIA, 2012a). 
The impermeable nature of the pockets in which shale gas 
is stored prevents the gas from migrating from high to low 
pressure spaces and collecting in a conventional gas deposit, 
making extraction difficult. As a result, shale gas is termed 
an ‘unconventional’ gas resource (DMP, 2012). Other uncon-
ventional gas resources include coal bed methane and tight 
gas. ‘Conventional’ gas is found in permeable sedimentary 
layers that allow the gas to travel from high to low pressure 
spaces in the rock, thereby allowing for easier extraction 
(EIA, 2012a). Conventional and unconventional natural gas 
are schematically illustrated in Figure 1.1.

Chaper 1: Introduction

1.   Information on this can be sourced in ‘Investigation of Hydraulic Fracturing in the Karoo Basin of South  Africa’ compiled by a task team of 

experts facilitated by the Department of Mineral Resources.
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Figure 1.1  Conventional versus unconventional natural gas (DMP, 2012)

 

The composition of shale gas is not materially different from 
other forms of natural gas. It is primarily composed of meth-
ane (80% or more) mixed with varying amounts of other 
gases, including carbon dioxide (CO2), oxygen (O2), nitrogen 
(N2), hydrogen sulphide (H2S) and other hydrocarbons such 
as ethane (C2H6) and propane (C3H8) (DMR, 2012). 

The following sub-sections (1.2.1 – 1.2.4) provide a back-
ground to: i) the extraction methods associated with shale 
gas; ii) estimated global shale gas reserves; iii) the climate 
change-related controversy surrounding shale gas; and iv) 
the main climate change-related arguments raised in defence 
of and against shale gas extraction and use. 

1.2.1 Shale gas extraction

The physical difficulties related to the extraction of shale gas 
have in the past prevented the gas from being extracted and 
utilised to the same extent as conventional gas. The primary 
diff iculty being that shale gas cannot be economically 
exploited through traditional drilling methods as there is 
seldom enough gas in each individual pocket to warrant 
the expense of drilling individual wells (EIA, 2012a). Recent 
advances in extraction technologies, however, have made the 
extraction of shale gas technically and economically feasible 

(Bradbury, et al., 2013). Advances have included horizontal 
drilling innovations and the introduction of a technique 
known as induced hydraulic fracturing or hydro-fracking, 
commonly termed “fracking”. A combination of these 
extraction methods are used to exploit these pockets of 
shale gas (EIA, 2012a; DMR, 2012). 

Hydraulic fracturing is a highly specialised procedure involving 
complex mechanical and chemical processes. The extraction 
process requires reservoir stimulation2 whereby significantly 
large quantities of a base fluid, usually water mixed with a 
small fraction of sand and chemicals (up to 1 %), are pumped 
into the reservoir with sufficient pressure to create artificial 
fractures in the shale (AfDB, 2013). The fractures are neces-
sary to increase the permeability of the rock allowing the gas 
to flow from the pockets to the well (see Figure 1.2) (DMR, 
2012). The sand in the base fluid prevents the fractures from 
closing once the hydraulic fracturing is completed (Branosky, 
et al., 2012).

Not all shale gas deposits are possible to extract. The geol-
ogy of the shale gas formations and the hydraulic fracturing 
technology available determines the ease, or possibility, of 
removing the gas. Shale gas that can be feasibly extracted 
is termed ‘technically recoverable shale gas’ (EIA, 2013a). 

2.  Reservoir stimulation refers to a series of activities required to improve the productivity of, in this case, the gas well (DMR, 2012).
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Figure 1.2 The process of hydraulic fracturing (ProPublica, 2013)

 

Figure 1.3 below depicts a typical shale gas well site.

Figure 1.3  A shale gas well site3

3.  Source: Shutterstock.com
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Figure 1.4  Estimated technically recoverable shale gas reserves across the world (EIA, 2013a)4

4.  Note that this map also includes shale oil resources.

5.  Source: http://www.shalegas-europe.eu/en/index.php/resources/shale-opportunities-in-europe/france.

1.2.2 Global shale gas reserves and production

Technically recoverable global shale gas resources were esti-
mated at 7,299 trillion cubic feet (tcf; 206 billion m3) in 2013 
(EIA, 2013a) from an estimated 680 shale gas formations situ-
ated within 140 basins (Branosky, et al., 2012). Data published 
by the Energy Information Administration (EIA) indicates that 
the countries with the top 10 largest potential reserves of tech-
nically recoverable shale gas reserves are (in descending order 

of estimated reserve size): the USA, China, Argentina, Algeria, 
Canada, Mexico, Australia, South  Africa, Russia and Brazil (EIA, 
2013a) (see Figure 1.4). It should be noted that not all of these, 
including the reported South  African reserve, are proven. 
Rather, the EIA (2013a) study focuses on the ‘most prospective 
shale formations in a group of 41 countries that demonstrate some 
level of relatively near-term promise and that have a sufficient 
amount of geologic data for a resource assessment’.
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The contr ibution of unconventional gas resources 
(i.e. not only shale gas) to natural gas production has steadily 
 increased globally. Indeed, increasing growth of unconven-
tional gas production in the USA (production grew from 
0.39 tcf in 2000 to approximately 8 tcf in 2010 (AfDB, 2013; 
Branosky, et al., 2012)) saw shale gas contribute 40 % to the 
country’s total natural gas production in 2012 (EIA, 2013a) 
and this is projected to reach 64 % by 2020 (Stephenson, 
et al., 2011). Overall, access to shale gas, made possible by 
innovations in extraction technologies (see Section 1.2.1), 
and other unconventional gas reserves is changing the global 
energy landscape. For example, the increased availability of 
natural gas has resulted in reduced gas prices and, as a re-
sult, is impacting projections of future energy mixes across 
the world (Bradbury, et al., 2013). In particular, this has had 
a substantial impact on coal use for electricity generation. 
For example, coal-powered electricity generation in the USA 
declined from 48 % to 34 % between 2009 and 2012 while 
natural gas’s contribution to electricity generation increased 
from 19 % to 30 % over the same time period (EIA, 2012b).

At the time of publishing, the USA and Canada are the only 
countries producing shale gas on a commercial scale (AfDB, 
2013; EIA, 2013a). In Europe, Poland has been estimated to 
have the greatest technically recoverable shale gas reserve 
(146 tcf; with France estimated to have the second greatest 
reserve) (EIA, 2013a). However, shale gas production in Po-
land remains in an exploratory phase and initial efforts have 
revealed that yields from the identified reserves may not 
be as promising as initially expected, which has resulted in 
the abandonment of some exploration efforts (EIA, 2013a). 
Shale gas has been banned in France due to concerns about 
potential impacts on the environment5.

1.2.3 hale gas and climate change 

Debate exists around the potential negative impacts that 
shale gas (particularly its extraction) may have from an 
environmental and social perspective. Among the hotly 
debated environmental concerns associated with shale gas 

is the cumulative impact that shale gas extraction, production 
and use may have on global GHG emissions compared with 
conventional fuel use and, as such, on global climate change 
(Bradbury, et al., 2013). For example, certain studies showcase 
shale gas as having a lower emissions intensity compared 
with conventional fuels (particularly coal) (e.g. Cathles, et 
al., 2012; AEA, 2012; and Burnham, et al., 2011) and thus 
having the potential to reduce global emissions should the gas 
replace conventional fuels. In addition, a study focused on the 
European Union concluded that the GHG emissions intensity 
of shale gas was lower than that associated with imported 
natural gas (both via pipeline and liquefied natural gas, LNG) 
provided that GHG emissions were controlled by employing 
best practice extraction methods (AEA, 2012). Because of 
this, shale gas is considered by some to be a ‘transition’ or 
‘bridge’ fuel that will allow time for energy systems to adapt 
from carbon-intensive fuels to renewables (Bradbury, et al., 
2013; Levi, 2013). However, others disagree with the need for 
a ‘transition’ fuel by debating that present technology could 
allow for an immediate shift to a 100 % renewable energy 
system if energy systems were reconceptualised6 (Glasnovic 
& Margeta, 2011; Lund & Mathiesen, 2009).

On the other hand, there are studies that suggest that 
shale gas has, under cer tain circumstance, a greater 
GHG emissions intensity than that of conventional fuels 
(e.g. Howarth, et al., 2011; Wigley, 20117 and Jiang, et al., 
20118). However, it should be noted that the Howarth et 
al. (2011) study has been widely criticised based on the 
assumptions employed in the analysis and as a result, the 
study is sometimes excluded or considered as an outlier 
(see, for example, Cathles et al. (2012) and Barcella et al. 
(2011)) (see Box 1.1). The AEA (2012) study, for example, 
reported that, under certain circumstances (i.e. uncontrolled 
GHG emissions), the GHG emissions intensity of shale gas-
derived electricity exceeds that of electricity generated by 
imported gas8 . Overall, the extent of the impact of shale gas 
on global GHG emissions is, at time of publishing, uncertain 
and dependent on a number of factors.

5.   Source: http://www.shalegas-europe.eu/en/index.php/resources/shale-opportunities-in-europe/france.

6.   An example of an alternative strategy to energy systems that would make an energy system entirely renewable is to include various energy 

storage systems, such as pump storage hydroelectric power plants and molten salt storage for concentrated solar power, into the system to 

maintain the baseline load of energy without the need of fossil fuels (Glasnovic & Margeta, 2011).

7.   This study considered a scenario where a portion of coal usage was replaced with shale gas usage (considering a methane leakage rate) over 

a period of time. The findings suggest that the methane leakage counteracted the reduction in carbon associated with a switch from coal 

combustion to gas combustion.  

8.   When comparing shale gas to conventional natural gas. Their results show shale gas has approximately 3 % more emissions than conventional 

gas but they conclude that this is ‘likely within the uncertainty bounds of the study’.

9.   Note that this analysis was largely based on existing information from the USA due to the lack of data from Europe to date. European 

circumstances were taken into account where possible. 
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Box 1.1 Controversy surrounding the Howarth et al. (2011) study

Howarth et al.’s 2011 study focuses primarily on comparing the life cycle GHG emissions (with a special focus on fugitive 
emissions, see below) resulting from shale gas extraction and production to those associated with coal and petroleum. 
Key findings of the study include that:

• fugitive emissions from shale gas production are at least 30 % greater than those associated with conventional gas 
(3.6 – 7.9 % versus 1.7 – 6 % of total well production);

• considering the 20-year timescale (see sub-section on fugitive emissions below), GHG emissions of shale gas are 
22 – 43 % greater than those of conventional gas;

• considering the 100-year timescale, the GHG emissions of shale gas are 14 – 19 % greater than those of conventional gas;

• considering the 20-year timescale, the GHG emissions of shale gas are 20 % greater than that of coal (when comparing 
the GHG emissions per quantity of energy available during combustion);

• considering the 100-year timescale, the GHG emissions of shale gas are comparable to those of coal;

• considering the 20-year timescale, the GHG emissions of shale gas is 50 % greater than those of fuel oil; and

• considering the 100-year timescale, the GHG emissions of shale gas are comparable to or 35 % greater than those 
of fuel oil.

Overall, the study concluded that the GHG emissions of shale gas are significantly greater than that of conventional gas 
primarily as a result of fugitive emissions. 

• Critics of the study claim that Howarth et al. (2011):

• overestimate the fugitive emissions associated with shale gas production (Cathles, et al., 2012; Barcella, et al., 2011);

• underestimate the contribution of technologies to reduce fugitive emissions (Cathles, et al., 2012);

• centre their comparison on the end use of heat when electricity is a more logical end use (particularly when com-
paring with coal) (Cathles, et al., 2012); 

• ‘assume a time interval over which to compute the relative climate impact of gas compared to coal that does not capture 
the contrast between the long residence time of CO

2
 and the short residence time of methane in the atmosphere’ (Cathles, 

et al., 2012);

• include wells in the analysis that were not in the flowback phase and double-count certain wells (Barcella, et al., 
2011); and

• assume that all methane emissions from flowback are vented/flared when in reality, as much as possible is captured 
and marketed and hence the study is not representative of industry standards (Barcella, et al., 2011).

Overall, estimations of GHG emissions of shale gas from Howarth et al.’s 2011 study greatly exceed those from other 
published LCA studies (Bradbury, et al., 2013). More details on the controversy surrounding the study can be found here: 
http://bit.ly/1d0wq0n, http://nyti.ms/M30Nha and http://on.cfr.org/1ithD6s.
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Overall, whether the impact of shale gas on global climate 
change is positive or negative is widely debated and the 
difference in opinion is largely linked to uncertainty around 
two main factors: i) upstream fugitive emissions associated 
with shale gas extraction and production; and ii) the impact 
shale gas may have on the future of the renewable energy 
industry, as discussed below.

The GHG emissions profile associated with shale gas (and 
hence its impact on global climate change) and how this com-
pares to conventional fuels forms the main subject of this re-
port. Section 2.4 adopts a life cycle approach to understand 
the GHG impacts at each stage of the shale gas life cycle 
based on published literature. Section 2.5.2 compares the 
climate impacts of shale gas with conventional fuels. 

Fugitive emissions10

Natural gas is considered the fossil fuel with the lowest GHG 
footprint (around half that of coal (Wigley, 2011; Cathles, et 

al., 2012)) at the point of combustion (Alvarez, et al., 2012; 
Barcella, et al., 2011). Because of this, using natural gas in 
favour of other fossil fuels should in theory result in the 
release of fewer GHG emissions with positive implications 
for global climate change (Wigley, 2011).

However, in the absence of appropriate controls, upstream 
fugitive emissions as a result of leaks, flaring and venting (see 
Box 1.3) during extraction, production and transportation 
have the potential to be high which can increase the life cycle 
GHG emissions profile of shale gas (Bradbury, et al., 2013; 
Stephenson, et al., 2011).

Depending on the leakage rate, this has the potential to 
reduce or even negate any climate benefit associated with 
replacing conventional fuels with shale gas (Alvarez, et al., 
2012; Bradbury, et al., 2013). This is primarily because meth-
ane, the prime constituent of natural gas, is a particularly 
potent GHG with a global warming potential (GWP) greater 
than that of CO2 (see Box 1.2).

10.   Within this report, the term ‘fugitive emissions’ is used to reference all losses from the upstream shale gas system (i.e. this includes 

equipment leaks, venting and flaring. It does not include those GHG emissions associated with fuel combustion during the shale gas life cycle, 

which are discussed in Section 2. Another term for fugitive emissions is ‘methane leakage’. This definition stems from Day et al. (2012). 

11.   This means that if the same amount of methane and CO2 were released into the atmosphere at the same time, the methane would trap 86 

times more heat than the CO2 over a 20 year timescale. 

Box 1.2 Global Warming Potential (GWP)

GWP is defined as the global mean radiative forcing per unit mass emitted over a particular timescale relative to the 
forcing from CO2 (IPCC, 2013), or the total amount of heat absorbed by a GHG over a particular timescale compared 
with the amount of heat absorbed by CO2 over the same timescale (IPCC, 2007). Essentially, GWP looks to compare 
the relative radiative impacts of different GHGs against that of CO2 (Burnham, et al., 2011).The ability of the molecule to 
trap heat and its average atmospheric lifespan are critical in determining a GHG’s GWP (Bradbury, et al., 2013). 

The GWP of a GHG depends on the timescale considered (typically 20, 100 or 500 years) because atmospheric lifespans 
of GHGs differ. Consensus has also not yet been reached on which timescale to focus on but given the emphasis on the 
long-term impact of climate change, most researchers (including the Intergovernmental Panel on Climate Change (IPCC)) 
favour the 100-year timescale. The uncertainty in the GWP of a GHG increases with increasing timescale (IPCC, 2013). 
The GWP of methane is further explored in the text.

As mentioned in Box 1.2, the exact GWP of methane, and 
indeed the climate impact of fugitive emissions, are dependent 
on the timescale considered. The shorter the timeframe the 
greater methane’s GWP because of its short atmospheric 
lifespan (12 years) (Bradbury, et al., 2013; Burnham, et al., 
2011). Over a 100-year timescale, for example, methane has 
an estimated GWP of 34 times that of CO2 whereas over a 
timescale of 20 years methane’s GWP is estimated to be 86 

times that of CO2
11 (IPCC, 2013). This figure is based on the 

latest IPCC report (Working Group I’s Contribution to the 
IPCC 5th Assessment Report) which was released in 2013. 
The IPCC GWP estimates are considered by most to be the 
primary estimates given that countries are required to report 
to the United Nations using the IPCC emission factors. It 
should be noted, however, that these updated GWPs for 
methane were only released in September 2013 and hence 
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none of the LCA studies for shale gas released at the time of 
publishing have considered these estimates (the IPCC 2007 
report included GWP estimates for methane of 25 over 
a 100 year timescale and 72 over a 20 year timescale). To 
further complicate matters, these estimates of methane’s 
GWP are not the only estimates reported and used in the 
literature. Shindell, et al. (2009), for example, reports on a 
GWP of 105 times that of coal for methane over a timescale 
of 20 years. As a result of methane’s high GWP (regardless 
of the timescale considered), even a small leakage rate can 
influence the GHG emissions profile of shale gas in the  
absence of mitigation. 

Generally, the literature suggests that there is reason for 
concern regarding the release of methane throughout the 
shale gas life cycle, however, to varying degrees (Jiang, et al., 
2011; NETL, 2011a; Burnham, et al., 2011; Weber & Clavin, 
2012; Allen, et al., 2013; Fulton, et al., 2011; Howarth, et al., 
2011). The lack of agreement in the literature is due to the 
different assumptions and calculation methods employed 
across studies regarding the shale gas life cycle. For example, 
Howarth et al. (2011) assumes a higher rate of leakage across 
the life cycle compared with other studies and Allen et al. 
(2013) considers the use of technology to capture the fugitive 
emissions. A commonly cited rate of fugitive emissions is 2.3% 

of total natural gas production as reported on by the USA 
Environmental Protection Agency (EPA) in their 2011 Nation-
al Greenhouse Gas Inventory (EPA, 2011a). Based on this rate, 
natural gas (regardless of the end use) has been considered 
to have a lower emissions intensity compared with coal over 
all time horizons (Bradbury, et al., 2013). The most recent 
USA National Greenhouse Gas Inventory was released in 
April 2013 and has reduced the rate of fugitive emissions to 
1.4% based on new information (EPA, 2013a).

Higher fugitive emissions rates of between 3.6 – 7.9 % 
have also been estimated (Howarth, et al., 2011), although 
these results are criticised due to the assumptions made 
in the study (see Box 1.1). A study based on direct mea-
surements of fugitive emissions (the first of its kind) by 
Allen et al. (2013) reports the rate as lower than com-
monly reported (0.42% of gross shale gas production) 

 (see Figure 1.5 for comparison). This is lower than the EPA 
(2011a) estimate of fugitive emissions which is most common-
ly used in the available LCAs. More direct measurements of 
fugitive emissions are necessary in order to fully understand 
their extent and impact (Bradbury, et al., 2013). Potential 
rates and their significance are further discussed in Section 
2.4. Fugitive emissions can be controlled, reduced or miti-
gated and this is discussed in Section 2.5.

Figure 1.5 Comparing the rate of fugitive emissions across two studies

12 13

12.   Howarth et al. (2011). Note that the range is 3.6 – 7.9 %.

13.  Allen et al. 2013

14.   See http://dotearth.blogs.nytimes.com/2013/09/16/encouraging-results-in-first-nationwide-look-at-gas-leaks-from-fracking-boom/?emc=edit_

tnt_20130916&tntemail0=y&_r=1 for a discussion on the findings.
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Fugitive emissions occur throughout the phases of the life cycle of shale gas. However, liquids unloading is often reported as being 
responsible for the greatest proportion of fugitive emissions (e.g. DECC, 2013; and Weber & Clavin, 2012). Liquids unloading 
takes place after the hydraulic fracturing process and the subsequent work-overs (discussed more in Section 2.4.114).

Box 1.3 Sources of fugitive emissions )

Fugitive leaks

Unintentional methane leaks have the potential to occur at a number of stages along the life cycle of shale gas (including 
at the sites of valves, pumps, compressor seals, pipe connectors and gauges) (Alvarez & Paranhos, 2012). 

Venting

Venting involves purposely releasing the methane into the atmosphere. Venting can occur during the drilling and com-
pletion stages, as well as during production, processing, transportation and distribution.  

After the process of hydraulic fracturing, the base fluid injected at pressure into the well returns to the surface (this is 
known as ‘flowback’) (Broderick, 2011). Natural gas flows to the surface within the flowback at increasing concentrations 
over time. The gas is not immediately of adequate quantity or quality for sale and, as such, quantities of the gas are often 
initially vented or flared (Barcella, et al., 2011).The GHG emissions associated with flowback can be high (Bradbury, et 
al., 2013; Jiang, et al., 2011), but estimates vary across studies. Several factors influence the estimates, including amount 
captured versus flared/vented and the characteristics of the flowback. A review of the literature on the GHG emissions 
associated with flowback is included in Section 2.4.1.

The fluid component of the flowback also includes dissolved methane. Methane has a low solubility and hence the 
concentration is approximately 35 mg per litre at surface temperature and pressure conditions (Barcella, et al., 2011). 
This fluid can be collected in either an open pit or in enclosed tanks, where the methane can escape from the open pit 
or it could be captured in the enclosed tanks (Barcella, et al., 2011).

Associated gas venting (i.e. venting all gas produced) is often employed over flaring in cases where the gas is flowing out 
in quantities too small to sustain a flame. This can pose a significant safety risk on site because the gas is highly flammable.  
Because of the risk, the practice of gas venting is no longer an industry standard practice (Barcella, et al., 2011). 

Flaring

Flaring involves purposely burning the methane in an open flame through a flare stack (Figure 1.6). In doing so, the fire 
risk is reduced on site and the methane is converted to CO2, reducing the carbon content (and GWP). Small amounts 
of methane (approximately 2 % of the gas sent to flare) may still be released into the atmosphere, however, because the 
combustion efficiency of the flares is less than 100 % (Barcella, et al., 2011). 

Companies would prefer to avoid venting/flaring to avoid losing valuable product, but there are a number of reasons 
why flaring occurs during extraction, production and processing (Ohio EPA, 2012), including:

1. Well production testing: Once the well has been drilled, a temporary flare is usually set up to test the production of 
the well. This can last a few days or weeks until the gas production and flow of liquids from the well have stabilised.

2. Safety: During maintenance or an emergency (e.g. when the pressure becomes too high in pipelines or equipment), 
the gas is flared to reduce the safety risk. 

3. Gas management during compression and processing: Small volumes of waste gas are managed through flaring be-
cause this gas cannot be effectively returned to the system for processing. An example of this is where dehydrator 
units at compression stations capture gas vapours that then need to be burnt off through flaring.

4. Oil capture: Some shale formations are oil-rich and because of the greater market value of oil, flaring is used to 
remove the gas (in the absence of capture and storage facilities) to access the oil.
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Figure 1.6 Gas flaring

The potential impact of shale gas on the future of the renewable 
energy industry

The increased use of shale gas may contribute to lowering 
global GHG emissions (provided fugitive emissions are con-
trolled) but it cannot lower GHG emissions to a point where 
countries meet or exceed their GHG emissions reduction 
targets (Bradbury, et al., 2013) or where global climate change 
is significantly curbed. As such, a focus on low-carbon and 
renewable energy remains critical. The impact that shale gas 
may have on the renewable energy industry has also been 
raised as a concern. In particular, shale gas is considered by 
some to distract investment from the renewable energy 
industry and, in so doing, hamper efforts to reduce global 
GHG emissions emitted by the energy sector17. 

Prior to the increased use of natural gas following the ability 
to access shale gas, the adoption of renewable energy as a 
substitute to fossil fuels was largely reliant on the prospective 
steady increase in the price of fossil fuel-derived energy as 
coal reserves diminished. However, with the introduction 
of shale gas to the market, a cheaper resource to coal, it is 
less certain whether the cost of fossil fuel-derived energy 
will increase to the levels previously assumed or whether it 
will in fact decline. An increased supply of natural gas will 
most likely cause gas to be competitive with not only other 
fossil fuels, but also nuclear power and renewable energy (for 
example, see arguments in IEA (2012) and Bradbury, et al. 
(2013)). Overall, it is a possibility that if natural gas continues 
to be an abundant and relatively cheap resource, financial 
and regulatory support from governments for renewables at 
a global level may be eroded (IEA, 2011). Nevertheless, the 
share of renewables to the energy mix in the USA increased 
from 1.4 % to 4.2 % between 2001 and 2011 while the supply 
of natural gas to the country’s energy mix increased. During 
the same period, coal’s contribution to the energy mix de-
clined from 52 % to 42 % (AfDB, 2013).

In contrast, some studies (for example, the AfDB (2013) 
report) believe that a potential increase in the availability of 
natural gas may have positive implications for the introduction 
of renewable energy sources to South  Africa’s grid power. 
This is because the generation of renewable power (such as 
wind and solar) is unlikely to follow the load pattern and may 
be intermittent and, as such, may need to be supplemented 
by power generation from power plants that can cycle up and 
down quickly (AfDB, 2013). Certain gas plants can effectively 
work with renewable power to address any gaps between 
baseload generation and demand (AfDB, 2013). Hence, the 
two energy types are considered by some to complement 
each other. However, considerable technological advances 
are also being made that are facilitating the provision of base-
load power by renewable energy systems (e.g. concentrated 
solar power with molten salt storage, e.g. Dunn et al. 2012), 
which reduces the reliance of renewable energy systems on 
other energy systems, including natural gas.

1.2.4 Arguments for and against shale gas from a climate 
change perspective

Access to shale gas is not only changing the global energy 
landscape, but also the industry’s impact on climate change. 
However, as discussed in Section 1.2.3, a consensus has not 
yet been reached on whether the gas’s net impact on climate 
change is positive or negative. Those in favour of shale gas from 
a climate change perspective invoke the following arguments:

• Shale gas may have a lower GHG emissions profile across 
its life cycle compared with conventional fuels (particu-
larly coal) (further discussed in Section 2.5.2) (Cathles, 
et al., 2012; Wigley, 2011) and thus by replacing conven-
tional fuels with shale gas global GHG emissions can be 
reduced (Stephenson, et al., 2011; Bradbury, et al., 2013).

• Shale gas is the fossil fuel with the lowest GHG emissions 
at point of combustion (Alvarez, et al., 2012).

• Fugitive emissions can be controlled and reduced (IEA, 
2012; Harvey, et al., 2012; Stephenson, et al., 2011; Brad-
bury, et al., 2013). 

• Fugitive emissions are not as high as previously reported 
(provided they are controlled) (Allen, et al., 2013).

• Shale gas can complement and, indeed, promote the 
use of renewable energy and/or serve as ‘transition 
fuel’ enabling a transition from a carbon-intensive to a 
low-carbon economy (AfDB, 2013; Levi, 2013; Bradbury, 
et al., 2013). 

16.   Source: shutterstock.com

17.  See, for example, the arguments raised in http://www.theguardian.com/environment/2012/may/29/gas-boom-renewables-agency-warns.
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Opponents of shale gas from a climate change perspective 
centre their arguments on the following:

• Fugitive emissions along the life cycle of shale gas can be 
high and negate any positive climate benefits associated 
with using shale gas (Howarth, et al., 2011; Wigley, 2011).

• Shale gas has the potential to replace and reduce the 
support and investment for renewable energy sourc-
es and thereby hinder progress towards a low-carbon 
economy (Bradbury, et al., 2013; Schrag, 2012; Broderick, 
2011; IEA, 2012).

• The energy industry does not require a ‘transition fuel’ 
to move to a low-carbon economy because present 
technology could allow for an immediate shift to a re-
newable energy system (Glasnovic & Margeta, 2011; 
Lund & Mathiesen, 2009).

• Shale gas has a higher production-related GHG emis-
sions intensity compared with conventional natural gas as 
a result of the need for more intensive drilling processes 
(and more wells are required per cubic meter of gas 
produced) (IEA, 2012).

The GHG emissions intensity of shale gas across its life cycle 
and how this compares with conventional fuels is explored 
in Section 2.

1.3 The Context for Shale Gas in South  Africa

South  Africa is currently a net importer of natural gas. At the 
time of publishing, the majority of the country’s natural gas 
requirements are met by importing gas from Mozambique 
and Namibia (EIA, 2013a). Based on preliminary exploration, 
an extensive shale gas reserve is estimated to exist within 
the country’s Karoo Basin (Figure 1.7). The remainder of 
Section 1.3 discusses:

• the potential extent of this shale gas reserve;

• the current situation with regards to exploration and 
permitting related to shale gas resources;

• South  Africa’s current energy mix;

• the potential role of shale gas in South  Africa’s 
 energy mix;

• the possible economic impact should the shale gas re-
serve be extracted; and

• the potential implication of shale gas for South  Africa’s 
growth aspirations and mitigation commitments. 

1.3.1 The potential shale gas reserve in South  Africa

South  Africa has a potential, but unproven, shale gas re-
serve18 located in the Karoo Basin (Figure 1.7), a sedimentary 
basin covering 612 273 km2 and located in central and south-
ern South  Africa (EIA, 2013a). At the time of publishing, the 
volume of shale gas in South  Africa has only been estimated 
for the southern portion of the Karoo Basin (indicated in 
red in Figure 1.7). Three shale formations have been found 
to make up this portion of the Karoo Basin, namely: Prince 
Albert, Whitehill and Collingham, each with a gas prospective 
area of 155 865 km2.

Initially, 485 tcf of technically recoverable shale gas was esti-
mated to be contained within these three formations but this 
estimate was later revised to 390 tcf following the discovery 
of igneous (dolerite) intrusions (EIA, 2013a). This estimated 
shale gas reserve has been listed as potentially the eighth 
largest shale gas reserve in the world (EIA, 2013a). However, 
the exact extent of the reserve and its gas content, and 
hence the commercial viability of shale gas in the Karoo, is 
highly uncertain and will only be confirmed or otherwise 
following exploration activities.

18.  The estimated reserve is considered to contain only dry gas and not oil (EIA, 2013a).
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Initial research has yielded some details regarding the 
properties of the potential reserve. However, at time of 
publishing, there is a paucity of publically available data on 
the potential reserve, particularly in terms of the net organic-
rich thickness and the vertical and areal distribution of the 
gas (EIA, 2013a). Estimated shale gas resources within each 
of the three shale formations within the southern portion 
of the Karoo Basin are detailed within Table 1.1. 

Table 1.1 Estimated shale gas resources within the three 
shale formations in the Karoo Basin (EIA, 2013a)

Formation
Estimated shale 

gas concentration 
(Bcf/km2)19 L

Estimated technically 
recoverable shale gas 

resource (tcf)

Prince Albert 17 77
Whitehall 23 211
Collingham 14 82

Within South  Africa, shale gas is not necessarily limited to 
the southern portion of the Karoo Basin. Onshore natural 
gas exploration applications have also been applied for in 
areas of KwaZulu Natal and the Eastern Cape20 although 

limited details on these potential reserves were available at 
time of publishing. 

1.3.2 Situation analysis with regards to exploration 
and extraction

Independent companies wanting to initiate the exploration of 
shale gas in South  Africa are doing so by following a permitting 
system designed by the South  African Department of Mineral 
Resources (DMR). The first step in the permitting system is to 
obtain a Technical Cooperation Permit (TCP), which allows for 
companies to undertake desktop research on the potential re-
serve in question. Thereafter, companies can apply to convert 
their TCP into an Exploration Permit (EP) which will enable 
physical exploration. After the exploration phase, companies 
wanting to access and produce the shale gas discovered will 
need to apply for a production contract (EIA, 2013a). 

During 2009 and 2010, three TCPs were awarded (to Falcon 
Oil & Gas, Royal Dutch Shell and the Sasol/Chesapeake/
Statoil joint venture) (Western Cape Government, 2012). 
According to the Western Cape Government (2012), ap-
plications for EPs were then submitted in 2010 by Bundu 
Gas & Oil Exploration, Falcon Gas & Oil and Royal Dutch 

Figure 1.7  The Karoo Basin and shale gas prospective area in South  Africa (EIA, 2013a)

19.   Converted from bcf/mi2. 

20.   Source: http://www.iol.co.za/scitech/science/environment/new-player-on-fracking-scene-1.1575932 and http://www.iol.co.za/dailynews/

news/drakensberg-and-surrounds-face-fracking-threat-too-1.1136848.
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Shell. However, in response to pressure from interested and 
affected parties against the exploration for shale gas in the 
Karoo, a moratorium was placed on new EPs by the Minister 
of Mineral Resources, Ms Susan Shabangu, in February 2011 
(Western Cape Government, 2012). In April 2011, the mora-
torium was also placed on the processing of the EPs that had 
already been received from Bundu, Falcon and Shell. Later 
that month, a task team was formed to undertake a feasibility 
study investigating shale gas exploration and extraction in 
the Karoo21 and all shale gas-related activities were halted 
until the task team’s feasibility study was finalised (Western 
Cape Government, 2012).

The moratorium was lifted in August 2012 following the final-
isation of the feasibility study (DMR, 2012) and applications to 
explore for shale gas were once again accepted. However, it 
was stated that only ‘normal exploration’ (i.e. exploration that 
includes geological field mapping and other data gathering 
activities but that excludes hydraulic fracturing) would be 
allowed until a ‘proper and relevant regulatory framework is put 
in place to adequately deal with the consequences of hydraulic 
fracturing’ (DMR, 2012). 

After the lifting of the moratorium, five groups of companies 
secured TCPs with intent to explore for shale gas in the 
Karoo Basin as set out in Table 1.2. At the time of publishing, 
the Petroleum Agency of South  Africa (PASA) reported that 
applications for EPs for shale gas had been received from 
Shell, Falcon (in partnership with Chevron) and Bundu22 . 

Table 1.2  Companies awarded TCPs for shale reserves in the 
Karoo Basin (Western Cape Government, 2012)

Company
Size of 

prospecting area

Royal Dutch Shell 185 000 km2

Sasol/Chesapeake/Statoil joint venture 88 000 km2

Anglo Coal 50 000 km2

Falcon Oil and Gas/Chevron joint 
venture 30 000 km2

Sunset Energy Ltd23 4 600 km2

On 15 October 2013, the DMR gazetted draft regula-
tions proposed to govern hydraulic fracturing within South 
  Africa24 . The draft regulations look to reduce and control 
the environmental impact of hydraulic fracturing activities25. 
It is expected that once these regulations are finalised, EPs 
will be awarded (following a period for public comment). 
At the time of publishing, Government alluded to the fact that 
EPs may be awarded prior to the 2014 general elections26. 
During February 2014, however, a notice was published by 
the DMR restricting the granting of TCPs, exploration per-
mits and production permits prior to the promulgation of the 
draft amendments to the Mineral and Petroleum Resources 
Development Act (MPRDA, 2002), which, at the time of 
publishing, had been published for comment.

21.  The report is included in the reference list under DMR (2012).

22.  Source: http://www.petroleumagencysa.com/index.php/home-14/shale-gas.

23.   Sunset Energy Ltd. was previously operating under Bundu Oil and Gas Exploration until it was acquired by Challenger Energy Ltd., now the 
parent company to Sunset Energy Ltd. 

24.   Source: http://www.bdlive.co.za/business/energy/2013/10/17/fracking-draft-regulations-released. 

25.   Source: http://www.miningweekly.com/article/uncertainty-around-commercial-prospects-of-shale-gas-in-the-karoo-predicates-necessity-for-
exploratory-fracking-2013-08-30.

26.   Source: http://www.timeslive.co.za/scitech/2013/08/22/shale-gas-exploration-could-be-authorised-before-elections. Accessed: 27 August 2013.
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1.3.3 South  Africa’s current energy mix 

South  Africa’s economy is energy-intensive. The country is 
dependent on coal-driven electricity generation to meet 
its industrial, commercial and domestic energy demands 
(Econometrix, 2012). Coal is also utilised for the refining 
of minerals and for the generation of liquid fuels. Overall, 
coal contributes almost 77 % to energy generation in South 
 Africa at the time of publishing27. This has implications for 
the country’s GHG emissions because coal is particularly 
carbon-intense (see Section 1.3.7).

In terms of liquid fuels, the local demand is greater than 
domestic production (which is dominated by the production 
of synthetic fuels (EIA, 2013b)) rendering the country depen-
dent on imports of oil and refined products. Approximately 
30 % of local liquid fuels are produced through coal-to-liquid 
(CTL) and gas-to-liquid (GTL) processes at a capacity of 
almost 185 000 barrels of oil (BOE) per day and 45 000 
BOE per day, respectively (DMR, 2012). 

To date, natural gas has contributed little to the country’s 
primary energy mix (approximately 2 % (EIA, 2013b)); fea-
turing only in Sasol and PetroSA’s synthetic fuel operations 
(Western Cape Government, 2012). This natural gas is, at 
the time of publishing, imported via gas fields in Mozambique 
and transported via an 800 km pipeline to Secunda. 

Given the current state of the energy landscape (particularly 
its reliance on coal and the resulting GHG emissions), South 
 Africa has four main national imperatives related to energy 
(DMR, 2012), namely:

• A ‘drive to diversify sources of energy and thereby reduce 
South  Africa’s dependence on coal’;

• A ‘commitment to reduce the ‘carbon intensity’ of South 
 Africa’s energy systems’;

• A ‘desirability of improving ‘security of supply’ by developing 
indigenous resources’; and

• An ‘ immediate need to expand national capacity to gen-
erate electricity’.

The need to diversify from coal is reiterated in the country’s 
Integrated Resource Plan (IRP; 2010 – 2030) (DOE, 2010), 
the Department of Energy’s (DOE) 20-year electricity road 
map until 2030. The IRP places an emphasis on driving a lead-
ing contribution of renewable energy sources to the coun-
try’s new and uncommitted electricity generation capacity by 
2030 (see Figure 1.8). The IRP (DOE, 2010) is also focused on 
improving South  Africa’s global competitiveness, supporting 

job creation and improving the management of the country’s 
natural resources. Coal is included in the IRP (DOE, 2010) 
on condition that energy-efficient and clean technologies 
(e.g. carbon capture and storage, CCS) are developed and 
deployed while phasing in renewable energy sources. 

Figure 1.8  Energy mix for all new, uncommitted electricity 
generation in South  Africa between 2010 – 2030 as 
defined in the IRP (DOE, 2010)28

Gas is included in the IRP but accessing local shale gas 
resources was not explicitly stated due to the fact that the 
estimated potential of the reserve in South  Africa only became 
apparent after the IRP was published (DMR, 2012). A review 
of the IRP given the estimated shale gas reserves is likely and 
the Boards of Eskom and PetroSA agreed in November 2012 
to investigate a larger role for natural gas in South  Africa’s 
energy mix (Western Cape Government, 2012). 

In 2013, the DOE released the draft Integrated Energy Plan 
(IEP) (DOE, 2013), which offers a forecast of how energy can 
be optimally used in the country up to 2050 by employing 
a number of different scenarios. The draft IEP, through its 
planning process, is looking to address eight objectives for 
the energy industry in South  Africa, one of which is ‘minimise 
emissions from the energy sector’. One of the cases tested in the 
draft IEP is the ‘emissions limit – natural gas case’ where mod-
els are run to test the impact of using natural gas to facilitate 
a transition to a low-carbon economy. The overall objective 
of the ‘emissions limit – natural gas case’ is for South  Africa 
to meet its ‘peak, plateau and decline’ emission trajectory as 
set out in the National Climate Change Response Policy (see 
Section 1.3.7) including introducing new natural gas sources 
(e.g. conventional gas, coal bed methane and shale gas) into the 
energy supply mix as a transition fuel towards a low-carbon 
economy. Within the draft IEP, natural gas is recommended as 
an alternative to coal and nuclear provided that the economic 
and environmental costs and benefits outweigh these asso-
ciated with other power sources. At the time of publishing, 
the draft IEP was undergoing rounds of public consultation. 

27.   Source: http://www.energy.gov.za/files/coal_frame.html.
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1.3.4 Potential role of shale gas in South  Africa’s energy sector

If introduced into the local market, shale gas has the po-
tential to replace coal used in both the CTL process and in 
electricity generation as well as to assist in sustaining the 
operation of the GTL facility in Mossel Bay and permit ad-
ditional liquid fuels production from new GTL plants (DMR, 
2012). However, given the uncertainty around the extent of 
the technically recoverable shale gas reserve in the Karoo 
Basin (and KwaZulu Natal), it is difficult to fully determine 
the implications that the reserve may have on the country’s 
energy sector. Should sufficient shale gas be discovered and 
production go ahead, the role that the gas may play in South 
 Africa will, however, be contingent on a number of factors, 
including, but certainly not limited to:

• The size of the technically recoverable reserve;

• The location of the reserve (and its proximity to the 
necessary infrastructure as well as human settlements); 

• Policy in place at the time prior to extraction (should 
extraction go ahead); and

• Investment into national pipeline grid.

1.3.5 Potential economic impact of shale gas in South  Africa

Based on the economic value of gas at the time of publishing, 
there will be positive economic benefits for growth and job 
creation in South  Africa should local shale gas resources be 
realised and accessed. The value of shale gas in South  Africa is 
contingent on the size of the technically recoverable reserve 
as well as the market conditions at the time when extraction 
and production commences. A ‘moderately optimistic’ sce-
nario run by DMR (2012) based on 30 tcf of technically re-
coverable gas, an exchange rate of R8 to the US$ and a 
pricing of US$ 4 per tcf of natural gas yielded a gross sales 
value just short of R1 trillion. Additionally, long-term direct 
employment opportunities, based on the same scenario, are 
estimated to number in the tens of thousands, with similar lev-
els of employment opportunities projected for the industries 
consuming the gas (DMR, 2012). One tcf of gas, for example, 
was sufficient to launch PetroSA’s GTL project in Mossel Bay 
which, at the time of publishing, provides approximately 5 % 
of the national demand for liquid fuels and resulted in the 
creation of approximately 1 600 jobs (DMR, 2012). 

Locally produced gas resources may also drive gas prices 
down within the country, as has been the case in the USA 
(DMR, 2012; AfDB, 2013). However, the extent of this is 
dependent on a number of factors that affect the unit cost of 
production which are at this stage unclear, including whether 
there is a viable market for natural gas and whether the re-

quired infrastructure is available and if so, at what expense 
(AfDB, 2013). Factors related to the current gas supply also 
need to be taken into consideration in order to weigh up 
financial benefits of indigenous natural gas production, which 
may remain unclear until such time as South  Africa’s potential 
indigenous supply is fully quantified (AfDB, 2013). 

1.3.6 South  Africa’s growth aspirations

South  Africa is determined to grow an inclusive economy 
and improve in-country capacity in order to eliminate pov-
erty and inequality, as is evident in the National Planning 
Commission’s (NPC) National Development Plan (NDP) 
(‘Vision for 2030’) (NPC, 2030), which is a broad strategic 
framework developed to draw on involvement of all sec-
tors within the country. Energy production is important to 
economic development and as such an enabling milestone 
related to energy associated with the NDP is the need for 
South  Africa to ‘produce sufficient energy to support industry 
at competitive prices, ensuring access for poor households, while 
reducing carbon emissions per unit of power by about one-third’. 

Under the NDP, investment into the exploration of potential 
local shale gas reserves is listed as a prioritised infrastructure 
investment to diversify the current energy mix and reduce 
the country’s GHG emissions. The NDP goes on to say that 
‘ if [shale] gas reserves are proven and environmental concerns 
 alleviated, then development of these resources and gas-to- 
power projects should be fast–tracked’ and emphasis is placed 
on a move to less carbon-intense electricity generation. 

Improving employment opportunities is also a key thrust 
of South  Africa’s growth aspirations, as is clear in both the 
NDP and the New Growth Path (which aims to create five 
million new jobs by 2020). Critical also to economic growth 
and development in the country is the need to move towards 
a low-carbon economy (explored further in Section 1.3.7), 
which is highlighted in Accord 4 of the New Growth Path 
(Green Economy Accord). 

1.3.7 South  Africa’s GHG mitigation commitments

South  Africa is the leading emitter of GHG emissions in 
 Africa and ranked the 12th greatest GHG emissions emitter 
in the world (EIA, 2012c), largely owing to the country’s 
dependence on coal (see Section 1.3.3). In early 2010, Pres-
ident Jacob Zuma committed in the Copenhagen Accord 
that South  Africa would reduce GHG emissions by 34 % 
below a ‘business as usual’ emissions growth trajectory by 
2020 and by 42 % by 2025, subject to receiving ‘finance, 
technology, and capacity-building support from the developed 
world’ (UNFCCC, 2009). 
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On October 18th 2011, Cabinet approved the National 
Climate Change Response White Paper28 which presents 
the country’s National Climate Change Response Policy 
(NCCRP) for the management of climate change impacts and 
the transition to a climate resilient and low carbon economy. 
The NCCRP is split into two broad action areas to meet 
two objectives: 

• Adaptation – to “Effectively manage inevitable climate 
change impacts through interventions that build and sustain 
South  Africa’s social, economic and environmental resilience 
and emergency response capacity”; and

• Mitigation – to “Make a fair contribution to the global 
effort to stabilise greenhouse gas concentrations in the at-
mosphere at a level that avoids dangerous anthropogenic 
interference with the climate system within a timeframe that 
enables economic, social and environmental development 
to proceed in a sustainable manner”.

The NCCRP also sets out the country’s National GHG 
Emissions Trajectory Range (up until 2050) against which 
mitigation actions should be benchmarked to measure their 
success in contributing to meeting national mitigation com-
mitments (see Box 1.4). 

28.   Available from: http://www.info.gov.za/view/DownloadFileAction?id=152834.

Box 1.4 NCCRP extract detailing South  Africa’s National GHG Emissions Trajectory Range

In 2008, in the context of South  Africa’s moral and legal obligation to make a fair contribution to the global mitigation 
effort under the UNFCCC and its Kyoto Protocol, Cabinet fully considered the Long Term Mitigation Scenario study 
of the country’s mitigation potential. This led to the announcement that South  Africa’s emissions should peak in the 
period from 2020 to 2025, remain stable for around a decade, and decline thereafter in absolute terms. The President 
confirmed this strategic policy direction at the 2009 National Climate Summit and further detailed this as a South  African 
undertaking in the context of all legal obligations under the UNFCCC and its Kyoto Protocol prior to the international 
UNFCCC Climate Change Conference in 2009. This strategic policy direction and international undertaking has informed 
a National GHG Emissions Trajectory Range, projected to 2050, to be used as the benchmark against which the efficacy 
of mitigation action will be measured.

The benchmark National GHG Emissions Trajectory Range:

• Reflects South  Africa’s fair contribution to the global effort to limit anthropogenic climate change to well below a 
maximum of 2°C above pre-industrial levels.

• Details the “peak, plateau and decline trajectory” used as the initial benchmark against which the efficacy of mitigation 
actions will be measured. In summary:

 - South  Africa’s GHG emissions peak in the period 2020 to 2025 in a range with a lower limit of 398 Megatonnes 
(109 kg) (Mt) CO2-eq and upper limits of 583 Mt CO2-eq and 614 Mt CO2-eq for 2020 and 2025 respectively.

 - South  Africa’s GHG emissions will plateau for up to ten years after the peak within the range with a lower limit 
of 398 Mt CO2-eq and upper limit of 614 Mt CO2-eq.

 - From 2036 onwards, emissions will decline in absolute terms to a range with lower limit of 212 Mt CO2-eq and 
upper limit of 428 Mt CO2-eq by 2050.

• Defines an initial National GHG Emissions Trajectory Range, which may be reviewed in the light of monitoring and 
evaluation results, technological advances or new science, evidence and information.
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2.1 Introduction

The potential climate impact of shale gas, and how this com-
pares to other conventional fuels, can be understood by 
analysing GHG emissions data associated with the life cycle 
of shale gas (i.e. from exploration to end-use). However, 
such data are not always accessible and existing data contain 
varying degrees of uncertainty making a complete assessment 
of the GHG emissions profile challenging. 

As mentioned in Section 1.2.3, natural gas emits fewer GHGs 
per unit of energy when combusted compared to other fossil 
fuels. However, the GHG emissions profile of the other life 
cycle stages of the gas may be more GHG emissions-in-
tensive compared with conventional fuels depending on a 
number of conditions. A critical factor affecting the life cycle 
GHG emissions profile of shale gas is the quantity of fugitive 
emission released along the life cycle (both intentionally and 
unintentionally; see Box 1.3). 

This section reviews the GHG emissions profile of shale gas 
over the full life cycle based on published literature, includ-
ing LCA studies30. It is important to note that accuracy of 
the information presented is limited due to the presence 
of data gaps within the studies and the assumptions made. 
These gaps and assumptions are discussed as part of the 
analysis. In addition, information related to GHG emissions 
from shale gas is limited to studies based in the USA as this 
is the only country reporting primary data from shale gas 
operations at the time of publishing31.

In order to allow meaningful comparison of the published 
data, common functional units of measure were used in 
this report where possible, making conversions necessary 
at times (see Box 2.1).

Chapter 2:  Greenhouse gas emissions 
associated with shale gas

Box 2.1 Functional units of measure

In order to compare LCA values, common units of measurement are necessary. According to Burnham et al. (2012), the 
most applicable unit is the product or service provided by the shale gas. As such, applicable units include: g CO2e per 
MJ of fuel burned (note that this depends on the productivity of a well), g CO2e per kWh of electricity produced, and 
g CO2e per kilometre driven for transportation. These units are used to compare the different uses of shale gas against 
conventional fuels (see Section 2.5.2). 

Other functional units used allow the reader to compare the GHG emissions at each stage of the upstream operations. 
These include g CO2e per m3 (where m3 denotes the volume of gas at normal temperature and pressure) and g/t CO2e 
per event to present the upstream GHG emissions profile of shale gas. Another common functional unit of measure is 
t CO2e per well.

30.   The LCA studies studied are listed in the text in Section 2.4 and documented in the reference list. Importantly, research is on-going to 

fill the existing data gaps. See the blog http://www.edf.org/methaneleakage for some upcoming, useful publications related to shale gas 

greenhouse gas emissions. Upcoming publications include: i) Production (University of Texas; ii) Long distance transmissions and storage 

(Colorado State University; iii) Local distribution (Washington State University); and iv) Transportation (West Virginia University). 

31.   For a European perspective of the GHG profile of shale gas production see AEA (2012). 
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2.2 The Shale Gas Life Cycle Framework

There are a number of different ways to define the life cy-
cle (including stages and associated processes) of shale gas. 
The framework employed in this report to discuss the life 
cycle GHG emissions of shale gas is based on the frame-
work developed by Branosky et al. (2012) at the World Re-
sources Institute (WRI) (Figure 2.1). This study sets life cycle 

boundaries using the Greenhouse Gas Protocol Product Life 
Cycle Accounting and Reporting Standard (product stan-
dard) and the International Organisation for Standardisation 
(ISO) 14044 Standard for life cycle assessments (Branosky, 
et al., 2012). Note that the ‘production’ stage includes both 
production and processing steps, and the ‘distribution and 
storage’ stage includes gas transmission.

Figure 2.1 Life cycle framework for shale gas32

The framework lists the following as stages of the life cycle 
of shale gas:

• Material acquisition and preproduction;

• Production;

• Distribution;

• Use; and

• End-of-life. 

These stages are further broken down into the different 
processes associated with each life cycle stage, as illustrated 
in Figure 2.1. The processes associated with each life cycle 
stage are explored in Section 2.4.

GHG emissions emitted during stages I – III can be classified 
as the Non-use-combustion GHG emissions while GHG 
emissions emitted during stage IV can be classified as the 
use-combustion GHG emissions.

2.3 Framework Boundary

A boundary has been defined for this report and only data 
included in the boundary are explored. The boundary covers 
the inclusion of Scope 1 and 2 (direct33) GHG emissions 
as well as the material Scope 334 (indirect) upstream GHG 
emissions. This includes combustion of fossil fuels for 
providing energy to run the processes, including drilling, 
pressurising of the base fluid for hydraulic fracturing, and 
treating of the base fluid after hydraulic fracturing. Services 

32.   This framework has been re-developed based on the WRI framework as set out in Branosky et al. (2012).

33.   Scope 1 GHG emissions are those resulting from sources owned or controlled by the reporting entity (e.g. emissions from burning fuel). 

Scope 2 GHG emissions are those that are released through the generation of electricity, heating and cooling, or steam generated off site 

but purchased by the reporting entity.

34.   Scope 3 GHG emissions are indirect GHG emissions resulting from sources not owned or controlled by the reporting entity but related to 

the reporting entity’s activities (e.g. in this case this will include the GHG emissions involved in the manufacture of materials used along the 

shale gas life cycle).
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provided by contractors, such as transport from the well 
to the end user, are also considered. Importantly, fugitive 
emissions are included within the boundary.

Immaterial Scope 3 GHG emissions have been excluded, 
meaning that the energy used to manufacture materials 
used along the life cycle (including, for example, the 
chemicals utilised in the base fluid or materials used in 
the manufacturing of the drills) have not been taken into 
account within this report. Although these GHG emissions 
are measurable, they are not considered to be significant. 
Typically, the carbon embedded in the materials used 
is not reported on in published LCAs. Furthermore, the 
LCA studies assessed do not consider the GHG emissions 
associated with gas infrastructure development since they 
study existing operations. 

2.4 GHG Emissions Associated with the Different Life 
Cycle Stages of Shale Gas

This section presents the life cycle stages of shale gas and 
their corresponding processes in line with the life cycle 
framework discussed in Section 2.2. Annex A explores the 
available GHG emissions estimates for the different process-
es and life cycle stages of shale gas. 

2.4.1 Stage I: Material Acquisition and Preproduction

The Material Acquisition and Preproduction stage involves 
the following activities (see Figure 2.1) which are discussed 
in more detail below:

• Exploration;

• Site preparation;

• Vertical and horizontal drilling;

• Hydraulic fracturing; and

• Well completion. 

The major emission sources within this stage are the com-
bustion of fossil fuels in order to:

• transport equipment, resources and waste on and off 
the well site; and

• power the tools necessary for extracting the shale 
gas from the well (e.g. drills, pumps, compressors) 
( Broderick, 2011). 

GHG emissions emitted during and after hydraulic fracturing 
where venting and flaring are necessary may also be signifi-
cant (AfDB, 2013), but the extent of their materiality remains 
a point of contention (see Section 1.2.3 and Box 1.3).

Exploration 

The initial activities involved in exploration are to collect the 
information necessary to determine the extent and quality of 
the gas reserve, how easily accessible the gas is, and whether 
it would be economically feasible to proceed with extraction. 
It is common practice in the USA to drill many wells in the 
area of the shale formation during exploration in order to 
locate the best place to commence extraction (known as the 
“sweet spot”) (DECC, 2013). Exploration includes seismic 
exploration, the use of magnetometers and gravity meters, 
surface mapping, exploratory drilling to take core samples, 
as well as hydraulic fracturing to characterise the geological 
formation and to test the economic feasibility of potential 
extraction (Branosky, et al., 2012; DECC, 2013). 

At the time of publishing, information on the GHG emis-
sions profile associated with exploration was not available. 
However, it is likely that the primary GHG emissions during 
exploration include, but are not restricted to:

• the transport used to, from and around the site;

• the power sources needed to run the tools for explo-
ration; and

• fugitive emissions from the exploratory drilling and hy-
draulic fracturing, in particular flaring of released meth-
ane since recovery of gas is not typically possible during 
exploration (Stephenson, et al., 2011).

Site Preparation

Site preparation includes the groundwork and provisioning 
of necessary materials to prepare for drilling. Activities in-
clude clearing the site for construction, securing the materials 
needed for the base fluid for hydraulic fracturing (i.e. water 
and chemicals), establishing access roads, laying gathering 
lines35 and constructing the well pad and other necessary 
infrastructure (Branosky, et al., 2012).

During site preparation, GHG emissions result from fuel com-
bustion associated with construction (e.g. well pad and roads) 
and related transport. In addition, carbon losses and GHG emis-
sions resulting from changes in land use type (e.g. The  removal 
of vegetation/carbon stocks) are relevant (AEA, 2012). 

35.  Small diameter pipelines that move gas from the production field to a transmission line.
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Vertical and Horizontal Drilling

Once the site has been established and prepared, drilling of 
the well can commence. A typical well comprises a vertical 
section, to an average depth of 2 000 m, and a horizontal 
section up to 3 000 m in length (DECC, 2013). Part of this 
process involves disposal of the earth that is brought up 

from the drill, as well as placement and cementing of the 
well casing (Branosky, et al., 2012). 

The major GHG emissions source during drilling includes 
the combustion of fuel associated with the prime mover, 
the power source of the drill (further explored in Box 2.3). 

36.   Based on information reported in AEA (2012).

37.   The variation in numbers is due to differences in the methods adopted. For example, Santoro et al. (2011) only considers emissions from 

energy use while Jiang et al. (2011) include the total expenditure associated with construction not just fuel related impacts (AEA, 2012).

38.   For additional information on the assumptions made in drilling estimates see p17 of AEA (2012).

Box 2.2 GHG emissions during site preparation36

Two estimates of the emissions associated with site preparation have been made per well. Jiang et al. (2011) estimate 
emissions of 330 to 390 t CO2e per well for site preparation (which includes vegetative carbon loss from the construction 
of a 2.0 ha well pad and 0.6 ha of access roads). Santoro et al. (2011) estimates 158 t CO2e per well which provisions for 
5 ha of vegetation clearance as well as the combustion emissions associated with bulldozers and excavators37.

Box 2.3 GHG emissions during drilling

The prime mover, the power source of the shale gas extraction rig (which can be run on diesel, petrol, electricity or 
natural gas) is a significant contributor to GHG emissions during this stage (Broderick, 2011). The size of the prime 
mover, typically ranging from 500 horse power (hp) to over 3 000 hp, depends on the distance to be drilled (Broderick, 
2011). The largest size would be necessary for depths reaching 6 000 m (Broderick, 2011). A calculation of the total 
GHG emissions associated with drilling needs to take into account the number of wells drilled, the distance drilled and 
the size of the prime mover. 

The estimated GHG emissions resulting from drilling range from 49 t CO2e to 1 426 t CO2e per well depending on the 
assumptions made. The lowest estimate (from Broderick et al. (2011)) excludes vertical drilling while the higher value 
(from Santoro et al. (2011)) considers a vertical depth of 2 678 m, a horizontal depth of 1 200 m and the use of a 9 300 
hp drilling rig for 70 hours38

Hydraulic Fracturing

Hydraulic fracturing is an emissions-intensive process needed 
to shift the gas located in impermeable shale into pock-
ets that can be reached by the drilled well. This involves 
pumping base fluid (comprising water, chemicals and sand) 
at high pressure to fracture the shale in order for the gas to 
migrate to the gas well (additional details are included in Sec-
tion 1.2.1). Hydraulic re-fracturing (also referred to as ‘well 

workover’) can be conducted several times throughout the 
lifetime of the production, depending on the well. The EPA 
assumes that re-fracturing occurs 3.5 times on average over 
the lifetime of a well (Bradbury, et al., 2013). 

While some studies consider flowback GHG emissions part 
of well completion, this report has classified flowback GHG 
emissions as part of hydraulic fracturing consistent with the 
boundary employed in the WRI study (Figure 2.1).
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Box 2.4 GHG emissions during hydraulic fracturing

The potential for fugitive emissions during flowback following hydraulic fracturing is high (see Box 1.3). Indeed, flowback 
GHG emissions have been suggested to be the biggest contributor to the GHG emissions profile of all pre-production 
processes (Jiang, et al., 2011). 

It is necessary to consider the number of times hydraulic fracturing will occur for a particular well since this can result in 
large variations in the GHG emissions intensity of the process (Bradbury, et al., 2013) given the number of activities that 
are associated with hydraulic fracturing. 

• The main sources of GHG emissions associated with hydraulic fracturing:

• Transport of the fracturing materials needed, including water, chemicals and sand to the well site (Broderick, 2011);

• Compression and injection of the base fluid into and out of the well (Broderick, 2011);

• Fugitive emissions resulting from flowback (see Box 1.3); and

• Treatment of the flowback and other fluid returns, which can either be recycled for future use or processed for safe 
disposal (Branosky, et al., 2012).

Estimations of vented methane per well range between 20 000 m3 to 6.8 million m3 per flowback event based on a review of 
published literature as presented in Table 2.1.

Table 2.1 Existing estimates of GHG emissions associated with flowback39,40

Source
Gas release rate per 

event (‘000 m3)

Un-mitigated GHG 
emissions per event 

(t CO2e)
Notes

EPA (2007) 20 to 560  
(average: 257) 3 443

Estimated using data from over 1 000 well 
completions collected from four industry 
presentations. The average gas release per gas well 
completion was calculated by the EPA.

Howarth et al. 
(2011)

140 to 6 800 
(average: 2 034) 27 247 The data is based on five well sites in the US. 

All emissions are assumed to be vented.
Jiang et al. 
(2011)

39 to 1 508 
(average: 603) 8 078 This study estimated the emissions released based 

on a modelled release rate and flaring rate.
Allen et al. 
(2013) 3 100 41 Estimation of potential emissions from 27 well 

completion flowbacks. 

Barcella et al. 
(2011) 162

Calculated based on taking the total production of 
18 672 gas wells drilled in the USA in 2010 as 0.3032 
billion cubic meters (bcm) per day and assuming each 
well vents freely for the first 10 days of production.

NETL (2011a) 132 to 330 Figure per flowback event assuming 15 % of flowback 
emissions are captured and flared.

39.  This table has been adapted from AEA (2012).

40.   Note: Converting these weighted-average factors to a mass basis, AEA (2012) assumed a gas density of 0.68 kg/m3 and methane content of 

the vented gas to be 78.8% mole fraction. Converting to CO2 equivalents, AEA (2012) used a GWP (100 years) of 25.

41.   This figure represents potential GHG emissions of unmitigated wells as calculated by Allen et al. (2013). When mitigation technologies were 

considered, the GHG emissions per event were reduced to between 0.25 and 425 t CO2e (mean: 42.5 t CO2e).
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Well Completion42

Well completion involves bringing the gas well into production after the completion of drilling and hydraulic fracturing operations 
(Branosky, et al., 2012). At this time, the equipment required for safe and efficient production from a gas well is assembled. 

During well completion, GHG emissions sources include, but are not limited to:

• Fugitive emissions via leaks; and

• Fuel usage involved to enable the assembly of equipment. 

Figure 2.2 A well pad43

42.   Some LCAs consider flowback as taking place during well completion; however, the WRI framework (Figure 2.1) considers flowback as a 

part of hydraulic fracturing.

43.  Source: shutterstock.com

2.4.2 Stage II: Production

The Production stage involves the following activities (see 
Figure 2.1) which are discussed in more detail below:

• Well production; and 

• Onsite and offsite processing.

Well Production

Well production involves the drainage of hydrocarbons from 
a gas field (Branosky, et al., 2012). The main activities that 
result in increased GHG emissions are liquids unloading (also 
known as gas well clean ups), which involves the freeing up 
of liquid from the wellbore that would slow down produc-
tion, workovers, and remedial operations conducted on a 
producing well to increase production (such as additional 
hydraulic fracturing) (Branosky, et al., 2012). 
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Box 2.5 GHG emissions during well production

The processes associated with well production are significant sources of GHG emissions. These processes include both 
venting and flaring during workovers and liquids unloading as well as methane leakage and routine venting from equipment 
(see Box 1.3) (Bradbury, et al., 2013). Estimations of GHG emissions associated with these processes are listed below. 

• The GHG emissions resulting from liquids unloading have been evaluated to range between 0.5 to 92.5 t CO2e per 
event (Allen, et al., 2013)44 . The frequency was estimated to be 5.9 manual unloadings per year (Allen, et al., 2013). 

• Flaring may result in up to 1.3 g CO2e per MJ with a likely value of 0.43 g CO2e per MJ (Weber & Clavin, 2012). 

• Methane emissions from pneumatic devices can result in an average of 67.75 to 150.25 g CO2e per minute per 
device (Allen, et al., 2013). The number of devices per well, however, is highly variable and is difficult to estimate 
(Allen et al., 2013).

• Weber and Clavin (2012) suggest that between 0.7 and 5.0 g CO2e per MJ is lost as leaks during production and 
processing per well site. The majority of leaks originate from valve leaks, but also from pneumatic devices, dehydra-
tors, compressors, and AGR units (Weber & Clavin, 2012).

• General fugitive equipment leaks from all the equipment components (e.g. valves, flanges, compressor seals) located 
on site can amount to 19.75 to 668 g CO2e per minute per well (Allen, et al., 2013). Compressor seals are used in 
centrifugal compressors in the production and transportation of gas (which allow for the efficient flow of gas through 
the pipelines). Should these seals be ‘wet seals’ seal oil under high pressure is circulated between the rings of the 
compressor shaft. This seal oil absorbs the methane gas which is later vented and as a result, can be a contributor 
to the fugitive emissions associated with the production stage (Harvey, et al., 2012). 

Estimations of the GHG emissions associated with well production vary due to differing assumptions related to the 
frequency of liquids unloading and well re-fracturing during workovers over the lifetime of the average well (Bradbury, 
et al., 2013). Other assumptions responsible for varying GHG emissions estimates in the studies assessed relate to the 
use of methane emission mitigation technologies to reduce the need for gas venting (Bradbury, et al., 2013).

44.  These numbers were converted from tonnes of methane per event. 

Onsite and Offsite Processing

Processing involves the removal of liquid hydrocarbons and 
impurities from the extracted gas (Branosky, et al., 2012). 
In many cases, this needs to be done because the composition 
of natural gas to be sold is usually regulated which requires 
that heavier hydrocarbons and inert gasses, such as CO2, are 
removed prior to distribution (Broderick, 2011). However, 
for some dry gas fields in the USA (e.g. Haynesville), the 
produced shale gas may not require gas processing prior to 
sales. The energy intensity (and hence the GHG emissions 
intensity) of the processing is dependent on the extent of 
processing required (Broderick, 2011), which varies depending 
on the composition of the raw shale gas and the regulations in 
place regarding the composition of natural gas for distribution. 

Processing can take place onsite and/or offsite. Onsite pro-
cessing includes separating the shale gas from impurities and 
may take place in onsite storage pipes or tanks (Branosky, 
et al., 2012). The natural gas is then transported through 
gathering lines to a central distribution point or to a gas 
gathering and refining station where further processing may 
occur. Offsite processing will take place at typically larger 
processing plants requiring energy input to separate the hy-
drocarbon liquids from the natural gas. The GHG emissions 
associated with processing will differ depending on the type 
of processing system adopted. Onsite processing, for exam-
ple, may only require a small chemical plant with a number 
of unit operations and equipment whereas an offsite larger 
processing plant will likely include a separator, gas dehydrator 
and other more GHG emissions-intense equipment.
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Box 2.5 GHG emissions during well production

The GHG emissions profile of offsite processing includes the fugitive emissions from the equipment components asso-
ciated with processing and the combustion needed to operate the processing system. Such components include pumps, 
valves, connectors, compressors, pneumatic devices, acid gas removal units, and dehydrators. 

The compressors are a main source of GHG emissions during processing (AEA, 2012). Bradbury et al. (2013) estimate 
the GHG emissions associated with the compressors (i.e. the compressor engines) to be 2.06 – 3.3 g CO2e per MJ. AEA 
(2012) estimate the GHG emissions to be the equivalent of 5 591 t CO2e per well. In addition, AEA (2012) estimate 
total GHG emissions associated with processing to be approximately 4.7 g CO2e per MJ.

Pneumatic devices are responsible for regulating gas flow, pressure and liquid levels. They are also responsible for auto-
matically operating valves in the separator, gas dehydrator and compressor (Harvey, et al., 2012). At sites without electrical 
service, these devices are commonly driven by pressurised natural gas and are designed to discharge gas during normal 
use (Bradbury, et al., 2013). There are different types of devices that are available including high bleed, single bleed and 
no bleed pneumatic devices. The high bleed devices release gas at over 0.32 m3 per hour (Allen et al., 2013)45 while low 
bleed pneumatic devices emit 0.25 m3 per hour (Allen, et al., 2013)46. Subpart W of the USA EPA GHG inventory (EPA, 
2013b) presents pneumatic devices to be the highest emitter of GHGs compared to other process GHG emission sources.

For gas with a high carbon dioxide concentration, the off-gas from the acid gas removal process can also be a significant 
contributor to GHG emissions from gas processing. Indeed, Subpart W of the USA EPA GHG inventory (EPA, 2013b) 
lists this to be the second most significant source of GHG emissions associated with processing.

As part of natural gas processing, water is removed from the gas using dehydrators. Glycol dehydrators are the most 
common type used and these emit methane in the dehydration process (AEA, 2012). Desiccant dehydrators are pro-
posed as alternatives as they emit fewer methane emissions (AEA, 2012).

45.   This was converted from 3.7 g of methane per device per minute at normal temperature and pressure (NTP).

46.    This was converted from 1.7 g of natural gas per device per minute at NTP.

2.4.3 Stage III: Distribution and Storage

The Distribution and Storage stage involves the following 
activities (see Figure 2.1) which are discussed in more detail 
below:

• Transmission;

• Storage; and

• Distribution. 

Transmission

Transmission refers to the transfer of gas from a source or 
sources of supply to delivery points (Branosky, et al., 2012). 
The difference between distribution and transmission lies 
in the size and operating pressures of the pipelines, which 
are larger in diameter and higher in pressure in transmission 
lines (Branosky, et al., 2012). The transmission process is also 
denoted by “pipeline transmission” and “transport” in the 
shale gas LCA literature.

The main sources of GHG emissions during transmission 
are fugitive emissions resulting from leaks and vented GHG 
emissions from pipeline or compressor blow down, as well 
as combustion GHG emissions from engines that drive the 
compressors that push the gas through the system. It should 
be noted that the emissions associated with transmission are 
the same for shale gas and conventional gas (i.e., there are 
no differences in emissions from transmission for shale gas 
as compared to conventional gas).

There is general agreement in the LCA studies reviewed that 
fewer GHG emissions are emitted during transmission than 
during Stages I and II (Bradbury, et al., 2013; illustrated in 
Figure 2.3). However, further research is required to better 
understand the GHG emissions associated with this process 
(Bradbury, et al., 2013). EPA (2011a) and Stephenson et al. 
(2011) do offer leakage rates during transmission. Based on 
the 2009 API Compendium, Stephenson et al. (2011) esti-
mates that 0.066% of gas is lost to fugitive emissions over 
1 440 km. EPA (2011a) suggests that approximately 0.52% 
of total gas production is lost during this stage.
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Storage

Storage refers to short or long term storage of natural gas in 
high pressure pipes and tanks, or underground (typically in 
depleted gas reservoirs or salt domes) (Branosky, et al., 2012). 
GHG emissions during storage result from injection com-
pressors, as well as from leaks in the storage infrastructure. 

Distribution

Distribution of natural gas involves delivery of natural gas 
from the delivery points (metering and pressure reduced at 
the transition from transmission to distribution system) to the 
end user using a local pipeline system (smaller in diameter 
to transmission lines) (Branosky, et al., 2012) or distribution 
network. During this process, fugitive emissions primarily from 
leakage can be high (AEA, 2012) if not adequately controlled.

Box 2.7   GHG emissions from transmission, storage 
and distribution

The accumulation of fugitive emissions from the 
transmission pipeline, transmission compressor 
stations, storage tanks/reservoirs and distribution 
pipeline can result in between 1.0 g CO2e per MJ to 
2.7 g CO2e per MJ (Weber & Clavin, 2012).

2.4.4 GHG emissions from Stages I – III

In summary, the shale gas LCA studies available at the time of 
publishing employ varying methodologies and assumptions. 
It is generally accepted in the literature that upstream GHG 
emissions associated with shale gas production are roughly 
comparable to each other, apart from those reported on in 
Howarth et al. (2011) (Bradbury, et al., 2013). One reason 
for this is that most studies source their data from the EPA’s 
inventory (Bradbury, et al., 2013). Table 2.2 below presents 

an overview of the available GHG estimates from stages 
I – III. It should be noted that LCA study findings related 
to non-use-combustion GHG emissions are compared in 
g CO

2
e per MJ (using the lower heating value of natural gas) 

and this is reliant on well productivity. Assumptions about 
well productivity are then necessary. It is important, then, to 
note that GHG emissions associated with processes before 
production are largely independent of lifetime gas production 
so their contribution to the total life cycle GHG emissions of 
shale gas declines as gas production increases (AEA, 2012). 

Table 2.2  Overview of GHG emissions estimates from Stages I – III47

Source
GHG emissions estimates 
(Stages I –III) (g CO2e per MJ)

Stephenson et al. 
(2011) 7.0 – 9.0

Jiang et al. (2011)48 4.8 – 13.9

Skone et al. (2011) 9.4

Weber & Clavin 
(2012)49 13 – 15

Howarth et al. (2011) 41.7

Figure 2.3 below graphically depicts the estimated 
non-use-combustion GHG emissions per MJ from five LCA 
studies broken down by life cycle stage (Bradbury, et al., 
2013). Not only does Figure 2.3 demonstrate the variation 
between LCA study findings but it also indicates that Stage 
II (Production; comprising both production and processing 
according to the framework in Figure 2.1) of the first three 
stages of the life cycle of shale gas likely accounts for the 
greatest non-use-combustion GHG emissions. Note that 
these figures do not include GHG emissions resulting from 
shale gas use or end-of-life. 

47.  These values were taken from AEA (2012), where conversions were made in the report.

48.   Note the original figures from this reference (0.1 – 9.2 g CO2e per MJ) did not include processing. Hence, the figure here includes the 

average GHG emissions associated with processing (i.e. 4.7 g CO2e per MJ as reported in AEA (2012)).

49.   The uncertainty range reported in this study is 11 – 21 g CO2e per MJ.

50.  Namely Howarth et al. (2011), Jiang et al. (2011), NETL (2012a), Burnham et al. (2011), and Weber and Clavin (2012). 
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Figure 2.3 Comparing non-use-combustion GHG emissions across shale gas LCA studies (Bradbury, et al., 2013)

2.4.5 Stage IV: Shale Gas Use 

Natural gas has a number of different end uses characterised 
by different GHG emission intensities. Common uses include 
electricity production, conversion to transport fuel, direct 
use and liquefaction, as discussed below. 

A key consideration to make when assessing the GHG im-
pacts of natural gas use is the energy conversion efficiency 
of the end-use technology (Bradbury, et al., 2013). The effi-
ciency of natural gas use, or the degree to which the fuel is 
directly responsible for the desired product (as opposed to 
energy lost from the system in the form of heat), is specific to 
the technology used. Differences in efficiencies result in dif-
ferent GHG emission intensities (i.e. GHGs emitted per unit 
of economic output or productivity). For example, different 
types of natural gas powered plants have different efficiency 
ratings and hence different GHG intensities.

In this section, the GHG emissions intensities of different 
shale gas uses are explored by looking at the combustion-re-
lated GHG emissions as well as the GHG emissions emitted, 

where relevant, to transform the gas into the state necessary 
to be used.

Conversion to electricity

Electricity combustion using natural gas involves combustion, 
which is the process of igniting the natural gas to release en-
ergy in the form of heat (Branosky, et al., 2012). This process 
is responsible for the greatest amount of GHG emissions 
among all of the stages of the life cycle of shale gas. Indeed, 
Bradbury et al. (2013) estimate combustion to comprise 
approximately 80 % of the total GHG emissions over a 100 
year timescale when the end use is electricity. AEA (2012) 
estimate this figure to be as high as 90 %. According to 
Bradbury et al. (2013), combustion of shale gas for electricity 
production emits 56 g CO2e per MJ. 

The GHG emissions profile of combustion could vary de-
pending on certain factors, including the type of power plant 
and the assumptions made regarding the heating values of 
the gas (Bradbury, et al., 2013; Burnham, et al., 2011). This is 
further explored in Section 2.6.2.
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Conversion to transport fuel

Natural gas can be converted into a liquid or compressed 
fuel either directly or via an intermediate syngas produced 
through a chemical process such as the Fischer-Tropsch pro-
cess51. The conversion is referred to as Gas to Liquid (GTL) 
and involves multiple process stages including processing, 
synthesis, chemical reactions and cracking to convert gas into 
liquid hydrocarbons such as diesel, kerosene and naphtha. 

The GHG emissions associated with the GTL process in-
cludes GHG emissions from the plant energy inputs, fugitive 
and process emissions (for example, off-gas from the various 
reaction stages) and emissions from the production of steam 
used in the steam cracking process. The emission factor for 
GTL in South  Africa is estimated to be 19.6 g CO2e per MJ52 .

In addition, a number of additional chemical products can 
be produced by further processing of the GTL output, the 
intermediate stage products or by-products of the GTL 
process. These include key components for the chemical 
industry such as solvents, polymers and other synthetics used 
in the production of plastics and chemicals. The processing of 
natural gas involves the cracking of methane, ethane, propane 
and butane to conver t to the necessary components. 
A key source of GHG emissions here is the energy used 
to produce the steam necessary to facilitate the cracking 
process. However, data was not available at the time of 
publishing on the estimated GHG emissions associated with 
these processes. 

Direct use of natural gas

Processed shale gas, as with processed conventional gas, can 
be directly transmitted from the processing plant for indus-
trial and residential use for electricity, heating and cooking 
purposes. For heating, the gas can be transmitted directly 

from the processing site to a municipal gas network and/
or industrial boilers. The GHG emission factor for residen-
tial and industrial heating using natural gas (assuming 100 % 
combustion rate) is based on the emissions associated with 
combustion and the fugitive emissions resulting from leaks 
from the pipe network. 

The gas can also be used specifically for powering transport 
vehicles with compressed natural gas (CNG). In this case, 
the energy used to compress the gas as well as end-use 
combustion (which is approximately 60.04 g CO2e per MJ53) 
should be considered to estimate the GHG emissions.

Liquefaction of natural gas

Natural gas can also be condensed to become liquefied nat-
ural gas (LNG) for the purpose of long distance transport, 
commonly undertaken for export purposes. Liquefying nat-
ural gas is undertaken by reducing the temperature to -162 
°C. The average GHG emissions associated with LNG pro-
duction, transportation and regasification are estimated by 
the UK Department of Energy and Climate Change (DECC, 
2013) to be 15.8 g CO2e per MJ (range: 10.6 – 24.7 g CO2e 
per MJ54). It should be noted that this figure is in addition to 
combusting the shale gas for energy production (for example, 
electricity generation or direct use for heating) once it has 
been transported. The estimated rate of GHG emissions of 
the specific liquefaction process is estimated to be between 
1.32 – 3.67 g CO2e per MJ (Tamura, et al., 2005). 

From a lifecycle GHG emissions perspective, it appears to 
be more favourable to use the gas in its raw form (i.e. As a 
source of heat or electricity) in comparison to converting 
the gas into liquid fuels which are then combusted again. 
Figure 2.4 graphically presents the different GHG emissions 
intensity of the different shale gas uses.

51.   The Fischer-Tropsch process is a key process in GTL technology to produce synthetic lubricants and fuels, including diesel. For more 

information on this process see: Schulz, H 1999, ‘Short history and present trends of Fischer-Tropsch synthesis’, Journal of Applied 

Catalysis A: General, vol. 186, no. 1-2, pp. 3-12.

52.   The GTL emission factor was calculated from data made accessible by Jongikhaya Witi, Director of Change Information, Department of 

Environmental Affairs.

53.   This value was calculated to include emissions from combustion and compression. Combustion is assumed to be 56.1 g CO2e per MJ  (DEA, 

2014) and compression is assumed to result in 3.94 g CO2e per MJ (Argonne National Laboratory, 2013)

54.   Note that comparison between these studies is difficult given the different assumptions and the variations in the scope considered by the studies.
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Figure 2.4 The GHG emissions intensity of different shale gas uses

2.4.6 Stage V: End-of-Life

The End-of-Life stage is the final stage in the life cycle and 
considers the decommissioning of the well site. It involves 
the following activities (see Figure 2.1) which are discussed 
in more detail below:

• Well closure; and

• Site remediation. 

Well Closure

Once the supply of gas from a well is exhausted, the well-
bore is plugged and the equipment is removed (Branosky, 
et al., 2012). It has been assumed that de-installation of a 
natural gas well incurs 10 % of the energy requirements and 
GHG emissions as the original installation of the well (NETL, 
2011a). There is no specific data on these processes but it is 
assumed that the primary sources of GHG emissions are the 
transporting and pouring of concrete to seal the well (AEA, 
2012). Fugitive emissions may occur if the well closure was 

inadequately conducted or if the seal was disrupted over 
time (AEA, 2012). 

Site Remediation

After the production of the well has ended and the well 
equipment is dismantled, site remediation is conducted to 
return the site back to its pre-drilling state (Branosky, et al., 
2012). The GHG emissions resulting from site remediation 
activities are not included in LCA studies and are assumed 
to be immaterial to the life cycle GHG emissions.

2.4.7 Estimated total life cycle GHG emissions of shale gas

The total life cycle GHG emissions for shale gas can be es-
timated by summing the GHG emissions from all of the five 
stages discussed above. However, data uncertainties resulting 
from gaps in data and the assumptions made are contained 
throughout the life cycle (see Section 2.4.8). As a result, 
GHG emissions estimations vary across studies. Figure 2.5 
below reflects this variation in published GHG emissions 
across LCA studies55

55.  Note that comparison between these studies is difficult given the different assumptions and the variations in the scope considered by the studies. 
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Figure 2.5 Total shale gas life cycle GHG emissions as published in different LCA studies56 (all using a 100 year timescale)

56.   All the studies apart from Howarth et al. (2011) presented in the figure consider electricity use as the end-use of shale gas (and compare 

this with the GHG emissions associated with that of coal-fired electricity generation). The studies include various assumptions regarding the 

efficiency of converting coal and gas to electricity. Howarth et al. (2011) assumes all shale gas extracted is combusted for heat. 

57.  Note that this figure was originally converted from 200 – 253 g CO2e per kWh of chemical energy.

58.  Allen et al. (2013) is one study that took direct measurements of fugitive emissions.

In line with the GHG emissions estimates included in Figure 
2.5, DECC (2013) reported on life cycle GHG emissions of 
shale gas production within the United Kingdom of between 
55.56 to 70.23 g CO2e per MJ57 based on a review of avail-
able LCA studies.

2.4.8 Limitations 

Despite the fact that there are an increasing number of 
published LCA studies focused on shale gas, there remain a 
number of limitations hindering the calculation of the GHG 
emissions associated with the different life cycle stages of 
shale gas, including:

• Few published LCA studies draw on measurements of 
direct or indirect fugitive emissions since few of these 
have been completed at the time of publishing58 (DECC, 
2013). Also, the shale gas LCA studies rely on data from 
only a small number of sources (e.g. The American Pe-
troleum Institute (API) and the USA EPA). The level of 
uncertainty of this data is not well understood (Weber 
& Clavin, 2012). A 2014 study has found that GHG emis-

sions associated with the U.S. natural gas system may be 
between 25 to 75% underestimated compared to what 
the EPA estimates (Brandt et al., 2014).

• Data are scarce for several sources of GHG emissions as-
sociated with shale gas production (Weber & Clavin, 2012).

• Because all of the shale gas LCA studies conducted at 
the time of publishing are based on data from the USA 
it is not always possible to directly extrapolate conclu-
sions made in these studies to other different contexts 
(DECC, 2013; AEA, 2012).

• The GHG emissions intensity of wells is important to con-
sider rather than the absolute GHG emissions. However, 
the output of wells differs across wells and basins making 
intensity comparisons difficult (Weber & Clavin, 2012). 

• Assumptions are employed within an LCA study since 
not all necessary data points are known. These assump-
tions are based on primary research and data on spe-
cific shale gas operations and practices which are not 
independently peer-reviewed (AEA, 2012). Sensitive 
assumptions include: 
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 - The Estimated Ultimate Recovery (EUR), which is 
the predicted final amount of economically recov-
erable gas from a shale gas recovery site, is difficult 
to predict and the assumptions made influence the 
final intensity value of a LCA (Bradbury, et al., 2013).

 - The number of wells to be installed at a site can sig-
nificantly influence the final GHG emissions estimate 
since each well is a source of fugitive emissions and 
requires operational equipment.

 - The rate of flaring assumed (versus venting) can also 
play an important role as flaring reduces the amount 
of methane released into the atmosphere. 

 - The degree of venting assumed in the process of flow-
back and liquids unloading at each well can also affect 
the GHG emission estimate (Bradbury, et al., 2013).

 - The amount of workovers with refracturing can be 
a significant factor since each fracturing process is re-
sponsible for fugitive emissions (Bradbury, et al., 2013). 

2.5 Mitigation

2.5.1 Mitigation technologies

Fugitive emissions along the life cycle of shale gas can po-
tentially contribute significantly to the gas’s GHG emissions 
profile as discussed above (see, in particular, Section 1.2.3). 
The USA, for example, is estimated to lose up to 2 to 3 % 
of its total natural gas production per year through fugitive 
emissions as reported in the USA Greenhouse Gas Inventory 
Report 1990 – 2011 (EPA, 2013a), but the exact figures are 
unclear and vary from study to study (see Section 1.2.3). 
Technologies and methods exist to reduce fugitive emissions 
in both upstream operations (the production of shale gas) 
and downstream operations (distribution and use of shale 
gas). This section presents some of these key mitigation mea-
sures reported in the literature59, focused on: 

• Improving the existing field equipment to reduce leaks;

• Using additional technology designed to capture emis-
sions; and

• Minimising and monitoring fugitive emissions. 

The mitigation focus is largely on Stages I – III of the shale 
gas life cycle. These are the areas where fugitive emissions 
can be potentially high and it is suggested that up to 88 
% of fugitive emissions can be captured by implementing 
the mitigation efforts discussed below (Harvey, et al., 2012). 

Implementing just two of the mitigation technologies dis-
cussed below (namely green completions and plunger lift 
systems) can potentially reduce fugitive emissions by up to 
40 % (Harvey, et al., 2012). The mitigation options associated 
with stage IV are not discussed here because the options 
involve significant technology changes in existing systems. 

Improving existing field equipment 

• Low-bleed pneumatic controllers/devices or no-bleed 
 instrument air devices: Using low-bleed or air-driven 
controllers to control the release of methane into the 
atmosphere during well production reduces the amount 
GHG emissions emitted compared with the high-bleed 
equivalents available on the market (Harvey, et al., 2012; 
EPA, 2012). 

• Glycol Dehydrator Emissions Controls: These controls 
capture the gas vented during the dehydration of shale 
gas in the processing stage of the life cycle. Controls can 
be retrofitted to glycol dehydrators to capture vented 
methane gas for use as fuel in order to avoid additional 
fugitive emissions (Harvey, et al., 2012).

• Dry Seal Systems: Dry seal systems are recommended in 
replacement of wet seal seals in centrifugal compressors 
in order to limit fugitive emissions. Wet seal systems 
absorb methane from the centrifugal compressors which 
is later vented (Harvey, et al., 2012). Dry seal systems 
use high pressured gas to seal the compressors thereby 
reducing the requirement to vent methane.

• Improved Reciprocating Compressor Maintenance: Re-
ductions in fugitive emissions from reciprocating com-
pressor rod packing can be achieved by replacing worn 
rod packing in reciprocating compressors used in the 
compression process (Harvey, et al., 2012).

• Pipeline Maintenance and Repair: Gas is emitted by 
venting or through leaks when the pipeline is repaired or 
maintained. When the pipeline has to be cut or repaired 
methane may be vented to reduce potential fire risks. To 
prevent the need for venting, the gas can be rerouted 
and burned as fuel during the maintenance or diverted 
around the maintenance area back into the downstream 
pipeline (Harvey, et al., 2012). 

• Desiccant Dehydrators: As a part of the processing stage, 
moisture is removed from shale gas using dehydrators. 
During this stage, desiccant dehydrators can substitute 
relatively GHG emissions intensive glycol dehydrators 
when there are low gas flow rates and low gas tempera-

57.   See a detailed list of over 100 technological options, including capital costs and payback period, to reduce methane emissions through the 

upstream processes on the USA EPA Natural Gas STAR Programme site: http://www.epa.gov/gasstar/tools/recommended.html.
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tures (Harvey, et al., 2012). The dehydrators are gravity 
fed and pass gas through sacrificial hygroscopic salt (the 
desiccant) to remove moisture from natural gas. Desic-
cant dehydrators only release minimal amounts of gas to 
the atmosphere during the replacement of the desiccant.

Using additional technology

• Green Completion: During and after flowback when 
hydraulic fracturing is completed, associated gas may be 
vented or flared until the gas is diverted to the gas gath-
ering system. In green completions or reduced emission 
completions, the gas gathering system is in place prior 
to the start of completion so that venting is minimised. 
This closed system captures the liquids and gases coming 
out of the well during hydraulic fracturing and re-frac-
turing activities. These liquids and gases are directed 
to a separator to separate the gas, hydrocarbon liquids 
and produced water (where applicable) and the gas is 
directed to gathering or sales lines instead of letting it 
flow with condensate or oil into open pits or vented 
tanks (Harvey, et al., 2012; Bradbury, et al., 2013).

• Plunger Lift Systems: Installing plunger lift systems on 
wells during the liquids unloading operations would reg-
ularly remove liquids as they build up in the well during 
production. Without a plunger lift system, liquids build 
up in the system and are removed through a process 
called a ‘well blow down’ where venting is necessary 
(Bradbury, et al., 2013; Harvey, et al., 2012). Preventing 
the need for a well blow down would reduce the venting 
of natural gas, which occurs during this process. 

• Vapour Recovery Units (VRU): Installing a VRU com-
pression system to capture methane from sources (such 
as storage tanks) that would otherwise be vented to the 
atmosphere or routed to a flare reduces GHG emissions 
and improves resource recovery. The recovered gas can 
be routed to the gas gathering pipeline or fuel gas system. 

Minimising and monitoring fugitive emissions

Throughout the upstream operations, infrastructure can be 
responsible for leaks. Since natural gas is odourless and co-
lourless and hence not easy to trace, these leaks go unknown 
unless monitoring is present.

Leak detection and repair can be undertaken as part of 
operations in order to significantly reduce GHG emissions 
(Bradbury, et al., 2013). The leaks stem from wear and tear, 
improper assembly of components, deficient material spec-
ifications, manufacturing defects, damage during installation 
or use, and corrosion (Harvey, et al., 2012). Simple detection 
methods are possible, including the use of infrared cameras 
(Bradbury, et al., 2013).

Another way in which to minimise GHG emissions is to 
eliminate venting and minimise flaring (IEA, 2012). One way in 
which to achieve this is to target zero venting and keep flaring 
to an absolute minimum during well completion (IEA, 2012).

Figure 2.6 summarises the main emissions sources associated 
with each process in Stages I – III, the relative significance of 
these emissions sources and the recommended mitigation 
measures for each process.
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Figure 2.6 Comparing emissions significance and mitigation measures across Stages I – III58

The costs associated with mitigation methods/technologies

The cost of available mitigation methods/technologies varies widely. Harvey et al. (2012) quantified the costs and benefits 
associated with the selection of mitigation methods/technologies listed in Section 2.5.1. These are listed in Table 2.3 below by 
ascending investment cost.

58.   This graphic is adapted from AEA (2012).
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Table 2.3  The estimated costs and benefits of available mitigation methods/technologies (adapted from Harvey et al. 2012)

Mitigation technology Investment cost Fugitive emissions 
capture Profit Payback period

Pneumatic controllers 
(low bleed)

$ 175 – $ 350 per device 125 – 300 Mcf/year $ 500 – $ 1 900 per 
year

< 0.5 – 1 year

Improved compressor 
maintenance

$ 1 200 – $ 1 600 per rod 
packing

850 Mcf/year per rod 
packing

$ 3 500 per year 0.5 years

Plunger lift systems $ 2 600 – $ 13 000 per 
well

600 – 18 250 Mcf/
year

$ 2 000 – $ 103 000 
per year

< 1 year

Green completions $ 8 700 – $ 33 000 per 
well

7 000 – 23 000 Mcf 
per well

$ 28 000 – $ 90 000 
per well

< 0.5 – 1 year

Pneumatic controllers 
(no bleed)

$ 10 000 – $ 60 000 per 
device

5 400 – 20 000 Mcf/
year

$ 14 000 – $ 62 000 
per year

< 2 years

Glycol dehydrator 
emission controls

Up to $ 13 000 for four 
controls

3 600 – 35 000 Mcf/
year

$ 14 000 – $ 138 000 
per year

< 0.5 years

Desiccant dehydrators $ 16 000 per device 1 000 Mcf/year $ 6 000 per year < 3 years
Leak monitoring and 
repair

$ 26 000 – $ 59 000 per 
facility

30 000 – 87 000 Mcf/
year

$ 117 000 – $ 314 000 
per facility per year

< 0.5 years

Dry seal systems $ 90 000 – $ 324 000 per 
device

18 000 – 100 000 
Mcf/year

$ 280 000 – $ 520 000 
per year

0.5 – 1.5 years

Pipeline maintenance 
and repair

Varies widely Varies widely but 
significant

Varies widely but 
significant

< 1 year

As is evident in Table 2.3, the payback period associated with 
this selection of mitigation methods/technologies is low and, 
indeed, less than one year for the majority of the methods/
technologies assessed. 

2.6 Comparison of the GHG Emissions Profile of Shale 
Gas Compared with Conventional Fuels

At the point of combustion, natural gas, including uncon-
ventional gas, emits lower quantities of GHG emissions per 
unit of energy produced than other fossil fuels (Alvarez, et 
al., 2012; Barcella, et al., 2011). 

Error! Reference source not found., for example, details the 
emissions factors associated with different fuel types.

Table 2.4  GHG emissions factors for different fuel types 
(IPCC, 2006)

Fuel type GHG emission factor for com-
bustion (g CO2 per MJ)

Natural gas 56
Heating oil 77
Petrol 69
Diesel 74
LPG 63
Sub-bituminous coal 96

Comparing the GHG emissions intensity of shale gas to that 
of conventional fuels over the full life cycle is necessary for 
considering the resulting climate impact should the use of 
shale gas replace other fuels. This section explores the differ-
ence in the GHG emissions intensity between shale gas and 
conventional gas, coal as well as liquid fuels. Published LCA 
studies are used as a source of information in this section 
and it is evident from these studies that there is variation in 
the conclusions and the wide-ranging assumptions that lead 
to those conclusions.

2.6.1 GHG emissions intensity of shale gas compared to 
conventional gas

The GHG emissions intensity of conventional and uncon-
ventional gas differs as a result of the different upstream 
processes involved during stage I (material acquisition and 
pre-production). The downstream GHG footprint of con-
ventional and unconventional gas, however, is similar since 
distribution and use are the same. Currently there is con-
trasting information from different studies which suggests 
that the overall lifecycle GHG emissions intensity of shale 
gas may be marginally higher, the same or lower, and this is 
discussed below.
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Shale gas is likely to have about the same or marginally higher 
GHG emissions intensity per unit gas compared with con-
ventional natural gas, assuming all the pre-production GHG 
emissions are captured and flared (DECC, 2013). For ex-
ample, GHG emissions intensities of 200 – 253 g CO2e per 
kWh of chemical energy for shale gas (equivalent to 55.6 – 
70.3 g CO2e per MJ) versus 199 – 207 g CO2e per kWh of 
chemical energy for conventional gas (equivalent to 55.3 – 
57.5 g CO2e per MJ) have been published (DECC, 2013). 

In addition, Figure 2.7 below sets out the results of various 
LCA assessments comparing unconventional gas (i.e. shale 
gas, tight gas and coalbed methane) with conventional natural 
gas. In most cases, the GHG emissions intensity of shale gas 
production is marginally higher than that of conventional 
natural gas. Note that different studies employ assumptions 
(e.g. regarding power plant efficiencies and the timescale 
considered for the GWP) which have likely resulted in the 
different GHG emissions intensity results. 

Figure 2.7  GHG emissions intensity of unconventional gas production compared with that of conventional natural gas (NETL, 2012b)

The marginally higher rate of emissions for shale gas is based 
on three main factors, as discussed below:

• More wells are generally required per unit of gas pro-
duced requiring a greater energy input (IEA, 2011);

• Hydraulic fracturing, a process unnecessary in conven-
tional gas acquisition, is an additional consumer of energy 
resulting in higher upstream GHG emissions and lower 
production efficiency (AEA, 2012); and

• A greater amount of venting takes place during the ex-
traction of shale gas after hydraulic fracturing during 
the flowback period (Burnham, et al., 2011). However, 
if green completion practices are used to recover gas 
during flowback, the emissions are potentially lower.

Conversely, other studies have reported on shale gas hav-
ing a marginally lower GHG emissions intensity compared 
with that of conventional gas. Weber and Clavin (2012), for 
example, reports on a difference (and an overlap) between 
the GHG emissions intensity range of upstream shale gas 
production and conventional gas production (11 – 21 g CO2e 
per MJ vs 12.4 – 19.5 g CO2e per MJ, respectively) that illus-
trates that, under certain circumstances, the GHG emissions 
intensity of conventional gas can exceed that of shale gas but 
that the GHG emissions intensities are largely comparable. 
Burnham et al. (2011) also found evidence to suggest that the 
GHG emissions intensity of shale gas can be slightly lower 
than that of conventional natural gas (Figure 2.8). 
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Figure 2.8  GHG emissions intensity of shale gas compared with conventional natural gas over 20 and 100 year timescales1 
(Burnham et al. 2011)

2.6.2   The GHG emissions intensity of shale gas compared 
to that of coal use

Coal is often compared to shale gas in GHG LCA studies 
because of the focus on the shift from coal for energy gen-
eration due to its GHG emissions-intense nature. At the use 
stage of the life cycle, coal is more GHG emissions-intense 
than shale gas (Broderick & Anderson, 2012). 

Regarding energy conversion efficiency, natural gas-fired 
power plants are typically more efficient than coal-fired pow-
er plants (Bradbury, et al., 2013). For example, Burnham et 
al. (2011) assumes the efficiency of a conventional pulverised 
coal boiler to be approximately 34.1 % (range: 33.5 – 34.4 %) 
and that of a supercritical boiler to be approximately 41.5 % 
efficient (range: 39.0 – 44.0 %) (Burnham, et al., 2011). This is 
compared to assumptions made in the same study regarding 
the efficiency of a natural gas boiler (33.1 % efficient with a 
range of 33.0 – 33.5 %), and of a natural gas combined cycle 
power plant (47.0 % with a range of 39.0 – 55.0 %) (Burnham, 
et al., 2011). Electricity generation in a boiler using shale gas 
resulted in 31 % fewer GHG emissions than a coal-fired 

boiler over the 100-year timescale. The reduction in GHG 
emissions is estimated to be as high as 52 % when considering 
a natural gas closed cycle plant (compared to a coal boiler) 
(Burnham, et al., 2011). Based on their results, Burnham et 
al. (2011) concluded that electricity generated using natural 
gas (including both shale gas and conventional gas) was less 
emissions-intensive than coal-derived electricity. 

Despite the influence of different assumptions employed 
regarding fugitive emissions, GWP and energy conversion 
efficiencies, shale gas is frequently reported to be less GHG 
emissions intense than coal, when considering electricity gen-
eration. The UK Department of Energy and Climate Change 
(DECC, 2013), for example, estimates the GHG emissions 
of shale gas when used for electricity generation to be in 
the range of 117.5 – 148.6 g CO2e per MJ, while the GHG 
emissions of coal (for electricity generation) are estimated 
to be between 232.5 – 313.9 g CO2e per MJ. Figure 2.9 be-
low presents the percentage difference in GHG emissions 
between coal-fired electricity generation and electricity pro-
duced by shale gas as presented in published LCA studies. 

1.   The global warming potential of methane emissions is dependent on the timescale (20, 50 or 100 year)– refer to Section 1.2.3 for additional 

detail.

1.   Note that this figure is converted from g CO2e per kWh.
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2.6.3 The GHG emissions intensity of the direct use of shale 
gas compared to liquid fuels

Shale gas, as with conventional gas, can be used directly to 
power transport vehicles (see Figure 2.10) and to fuel res-
idential and industrial boilers for heating (see Section 2.4.5 
for more information). In so doing, the gas would substitute 
petrol and/or diesel in the transport sector and other fossils 
fuels (e.g. coal, electricity, heavy fuel oil or diesel) in the 
heating sector.

Figure 2.10 Natural gas filling station in Washington, D.C.

In terms of direct use in vehicles, the fuel economy is re-
duced when substituting natural gas for petrol or diesel 
because of increased vehicle weight due to the storage of 
on-board CNG cylinders and because of reduced engine 
efficiency. Burnham et al. (2011) estimates the fuel econ-
omy of petrol cars to be reduced by between 5 % to 10 
% when run on CNG. Transit buses are expected to have 
between a 10 % to 20 % reduction in fuel economy when 
run on CNG compared to diesel (Burnham, et al., 2011). 
However, it is expected than technological advances into 
the future may well improve the efficiency of CNG vehicles 
(Edwards, et al., 2011).

In the LCA study conducted by Burnham et al. (2011), it 
was concluded that the total GHG emissions emitted per 
kilometre between CNG and diesel (buses) and petrol 
(cars) were not significantly different (considering the GWP 
of methane over a 100 year time period). The estimated 
GHG emissions were approximately 220 g CO2e per kilo-
metre for cars and 2 000 g CO2e per kilometre for buses 
for both CNG and diesel (Figure 2.11).

Figure 2.11   Life cycle GHG emissions per km for different vehicle and fuel types (Burnham, et al., 2011)

Box 2.8 below explores the difference between the GHG emis-
sions intensity of GTL-produced diesel and petroleum diesel, 
given that shale gas can be used to substitute or supplement 
the use of natural gas in the GTL process (see Section 2.4.5).

Box 2.8   The GHG emissions intensity of GTL-
produced diesel and petroleum diesel

A comparison of the literature between the GHG 
emissions intensity of diesel produced through the 
GTL process and petroleum diesel (produced from 
crude oil in a refinery) presents conflicting results 

(likely a result of the different assumptions employed 
in the different studies). Edwards, et al. (2011), for 
example, concludes that the life cycle GHG emis-
sions of GTL-produced diesel marginally exceed 
those related to conventional diesel production, 
when considering the gas source as a field site close 
to the plant (note, a conventional gas source). On 
the other hand, Forman et al. (2011) found that the 
life cycle GHG emissions associated with GTL-de-
rived diesel (using conventional natural gas) were 
lower than those associated with the production 
of petroleum diesel.
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2.6.4 Summary

Extracted shale gas can act as a substitute for conventional 
fuels, including coal, conventional gas and liquid fuels, in the 
power, heating and transport sectors. Although natural gas 
is an attractive source of fuel compared to other fossil fuels 
due to its comparatively lower rate of GHG emissions when 
combusted, the whole life cycle should be taken into account 
when considering it as a substitute. 

In summary:

• At the point of combustion, natural gas, including uncon-
ventional gas, emits lower quantities of GHG emissions 
per unit of energy produced than other fossil fuels;

• LCA studies that have conducted comparisons of fossil 
fuels to shale gas suggest that extracted shale gas may 
have an increased, similar or reduced GHG emissions 

intensity to that of conventional gas depending on the 
assumptions made regarding the upstream processes 
of the life cycle and the level of mitigation employed;

• the majority of research suggests coal power genera-
tion is 30 % to 55 % more intensive in terms of GHG 
emissions compared with shale gas (see Figure 2.9 and 
Figure 2.12);

• the GHG intensity of shale gas in the form of CNG is 
similar to petrol and diesel driven vehicles when com-
pared on a per kilometre basis (Burnham, et al., 2011) 
(Figure 2.11). 

Figure 2.12 below illustrates the life cycle GHG emissions 
intensity of shale gas compared with conventional gas and 
coal for the purposes of electricity production. 

Figure 2.12   Comparison of life cycle GHG emissions intensity of different fuel types for electricity production (figure adapted from DECC (2013)).

It is important to note that any potential GHG emissions savings associated with replacing existing fossil fuel based energy, 
including liquid fuels and electricity, with shale gas should be viewed from a global perspective. For example, should shale gas 
displace coal use in an area, it is possible that the coal will be exported and used elsewhere and, as such, will continue to have an 
impact globally on GHG emissions (Broderick & Anderson, 2012). Hence, it is critical that this debate is not viewed in isolation 
from a country’s perspective but that it is also looked at from a cumulative global perspective.
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Chapter 3: Emission scenarios
3.1 Introduction 

This section looks to understand, at a high level, how different 
use scenarios for shale gas might impact South Africa’s GHG 
mitigation commitments (as set out in Section 1.3.7), should 
the potential shale gas reserve be found to contain technically 
recoverable gas concentrations. In order to assess this, the 
possible magnitude of GHG emissions associated with various 
end use scenarios for shale gas is explored, specifically:

• A gas-to-liquid (GTL) scenario;

• An electricity generation emissions scenario;

• A direct use scenario (looking at both direct use in vehicles 
and direct use for heating and cooking purposes); and

• A Liquefied Natural Gas (LNG) export scenario.

The scenarios below are structured as follows:

• An overview of the business-as-usual base case;

• A description of the scenario, including a graphical rep-
resentation of the likely GHG emission intensity of the 
scenario; and 

• Conclusion.

This format was elected to both offer transparency into the 
thought process and to allow for the reader to make their 
own conclusions based on the data presented. 

3.2 Limitations and Assumptions

It is important to note that the scenarios developed and set 
out within this section are purely hypothetical and based 
on a number of assumptions which are noted throughout. 
Additionally, they are focused solely on understanding the 
GHG emissions intensity of the different scenarios and do not 
take into consideration projected future energy pathways. As 
such, they are not intended to be used for planning purposes 
as financial, social, regulatory, and specific infrastructural 
details have not been considered. Rather, the information 
presented within this section is intended to inform and enrich 
the shale gas debate and catalyse further research in this 
area. Furthermore, the scenarios are simplified to provide 
indicative estimates of emissions, holding other variables 
constant. These simplifying assumptions are intended to 
provide illustrative results to contribute towards more 
informed debate and evidence-based policy development.

There are considerable limitations hindering accurate es-
timations of the GHG emissions associated with each of 
the scenarios. This is largely due to the difficulty related 
to predicting the actual systems and processes that will be 
established to enable the shale gas to be extracted and used 
given that South Africa has little existing infrastructure in 
place for the exploitation of natural use.

As such, there is little to no research or industry data avail-
able from the local context to apply to the scenarios and the 
figures employed within this section are mostly taken from 
USA-based data sets. As a result, multiple assumptions were 
made in the scenarios where data gaps exist. These assump-
tions are presented below as well as within the scenarios.

More information is required in order to inform decisions 
regarding what should happen to the shale gas, should a 
technically recoverable reserve be realised.

3.2.1 Common assumptions across the scenarios

Each scenario employed the following common assumptions:

Volume and timing of shale gas extraction

The amount of shale gas recovered is different for each 
scenario and is dependent on the demand and replacement 
assumptions made in each scenario. 

It is acknowledged that should the potential shale gas re-
serve be found to be recoverable it will take a significant 
amount of time before extraction happens. However, the 
scenarios are based on actual historical consumption data 
and as such the assumption is made that the shale gas is 
recoverable immediately.

A time period of 20 years is assumed to be the time it would 
take to exhaust the shale gas reserve. 

GHG emissions associated with shale gas extraction

The data range estimated by Weber and Clavin (2012) of), 
11 to 21 g CO2 per MJ was used across all scenarios as the 
emission factor for upstream emissions (GHG emissions 
associated with stages I – III of the life cycle). The highest 
emission factor of the range was considered for the worst 
case of each scenario, the lowest emission factor was con-
sidered for the best case of each scenario and the median 
was used for the Average case of each scenario.
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Location of the processing plant and storage hub

Within each scenario it is assumed that a single processing 
plant and storage hub is constructed close to Graaff Reinet. 
The location was selected based on its proximity to the re-
serve (located within the central Karoo), location in relation 
to the designated Square Kilometre Array (SKA) boundary64, 
proximity to the existing National Grid infrastructure and the 
fact that there is an established settlement with existing road 
networks and infrastructure. All of the shale gas recovered 
from the wells will be transported via pipeline to this location 
where it is processed prior to distribution.

Influence of infrastructure development

Although the infrastructure required for each scenario 
(e.g. upgrades to existing plants and new developments) 
is described in the individual scenarios below, the possible 
GHG emissions associated with infrastructure upgrades/ de-
velopments have not been quantified. This is because pub-
lished LCA studies generally do not take into account the 
GHG emissions associated with infrastructure development 
as the emissions from production and combustion usually 
outweigh those associated with construction.

Pipeline Installation

Pipelines have been assumed to be the transport mode within 
each of the scenarios to transport the gas from the processing 
plants to their end use. Provided that they are well secured 
and maintained, pipelines are potentially the least risky trans-
port option from a GHG emissions perspective as they are 
likely to be associated with fewer GHG emissions than road 
or rail transport. Pipelines, however, are a source of fugitive 
emissions depending on the length, diameter and flow rate 
of the pipeline (see Section 2.4.3). The average GHG emis-
sions that are directly correlated with pipeline use vary across 
sources in the published literature. As a result, best, average 
and worst case values are used in the scenario calculations. 

The pipelines mentioned in the scenarios do not currently exist 
and would need to be constructed. The distances estimated 
are conservatively made by taking the direct distance between 
the two locations and adding 15% to account for deviations.

Best, average and worst case

A best, average and worst case is presented across all sce-
narios based on the GHG emissions data published in the lit-
erature. The best case considers the lowest GHG emissions 
estimate when an emission factor for a particular operation 
is listed as a range and includes best practice mitigation tech-

nologies and activities when this data is available. The worst 
case considers the highest GHG emissions estimate when 
an emission factor for a particular operation is listed as a 
range and includes little to no mitigation technologies and 
activities when this data is available. The average case merely 
represents the mean between the best and worst cases.

Availability of resources required for infrastructure development 

Within each of the scenarios, it is assumed that financial 
costs do not constrain the likelihood of a particular scenario 
and the likely magnitude of costs is not taken into account. 
Additionally, materials, skills and technology are assumed to 
be readily available to construct the necessary infrastructure 
and there are no public or political obstacles. 

3.3 Gas-to-liquid (GTL) Scenario

The Business as Usual Base Case

South Africa’s consumption of liquid fuels for 
transport are predicted to increase by 5% per annum 
for diesel and 1.5% per annum for petrol for a period 
of 20 years.

 
South Africa’s consumption of liquid fuels for transport over 
a future 20 year period is based on the most recent publically 
available data from 2006 (DOE, 2006). The growth in fuel 
usage is based on an expert report provided by Engen which 
predicts diesel to grow by 5% per annum and petrol to grow 
by 1.5% (pers. comm. Jongikhaya Witi, 2014). The ratio of 
diesel to petrol changes according to the different growth 
rates and the ratio of imported crude-oil based final product 
to locally refined product remains the same as does the ratio 
of GTL fuels to imported crude-oil based fuels. 

As illustrated in Figure 1.1 below, the GHG emissions arising 
from this base case start at 77 million t CO2e in the first year 
rising to 142 million t CO2e in the 20th year amounting to a 
total of 2.1 billion t CO2e for the full 20 year period. In order 
to simplify the scenario, the base case includes:

• Direct emissions from local refineries;

• GHG emissions from the combustion of the liquid fuels 
(diesel and petrol) produced by those refineries; and

• GHG emissions from the combustion of imported diesel 
and petrol. 

64.   A boundary (astronomy advantage area) has been established in accordance with the Astronomy Geographic Advantage Act (Act No. 21 of 

2007) within which any activities deemed to be potentially disruptive to astronomy and ‘related scientific endeavours’ are prohibited.
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The GTL Scenario

All the crude oil-based petrol and diesel products 
that are imported into South Africa as described 
in the base case are replaced by locally produced 
synfuels manufactured through the GTL process 
using local shale gas as the feedstock.

It is assumed in this scenario that the GTL plants are 
configured to produce only petrol and diesel. Other products 
typically produced by GTL, including naphtha and paraffin 
are not included.

It is also assumed that the existing PetroSA plant in Mossel 
Bay is upgraded and utilises shale gas as the feedstock and 
that one additional GTL plant is developed so that there are 
a total of two GTL plants at 140 000 barrels per day capacity. 
The additional GTL plant will be constructed in the Karoo 
in close proximity to the source of shale gas.

In order to replace the crude-based fuels described in the 
base case, the new plant and the upgraded PetroSA plant 
must be able to process, on average, 0.81 tcf of shale gas in 
the first year rising to 1.48 tcf by year 20.

Other infrastructure requirements within this scenario 
include the installation of transmission pipes to transport the 
gas from the processing plants in the Karoo to the GTL plants.

It is also assumed that the new GTL plants will be situated 
within the vicinity of existing road networks and road de-
velopments and upgrades are not required. In order for this 
scenario to be realised a total of 22 tcf of shale gas is required 
over the 20 year period. 

GHG emissions from the extraction and transport of shale 
gas via pipeline to the GTL plants during the operational 
phase are included in the scenario but GHG emissions from 
construction of the plants are excluded. Other assumptions 
associated with this scenario are detailed in Annex B.

Figure 3.1   Likely GHG emissions associated with the GTL scenario
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Conclusions

The following conclusions can be drawn from Figure 1.1:

• The average case is approximately 15 % more carbon 
intensive than the base case.

• GHG emissions from the base case amount to 2.1 billion 
t CO2e compared to the shale gas average case of ap-
proximately 2.8 billion t CO2e over the 20 year period.

• The reason that the scenario emissions are higher than 
the base case is that the upstream emissions from crude 
oil refining of the imported diesel and petrol are not 
accounted for as they occur outside of South Africa’s 
boundaries. The upstream emissions from shale gas ex-
traction and processing in the GTL process are account-
ed for in the GTL scenario and thus there are additional 
emissions in this scenario.

• From a shale gas use perspective, the scenario indicates 
that in terms of GHG mitigation, the use of shale gas 
for transportation fuel production (GTL) to substitute 
imported diesel and petrol produced by a crude oil re-
finery outside of our borders may have a negative impact 
on South Africa’s GHG emission objectives as outlined 
in the NCCRP.

3.4 Electricity Generation Scenario

The Business as Usual Base Case

Electricity consumption increases at 2.9% per year 
from a base of 35 525MW. The generation mix 
remains constant at 91% coal.

South Africa’s consumption of electricity over a future 
20 year period is based on today’s annual consumption of 
35 525 MW. The growth in electricity demand is based 
on forecasts in Eskom’s 2012 Integrated Report which is 
an expected annual increase of 2.9 % per year until 2030 

(Eskom, 2012). As illustrated in Figure 1.2 below, on average, 
the GHG emissions arising from this base case start at 230 
million t CO2e in the first year rising to 400 million t CO2e 
in the 20th year. 

The Electricity Generation Scenario

All the coal generated electricity in the national grid 
is replaced by gas. Electricity consumption increases 
at 2.9% per year from a base of 35 525MW. 

All of the electricity from the national grid, which is comprised 
of 91% coal, is replaced by natural gas combined cycle gas 
turbines (CCGT). The same electricity demand considered 
in the base case is assumed in this scenario. 

The CCGT plants are developed in the Karoo near to the site 
of shale gas extraction. Other infrastructure requirements 
within this scenario include the installation of transmission 
lines to transport the electricity from the CCGT plants to 
the users. Within this scenario, it is assumed that the new 
power plants will be situated within the vicinity of existing 
road networks and road developments and upgrades are 
not required. 

GHG emissions from the extraction and transport of shale 
gas via pipeline to the power plants during the operational 
phase are included in the scenario but GHG emissions from 
construction are excluded. Other assumptions associated 
with this scenario are detailed in Annex B.

In order for this scenario to be realised, and depending on the 
thermal efficiency of the power plants, between 35 and 52 
tcf of shale gas is required over the 20 year period. This will 
equate to between 1.3 and 1.9 tcf of shale gas in year one, 
rising to between 2.2 and 3.8 tcf of shale gas in year 20. An 
estimated 38 CCGT plants will produce 38 GW of energy 
in year one and 66 CCGT plants will produce 66 GW of 
electricity in year 20. It is assumed that the technology of 
the CCGT plants remains the same and that no efficiency 
improvements are realised over time.
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Conclusions

The following conclusions can be drawn from Figure 1.2:

• Over the scenario period, the GHG emission differences 
are potentially substantial. The GHG emissions associ-
ated with the base case amount to approximately 83 % 
more than the average scenario case.

• Comparing the average scenario case against the base 
case shows that GHG emissions from the base case over 
the period amount to 6.2 billion t CO2e compared to 
the shale gas average case of approximately 3.3 billion 
t CO2e, a difference of 2.9 billion t CO2e.

• One key factor for this difference is the fact that coal fired 
power plants are significantly more energy and GHG 
intensive compared to natural gas fired power plants.

• From a shale gas use perspective, the scenario indicates 
that in terms of GHG mitigation, the use of shale gas 
for electricity generation to substitute coal-powered 
electricity generation may have a positive impact on 
South Africa’s GHG emission objectives as outlined in 
the NCCRP.

3.5 Direct use scenario

This scenario considers the impact of shale gas when used 
directly as a fuel source for electricity and also as a direct 
fuel source for transport in the form of CNG, thus replacing 
diesel and petrol. The assumption is made in this scenario 
that all electricity and fuel currently consumed by the City 
of Cape Town is replaced by these sources.

The Business as Usual Base Case

The City of Cape Town will experience annual 
growth in demand of 2.9 % for electricity, 5 % for 
diesel and 1.5% for petrol.

The base case assumes that all the electricity and transport 
fuel for the City of Cape Town over the future 20 year period 
is comparable to 2007 numbers as stated in State of Energy 
and Energy Futures Report (City of Cape Town, 2012) with 
a 2.9 % per year growth rate in electricity demand (Eskom, 
2012) and a 5 % and 1.5% per year growth rate in diesel and 
petrol demand respectively (pers. comm. Jongikhaya Witi, 
2014). The GHG emissions from combining electricity and 
transport fuel amounts to 22 million t CO2e in the first year 
rising to 39 million t CO2e in the final year, as can be seen in 
Figure 1.3 below. A total of 598 million t CO2e is estimated 
to result for the entire 20 year period. 

The Direct Use Scenario

The use of shale gas offsets electricity consumption 
from the national grid and the use of liquid fuels for 
transport in the City of Cape Town by 100%.

In this scenario, shale gas is used as the fuel source for 
electricity and transport for the City of Cape Town, thereby 
offsetting the electricity consumption from the national 
grid by 100 %. Gas is also combusted in CCGTs to provide 

Figure 3.2 Likely GHG emissions associated with the electricity scenario
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 electricity and heat for industry and residents of the City of 
Cape Town. CNG is used as a transport fuel substituting 
diesel and petrol. The electricity and transport fuel demand 
figures are the same as stated in the base case scenario. 

This scenario requires the construction of CCGT plants 
near to the City of Cape Town to satisfy the electricity 
and heating needs. The infrastructure needed for a CNG 
distribution network to be operational, including the com-
pression plant and CNG filling stations will be constructed. 
Other infrastructure needed for this scenario includes the 
pipelines connecting the shale gas extraction sites to the 
CCGT plants and the CNG plant. Within this scenario, it is 
assumed that the CCGT power plants and the CNG plant 

will be situated within the vicinity of existing road networks 
and road developments and upgrades are not required. 

In order for this scenario to be realised a total of 4.2 tcf of shale 
gas is required over the 20 year period for the worst case, 3.1 tcf 
for the best case and 3.6 for the average case. GHG emissions 
from the extraction and transport of shale gas via pipeline to 
the CCGT plants and CNG plant during the operational phase 
are included in the scenario but GHG emissions associated with 
construction are excluded. The distribution of CNG to CNG 
depots via pipelines across the city is also included. However, 
GHG emissions associated with the filling stations (e.g. fugitive 
emissions) have not been taken into account. Other assump-
tions associated with this scenario are detailed in Annex B.

Figure 3.3 Likely GHG emissions associated with the Direct Use scenario

Conclusions

The following conclusions can be drawn from Figure 1.3:

• There is a substantial difference in GHG emissions be-
tween the base case and the scenario. The base case is 
between 65 % and 70 % more GHG intensive than the 
average scenario case. 

• Comparing the average scenario case against the base case 
shows that GHG emissions from the base case over the 
period amount to 598 million t CO2e compared to the 
shale gas average case of approximately 354 million t CO2e.

• Two key factors for this difference are:

• This scenario assumes that all electricity produced by 
Eskom is substituted by natural gas fired power plants. 
Given that South Africa’s national grid relies heavily on 
coal-fired power plants, the relative GHG intensity of the 
electricity produced by natural gas is substantially lower 
(as illustrated in the Electricity Generation Scenario). 

• The GHG emissions from crude oil refining and pro-
duction to produce diesel and petrol are included in 
the base case scenario. Given that transport using CNG 
from shale gas does not require significant refining, it is 
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likely that the emissions from CNG are relatively lower. 
Concluding that CNG is significantly better than diesel 
or petrol for transport from a GHG perspective must 
be cautioned though as literature has shown that the 
GHG profile of CNG vehicles compared to diesel or 
petrol vehicles is similar (See Section 2.6.3). 

• From a shale gas use perspective, the scenario indicates 
that in terms of GHG mitigation, the use of shale gas 
for heat and power via electrical generation and direct 
use as a transport fuel in the form of CNG, may have a 
positive impact on South Africa’s GHG emission objec-
tives as outlined in the NCCRP. 

3.6 LNG Export Scenario

LNG Export Scenario

All shale gas is converted to LNG and exported.

This scenario is a stand-alone case and differs from the other 
scenarios as it does not require comparison to any business 
as usual base case scenario. The business as usual base case 
would be the country’s existing GHG emissions and any GHG 
emissions from the production of LNG would be additional to 
South Africa’s current GHG footprint. Since LNG is exported 
from the country the GHG emissions associated with its 

combustion are not included. All the gas extracted from 
the Karoo is converted to LNG for export over a 20 year 
period. One terminal will be developed at Coega, one of 
South Africa’s deep water harbour sites, since it is the closest 
deep water harbour to the extraction site. The terminal will 
be developed to the specifications of the largest operating 
LNG terminal in existence today, located in Qatar, which 
handles approximately 7.8 million tonnes of LNG per annum. 
It is assumed that the capacity of the terminal will satisfy the 
supply of shale gas extracted locally. 

The liquefaction plant will be located in Coega near to the 
port. In addition to the plant, other infrastructure requiring 
construction are pipelines connecting the site of extraction 
and the liquefaction plant and the liquefaction plant to the 
terminal. Other assumptions associated with this scenario 
are detailed in Annex B.

The terminal in Coega will be constructed to an output 
capacity of 56.26 thousand tonnes per day in the first year 
to 163 thousand tonnes per day in year 20. This requires a 
liquefaction plant that takes in a feed stock of 1 to 3 tcf gas 
per year up to 2.9 tcf in year 20. This amounts to 39 tcf of 
gas over the 20 year period. 

Figure 1.4 below sets out the likely best, worse and average 
GHG emissions associated with the LNG scenario.

Figure 1.4   Likely GHG emissions associated with the LNG scenario
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Conclusions 

The following conclusions can be drawn from Figure 3.4:

• The GHG emissions from the production of LNG are 
substantial, increasing South Africa’s national GHG in-
ventory by 14 million t CO2e in the best case in year 
1,increasing to potentially 28 million t CO2e in the worst 
case in year 1 where 1 tcf of gas is considered.

• By year 20, considering the extraction and export of 2.9 
tcf of gas in its liquid form, these numbers increase to 
41 million t CO2e in the best case and 83 million t CO2e 

in the worst case.

• Over the 20 year period, GHG emissions from the shale 
gas LNG export average case amount to approximately 
837 million t CO2e. 

• The majority of GHG emissions (between 85 % to 90 %) 
are associated with shale gas extraction.

• From a shale gas use perspective, the scenario indicates 
that in terms of GHG mitigation, the use of shale gas 
for the production of LNG will have a negative impact 
on South Africa’s GHG emission objectives as outlined 
in the NCCRP. This is based on the assumption that all 
of the LNG is exported out of the country and is not 
used to substitute other fossil fuels that would have been 
combusted in South Africa. 

3.7 Summary

The scenario work undertaken (and indeed the assumptions 
inherent in these scenarios) suggests that, from a GHG 
emissions perspective, there are some favourable and 

unfavourable options for potential shale gas use in 
South Africa.

The scenarios suggest the following:

• Substituting imported fuel produced from crude oil re-
fineries located outside of South Africa with fuel pro-
duced from the GTL process in South Africa with shale 
gas as a feedstock will likely increase GHG emissions in 
the country;

• Substituting coal with shale gas for electricity generation 
is favourable from a GHG emissions perspective; 

• The use of shale gas as a direct source of energy for 
heating and cooking may have GHG mitigation benefits 
if it is substituting coal based electricity;

• The use of shale gas for the production of LNG may 
increase South Africa’s GHG emissions assuming that 
all of the LNG is exported out of the country and is not 
used to substitute other fossil fuels that would have been 
combusted in South Africa; and 

• Additional research is required to conclude whether the 
use of shale gas as a source of fuel for transport in the 
form of CNG is better or worse from a GHG perspective.

It must be reinforced that the scenarios detailed in this section 
are purely hypothetical and are not intended to be used for 
planning purposes. The scenarios are simplified to provide 
indicative estimates of emissions, holding other variables 
constant. These simplifying assumptions are intended to 
provide illustrative results to contribute towards more 
informed debate and evidence-based policy development.
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4. Conclusions

The interest in shale gas production is growing globally as new 
reserves are discovered and exploration activities increase. 
With it, concerns are being raised related to its environmental 
sustainability and relevance as a fuel source. One such con-
cern relates to the GHG emissions intensity of shale gas and 
whether it plays a positive or negative role in curbing global 
GHG emissions. In response to this, this research report 
investigates the GHG emissions intensity of shale gas, based 
on publically available literature, in order to understand how 
it might fare against other conventional fossil fuels in a global 
and South African context. The main objective behind this 
research report was to inform and enrich the shale gas debate 
with a view to encourage further research into the potential 
GHG emissions intensity of shale gas, particularly locally. 

Typically, natural gas is favoured over other fossil fuels from 
a GHG emissions perspective owing to its comparatively 
lower GHG emissions intensity at the point of combustion. 
However, the relative GHG emissions intensity of shale gas 
compared with conventional gas as well as other fossil fuels 
has been questioned given the extraction techniques and 
technologies (i.e. hydraulic fracturing) employed to access 
the gas and the estimated rates of fugitive emissions along 
the life cycle of the gas. The latter is considered by many 
studies to be potentially significant (although the degree to 
which varies across studies) but largely controllable using 
various mitigation technologies and methods.

At the time of publishing, the research and literature on the 
GHG emissions intensity of shale gas extraction, production 
and use is large and growing. However, many studies utilise 
similar datasets from a small range of sources (primarily from 
the USA) and only one study based their findings on direct 
measurements of GHG emissions. Additionally, published 
studies utilise a variety of assumptions and methodologies 
which limits their comparability. As such, a clear understand-
ing of the comparative GHG emissions intensities of different 
shale gas uses, and of the comparative lifecycle GHG emis-
sions intensities of shale gas versus conventional fuels has not 
yet been reached. However, the majority of studies support 
the following conclusions:

• Shale gas combustion for electricity generation is less GHG 
emissions intense than coal-fired electricity generation;

• The lifecycle GHG emissions of shale gas are comparable 
to those of conventional gas sources, provided that good 
practice shale gas extraction is undertaken to minimise 
fugitive emissions;

• Mitigation of the majority of upstream fugitive emissions 
is possible; and

• Stage I I (Production) accounts for the greatest 
non-use-combustion GHG emissions.

South Africa is committed to reducing its national GHG emis-
sions as outlined in the NCCRP. Section 3 of this research 
report investigates the relative influence of different shale gas 
use scenarios within South Africa on these GHG emissions re-
duction objectives based on a number of assumptions. The fol-
lowing high level conclusions can be derived from the scenarios:

• Substituting imported fuel produced from crude oil 
refineries located outside of South Africa with fuel 
produced from the GTL process in South Africa 
with shale gas as a feedstock will likely increase GHG 
emissions in the country;

• Substituting imported fuel produced from crude oil 
refineries located outside of South Africa with fuel 
produced from the GTL process in South Africa 
with shale gas as a feedstock will likely increase GHG 
emissions in the country;

• Substituting coal with shale gas for electricity generation 
is favourable from a GHG emissions perspective; 

• The use of shale gas as a direct source of energy for 
heating and cooking may have GHG mitigation benefits 
if it is substituting coal based electricity;

• The use of shale gas for the production of LNG may 
increase South Africa’s GHG emissions assuming that 
all of the LNG is exported out of the country and is not 
used to substitute other fossil fuels that would have been 
combusted in South Africa; and

• Additional research is required to conclude whether the 
use of shale gas as a source of fuel for transport in the 
form of CNG is better or worse from a GHG perspective. 

Although this study looks to understand the implications 
of potential shale gas extraction, production and use in the 
South African context, it is important to note that the data 
analysed is not South Africa-specific given that shale gas ex-
traction and production has not taken place in the country at 
the time of publishing. Therefore caution must be exercised 
in drawing conclusions on the relative GHG intensity of shale 
gas against other fossil fuels. 

Overall, more research is required, particularly on direct 
measurements of GHG emissions, in order to better under-
stand the GHG emissions intensity of shale gas extraction, 
production and use in South Africa.

Chapter 4. Conclusions
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Chapter 6. Annexes
6.1  Annex A. GHG emissions associated with the different stages of the shale gas life cycle

Stage Process Process Component Estimated Value Reference Notes
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Exploration

Transport used to, from and 
around the site, the power 
sources needed to run 
the tools for exploration, 
exploratory drilling and 
hydraulic fracturing.

No estimation available

Site 
Preparation

Construction of well pad 
and access roads

330 to 390 t CO2e 
per well Jiang et al., 2011

This estimate includes vegetative 
carbon loss from the construction 
of a 2.0 ha well pad and 0.6 ha of 
access roads.

Construction of well pad

158 t CO2e per well Santoro et al., 
2011

This assumes there is 5 ha 
of vegetative clearance and 
combustion emissions associated 
with bulldozers and excavators.

0.13 g CO2e per MJ
Weber and 
Clavin, 2012High: 0.3 g CO2e per MJ

Low: 0.05 g CO2e per MJ

230 tonnes CO2e per well DECC, 2013  

Vertical and 
horizontal 
drilling

Power source of the 
extraction rig: prime mover

49 to 74 t CO2e Broderick et al., 
2011

This excludes vertical drilling from 
the estimate and only considers 
horizontal drilling.

610 to 1 100 t CO2e Jiang et al., 2011

The highest estimate (1 100 t 
CO2e) considers a vertical depth 
of 2 600 m, a horizontal depth of 
1 200 m using a 6 600 hp drilling 
rig for 380 hours .67.

710 t CO2e per well DECC, 2013  

0.2 g CO2e per MJ
Weber and 
Clavin, 2012

The range of the prime mover 
could be 500-3000 hpHigh: 0.4 g CO2e per MJ

Low: 0.1 g CO2e per MJ

Materials consumed 
during drilling 1051 t CO2 per well AEA, 2012

This includes the materials 
consumed during drilling including: 
steel, cement, gravel and asphalt. 

65.  For additional information on the assumptions made in drilling estimates see p17 of AEA (2012).
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Stage Process Process Component Estimated Value Reference Notes
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Hydraulic 
fracturing 

Fracturing 
water management

0.23 g CO2e per MJ
Weber and 
Clavin, 2012High: 0.5g CO2e per MJ

Low: 0.04 g CO2e per MJ

Fracturing chemicals

0.07 g CO2e per MJ
Weber and 
Clavin, 2012

Trucks, distance travelled, 
trips made.High: 0.1g CO2e per MJ

Low: 0.04 g CO2e per MJ

High pressure volume 
pumps to compress and 
inject fluid 

295 t CO2e per well NY State, 2009 110000 L of diesel used.

Flowback fugitive emissions

177 g CO2e per MJ
Weber and 
Clavin, 2012High: 385 g CO2e per MJ

Low: 13.5 g CO2e per MJ

3 443 t CO2e USA EPA, 2011b

Estimated using data from over 
1 000 well completions collected 
from four industry presentations. 
The average gas release per gas 
well completion was calculated by 
the EPA.

3 100 t CO2e per event

Allen et al. 2013

Estimated measurements of 
fugitive emissions at 27 well 
completion flowbacks using 
no mitigation technology.

High: 25 000 t CO2e 
per event

Low: 5 t CO2e per event

8 078 t CO2e Jiang et al., 2011
This study estimated the emissions 
released based on a modelled 
release rate and flaring rate.

27 247 t CO2e
Howarth et al., 
2011

The data is based on five well 
sites in the US. All emissions are 
assumed to be vented.

Treatment of flowback

Water treatment: .406t 
CO2e per 1000 m3 
(water UK 2006) 15-80% of the fluid is returned

SA EF would be higher as the 
electricity EF is .543 in UK and .94 
in SA)

Pumping: 0.34 kg  CO2e/m3 DECC, 2013

Treatment 0.71 kg 
 CO2e/m3

Well 
Completion

Assembly of extraction 
equipment No estimation available   
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Stage Process Process Component Estimated Value Reference Notes

St
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Well 
Production

Unloading
 

0.02 t to 3.7 t methane 
per event Allen et al. 2013

5.9 manual unloadings per year, as 
opposed to automatic plungers 
(Allen et al., 2013)

4.1 g CO2e per MJ
Weber and 
Clavin, 2012High: 6.6 g CO2e per MJ

Low: 0.6 g CO2e per MJ

Flaring
 

0.43 g CO2e per MJ
Weber and 
Clavin, 2012High: 1.3 g CO2e per MJ

Low: 0 g CO2e per MJ

Fugitive emissions at well: 
includes pneumatic devices, 
separator, pumps
 

2.3 g CO2e per MJ
Weber and 
Clavin, 2012High: 5.0 g CO2e per MJ

Low: 0.7 G CO2e per MJ

Pneumatic controllers: 
3.36 ± 0.65 g of methane 
per min (3.8 ± 0.69 g of 
natural gas per min) 

Allen et al. 2013  

Equipment leaks 1.23 ± 0.44 g per minute 
per well Allen et al. 2013  

Venting No estimation available

Venting may occur from 
uncontrolled storage tanks due 
to methane flashing, working and 
breathing losses.

Workover Re-fracturing
Unknown due to little 
knowledge about lifetimes 
of a well

Weber and 
Clavin, 2012

This depends on EUR. There is no 
adequate estimate of workover 
in a well lifetime according to 
Weber and Clavin (2012). Various 
estimates are made, such as 
an occurrence every 10 years 
(Hultman et al., 2011; Burnham et 
al., 2011). 

Pneumatic 
Controller High bleed Over 0.168 m3 of gas 

per hour AEA, 2012

 Pneumatic 
Controller Low bleed 1.7 ± 1.0 g gas per minute 

per device Allen et al. 2013

Pumps Pneumatic chemical 
injection pump

3.7 ±1.6 g methane 
per minute per pump Allen et al. 2013
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Stage Process Process Component Estimated Value Reference Notes
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Processing

Lease/Plant Energy

3.3 g CO2e per MJ
Weber and 
Clavin, 2012High: 4.1 g CO2e per MJ

Low: 2 g CO2e per MJ

Fugitive Emissions at the 
plant: Includes Water 
tanks, hydrocarbon tanks, 
dehydrators, pneumatic 
devises, AGR units, 
compressors

1 g CO2e per MJ

Weber and Clavin, 
2012

Intensity of processing depends on 
quality of shale gas and natural gas 
quality requirements.

High: 3.6 g CO2e per MJ

Low: 0.7 g CO2e per MJ

CO2 emissions vented at 
plant
 

0.7 g CO2e per MJ
Weber and Clavin, 
2012High: 2.8 g CO2e per MJ

Low: 0.2 g CO2e per MJ

Initial processing: On site 
storage pipes No estimation available   

Gathering lines (transport 
for further processing) No estimation available   

Water tanks No estimation available   

Hydrocarbon tanks No estimation available   

Dehydrators No estimation available   

Pneumatic devices No estimation available   

AGR unit No estimation available   

Compressors 2.06 - 3.3. g CO2e per MJ Bradbury et 
al.,2013  

Flaring  Unknown   

St
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D

is
tr

ib
ut

io
n 

an
d 

St
or

ag
e

Distribution

Transmission pipeline 
(smaller pipes)

Storage in high pressure 
tanks

1.7 g CO2e per MJ
Weber and Clavin, 
2012High: 2.7 g CO2e per MJ

Low: 1.0 g CO2e per MJ

Distribution pipeline 
(larger pipes)

0.52 % shale gas produced 
is lost EPA, 2011a

Compression of fuel

0.38 g CO2e per MJ

Weber and Clavin, 
2012

USA network: compressors at 
5-100 mile intervals, they operate 
24/7, there is 25 000 installed 
hp, estimates are that 1.5% of 
the gas produced is consumed 
as fuel for the compressors over 
1 440 km distance.

High: 0.6 g CO2e per MJ

Low: 0.2 g CO2e per MJ
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Stage Process Process Component Estimated Value Reference Notes

St
ag

e 
IV

. U
se

Combustion 
for Electricity 56.3 g CO2e per MJ IPCC, 2006  

Combustion 
for transport 56.3 g CO2e per MJ IPCC, 2006  

Combustion 
for heating 56.3 g CO2e per MJ IPCC, 2006  

Exportation of 
natural gas  No data found   

GTL Conversion to transport fuel 19.6 g CO2e per MJ

Assumptions and 
Methodologies 
in the SA TIMES 
(SATIM) Energy 
Model, 2013 

St
ag

e 
V

. E
nd

 o
f l
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Well closure
Plug wellbore No estimation available   

Removal of equipment No estimation available   

Site 
remediation Return to pre-drilling state No estimation available   

6.2 ANNEX B. Scenario Assumptions

Gas-to-Liquid (GTL) Scenario:

Base case

• Fuel demand considers the petrol and diesel produced 
locally and the fuel imported. The exported fuel was 
subtracted from the total amount to obtain the domestic 
fuel demand. Data was collected from DOE, 2009. 

• The breakdown of locally produced fuel is assumed to 
be: GTL (11%) and CTL (23%) and crude oil refining 
(66%) as confirmed by Jongikhaya Witi of DEA.

• Fuel demand growth rate is: 1.5% p.a. for petrol and 5% 
p.a. for diesel based on communications with Jongikhaya 
Witi of DEA.

• The GTL plant produces only petrol and diesel and all 
other potential products are ignored.

• Refinery emissions: 

 - GTL and CTL emission factors were calculated using 
data provided by Jongikhaya Witi of DEA. 

 - The crude oil refining emission factor was estimated 
using data from Assumptions and Methodologies in 
the South African TIMES (SATIM) Energy Model V2.1 
(Energy Research Centre, 2013).

• Fuel Use: It is assumed that all fuel produced is for mo-
bile transport.

• Emission factors for fuel use are the basic DEFRA factors. 

• Petrol: 2.7782 kg CO2e /litre

• Diesel: 3.2413 kg CO2e/litre  

Gas-to-Liquid (GTL) Scenario

• All imported crude oil-based transport fuel is substi-
tuted by locally produced fuel produced through GTL 
processes using shale gas as the feedstock.

• The GTL plants are assumed to be producing 140 000 
barrels per day.

• Pipeline: 

 - GTL plants are developed at Mossel Bay and the 
Karoo. The pipeline distance is estimated estimating 
the distance between the shale gas processing plant 
and the respective plant and adding 15%.
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Electricity Generation Scenario: 

Base case

• 2012 data from Eskom was used for an estimate of total 
electricity consumption.

• The emission factor for Eskom is their published 2012 
grid emission factor: 0.99 kg CO2e/kWh.

• Growth rate in electricity demand is 2.9 percent as stat-
ed by Eskom, 2012.

• Energy content of gas is assumed to be 1.61 MJ 
per cubic foot as stated in DOE, 2009.   

Electricity Generation Scenario

• Coal-fired power generation is substituted by Combined 
Cycle Gas Turbine Power plants.

 - Fuel heat content of natural gas assumed: 1,021Btu 
per cubic foot.

 - Thermal efficiency of the CCGT power plants are: 
60% in the Best case, 40% in the Worst case and 50% 
in the Average case.

 - A CCGT power plant capacity is assumed to be 1000 
MW and the percentage hours in operation is 70%.  

• Pipeline:

 - The power stations will remain near to the extraction 
site in the Karoo. 

 - E s t ima ted  p i pe l i n e  d i s t a n ce  pe r  pow-
er plant from the processing plant is 20km.  

Direct Use Scenario

Base case

• Electricity and transport fuel consumption for City of 
Cape Town is based on 2007 data from State of Energy 
and Energy Futures Report (City of Cape Town, 2012).

• The grid factor used is the Eskom grid factor as stated 
in Eskom, 2012.

• The transport fuel demand is assumed to be the same as 
the national demand increase (5% diesel and 1.5% petrol 
per year) as stated in the GTL scenario.

• The CTL, GTL, crude refining and import fuel break-
down are considered the same as above in the GTL 
scenario (11%, 23% and 66%, respectively).

Direct Use Scenario

• All electricity, petrol and diesel consumed in City of 
Cape Town (CoCT) is assumed to be substituted by 
gas equivalent. 

• The same emission factors assumed in the Electricity 
Generation Scenario are used.

• CCGT power plant variations are considered in Best, 
Average, Worst cases. They are the same high (60%), 
average (50%) and low (40%) CCGT efficiency ratings 
as in the power scenario. 

• CNG production emissions is estimated by The Argonne 
Laboratory (GREET 2013).

• It is assumed the pipeline for the CNG network within 
the CoCT is 500km. The pipeline transporting the gas 
from the processing plant to the CNG network is 620km. 
15% is added on to a total of 1288 km.

• CNG combustion is assumed to be 0.00561tonnes CO2 
per GJ, the default emission factor stated in the IPCC, 2006. 

LNG Export Scenario

• The tcf of gas per year assumed to be exported was 
based on the gas requirements of the other scenarios 
to make the scenario comparable

• It is assumed that 1 tonne LNG = 48,700 cf of gas at STP.

• Port emissions are not included.

• The emission factor for LNG production is from Ta-
mura et al., 2009. Tamura et al (2009) provides a range 
estimate of emissions associated with LNG production. 
In the scenario the highest value of the range was used 
for the worst case, the lowest value of the range for the 
best case and the median value for the average case.   

• Pipeline distance to transmit the gas from the site of 
extraction to the liquefaction plant(s) in Coega Distance 
is estimated to be 200 km from Graaf Reinet, with 15% 
added for deviations.
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