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Abstract

As nations complete national inventories of carbon dioxide emissions and attempt to
achieve emissions reduction targets as @lanternationatreaty obligations,

independent verification aeported emissions becomes essential. However,
organizations that report carbdioxide emissions utilize different methods and produce
data that are not directly comparable watich other, making verification of national
inventories and climate modeling ef@difficult and potentially misleading.

Carbon emission estimates are based directlgnergy use statistics. Unfortunately,
there is great unregnized uncertainty and diffarees among organizations that
independently report energy use statistiicgernational energy data reporting
organizations include different energy sources, utilize different calorific contents of
fossil fuels, and utilize differe and inconsistent primagnergy equivalencies in their
annual statistics. Thus although British BeEtum (BP) and the US Energy Information
Administration (EIA) report idntical quantities of barrets oil consumed in 2005, the
energy content reported differs by oué16, or 18 Exajoules, roughly double the
primary energy supply of the United Kingdom.

These energy discrepancies and differerthous persist in carbon emission statistics
due to improper choices of fossil fuel ission factors. Furthermore, carbon dioxide
statistical organizations ale different accounting methgdsclude different emission
sources, and have differesefinitions of similarly named emission categories.
Differences in reported carbon dioxide ssions for the United States in 2005 by EIA
and the US Carbon Dioxide Information Anasy€enter (CDIAC), both part of the US
Department of Energy, are over .22 Pg,Cthese discrepancies could greatly affect
attempts to develop a global emission tngdinarket. The differences in reported data
and methods make comparisons across azgtans challengingand often misleading.

Indeed, these differences can mislead researchers and climate modelers as easily as
policymakers. A recent and ofteited publication by Raupaehal., does not

adequately address the full uncertainty of carbon emission reports and comes to a faulty
conclusion that the world has exceeded the highest and most extreme Intergovernmental
Panel on Climate Change (IPCC) SpeBaport on Emission Scenarios (SRES).
Additionally, using different data sources malyses such as carbon intensities may

lead to contradictory refte, depending on what assumptions are behind the energy and
carbon dioxide statistics.

To facilitate improved understanding of urtedémties and different methodologies of

reporting organizations, this paper introduaasonline database that consolidates
energy and carbon emission reports and allasess to view all @anizations’ data in



consistent units side-by-side. Furthermaine, database offers the ability to apply
consistent methodological assumpgdo all organizations’ data.

This harmonization does not rectify all dispancies between organizations, however,
especially those resulting frodiffering fossil fuel calorificvalues and emission factors.
Reporting organizations shautlevelop consistent interagency terminology and
standards, and researchers and policymakers utilizing these data should explicitly state
assumptions behind these data.
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Energy and carbon dioxide emission data uncertainties
Jordan Macknick

1 Introduction

The threat of global climate change hasrppted nations, provinces, states, and cities
to take action to reduce anthropagesources of carbon dioxide (@@nd other
greenhouse gases (GHG). For policymakersaie informed decisions and for
scientists to understand the relatioipsbetween anthropogenic GHG emissions,
atmospheric concentrations, and the ulter@dimate consequences they must have
access to reliable data with known uncettas If new policies include measures to
monetize carbon emissions, such as a adprade system or an emissions tax, the
importance of quality data with known uncertainties becomes paramount.

Government policies generally aim at limitiagnissions from the energy sector, as it
is the main contributor and statistics from this sector are readily available with a
comparatively low level of uncertainty (@bler, 2002). However, uncertainties in
official CO, emissions reports, and the energy diaien which they are derived, are
understated, if mentioned at all in sdi&a studies or policy proposals. These
unmentioned uncertainties have the potdnt undermine policies and scientific
studies.

This paper has three primary objectives: (i) to compare the different methods used by
organizations in their published energy andoarstatistics, (ii) to critically examine
articles that use energy and £€nissions data, and (iip introduce a tool that

allows users to compare harmonized enengy carbon statistics across organizations

to facilitate uncertainty analyses.

Four organizations publishing energy stiid¢al data are considered here: the
International Energy Agency (IEA), the EIBP, and the United Nations (UN). Four
organizations publishing carbon dioxide datayering a total of five datasets, are
considered: IEA Sectoral Approach (IEA-&d Reference Approach (IEA-R), the
US Energy Information Administration (&), the CDIAC, and the Emissions
Database for Global Atmpkeric Research (EDGAR).

The paper is organized as follows: Secticenalyzes data soces and assumptions
employed by organizations reporting international energy statistics. Section Il
conducts a similar analysis for @@mission reporting orgézations. Section IV
analyzes an influential article on global £€énission trends that has not fully
incorporated uncertainties. Section V ddsesi an interactive online database with
harmonized energy and carbon emission data for the world and for the top26 CO
emitting countries (representing 80% of global emissions). The paper concludes with



recommendations for organizations and aesleers to improve reporting standards.
Throughout, consideration of global emissiagenerally of more interest for
understanding anthropogenic impacts anaharbon cycle and the climate, whereas
consideration of national emissionfsmore interest for policy-making.

2 Energy Data Statistics

This section compares the methodological assumptions employed by the major energy
reporting organizations as wel the discrepancies in their reported data. This section
also illustrates how discrepancies tenboth revealed and minimized through
assumption harmonization. Statistics dfr@ary energy consumption are addressed
because carbon emission statistily directly on these data.

Primary energy refers to the energy embddn fossil fuels and biomass before
undergoing manmade transformatiosisch as to electricity (Kydes al., 2007).
Electricity and fuels that have been nefdl from crude petroleum are considered
secondary energy forms, ancefs at the point they are used directly by consumers
(such as gasoline for a car) are considéred energy. While both secondary energy
and final energy data are often referredsaconsumption, they do not reflect the
energy content that is ‘lost’ during transfaation from one form of energy to another.
As such, primary energy analyses indéctite total amount of energy (as well as
carbon) that nations utiliz€rimary energy ‘consumption,’ (as it is termed by certain
reporting organizations) and the equival&€atal Primary Energy Supply (as it is
termed by other reporting organizatiomglas is used throughout this work) are
determined using the concept of appaaErtsumption. Apparent consumption is
equal to: Production + ImportsExports - Bunkers +/- 8tk Changes. It is a top-
down approach that assumes all primargrgy production in aauntry is utilized
domestically, exported, utilizad ports or in internationdtansit, or added to existing
stocks.

Although each reporting organization ostehspublishes the same energy use data,
different assumptions and methods lemdometimes significant discrepancies
between organizations. Sources of discnepes between energy use data reported by
reporting organizations result from utilig different data inpst categorizing fuels
differently, utilizing different conversion conventionsne from reporting data in
different units. These sources of digi@aacy are summarized in Figure 1 and are
addressed in turn below.



[ Sources of Discrepancies in Organizations’ Reported Energy Use Da}a
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Figure 1: Schematic diagram of sourcesf discrepancies of energy use data
reported by organizations.

2.1 Sources of Discrepancies in Energy Data

Four organizations publishing energy statidtiata are considered here: the IEA, the
EIA, BP, and the UN Energy Statisticsvigion. The IEA and UN are international
member organizations, based in Pand Blew York, respectively. The EIA is an
independent statistical agency of the Uthi&ates Department of Energy, based in
Washington, DC. BP is a private sectoiergy corporation bagdeén London, not an
official national or internatinal organization like the others; it is often cited because
it produces data much more rapidly thandheer organizations and thus offers a first
glimpse into recent trends.

2.1.1 Physical data: primary energy data sources

A first source of discrepancies betweee émergy reporting org&ations is the raw
data used to compile energy use datee UN and IEA send annual surveys to
member states as the primary method of collecting'dakee surveys are not
identical, but the UN receives copies of completed IEA surveys for IEA-member
states, and does not send its survahése nations (IPCC, 2006). IEA also uses UN
energy data for certain non-member natidfe nations not members to IEA and for
incomplete data for the UN, data are ool from national repts, regional agencies
such as the Organizacion Latinoameric&dergia (OLADE), or estimates are made.
In contrast to the direct survey method, &Rl EIA rely primarily on national reports
and regional agencies. It is often diffictor one particulangency to calculate
uncertainties from national data or frormsy responses if they are not reported by
nations, thus these uncertainties areraported. Basic information about the
organizations and their data compitetimethods are provided in Table 1.

! For the UN survey, sdstp://unstats.un.org/unsd/energy/Quest2007EnglistFristhe IEA survey,
seehttp://iea.org/Textbase/stats/questionnaire/balance.xls
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Table 1. Overview of energy repating organizations’ methods.

Reporting International Energy British United Nations
Organization | Energy Agency Information Petroleum Energy Statistics
Administration Division
Code IEA EIA BP UN
Publications | Energy Balances df International BP Statistical | Energy Statistics
Non-OECD Energy Annual Review of Yearbook
Countries World Energy | Energy Statistics
Energy Balances df Database
OECD Countries
Data Direct Annual Review of Review of Direct Annual
Compilation | Surveys to OECD | Published Published Surveys to
Methods Nations National Data National Data | Nations
Review of
published national
data for non-
OECD nations

Energy consumption data from nations ge@erally published and reported to the UN
and IEA in terms of physical units (such agmegonnes of coal or barrels of oil), and
organizations convert theselwes to equivalent energpantities. However, these
reported values are not always equinal&or example, although BP and EIA use
similar methods to obtain natural gas congtiom data, EIA reports in 2005 that the
world used 2906 billion cubic meters of natigas, 4.9% more natural gas than BP’s
reported 2770 billion cubic meters. TB& and IEA do not publish production or
consumption values of natural gas in teohsubic meters, only in Terajoules, yet it
is possible to infer production and congiion values from their published natural
gas calorific contents. For coal prodyatata of total world production tonnage
differed widely? The UN reports the highest cqabduction value in 2005 of 6.64
billion tonnes. This value is 4.1% greatiean the IEA value, 12.5% greater than the
BP value, and 13.1% greater than the E&ue. For petroleum, BP and EIA report
the identical quantities of 83 million barrels of oil consumed per day. The UN and
IEA do not publish barrel consumption values, but they can be inferred from
published crude oil calorific content vakl The data collection and compilation
methods of organizations coibute to at times vastly tierent raw data with which
organizations work.

2.1.1.1 Categorization: System Boundaries

When determining total energy use, repagtorganizations includdifferent sources
of energy in global and national totals. jetadifferences in the system boundaries
used by organizations relate to the inabmsbr omission of international bunker fuels,
modern renewable energy sources] anergy from biomass and wastes.

2 Aggregated world tonnagvalues are used (as opposed toviddial coal products) because EIA and

BP only report total tonnage values. World production values (as opposed to consumption values) are
used here so BP values could be considered. BP reports production values in tonnes agyl in ener
equivalents but only energy equivalents for consumption values. Because of these two assumptions,
these discrepancies do not exactly correspond to energy use discrepancies, but they do pratele accur
approximations of the degree of difference between organizations’ data.
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According to the IEA, in 2005 around 9%pmétroleum was consumed in international
ports, airports, or during international tspiort. Energy data reports refer to this
petroleum as international bunker fuehsumption. Reporting ganizations address
bunker fuels differently, which can have sigeaint effects on national totals. EIA and
BP include bunker fuels in natidrtatals as well as inggregated global totals. IEA
includes bunker fuels in globtdtals, but excludes these values from national totals.
The UN excludes bunker fuels from botlolghl and national totals, and instead
includes these data in a segte category that does ramntribute to total energy
consumption values. For countries suclsagapore and the Netherlands, which have
internationally significant ports, EIA ar8P report much higher petroleum values
than IEA and UN. These discrepancies &rsome degree minimized for global
aggregates for EIA, BP, and IEA, but as Bktludes these fuels from global totals its
lower values persist. TabPR shows a summary of tresnt of international bunker
fuels.

Table 2. Treatment of international bunker fuels by reporting organizations.

IEA EIA BP UN

Included in global Included in global Included in global Excluded from

totals and national totals | and national totals | global and national

Excluded from totals

national totals Included in separate
category

Although modern renewable energy sms (solar photovoltaics, wind energy,
geothermal, tidal power, etc.) comprise g 1% of current total global energy
use, they have been rapidly increasing andccplaly a larger role in the future energy
mix. IEA, EIA, and the UN include electitg produced from these sources, whereas
BP does not include electricity from these sources.

All organizations report consumption of biags fuels and wastes to some degree, yet
there is great variation in what is inded in these categories. The UN and the IEA
are the most extensive, including enefigym wastes, liquid and gaseous modern
biofuels, and estimates nbn-commercial (i.e. non-tradeslources such as firewood
and dung. The latter category is not inclddy BP or EIA. For the UN and IEA,
however it often represents a significanttiwor of the total primary energy supply of
developing nations, making the omission by@f EIA important. EIA, IEA, and

the UN include biogas and wastes in tlggibal and national totals, whereas BP does
not. All organizations includiquid biofuels (such as corn- or sugar-based ethanol) in
their global and national totals.

2.1.1.2 Categorization: Categorical Definitions

Even if organizations include similar cateigsrof fuels (such as coal or traditional
biomass sources) their definitions of those categories can differ greatly. Additionally,
organizations disaggregate broad categoriel as coal in different manners. The

UN reports aggregated fossildiuenergy consumption inrtes of solids, liquids and
gases, whereas the other organizatigggegate fossil fuels in the not always
equivalent terms of coal, petroleum, and ratgas. Within these categories there are
further differences. The UN and IEA bothliae ten different categories for coal
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products, although the makeup of these categadliffers slightly. The UN reports a
“hard coal” category, whereas IEA reportotaeparate categosi¢hat approximate
this category. In turn, IEA aggregates cbafjuettes into one category whereas these
are in separate categories in UN enaigia. The UN and IEA both publish total
individual category values as well as aggated values for coal products. EIA and
BP, in contrast, only report aggregatedues for coal, not for individual coal
products. For petroleum, the UN, IEA, aBbA all publish data for crude oil as well
as for specific categories, though thesegmaies are also slightly different. BP
reports only aggregated amounts of cruilé/ghile these definitional differences do
not lead to major discrepancies between reported data, the differences in fuel
disaggregation (or lack thereof in the cat&IA and BP coal and BP petroleum)
make direct comparisons of data difficult.

For biomass-based fuels, there are sinyildifferent categorical definitions. The UN
category of “Traditional Fuels” is essaily equivalent tahe IEA category of
“Combustible Renewables and Wastes,” extiep latter category includes biofuels
and biogas. For UN data, biofuels dndgases are included under the respective
categories of Liquids and Gases. Biofuals included in EIA in the category “Wood
and Wastes,” which EIA claims is “similato IEA’s Combustible Renewables and
Wastes category (EIA, 2008). However, attien biofuels, Elfonly includes energy
from this category if it prodies electricity, and there®idoes not include estimates
of non-commercial energy sources sucliugbvood and dung. BP includes biofuels
in its petroleum consumption category, similar to the UN convention. Biomass
sources In addition to standard energy-reldossil fuel categories, organizations also
include categories for wastes, traditioraald biomass-based fuels. The categorical
organizations for wastes and biomassduhfuels are summarized in Table 3.

Table 3. Summary of wastes and bionss categories reported by organizations.

IEA EIA BP UN
Wastes Industrial, Municipal Wastes used to | N/A Includedin own
subcategories included| produce subcategory
in “Combustible electricity are under category
Renewables and included in “Traditional
Wastes"category category “Wood Fuels”
and Wastes”
Traditional | Included in Only fuels used | N/A Includedin
Fuels “Combustible to produce category
Renewables and electricity are “Traditional
Wastes” category included in Fuels”
category “Wood
and Wastes”
Liquid Included in own Included in Included | Included in own
Biofuels subcategory in category “Wood | in subcategory
“Combustible and Wastes” category | under category
Renewables and “Qil” “Liquids”
Wastes” category
Biogas Included in own Included in N/A Includedin own
subcategory in category “Wood subcategory
“Combustible and Wastes” under category
Renewables and “Gases”
Wastes” category
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2.1.1.3 Conversion: Primary Energy Equivalences

Reporting organizations must make a dexi regarding the energy equivalent of
electricity produced from sources suwhnuclear, hydroelectric, and modern
renewables, in which there is no obvious iynenergy content as there is with fossil
fuels and biomass. There are two competieghods for addressing this issue. One is
termed the substitution equivalent methodthis method, electricity consumption (in
kilowatt-hours) is treated in primary energguivalent terms as if it were produced in
a conventional fossil fuel thermal poweapt with an averagglectricity only)
conversion efficiency of around 30-40%. Thiig 33% efficiency were chosen for
nuclear power, the total primary energyuezalent of one kilowatt-hour generated

from that source would bh@/(33%))*(1 kwh) = 3 kwh = 10.8 MJ. The other method
is termed the direct equivalence metlaod simply takes the energy value of one
kWh as the primary energy equivalent (assuming 100% conversion efficiency). The
energy equivalent of one kilowatt-houmgeated from a source such as hydropower
would be (1/(100%))*(1 kWh) = 1 kWh = 3.6 MJ. Itis important to note which
methods and efficiencies arkasen, as values reported cardiferent by a factor of
three.

The World Energy Council (WEC), an eggrinformation organization founded in
1923 with over 90 member countries, hagpmsed a convention of 38.6% efficiency
for nuclear, hydroelectric, and renewabklnergy electricitproduction (WEC 1993).
None of the organizations addressed is $tudy utilize thisonvention, and no two
organizations use the same primary energy equivalences. Assumptions for primary
energy equivalencies are displayed in Table 4, with summaries below.

Table 4. Summary of primary energy guivalences assumptions (Efficiencies
used to convert kWh electricity ouput to kWh primary energy equivalent).

IEA EIA BP UN
Nuclear 33% 29-35% 38% 100¥Direct)®
Hydro 100% (Direct) | 34.4% 38% 100% (Direct)
Renewables| 100% (Direct) | 34.4% N/A 100% (Direct)
Geothermal | 10% 16% N/A 100%Direct)’

Primary Energy Equivalencies-Nuclear

IEA assumes 33% efficiency for all planigsed on an average efficiency of thermal
fossil fuel power plants in Europe. TB®A has individual country efficiencies,
ranging from 29-35%. BP assumes 38%. Theudls a direct equivalence approach.
Electricity production in terawatt-hours fromuclear power in France in 2005 for IEA
and the UN differ are equivalent, yet primayergy use reported associated with this
consumption differs by a factor of thregjuivalent to 3.3 Exajoules. IEA, BP, and
EIA report nuclear to comprise betwe@n40% of France’s total primary energy

mix, whereas this amount is just 20% foe tiN. Globally, UN reports 20 Exajoules

3 UN claims a nuclear efficienayf 33% (UN, 2008). However, calculations reveal use of 100%
efficiency.

* UN claims a geothermal efficiency of 10% (U2008). However, calculations reveal use of 100%
efficiency.
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less primary energy from nuclear productiban does EIA, despite reporting 5.3%
more terawatt-hours of production.

Primary Energy Equivalencies-Hydropower

IEA and the UN use a direct equivalenpg@m@ach. EIA uses 34.4% for all countries;
this number is based on average US pqlent efficiencies and can change each
year. BP again uses 38%. For 2005, all nizgtions report hydroelectric production
in Canada to be within 1% of 360 TWHowever, IEA and the UN report this to
correspond to a primary energy equivalent & EJ, BP states it to be 3.3 EJ, and
EIA states it to be 3.8 EJ. Thus usindAElata hydroelectric power makes up 25% of
the total primary energy supply, but i&A data it only accounts for 11% of the
primary energy supply. The UN and IEé&port hydropower primary energy values
that are 21 Exajoules less than El&any the same amount by which UN nuclear
power is less than other agencies. Note Hetvutilizes the substitution equivalent
method for nuclear, yet the direct equivale approach for hydpower; this has the
effect of portraying the share of nuclgmwer in global primary energy supply in to
be nearly three times that of hydropowaespite hydropower generating 6% more
TWh.

Primary Energy Equivalencies-Modern Renewables

For modern renewable sources, suctviasl power and solar photovoltaics, UN and
IEA use a direct equivalence approachla/klA uses the same 34.4% based on US
power plant efficiencies. BP does not repetctricity generated from these sources.
Although these modern renewable sources danake up a substantial percentage of
most countries’ primary energy supply, resadle portfolio standards or other policy
goals to achieve a certgiercentage of renewabligsthe primary energy makeup
could be manipulated or affted by choices of primary energy equivalences, if these
standards are based on production valB8ash standards are therefore best
formulated at the level of secondary ageli.e. the percent ahe in total watt-hours
generated.

Primary Energy Equivalencies-Geothermal

For geothermal-based electricity prodoati IEA uses a primary energy equivalence
efficiency of 10%, the UN uses a direxjuivalence of 100%, and EIA uses an
efficiency of 16%. BP does not reportogieermal electricity generation or the
resulting primary energy equivalence.

2.1.1.4 Conversion: Calorific Values

The calorific value of a particular fuel, thre total amount of energy released during
combustion for a specified unit of mass (olwwoe), is an important determination of
reported values of energy consumption.gtvieations report their consumption in
physical units of metric tonnes, notterms of energy content. Reporting
organizations determine heating contdatseach country for each year, and they
must decide between utilimy the gross calorific value (GCV) or the net calorific
value (NCV). The difference between these talorific values relates to the energy
obtained from the condensation of water vapor produced during combustion. This

14



value is included for GCV and excluded for NCVh general, EIA uses GCV, the

UN and IEA use NCV, and BP uses a mix of the two (EIA, 2008). Table 5 provides a

summary of the calorific assumptions@oyed by energy repbng organizations.

Table 5. Summary of calorific value assmptions for petroleum, natural gas, and

coal.
IEA EIA BP UN

Oil NCV GCV NCV NCV
Country-specific | Country-specific | Country-Specific | Country-specific
Variable by year | Variable by year | Variable by year | Variable by year

Natural | NCV® GCV GeV’ GCV®

Gas Country-specific | Country-specific | Identical for each | Country-specific
Variable by year | Variable by year | country, except US Variable by year

Identical each year

Coal NCV GCV GCV® NCV
Country-specific | Country-specific | Country-specific | Country-specific
values aggregated value aggregated value | values
for individual Variable by year | Variable by year | for individual
products products
Variable by year Variable by year

Calorific Value-Petroleum

Perhaps the most drastic and importifference between energy reporting
organizations’ calorific values is for peteum. EIA uses GCV, whereas the other
organizations use NCV. However, these défeces are not easily identified, as they
are masked by the different manners inckicalorific values or crude petroleum
physical properties are published. T publishes specific gravities (ratio of

density of petroleum to density of water) for each country. EIA publishes two values:
BTU per barrel as well as barrels ofide oil per metric tonne for producing

countries. BP does not publish calorific vedlbut these can be inferred from statistics
of barrels and metric tonnes. IEA publisleadorific values (kJ/kg) for all petroleum
products for each country, but does not reparrel consumption. In sum, no two
agencies publish directly comparable valu@alorific values in terms of energy per
barrel can be found directly from EIA, stbe inferred from published data for UN
and BP, and cannot be inferred from IEA d&alorific values in terms of energy per
tonne can be found directly from IEA, ste inferred from EIA data, and is
assumed to be 41.868 GJ per tonne for BP and the UN.

The importance of calorific value differendsshighlighted through the use of the US
as an example. BP and EIA report identjpairoleum barrel consumption values for

® For natural gas, the difference between NCV an¥ @&Ground 9-10%. For coal and oil it is around
5%.

® [EA Energy Statistics use GCV, but NCV is usedEA Energy Balances; a 10% difference is
assumed between GCV and NCV.

" BP does not declare GCV or NCV. GCV was irdd from physical units and energy use data.

8 UN reports it uses NCV, yet data suggest GCV; CDIAC also obtains CO2 emissions using a GCV
emission factor.

° BP does not declare GCV or NCV. GCV was irdd from physical units and energy use data.
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the United States in 2005, yet their repaoftpetroleum energy use differ by 7%, or 3
Exajoules. This difference is wholly aktutable to differences calorific value
assumptions by these two organizations. Aeraparison of crude oil calorific values
in terms of tonnage, IEA reports a caliarivalue (NCV) for the US in 2005 of 43.06
GJ per tonne. EIA reports a calorific val(GCV) of 44.87 GJ per tonne, a difference
of 4.2%. Given that the US consumiesghly 25% of global petroleum, this
represents a large discrepancy. On a dlstae, BP and EIA 2005 petroleum energy
use values differed by 10.8%, or 17 Exagsjldespite EIA only reporting 1.1% more
barrels consumed.

Calorific Value-Natural Gas

Calorific values for natural gas are givertenms of energy per unit volume, such as
MJ per cubic meter. EIA utilizes GCV. Natural gas calorific values for IEA are
published in terms of GC\4lthough the calculation of energy resulting from this
calorific value utilizes NCV. IEA calculaseNCV to be exactly 90% of GCV. The UN
publishes calorific values for various couagriin both NCV and GCV, but claims to
use NCV to calculate ergy use. However, since 1990 UN natural gas consumption
values have closely followed EIA vas (which use GCV), and carbon dioxide
emissions from UN energy data utilize arplied GCV emission factor. EIA reports
GCV for all countries each year and utilizBsse values to caltate energy use. BP,
with the exception of the United Statesesi®ne value appligd all countries.
Globally, this assumption leads BP todreaverage of 3.5% less than EIA and 3.5%
greater than IEA values.

Calorific Value-Coal

Coal comes in a variety of qualities ahdg calorific values. IEA and the UN present
calorific values in terms of NCV, veneas EIA gives GCV. EIA provides an
aggregated calorific value based othaacite, bituminous, and lignite coal
production, whereas IEA and the UN indé 10 categories (EIA, 2008). Taking
global energy use data (in energy units)didd by production values (in tonnes), we
see initial differences in calific contents used. The Utlata implies a general global
calorific content of 17.98 GJ/kg. IEA dataplies a value of 19.00 GJ/kg. BP data
implies a value of 20.64 GJ/kg, and EIA has the highest value of 21.75 GJ/kg. The
21% difference between EIA and UN imgliealorific valueexplains why EIA
reported the least amount of coal productiortonnes) in 2005 of all the agencies,
yet had the highest value terms of energy. Similarlghe UN reported the largest
amount of coal production (in tonnes)3a05, yet reported the lowest amount of
energy.

Differences in calorific values lead to substantial discrepancies in overall energy
consumption. Improving the consistency of methods by having each agency apply
identical GCV or NCV values would lesste discrepancies when comparing data
across organizations. Although this reptes not intend to state that any one
agency'’s values are more correct or bdttan the others, it dodsghlight the very
significant differences that result fromganizations using different and sometimes
inconsistent methods.

2.1.1.5 Energy Units. Reporting Conventions

The discrepancies above are to someeakegrasked by different units for reporting
conventions used by energy reporting orgations. These different units make rapid
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direct comparisons between different data challenging. Ntwo energy reporting
organizations utilize identical units for phgal units or for energy. The UN and IEA

utilize energy unit conventions that are the most similar. The UN displays its data in

three different energy units and is the oafyency to use the official International
System of Units (SI) standard of theule. Table 6 summarizes the different
reporting conventions of energy reporting ages in terms of physical units of fossil
fuels, electricity, and energy units.

Table 6. Summary of reporting conventbns of energy reporting organizations.

IEA EIA BP UN

Coal Thousand Thousand short | Million Thousand tonnes

(Physical Units) | tonnes tons tonnes

Natural Gas N/A Billion cubic Billion cubic | N/A

(Physical Units) feet meters

Billion cubic

feet per day
Petroleum Thousand Thousand Thousand Thousand tonnes
(Physical Units) | tonnes barrels per day | barrels per

day

Electricity Gigawatt- Billion kilowatt- | Terawatt- Million kilowatt-hours
hours hours hours (10° watt-hours)
(10° watt- (10" watt- (10" watt-
hours) hours) hours)

Energy Thousand Quadrillion Million Thousand tonnes coal
tonnes ail British Thermal | tonnes oil equivalent (Tce)
equivalent Units equivalent | Thousand tonnes ail
(ktoe) (BTU) (Mtoe) equivalent (ktoe)

Thousand Terajoules
(PJ)

Although conversions between physicatlanergy units are straightforward,
different conventions used by energy rejmgy organizations make it necessary to
perform these conversions before compaengrgy use data. It is deceptively simple
to take aggregate energglues reported by organizats and convert them to
consistent energy units for comparison, bwer, due to the multitude of different
assumptions and methods that contetiotaggregate energy use data. The
implications of these differences ar@dressed in the following section.

2.1.2 Discussion of discrepanciesin energy use data

No two reporting organizations utilize ideral system boundarigsalorific values,
primary energy equivalencies, or treaergy use from biomass sources the same.
Despite these methodological differences,rdported values for primary energy use
do not always differ greatly. These simila&ibetween data sources should not be
taken on face value, however. Real diffexes in global and national data between
organizations are hidden beneath the aggesbpublished datasets. Using consistent
assumptions across agencies highlightdatge discrepancies in reported primary

energy use.
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2005 World Primary Energy Consumption
(As Reported)
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Figure 2: 2005 global primary energy uses reported (top) and with harmonized
assumptions, including only commercial energy and utilizing a primary energy
equivalence of 38.6% (bottom).

Figure 2 shows world primary energy consumption by fuel category as reported by
organizations as well as after harmongzdata by considering only commercial
energy sources and by utilizing the WR@mary energy equivalent efficiency
convention of 38.6% for nuclear and hydousces. Note how total values in the
unmodified graph for IEA and EIA are audy identical. However, the components
that make up that energy value differ ghgal he differences caused by EIA’s use of
GCYV for fossil fuels and IEA’s use of detequivalence for hydropower equal the
IEA category of Combustible Renewabland Wastes. On the surface these
organizations appear to have nearly td=xh values, yet afteharmonization it is

evident that there are significant diffeceis between the organizations. Considering
the harmonized graph, note how IEA and B®raarly identical. However, this fact
does not imply that IEA and BP agree completely on fossil fuel consumption either.
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Because of the use of different calori@lues, IEA reports 6 EJ more petroleum
consumption than BP, which cancels @isireporting 6 EJ less natural gas
consumption than BP. Figure 2 shows a comparison of energy use by fuel,
highlighting the differenceletween individual fuels.

2005 World Primary Energy Consumption (As Reported)
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Figure 3: 2005 global primary energyuse as reported by institutions.

Differences among organizations for non-fbgels are similarly large. Figure 3
compares global non-fossil fuel energy consumption for each agency for the year
2005. Here the importance of primary eneegyivalencies choices is clear. The UN
reports consumption from nuclear and fojbwer sources to be nearly 40 EJ less
than EIA, nearly twice the tdtanergy consumption of Japan.

The importance of including biomass or itemhal fuels is also clear from Figure 4.
Although UN nuclear and hydro data are much lower than those of EIA, the inclusion
of biomass from traditional sources makes the amount of energy reported from non-
fossil fuel sources nearhgaivalent, hiding the inherediscrepancies between the
organizations’ methods.

The effect of including traditional fuels abtbmass can also be seen when looking at
trend data within a particait country. Figure 5 showselprimary energy fuel mix for
India from IEA and EIA sources for 19&B06. IEA data (top) show a transition
away from traditional sourced energy to increasingly largshares of oil, coal, and
natural gas. EIA data (bottom), which dot include traditional sources, show
relatively constant proportions of fuel mixijth the exception of a small increase in
natural gas consumption. Thus, althowogkrall quantities of traditional energy
sources in India have been increasmgre modern forms of energy have been
increasing at a more rapid rate, highling the country’s modernization. This
interpretation is absent from EIA BIP data which do not report estimates of
traditional energy sources.

While it is important to consider energgrsumption from traditional sources, there
remains considerable uncertainty nelyag overall quantities being consumed
worldwide. Figure 5 shows estimatesafditional biomass consumption (e.g. non-
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commercial fuelwood) along with moderrohiels consumption (e.g. ethanol from
sugarcane) as reported by IEA and Ubhir1971-2006. Both organizations show a
relatively steady increase in consumptiorthwhe exception of two major jumps by
the UN, and the estimates are slowly conwergHowever, there is still a discrepancy
of 8 Exajoules between the two organizations.

The inclusion of biomass sources can aigmificantly affectother energy trend
analyses, such as energy intensity, mesasur terms of engy use per unit of GDP.
In general, as a nation develops amahsitions from a manufagating economy to a
service-based economy, the energy intgrdithe economy decreases. Including
different factors such as traditional biags can severely alter trends in energy
intensity, especially for developing matis as they replace fuelwood consumption
with more modern cleaner fuels (Ausubad Waggoner, 2008). As an example,
depending on which data source is usedpnesia can be seen as having a net
increase or a net decrease iretergy intensity for the period 1990-2005.

2005 World Non-Fossil Primary Energy Consumption
(As Reported)
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Figure 4: 2005 global primary energy supp} of non-fossil fuels as reported by
institutions.
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IEA-India Primary Energy Composition (1980-2006)
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Figure 5: Primary energy composition ofindia from 1980-2006 as reported by
IEA (top) and EIA (bottom). Modern renewable sources have been excluded as

they represent a small fracton of total primary energy.
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World Energy Consumption from Biomass and Traditional Fuels
(1970-2006)
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Figure 6: Global primary energy supply oftraditional fuels, biomass-based fuels,
and modern renewables from 1971-2006 as reported IEA and the UN.

Indonesia Energy Intensity (1990-2006)
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Figure 7: Energy intensity of Indonesia, 1990-2006, both as reported and using
harmonized assumptions from EIA andiIEA. Harmonized assumptions include
considering only commercial fuels and aesidering commercial fuels plus IEA-
reported wastes and traditional fuel ug. Market exchange rates from World
Development Indicators (WDI) are used for GDP.

Figure 7 shows that, according to IEA publiditata that includes traditional fuels,
the energy intensity of Indonesia has deseelaby about 10% over the past 16 years.
According to EIA, which does not repdraditional fuel use, energy intensity
increased by nearly 30%IlAeports show a sharp rige energy intensity from 1997-
1999, but in the years surrounding this p@dEA shows a clear decline and EIA
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shows a relatively flat trend. IEA valusmmain absolutely higher (because they
include additional sources of energy), the trends betweendhwo organizations

are contradictory. When assumptions laaemonized to the WEC convention and
exclude combustible renewables, both orgaina report a slight increase in energy
intensity. When assumptions are harmonized to the WEC convention and include
combustible renewables, all organizatishew a slight decrease in the energy
intensity of Indonesia. Simitaanalyses can be made fiher developing countries
with large amounts of traditional fuel usagach as China and India. Energy intensity
analyses or targets for these natiarsvery sensitive to data source.

The discrepancies in methods amongamizations do not have any direct
international policy implications, but theye important for a number of reasons.
First, although each agency describes itthos in its reports, these methodological
differences are not readily undeod nor clearly identifieth articles referencing
these values. As IEA world energy cangption may vary by over 30 Exajoules
(greater than the entire primary eneogynsumption of Russia) depending on which
primary energy equivalence conventiomeng used, it becomes crucial that
investigators and politicians understandaivis being included in these reports.
Second, these reports are all widely cited generally considered to be accurate.
Assuming that data reported from thesgamizations are equivalent could lead to
invalid comparisons of energy use orctntradictory analyses, as suggested by
Indonesian energy intensity above. For thessons and for the implications energy
data has for carbon dioxide analyses, gneise data would be greatly improved by
the standardization of nteids, categories, and energy data conventions by energy
reporting organizations.

3 Carbon Dioxide Emission Reports

This section compares the methodotagiassumptions employed by the major
international carbon dioxide perting organizations as Weas the discrepancies in
their reported data and in data atbl@rmonizing assumptions. As with energy
consumption reports, organizations eayptlifferent methods when calculating
carbon dioxide emissions on national and glabales. Given the large number of
referenced organizations that publishigsions data, it becomes essential to
understand the methodological assumptioeisind these reports. Although each
organization ostensibly publishes the sanergy use data, different assumptions and
methods lead to sometimes significant tBpancies between organizations. Sources
of discrepancies between carbon dioxid&gaublished by reporting organizations
result from utilizing differat data inputs, categoriziremissions sources differently,
utilizing emission factors, and from reportidgta in different units. Figure 8 outlines
the major sources of discrepancies in carbon dioxide emissions data, which are
covered in more detail below.
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[ Sources of Discrepancies in Orgati@as’ Reported Carbon Dioxide Dat}a
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Figure 8: Schematic diagram of sourcesf discrepancies of carbon dioxide
emissions data reported by organizations.

3.1 Sources of discrepancies in carbon dioxide emission data

This section addresses the assuamgtiof four carbon dioxide reporting
organizations, covering a tbtf five datasets: IE/Asectoral Approach (IEA-S) and
Reference Approach (IEA-R), EIA, CDIACand EDGAR. These organizations are
summarized in Table 7.

Table 7. Overview of carbon dioxide enssions data reporting organizations

Organization Code Publications EnergySource
International Energy CO, Emissions from Fuel
Agency (Reference | |EaA R Combustion-Reference IEA
Approach) Approach
International Energy L
Agency (Sectoral IEA-S CO, Em|§S|ons from Fuel IEA
Approach) Combustion-Sectoral Approach

Energy Information
Administration

EIA International Energy Annual EIA
Carbon Dioxide Global, Regional, and National
Information Fossil-FuelCO, Emissions
Analysis Center CDIAC Carbon Flux to the Atmosphere UN

from Land-Use Changes

Emissions Databasg Emission Database for Global

Erm%f;?ﬁ <Ieric EDGAR Atmospheric Research IEA
Research (EDGAR), release version 4.0.

As noted in Section I, the IEA is ant@mnational organizatioand the EIA is an
independent statistical agency of the D&yartment of Energy. The two different
IEA methods refer to different methodkaccounting for greenhouse gas emissions.
CDIAC, like EIA, is also part of the UBepartment of Energy, although CDIAC is
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based in the Oak Ridge National Laboratoryfennessee. It dizes UN energy data

to calculate emissions aagding to the methods deleped by Marland and Rotty

(1984). EDGAR is a joint project of the European Commission Joint Research Centre
and the Netherlands Environment Assessmeiindyg, based in Ispr#taly. It utilizes

IEA energy data to calculate emissions. Eagbncy publishes data annually, with the
exception of the less frequent EDGAR, and is widely cited in policy and academic
papers. Although each agency ostengiobduces a report of anthropogenic carbon
dioxide emissions, their reports are notay}s directly comparable and utilize

different methods. These different assuimpsi and methods can lead to strikingly
different absolute valuesd trends in carbon emissions.

3.1.1 Energy Data: Energy Data Sources

The choice of energy data sources ig@memely important methodological decision
in determining carbon dioxide emissioAsithropogenic sources of carbon dioxide,
especially those regulatedtimmally and internationally, sult primarily from the use
of energy. As is described Section Il, energy reporig organizations can report
vastly different physical quantities of fassiels that comprise a nation’s and the
world’s total primary energy supply. Tablendicates sources of energy data for the
carbon dioxide emission reporting organiaati. Note how three of the methods
considered utilize IEA datand no organizations utiliZ2P energy data. The choice
of energy data is important not only dudhe physical quantities of fuels reported by
energy organizations, but aldae to the calorific values ascribed to fossil fuels.
Additionally, analyses of chon intensity are based on both carbon dioxide emissions
and energy use data, making the choicemnefgy system boundaries and primary
energy equivalences important for these yged. The choice of energy data sources
for carbon dioxide emission reporting orgati@as has important implications that
persist throughout all othepurces of discrepancibstween organizations.

3.1.1.1 Categorization: System Boundaries

In addition to direct emissions from fdgsiel combustion, there are a number of

other categories of emission sources that are either included or omitted by reporting
organizations. Other anthropogenic souimesarbon dioxide tht are published

include emissions from natural gas iife@y, cement productiomunicipal wastes,
biomass combustion, and land-use changlesse other categories have the potential
to augment emissions that result simjpym fossil energy use by as much as 50%.
Table 8 summarizes organizations’ incrsof these various sources of emissions,
along with providing the orgarations’ source of data.

Table 8. Summary of data sources for other emission sources.
GasFlaring | Cement| Wastes | Biomass Land-Use

Sources Sources| Sources Sources Sources
IEA-R N/A N/A IEA N/A N/A
IEA-S N/A N/A IEA N/A N/A
National data,
EIA Cedigaz, IEA N/A N/A N/A N/A
CDIAC | UN USGS | N/A N/A 59003)(“0“9”0”
EDGAR CDIAC USGS FAO FAO FAO
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Emissions from Natural Gas Flaring

The flaring of natural gasurrently makes up less thafo of energy-related carbon
dioxide emissions, yet is $tdn important source of emissions for certain countries.
All organizations addressed here reportssions from natural gas flaring except

IEA. While IEA collects and publishes daia gas flaring fron©OECD countries, it
does not include these valuests calculations ofarbon dioxide emissions. EIA
obtains its natural gas fiag data from this IEA source, from government agency
reports, and from Cedigaz, a naturas ggormation organization founded in 1961.
CDIAC obtains its gas flaring data prinigifrom the UN energy data, supplemented
with historical data from B and others. EDGAR reportsahit obtains its gas flaring
data directly from CDIAC, supplementedthvdata from EIA and the United Nations
Framework Convention on Climate CharfgdNFCCC), yet there are significant
trend differences between EDGAR andI&D natural gas flaring data. Figure 9
shows natural gas flaring emissiondtasy are reported by EIA, CDIAC, and
EDGAR. Note the different trends betweée carbon dioxide reptsrand the recent
rise in CDIAC data. Cumulatively, gagflng emissions range from 1980-2005 range
from 4.3 Pg CQ(CDIAC) to 5.1 Pg CQ(EDGAR), a 20% discrepancy that does not
affect total emissions substantially. Globahte of gas flaring in 2005 as reported by
EIA and CDIAC differel by more than 9%.

Global Emissions from Natural Gas Flaring (1980-2006)

300

250 -
o 200 - = EIA
(@]
o —aCDIAC
£ 150 | _= EDGAR

100 -

50 |
0 ‘ ‘ ‘ ‘ ‘
1980 1985 1990 1995 2000 2005

Figure 9: Global emissions from theflaring of natural gas, 1980-2006. EIA gas
flaring data are not directly reported and must be calculated by subtracting data
from table H.3CO, from table H.3conCQO,. EDGAR emissions are taken from
category 1B2. CDIAC natural gas flaring emissions are directly reported.

Emissions from Cement Production

Carbon dioxide emissions from cement prdotucare roughly sitimes greater than

gas flaring carbon dioxidemissions, and comprise roughly 4% of energy-related
emissions. Despite this greater sharerafssions, only CDIAC and EDGAR report
emissions from cement. However, only B reports emissions explicitly from

cement. EDGAR reports an aggregateldi@a“‘production of minerals,” which

includes cement and “lime, carbides, soda ash, dolomite and limestone use” (EDGAR
2009). Both organizations obtain cement production data from the United States
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Geological Survey (USGS), which itself coliedata primarily from country reports
and from in-country specialists (Busse 20 GAR'’s other minerals data are from
[CRF/UNFCCC (2008)]. Figure 10 show®ghal cement emissions as they are
reported by EDGAR and CDIAC. Note tHABDGAR emissions also include other
minerals. While the absolute differencevibeen the two datasets in 2005 is roughly
300 Tg CQ (more than total natural gas flaringissions), trend data is very similar.
This is likely due to both organizations using USGS raw data.

Global Cement Emissions (1980-2006)
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Figure 10: Global emissions from thgroduction of cement, 1970-2006. EDGAR
data stops in 2005. EDGAR data includes #hproduction of other minerals in
addition to cement.

Emissions from Municipal Wastes

Inorganic carbon emissions from mupial and industrial wastes, which result
primarily from incineration of plastics, rka up less than one ent of emissions
from energy sources. IEA and EDGAR refpeaste emissions, yet use slightly
different categories. IEA has two cateigsr industrial waste and non-renewable
municipal waste. Organic wastes dediberately excluded from carbon dioxide
accounts as these sources are assumed to add no net emissions. EDGAR reports
emissions from incineration of inorganic st@s, but includes othevastes involved in
industrial processes industry-specific categories. &hwastes are not disaggregated
from industrial production as a wholeDEAR also includes waste emissions from
organic sources in a separate categorg. differences in categories and values
reported make it difficult to distinguish thevel of overlap in reporting for wastes
and to make an appropriate comparison. In 2005, IEA-S and IEA-R reported
emissions from industrial and murpeil wastes to be 103 and 104 Tg£O
respectively, while EDGAR estimates emiss from waste incineration to be 30 Tg
CO..

Emissions from Biomass and Combustible Renewables

Combustible renewables inclutiquids produced from biomass (such as ethanol), as
well as any solid biomass that is used dlyeas fuel or converted into other forms
before combustion. Of the organizatiamnsidered here, only EDGAR reports
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emissions from these sources. IEA does report energy consumption from combustible
renewables, but does not include emissi@ssilting from their consumption. EIA

reports energy usage of combustible rer@asmthat go int@lectricity production,

but again does not inalle resulting emissions.

Emissions from Land-Use Changes

Emissions from land-use changes ca@lpresent a large fraction of total
anthropogenic carbon dioxide emissions, angehmeen thoroughly addressed in other
studies. A comprehensive review of land-asa@ssions is out dhe scope of this

paper; instead this analysialy attempts to put these emissions in context of all other
anthropogenic carbon dioxide emissiouices. Land-use changes resulting in
emissions include foreshd grassland fires as well as savanna burning. Emissions
from these sources are estimated by ERG#d CDIAC only, using data from the
FAO and from Houghton (2003) CDIACdludes one general land-use change
category while EDGAR separatéhese into three separatdegories: Agricultural
Wastes and Savanna Burning, Biofuels Whustes, and Forest Fires. The latter
category is assumed to be equivalerthedCDIAC category and the IPCC land-use
category. There is great uncertainty in thés&, especially withegard to the degree

to which these are “net” or “gross” essions, (where net emissions contribute to
atmospheric C@concentration increases an@sgg emissions are presumably

partially offset each year by sink sequastm and storage), yet EDGAR estimates on
a global scale they could be half as lamgeemissions from energy sources. As many
of these land-use changes may be longHgsthey are a cruciabmponent of future
estimations of carbon dioxide emissions,exsally given the magnitude of emissions
by developing countries. Figure 9 compares non-fossil sources of carbon dioxide as
reported by EDGAR and CDI& in 2005 with IEA-S fossil energy emissions. Note
how large land-use emissions can be compared with fossil energy emissions,
especially for EDGAR. EDGAR land-use msion sources include forest fires,
savanna burning, and emissions from agjucal crops used for energy purposes.
EDGAR land-use emissions thus repréggnss emissions, not accounting for the
yearly re-growth or re-planmtg of agricultural crops. Stilthe annual contributions of
non-fossil sources is quite significant, and Hptanting does nabccur, the gross
emissions contribute to net emissions, and these emissions are seldom accounted for.

While there is uncertainty as to how muadtthe land-use emissions are gross or net
emissions, emissions from industrial souraescertainly net emissions. Industrial
emissions from CDIAC only represent essibns from cememroduction. Industrial
emissions from EDGAR, however, incluthe production of minerals described
above, the production of metals, and inmigavaste combustion. As seen from
Figure 11, there is a substantial amourindfistrial emissions that are not accounted
for by CDIAC. It should be noted thBEDGAR industrial emissions may be
overestimated by as much as 1 Pg, yetdtilisrepresents a significant percentage of
total emissions from energy sourcear(\Aardenne, personal communication).

In terms of net carbon amenting as it is conducted byethPCC, Figure 12 compares
global land-use emissions from CDIAC withose of forest fires from EDGAR,
categories which are intended to be edentto the IPCC SRES land use emissions.
Whereas absolute values do not differ much in 2004 and 2005, note the vast
differences in trends: CDIAC shows smoajhadual trends whereas EDGAR data are
variable year to year. For 2005, EDGAR and CDIAC data are remarkably similar,
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although history shows how different tkesources can be. Cumulative emissions
from CDIAC from 1970-2005 are 14% larghian EDGAR emissions, corresponding
to 23.9 Pg C@Q or roughly 80% of global fogsnergy emissions in 2005.From 1990-
2005, cumulative emissions reported by CDlAre just 4.6% lger, corresponding

to 4.2 Pg.

Comparison of Global Non-Fossil CO2 Sources with
Fossil Energy Sources (2005)
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Figure 11: Comparison of global emissions from no-fossil sources and IEA-S
energy-only emissions, 2005. EDGAR land-esdata includes sources from forest
fires, agricultural wastes, and savanndurning. EDGAR industry data includes
emissions from mineral, metalsand inorganic wastes. CDIAC land-use
emissions are as reported. CDIAC indusy emissions include only cement
emissions.
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Figure 12: Global emissions fromland-use changes, 1970-2005. EDGAR
emissions come from the category of Forest Fires.
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Figure 13 shows EDGAR emissions frothaganic sources. According to EDGAR,
the largest share of emissions from aigasources comes from the combustion of
agricultural wastes and savarimarning. Biofuels and othevastes have steadily been
increasing, but still make up the smalleastegory. These two categories are largely
only gross contributors to atmospheric &0ncentrations, but are still substantial.
The degree of uncertainty lsrge and the amount of doebtounting, (i.e. including
emissions from a forest fire and the ssmns that result from salvaging some wood
to use at fuel wood) is unknown. However, improving estimates of these natural and
anthropogenic sources of @@om year to year will help improve emission
inventories, carbon cycle amtimate models as well dse understanding of the
relationship between yearly emisssoeind atmospheric concentrations.

EDGAR Organic Carbon Emissions (1970-2005)
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Figure 13: Global emissions from landdse changes as reported by EDGAR,
1970-2005.

3.1.1.2 Categorization: Accounting Methods

An important component of comparing &sion reports is to examine by what means
data are collected and how they areoaited. There are two distinct accounting
methods employed in the five methods anadi/here. The first method is termed the
reference approach. The reference approatérmines emissions based on the top-
down determined apparent consumptioieérgy. Using such a method can be
beneficial in countries with few or uglrable data. IEA-R and CDIAC employ the
reference approach method. In the CDIfethod, a probable aation percentage,
determined by average US data, and a mass-based emission factor are multiplied by
the apparent consumption value (Marland and Rotty, 1984).

A second approach to carbon accountingnséel the sectoral approach. In this
method, reports of energy consumption freath individual sector are summed to
give a more detailed picture of how much energy has been consumed, and in what
form. This approach requires greater psaxi and trust in a larger number of data
sources, but offers a more accurate accotiattual emissions produced if quality
data are available. The IEA Sectoral Apgch and the EIA utilize this approach.
EDGAR’s approach goes one step into furtthetail, utilizing the Sectoral approach
but using technology-based (as opposed toa@esfuel-based) ession factors. Thus
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the emissions for a parti@arl energy process are notydependent upon the quantity
of fuel but also the specific technologies combusting that fuel.

Organizations publish data in different categerin this case, each organization has a
different method for publishing specitomponents of carbon emissions. IEA for

both approaches publishes emissions according to the specific fuel category (such as
coking coal, natural gas liquids, petroleum coke, etc.) and additionally gives a grand
total. EIA and CDIAC, in contrast, aggregamissions into three basic categories for
solid, liquid, and gaseous fuels. EDGA&eegates emissions according to the IPCC
Sector Emission Categories, @&k emissions are tabulateccording to their end-use
(such as transportation energy production) and not liyeir fuel-type, making fuel-
specific comparisons between EDGAR and the other organizations nearly impossible.
Although it is useful to categorize emisss into these categories, the EDGAR

dataset could be improved by also pubhlighemissions by fuel category; this would

also aid in cross-organization compans. Table 9 summarizes both the accounting
methods and energy emission categories employed by organizations.

Table 9. Overview of agency accounting methods.

Agency Accounting Method Energy Emission Categories
IEA-R Reference Approach. 45 |IEA Energy Categories
IPCC Tier 1 Sectoral Approach .
IEA-S (Average fuel-based emission factg rﬁls IEA Energy Categories
Coal
EIA SectoralApproach Petroleum
Natural Gas
Solids
CDIAC Reference Approach Liquids
Gases

IPCC Tier 2 Sectoral Approach
EDGAR | (Country-specific and technology-
based emission factor)

13 IPCC Sector Emissions
Categories (IPCC Category 1)

3.1.1.3 Conversion: Emission Factors

Carbon emission factors, with the exceptof those used by CDIAC, are based on

the energy content of particular fuels, natthe physical quantities of fuels. As is
described in Section Il, all energy repogiorganizations utitie different calorific

values for fossil fuels. Theoretically, the NCV or GCV used for energy use should not
matter if corresponding different (NCV vs. @Lemission factors are used. Table 10
shows a range of emission factors, intthg those used by the IPCC. Note how
emission factors for GCV are lowdran emission factors for NCV.

In practice, IPCC and proportional emasifactors are not used by the carbon

dioxide emission reporting organizatioAdthough energy organizations may report
nearly identical quantities @farrels of oil or tonnes aoal consumed, their different
calorific values lead to significantftBrences in the total amount of energy
consumed. These calorific differen@@e not compensated by proportional
differences in emission factors, which lg¢adignificant differenes in carbon dioxide
emitted from energy sources. EIA’'s use of GCV and IEA’s use of NCV led to large
differences in reported energy quantities] decause of emission factor choices these
differences persist in arnyaes of carbon emissions.
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Table 10. Overview of emissiomfactors for fossil fuels (kg CQ/GJ) adapted from
Nakicenovicet al., (1996).

IPCC 1995 Literature L|ter_ature
Low High
COAL GCV 87.6 89.8
(BITUMINOUS) NCV | 94.6 92.0 94.6
GCV 49.9 51.3
NATURAL GAS NCV | 56.1 55.0 56.5
GCV 69.7 74.4
CRUDE OIL NCV | 73.3 73.3 78.5

Table 11 displays aggregated global sitns from fossil fuels for the year 2685

In addition, the table shows the aggregaedrgy consumption values from which
these numbers were originally derived and corresponding average implied emission
factors for the various fuels. Impliesnission factors are derived from these
aggregated data, not from the emissiactdrs reported for individual coal prodsic
(such as anthracite, lignite, peat, etc.javrindividual petroleum products (crude oil,
jet fuel, kerosene, etc.). Given thaganizations categorize coal and petroleum
products differently in energy publicatigribe corresponding carbon emissions data
are also based on different categories.é&@mple, IEA and UN have ten (albeit
different) categories for coproducts, whereas EIA only uses four categories. Thus
IEA and CDIAC utilize ten different emissi factors for coal products, whereas EIA
utilizes just four. These different categation techniques leao different enegy

and carbon emissions values, while atggking emission factors derived from
particular aggregated fossil fuel categsr(i.e., “coal’) somewhat artificial. The
implied emission factors are not intendededpresent actual emission factors utilized
by these agencies, but rather offer a bfsisomparison of the calorific content and
emission factors used by these organizati®escent differencesre calculated using
IEA-S as standard. Note for coal emissitimet although IEA uses NCV and EIA uses
GCV for calculating coal's energy contetEA-S and EIA haveoughly equivalent
implied average emission factors. Botgeegated values are closer to the GCV
emission factor range. However, given thigedent calorific values used to calcidat
energy use, these emission factors shdiffdr. This inconsistency leads to
discrepancies of 4.5% for emissiongrir coal, equating to 450 Tg of GQ@oughly

the total fossil fuel emissions of Mexiddere the discrepancies in energy reports
persist in emission reports due to enaediactor choices. The UN reports the least
amount of oil energy consumption, though CDIAC, which uses UN energy data,
reports the highest oil G@&missions. Additionally, although the UN purports to use
NCV for natural gas energy data, the imglemission factor and quantity of natural
gas consumed suggests that GCV is ukeghpears that the IEA-S method and the
EIA method provide the lower and upgmunds, respectively, for emissions from
individual fossil fuels, witha total difference of justnder 5%. Considering all $sil

fuel emissions from EDGAR, which repoltsver fossil fuel consumption emisss
than IEA-S but does not disaggregatessiains by fuel, the difference between low
and high values for fossil fuel emiss®rises to just over 6%.

Y EDGAR data are not included because EDGARssioih categories do not correspond to fossil fuel
categories.
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Table 11. Summary of global CQ emissions and primary energy us&om coal, oil, and natural gas.

COAL

OIL

GAS

TOTAL

Energy CO; Implied % % %

Consumption Emissions Emission Factor Difference Difference  Difference
Agency (EJ) (PgCO,) (kg COL/GJ) Emissions Energy Emission Factor
IEA-S 121.1 11.0 90.8 - - --
IEA-R 121.1 11.3 93.3 2.7% 0.0% 2.7%
EIA 127.6 11.5 90.1 4.5% 5.4% -0.8%
CDIAC/UN 119.3 11.1 93.0 0.9% -1.5% 2.4%
IEA-S 167.7 10.7 63.8 - - --
IEA-R 167.7 10.8 64.4 0.9% 0.0% 0.9%
EIA 179.2 11.1 61.9 3.7% 6.9% -2.9%
CDIAC/UN™  166.6 11.3 67.8 5.6% -0.7% 6.3%
IEA-S 98.9 5.3 53.6 - - --
IEA-R 98.9 5.4 54.6 1.9% 0.0% 1.9%
EIA 112.9 5.7 50.5 7.5% 14.2% -5.8%
CDIAC/UN 109.5 54 49.3 1.9% 10.7% -8.0%
IEA-S 387.7 27.0 - -
IEA-R 387.7 27.5 1.9% 0.0%
EIA 419.7 28.3 4.8% 8.3%
CDIAC/UN 395.4 27.8 3.0% 2.0%
EDGAR 387.7 26.7 -2.9% 0.0%

™ UN oil primary energy valuesre taken from summing commercial liquids, aviation and marine bunker fuels, and unallocasesi sou
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3.1.1.4 Carbon Units: Reporting Conventions

Much as energy data discrepancies are gthbly differences in units, carbon dioxide
emission data are reported in differenitsinvhich require data manipulation to
compare different data sources. All reportorganizations publish data in terms of
carbon dioxide except CDIAC, which usesbon. Table 12 summaeis the reporting
conventions used by carbon dioxiglmission repontig organizations.

Table 12. Reporting conventions for cebon dioxide emission reporting
organizations.

Organization Carbon Unit Published

IEA-R Million Metric TonnesCO, (Tg CO,)
IEA-S Million Metric TonnesCO, (Tg COy)
EIA Million Metric TonnesCO, (Tg CO,)
CDIAC Thousand Metric Tonnes C (Gg C)
EDGAR Thousand Metric TonnegsO, (GgCOy)

3.1.2 Discussion of discrepanciesin carbon dioxide emission data

Carbon reporting organizations’ methodologjgssumptions significantly affect their
annual data output. Differencsm choices of energy data and corresponding emission
factors, choices of accounting approach, and inclusion of non-fossil energy emission
sources have important consequences farqodar years and for trend data. Like

energy reports, it is helpful to examine repaftemissions as-published as well as after
harmonizing assumptions to determine appeaterevels of discrepancy. Examining

data as reported, EDGAR’s report offfiissions excluding organic carbon” is
consistently the highest with its essions from energy and industry, followed by

CDIAC. Figure 14 shows emissions fromeegy and industrial practices as reported by
institutions as well asnergy-only emissions.

The difference between these two orgatiaes and the others is their including
industrial factors suchs cement production in theipats. CDIAC reports of global
emissions are on average 7% higher thaissions reported from the IEA-S method.
When only emissions from energy souraes addressed (i.e. removing cement and
natural gas flaring emissions from CDIAC tmal gas flaring from EIA, wastes from
IEA-R and IEA-S, and all industry from EDGARCDIAC still is on average 3% higher
than IEA-S each year for the designatedqake Energy-only emissions from EIA are on
average only 2% higher than IEAa8er harmonizatioifrom1980-2006). EDGAR
energy-only emissions are consistently lotv&an other reported values. Differences
from energy-only emissions are less than differences from reports as-published, yet still
indicate significant data uncertainties.
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Global Emissions from Fossil Fuel Use (1971-2006)
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Figure 14: Global emissions from enagy and industrial sources (bottom) and
energy-only (top), as reported by instutions, 1971-2006. EDGAR data stop in
2005. EIA data begin in 1980. Note how EDGR emissions that include industrial
emission sources are the highest, thgh EDGAR energy-only emissions are the
lowest.

Emissions resulting from energy usage provfgebasis from which other comparisons
of data and uncertainty can be made. Whigeitttlusion of otherdctors can be readily
transferred from one dataset to the nexdustracted from a dataset, emissions from
energy usage are more difficult to rectify daghe wide variety of heating values and
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emission factors used for numerous categaridsgels, which themselves are different
agency by agency and year to year. It issasonable to expectsearchers to identify
and analyze these differences; instead rapgpdrganizations should utilize consistent
methods and report uncertainty ranges dhise from using different methods or
different energy sources.

Considering fossil fuels individually, Figail5 shows global emissions by fossil fuel
from 1970-2006 for IEA-S, IEA-R, EIA, andDIAC. For coal, CDIAC consistently
reports higher emissions until the 1a@90s, when EIA begins reporting higher.
Conversely, EIA consistently reports higlpetroleum emissions until the early 1990s,
when CDIAC overtakes it. EIA has considtgrmeported higher emissions from natural
gas, and since 1999 has getigne&ported the highest overall emissions from fossil
fuels.

2005 Global emission differences resultingnfrcommercial fossil fuels are under 6%,
yet this global aggregation masks larger défeees on national scales. Indeed, of the 26
highest emitters of C{from commercial fuels in 2005 (representing 80% of global
energy-related emissions), 13 countries rdigerepancies of greater than 10% when
comparing IEA-S and EIA emissions. Itilsportant to note that EIA attributes
international bunker fuel emissions to eactiam whereas other organizations exclude
these values from national totals. Figlifecompares EIA and CDIAC emissions from
just fossil fuels for the Netherlanfflom 1980-2006. In 2006, EIA values are 55%
greater than CDIAC values, and EIA valuésw a rising trend as opposed to the flatter
trend of CDIAC.

As a further example of national differences, Canada shows great disparities among all
organizations, both in terms of treratsd absolute amounts. Cumulative emission
differences between IEA-S and Effom 1990-2006 are 9.8%, or 0.8 Pg£0O

Figure 17 shows Canadian emissions ffossil fuels only from 1990-2006, including
EDGAR data, as fuel aggregation isspible. Such a large disparity between
organizations for absolute quantities aodnulative amounts since 1990 is not only due

to the inclusion of bunker fuels ankagild cause concern for policymakers and
researchers analyzing carbon emissions.

Both the Sectoral and Reference methods shgivke identical redts, given sufficient
quality data. In reality, there are dispastibat result from the methods employed. The
most striking example of this is a comisan of the two IEA approaches, which utilize
the same energy data. While total global défeces between the two organizations in
2005 only amount to approximate29bo (corresponding to 0.5 Pg @Qcertain

countries have vast differences. So#ifhica’s difference amounts to 23% (.075 Pg
C0O,) and Mexico’s difference is over 9% (.036 PgAL®igure 18 shows Mexico’s
emissions from 1990-2006 as reported by IEAfR IEA-S. Distinct trend differences
can be seen from 1998-2001 as well a8006. Given that these two different
approaches by the same agency using the smmdata give such different results for
an OECD country, the different methaatdized should always be noted.
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Global Emissions from Coal (1971-2006)
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Figure 15: Global emissions from coal (tp), natural gas (middle), and petroleum
(bottom) sources, 1971-2006. EIA data begin in 1980.
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Netherlands CO2 Emissions (1980-2006)
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Figure 16: Emissions fromenergy usage only as reported by EIA and CDIAC,
1980-2006. EIA includes international bunkerfuels in its national inventories
whereas CDIAC excludes them.

Canada CO2 Emissions from Fossil Fuel Consumption
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Figure 17: Canadian energy emissions agported by institutions, 1990-2006.
EDGAR data stop in 2005. Note the vast trend differences between organizations,
especially CDIAC. EIA includes international bunker fuels in its inventory.
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Mexico CO2 Emissions from Fossil Fuel Consumption
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Figure 18: Mexican energy emissions agported by IEA-R and IEA-S, 1990-2006.
Both methods use the same energy dabait use different methods of accounting.

Differences are also apparent betwdef-S and EDGAR, which both utilize IEA
energy data and use a sectoral approHaé.difference between the agency methods
relates to the categorization of emissid&A-S utilizes IEA energy categories,
whereas EDGAR uses IPCC emission categ. Furthermore, EDGAR uses
technology-based emission factors, where@s $H.1ses average fuel emission factors.
IEA-S reported global emissions from fodsiél consumption are consistently higher
than EDGAR emissions from 1971 to the jgrés While cumulative emissions during
this period differ only by about 2%, it highlits the variation that is possible even
within two organizations using the sammergy data and the sectoral approach.
Figure 19 highlights these differees for energy-only emissions.

No two organizations include the sam@n-energy emission sources. Even when
organizations ostensibly are including #ame emission sources, such as emissions
from wastes and cement production, they ufferéint definitional categories for these
emissions and their values are not readilgnparable. Such definitional differences
could lead to problems when compardega between different agency reports.

Different sources of information for thesédnet categories can lead to very different
values. The differences for the US and Rubgjalight this issue for natural gas flaring.
EIA reports US natural gas flaring essions to be 24.3 million metric tonnes £0r
2005, whereas CDIAC reports emissions to be 6.5 million metric tonng=60
Russia, EIA reports no emissions fromtural gas flaring, whereas CDIAC reports
emissions to be 24.8 million metric tonnes LCThese values come close to cancelling
out on the global scale, yet on a nationai®#hey give quitdifferent pictures.
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Global Emissions from Energy Use (1971-2005)
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Figure 19: Global energy emissions agported by IEA-S and EDGAR 1971-2005.
Both organizations use the same energy datand both utilize a sectoral approach,
but EDGAR uses technology-based emissi factors whereas IEA-S uses average
fuel emission factors.

The inclusion or omission of cement fromissions reports can have an impact on data
trends, especially for countries that prodadarge amount of cement, such as China.
Considering the carbon intensity of China’s energy use, Ausubel and Waggoner (2008)
show how emissions reported by EIA (ehidoes not include cement emissions)

showed a slight decrease in China’gboa intensity from 1980 to 2004. However,

CDIAC (which does include cement em@ss) for the same time period showed no
decrease in carbon intensity. This is tiuéhe cement production process in China
becoming more energy intensive and tmge carbon intensive. According to EIA

data, China has been improving its carbdanasity, yet according to CDIAC, it has not.
The inclusion or omission ofaditional fuels in energy statiiss can lead tgignificant

trend differences in carbon intensity arss. Considering the carbon intensity of

energy for India, the differences are quiteat! IEA-S, using IEA data that includes
traditional fuels, shows a lower absolutebcar intensity (as there is much energy being
produced from biomass that has no corresponding emissions accounted for), but as the
share of biomass decreases and the siiather fuels increase over time, carbon
intensity steadily increases. For EIA datdich does not includiaditional fuels,

carbon intensity has stayed relatively constance 1990 (as noted in Figure 4 in

Section Il the commercial fuel mix of lralhas stayed relatively stable even as
commercial fuels make up a larger percgatef total energy use). Thus the data

reported by these two institutions leacctmtradictory decarbonization trends. EIA
implies progress while IEA-S implies a worgansituation. However, neither agency is
entirely comprehensive artkere is a third possibleetnd. When energy usage from
traditional biomass sources are included and carbon emissions from these sources are
included (using an emission factor of 109.58 g/8)), there is a steady decline in

carbon intensity, highlighting the energy end-use improvements India has made. Figure
20 shows Indian carbon intensity from 198006 for IEA-S and EIA, both as reported

and with harmonized assumptions that npooate IEA combustible renewable energy
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values and their estimated emissions. It is evident from these three contradictory
interpretations of Indian claon intensity that the choice ehergy and emission sources
has very important consequences for aredyResearchers must exercise caution and
should acknowledge multiple interpretations when performing carbon intensity
analyses.

Indian Carbon Intensity (1990-2006)
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Figure 20: Indian carbon intensity, 1990-2006. IEA-S data utilize IEA energy
statistics, which include traditional fuelconsumption. EIA data utilize EIA energy
statistics, which do not include traditiond fuel consumption. Harmonized datasets
include emissions from energy and sm IEA-reported traditional fuel
consumption. IEA-reported traditional fuel energy values were added to EIA data
to make consistent with IEA energy data.

Emissions from land-use changes camiicantly alter outunderstanding of
contributions to global totals. Using ED®Adata for the year 2005, the Democratic
Republic of Congo (DRC) is ranked 12 terms of emissions from energy and
industrial sectors, emitting just 2.6 Tg of &@hereas the US emitted 5,974 Tg of CO
the same year. However, once emissioosifland-use changes are included, DRC is
ranked 18, emitting a total of 1,367 Tg GOndeed, as EDGAR estimates that over
80% of emissions from Brazil and Indonesianeedl as 40% from India arise from land-
use changes, these emission sources must gertbrbe an important issue addressed at
the national and inteational policy level.

Discrepancies are very rayreacknowledged, and yet calgreatly affect climate
modeling, national and interti@nal policies, and carbon meets. The inclusion of
industrial and non-energy related factoas have a significant impact on our
assessment of total anthropogenic impactthercarbon cycle. As data from EDGAR
suggest, industrial emissions include marerses of emissions than just from cement,
though cement data are readily available amdtherefore included current policies
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and scientific models. Emissions from lamske changes are more difficult to measure,
especially in tropical countries whereany drastic changes are occurring. EDGAR
notes an extremely high uncertainty vajumighly 100%) for these emissions, implying
policies developed to regulate these ssitns will have to address these large
uncertainties (Olivieet al., 1999).

If a carbon tax was implemented or credits apportioned to carbon-emitting activities,
much consideration would need to be plasedvhat emissions would be taxed or given
credits. The importance of this can be ssiemply with the US cement manufacturing
industry. If emissions from cement are inclddthis represents an additional .05 Pg of
CO, per year that must be allocated. Dagieg on which source one uses for natural
gas flaring, up to .02 Pg of G@ould potentially be regulated. By only addressing
factors that are easily meaable, other important indust sources of carbon dioxide
may be ignored by policies and not adequatelysidered in scientific assessments.
Considering emissions only from US egneuse in 2005, EIA reports .25 Pg more,CO
than CDIAC. Such discrepancies and diffeeshim methods are much greater than is
currently recognized in pubhegd literature and in poljodebates, and they could
influence future policies desigdeo regulate carbon markets.

4 Carbon Emission Data in theContext of Climate Change
Negotiations

The carbon emission reports discussed hiee a unique opportunity for independent
reviews of national emission inventories past to UNFCCC protats and subject to
the IPCC reporting guidelines. As such tlveyld have an important role at the 2009
Copenhagen Conference of the Parties (C&id future negotiations that address
national emission inventoriesmd emission reduction goals.

The UNFCCC requires Parties to the conven{ie. nations) to regularly report their
emissions following the standard methodslined by the IPCC. The IPCC describes
three primary Tiers of detail for the@unting methods that nations may use in
calculating emissions. Nations must use one of these three Sectoral methods, unless
there is a dire lack of data. In the casa ¢dck of data, the Reference approach may be
used. Tier 1 methodologies are the leastifiperelying on average fuel-based emission
factors applied similarly to all countriebier 2 methodologies utilize country-specific
fuel emission factors, anddlude technology-specific emissi factors where available.
Tier 3 methodologies are the most specific, relying on data at the individual power plant
or other individual emission source levelf the carbon reporting organizations
considered here, EDGAR utilizes a Tiefcduntry-specific technology-based emission
factor) approach, whereas IEA-S and ElAinéla Tier 1 (average fuel-based emission
factor) approach. CDIAC and IEA-R utilize tReeference approach. As is noted above,
the use of these different thedologies can result in sidicantly different reported
emissions. Whereas the United States mayaweé significant differences between
methods, other countries’ results shawigh sensitivity to choice of method.
Additionally, the IPCC organizes emissions adaag to activity datanot according to
individual fuels. Activity d#a is defined by the IPCC as “human activity resulting in
emissions or removals taking place dgra given period of time” (IPCC 2006). Data

on energy use and metal production are exaspl activity data. Instead of being
broken down by fuel category, activity daiee broken down according to end-use
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purposes. Thus energy use is decomposecategories such gaiblic electricity and
heat production, domestic aviation, anil transportation. Idividual fuels are

aggregated together based on their end-use purpose, and r@@oniatd individually.

In total, there are thirteen subcategorigseitergy-related emissions, nine of which are
a result of direct domestic fuel combustiomo of which relateo fugitive emissions

from fuels, and two of which are relatedimternational bunker fis. Of the reporting
organizations considered here, only EDGreRIicates the IPCC emission categories.
As such, it is the only organization that pubdis data that are datty comparable to

IPCC national emission inventories at a disaggted level. On aggregated national and
global levels, comparisons are possible, provided assumptions of system boundaries are
consistent. The online database tool désd in this work allows carbon emission
reporting organizations’ assumptions to be rfiediso as to be consistent with IPCC
system boundaries, facilitating compans of national emission inventories.

Equivalent system boundaries will not reg@l sources of discrepancies, however.
Nations, in their national emission inventaeporting to the IPCC, use different
calorific values and emission factorsaithare used by carbon emission reporting
organizations. Such differences are mhahder to harmonize, given the different
sources and different levels of déta the original data sources.

The combination of these different asgtions described above can lead to
significantly different results of nationahd global carbon emissioni$ a global policy
such as an emission cap and trade systataveloped throdlgUNFCCC negotiations,
an assumption such as the accounting methed (i£. Reference, Tier 1, Tier 2, and
Tier 3) becomes extremely important fodustrialized nationaVith the monetization

of emissions, nations would have finahdmcentives to uséhe accounting methods
most advantageous for their particular aitons. Or, a nation mdggitimately revise
previous years’ data after employing armepecific accounting method, resulting in a
situation where previous yesaimonetized) emissions weover- or underreported.
Having one standardized accounting methodld obviate such concerns, yet data
quality and collection capalfiies are not equal among natg) including industrialized
nations, making a standardized accountinthod unfeasible in the near future. If
developing countries are eventually monitbeand given emissiorilacations in such a
global regime, concerns about accountinghmes will be all the more important.
Given that we do not know the “true” quantdf/carbon emissions released annually by
individual nations, the consideration oftalaeported by indepelent carbon emission
reporting organizations (with their differemethodologies) facilitates carbon emission
monitoring. The different methods erpéd by the independent carbon emission
reporting organizations provide a moremmwehensive glimpse into what actual
emissions may be. Although certain disggarassumptions may be harmonized, other
assumption differences provide a class afautainty that goeseyond the uncertainty
ranges reported by nations. Improving ¢ulity and consistency of data in
independent carbon emission reporting orgaroratcould facilitate the development of
a more robust independent verificatiprocedure for IPCC national emission
inventories. In turn, if the IPCC alsequired emissions toe reported by fuel
categories, and not only by activity data,reneffective comparisons could be made
between the data that are reported td®&C by nations fulfilling treaty obligations
and the data that are régdy published and utilized in scientific arenas.
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5 Unrecognized Uncertainties in Publications

A consequence of the multitude of methods used to calculate carbon dioxide emissions
is that competing conclusions that camiede by the choice of one dataset over

another. As the assumptions behind emisseorts are often difficult to identify and
distinguish, yet all organizatiorsse generally considerededible sources, there is a

great risk of researchers urentionally using data that reot fully comprehensive or
appropriate for their analyses. The use odld@rnative dataset may or may not lead to
starkly different conclusions, but at the very least would provide insight into the
analysis uncertainty. Unfortutedy, these uncertaintieseaoften not presented fully.

There are many examples of studies usaudpon dioxide reports for analysis, yet
Raupactet al., in 2007 has received considerabletion. In this article, recent
emission data are given from EIAcAGDIAC suggesting that recent €@missions
trends exceed the highest extreme emisso@mario of the IPCC SRES. Since being
published, authors have referentlealt trend reported by Raupaettal ., noting the

added urgency and need for immediate drasttions to reduce emissions (Caldeira and
Wood 2008, Anderson and Bows 2008, Calladel Raupach 2008, Joos and Spahni
2008, Howderet al., 2007, Canadeht al., 2007). However, analysis shows that once
emission uncertainty and proper assumptemesaccounted for, global emissions have
not surpassed the highest IPCC emission seEnaf he analysis and conclusions of
Raupactet al., are flawed due to (i) not using thdlftange or marker scenarios of the
IPCC emission scenarios, (ii) not incorpangtall available sources of emissions data,
(iif) combining raw data with standamgid emission scenarios, (iv) improperly
‘normalizing’ EIA data, (v) using short-tertime series to make claims about long-term
trends. These analytical flaws will be addressed in turn below.

Raupactet al., utilize a figure, reproduced in Figure,2a highlight their point that
emissions have exceeded IPCC scenarios. A first point of concern for Figure 18 and the
statement is that Raupaetal., does not include all of the IPCC emission scenarios in
their analysis. In particular, Raupagttal., shows the A1FI scenario (the fossil fuel-
intensive scenario) as being the mostexi example. However, they exclude eight
individual IPCC scenarios in their analythsit show higher emissions than A1FI in
2010 (A1-AIM, A1-ASF, A1-IMAGE, A1C-AIM, A1G-AIM, A2-AlM, B1-ASF, and
B2-ASF). Furthermore, Raupaehal., construct an average of the emission scenario
families, ignoring the published IPCC markeesarios, which further limits and lowers
the range of the IPCC scenarios used @irthnalysis (van Vuuren and Riahi, 2008).
Thus their figure does not give a contpgasive account of the IPCC scenarios;
including the full scenario range would hgpeopriate if claims are made that world
emissions have exceeded the highest IPCC scenario.
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Figure 21: Raupachet al., figure as published. Note how EIA emissions exceed the
A1FI emissions scenario.

Raupacket al., also only includes emissions ddétam EIA and CDIAC, the two
organizations as noted in Section Il toansistently report the highest emissions
levels. By not including emissions from IHR-IEA-S, or EDGAR, they are excluding
international agency estimates that folllRCC protocols. The analysis of Raupath

al., could be improved by including emissidinem these data sources along with
estimated emissions using average emissotofs for BP energy data to observe most
recent developments.

Also note that Raupadc al., utilize standardized emission scenarios that all have
equivalent emissions for the years 1990 and 2000, yet the EIA and CDIAC data have
not been similarly standardized and bothtagher than the standfized value in 1990.

As such these raw data should be compaiiddthe emission scamios using raw data.
The standardized emissions scenarios maskiticertainties inhen¢in the different
modeling approaches to tB&RES emission scenarios.

To account for EIA’s lack of cement data, Raupetcli., normalizes EIA average

values to CDIAC data for the years 199899. Data were normalized multiplying EIA
data by a constant factor to make theyear average the same. However, considering
emissions that resulted only from comn&renergy sources, EIA was on average 1.5%
lower than CDIAC for this ten-yegeriod. From 2000-2006 EIA commercial energy
emissions were on average 1% greater thase of CDIAC. Thus by normalizing mean
values for the time period when EIA wapoeting smaller emisens from commercial
energy, the values from EIA from 2000-20@@ slightly exaggerated in Raupagtial .,
Figure 21. Published average emissions (i.@gusconsistent assumptions) differences
between the two organizatis went from 4% from990-1999 to 2.8% from 2000-2006.
While an overestimation of 1-2% of EIA datey not critical, as EIA data is portrayed

in Figure 21 as exceeding IPCC estimates, a more conservative (and likely more
accurate) approach would haween to simply add CDIAC cement emissions to the EIA
data.

12 SRES emission scenarios were standardized by the IPCC to have equivalent emissions for1990 and
2000 to avoid addressing initial raw uncertaintiesririssions considered by the SRES modeling teams.
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Figure 22 displays the full range of tharsilardized IPCC SRES emission scenarios
along with data from EIA, CDIAC, IEA-REA-S, EDGAR, and estimates from BP
energy data. Emission values for BP hbeen included using average fuel emission
factors®. Natural gas flaring emissions in 2007 and 2008 were derived from the most
recent natural gas production data frondigaz and BP. Cement production emissions
from 2007 and 2008were estimated fromniest recent USGS cement production
statistics. Both IEA methods, EDGAR, and B&a show lower emissions than EIA and
CDIAC. Note that all orgaizations’ data, even CDIAQhd EIA, fall within the range

of the SRES emission scenarios, and thantlost recent estimated emissions from BP
in 2008 indicate a path withtlhe emission scenarios.
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Figure 22: Global emissions from enagy and cement sources compared with
standardized IPCC SRES emissiogcenarios, 1990-2008. EDGAR data stops
in2005. BP data is the only data source &nding to 2008. All other data sources
stop in 2006. Note how all six organizabins report emissions within the most
extreme IPCC emission scenarios. Triangkeon right side of graph represent IPCC
SRES marker scenarioestimates for 2010.

Figure 23 shows how emissions from gygrcement production, and gas flaring for
EIA, CDIAC, IEA-R, IEA-S, EDGAR, and estimated BP emissions compare with the
full range of the raw IPCC emission scenaridere is considerable variability in the
emission scenarios baseline data for 19802000, much more thdhe variability in

the published reports. All agency valuesacly fall within the maximum and minimum
IPCC raw emission scenarios.

13 per analysis in Section I, NCV emission factor of 73.33 gCO2/MJ was used for Petroleum. GCV
emission factors were used for coal (89.71 gCO2/MJ) and natural gas (50.24 gCO2/MJ). Emission factors
are from IPCC.
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Figure 23: Global emissions from energgnd cement sources compared with raw

IPCC SRES emission scenarios, 1990-2008. EBR data stops in 2005. BP data is
the only data source extending to 2008. All other data sources stop in 2006. Note
how all six organizations report emissionsvithin the most extreme IPCC emission
scenarios. Triangles represent IPCC SRS marker scenario estimates for 2010.

It is important to point out that Raupaethal., use short-term data to come to their
conclusions. The period of 2000-2005 waseaod where emission increases from
fossil fuels were increasing. van Vuuramd Riahi (2008) note how short-term £0
developments reported by Raupa&thl., do not indicate a signdant long-term trend
reversal. Indeed, dBe most current data from Bfhows for the year 2008, energy
usage and corresponding carbon emissiongased at a much slower rate. Global
emissions by 2010 are on track to fall in theldie of the IPCC SRES scenarios, e.g. in
between the B2 and A1T scenarios. Themoisndication that emissions are exceeding
the highest IPCC scenario projectian

Raupaclet al., also point to a trend reversal witkgard to regional and global carbon
intensities. Again, this claim relies oecent trends, ignoringhger-term patterns.
Figure 24 shows world carbon intensity frd®71-2006, including BP estimates with
average emission factors for 2007 and 2G@Blowing the convention of Raupaeh

al., 1990 serves as the base year for all mgdions. CDIAC emission data are based
on UN energy data. While there is an obviousease from 2000-2006, latest BP data
show that this increase may be leveling @ther temporary increases can be seen in
the early 1970s and the mid 199B®wever, it is still too ady to tell whether or not
there is a disruption in the lonigrm trend of decarbonization.

4 On a final note about the Raupagttal. published figureemission scenario graphse spline fits of
calculations for certain selectgdars and do not represent exaajectories of emissions. Thus
temporarily exceeding a smoothed line does not nedlgssean long-term targets are in jeopardy.
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Figure 24: World Carbon intensity 1971-2008Emissions from energy sources only
divided by GDP-MER as reported by the World Development Indicators. EDGAR
data stops in 2005. BP data is the onlyata source extending to 2008. All other
data sources stop in 2006. 1990 is the reference year and equals 1 for all
organizations.

The methods employed by Raupathl., to reach the conclusions that there has been a
global trend reversaia that total global C&emissions have exceeded the most
extreme IPCC scenario are flawed. Such assongphave led to faulty conclusions that
not only undermine the validity of the IPGBRES scenarios, but also minimize the
uncertainty inherent in the developmehfthe IPCC models. A broader perspective
must be taken when assessing the degreditch the world is within the bounds of the
IPCC emission scenarios by including full unciatias inherent in the emission reports
as well as full uncertainties inherent in #raission scenarios. The importance of using
and comparing consistent data is of the utmost importance for legitimate scientific
articles and the policy proposals that arsdobon those studies. However, as noted
above, organizations use different calorific values and atb&umptions that can lead
to vastly different results. Often resehers and policymakers are unaware of
methodological assumptions inherent in thepents. For these reasons, it is vital to
have a tool that explicitly notes whasamptions lie behind data. Furthermore, as
uncertainty between reports is unlikely toaysay, it becomes essential to be able to
quickly compare reported values among organizations.

6 Online Database Tool

Given the difficulty of identifying and rectifng discrepancies between agency methods
and assumptions, researchers and policymakers often overlook these differences. The
online database tool offers a temporary gotuto certain hidden assumptions and data
discrepancies by harmonizing disparate assumptions.

The database has multiple functions. First, the database displays different organizations’
reported energy and carbon emission valuestsjggide for select countries and for the
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global total. The database convertsefiorted energy and carbon dioxide emission

guantities into consistent International Systnnits (Sl) values, allowing for direct
comparison between reports. This allows researchers to compare the unmodified
reports. Figure 25 shows a screensharoéxample output of the database.

A E A AH AL AL [ 8K AL M| AW | AD AF B3| AR | A% aT A [ Aw
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Figure 25: Screenshot of carbon emissins output tab in online database.

The second major function of the databaseasattility to select@nsistent assumptions
to be applied across all agency data. Thiglifies reported data to provide an
impression of discrepancies resulting froemv data collection methods. For energy
reports, assumptions that can be alteretlide: primary energy equivalences to be
applied to hydroelectric, nuclear, and renewable sources; the inclusion of traditional
(non-commercial) biomass consumption (frima UN or from IEA); and the inclusion
of modern renewable energy consuropt(as reported by IEA). For carbon dioxide
emission reports, assumptions that caaltered or included are: emissions from
cement sources (taken from CDIAC); emissifmosn natural gas flaring (taken from
EIA, CDIAC, and EDGAR); emissions from traditional biomass consumption (taken
from IEA or UN energy data); emissionsifin the combustion of municipal wastes
(taken from IEA); and emissions from vauis types of land-uses (taken from EDGAR
and CDIAC). Discrepancies from differencegimysical units and fossil fuel calorific
values are currently not addressed bydhkne database. Figure 26 shows a screenshot
of the options available for selectingsumptions for energy and carbon reports.

49



A B = ]

1 Assumptions

ry

5 ENERGY ASSUMPTIONS

B Energy Units Exajoules (EJ)

=

8 Energy Sources Included*

9 Commercial Fuels Yes

10 Modern Renewables o

" Municipal and Industrial Wastes No

12 Combustible Renewables No

13

14 Primary Energy Equivalence™

15 Hydroelectricity |38 6% (WEC Substitution Equivalent Convention) I~
16 Muclear TEa

17 Modern Renewables e [D;,‘;'?E ialdie —
18

19

20 (CARBON ASSUMPTIONS

21 Carbon Units Tg Carbon Dioxide (Million Metric Tonnes CO2)
22

23 Carbon Sources Included

24 Commercial Fossil Fuels Yes

25 Cement Production (CDIAC data) ho

26 Matural Gas Flaring** No

27 Municipal and Industrial Wastes (IEA data} No

28 Combustible Renewables*** (IEA data} No

29 Global Land-Use Emissions**=* No

30

N

32 MNotas:

33 Ccmrrerrraf Fu'efs mc\ude petruleum coal, nalural gas hydruelectnc and nuclearsuurces

“4 v W Introduction | ASSUMPHONS. 4 OUEpUEPHMAN ERSIgy- - Output-Caron- cray Incansty ~  GUEpUE-Caraon Intensity LS. ]

Figure 26: Screenshot of assuntons tab |n onllne database

The third major function of this databaseo display energy intensities (energy

consumed per unit of GDP) and carbon intensities (carbon emitted per unit of energy
consumption) for the various combinations of energy and carbon emission assumptions.
Thus one may see the variety of absolutaesmand trends thare possible depending

on which assumptions are selected. Suaatufe is meant to highlight the importance

of exercising caution when analyzingports of energy usage and emissions.

This tool serves many purposes for reskars and policymakerBy providing all

agency reports side-by-side in congistenits, researchevsill have a better
understanding of the uncertainties betwssports, not only within reports.

Furthermore, by being able to change the assumptions of the data, researchers may
readily respond to other publigharticles with data that baised the same assumptions.
Additionally, researchers may also usedaéabase to showsathe variety of
interpretations that are pokk using different assumptis to contradict or uphold
previous conclusions.

Organizations revise previoyears’ data with each newpert, with higher degrees of
accuracy, and thus it becomes crucial teehtne most recent reports, even when
analyzing historic data (Marlare al., 2009). The database is updated with each new
agency report and can be found at the following link:
http://www.iiasa.ac.at/Resrch/TNT/WEB/PublicatiodEnergy Carbon_DataBase/.

7 Recommendations

While the database tool describedsiection V may readily rectify certain
misinterpretations of datnd lead to improved consiaty and better reporting of
discrepancies in energy and carbon emisgiports, it should only be seen as a
temporary solution to the ment existing disparitieamong reporting organizations’
data. Further action must be taken by befhorting organizations and researchers to
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ensure that data are not used inappraoggidor political, economic, or scientific
purposes.

To ensure more consistent reporting ia thture, reporting organizations should use a
consistent reporting format with consistém| categories. Guently, organizations

utilize different subcategories for liquéohd solid fuels, making sector-by-sector
comparisons difficult. Organizations should@knsure that they include identical
factors in energy and dawn reports. Primary energy equivalences for nuclear,
hydropower, and renewable sources shouldfzsconsistent. The deceptive similarities
of IEA and EIA aggregated world primaryergy consumption data are a manifestation
of these inconsistencies.

Consensus among organizations should la¢steached regarding choices of heating
values for energy reports and correspagdiarbon emission factors for the carbon
reports. Choosing consistent heating ealand emission factors would avoid the
current problem of organizations repogiidentical valuesf petroleum barrel
consumption but different accompanying emissions.

In addition, organizations should explicidjate assumptions and methods they are
using to obtain and process their dakthile organizations do report certain
assumptions, often these different assumptazascontained in separate documents or
are otherwise difficult to discern. Haviggeater clarity in the methodological
assumptions employed by each agency woufgtave researchers’ abilities to evaluate
data.

Organizations should also make an effonteport uncertainties inherent in data. While
much data may come from national repohest do not report uncertainties, publishing
data that may have high unrecognized uncdrésrtould lead to wide irregularities in
data that may be mistaken for trend changes.

For researchers and policymakers utilizingsi data, multiple data sources should be
consulted and included in analyses to givmprehensive view of discrepancies. Until
there is scientific consenswn the most appropriate aallation methods (unlikely in

the near future given national data religypiconcerns in many countries), all data
sources considered here can legitimately contribute to analyses of data discrepancies.

Researchers should also bglit about which assumptiorase inherent in the data
sources they are using. While this may ofadready be performed when discussing
carbon emissions from energy and certain itrgusources, other factors not addressed
are the underlying heating values and emission factexs ughich can be a significant
determinant of reported emissions.

Researchers utilizing the database tool wilabk to take advantage of side-by-side
comparisons of the various data sources@with an explanation of the assumptions
going into each unmodified report.

8 Conclusions

Global and national policies on limiting carbdioxide emissions will continue to
develop as more data accumulate. Whilessions from energy use are only one part of
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the global carbon cycle, theye the part that we knotwe the greatest certainty
(according to the analysis in Section llist+/- 6%) and thus also the part most
susceptible to being affected by new polic\® must strive to ensure that our sources
of data driving new policies are as robuspassible and that gertainties regarding
these data are well known. Organizationsenily report statics using different
methods and assumptions. There currenthoiscientific consensus on which approach
is the best, thus all of these approaches shioeliconsidered with their uncertainties and
methods clearly stated. This paper has netlithe major assumptions and methods of
the prominent energy and carbon reporting oizgtions along with a discussion of the
potential for misintergting data using one widely citeeference as an example. The
online database tool described here Egleed to facilitate an acceptable comparison
between reporting organizations’ data. #aahighlights the vaous and contradictory
conclusions that may be achieved dependmgvhich assumptions and data sources are
used. Given the potential severe climatbagequences and massive potential economic
implications of efforts to reduce carbon dioxide emissions,heeld be vigilant and
diligent in ensuring we know the fullsirepancies of published emission data.
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Appendix A Commonly Used Abbreviations

BP BritishPetroleum

BTU British Thermal Unit

C Carbon

CDIAC Carbon Dioxide Information Analysis Center

CO, CarbonDioxide

CRF Common Reporting Format

DOE U.S. Department of Energy

EDGAR Emissions Database for Global Atmospheric Research
EF EmissiorFactor

EIA US Energy Information Administration

EJ Exajouleg10™ J)

GCV Gross Calorific Value ( = Higher Heating Value, HHV)
Gg Gigagrams (Thousand Metric Tonnes)

IEA International Energy Agency

IEA-R IEA Reference Approach

IEA-S IEA Sectoral Approach

IPCC Intergovernmental Panel on Climate Change

ktoe Thousand tonnes oil equivalent

Mtoe Million tonnesoil equivalent

NCV Net Calorific Value ( = Lower Heating Value, LHV)
OECD Organisation for Economio-operation and Development
Pg Petagrams (Billion Metric Tonnes)

Quad QuadrilliorBTU (10" BTU)

SRES IPCC Special Report on Emission Scenarios

Tce Tonnegoalequivalent

Tg Teragrams (Million Metric Tonnes)

TJ Terajoule$10™ J)

UNFCCC United Nations Framewo€@onvention on Climate Change
USGS United States Geological Survey
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Appendix B Energy and Carbon Dioxide Approximate Equivalents

Energy

5EJ Annual Energy Use in Australia
10 EJ Annual Energy Use in France

20 EJ Annual Energy Use in Japan

70 EJ Annual Energy Use in China

100 EJ Annual Energy Use in the USA
500 EJ Annual Global Energy Use
Carbon

0.5Pg CQ AnnualCO, Emissions in the United Kingdom
1.0 Pg CQ AnnualCO, Emissions in Germany
1.5Pg CQ AnnualCO, Emissions in Japan
6.0 Pg CQ AnnualCO, Emissions in the USA
7.0 Pg CQ AnnualCO, Emissions in China
30.0 Pg CQ@ | Annual Global CQEmissions
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