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List of Acronyms, Abbreviations and Units

AAC Aluminum Association of Canada

AAFC Agriculture and Agri-Food Canada

AC air conditioning

AGEM Aviation Greenhouse Gas Emission Model
AlIA Association de I'Industrie d’Aluminium du Queébec
Al aluminium

AlLOs alumina

API American Petroleum Institute
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Asha Ash content in baked anodes
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ATV all-terrain vehicle
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BADA Base of Aircraft Data

Bo maximum methane production potential

BC Average bunder content in paste

BOF basic oxygen furnace

BOD; five-day biochemical oxygen demand

BSM Emissions of benzene-soluble matter

C carbon

CAC Criteria Air Contaminant

CaG calcium carbide
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CaMg(COs), dolomite (also CaCO3-MgCOs)
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CEA Canadian Electricity Association

CEPA 1999 Canadian Environmental Protection Act, 1999
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CFC chlorofluorocarbon

CFS Canadian Forest Service

CGA Canadian Gas Association

CHsOH methanol

CH4 methane

CaoHe ethane

GsHg propane
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CoHa Ethylene

CeHe Benzene

CHCL; Chroloform
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FAA
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GHG
GHGRP
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GWP
Ha

Canadian Industrial Energy End-Use Data Analysis Centre
cement kiln dust

carbon monoxide

carbon dioxide

carbon dioxide equivalent

chemical oxygen demand

Core Inventory of Air Emissions in Europe
Canadian Petroleum Products Institute
Common Reporting Format

Canadian Steel Producers Assocation

crop and tillage system

Canadian Vehicle Survey
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H.0 water

H,S Hydrogen Sulphide

HCFC hydrochlorofluorocarbon

HCI hydrochloric acid

HDD heating degree-day

HDDV heavy-duty diesel vehicle

HDGV heavy-duty gasoline vehicle

HE harvest emissions

HF Hydrogen fluoride

HFC hydrofluorocarbon

HHV higher heating value

HNO3 nitric acid

HQ Hydro Quebec

HRAI Heating, Refrigeration and Air Conditioning Institute of Canada
HSS horizontal stud Sederberg

HWP harvested wood product

HWP-C carbon stored in harvested wood products
1Al International Aluminium Institute

ICAO International Civil Aviation Organization
IE included elsewhere

IEA International Energy Agency

IESO Independent Electricity System Operator
I/M inspection and maintenance

Impa fluorine and other impurities

IPCC Intergovernmental Panel on Climate Change
IT intensive tillage

KAR kilometre accumulation rate

K.CO3 potassium carbonate

kg kilogram

kha kilohectare

kt kilotonne

kWh kilowatt-hour

Lo methane generation potential

LDDT light-duty diesel truck

LDDV light-duty diesel vehicle

LDGT light-duty gasoline truck

LDGV light-duty gasoline vehicle

LFG landfill gas

LHV lower heating value

LMC land management change

LPG liquefied petroleum gas
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LULUCF Land Use, Land-Use Change and Forestry
m metre

MARS Monitoring, Accounting and Reporting System
MC motorcycle

MCF methane conversion factor (Agriculture)
MCF methane correction factor (Waste)

Mg magnesium; also megagram

MgCO3 magnesite; magnesium carbonate
MGEM Mobile Greenhouse Gas Emission Model
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MgO magnesia; dolomitic lime

Mha megahectare, equivalent to a million hectares
MMIC Motorcycle & Moped Industry Council
MODTF Modeling and Database Task Force

mol mole

MP Total aluminum production

MS manure system distribution factor

MSW municipal solid waste

Mt megatonne

MTOW maximum takeoff weight

MW megawatt

N nitrogen

N> nitrogen gas

Na,COs3 sodium carbonate; soda ash

NazAlFs cryolite

NA not applicable

N/A not available

NAICS North American Industry Classification System
NCASI National Council for Air and Stream Improvement
NCV net calorific value

NE not estimated

NEB National Energy Board

NGL natural gas liquid

NH; ammonia

NH.+ ammonium

NH4NO3 ammonium nitrate

NIR National Inventory Report

NMVOC non-methane volatile organic compound
N,O nitrous oxide

NO nitric oxide; also used for not occurring
NO, nitrogen dioxide

NOs nitrate

NO« nitrogen oxides

NOC Nitrous Oxide of Canada

NPRI National Pollutant Release Inventory
NRCan Natural Resources Canada

NSCR non-selective catalytic reduction

NT no tillage

02 oxygen

OoDS ozone-depleting substance

OECD Organisation for Economic Co-operation and Development
OEM original equipment manufacturer
0OS/HOU oil sands and heavy oil upgrading

PC Paste Consumption

PFC perfluorocarbon

PJ petajoule

POP persistent organic pollutant

P/PE precipitation/potential evapotranspiration
PTRC Petroleum Technology Research Centre
QA quality assurance

QC quality control
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RA
RESD
RPP
RT
RTI
SA
Sa
SAGE
SBR
Sc
SCR
SFs
SIC
SiC
SLC
SMR
SO,
SOy
SOC
Sp
SUvV
t
TWh
UNFCCC
UPCIS
uoG
VCM
VKT
VSS
VS
WMO

reference approach

Report on Energy Supply and Demand in Canada
refined petroleum product
reduced tillage

Research Triangle Institute

sectoral approach

Sulphur content in baked anodes
System for assessing Aviation’s Global Emissions
styrene-butadiene

Sulphur content in calcinated coke
selective catalytic reduction
sulphur hexafluoride

Standard Industrial Classification
silicon carbide

Soil Landscapes of Canada

steam methane reforming

sulphur dioxide

sulphur oxides

soil organic carbon

Sulphur content in pitch

sport utility vehicle

tonne

terrawatt-hour

United Nations Framework Convention on Climate Change

Use Patterns and Controls Implementation Section
upstream oil and gas

vinyl chloride monomer

vehicle kilometres travelled

vertical stud Sederberg

volatile solids

World Meteorological Organization
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Annex

Key Categories

Al.l. Key Categories—

Methodology

This annex presents the use of an IPCCTier 1 key category
analysis and results for Canada’s inventory submission.
Both the Good Practice Guidance and Uncertainty Manage-
ment in National Greenhouse Gas Inventories (IPCC 2000)
and the Good Practice Guidance for Land Use, Land-Use
Change and Forestry (LULUCF) (IPCC 2003) recommend as
good practice the identification of key categories of emis-
sions and removals. The intent is to help inventory agen-
cies prioritize their efforts to improve overall estimates. A
key category is defined as “one that is prioritized within
the national inventory system because its estimate has a
significant influence on a country’s total inventory of direct
greenhouse gases in terms of the absolute level of emis-
sions, the trend in emissions, or both” (IPCC 2000).

Good practice first requires that inventories be disaggre-
gated into categories from which key sources and sinks
may be identified. Source and sink categories are defined
according to the following guidelines:

« IPCC categories should be used with emissions ex-
pressed in CO, equivalent units according to standard
global warming potentials (GWPs).

- A category should be identified for each gas emitted
or removed, since the methods, emission factors, and
related uncertainties differ for each gas.

- Categories that use the same emission factors based
on common assumptions should be aggregated
before analysis.

The IPCCTier 1 quantitative approach is used to identify
key categories from two perspectives: their contribution to
the overall emissions, and to the emission trend. The level
assessment analyzes the emission contribution that each
category makes to the national total (with and without
LULUCF). The trend assessment uses each category’s
relative contribution to the overall emissions, but assigns

Canada’s 2012 UNFCCC Submission

greater weights to the categories whose relative trend
departs from the overall one (with and without LULUCF);
in this assessment, trends are calculated as the absolute
changes between the base and most recent inventory
years. The percent contributions to both levels and trends
in emissions are calculated and sorted from greatest to
least. A cumulative total is calculated for both approaches.
A cumulative contribution threshold of 95% for both level
and trend assessments is a reasonable approximation of
90% uncertainty for the Tier 1 method of determining key
categories (IPCC 2000). This threshold has therefore been
used in this analysis to define an upper boundary for key
category identification. Hence, when source and/or sink
contributions are sorted in decreasing order of impor-
tance, those largest ones that together contribute to 95%
of the cumulative total are considered quantitatively to be
key.

Level contribution of each source is calculated accord-
ing to Equation A1-1, which follows IPCC (2000), whereas
Equation A1-2 is used to calculate the level contribution
from both sources and sinks following IPCC (2003):

Equation A1-1:

L _ Ex,t
x,t —
E¢
where:
Lyt = thelevel assessment for source x in year t
Ext = the emission estimate (CO, eq) of source
category x in year t
E: = thetotal inventory estimate (CO; eq) in

yeart
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Equation A1-2: Equation A1-4:  for source and sink category trend
assessment
*
x Ex:t *
vt _ Bxe (Ex,t - Ex,o) (E; — Eo)
‘ Toe = E T E
where: ¢ Xt t
* = .
xt = thelevel assessment for source or sink x in where:
year t; the asterisk () indicates that con- T = the contribution of the source or sink
tributions from all categories (including xt

LULUCF) are entered as absolute values
(i.e. negative values are always recorded as
the equivalent positive values)

*

x,t *

|Ex,t|, the absolute value of the emission x,t -
or removal estimate (CO, eq) of source or
sink category x in year t

E; DI E; =
P , the sum of the absolute values of
all emissions and removals (CO; eq) from
all source or sink categories x in year t, kt
COz eq
E ,t and -
X,0
E ) and E 0o =

The trend contribution of each source is calculated
according to Equation A1-3, which follows IPCC (2000).

Equation A1-4 for source and sink category trend assess-
ment is used to calculate the trend contribution from both
sources and sinks following IPCC (2003):

Equation A1-3:  for source category trend assessment:
[(Ex,t - Ex,o)] _ [(Et - EO)]
Ex,t Et

Tx ¢ = the contribution of the source category
’ trend to the overall inventory trend
(i.e. the trend assessment); the trend
assessment is always recorded as an
absolute value

Tyt = Lyg e

where:

L = the level assessment for source x in
x,t ; R .
year t (derived in Equation A1-1)

Ex,t and Ex,o = the emission estlmates (CO, eq) of
source category x in years tand O,
respectively

Et andEO

the total inventory estimates (CO, eq)
in years t and 0, respectively

15

category trend to the overall inventory
trend (i.e. the trend assessment); the
trend assessment is always recorded as
an absolute value

|Ex.t |, the absolute value of the emis-
sion or removal estimate (CO; eq) of
source or sink category x in year t

Dl

P; the sum of the absolute values
of the emission and removal estimates
(COzeq)inyeart

the emission estimates (CO; eq) of
source or sink category x in years t and
0, respectively

Ex,t Ex,O
x and = , the sum of all emis-
sions and removals from source and
sink categories x (CO; eq) in years t and
0, respectively; Et differs from Et* in
Equation A1-2 in that the removals are
not entered as absolute values
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The overall purpose of identifying key categories is the in-
stitution of best practices in GHG inventory development.
The appropriate aggregation of categories is crucial to
reflect not only actual sources and sinks but also identical
estimation procedures. Thus, while the UNFCCC com-

mon reporting format (CRF) categories provide a basis for
identifying sources and sinks, some aggregation of these
sources and sinks can occur when using the same emission
factors based on common estimation assumptions. In this
analysis, major categories such as Fuel Combustion, Fugi-
tive Emissions, Industrial Processes, Agriculture and Waste
are in keeping with the CRF. Within these major categories,
the aggregation of subcategories occurs when estimates
are made based on common assumptions with respect to
emission factors and common activity data.

ANNEX 1 - KEY CATEGORIES

Al.l.l. Summary Assessment

Key categories were assessed for the 2010 inventory year
using level and trend criteria and for the base year on the
level criterion only.

There were 30 level key categories in 1990, while in 2010
there were 34 with all combined criteria. Results are shown
in Table A1-1.

Table A1-1 Key Category Analysis Summary, 2012 Inventory Submission

Source IPCC Category Direct Key Category  Criteria

Table GHG (1990/2010) (1990/2010)
L: Level T: Trend

1-A Stationary Fuel Combustion - Solid Fuels CO; Yes/Yes L/LT

1-A Stationary Fuel Combustion - Solid Fuels CH4 No/No

1-A Stationary Fuel Combustion - Solid Fuels N.O No/No

1-A Stationary Fuel Combustion - Liquid Fuels CO, Yes/Yes L/LT

1-A Stationary Fuel Combustion - Liquid Fuels CH,4 No/No

1-A Stationary Fuel Combustion - Liquid Fuels N.O No/No

1-A Stationary Fuel Combustion - Gaseous Fuels CO, Yes/Yes L/LT

1-A Stationary Fuel Combustion - Gaseous Fuels CH4 No/No

1-A Stationary Fuel Combustion - Gaseous Fuels N.O No/No

1-A Stationary Fuel Combustion - Other Fuels CO; No/No

1-A Stationary Fuel Combustion - Other Fuels CH4 No/No

1-A Stationary Fuel Combustion - Other Fuels N.O No/No

1-A Stationary Fuel Combustion - Biomass CO; No/No

1-A Stationary Fuel Combustion - Biomass CH4 No/No

1-A Stationary Fuel Combustion - Biomass N.O No/No

1-A-3-a Fuel Combustion - Civil Aviation (Domestic Aviation) CO, Yes/Yes L/LT

1-A-3-a Fuel Combustion - Civil Aviation (Domestic Aviation) CH4 No/No

1-A-3-a Fuel Combustion - Civil Aviation (Domestic Aviation) N.O No/No

1-A-3-b Fuel Combustion - Road Transportation CO, Yes/Yes L/LT

1-A-3-b Fuel Combustion - Road Transportation CH,4 No/No

1-A-3-b Fuel Combustion - Road Transportation N.O Yes/No L

1-A-3-c Fuel Combustion - Railways CO, Yes/Yes L/LT

1-A-3-c Fuel Combustion - Railways CH4 No/No

1-A-3-c Fuel Combustion - Railways N2O No/No

1-A-3-d Fuel Combustion - Navigation (Domestic Marine) CO; Yes/Yes L/L

1-A-3-d Fuel Combustion - Navigation (Domestic Marine) CH4 No/No

1-A-3-d Fuel Combustion - Navigation (Domestic Marine) N,O No/No

1-A-3-e Fuel Combustion - Other Transport (Off Road) CO; Yes/Yes L/LT

National Inventory Report

1990 -2010
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Table A1-1: Key Category Analysis Summary, 2012 Inventory Submission (cont’d)

Source IPCC Category Direct Key Category  Criteria
Table GHG (1990/2010) (1990/2010)
L: Level T: Trend
1-A-3-e Fuel Combustion - Other Transport (Off Road) CH4 No/No
1-A-3-e Fuel Combustion - Other Transport (Off Road) N.O No/Yes T
1-A-3-e Fuel Combustion - Pipeline Transport CO, Yes/Yes L/LT
1-A-3-e Fuel Combustion - Pipeline Transport CH,4 No/No
1-A-3-e Fuel Combustion - Pipeline Transport N,O No/No
1-B-1-a Fugitive Emissions - Coal Mining CH4 No/Yes T
1-B-2-(a+c) Fugitive Emissions - Oil CO, Yes/Yes L/LT
1-B-2-(a+c) Fugitive Emissions - Oil CH4 Yes/Yes L/LT
1-B-2-(a+c) Fugitive Emissions - Oil N2O No/No
1-B-2-(b+c) Fugitive Emissions - Natural Gas CO; Yes/Yes L/L
1-B-2-(b+c) Fugitive Emissions - Natural Gas CH4 Yes/Yes L/LT
1-B-2-(b+c) Fugitive Emissions - Natural Gas N,O No/No
2-A-1 Industrial Processes - Cement Production CO; Yes/Yes L/LT
2-A-2 Industrial Processes - Lime Production CO; No/Yes T
2-A-3 Industrial Processes - Limestone and Dolomite Use CO, No/No
2-A-4 Industrial Processes - Soda Ash Production and Use CO, No/No
2-A-7-2 Industrial Processes - Magnesite Use CO; No/No
2-B-1 Industrial Processes - Ammonia Production CO, Yes/Yes L/L
2-B-2 Industrial Processes - Nitric Acid Production N.O No/No
2-B-3 Industrial Processes - Adipic Acid Production N.O Yes/Yes LT
Industrial Processes - Petrochemical Production CH,4 No/No
Industrial Processes - Petrochemical Production N.O No/No
2-C-1 Industrial Processes - Iron and Steel Production CO, Yes/Yes L/LT
2-C3 Industrial Processes - Aluminium Production CO, No/Yes T
2-C3 Industrial Processes - Aluminium Production PFCs Yes/Yes LT
2-C-4-1 Industrial Processes - Aluminium Production SFe No/No
2-C-4-2 Industrial Processes - Magnesium Production SFs No/No
2-C-5 Industrial Processes - Magnesium Casting SFe No/No
2-E Industrial Processes - Production of Halocarbons HFCs No/No
2-E Industrial Processes - Production of Halocarbons PFCs No/No
2-E Industrial Processes - Production of SF6 SFs No/No
2-F Industrial Processes - Consumption of Halocarbons HFCs No/Yes LT
2-F Industrial Processes - Consumption of Halocarbons PFCs No/No
2-F-6 Ln:c:(s)trrif\a;llairsfcaeacstﬁerse - Consumption of SF6 for Semicon- SFe No/No
2-F-7 Lr:]dul:rs)tr:izlrllzrocesses - Consumption of SF6 for Electrical SFe No/No
2-G Industrial Processes - Other (Undifferentiated Processes)  CO, Yes/Yes L/L
3-D Solvent and Other Product Use N.O No/No
4-A Agriculture - Enteric Fermentation CH4 Yes/Yes L/LT
4-B Agriculture - Manure Management CH4 No/No
4-B Agriculture - Manure Management N.O Yes/Yes L/L
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Table A1-1: Key Category Analysis Summary, 2012 Inventory Submission (cont’d)

ANNEX 1 - KEY CATEGORIES

Source IPCC Category Direct Key Category  Criteria
Table GHG (1990/2010) (1990/2010)
L: Level T: Trend
4-D-1 Agriculture - Direct Agricultural Soils N.O Yes/Yes L/LT
4-D-2 ﬁag(;ié:g?;re - Animal Manure on Pasture, Range and N,O No/No
4-D-3 Agriculture - Indirect Agricultural Soils N,O Yes/Yes L/LT
Agriculture - Field Burning of Agricultural Soils CH4 No/No
Agriculture - Field Burning of Agricultural Soils N.O No/No
5-A.1 LULUCEF - Forest Land remaining Forest Land CO, Yes/Yes L/LT
5-A1 LULUCF - Forest Land remaining Forest Land CH4 Yes/Yes L/LT
5-A1 LULUCF - Forest Land remaining Forest Land N.O No/Yes T
5-A.2 LULUCF - Land converted to Forest Land CO, No/No
5-B.1 LULUCEF - Cropland remaining Cropland CO, No/Yes LT
5-B.2 LULUCEF - Land converted to Cropland CO; Yes/Yes L/LT
5-B.2 LULUCF - Land converted to Cropland CH,4 No/No
5-B.2 LULUCF - Land converted to Cropland N.O No/No
5-D.1 LULUCF - Wetlands remaining Wetlands CO, No/No
5-D.2 LULUCF - Land converted to Wetlands CO, Yes/Yes LT
5-D.2 LULUCF - Land converted to Wetlands CH4 No/No
5-D.2 LULUCF - Land converted to Wetlands N.O No/No
5-E2 LULUCEF - Settlements remaining Settlements CO; No/No
5-E2 LULUCF - Land converted to Settlements CO; Yes/Yes L/L
5-E.2 LULUCF - Land converted to Settlements CH4 No/No
5-E.2 LULUCF - Land converted to Settlements N.O No/No
6-A Waste - Solid Waste Disposal on Land CH4 Yes/Yes L/LT
6-B Waste - Wastewater Handling CH4 No/No
6-B Waste - Wastewater Handling N.O No/No
6-C Waste - Waste Incineration CO, No/No
6-C Waste - Waste Incineration N>0 No/No
6-C Waste - Waste Incineration CH,4 No/No

Notes: L= key category by level (for an individual year), T= key category by trend (between the base year and current year)

Al.2.

Al.2.1.

Key Category Tables

Level Assessment With
and Without LULUCF

Table A1-2 shows the 1990 key categories generated from
level assessment with and without LULUCF..

National Inventory Report 1990 - 2010
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Table A1-2 1990 Key Categories by Level Assessment With and Without LULUCF

Source IPCC Source Category Direct 1990 2009 Level Assessment Cumulative Total
Table GHG (ktCO, eq) (kt CO.eq) without with without with
LULUCF LULUCF LULUCF LULUCF

1-A Stationary Fuel Combustion - CO, 134634 188350 0.228 0.186 0.23 0.19
Gaseous Fuels

5-A.1 LULUCF - Co, -96 859 -24788 NA 0.134 NA 0.32
Forest Land remaining Forest Land

1-A-3-b Fuel Combustion - Road Transportation CO, 93216 127 541 0.158 0.129 0.39 0.45

1-A Stationary Fuel Combustion - Solid Fuels CO, 90 679 94 367 0.154 0.126 0.54 0.58

1-A Stationary Fuel Combustion - cO2 47 759 25223 0.081 0.066 0.62 0.64
Liquid Fuels

1-A-3-e Fuel Combustion - CO, 21 464 30048 0.036 0.030 0.66 0.67
Other Transport (Off Road)

6-A Waste - Solid Waste Disposal on Land ~ CH4 17 925 20345 0.030 0.025 0.69 0.70

4-A Agriculture - Enteric Fermentation CH,4 16 294 19325 0.028 0.023 0.71 0.72

1-B-2-(b+c)  Fugitive Emissions - Natural Gas CH4 14619 23553 0.025 0.020 0.74 0.74

1-B-2-(a+c)  Fugitive Emissions - Oil CH4 14 056 19 656 0.024 0.019 0.76 0.76

4-D-1 Agriculture - Direct Agricultural Soils N,O 13775 16 020 0.023 0.019 0.79 0.78

5-B.2 LULUCF - Land converted to Cropland  CO, 12404 5337 NA 0.017 NA 0.79

2-B-3 Industrial Processes - N.O 10718 662 0.018 0.015 0.80 0.81
Adipic Acid Production

2-C-1 Industrial Processes - Iron and Steel CO, 10193 7 646 0.017 0.014 0.82 0.82
Production

5-E.2 LULUCF - Land converted to Settlements CO, 9127 8841 NA 0.013 NA 0.84

4-D-3 Agriculture - Indirect Agricultural Soils  N,O 8736 10898 0.015 0.012 0.84 0.85

2-G Industrial Processes - CO, 8030 9435 0.014 0.011 0.85 0.86
Other (Undifferentiated Processes)

1-A-3-a Fuel Combustion - CO, 7152 7081 0.012 0.010 0.86 0.87
Civil Aviation (Domestic Aviation)

1-A-3-e Fuel Combustion - Pipeline Transport ~ CO, 6652 6136 0.011 0.009 0.87 0.88

2-C-3 Industrial Processes - PFCs 6539 2163 0.011 0.009 0.88 0.89
Aluminium Production

1-A-3-c Fuel Combustion - Railways CO, 6159 6114 0.010 0.009 0.90 0.90

1-B-2-(b+c)  Fugitive Emissions - Natural Gas CO, 6002 6978 0.010 0.008 0.91 0.90

1-B-2-(a+c)  Fugitive Emissions - Oil CO, 5459 9760 0.009 0.008 0.91 0.91

2-A-1 Industrial Processes - Cement ProductionCO, 5436 5108 0.009 0.008 0.92 0.92

2-B-1 Industrial Processes - Ammonia Produc- CO, 4994 6212 0.008 0.007 0.93 0.93
tion

1-A-3-d Fuel Combustion - CO, 4693 4774 0.008 0.007 0.94 0.93
Navigation (Domestic Marine)

5-D.2 LULUCF - Land converted to Wetlands  CO» 3976 584 NA 0.006 NA 0.94

1-A-3-b Fuel Combustion - Road Transportation N,O 3195 3734 0.005 0.004 0.95 0.94

4-B Agriculture - N2O 3121 3878 0.005 0.004 0.95 0.95
Manure Management

5-A1 LULUCF - CHa4 2954 5580 NA 0.004 NA 0.95

Forest Land remaining Forest Land

Note: NA = Not applicable
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Table A1-3 shows the 2010 key categories generated from

level assessment with and without LULUCF.

ANNEX 1 - KEY CATEGORIES

Table A1-3 2010 Key Categories by Level Assessment With and Without LULUCF

Source IPCC Source Category Direct 1990 2009 Level Assessment  Cumulative Total

Table GHG (kt CO2 eq) (ktCOz2eq)  without with without with

LULUCF LULUCF LULUCF LULUCF

1-A Stationary Fuel Combustion - CO, 134634 188 350 0.273 0.250 0.27 0.25
Gaseous Fuels

1-A-3-b Fuel Combustion - Road Transportation CO, 93216 127 541 0.185 0.169 0.46 0.42

1-A Stationary Fuel Combustion - Solid Fuels CO, 90679 94 367 0.137 0.125 0.59 0.54

1-A-3-e Fuel Combustion - CO, 21464 30048 0.044 0.040 0.64 0.58
Other Transport (Off Road)

1-A Stationary Fuel Combustion - CO, 47759 25223 0.037 0.033 0.67 0.62
Liquid Fuels

5-A1 LULUCF - CO,; -96 859 -24788 NA 0.033 NA 0.65
Forest Land remaining Forest Land

1-B-2-(b+c)  Fugitive Emissions - Natural Gas CH4 14619 23553 0.034 0.031 0.71 0.68

6-A Waste - Solid Waste Disposal on Land ~ CH4 17 925 20345 0.029 0.027 0.74 0.71

1-B-2-(a+c)  Fugitive Emissions - Oil CHa 14 056 19 656 0.028 0.026 0.77 0.73

4-A Agriculture - Enteric Fermentation CH4 16 294 19325 0.028 0.026 0.79 0.76

4-D-1 Agriculture - Direct Agricultural Soils N.O 13775 16 020 0.023 0.021 0.82 0.78

5-B.1 LULUCF - Cropland remaining Cropland CO, -1494 -12414 NA 0.016 NA 0.80

4-D-3 Agriculture - Indirect Agricultural Soils  N,O 8736 10 898 0.016 0.014 0.83 0.81

1-B-2-(a+c)  Fugitive Emissions - Oil CO, 5459 9760 0.014 0.013 0.85 0.83

2-G Industrial Processes - CO, 8030 9435 0.014 0.013 0.86 0.84
Other (Undifferentiated Processes)

5-E2 LULUCF - Land converted to Settlements CO, 9127 8841 NA 0.012 NA 0.85

2-C-1 Industrial Processes - CO, 10193 7 646 0.011 0.010 0.87 0.86
Iron and Steel Production

1-A-3-a Fuel Combustion - CO, 7152 7 081 0.010 0.009 0.88 0.87
Civil Aviation (Domestic Aviation)

1-B-2-(b+c)  Fugitive Emissions - CO, 6002 6978 0.010 0.009 0.89 0.88
Natural Gas

2-F Industrial Processes - HFCs NA 6786 0.010 0.009 0.90 0.89
Consumption of Halocarbons

2-B-1 Industrial Processes - CO, 4994 6212 0.009 0.008 0.91 0.90
Ammonia Production

1-A-3-e Fuel Combustion - Pipeline Transport ~ CO; 6652 6136 0.009 0.008 0.92 0.90

1-A-3-c Fuel Combustion - Railways CO, 6159 6114 0.009 0.008 0.93 0.91

5-A1 LULUCF - CHa4 2954 5580 NA 0.007 NA 0.92
Forest Land remaining Forest Land

5-B.2 LULUCF - Land converted to Cropland  CO, 12404 5337 NA 0.007 NA 0.93

2-A-1 Industrial Processes - Cement ProductionCO, 5436 5108 0.007 0.007 0.94 0.93

2-C3 Industrial Processes - CO, 2715 5026 0.007 0.007 0.94 0.94
Aluminium Production

1-A-3-d Fuel Combustion - CO, 4693 4774 0.007 0.006 0.95 0.95
Navigation (Domestic Marine)

4-B Agriculture - Manure Management N,O 3121 3878 NA 0.005 NA 0.95

Note: NA = Not applicable
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Al1.2.2. Trend Assessment with
and without LULUCF

Table A1-4shows the key categories indicated from the
trend assessment with LULUCF, and Table A1-5 shows the
contribution of key categories to the trend assessment.

In the level assessment presented in Section A1.2.1, above,
the integration of the LULUCF Sector introduces additional
key categories without much alteration of the relative cat-
egories’ contributions. However, the integration of LULUCF
to the trend assessment considerably alters the overall
trend, which causes a rearrangement in the ranking of key
categories. A single LULUCF category, Forest Land Remain-
ing Forest Land, contributes over 22% to the overall trend.
The trend assessment without LULUCF identifies 19 key
categories, while the same analysis with LULUCF results

in 25 key categories, including six categories from the
LULUCEF Sector.
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Table A1-4

Source
Table

5-A.1

1-A

1-A
1-A-3-b

5-B.1

1-A-3-e
5-B.2

5-A.1
1-B-2-(b+c)

2F

2-G

2-C-3

5-A.1

1-B-2-(a+c)
5-D.2

2-C1

1-A*

2-C-3
1-A-3-e
1-B-2-(a+c)
1-A-3-a
4-D-3
1-B-1-a
6-A

4-D-1

National Inventory Report

2010 Key Categories by Trend Assessment With LULUCF

IPCC Source Category

LULUCF -
Forest Land remaining Forest Land

Stationary Fuel Combustion -
Gaseous Fuels

Stationary Fuel Combustion -
Liquid Fuels

Fuel Combustion - Road Transportation

LULUCF -
Cropland remaining Cropland

Fuel Combustion -
Other Transport (Off-road)

LULUCEF - Land converted to Cropland

LULUCF -
Forest Land remaining Forest Land

Fugitive Emissions - Natural Gas

Industrial Processes -
Consumption of Halocarbons

Industrial Processes -
Other (Undifferentiated Processes)

Industrial Processes -
Aluminium Production

LULUCF -
Forest Land remaining Forest Land

Fugitive Emissions - Oil
LULUCF - Land converted to Wetlands

Industrial Processes -
Iron and Steel Production

Stationary Fuel Combustion -
Solid Fuels

Industrial Processes -
Aluminium Production

Fuel Combustion - Pipeline Transport
Fugitive Emissions - Oil

Fuel Combustion -
Civil Aviation (Domestic Aviation)

Agriculture - Indirect Agricultural Soils
Fugitive Emissions - Coal Mining
Waste - Solid Waste Disposal on Land

Agriculture - Direct Agricultural Soils

1990 -2010

Direct
GHG

CO;

CO,

CO;
CO;

CO,

CO;
CO;
CH4

CH4

HFCs

CO;

PFCs

N.O

CH4
CO;

CO;

CO;

CO,

CO;
CO;

CO,

N2.O
CH4
CH4
N.O

1990

2009

ANNEX 1 - KEY CATEGORIES

Trend

(kt COz2eq) (kt COzeq) Assessment

-96 859

134500

47 189

93216

-1494

21459

12404

2954

14619

0

7632

6539

1825

14 050
3976

10193

90919

2715

6652
5459

7 047

8736
2199
17 437
13774

50443

181220

22680

129976

-12994

32407

5410

11366

23293

7073

14630

1597

7056

19693
534

8660

97 812

4947

5505
7727

6184

11027

1013
20447
16 408

0.064

0.039

0.034

0.032

0.013

0.010

0.009

0.009

0.008

0.008

0.007

0.006

0.006

0.005
0.004

0.003

0.002

0.002

0.002
0.002

0.002

0.002
0.002
0.001
0.001

Contribution Cumulative

to Trend

0.223

0.134

0.116

0.110

0.045

0.035

0.033

0.032

0.029

0.028

0.025

0.022

0.020

0.017
0.015

0.010

0.008

0.008

0.007
0.007

0.006

0.006
0.006
0.005
0.005

Total

0.22

0.36

0.47

0.58

0.63

0.66
0.70
0.73
0.76

0.78

0.81

0.83

0.85

0.87
0.88

0.89

0.90

0.91

0.92
0.92

0.93

0.94
0.94
0.95
0.95
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Table A1-5 2010 Key Categories by Trend Assessment Without LULUCF

Source IPCC Source Cateqor Direct 1990 2009 Trend Contribution Cumulative
Table gory GHG (ktCOze) (ktCO2e) Assessment to Trend Total
1-A% stationary Fuel Combustion - €O, 47189 22680 0.040 0.228 0.23
Liquid Fuels
1-A* Stationary Fuel Combustion - CO, 134500 181220 0.029 0.162 039
Gaseous Fuels
1-A-3-b Fuel Combustion - Road Transportation ~ CO, 93216 129976 0.025 0.143 0.53
1-A% Stationary Fuel Combustion - o, 90919 97812 0.011 0.062 0.60
Solid Fuels
1-A-3-e Fuel Combustion - o, 21459 32407 0.009 0.050 0.65
Other Transport (Off-road) ’ ) ’
2-F Industrial Processes - HFCs 0 7073 0.009 0.049 0.69
Consumption of Halocarbons
1-B-2-(b+c)  Fugitive Emissions - Natural Gas CH,4 14619 23293 0.008 0.043 0.74
2-C-3 Industrial Processes - PFCs 6 539 1597 0.007 0.042 0.78

Aluminium Production

Industrial Processes -
2G Other (Undifferentiated Processes) 0 7632 14630 0.007 0.039 082

Industrial Processes -
2-C-1 Iron and Steel Production CO, 10193 8 660 0.004 0.023 0.84

1-B-2-(a+c)  Fugitive Emissions - Oil CH4 14 050 19693 0.004 0.022 0.86

1-A-3-e Fuel Combustion - Pipeline Transport CO, 6652 5505 0.003 0.016 0.88
Fuel Combustion -

1-A-3-a Civil Aviation (Domestic Aviation) 0 7047 6184 0.003 0.015 0.90

2-C-3 Industrial Processes - o, 2715 4947 0.002 0.012 0.91
Aluminium Production

1-B-1-a Fugitive Emissions - Coal Mining CH4 2199 1013 0.002 0.011 0.92

1-A-3-c Fuel Combustion - Railways CO; 6159 5821 0.002 0.010 0.93

1-B-2-(a+c)  Fugitive Emissions - Oil CO, 5459 7727 0.002 0.009 0.94
Fuel Combustion -

1-A-3-e Other Transport (Off-road) N,O 1832 3280 0.001 0.008 0.95

1-A-3-d Fuel Combustion - o, 4693 6354 0.0071 0.006 0.95

Navigation (Domestic Marine)
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Annex

Methodology and
Data for Estimating
Emissions from
Fossil Fuel
Combustion

The following presents an overview of the methodology,
activity data and emission factors used to estimate CO,,
CH4 and N>O emissions from fuel combustion sources for
the Energy Sector. Additional methodological details and
refinements to the general approach are presented in Sec-
tion A2.4.1 for stationary and A2.4.2 for transport sources.

A2.1.

In general, a top-down method following the Tier 3

and Tier 2 sectoral approach from the Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC/
OECD/IEA 1997) is used to estimate greenhouse gas
(GHG) emissions from fuel combustion based on country-

Methodology

specific emission factors and on the quantity of fuel
consumed at the source category level. As illustrated by
Equation A2-1, for each source category, the quantity of
fuel at the national and/or provincial level of detail is multi-
plied by a specific emission factor. Further refinements and
deviations from the general approach to estimating com-
bustion emissions are discussed in the stationary combus-
tion and transport sections of this annex (sections A2.4.1
and A2.4.2 respectively). The purpose of these refinements
is to increase the accuracy and allocation of the emissions
associated with each source category when additional
details or parameters are available. Specific methodologi-
cal issues are presented in the Energy chapter (Chapter 3)
of this report.

Canada’s 2012 UNFCCC Submission

Equation A2-1:  for general fuel combustion:

ECategory,G = FCF,R *EFGpRrt

where:

Ecategory,G = GHG emissions by source category and
by gas

FCrr = Quantity of fuel consumed (in physical
units, such as kg, L, or m®) by type of fuel
(i.e. natural gas, sub-bituminous coal,
kerosene, etc.) and by region

EFGraT = Country-specific emission factor (in physi-

cal units) by GHG, by fuel type, by region
(where available) and by technology (for
non-CO, factors)

Relational databases are primarily used in stationary and
transport models to process activity data and emission fac-
tors at national and provincial levels of detail in estimating
GHG emissions (Figure A2-1). The national energy bal-
ance is prepared by Statistics Canada. The fuel consump-
tion and disposition data on which the national energy
balance is based are reported to Statistics Canada by the
producing and consuming sectors in physical units rather
than energy units, as physical units are considered more
accurate. Country-specific emission factors, as applied, are
in physical units to minimize the number of additional con-
version factors and thus to limit the uncertainty associated
with estimates. When higherresolution emission factors

at the regional level are available, regional information is
applied rather than national values to further reduce the
uncertainty of these estimates (e.g. coal and natural gas
emission factors account for the variation in the carbon
content across various regions). Combustion technology
differences are addressed by non-CO, emission factors.

A2.2. Activity Data from

Statistics Canada

The principal source of fuel and energy data used to
estimate combustion emissions is the annual Report on
Energy Supply-Demand in Canada (RESD) (Statistics Canada
#57-003). The RESD uses a topdown approach to estimate
the supply of, and demand for energy in Canada. The
production of fuels in Canada is balanced with the use of
fuels in broad categories such as import/export, producer
consumption, residential and industry. Industrial energy-
use data are divided into broad sectors based on the
North American Industrial Classification System (NAICS).
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Figure A2-1 GHG Estimation Process Flow

National Energy
Balance : Fuel
consumption data

National Inventory Report
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types and by source
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S .
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Includes quality control and internal review of
CO,, CH, and N,0 Gg per estimation models and outputs Gg (O, eq, CO,,
physical units_ (M, kg or m?) CH, and N,O
. Common Reporting Format
Emission Factors : Tables : National Greenhouse
by regions, by Gas Emissions by Year

gases , by fuel
types, and by
technology

Currently, these sectoral industrial energy-use data do

not include energy used to generate electricity or steam
by industry (autoproducers). This energy is captured in

the RESD in two separate lines (one for electricity and

one for steam); however, they are summary lines and not
divided by sector. Prior to 2003, these summary lines are
fractionally allocated to the appropriate sector based on
the quantities reported by sector in the Industrial Con-
sumption of Energy Survey (ICE). After 2003, the electricity
line (from autoproducers) is reallocated directly to the
appropriate sector based on the quantities reported by
sector in the Electric Power Thermal Generating Station Fuel
Consumption Survey (EPTGS). This change reflects a change
in the Electricity by Industry line in the RESD, which from
2003 on was replaced directly with data from the EPTGS.
This improvement activity was implemented by Statis-

tics Canada to increase the transparency and accuracy

of subsector information, since the fuel used to generate
electricity is more complete and of higher quality. Statistics
Canada is working closely with centres of excellence and
other federal departments to develop an approach that
will address the time series consistency concerns; it plans
to have the dataset ready for use by the 2013 inventory
submission. This new approach is not expected to have an
impact on the national total unless data error corrections
are needed. The steam line continues to be allocated using
the fractional method and ICE data.

While the RESD provides fuel-use data at a provincial level,
in general, the accuracy of these data is not as high as that
of the national data. Statistics Canada generally collects
the fuel data for the RESD through a number of specific
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surveys directed at suppliers of energy, provincial energy
ministries and some users of energy. The accuracy of the
sectoral end-use data is less than that of the total energy
supply data. As a result, the total emission estimates for
Canada are known with more certainty than the emissions
from specific categories. Since 1995, Statistics Canada

has been collecting energy-use statistics from end users
through the annual Industrial Consumption of Energy Survey
(ICE). This bottom-up approach to estimating fuel use by
industry may provide more accurate information at the
sectoral level. Refer to Annex 4, Section A4.3 — National
Energy Balance for additional discussion on the develop-
ment of the RESD and the ICE data set, including a dis-
cussion on Statistics Canada’s quality assurance/quality
control activities. Sector-specific surveys, like the Electric
Power Thermal Generating Station Fuel Consumption Annual
Survey (EPTGS) are also used to verify sector trends and
emission allocation.

The combustion and transport models apply the quantity
of fossil fuel consumed in physical units rather than in
energy units, since this is how the information is reported
to Statistics Canada by reporting facilities under the Sta-
tistics Act. The quantities of fossil fuel consumed are also
available in gross calorific units; however, this is assumed
to be less accurate, since Statistics Canada applies, in most
cases, constant energy conversion factors (from 1990

to 1997 and from 1998 onward) to each fuel type. One
exception to this approach involves the quantity of still gas
reported in the RESD. The physical units are back-calcu-
lated from the reported energy values, since the physical
volume of still gas consumed by refineries and oil sands
upgraders as reported in the RESD is on a liquid basis,
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while the still gas emission factor is on a gaseous basis. The
only other exception involves waste fuels, for which the
data are only available in energy units from the Cement
Association of Canada.

Additional non-Statistics Canada activity data sources used
by the combustion and transport models, such as landfill
gas quantities, waste fuel consumption and vehicle fleet
information, are included in the specific methodological
discussions (sections A2.4.1 and A2.4.2).

A2.3. Fuel Combustion

Emission Factors

A description of emission factors employed in estimating
the emissions for the current fossil fuel combustion models
can be found in Annex 8. The following is generally true:

Natural Gas: The emission factors for CO, vary depending
on the source of natural gas and whether or not the prod-
uct is marketable or non-marketable (raw natural gas for
on-site consumption by natural gas producers). Therefore,
emission factors are assigned for different provinces based
upon the origin and quality of the natural gas. The emis-
sion factors for CH4 and N>O vary with the combustion
technology.

Refined Petroleum Products (RPP): The emission factors vary
by fuel type and/or combustion technology (for CH4 and
N2O).

Coal: The emission factors for CO, vary with the proper-
ties of the coal. Therefore, emission factors are assigned

for different provinces based upon the origin of the coal
(domestic or foreign). The emission factors for CH4 and N,O
vary with the combustion technology.

A2.3.1. CO,; Emission Factors

CO; emissions from fuel combustion activities depend
upon the amount of fuel consumed, the carbon content of
the fuel and the IPCC default oxidation value. The basis of
the CO; emission factor derivations are discussed in Annex
8, in the Fossil Fuel and Derivative Factors (McCann 2000)
study and in previous inventory publications. The methods
used to determine fuel properties such as carbon content,
density and heating value are based on accepted industrial
testing standards, such as the American Society for Testing
and Materials (ASTM) and the Canadian General Standards
Board (CGSB). Both the hydrocarbons and particulates
formed during combustion are accounted for to some

National Inventory Report 1990 - 2010

extent, but emissions of CO are included in the estimates
of CO; emissions. It is assumed that CO in the atmosphere
undergoes complete oxidation to CO; shortly after com-
bustion (within 5 to 20 weeks of its release).

As stated above, the emission factors used in Canada’s
GHG inventory are based upon the physical quantity of
fuel combusted rather than on the energy content of the
fuel, with the exception of the emission factor for waste
fuels. The waste fuel factor is based on energy content, as
the data reported by the Cement Association of Canada
(CAQ) are in energy units. The emission factors employed
to estimate emissions are subdivided by the type of fuel
used and, in the case of N,O and CH4 emissions, the com-
bustion technology employed.

A2.3.2. Non-CO,; Emission Factors

Emission factors for all non-CO; GHGs from combustion
activities vary to a lesser or greater degree with:

« fuel type;

« technology;

- operating conditions; and

+ maintenance and vintage of technology.

During the combustion of carbon-based fuels, a small
portion of the fuel remains unoxidized as CH4. Additional
research is necessary to better establish CH4 emission
factors for many combustion processes. Overall factors are
developed for sectors based on typical technology splits
and available emission factors for the sector. In several sec-
tors, CH4 emission factors are not known.

During combustion, some of the nitrogen in the fuel and
air is converted to N,O. The production of N,O is depen-
dent upon the combustion temperature and the control
technology employed. Additional research is necessary to
better establish N,O emission factors for many combustion
processes. Overall factors are developed for sectors based
on typical technologies and available emission factors for
the sector. In several sectors, N>O emission factors are not
known. Non-CO, emission factors in this inventory are
listed in Annex 8.

A2.3.3. Biomass

For reporting under the United Nations Framework Con-
vention on Climate Change (UNFCCC), CO, emissions from
biomass fuels (including landfill gas) are not to be included
in the Energy Sector total. CO, emissions from biomass fuel
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combustion are accounted for in the Land Use, Land-use
Change and Forestry (LULUCF) Sector as a loss of biomass
(forest) stocks. CO, from biomass combustion for energy
purposes is reported as a memo item of the UNFCCC's
Common Reporting Format (CRF) table for information
only. CHs and N,O emissions from biomass fuel combus-
tion are reported in the Energy Sector in the appropriate
subsectors and included in inventory totals.

A2.4. Methodology for

Stationary Combustion
and Transport

A2.4.1. Stationary Combustion

The methodology used to estimate GHG emissions from
stationary fuel combustion is consistent with the IPCC Tier
2 sectoral approach, along with country-specific emission
factors as outlined in the Revised 1996 IPCC Guidelines for

National Greenhouse Gas Inventories (IPCC/OECD/IEA 1997).

The methodology and emissions of SFs from the transmis-
sion of electricity generation (CRF Category 1.A.1.a) are
included in the Industrial Processes Sector.

The emissions are calculated based on nationally reported
activity data, except when emission factors are available at

the provincial/territorial level. In these instances, the pro-
vincial/territorial emissions are aggregated to a national
total.

Table A2-1 presents a breakdown by source category of

the application of activity data and emission factors. Dis-
cussions on assumptions of the estimation methodology
for the following subsectors are also provided:

« Public Electricity and Heat Production;

« Fossil Fuel Industries;

« Manufacturing Industries and Construction;

+ Other Sectors; and

+ Pipelines.

Details on specific source categories are included in the
notes section of Table A2-1.The complexity of the station-
ary combustion model lies in the allocation and distribu-
tion of the data presented in the RESD in order to comply
with the UNFCCC CRF table. Emission estimates are calcu-
lated using Equation A2-1 exclusively and are consistent
with the IPCC Tier 2 approach.
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Table A2-1 Estimation Methodology for GHG Emissions from Stationary Combustion
CRF Source  Fuels List Activity Data Source?

Category?

1.A1ai Solid Fuels Table 1 - Primary and Secondary Energy
Electricity Coke Table 3 - Refined Petroleum Products
Generation — Petroleum Coke - Refineries & Table F - Coal Details

Utilities Others

Coal: Canadian bituminous,
sub-bituminous, lignite, anthra-
cite, foreign bituminous

Liquid Fuels

Kerosene and stove oil, light fuel
oil, heavy fuel oil, motor gasoline,
diesel fuel oil, aviation gasoline,
aviation turbo fuel

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Line 10 - Transformed to Other fuels:
Electricity — By utilities

Table 3 - Refined Petroleum Products
Line 10 - Transformed to Other fuels:

Electricity — By utilities

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 10 - Transformed to Other fuels:
Electricity — By utilities

NA

Notes

Provincial/territorial coal CO, emissions are
calculated using regional emission factors and
summed to a national total. Totals for petro-
leum coke and coke CO, emissions are based
on the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

Canada total for natural gas CO, is the sum

of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for the remaining gaseous fuel CO2 are based
on the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

NA
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Table A2-1

CRF Source
Category?

1.A1.aii
Electricity
Generation —
Industry

1.A.1.aiii
Heat & Steam
Generation

National Inventory Report

ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Fuels List

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels

Kerosene and stove oil, light fuel
oil, heavy fuel oil, motor gasoline,
diesel fuel oil, aviation gasoline,
aviation turbo fuel

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels
Natural gas, coke oven gas
Still gas — Refineries & Others

Biomass
Landfill gas

1990 -2010

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 14 - Transformed to Other Fuels:
Steam Generation

Table 3 - Refined Petroleum Products

Line 14 - Transformed to Other Fuels:
Steam Generation

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Line 14 - Transformed to Other Fuels:
Steam Generation

Landfill gas utilization provided by the
Waste Sector

Estimation Methodology for GHG Emissions from Stationary Combustion (cont'd)

Notes

Line 11 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on either fractions developed from
sector data reported in ICE (prior to 2003) or
directly from sector data reported in EPGTS
(after 2003) prior to calculating emissions.

Line 11 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on either fractions developed from
sector data reported in ICE (prior to 2003) or
directly from sector data reported in EPGTS
(after 2003), prior to calculating emissions.

Line 11 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on either fractions developed from
sector data reported in ICE (prior to 2003) or
directly from sector data reported in EPGTS
(after 2003), prior to calculating emissions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

Line 14 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on fractions developed from sector
data reported in ICE, prior to calculating emis-
sions. The portion of Line 14 not re-allocated
to an industrial sector is left in this CRF Source
Category.

Canada totals for CO,, CH4 and N,O are
based on the national total reported in the
RESD. Motor gasoline, diesel fuel oil, aviation
gasoline, aviation turbo fuel are not included
in this subsector because there are no data
reported in the table.

Line 14 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on fractions developed from sector
data reported in ICE, prior to calculating emis-
sions. The portion of Line 14 not reallocated
to an industrial sector is left in this CRF Source
Category.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

Line 14 is allocated to 1.A.1.b, 1.A.1.cand 1.A.2
based on fractions developed from sector
data reported in ICE, prior to calculating emis-
sions. The portion of Line 14 not reallocated
to an industrial sector is left in this CRF Source
Category.

Canada totals for CO,, CH4 and N,O are based
on the national total provided by the Waste
Sector. CO, emissions are not included in
national totals, but are reported as a memo
item in the CRF table.
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Table A2-1

CRF Source
Category?
1.A.1b.

Petroleum
Refining

1.Alc
Manufacture of
Solid Fuels and
Other Energy
Industries

29

Fuels List

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels

Kerosene and stove oil, light fuel
oil, heavy fuel oil, motor gasoline,
diesel fuel oil - refineries & others,
aviation gasoline, aviation turbo
fuel, refinery liquefied petroleum
gases (LPGs)

Gaseous Fuels
Natural gas, coke oven gas
Still gas — Refineries & Others

Biomass

Solid Fuels

Coke

Petroleum Coke — Upgraders
Coal: Canadian bituminous,
sub-bituminous, lignite, anthra-
cite, foreign bituminous

Liquid Fuels
Diesel Fuel Oil - Upgraders

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 25 - Petroleum refining

Table 11 - Estimated Additions to Still
Gas, Diesel, Petroleum Coke and Crude
Oil

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 25 — Petroleum Refining

Table 11 - Estimated Additions to Still
Gas, Diesel, Petroleum Coke and Crude
Qil

NA

Table 1 - Primary and Secondary Energy

Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 16 — Producer consumed

Table 11 - Estimated Additions to Still
Gas, Diesel, Petroleum Coke and Crude
Qil

Table 3 - Refined Petroleum Products

Table 11 - Estimated Additions to Still
Gas, Diesel, Petroleum Coke and Crude
Qil

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for petro-
leum coke emissions, which are based on the
national total MINUS that used by crude bitu-
men upgraders reported in the RESD (which is
included in 1.A.1.¢).

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD
MINUS emissions related to flaring (which

is included under category 1B Fugitive). The
activity data reported in the RESD include the
amount of fuel used to flare. CO,, CH4 and N,O
emissions from flaring activity are considered
a fugitive source following the IPCC Guide-
lines; therefore, the fugitive emission and fuel
value is subtracted from the estimated emis-
sions and the RESD value as to ensure that
emissions are not double counted.

Only flaring emissions from the petroleum
refining fugitive model are subtracted. All
other flaring emissions are subtracted from
Manufacture of Solid Fuels and Other Energy
Industries (1.A.1.c).

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for pe-
troleum coke emissions, which are based on
the national total USED BY oil sands upgraders
reported in the RESD.

Canada totals for CHsand N;O are based on
the national total reported in the RESD.

Canada totals for CO,, CH, and N,O are based
on the national total reported in the RESD.
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Table A2-1

CRF Source
Category?
1.Alc
Manufacture of
Solid Fuels and
Other Energy
Industries

(cont'd)

1.A2.a.
Iron and Steel

National Inventory Report

ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Fuels List

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Upgraders
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

1990 -2010

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 16 — Producer consumed

Table 11 - Estimated Additions to Still
Gas, Diesel, Petroleum Coke and Crude
Qil

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 22 - Iron and steel

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 22 - Iron and steel

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 22 - Iron and steel

NA

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

The activity data for natural gas reported in
the RESD include the amount flared. Flared
emissions are considered a fugitive source;
therefore, both the fugitive emissions and
quantity of fuel associated with flaring are
subtracted from the estimated emissions
and RESD value to avoid double counting,
respectively.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO; are based on
the national total reported in the RESD.

Canada totals for CHs and N>O are based on
the national total reported in the RESD.

NA

Canada total for CO; is the sum of all provinc-
es'/territories’ emissions due to regional emis-
sion factors being used EXCEPT for petroleum
coke and coke emissions, which are based on
the national total reported in the RESD.

Canada totals for CH4 and N20O are based on
the national total reported in the RESD.

CO, emissions from coke are not included
here, but are included in Industrial Processes.
However, CH4 and N>O emissions are counted
here.The CO, is considered to be a product of
the process (the reduction of iron), while the
CH4 and N0 are by-products of combustion.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated

to this source category prior to calculating
emissions, based on fractions developed from
sector data reported in ICE.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to

this source category prior to calculating emis-
sions.

NA
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Table A2-1

CRF Source
Category?
1.A2.b.

Non-ferrous
Metals

1.A2.c.
Chemicals

Fuels List

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel ol

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light
fuel oil, heavy fuel oll

Gaseous Fuels

Natural gas, coke oven gas
Still gas - Refineries & Others
Propane, Butane, Ethane

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 23 - Smelting and refining, non-
ferrous

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 23 — Smelting and refining, non-
ferrous

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 23 — Smelting and refining, non-
ferrous

NA

Table 1 - Primary and Secondary Energy
Table 3 - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 26 — Chemicals

Table 3 - Refined Petroleum Prod-
ucts

Line 11 - Transformed to Other
Fuels: Electricity — By industry
Line 14 - Transformed to Other
Fuels: Steam Generation

Line 26 - Chemicals

Table 1 - Primary and Secondary
Energy

Table 3 - Refined Petroleum Prod-
ucts

Table 6 — Details of Natural Gas
Liquids

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for petro-
leum coke emissions, which are based on the
national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N0 associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for petro-

leum coke emissions, which are based on the
national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO,, CH4 and N,O are
based on the national total reported in
the RESD.

CO,, CH4 and N0 associated with Trans-
port fuels (i.e. gasoline and diesel) are
included in the Transport subsector.

A portion of the Lines 11 and 14 are
allocated to this source category prior to
calculating emissions.

Canada total for natural gas CO; is the
sum of all provinces'/territories’ emis-
sions due to regional emission factors
being used. Totals for remaining gaseous
fuel CO, are based on the national total
reported in the RESD.

Canada’s 2012 UNFCCC Submission



Table A2-1

CRF Source
Category?
1.A2.c.

Chemicals
(cont'd)

1.A.2.d.
Pulp, Paper and
Print

1.A2.e.

Food
Processing,
Beverages and
Tobacco

National Inventory Report

Fuels List

Gaseous Fuels
(cont'd)

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass
Spent pulping liquor, solid wood
waste

Solid Fuels
Liquid Fuels
Gaseous Fuels

Biomass

1990 -2010

Activity Data Source?

Line 11 - Transformed to Other Fuels:
Electricity - By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 26 — Chemicals

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity - By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 21 - Pulp and paper

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity - By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 21 - Pulp and paper

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity - By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 21 - Pulp and paper

Table 10 - Solid Wood Waste and Spent
Pulping Liquor, Total Consumption

Included elsewhere
Included elsewhere
Included elsewhere

Included elsewhere

ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for petro-
leum coke emissions, which are based on the
national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Canada totals for CO,, CH; and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Total biomass is the amount of solid wood
waste and spent pulping liquors combusted.

Canada totals for CO,, CH; and N,O are based
on the national total reported in the RESD.
Biomass CO, emissions are not included in
the national totals, although CHs and N,O
emissions are.

Emissions for this subsector are included in
1.A.2 fiv. — Other Manufacturing.

Emissions for this subsector are included in
1.A.2 fiv. — Other Manufacturing.

Emissions for this subsector are included in
1.A.2.fiv. - Other Manufacturing.

Emissions for this subsector are included in
1.A.2.fiv. - Other Manufacturing.
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Table A2-1

CRF Source
Category?

1.A.2fi.
Cement

1.A.2fii.
Mining

33

Fuels List

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Waste Fuel

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 24 — Cement

Waste fuel data reported by the Cement
Association of Canada (CAC) and pub-

lished by the Canadian Industrial Energy
End-use Data Analysis Centre (CIEEDAC)

Table 3 - Refined Petroleum Products

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 24 — Cement

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 24 — Cement

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 20 - Total mining & oil & gas extrac-
tion

Table 3 - Refined Petroleum Products

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 20 - Total mining & oil & gas extrac-
tion

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for pe-
troleum coke and waste fuel emissions, which
are based on the national total.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N0 associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions calculated using
regional emission factors EXCEPT for petro-
leum coke emissions, which are based on the
national total reported in the RESD. Mining,
according to the RESD, includes fuel con-
sumed for mining and extraction of oil and
gas as well as upgrading of crude bitumen.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N0 associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated to

this source category prior to calculating emis-
sions.

Canada’s 2012 UNFCCC Submission



Table A2-1

CRF Source
Category?
1.A.2 fii.
Mining

(cont'd)

1.A.2 fiii.
Construction

1.A2fiv.
Other
Manufacturing

National Inventory Report

ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Fuels List

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas - Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas - Refineries & Others
Propane, Butane, Ethane

1990 -2010

Activity Data Source?

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 20 - Total mining & oil & gas extrac-
tion

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 30 — Construction

Table 3 — Refined Petroleum Products

Line 30 — Construction

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 30 — Construction

NA

Table 1 - Primary and Secondary Energy
Table 3 — Refined Petroleum

Products

Table F - Coal Details

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 27 - Other manufacturing

Table 3 — Refined Petroleum Products

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Line 27 - Other manufacturing

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 — Transformed to Other Fuels:
Electricity — By industry

Line 14 — Transformed to Other Fuels:
Steam Generation

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

Canada total for natural gas CO; is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO; are based on
the national total reported in the RESD.

Canada totals for CHs and N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used EXCEPT for petro-
leum coke emissions, which are based on the
national total reported in the RESD.

Canada totals for CHs and N,O are based on
the national total reported in the RESD.

Canada totals for CO,, CH,; and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,0 associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N20O are based on
the national total reported in the RESD.

NA

A weighted emission factor is calculated for
CH, and N20 based on fuel consumption and
applied on an annual basis.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

A weighted emission factor is calculated for
CH. and N,O based on fuel consumption and
applied on an annual basis.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated

to this source category prior to calculating
emissions.

A weighted emission factor is calculated for
CH. and N,O based on fuel consumption and
applied on an annual basis.

A weighted emission factor is calculated for
CH4 and N0 and applied on an annual basis.
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Table A2-1

CRF Source
Category?
1.A.2fiv.

Other
Manufacturing
(cont'd)

1.A3e
Pipelines
(Transport)

1.A4.a.i.
Commercial
and Other
Institutional

1.A4.a.ii.
Public
Administration

Fuels List

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane
(cont'd)

Biomass

Solid Fuels
Not Occurring (NO)

Liquid Fuels

Kerosene and stove oil, light fuel
oil, heavy fuel oil

Motor gasoline, diesel fuel oil,
aviation gasoline, aviation turbo
fuel

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still Gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Activity Data Source?

Line 27 — Other manufacturing

NA
NO

Table 3 - Refined Petroleum Products

Line 39 - Pipelines

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 39 - Pipelines

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 46 — Commercial and Institutional

Table 3 - Refined Petroleum Products
Line 46 — Commercial and Institutional

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 46 — Commercial and Institutional

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 45 — Public Administration

Table 3 - Refined Petroleum Products

Line 45 — Public Administration

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 45 - Public Administration

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

A portion of Lines 11 and 14 is allocated to
this source category prior to calculating emis-
sions.

NA
NO

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used.

Canada totals for CHsand N>O are based on
the national total reported in the RESD.

Canada totals for CO, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CHs and N0 associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.



Table A2-1

CRF Source
Category?
1.A4.a.ii.
Public
Administration
(cont'd)

1.A4.b.
Residential

1.A4.c.i.
Forestry

1.A4.cii.
Agriculture

National Inventory Report

ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Fuels List

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass
Residential firewood

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

Liquid Fuels
Kerosene and stove oil, light fuel
oil, heavy fuel oil

Gaseous Fuels

Natural gas, coke oven gas
Still gas — Refineries & Others
Propane, Butane, Ethane

Biomass

Solid Fuels

Coke

Petroleum Coke - Refineries &
Others

Coal: Canadian bituminous, sub-
bituminous, lignite, anthracite,
foreign bituminous

1990 -2010

Activity Data Source?

NA

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F — Coal Details

Line 44 - Residential

Table 3 - Refined Petroleum Products

Line 44 - Residential

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 — Details of Natural Gas Liquids

Line 44 - Residential

Firewood consumption estimated using
the residential firewood model.

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 29 - Forestry

Table 3 - Refined Petroleum Products

Line 11 - Transformed to Other Fuels:
Electricity — By industry

Line 14 - Transformed to Other Fuels:
Steam Generation

Line 29 - Forestry

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 11 - Transformed to Other Fuels:
Electricity — By industry
Line 14 - Transformed to Other Fuels:

Steam Generation
Line 29 - Forestry

NA
Table 1 - Primary and Secondary Energy

Table 3 - Refined Petroleum Products
Table F - Coal Details

Line 43 - Agriculture

Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Notes

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

Total biomass is the amount of residential
firewood combusted and is based on Environ-
ment Canada’s survey data. CO, emissions are
not included in the national totals, but CH,4
and N,O emissions are.

Canada total for CO,is the sum of all prov-
inces'/territories emissions due to regional
emission factors being used.

Canada totals for CHsand N,O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

Canada total for natural gas CO, is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.

A portion of Lines 11 and 14 is allocated
to this source category prior to calculating
emissions.

NA

Canada total for CO; is the sum of all prov-
inces'/territories’ emissions due to regional
emission factors being used.

Canada totals for CH4 and N>O are based on
the national total reported in the RESD.
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Table A2-1 Estimation Methodology for GHG Emissions from Stationary Combustion (cont’d)

Activity Data Source?

Table 3 - Refined Petroleum Products

Line 43 — Agriculture

Notes

Canada totals for CO,, CH4 and N,O are based
on the national total reported in the RESD.

CO,, CH4 and N,O associated with Transport
fuels (i.e. gasoline and diesel) are included in
the Transport subsector.

Table 1 - Primary and Secondary Energy
Table 3 - Refined Petroleum Products
Table 6 - Details of Natural Gas Liquids

Line 43 — Agriculture

Canada total for natural gas CO; is the sum
of all provinces'/territories’ emissions due to
regional emission factors being used. Totals
for remaining gaseous fuel CO, are based on
the national total reported in the RESD.

Canada totals for CH4 and N,O are based on
the national total reported in the RESD.

NA

NA

Included elsewhere

CRF Source Fuels List

Category?

1.A4.cii. Liquid Fuels

Agriculture Kerosene and stove oil, light fuel

(cont'd) oil, heavy fuel oil
Gaseous Fuels
Natural gas, coke oven gas
Still Gas — Refineries & Others
Propane, Butane, Ethane
Biomass

1.A.5. Other Included elsewhere

Information

(not included

elsewhere)

Notes:

1. The CRF categories listed are the lowest-level subsectors for which emissions are estimated.

Emissions for this subsector are included in
1.A.2 fiv. - Other Manufacturing.

2. Activity data refer to the specific location of the data in the annual Report on Energy Supply-Demand in Canada (RESD) (Statistics Canada #57-
003). Also refer to Table A2-3 for more RESD data source references.

3. NA=Notapplicable
4. NO = Not occurring.

Table A2-2 General Fuel Type Categories for Stationary Combustion Methodology

Fuel Types
Liquid Fuels

Fuels

Motor gasoline

Kerosene and stove oil

Diesel fuel oil - Refineries & Others

Light fuel oil

Heavy fuel oil

Aviation gasoline

Aviation turbo fuel

Refinery liquefied petroleum gases (LPGs)

Solid Fuels

Coke (coal)

Canadian bituminous

Sub-bituminous (foreign & domestic)

Lignite

Anthracite

Foreign bituminous

Petroleum Coke - Refineries & Others

Petroleum Coke - Upgraders

Waste fuel

Gaseous Fuels

Natural gas

Coke oven gas

Propane

Butane

Ethane

Still Gas - Refineries & Others

Still Gas — Upgraders

Biomass

Solid wood waste

Spent pulping liquor

Residential firewood

Landfill gas




ANNEX2-METHODOLOGYANDDATAFORESTIMATINGEMMISSIONSFROMFOSSILFUELCOMBUSTION

Table A2-1 presents the methodology and emission fac-
tors according to fuel types as presented in Table A2-2.
Fossil fuels have been grouped based on their physi-

cal state at the point of consumption (solid, liquid and
gaseous fuel, with the exception of biomass). For example,
natural gas liquids (NGLs) such as propane, ethane and
butane are classified as gaseous fuels, whereas petroleum
coke is included under solid fuels. Fuels organized by IPCC
groupings are presented in Annex 4.4, where a comparison
is made to the grouping based on physical state at the
point of consumption.

Activity data sources are presented in Table A2-3 for refer-
ence in the stationary combustion model methodology.
The data are made available to Environment Canada in
electronic format and may differ slightly when compared
with Statistics Canada’s rounded, published values.

A2.4.1.1. Public Electricity
and Heat Production
(CRF Category 1.A.1.a)

The Public Electricity and Heat Production subsector
includes the 1.A.1.a.i - Electricity Generation; 1.A.1.a.ii

— Combined Heat and Power Generation; and 1.A.1.a.iii —
Heat Plants categories. This subsector should include all
emissions from main activity producers (previously known
as public utilities) of electricity generation, combined

heat and power generation and heat plants. Emissions
from autoproducers are allocated to the industrial sub-
sector where they were generated. Currently, emissions
associated with the combustion of landfill gas are included
under 1.A.1.a.iii — Heat Plants.

Table A2-3 Activity Data Model References

CO,, CHs and N0 emissions are estimated by apply-

ing Equation A2-1 to activity data and emission factors
for specific fuels on a national basis. Coal and natural

gas emission factors for these subsectors have been
developed on a regional basis. As previously discussed,
nationally reported activity data are of a higher quality
than provincial/territorial data. In order to obtain higher
accuracy in GHG emissions, regional emission factors are
applied to provincial/territorial data in this circumstance.
For the remaining fuels, the emission factors are applied to
the nationally reported data.

A2.4.1.2. Fossil Fuel Industries
(CRF Categories
1.A.1.b and 1.A.1.c)

The Fossil Fuel Industries include 1.A.1.b — Petroleum
Refining and 1.A.1.c - Manufacture of Solid Fuels and Oth-
er Energy Industries. The emissions total for the Fossil Fuel
Industries has a higher level of accuracy owing to the reso-
lution of the activity data. To meet CRF reporting category
requirements, activity data from the whole industry were
reallocated into two separate categories. These categories
include combustion emissions that support 1) the refining
of crude oil; and 2) the production of coal, natural gas and
crude oil as well as the upgrading of oil sands bitumen.

The methodology for estimating emissions from these sec-
tors involves applying Equation A2-1 on a national basis
and subtracting emissions associated with flaring from the
total GHG emissions for each category. The fuel-use data
reported in the RESD include volumes of flared fuels; how-
ever, flaring emissions are calculated and reported sepa-

Statistics Canada - Manufacturing, Construction and Energy Division; annual Report on Energy Supply-Demand in Canada (RESD), #57-003-XPB.

Table 1 - Primary and Secondary Energy

Table 3 - Refined Petroleum Products

Table 5 - Non-energy Refined Petroleum Products
Table 6 — Details of Natural Gas Liquids

Table 10 - Solid Wood Waste and Spent Pulping Liquor

Table 11 - Estimated Additions to Still Gas, Diesel, Petroleum Coke and Crude Oil
Table F — Coal Details (as identified in the 1990 to 2001P RESD publications)

Waste fuel data — CIEEDAC. (2009). A Review of Energy Consumption and Related Data: Canadian Cement Manufacturing Industry 1990 to 2007.
Prepared by Nyboer and Jaccard for the Cement Association of Canada. Canadian Industrial Energy End-use Data Analysis Centre.

Residential fuelwood consumption - Based on Environment Canada. (1999). 1995 Criteria Contaminants Emissions Inventory Guidebook, Version 1,
Section 2.4. National Emissions Inventory and Projections Task Group, Criteria Air Contaminants Division, Environment Canada, March 1999.

Landfill Gas Utilization — See Annex 3, Additional Methodologies.

National Inventory Report 1990 - 2010
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rately in the Fugitive category. The fuel use, energy content
and emission data associated with flaring are subtracted to
avoid double counting.

To determine the activity data associated with the Petro-
leum Refining subsector, some data reported in the RESD
must be reallocated. All refined petroleum products (RPPs)
that are reported as Producer-consumed are allocated to
the Petroleum Refining subsector based on the assump-
tion that they are consumed by the producers. Calculat-
ing the emissions associated with the fuels listed below
involves summing the activity data reported under
Petroleum Refining and Producer-consumed and applying
Equation A2-1 to:

+ petroleum coke;
« still gas;

+ kerosene;

+ light fuel oil; and
+ heavy fuel oil.

In addition, activity data, in the form of fuel used by indus-
try (including Petroleum Refining) to generate electricity
or steam, are currently aggregated to two summary lines
in the RESD (Lines 11 and 14). A portion of each of these
lines needs to be reallocated to the appropriate industry
where the fuel is used. This is completed using one of two
methods.

For the reallocation of fuels from the Electricity — By Indus-
try line:

+ 1990 to 2003: the reallocation was completed using
fractions developed based on the quantities reported
by the Petroleum Refining subsector in the ICE survey.
For each fuel and each province, the fuel use data
reported by industry in ICE for electricity generation
are used to develop each industry’s fraction of the total
fuel use. The fractions are then used with Line 11 from
the RESD to determine what portion of that line should
be reallocated to a particular industry. This portion is
added to the activity data already reported for that
industry. Since ICE data are not available prior to 1995,
for years between 1990 and 1995, the 1995 fractions
were used.

« 2003 to present: the fuel-use data reported by industry
in the EPGTS for electricity generation are used directly
by adding them to the activity data reported in the
RESD for that industry. This amount is then subtracted
from the Electricity - By Industry line from the RESD as
to ensure that fuel quantities are not double counted.
Since the Electricity — By Industry line uses the EPGTS
directly from 2003 on, once this correction is made, the
Electricity — By Industry line should be zero.
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+ Itis important to note that Statistics Canada is working
with various partners and centres of excellence to de-
velop an approach to reallocate fuels from the Electric-
ity — By Industry lines in a consistent manner for the en-
tire time series. This improvement activity is expected
to be completed by the 2013 inventory submission.

For the allocation of the Heat and Steam Generation line:

+ 1990 to present: The procedure used to manipulate
the RESD Line 11 values between 1990 and 2003 is also
applied to the RESD Line 14 value using corresponding
ICE data representing steam generation.

To estimate emissions for the Petroleum Refining subsec-
tor from the consumption of the transportation fuels
listed below, the activity data reported under Producer-
consumed are used in Equation A2-1 and the emissions
are included under Petroleum Refining. Due to a lack of
resolution in the RESD, the Manufacture of Solid Fuels and
Other Energy Industries subsector does not include emis-
sions associated with the list of fuel (as presented below);
instead their emissions are accounted for in the Petroleum
Refining subsector:

« gasoline; and
- diesel fuel oil.

The IPCC default emission factors for N,O are used to esti-
mate emissions for petroleum coke and motor gasoline,
and are based on the calorific value of the fuel. The gross
calorific value (GCV) for petroleum coke is reported in the
RESD and can change annually. As such, the emission fac-
tor for petroleum coke for both oil sands/crude bitumen
production and refineries changes on an annual basis. The
conversion between the GCV and the net calorific value
(NCV), a necessary part of generating annual emission
factors, is based on data reported to and published by the
Canadian Industrial Energy End-use Data Analysis Centre
(CIEEDAC 2009).

To calculate GHG emissions from the Manufacture of Solid
Fuels and Other Energy Industries subsector, activity data
for the following fuels reported as Producer-consumed in
the RESD are used in Equation A2-1

natural gas;
coal;
propane;
butane; and
ethane.

Canada’s 2012 UNFCCC Submission
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The following fuels are reported as Producer-consumed

in the oil sands/crude bitumen production industry in the
RESD. The relevant quantities of petroleum coke, still gas
and diesel fuel oil are subtracted from the Petroleum Refin-
ing subsector and included in the Manufacture of Solid
Fuels and Other Energy Industries subsector. Consumption
of all fuels is reported in a separate table in the RESD and
allocated to mining/upgrading facilities:

« petroleum coke;
« still gas; and
« diesel fuel oil.

As previously mentioned in Section A2.4.1.1, coal emis-
sions are estimated at a provincial/territorial level and
aggregated to a national level.

To avoid double counting, the emissions associated with
flaring are subtracted from the total for this subsector
and reported in the relevant fugitive tables (1.B.2). Flar-
ing emissions from the fugitive Petroleum Refining model
are subtracted from Petroleum Refining (1.A.1.b) while all
other flaring emissions from the fugitive model are sub-
tracted from Manufacture of Solid Fuels and Other Energy
Industries (1.A.1.c).

A2.4.1.3. Manufacturing Industries
and Construction
(CRF Category 1.A.2)

The Manufacturing Industries and Construction subsector
include a number of industrial categories. Activity data in
the RESD are reported for the main economic and fuel-
consuming industrial categories; however, this does not
include fuel used to generate electricity or steam by indus-
try. This energy is captured in the RESD in two separate
lines (one for electricity and one for steam); however, they
are summary lines and not divided by industrial categories.

In order to reallocate the fuel reported in the summary
lines for electricity and steam in the RESD (Lines 11 and 14)
one of two methods was used:

For the allocation of the Electricity — By Industry line:

+ 1990 to 2003: the allocation was completed using a
fractional allocation method developed based on the
quantities reported by subsector in the ICE survey. For
each fuel and each province, the fueluse data reported
by industry in ICE for electricity generation are used
to develop each industry’s fraction of the total fuel
use. The fractions are then used with Line 11 from the
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RESD to determine what portion of that line should be
reallocated to a particular industry. Since ICE data are
not available prior to 1995, for years between 1990 and
1995, the 1995 fractions were used.

+ 2003 to present: From 2003 on, the fuel use data report-
ed by industry in the EPGTS for electricity generation
are used directly by adding them to the activity data
reported in the RESD for that industry. This amount is
then subtracted from the Electricity - By Industry line
from the RESD to ensure that fuel quantities are not
double counted. Since the Electricity — By Industry line
uses the EPGTS directly from 2003 on, once this correc-
tion is made, the Electricity - By Industry line should be
zero.

For the allocation of the Heat and Steam Generation line:

The procedure used to manipulate the RESD Line 11 values
between 1990 and 2003 is also applied to the RESD Line

14 value using corresponding ICE data representing steam
generation.

Emissions are calculated for the following categories:

+  Mining;

. lIron and Steel;

- Non-ferrous Metals;

«  Chemicals;

+ Pulp, Paper and Print;
« Cement;

. Construction; and

+ Other Manufacturing (includes Food Processing, Bever-
ages and Tobacco).

GHG emissions associated with the Manufacturing
Industries and Construction subsector are calculated by
applying Equation A2-1 to activity data reported in the
RESD and emission factors for specific fuels on a national
basis. Coal emissions are handled as described in Sec-
tion A2.4.1.1. Emissions resulting from fuels used as feed-
stocks are reported under the Industrial Processes Sector,
whereas emissions generated from the use of transporta-
tion fuels (e.g. diesel and gasoline) are reported under the
Transport subsector.

CO; emissions associated with the use of metallurgical
coke in the iron and steel industry for the reduction of iron
ore in blast furnaces have been allocated to the Indus-
trial Processes Sector. CH4 and N,O emissions, however,
are included, as they are by-products of the combustion
process.
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CO; emissions associated with biomass combustion in

the Pulp, Paper and Print subsector are reported but not
included in the national totals; however, CH; and N,O
emissions are included in the totals. Industrial consump-
tion of biomass and spent pulping liquors is reported in
the RESD; however, some of the data are limited. The RESD
data for 1990 and 1991 were combined for the Atlan-

tic provinces, as were the data for the Prairie provinces.
Individual provincial data were delineated by employing

a data comparison with the 1992 RESD data. For 1992,

the data for Newfoundland and Nova Scotia were also
combined, and there were no comparable data to allow
separation of these provinces. Emissions are listed under
Nova Scotia. In 2010, Environment Canada conducted a
review of available wood waste moisture content data and
concluded that for the purposes of the NIR, solid wood
waste activity data are reported on a wet weight basis and
that the average moisture content is 50%.

CO; emissions from the combustion of waste fuels in the
cement industry are calculated based on data provided

by the Cement Association of Canada and reported by
CIEEDAC (2009) on an energy basis. Based on a review of
the industry, it is assumed that all the waste fuel consumed
comes from tires. Although other waste fuels (waste oil,
solvents) are consumed, their contribution to the total is
small, and the level of detail required to distinguish the
different sources is currently not available.

A2.4.1.4. Other Sectors
(CRF Category 1.A.4)

The Other Sectors subsector consists of three categories:
Commercial/Institutional, Residential and Agriculture/For-
estry/Fisheries. GHG emissions associated with the Other
Sectors subsector (with the exception of emissions from
the combustion of residential firewood) are calculated by
applying Equation A2-1 to activity data reported in the
RESD and emission factors for specific fuels on a national
basis.

The activity data used in the calculation of GHG emissions
from the combustion of residential firewood are based on
estimated fuel use. Fuel-use data are based on the criteria
air contaminant inventory (Environment Canada 1999).
Residential fuel-use data from Statistics Canada and Natu-
ral Resources Canada were not used since they appear to
greatly underestimate firewood consumption (as a signifi-
cant portion of firewood consumed in Canada is not from
commercial sources).
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Firewood consumption data were collected through a
survey of residential wood use for the year 1995 (Canadian
Facts 1997). These data were collected by province and
grouped into five major appliance-type categories:

1. Conventional stoves
+ non-airtight
« airtight, non-advanced technology
« masonry heaters
2. Stove/fireplace inserts with advanced technology or
catalyst control
« advanced-technology fireplaces
+ advanced-technology stoves
« catalytic fireplaces
. catalytic stoves

3. Conventional fireplaces
« without glass doors
+ with non-airtight glass doors
+ with airtight glass doors

4. Furnaces
« wood-burning furnaces

5. Other equipment
+ other wood-burning equipment

The firewood consumption data for the other years were
extrapolated based on the number of houses in each
province using wood as a principal or supplementary heat
source (from Statistics Canada 1995) in relation to 1995.
GHG emissions were calculated by multiplying the amount
of wood burned in each appliance by the emission factors.

CO; emissions associated with biomass combustion in
the Residential category are reported but not included in
the national total; however, CH4 and N,O emissions are
included.

The Agriculture/Forestry/Fisheries category (CRF Category
1.A.4.c) includes emissions from stationary fuel combus-
tion only from the agricultural and forestry industries.
Emissions are from on-site machinery operation and from
space heating and are estimated based on fuel use data for
agriculture and forestry as reported in the RESD. Fishery
emissions are reported under either the Transportation

or Other Manufacturing (i.e. food processing) category.
Mobile emissions associated with this category are not
disaggregated and are included as off-road or marine
emissions reported under Transport.
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A2.4.2. Transport

(CRF Category 1.A.3)

GHG emissions from the Transport subsector are divided
into five categories:

Civil Aviation (Domestic Aviation);

Road Transportation;

Railways;

Navigation (Domestic Marine); and

Other Transportation (Off-road and Pipelines).

Emission estimates are developed at the provincial/territo-
rial level and aggregated to the national level. Fuel com-

bustion emissions associated with the Transport subsector
are calculated using various adaptations of Equation A2-1.

CO, emissions are predominantly dependent on the type
and characteristics of fuel being combusted, whereas
N,O and CH4 emissions are dependent on both the fuel
combusted and emission control technologies present.
Annex 8 provides a complete listing of transportation-
related emission factors and their specific references.

Owing to the complexity of the Transport subsector,
Canada’s Mobile Greenhouse Gas Emission Model (MGEM)
and the Aviation Greenhouse Gas Emission Model (AGEM)
are used to calculate the emissions from Road Transpor-
tation, Railways, Navigation, Off-road and Aviation. The
combustion emissions associated with pipeline transport
are estimated separately.

A2.4.2.1. Road Transportation
(CRF Category 1.A.3.b)

The methodology used to estimate Road Transportation
GHG emissions follows a detailed IPCC Tier 3 approach.

Step 1: Activity Data - Vehicle Populations,
Technology Penetration, Catalyst Sur-
vival Rate, Fuel Consumption Ratios
and Kilometre Accumulation Rates

Vehicle Populations

Vehicles are separated into different classes depending on
their fuel type, body configuration (car versus truck) and
gross vehicle weight rating (GVWR). GVWR is the maximum
allowable weight of a fully loaded road vehicle, including
the weight of the vehicle, fuel, passengers, cargo and other
miscellaneous items, including optional accessories.

National Inventory Report 1990 - 2010

Two distinct data sets are used to develop a complete
vehicle population profile. Light-duty vehicle and truck
populations for 1990-2002 were obtained from the Cana-
dian Vehicles in Operation Census, which is maintained by
DesRosiers Automotive Consultants Inc. Light-duty vehicle
and truck populations for 2003-2010 were derived from
Statistics Canada’s Canadian Vehicle Survey (CVS). Heavy-
duty vehicle populations were obtained from R.L. Polk &
Co. for 1994-2002. Heavy-duty vehicle populations for
2003-2010 were derived from Statistics Canada’s Canadian
Vehicle Survey, while populations for 1990-1993 were esti-
mated based on historical population trends. Light-duty
vehicles (cars) and light-duty trucks (pickups, minivans,
SUVs, etc.) are those with a GVWR of less than or equal to
3900 kg, whereas heavyduty classes have a GVWR above
3900 kg.

Motorcycle populations for 1990-2010 were obtained
from the Motorcycle & Moped Industry Council (MMIC
2010).

Technology Penetration

To account for the effects that emission control technolo-
gies have on emissions of CH,s and N0, estimates of the
number of vehicles on the road equipped with catalytic
converters and other control technologies were devel-
oped. Figure A2-2 illustrates the varying penetration
percentages of evolving technologies into new light-duty
gasoline vehicles (LDGVs) and light-duty gasoline trucks
(LDGTs) in successive model years. Technology penetra-
tion for heavy-duty gasoline vehicles (HDGVs), heavy-duty
diesel vehicles (HDDVs), light-duty diesel vehicles (LDDVs),
light-duty diesel trucks (LDDTs) and motorcycles (MCs) are
detailed in Table A2-4 (U.S. EPA 2011).

Catalyst Survival Rate

With use, catalytic converters deteriorate, affecting tail-
pipe emission rates. Based on information from industry
experts, a technology-specific deterioration rate is applied
to LDGVs and LDGTs with catalyticcontrolled technolo-
gies. To model the deterioration effect, the vehicles with
deteriorated catalysts are assigned to the non-catalytic
controlled technology. For provinces with inspection and
maintenance (/M) programs (Ontario and British Colum-
bia), the catalyst survival rate is not applied to Tier O, Tier 1
or Tier 2 technologies, as these emission control technolo-
gies are inspected and replaced or repaired as necessary.
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Figure A2-2 Technology Penetration for Light-duty Gasoline Vehicles and Trucks

100%

90%

80%

70%

X
o
©

4

uopeslxuad

Model Year

HTierl W Tier2

M Tier0

@ Oxidation Catalyst

I Non-Catalytic Controlled

Table A2-4 Technology Penetration for HDGVs, HDDVs, LDDVs, LDDTs and MCs

Model Years

Control Technology

duty Gasoline Vehicles (HDGVs)

Uncontrolled

Heavy-

1960-1984
1985-1995
1996-2011

Non-catalytic Controlled

Three-

way Catalyst

Heavy-duty Diesel Vehicles (HDDVs)

Uncontrolled

1960-1982
1983-1995
1996-2011

Moderate Controls

Advanced Controls

Light-duty Diesel Vehicles and Trucks (LDDVs and LDDTs)

Uncontrolled

1960-1982

1983-1995
1996-2003

2004-2011

Moderate Controls

Advanced Controls

Tier 2

Motorcycles (MCs)
Uncontrolled

1960-1995
1996

-2011

Non-catalytic Controlled
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Fuel Consumption Ratios

Average provincial fuel consumption ratios (FCRs) by
vehicle class and model year (based on provincial vehicle
sales) are available for LDGVs, LDGTs, LDDVs and LDDTs
(NRCan 2010). FCRs for HDGVs are based on a vehicle class
and model year average (IPCC/OECD/IEA 1997). HDDV
and motorcycle FCRs are based on a yearly fleet average
(NRCan 2010).

Laboratory FCRs are determined by standardized vehicle
emission tests. However, research has shown that real-
world fuel consumption is consistently higher than labo-
ratory-generated data. Based on studies performed in the
United States, on-road vehicle fuel consumption figures in
MGEM have been adjusted to 25% above the laboratory
FCR ratings (Maples 1993).

Kilometre Accumulation Rates

Kilometre accumulation rates (KARs) are a measure of the
average annual kilometres travelled by vehicle class and
vehicle age. Light-duty car and truck KARs are estimated
from the results of a report examining the differences in
vehicle odometer readings recorded during successive
inspection and maintenance (I/M) tests from Ontario and
British Columbia (Stewart Brown Associates 2010). Due
to the absence of I/M programs in other jurisdictions, the
Ontario KAR estimates are adopted in all other provinces
and territories excluding British Columbia, where the B.C.
KAR estimates are directly applied.

Step 2: On-road Fuel Calculation

On-road gasoline and diesel fuel consumption is estimated
using Equation A2-2:

Equation A2-2:

Fuel Consumption = Population * KAR * FCR

For the most part, these parameters are different for each
province, vehicle class, model year and inventory year.
On-road vehicles are grouped into seven major vehicle
classes, identical to those used by the U.S. Environmental
Protection Agency (U.S. EPA) in its MOBILE emissions factor
model. The U.S. EPA designations are as follows:

- LDGVs;
+ LDGTs;
+ HDGVs;
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+ MCGs;

- LDDVs;

- LDDTs; and
« HDDVs.

Itis assumed that all natural gas and propane fuel is
consumed by light-duty vehicles. No breakdown by
vehicle classification is utilized for natural gas and propane
vehicles. The methodologies for propane and natural gas
vehicles follow an IPCC Tier 1 method.

Step 3: Normalization

In an effort to improve the allocation of diesel and gasoline
between on- and off-road applications, a balancing algo-
rithm has been incorporated into MGEM. This algorithm
attempts to reconcile the fuel reportedly consumed by fuel
surveys and the fuel consumption calculated by MGEM.

Gasoline

The first on-road gasoline estimate is calculated in step 2
and represents a bottom-up estimate based upon vehicle
population FCRs and VKTs.

The second estimate is based on the top-down gross

and taxed gasoline sales reported by Statistics Canada
(CANSIM, Table 405-0002). This survey polls individual
provinces for their retail and non-retail fuel sales. The value
reported as gross gasoline sales (taxed plus non-taxed) is
adjusted to equal the total gasoline available for transport
as reported in the RESD (Statistics Canada #57-003). That
same adjustment is then applied to the taxed gasoline
sales and becomes the second, or top-down, on-road
gasoline estimate.

At a provincial level, top-down and bottom-up gaso-
line consumption estimates differ slightly; however, at

a national level, there is a high degree of correlation
between the two estimates. If the bottom-up estimate is
larger than the top-down one, the adjusted taxed sales
are taken as the final on-road gasoline estimate. If the
top-down estimate exceeds the bottom-up estimate, the
average of the two estimates is taken as the final on-road
gasoline estimate.

Diesel Oil

The first on-road diesel estimate is calculated in step 2
(bottom-up).
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The second estimate (top-down) is based on taxed diesel
sales reported by Statistics Canada (CANSIM, Table 405-
0002).

At a provincial level, the two estimates of on-road diesel
consumption differ slightly; however, at a national level,
there is a high degree of correlation between the two esti-
mates. The average of these two estimates typically rep-
resents the most reliable approximation of actual on-road
diesel fuel use. In the event that this average value exceeds
the total diesel fuel available for transportation as reported
in the RESD (Statistics Canada #57-003), the RESD total
diesel consumption is taken as the final on-road estimate.

Step 4: On-road Emission Calculation

Emission estimates are based on fuel type, the total fuel
consumed and the appropriate emission factor.

Emissions are calculated using Equation A2-1.

A2.4.2.2. Off-road
(CRF Category 1.A.3.e)

The methodology used to estimate GHG emissions from
off-road transportation follows an IPCC Tier 1 approach.

Step 1: Off-road Fuel Calculation
Off-road fuel is calculated using Equation A2-3:

Equation A2-3:  Equation A2-3:

Of f — road Fuel Consumption
= Fuel Available for Transportation
— On Road Fuel Consumption

Step 2: Off-road Emission Calculation

Emission estimates are based on fuel type, the total fuel
consumed and an emission factor.

Emissions are calculated using Equation A2-1.

A2.4.2.3. Civil Aviation
(Domestic Aviation) (CRF
Category 1.A.3.a)

The methodology used to estimate GHG emissions from
Civil Aviation employs a modified IPCC Tier 1 approach for
aviation gasoline and a modified IPCC Tier 3 approach for
aviation turbo fuel. The Aviation model has been named
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AGEM as an acronym for Aviation Greenhouse Gas Emis-
sion Model.

This subsector includes all emissions from domestic air
transport (commercial, private, agricultural, etc.). In accor-
dance with the Revised 1996 IPCC Guidelines, and because
of the Tier 3 approach, military air transportation 