
DISCUSSION BRIEF

Accounting for Greenhouse Gas Emissions Associated 
with the Supply of Fossil Fuels

Introduction and background
Current climate policies and accounting frameworks for climate 
change mitigation focus largely on the demand, or use, side of 
the fossil fuel equation. GHG emissions inventories quantify 
the emissions associated with fossil fuel use by each country 
or entity. Climate policies such as emissions trading systems 
or emissions standards tend to regulate or price GHG emis-
sions at the point of fossil fuel combustion (e.g. power plants 
or industrial facilities) or distribution (oil and gas supply). 

This demand-side focus leads to a conundrum: countries 
(and individual entities) can increase fossil fuel supply and 
infrastructure, potentially locking-in substantial future emis-
sions, with often little effect on their own emissions accounts.1 
Generally, the only carbon emissions attributed to fossil fuel 
production are those emitted when energy is used to locate, 
extract, process, and transport fuel. This is usually a small 
amount, because even as fossil fuel combustion accounts for 
about 85% of global CO2 emissions,2 fossil fuel production ac-
counts for only about 5% of CO2 emissions (and close to 10% 
of overall GHGs).3 Countries that are large net exporters of 
fossil fuels can thus greatly increase their fossil fuel extraction 
activities with limited impact on their own GHG emissions. 
Yet clearly, increasing the production of fossil fuels can pose 
a threat to achieving global climate change mitigation goals. 

Complementary analytical frameworks that better account for 
the GHG implications of existing and new fossil fuel supplies 
could help to address this conundrum. This discussion brief 
explores how one such framework, extraction-based emis-
sions accounting (Davis et al. 2011), tracks and accounts for 
the emissions associated with fossil fuels as they are brought 
into the world economy. 

Extraction-based emissions accounting
GHG inventories submitted by Parties to the United Nations 
Framework Convention on Climate Change (UNFCCC) are 
based on the emissions released within the country, such as the 
CO2 released by combustion of fuels for power generation, 
industrial production, or transportation. Existing GHG reduc-
tion targets (such as those submitted by countries under the 
Copenhagen Accord), including those on a carbon-intensity 
basis, use this “territorial” accounting. 

However, there are other ways to account for GHG emissions. 
For example, carbon “footprinting”, or consumption-based 
emissions accounting, attributes the emissions associated with 

1	 In the case of emissions-intensive extraction processes, such as those as-
sociated with oil sands, emissions are more significant, but still a fraction of 
emissions associated with eventual combustion of the fuel.

2 	 Most of the remaining CO2 emissions are from land use change and process 
emissions from industry (especially cement production).	

3 	 Based on the fossil fuel industry’s “own use” of energy (IEA 2011), 
CO2 emission factors from the World Energy Outlook (IEA 2012), non-
CO2 emissions from fossil fuel production from the U.S. EPA (2012), 
and global CO2 and GHG figures from the World Resources Institute’s 
CAIT tool (WRI 2013).	

Risks of and responses to the 
new fossil fuel economy

This discussion brief is part of a two-year SEI pro-
ject that aims to deepen understanding of the risks 
posed by new investments in fossil fuel infrastruc-
ture, and of the possible responses by policy-makers 
and civil society to mitigate or avoid these risks. In 
particular, this initiative examines major decisions 
regarding new investments in fossil fuel extraction 
and trade infrastructure, especially in venues where 
green growth or low-emission development strate-
gies (LEDS) are under development or considera-
tion. Our aim is to provide resources and tools to 
help planners and policy-makers assess the risks 
of, and responses to, fossil development, as part of 
low-carbon and green growth planning.

producing and delivering goods and services to households 
(and countries) that consume them, rather than to the business-
es (and countries) that produce and transport them (see, e.g., 
Peters 2008). Consumption-based emissions inventories can 
help account for emissions leakage, and have been proposed 
as one way of assigning responsibility for emission reductions 
(Grubb 2011). 

Oil industry infrastructure in Puerto La Cruz, Venezuela.�
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More recently, a third way of accounting for emissions has 
been suggested, associated with carbon extraction (Davis et 
al. 2011; Peters et al. 2012).4 In this approach, CO2 emissions 
from burning fossil fuels are attributed to the country where 
the fuels are extracted. This approach can be used to reflect 
a principle of producer responsibility, as is often applied to 
manufacturing, to promote accountability for the environmen-
tal impacts of the use and disposal of products (Sander et al. 
2007). It can also provide insights regarding the design and 
implications of international efforts to address CO2 emissions 
(Davis et al. 2011), and for economic competitiveness in a fu-
ture low-carbon global economy, as discussed further below.

The territorial, consumption, and extraction-based approaches 
have considerable complementarities, as illustrated by the 
unique categories of CO2 emissions depicted in Figure 1 for 
each approach.5 The consumption approach, for example, cap-
tures the extent to which a country or region relies upon emis-
sions in other countries to meet its demand for goods and ser-
vices, a perspective missing from other accounting approaches.

Methods and results of extraction-based accounting

Extraction-based emissions accounting is perhaps the easi-
est to implement of the three approaches depicted in Figure 
1. Extraction-based emissions can be calculated by multiply-
ing primary energy extraction data for coal, oil and gas by 
location-specific (or default) carbon contents, and adjusting 
for the fraction of fossil fuels that are not combusted (e.g. used 

4  	 Peters et al. (2012) term this accounting “physical carbon”, which may be in-
cluded in fossil fuels, petroleum-derived products, harvested wood products, 
crops, and livestock.	

5  	 Broadly speaking, methods for all three approaches are to multiply fuel or 
activity data by emission factors for each. In a territorial inventory, this involves 
multiplying fuel consumptions statistics with the carbon content of those fuels 
with methods and default data set forth by the Intergovernmental Panel on 
Climate Change (IPCC). (Methods for other territorial sources vary somewhat, 
such as for animal methane, which involves multiplying the number of livestock 
by expected emissions from each.) Consumption-based inventories are as-
sembled by multiplying consumption data (usually economic spending, e.g. in 
USD) by the emissions intensity of that consumption (e.g. CO2 per USD) based 
on economic models. Extraction-based accounting is performed by multiplying 
the fuels produced by the carbon content of those fuels.	

for other, non-energy purposes such as lubricants or plastics, 
transportation and handling losses, or incomplete combus-
tion oxidation). Such data are widely available at national and 
other geographic scales, and are often reported by individual 
fossil fuel producers.6  

In principle, the global sum of extraction-based emissions 
should equal the global sum of territorial emissions (and in 
turn, consumption-based emissions). In other words, if pro-
portional to emissions, the sizes of large circles in Figure 1 
would differ at a country level, but should be the same at a 
global level. In that sense, as with consumption-based emis-
sions, extraction-based emissions are simply a reallocation of 
fossil fuel emissions from the location of combustion to the 
location of extraction. Indeed, Davis et al. (2011) calculate ex-
traction emissions for 112 countries (or groupings thereof) us-
ing a methodology that reallocates territorial  emissions (based 
on fossil fuel trade data in their GTAP 7-based model), rather 
than one that uses country-specific fossil fuel extraction fig-
ures, as noted above.7

Consider the example of Mongolia, which has been rapidly 
expanding its mining and exports of coal. Here, we estimate 
energy-related CO2 for each of three accounting approaches 
for Mongolia, based on data for 1990–2008 compiled in the 
global Eora database (Lenzen et al. 2012) and on coal extrac-
tion statistics published by the International Energy Agency 
(IEA 2011).  Figure 2 presents time-series results for each ap-
proach on the same graph. 
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Figure 1:  Comparison of territorial, consumption, and extraction-based 
GHG accounting
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Figure 2: Energy-related CO2 emissions for Mongolia from a territorial, 
consumption, and extraction-based accounting perspective

Potential insights and benefits of extraction-based 
accounting
Accounting for GHG emissions associated with fuel ex-
traction and trade not only provides another perspective 
on countries’ contributions to global GHG emissions, but 
might also help them assess potential future economic com-
petitiveness. For example, some analysts have argued that 
countries that are strongly dependent on high-carbon ex-
ports may be less prepared for a future low-carbon economy 

6 	 It is most straightforward, when estimating extraction-based emissions and 
comparing them with territorial and consumption-based emissions, to con-
sider only CO2 emissions.	

7 	 As a result, their methodology enables directly comparisons and differ-
ences with territorial and consumption-based emissions, as illustrated at: 
http://supplychainco2.stanford.edu.	

* If a full GHG perspective is 
used for accounting then other 
(CH4/N2O) emissions from 
extraction processes would 
need to be included here.



(Vivid Economics 2009). If countries were to curtail fossil fuel 
consumption, those reliant on fossil fuel exports – especially 
coal and oil – would be economically vulnerable. 

To help assess alternative pathways of energy demand, the IEA 
has outlined a range of possible future scenarios. For exam-
ple, the scenarios for coal use range from continued growth in 
demand, to one where global coal use peaks before 2020 and 
declines steadily after that (IEA 2012). As shown in Figure 3, 
recently announced (“New”) policies in major economies have 
lowered the IEA’s forecasts of future coal demand, and further 
action by countries to address GHG emissions, through caps on 
coal usage (as in China), carbon pricing (as in Europe and under 
development in China), and other measures (such as emissions 
limits on new power plants in the United States) could lead to 
declining coal demand, as in the IEA’s 450 ppm scenario. 

countries as the result of variations in the stringency of emis-
sions pricing and regulation – given the concentration of fossil 
fuel deposits in among a few large economies and more lim-
ited ability to shift the location of fossil fuel extraction than of 
fossil fuel use (Davis et al. 2011).

Using life-cycle assessment to account for the rela-
tive GHG emissions of fossil fuel supplies 
Extraction-based GHG emissions accounting, described 
above, is perhaps the most straightforward means of account-
ing for emissions associated with the supply of fossil fuels. It 
counts the carbon contained within the fuel itself. As such, it 
does not provide much insight into the relative GHG emis-
sions along the full “life cycle” of fuel extraction, process-
ing, transportation, distribution and combustion. Yet the full 
life-cycle emissions associated with different sources of coal, 
oil, and gas can vary significantly. For example, the upstream 
(pre-combustion) emissions associated with    crude oil from 
Canadian oil sands or Venezuelan heavy oils are roughly three 
times greater than those associated with more conventional 
light crude oils from Saudi Arabia, equivalent to up to 30% of 
the emissions from burning the fuel on a CO2e basis (CARB 
2012). This type of “attributional” life cycle assessment 
(LCA) is common in the literature for comparing the GHG 
emissions associated with one fuel to another, and is usually 
conducted from the perspective of the final user of the fuel, to 
compare the “upstream” emissions associated with alternative 
fuel choices.9

LCA can offer an added perspective to extraction-based emis-
sions accounting. For example, multipliers to account for 
these “upstream” emissions, including fugitive methane re-
leases, could be added to the (CO2-based) extraction-based 
emissions accounts.10

9  	 Attributional life cycle assessment (LCA) focuses on attributing sources of 
emissions to products, such as fuels. Another branch of LCA, consequential 
LCA, focuses on evaluating the incremental impacts of changes in product 
choice (Earles and Halog 2011) For example, attributional LCA can assess 
the GHG emissions associated with shale gas or conventional natural gas, 
whereas consequential LCA could assess the changes in GHG emissions as-
sociated with a shift from conventional to shale gas.	

10	 LCA could also provide a basis for determining the full, relative emissions 
associated with developing and using a given fossil resource, as well as its 
competitiveness in a low-carbon context. For example, the EU and California 
have adopted a fuel quality directive (FQD), and low-carbon fuel standard 
(LCFS), respectively, that place a limit on the upstream GHG emissions as-
sociated with individual fuel sources, and rely on LCA results for implementa-
tion. Such policies may pose challenges for Canadian oil sands and other 
high upstream emissions suppliers.
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Figure 3: Scenarios of global coal demand (IEA 2012) 

Declines in coal demand such as in the IEA’s 450 ppm sce-
nario could depress prices and introduce new economic risks 
to countries that are highly dependent on coal exports or are 
considering introducing new expansions of coal export infra-
structure, potentially also leading to coal extraction assets be-
ing “stranded” (HSBC 2012; Leaton 2012). In contrast, econo-
mies that develop low-carbon energy systems and low-carbon 
exports may benefit from a higher degree of “low-carbon com-
petitiveness” if major economies take serious action to address 
climate change (Vivid Economics 2009).8 

Accounting for emissions on an extraction basis could provide 
a simple measure of low-carbon competitiveness: countries 
whose extraction-based emissions are significantly larger than 
their territorial emissions could be deemed to face elevated 
economic risk associated with fossil fuel exports. 

Extraction-based accounting could also prove helpful for de-
signing and understanding the implications of future climate 
policies. Regulating emissions at the point of extraction could 
provide a more straightforward way to limit the risk of emis-
sions leakage – the movement of emitting activities among 

8 	 Furthermore, climate concerns aside, reliance on natural resource extrac-
tion has not always led to long-term economic growth in major econo-
mies – and sometimes has proved a hindrance (Barma et al. 2012; van 
der Ploeg 2011). One of the risk factors identified for over-dependence 
on natural resources in economic growth has been the ratio of natural 
resource rents to GDP. One threshold that has been proposed is 15%, which 
at least 20 countries surpassed in 2011 based on fossil fuel rents alone 
(Jarvis et al. 2011).	

Hamble Oil Terminal, UK.  �
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Exploring alternative development paths
Extraction-based GHG emissions accounting may be particu-
larly useful for countries (or sub-national areas) considering 
alternative future development paths, such as in the context 
of Low-Emissions Development Strategies (LEDS) or “green 
growth” initiatives (Clapp et al. 2010; GGKP 2013). Given 
the large amounts of revenue that countries can derive from 
exploiting their fossil fuel reserves, it is hard to resist doing 
so, even though it is increasingly clear that to avoid dangerous 
levels of climate change, large shares of those fuels will need 
to be left in the ground (Gurría 2013; IPCC 2013). The extrac-
tion-based approach to CO2 emissions accounting can help of-
fer a more complete picture of a region’s contribution to global 
GHGs and, in so doing, help introduce possible ethical and 
economic considerations of alternative development pathways.
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