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FOREWORD

Canada ratified the United Nations Framework
Convention on Climate Change (UNFCCC or
Convention) on December 4, 1992. Under deci-
sions 3/CP.1, 9/CP.2 and 24/CP.19 of the UNFC-
CC, national inventories of sources and sinks of
greenhouse gases (GHGs) must be submitted to
the UNFCCC by April 15 of each year. This report
is part of Canada’s annual inventory submission
under the Convention.

Canada’s 2017 National GHG Inventory complies
with the requirements of the Revised UNFCCC
reporting guidelines for national GHG invento-
ries (24/CP.19). The Reporting Guidelines require
Annex | Parties to develop their national invento-
ries using the 2006 Guidelines for National GHG
Inventories by the Intergovernmental Panel on
Climate Change (IPCC). The Reporting Guide-
lines also require inventory reports to provide
detailed and complete information on estimate

development, including the formal arrangements
supporting their preparation and any significant
changes o inventory preparatfion and submission
procedures. The reporting guidelines also com-
mit Parties to improve the quality of national and
regional emission and removal estimates on an
ongoing basis.

In addition to the description and explanation of
inventory development and national arrange-
ments, the present National Inventory Report ana-
lyzes tfrends in emissions and removals. The report
also describes the several improvements incorpo-
rated in this edition of the inventory, along with
the subsequent recalculations.

This report represents the efforts of many years of
team work and builds on the results of previous
reports, published in 1992, 1994, and yearly from
1996 to 2016. Ongoing work, both in Canada and
elsewhere, will continue to improve the estimates
and reduce uncertainties associated with them.

April 2017

Director, Pollutant Inventories and Reporting Division
Science and Technology Branch

Environment and Climate Change Canada

Email: ec.ges-ghg.ec@canada.ca
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LIST OF COMMON ACRONYMS,
ABBREVIATIONS AND UNITS

Acronymns and Abbreviations

CAC Criteria Air Contaminant

CANSIM Statistics Canada’s key socioeconomic database
CEPA 1999 Canadian Environmental Protection Act, 1999
CESlI Canadian Environmental Sustainability Indicators
CFC chlorofluorocarbon

CFS Canadian Forest Service

ECCC Environment and Climate Change Canada

EF emission factor

GDP gross domestic product

GHG greenhouse gas

GHGRP Greenhouse Gas Reporting Program

HFC hydrofluorocarbon

HWP harvested wood products

IPCC Infergovernmental Panel on Climate Change
IPPU Industrial Proccesses and Product Use

LULUCF Land Use, Land-use Change and Forestry

N/A not available

MSW municipal solid waste

NIR National Inventory Report

NMVOC non-methane volatile organic compound

NPRI National Pollutant Release Inventory

ODS ozone-depleting substance

OECD Organisation for Economic Co-operation and Development
PFC perfluorocarbon

POP persistent organic pollutant

QA quality assurance

QC quality control

RESD Report on Energy Supply and Demand in Canada
UNECE United Nations Economic Commission for Europe
UNFCCC United Nations Framework Convention on Climate Change

Chemical Formulas

Al aluminium
Al O3 alumina
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CaC, calcium carbide

CaCOs calcium carbonate; imestone
CaMg(COs3)2 dolomite (also CaCO3-MgCOs)
CaO lime; quicklime; calcined limestone
CF4 carbon tetrafluoride

CoFs carbon hexafluoride

CHsOH methanol

CHgy4 methane

CoHg ethane

CsHs propane

CsHio butane

CoHq4 ethylene

CeHs benzene

CHCl3 chloroform

CO carbon monoxide

CO; carbon dioxide

COsz eq carbon dioxide equivalent

Ho hydrogen

H,O water

H2S hydrogen sulphide

HCFC hydrochlorofluorocarbon

HCI hydrochloric acid

HF hydrogen fluoride

HNO3 nitric acid

KoCOs potassium carbonate

Mg magnesium

MgCOs magnesite; magnesium carbonate
MgO magnesia; dolomitic lime

N nitfrogen

N2 nifrogen gas

Na2COs3 sodium carbonate; soda ash
NasAlF, cryolite

NF3 nitfrogen trifluoride

NH3 ammonia

NH4+ ammonium

NHsNO3 ammonium nitrate

N2O nitrous oxide

N2O-N Nifrous oxide emissions represented in tferms of nifrogen
NO nifric oxide

NO; nifrogen dioxide

NOs- nifrate
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NOx nifrogen oxides

O, oxygen

SFe¢ sulphur hexafluoride
SiC silicon carbide

SO, sulphur dioxide

SOx sulphur oxides

Notation Keys

IE included elsewhere
NA not applicable
NE not estimated
NO not occurring
Units

g gram

Gg gigagram

Gt gigatonne

ha hectare

kg kilogram

kha kilohectare
km kilometre

kt kilotonne

kWh kilowatt-hour
m meftre

Mg megagram
Mha megahectare
mm milimetre

Mt megatonne
MW megawatt

PJ petajoule

t tonne

TWh terrawatt-hour
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EXECUTIVE

SUMMARY

ES.1 Infroduction

The United Nations Framework Convention on Cli-
mate Change (UNFCCC) is an infernational freaty
established in 1992 to cooperatively address cli-
mate change issues. The ultimate objective of the
UNFCCC is to stabilize atmospheric greenhouse
gas (GHG) concentrations at a level that would
prevent dangerous interference with the climate
system. Canada ratified the UNFCCC in Decem-
ber 1992, and the Convention came into force in
March 1994.

To achieve its objective and implement its provi-
sions, the UNFCCC lays out several guiding prin-
ciples and commitments. Specifically, Articles 4
and 12 commit all Parties to develop, periodically
update, publish and make available to the Con-
ference of the Parties (COP) their national inven-
tories of anthropogenic emissions by sources and
removals by sinks of all GHGs not controlled by the
Montreal Protocol.!

Canada'’s Nafional Inventory is prepared and
submitted annually to the UNFCCC by April 15 of
each year, in accordance with revised Guidelines
for the preparation of national communications
by Parties included in Annex | to the Convention,
Part I: UNFCCC reporting guidelines on annual
inventories (UNFCCC Reporting Guidelines),
adopted through Decision 24/CP.19 at COP 19 in
Warsaw in 2013. The annual inventory submission
consists of the National Inventory Report (NIR) and
the Common Reporting Format (CRF) tables.

1 Under the United Nations Environment Programme (UNEP), the Montreal
Protocol on Substances that Deplete the Ozone Layer is an international agreement
designed to reduce the global consumption and production of ozone-depleting
substances.

The inventory GHG estimates include carbon

dioxide (CO2), methane (CH,), nitrous oxide (NoO),

perfluorocarbons (PFCs), hydrofluorocarbons
(HFCs), sulphur hexafluoride (SF4), and nitrogen
tfrifluoride (NFs3) in the following five sectors defined
by the Intergovernmental Panel on Climate
Change (IPCC): Energy, Industrial Processes and
Product Use, Agriculture, Waste, and Land Use,
Land-Use Change and Forestry (LULUCF). The
GHG emission and removal estimates contained
in Canada’s GHG inventory are developed using
methodologies consistent with the 2006 IPCC
inventory guidelines. In line with the principle of
continuous improvement, the underlying data
and methodology for estimating emissions are
revised over time; hence, total emissions in all
years are subject fo change as both data and
methods are improved.

In May 2015, Canada indicated its intent to
reduce GHG emissions by 30% below 2005 levels
by 2030. In December 2015 at COP 21, Canada,
alongside the countries of the world, reached
an ambitious and balanced agreement to fight
climate change. Since 2005 was adopted as

a base year for both Canada’s 2020 and 2030
targets, many of the metrics within this report are
presented in that context, in addition to the 1990
base year required by the UNFCCC Reporting
Guidelines.

Canada—National Inventory Report 1990-2015—Part 1
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THE PAN-CANADIAN FRAME-
WORK ON CLEAN GROWTH
AND CLIMATE CHANGE

Established on December 9, 2016, the Pan-
Canadian Framework on Clean Growth and
Climate Change is a comprehensive plan to
reduce emissions across all sectors of Cana-
da’s economy, as well as to stimulate clean
economic growth, and build resilience to
the impacts of climate change. The actions
outlined in the Pan-Canadian Framework
will enable Canada to meet or exceed its
target to reduce emissions to 30% below
2005 levels by 2030.

The Framework was developed in collabo-
ration with Canada’s provinces and territo-
ries. It builds on the early leadership of prov-
inces and territories and the diverse array
of policies and measures already in place
across Canada to reduce greenhouse gas
emissions in all sectors of the economy.
Many of the policies and measures in the
Framework are intended to be scalable

fo enable increasing ambition over fime,
and will be subject to rigorous and ongoing
evaluation in order to ensure that Canada
is well-positioned to meet its current and
future climate change commitments.
Canada’s GHG inventory plays a key role
in keeping Canadians informed of progress
made in reducing GHG emissions. Section
ES.6 presents a pathway for Canada to
meet its international emissions reduction
target, based on the measures included in
the Pan-Canadian Framework.

Pricing carbon pollution is centfral to Cana-
da’s plan. The Government of Canada has

outlined a benchmark for pricing carbon
pollution that will build on existing provincial
systems and ensure a minimum price of $10
CAD per tonne is in place across Canada
by 2018, rising to $50 CAD per tonne by
2022. Carbon pricing will help influence
investment and purchase decisions fowards
less carbon-intensive options.

In addition to carbon pricing, the comple-
mentary mitigation measures included

in the Framework will enable Canada to
achieve emissions reductions across all sec-
tors, both in the near-term and as part of a
longer-term strategy. Expanding the use of
clean electricity and low-carbon fuels are
foundational actions that will reduce emis-
sions across the economy. Canada will
also take action to reduce energy use by
improving energy efficiency, encouraging
fuel switching and supporting innovative
alternatives. In the built environment sector,
this will include developing “net-zero energy
ready” building codes.

Actions in the transportation sector include
increasingly stringent emission standards

for light- and heavy-duty vehicles, as well

as taking action to improve efficiency and
support fuel switching in the rail, aviation,
marine, and off-road sectors. Zero-emissions
vehicles will be supported through develop-
ment of a national strategy and through
investments in supportive infrastructure such
as charging stations. To reduce emissions
from industrial sectors, Canada is develop-
ing regulations to achieve a reduction of
methane emissions from the oil and gas
sector, including offshore activities, by 40-45
percent by 2025, and Canada has also
committed to finalizing regulations to phase
down the use of hydrofluorocarbons in line

Canada—National Inventory Report 1990-2015—Part 1



with the Kigali Amendment to the Montreal
Protocol.

The Pan-Canadian Framework also recog-
nizes the importance of building climate
resilience and sets out measures to help
Canadians understand, plan for, and

take action to adapt to the unavoidable
impacts of climate change. A number of
measures are being developed in this area
with a focus on infrastructure, information
and capacity building, and health. This
includes a particular focus on supporting

Section ES.2 of this Executive Summary summarizes
the latest information on Canada’s net anthropo-
genic GHG emissions over the period 2005-2015
and links this information to relevant indicators of
the Canadian economy. Section ES.3 outlines the
maijor trends in emissions from each of the IPCC
sectors.

For the purposes of analyzing economic frends
and policies, it is useful to allocate emissions to
the economic sector from which they originate.
Section ES.4 presents Canada’s emissions by the
following economic sectors: Oil and Gas, Elec-
tricity, Transportation, Heavy Industry, Buildings,
Agriculture, Waste, and Others. This breakdown
is also used in Canada'’s Second Biennial Report
on Climate Change (ECCC 2016). Throughout
this report, the word “sector” generally refers to
activity sectors as defined by the IPCC for national
GHG inventories; exceptions occur when the
expression “economic sectors” is used in refer-
ence to the Canadian context.

Section ES.5 details GHG emissions for Canada’s
13 sub-national jurisdictions. Finally, as Canada'’s
annual inventory submission to the UNFCCC
embodies almost two decades of learning and
improvements, Section ES.7 provides some detail
on the components of this submission and outlines
key elements of its preparation.

Canada’s Indigenous Peoples and northern
and remote communities, which are par-
ficularly vulnerable to the effects of climate
change.

The Framework also includes support for
clean technology and innovation, including
for early-stage technology development,
establishing international partnerships, and
encouraging “mission-oriented” research to
help generate innovative new opportunities
to reduce emissions.

ES.2 Overview, National
GHG Emissions

In 2015, the most recent annual dataset in

this report, Canada’s GHG emissions were

722 megatonnes of carbon dioxide equivalent
(Mt CO; eq),? a net decrease of 16 Mt in total
emissions or 2.2% from 2005 emissions (Figure S-1).3
Annual emissions fluctuated between 2005 and
2008, dropped in 2009, and gradually increased
thereafter.

In 2015, the Energy Sector (consisting of Station-
ary Combustion Sources, Transport, and Fugifive
Sources) emitted 587 Mt of greenhouse gases, or
81% of Canada’s total GHG emissions (Table S-3).
The remaining emissions were largely generated
by the Agriculture (8%) and Industrial Processes
and Product Use (7%) sectors, with minor contri-
butions from the Waste Sector (3%). The LULUCF
Sector was a sink in 2015, with net removals of

34 Mt, a 3-Mf reduction from the net removals of
37 Mt in 2005.

2 Unless explicitly stated otherwise, all emission estimates given in Mt represent
emissions of GHGs in Mt CO; eq.

3 Throughout this report, data are presented as rounded figures. However, all
calculations (including percentages) have been performed using unrounded data.
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17



Figure -1 Canadian GHG Emissions Trend (2005-2015) (excluding LULUCF)
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Figure -2 Canada’s Emissions Breakdown by IPCC Figure -3 Canada’s Emissions Breakdown by
Sector (2015)* GHG (2015)*
ENERGY-Stationary
Combustion Sources co,
328 Mt CO, eq ENERGY-Transport 568 Mt CO, eq
(45%) 202 Mt €O, eq (79%)
\ (28%)
CH,
WAaSTE ENERGY—Fugitive 102 Mt CO, eq
25 Mt CO, eq Sources (14%)

AGRICULTURE

(3%) 59 Mt CO2 eq INDUSTRIAL PROCESSES 27 Mts;oz eq
& o pRODUCT Ust &) HFCs, PFCs ,SF, & NF, NO
51 Mt CO, e 2
%) ¢ 12Mt €O, eq 39 Mt €O, eq
(1.7%) (5%)

Total: 722 Mt CO, eq

*Note: Totals may not add up due to rounding.

Canada'’s emissions profile is similar fo that of most  natural gas systems, agriculture and landfills. NoO

industrialized countries. Carbon dioxide (COg) is emissions arise from activities such as agricultural
the largest confributor to Canada’s GHG emis- soil management and fransport, and accounted
sions, accounting for 568 Mt or 79% of total emis- for 39 Mt or 5.4% of Canada'’s emissions in 2015.
sions in 2015 (Figure S-3). The majority of the COs Emissions of synthetic gases (HFCs, PFCs, SF¢ and
emissions in Canada result from the combustion NF3) constituted slightly less than 2%.

of fossil fuels. CH4 emissions in 2015 amounted to
102 Mt or 14% of Canada'’s total. These emissions
consist largely of fugitive emissions from oil and

Over the last decades Canada’s economy has
grown more rapidly than its GHG emissions. As a
result, the emission intensity for the entire economy
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Figure -4 Indexed Trend in GHG Emissions and GHG Emissions Intensity (1990-2015)
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Table S-1 Trends in Emissions and Economic Indicators, Selected Years
Year 2005 2010 2011 2012 2013 2014 2015
Total GHG (Mt) 738 701 707 716 729 727 722
Change since 2005 (%) NA -5.1% -4.2% -3.0% -1.2% -1.5% -2.2%
GDP (Billion 2007$) 1503 1584 1633 1659 1698 1742 1757
Change since 2005 (%) NA 5.4% 8.7% 10.4% 13.0% 16.0% 16.9%
GHG Intensity (Mt/$B GDP) 0.49 0.44 0.43 0.43 0.43 0.42 0.41
Change since 2005 (%) NA -9.9% -11.8% -12.1% -12.6% -15.1% -16.4%

GDP data source: Statistics Canada (no date(a)) Table 380-0106 - Gross domestic product at 2007 prices, expenditure-based, annual (dollars). CANSIM (database).

Figure S-5 Canadian per Capita GHG Emissions (2005-2015)

235

GHG/Capita (t CO, eq/capita)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

Population data source: Statistics Canada. No date(b). Table 051-0001: Estimates of Population, by Age Group and Sex for July 1, Canada,
Provinces and Territories, Annual (persons unless otherwise noted) CANSIM (database).
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(GHG per GDP) has declined by 16.4% since 2005
(Figure S—-4 and Table S-1). A divergence of emis-
sions and emissions intensity began in the early
1990s (Figure S-4) and can be attributed to fuel
switching, increases in efficiency, the moderniza-
tion of industrial processes, and structural changes
in the economy. These long-term frends have led
to confinued reduction in emissions intensity. Sec-
tion ES.3 provides more information on trends in
GHG emissions.

Canada represented approximately 1.6% of

total global GHG emissions in 2013 (CAIT 2017),
although it is one of the highest per capita emit-
ters. Canada'’s per capita emissions have drop-
eed substantially since 2005, when this indicator
was 22.9 1. By 2009, it had dropped to 20.5 t and
has remained at historic lows ever since, with 2015
seeing the smallest per capita emissions yet at
20.1 t (Figure S-5).

ES.3 Emissions and
Trends by IPCC
Sectors

Trends in Emissions

Over the period 2005-2015, total emissions
decreased by 16 Mt or 2.2% (Figure S-6). The
Energy Sector dominated the long-term trend,
with emission decreases of 11 Mt (3%) in Station-
ary Combustion Sources and 4 Mt (7%) in Fugitive
Sources (Table S-2). In addition, the IPPU and
Waste Sectors each saw decreases of 3 Mt (6%
and 10% respectively), while emissions from Agri-
culture decreased by 2 Mt (3%). Over the same
period, emissions from Transport increased by

7 Mt (4%) partially offsetting the decreases from
the other sectors (Figure S-7)

Increases in emissions since 2009 can be attrib-
uted to increases in energy consumption and

Figure $-6 Trends in Canadian GHG Emissions by IPCC Sector (2005-2015)
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Table $-2 Canada’s GHG Emissions by IPCC Sector, Selected Years

Greenhouse Gas Categories 2005 2009 2010 2011 2012 2013 2014 2015
Mt CO, equivalent
TOTAL'? 738 689 701 707 716 729 727 722
ENERGY 595 560 571 575 578 592 594 587
a. Stationary Combustion Sources 339 315 318 320 322 329 332 328
Public Electricity and Heat Production 122 99 101 94 91 88 85 84
Petroleum Refining Industries 20 19 19 19 20 19 18 17
Mining and Upstream Oil and Gas Production 68 78 81 82 91 99 102 105
Manufacturing Industries 48 40 41 44 44 45 45 43
Construction 1 1 2 1 1 1 1 1
Commercial and Institutional 32 30 28 30 28 30 32 31
Residential 46 45 43 46 42 44 46 43
Agriculture and Forestry 2 3 3 4 4 4 4 4
b. Transport 195 190 199 200 200 204 202 202
Domestic Aviation 8 6 6 6 7 8 7 7
Road Transportation 134 136 142 143 144 147 144 144
Railways 7 5 7 8 8 7 8 7
Domestic Navigation 6 6 7 6 6 5 5 4
Other Transportation 41 36 38 38 36 37 38 39
[ Fugitive Sources 61 55 54 55 57 59 60 57
Coal Mining 1 1 1 1 1 2 1 1
Oil and Natural Gas 59 54 53 54 56 57 58 56
d. CO, Transport and Storage 0 0 0 0 0 0 0 0
INDUSTRIAL PROCESSES AND PRODUCT USE 54 46 48 52 56 54 51 51
a. Mineral Products 10 7 8 8 8 8 8 8
b. Chemical Industry 9 6 5 6 6 6 6 7
[ Metal Production 20 16 16 17 17 15 15 14
d. Production and Consumption of Halocarbons, SFs and NF3 5 7 8 9 9 9 10 11
e. Non-Energy Products from Fuels and Solvent Use 9 10 1 12 15 15 12 "
f. Other Product Manufacture and Use 1 0 0 0 0 0 0 0
AGRICULTURE 61 57 56 55 57 60 58 59
a. Enteric Fermentation 31 27 26 25 25 25 25 25
b. Manure Management 10 9 8 8 8 8 8 9
C Agricultural Soils 18 20 20 20 21 23 22 23
d. Field Burning of Agricultural Residues 0 0 0 0 0 0 0 0
e Liming, Urea Application and Other Carbon-containing 1 2 2 2 2 3 2 3
Fertilizers
WASTE 28 26 25 25 24 24 25 25
a. Solid Waste Disposal 25 23 22 22 22 22 22 22
b. Biological Treatment of Solid Waste 1 1 1 1 1 1 1 1
[ Wastewater Treatment and Discharge 1 1 1 1 1 1 1 1
d. Incineration and Open Burning of Waste 1 1 1 1 1 1 1 1
LAND USE, LAND-USE CHANGE AND FORESTRY -37 -46 -28 -26 -30 -29 -33 -34
a. Forest Land -183 -166 -159 -160 -164 -163 -166 -164
b. Cropland -10 -12 -12 -12 -12 -1 -1 -1
C Grassland 1 0 0 1 2 1 1 1
d. Wetlands 3 3 3 3 3 3 3 3
e. Settlements 4 4 4 4 4 4 4 4
f. Harvested Wood Products 149 125 136 138 137 138 137 135
Notes:
1. National totals exclude all GHGs from the Land Use, Land-use Change and Forestry Sector
2. These summary data are presented in more detail in Annex 9
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Figure $-7 Short-term Emission Trends by IPCC Sector (2005-2014)
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fugitive emissions in oil and gas operations

(29 Mt),*increases in the number of heavy-duty
diesel vehicles in operation (8 Mt), increased con-
sumption of halocarbons (4 Mt), and continuous
increases in the application of inorganic nitrogen
fertilizers (3 Mt). During the same period, there was
a 15-Mt decrease in emissions from electricity gen-
eration, which partly offset emission growth.

The measures established through the Pan-Cana-
dian Framework on Clean Growth and Climate
Change will set emissions on a downward trajec-
fory in all sectors. Carbon pricing will play a cen-
tral and cross-cutting role, while complementary
mitigation actions across all sectors will support
additional emissions reductions. This will include

a broad suite of measures to: further decarbonize
Canada'’s electricity sector; reduce emissions from
fuels used in fransportation, buildings and industry;
improve the efficiency of tfransportation systems,
buildings and industrial operations; and, protect-
ing and enhancing Canada'’s carbon sinks. In
addition, support for clean technology and

4 Energy consumption and fugitive emissions from oil and gas operations is the
sum of emissions from: Petroleum Refining Industries, Mining and Upstream Oil
and Gas Production, Pipeline Transport (under Other Transportation) and Fugitive
Sources (see Table S-2).

innovation will support new emission reduction
opportunities across all sectors.

Chapter 2 provides more information on frends in
GHG emissions from both 1990 and 2005 and their
drivers®. Further breakdowns of emissions by sub-
sector and gas, and a complete time series can
be found in Annex 9.

The following describes the emissions and trends of
each IPCC sector in further detail.

Energy—2015 GHG Emissions (587 Mt)

In 2015, GHG emissions from the IPCC Energy
Sector (587 Mt) were 1.4% lower than in 2005
(595 Mt). Within the Energy Sector, the 37-Mt
increase in emissions from Mining and Upstream
Oil and Gas Production was offset by a 38-Mt
decrease in emissions from Public Electricity and
Heat Production.

Decreasing energy generation from coal and ail,
accompanied by an increase in hydro, nuclear
and wind generation, was the largest driver of
the 31% decrease in emissions associated with

5 The complete NIR can be accessed here: http://unfccc.int/national_reports/
annex_i_ghg_inventories/national_inventories_submissions/items/10116.php.
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Electricity Production between 2005 and 2015.
The permanent closure of all coal generating sto-
tions in the province of Ontario by 2014 was the
determinant factor.® Emission fluctuations over the
period reflect variations in the mix of electricity
generation sources.”

GHG emissions from Manufacturing Industries
decreased by 5.0 Mt between 2005 and 2015,
consistent with both a 16% decrease in energy
use and an observed decline in output® in these
industries.

Oil production has been driven primarily by a
rapid rise in the extraction of bitumen and synthet-
ic crude oil from Canada'’s oil sands operations,
where total output has increased by 140% since
2005. This has contributed to the 37 Mt increase

in emissions between 2005 to 2015 from Mining
and Upstream Oil and Gas Production. However,
from 2010 to 2015 the emission intensity of oil sands
operations themselves have dropped by approxi-
mately 16% as a result of fechnological and effi-
ciency improvements, less venting emissions and
reductions in the percentage of crude bitumen
being upgraded to synthetic crude oil.

The maijority of transport emissions in Canada are
related to Road Transportation, which includes
personal fransportation (light-duty vehicles and
trucks) and heavy duty frucks. The growth in road
fransport emissions is largely due to more driv-
ing. Despite a reduction in kilometres driven per
vehicle, the total vehicle fleet has increased by
19% since 2005, most notably for trucks (both
light-and heavy-duty), leading to more kilometres
driven overall.

6 Ontario Power Generation News, April 15, 2014; http://www.opg.com/news-
and-media/news-releases/Pages/news-releases.aspx?year=2014, accessed January
2016).

7 The mix of electricity generation sources is characterized by the amount of fossil
fuel vs. hydro, other renewable sources and nuclear sources. In general, only fossil
fuel sources generate net GHG emissions.

8 See, for example, Energy Consumption by the Manufacturing Sector, 2015,
Statistics Canada Daily, October 31, 2016; http://www.statcan.gc.ca/daily-quotidi-
en/161031/dq161031d-eng.pdf (accessed January 24, 2017).

Industrial Processes and Product Use —
2015 GHG Emissions (51 Mt)

The Industrial Processes and Product Use Sector
covers non-energy GHG emissions that result from
manufacturing processes and use of products,
such as limestone calcination in cement produc-
tion and the use of HFCs and PFCs as replace-
ment refrigerants for ozone-depleting substances
(ODSs). Emissions from the IPPU Sector contributed
51 Mt (7%) to Canada’s 2015 emissions.

Emissions of most industries decreased in 2008 and
2009 and have remained at similar levels since
then. A notable exception includes the 5.9 Mt
(116%) increase in emissions from the use of HFCs
since 2005.

The aluminium industry has decreased its process
emissions, largely due to technological improve-
ments infroduced to mitigate PFC emissions. The
overall decrease in GHG emissions from chemical
industries is primarily a result of the closure in 2009
of the sole Canadian adipic acid plant located in
Ontario.

Agriculture — 2015 GHG Emissions
(59 Mt)

The Agriculture Sector covers hon-energy GHG
emissions relating to the production of crops and
livestock. Emissions from Agriculture accounted for
59 Mt, or 8% of total GHG emissions for Canada in
2015, down 2 Mt from their peak in 2005.

In 2015, Agriculture accounted for 28% of national
CH4 emissions and 71% of national No,O emissions.

The main drivers of the emission frend in the
Agriculture Sector are the fluctuations in livestock
populations and application of inorganic nifrogen
ferfilizers in the Prairie Provinces. Since 2005, fertil-
izer use has increased, while livestock populations
peaked in 2005 and decreased sharply to 2011.

In 2015, emissions from livestock digestion (enteric
fermentation) accounted for 42% of total agricul-
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tural emissions, and the application of inorganic
nifrogen fertilizers accounted for 22% of total agri-
cultural emissions.

Waste — 2015 GHG Emissions (25 Mt)

The Waste Sector includes GHG emissions from the
freatment and disposal of liquid and solid wastes.
Emissions from Waste contributed 25 Mt (3.4%) to
Canada'’s total emissions in 2015 and 28 Mt (3.7%)
in 2005.

The primary source of emissions in the Waste
Sector is Solid Waste Disposal, which includes
municipal solid waste (MSW) landfills (19 Mt in
2015) and wood waste landfills (4 Mt in 2015). In
2015, Solid Waste Disposal accounted for 0%

of Waste emissions, while Biological Treatment

of Solid Waste (composting), Wastewater Treat-
ment and Discharge, and Incineration and Open
Burning of Waste contributed 3.8%, 4.3% Mt and
2.2%, respectively.

Methane emissions from publicly and privately
owned municipal solid waste landfills (MSW) make
up 86% of emissions from Solid Waste Disposal. The
remainder originate from on-site industrial landfills
of wood residues; such landfills are declining in
number as markets for wood residues grow.

Methane emissions from MSW landfills decreased
11% between 2005 and 2015. Of the 30 Mt CO;
eq of CH4 generated by MSW landfills in 2015,
only 19 Mt (or 62% of generated emissions) were
actually emitted to the atmosphere. The other 11
Mt were captured and combusted at 81 landfill
gas collection sites. The quantity of captured CHy
increased from 27% in 2005 to 38% in 2015. Of the
total amount of CH4 collected in 2015, 51% (5.6
Mt) was utilized for various energy purposes and
the remainder was flared.

Land Use, Land-use Change and
Forestry — 2015 (Net GHG Removals of
34 Mt)

The Land Use, Land-use Change and Forestry
(LULUCEF) Sector reports anthropogenic GHG fluxes
between the atmosphere and Canada’s man-
aged lands, including those associated with land-
use change and emissions from Harvested Wood
Products (HWP), which are closely linked to Forest
Land.

In this sector, the net flux is calculated as the sum
of CO, and non-CO; emissions to the atmosphere
and COz removals from the atmosphere. In 2015,
this net lux amounted to removals of 34 Mt, which,
if included, would decrease the total Canadian
GHG emissions by 4.6%. New this year, the LULUCF
estimates now exclude the impact of significant
natural disturbances in managed forests (wildfires
and insects), revealing more meaningful frends
associated with anthropogenic activities. Addi-
tional information on the changes made this year
can be found in Chapter 6.

The frend in net removals is mainly driven by a
decrease in net CO, removals from Forest Land
combined with HWP, partially attenuated by an
increase in net CO, removals in Cropland and
reduced emissions from the conversion of forests
to other land use.

Net removals from Forest Land decreased from
180 Mt in 2005 to 165in 2015, fluctuating in recent
years between removals of 160 fo 170 Mt as forests
recover from peak harvest rates and insect dis-
turbance in the mid-2000s. Over this same period
emissions from Harvested Wood Products (HWP)
originating from Canada fluctuated between

150 Mt in to 2005, to a low of 125 Mt in 2009 (the
year of the lowest harvest rates), and have since
increased to 135 Mt in 2015. A significant propor-
tion of HWP emissions result from the decay of
long-lived wood products reaching the end of
their economic life decades after the wood was
harvested. Harvested Wood Product emissions like
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Forest Land emissions and removals are influenced  The conversion of forests® to other land uses is a

by recent forest management frends, but also by prevalent, yet declining, practice in Canada and
the long-term impact of forest management that is mainly due to forest conversion to settlements
occurred in past decades. for resource extraction and cropland expansion.
Emissions due to forest conversion fell from 16 Mt in
2005 to 14 Mt in 2015.

Since 2005, nef removals from Cropland have
increased slightly from 10.3 to 10.9 Mt. However
removals actually peaked in 2009 at 11.7 Mt and

have since declined as a result of an increase in ES 4 C .
. anadian

the conversion of perennial to annual crops on

the prairies, the declining effect of conversion to ECO NnNo m|C S eC'I'OI'S

conservation tillage and slower rates of agricul-

tural expansion onto forest land. For the purposes of analyzing economic frends
and policies, it is useful to allocate emissions to the

9 Forest conversion emissions are incorporated within sums of emissions of
other land-use categories; therefore, the values of 14 and 16 Mt reported here are
included in the sums associated with the other land-use category totals.

Figure S-8 Canada’s Emissions Breakdown by Economic Sector (2015)

Waste & Others
48 Mt CO, eq
Agriculture (7%) Oil and Gas
73 Mt CO, eq 189 Mt CO, eq
(10%) (26%)
Buildings I
86 Mt CO, eq - .

(12%)

79 Mt CO, eq

Heavy Industry
75 Mt CO, eq Transportation
(10%) 173 Mt CO, eq
(24%)
Total: 722 Mt CO, eq

Note: Totals may not add up due to rounding.

Table $-3 Canada’s GHG Emissions by Economic Sector, Selected Years

2005 2009 2010 2011 2012 2013 2014 2015
Mt CO; equivalent
NATIONAL GHG TOTAL 738 689 701 707 716 729 727 722
Oil and Gas 158 158 160 161 174 185 190 189
Electricity 117 95 96 89 85 82 80 79
Transportation 163 163 171 171 173 176 173 173
Heavy Industry' 86 71 73 80 79 77 77 75
Buildings 85 84 81 87 85 85 88 86
Agriculture 74 70 70 70 71 74 72 73
Waste & Others? 54 49 50 50 49 49 48 48

Notes: Totals may not add up due to rounding.

Estimates presented here are under continual improvement. Historical emissions may be changed in future publications as new data become available and methods and models are
refined and improved.

1. Heavy Industry represent emissions arising from non-coal, -oil and -gas mining activities, smelting and refining, and the production and processing of industrial goods such as
paper or cement.
2. “Others”includes Coal Production, Light Manufacturing, Construction & Forest Resources.

Canada—National Inventory Report 1990-2015—Part 1 25



economic sector from which the emissions origi-
nate. In general, a comprehensive emission profile
for a specific economic sector is developed by
reallocating the relevant proportion of emissions
from various IPCC subcategories. This reallocation
simply re-categorizes emissions under different
headings and does not change the overall mag-
nitude of Canadian emissions estimates.

GHG emissions frends in Canada’s economic
sectors from 2005 to 2015 are consistent with those
described for IPCC sectors, with the Oil and Gas
and Transportation economic sectors showing
emission increases of 20% and 6% respectively
over the last decade (Figure S-8 and Table S-3)
These increases have been more than offset by
emission decreases in Electricity (33%), Heavy
Industry (13%) and Waste & Others (13%).

Further information on economic sector trends
can be found in Chapter 2. Additional information
on the IPCC and economic sector definitions, as
well as a detailed cross-walk between IPCC and
economic sector categories, can be found in Part
3 of this report.

ES.5 Provincial and
Territorial GHG
Emissions

Emissions vary significantly by province as a result
of population, energy sources and economic
structure. All else being equal, economies based
on resource exiraction will tend to have higher
emission levels than service-based economies.
Likewise, provinces that rely on fossil fuels for their
electricity generation emit relatively more green-
house gases than those that rely more on hydro-
electricity.

Historically Alberta and Ontario have been the
highest emitting provinces. Since 2005, emission
patterns in these two provinces diverged. Emis-
sions in Alberta increased from 233 Mt in 2005 to
274 Mt in 2015 (18%), primarily as a result of the
expansion of oil and gas operations (Figure S-9
and Table S-4). In contrast, Ontario’s emissions
have steadily decreased since 2005 (by 38 Mt or
19%), owing primarily to the closure of coal-fired
electricity generation plants.

Electricity production in Quebec and British
Columbia relies on abundant hydroelectric

Figure $-9 Emissions by Province in 2005, 2010 and 2015
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GHG Emissions (Mt CO, eq)
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Table S-4 GHG Emissions by Provinces / Territories, Selected Years

GHG Emissions (Mt CO. eq) Change (%)
Year 2005 2010 2011 2012 2013 2014 2015 2005-2015
Total (Canada) 738 701 707 716 729 727 722 -2.2%
NL 10.1 10.3 10.3 9.9 9.6 10.6 10.3 2.1%
PE 2.1 2.0 2.2 2.1 1.8 1.8 1.8 -14%
NS 23 20 21 19 18 16 16 -30%
NB 20 19 19 17 15 14 14 -31%
Qc 89 82 84 81 82 80 80 -10%
ON 204 175 175 171 171 168 166 -19%
MB 21 20 19 21 21 21 21 0.7%
SK 70 70 69 72 74 75 75 7.8%
AB 233 241 246 260 272 276 274 18%
BC 64 59 60 61 62 61 61 -4.7%
YT 0.4 0.4 0.4 0.4 0.4 03 0.3 -43%
NT 1.6 13 14 15 14 13 14 -12%
NU 0.5 0.5 0.5 0.6 0.6 0.7 0.6 38%

Notes:
1. Totals may not add up due to rounding.

resources, resulting in more stable emission pat-
terns across the fime series. Quebec experienced
a 9.8% (8.7 Mt) decrease from its 2005 emissions
level, while British Columbia had a decline of 4.7%
(3.0 Mt).

Emissions in Saskatchewan increased by 7.8%

(5.5 Mt) between 2005 and 2015 as a result of
activities in the oil and gas industry, potash and
uranium mining and transportation. Emissions in
Manitoba and Newfoundland and Labrador have
also increased since 2005, but to a lesser extent
(0.7% and 2% respectively). Provinces which have
seen more significant decreases in emissions
include New Brunswick (31% reduction, or 6.2 Mt),
Nova Scotia (30% reduction, or 7.0 Mt), and Prince
Edward (14% reduction, or 0.3 Mt).

ES.6 Pathway to
Canada’s
2030 target

To achieve its target, Canada must reduce ifs
total economy-wide emissions to 523 Mt in 2030.
The Government of Canada uses a recognized
energy and macroeconomic modeling frame-
work fo produce emissions projections to 2030,
which are published on an annual basis. The most
recent emissions projections, published in Decem-
ber 2016 (https://www.ec.gc.ca/ges-ghg/default.
asp?lang=En&n=1F24DYEE-1), indicate that with
federal, provincial and territorial policies and mea-
sures that have legislated or funding certainty and
were in place as of November 1st, 2016, (just prior
to the Pan-Canadian Framework) total Canadian
GHG emissions would be 742 megatonnes of car-
bon dioxide equivalent (Mt CO2eq) in 2030.


https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=1F24D9EE-1
https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=1F24D9EE-1

Figure S-10 Pathway to Canada’s 2030 target
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Ontario’s cap-and-trade system that are or will be linked through the Western Climate Initiative.




ES.7 National Inventory
Arrangements

Environment and Climate Change Canada is the
single national entity with responsibility for prepar-
ing and submitting the National Inventory to the
UNFCCC and for managing the supporting pro-
cesses and procedures.

The institutional arrangements for the prepara-
tion of the inventory include: formal agreements
supporting data collection and estimate devel-
opment; a quality management plan, including
an improvement plan; the ability to identify key
categories and generate quantitative uncertainty
analysis; a process for performing recalculations
due to improvements; procedures for official
approval; and a working archive system to facili-
tate third-party review.

Submission of information regarding the national
inventory arrangements, including details on insti-
tutional arrangements for inventory preparation,
is also an annual requirement under the UNFCCC
reporting guidelines on annual inventories (see
Chapter 1, Section 1.2).

Structure of Subbmission

The UNFCCC requirements include the annual
compilation and submission of both the National
Inventory Report (NIR) and the Common Report-
ing Format (CRF) tables. The CRF tables are a
series of standardized data tables, containing
mainly numerical information, which are submit-
ted electronically. The NIR contains the informa-
tion to support the CRF tables, including a com-
prehensive description of the methodologies used
in compiling the inventory, the data sources, the
institutional structures, and the quality assurance
and quality control procedures.

Part 1 of the NIR includes Chapters 1 to 8. Chapter
1 (Introduction) provides an overview of Canada'’s

legal, institutional and procedural arrangements
for producing the inventory (i.e. the national
inventory arrangements), quality assurance and
quality control procedures as well as a description
of Canada’s facility emission-reporting system.
Chapter 2 provides an analysis of Canada’s GHG
emission trends in accordance with the UNFCCC
reporting structure, as well as a breakdown of
emission trends by Canadian economic sectors.
Chapters 3 to 7 provide descriptfions and addition-
al analysis for each sector, according fo UNFCCC
reporting requirements. Chapter 8 presents a
summary of recalculations and planned improve-
ments.

Part 2 of the NIR consists of Annexes 1 to 7, which
provide a key category analysis, inventory uncer-
tainty assessment, detailed explanations of esti-
mation methodologies, Canada’s energy bal-
ance, completeness assessments, emission factors
and information on ozone and aerosol precursors.

Part 3 comprises Annexes 8 to 13, which present
rounding procedures, summary tables of GHG
emissions at the national level and for each pro-
vincial and territorial jurisdiction, sector and gas,
as well as additional details on the GHG intensity
of electricity generation. Detailed GHG data is
also available on the Government of Canada’s
Open Data website: hitp://open.canada.ca/data/
en/dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b.


http://open.canada.ca/data/en/dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b
http://open.canada.ca/data/en/dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b

climate system is clear, and recent anthropogenic
emissions of greenhouse gases are the highest in
history (IPCC 2014).

Chapter |

Climate change refers to a long-term shift in
weather conditions. In order to understand climate
change, it is important to differentiate between
weather and climate. Weather is the state of the
| N T R O D U CTl O N atmosphere at a given time and place. The term
“weather” is used mostly when reporting these

conditions over short periods of fime. Climate, on
the other hand, is the average pattern of weather
(usually taken over a 30-year period) for a

] ] . Greenhouse GOS particular region.
| nvenTO rnes d nd It is now well known that atmospheric concentra-
C“m q -|-e C h an g e tions of greenhouse gases (GHGs) have grown

significantly since pre-industrial times. Since
1750, the concentration of atmospheric CO, has
increased by 144%, CH4 by 256% and nitrous oxide
(N2O) by 121% (WMO 2016). These increases are
caused by the use of fossil fuels as a source of
energy and by land use and land-use changes,

in particular agriculture (IPCC 2013).

Climate change is one of the most important
environmental issues of our time. There is a very
strong body of evidence, based on a wide range
of indicators, that the climate is changing and
the climate system is warming. Although climate
change can be caused by both natural processes
and human activities, human influence on the

Figure 1-1 Annual Canadian Temperature Departures and Long-term Trend, 1948-2015
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Data source: Environment Canada (2016)
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Recent climate changes have had widespread
impacts on human and natural systems. (IPCC
2014). In Canada, the impact of climate change
may be felt in exireme weather events, the
reduction of fresh water resources, increased risk
and severity of forest fires and pest infestations,
areduction in Arctic ice and an acceleration

of glacial melting. Canada's national average
temperature for 2015 was 1.3°C above normal
(see Figure 1-1). Annual temperatures in Canada
have been at or above normal since 1993, with a
warming trend of 1.6°C over the last 68 years
(Environment and Climate Change Canada 2016).

In December 2015 at COP 21, parties to the
UNFCCC established the Paris Agreement, an
ambitious and balanced agreement to fight
climate change under which Canada commit-
ted to an emissions reduction target of 30% below
2005 levels by 2030. More recently, Canada
established a Pan-Canadian Framework on Clean
Growth and Climate Change in December 2016.
This Framework is a comprehensive plan to reduce
emissions across all sectors of Canada’s economy,
as well as to stimulate clean economic growth,
and build resilience to the impacts of climate
change. The actions outlined in the Pan-Cana-
dian Framework will enable Canada to meet

or exceed ifs target to reduce emissions to 30%
below 2005 levels by 2030. Canada’s greenhouse
gas inventory will contfinued to play a key role in
keeping both Canadians and the international
community informed of progress made in reduc-
ing GHG emissions and meeting these commit-
ments.

1.1.1. Canada’s National
Greenhouse
Gas Inventory

Canada ratified the United Nations Framework
Convention on Climate Change (UNFCCC) in
December 1992, and the Convention came into

force in March 1994. The ultimate objective of the
UNFCCC is to stabilize atmospheric GHG concen-
trations at a level that would prevent dangerous
interference with the climate system. In its actions
to achieve its objective and fo implement ifs provi-
sions, the UNFCCC lays out a number of guiding
principles and commitments. It requires govern-
ments to gather and share information on GHG
emissions, national policies and best practices;

to launch national strategies for reducing GHG
emissions and adapting to expected impacts of
climate change; and fo cooperate in adaptating
to those impacts. Specifically, Articles 4 and 12
and Decision 24/CP.19 of the Convention commit
all Parties to develop, periodically update,! pub-
lish and make available to the Conference of the
Parties (COP) national inventories of anthropogenic?
emissions by sources and removals by sinks of all
GHGs not controlled by the Montreal Protocol?
that use comparable methodologies.

This National Inventory Report (NIR) documents
Canada’s annual GHG emissions estimates for the
period 1990-2015. The NIR, along with the Common
Reporting Format (CRF) tables, comprise Canada’s
2016 submission to the UNFCCC. The NIR and

CRF tables have been prepared in accordance
with the revised Guidelines for the preparation of
national communications by Parties included in
Annex | to the Convention, Part I: UNFCCC
reporting guidelines on annual greenhouse gas
inventories (UNFCCC Reporting Guidelines) adopted
by the Conference of the Parties at its nineteenth
session in 2013.

1.1.2. Greenhouse Gases

This report documents estimates of Canada’s

1 Annex | Parties (or developed countries) are required to submit a national
inventory annually by April 15.

2 Anthropogenic refers to human-induced emissions and removals that occur
on managed lands.

3 Under the United Nations Environment Programme (UNEP), the Montreal
Protocol on Substances that Deplete the Ozone Layer is an international agreement
designed to reduce the global consumption and production of ozone-depleting
substances.
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emissions and removals of the following GHGs: CO,,

CHa4, N2O, PFCs, HFCs, sulphur hexafluoride (SFq)
and nitrogen trifluoride (NF3). In addition, and in
keeping with the UNFCCC reporting guidelines,
Annex 7 provides the online location to information
on ozone and aerosol precursors: carbon monoxide
(CQ), nitrogen oxides (NOx), non-methane volatile
organic compounds (NMVOC) and sulphur
oxides (SOy).

Carbon Dioxide (COy)

CO» is a naturally occurring, colourless, odourless,
incombustible gas formed during respiration, com-
bustion, decomposition of organic substances,
and the reaction of acids with carbonates. It is
present in the Earth’s atmosphere at low concen-
frations and acts as a GHG. The global carbon
cycle is made up of large carbon flows and
reservoirs. Through these, CO» is constantly being
removed from the air by its direct absorption into
water and by plants through photosynthesis and,

in turn, is naturally released into the air by plant and
animal respiration, decay of plant and soil organic
matter, and outgassing from water surfaces. Small
amounts of carbon dioxide are also injected
directly into the atmosphere by volcanic emissions
and through slow geological processes such as
the weathering of rock (Hengeveld et al. 2005).
Although human-caused releases of CO, are rela-
tively small (1/20) compared to the amounts that
enter and leave the atmosphere due to the natural
active flow of carbon (Hengeveld et al. 2005),
human influences now appear to be significantly
affecting this natural balance. This is evident in the
measurement of the steady increase of atmo-
spheric CO, concenfrations since pre-industrial
times across the globe (Hengeveld et al. 2005).
Anthropogenic sources of CO; emissions include
the combustion of fossil fuels and biomass to
produce energy, building heating and cooling,
fransportation, land-use changes including defor-
estation, the manufacture of cement, and other
industrial processes.

Methane (CH,)

CHyis a colourless, odourless, lammable gas that
is the simplest hydrocarbon. CHy is present in the
Earth’s atmosphere af low concentrations and
acts as a GHG. CHg4 usudlly in the form of natural
gas, is used as feedstock in the chemical industry
(e.g. hydrogen and methanol production), and
as fuel for various purposes (e.g. heating homes
and operating vehicles). CHy is produced naturally
during the decomposition of plant or organic
matter in the absence of oxygen, as well as
released from wetlands (including rice paddies),
and through the digestive processes of certain
insects and animals such as termites, sheep and
cattle. CHy is also released from industrial processes,
fossil fuel extraction, coal mines, incomplete fossil
fuel combustion and garbage decomposition

in landfills.

Nitrous Oxide (N2O)

N2O is a colourless, non-flammable, sweet-smelling
gas that is heavier than air. Used as an anaesthetic
in dentistry and surgery, as well as a propellant in
aerosol cans, N2O is most commonly produced
via the heating of ammonium nitrate (NHsNO3). It
is also released naturally from oceans, by bacteria
in soils, and from animal wastes. Other sources of
N2O emissions include the industrial production

of nylon and nitric acid, combustion of fossil fuels
and biomass, soil cultivation practices, and the
use of commercial and organic fertilizers.

Perfluorocarbons (PFCs)

PFCs are a group of human-made chemicals
composed of carbon and fluorine only. These
powerful GHGs were infroduced as alternatives
to ozone-depleting substances (ODSs) such

as chlorofluorocarbons (CFCs) in manufacturing
semiconductors. PFCs are also used as solvents
in the electronics industry, and as refrigerants in
some specialized refrigeration systems. In addition
to being released during consumption, they
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are emitted as a by-product during aluminium
production.

Hydrofluorocarbons (HFCs)

HFCs are a class of human-made chemical com-
pounds that contain only fluorine, carbon and
hydrogen, and are powerful GHGs. As HFCs do
not deplete the ozone layer, they are commonly
used as replacements for ODSs such as chloro-
fluorocarbons (CFCs), hydrochlorofluorocarbons
(HCFCs) and halons in various applications includ-
ing refrigeration, fire-extinguishing, semiconductor
manufacturing and foam blowing.

Sulphur hexafluoride (SFé)

SFs is a synthetic gas that is colourless, odourless,
and non-toxic (except when exposed to extreme
temperatures), and acts as a GHG due to its

very high heat-frapping capacity. SFs is primarily
used in the electricity industry as insulating gas for
high-voltage equipment. It is also used as a cover
gas in the magnesium industry fo prevent oxidao-
tion (combustion) of molten magnesium. In lesser
amounts, SFe is used in the electronics industry in
the manufacturing of semiconductors, and also as
a tracer gas for gas dispersion studies in industrial
and laboratory settings.

Nitrogen Trifluoride (NF3)

NFs is a colourless, non-lammable gas that is used
in the electronics industry as a replacement for PFCs
and SFe. It has a higher percentage of conversion to
fluorine, which is the active agent in the industrial
process, than PFCs and SF4 for the same amount
of electronics production. It is used in the manu-
facture of semi-conductors, liquid crystal display
(LCD) panels and photovoltaics. NFs is broken
down into nitrogen and fluorine gases in situ, and

the resulting fluorine radicals are the active cleaning
agents that attack the poly-silicon. NFs is further
used in hydrogen fluoride and deuterium fluoride
lasers, which are types of chemical

lasers (UNFCCC 2010).

1.1.3. Global Warming
Potentials

GHGs are not all equal: each GHG has a unique
atmospheric lifetime and heat-tfrapping potential.
The radiative forcing* effect of a gas within the
atmosphere is a quantification of its ability to
cause atmospheric warming. Direct effects occur
when the gas itself is a GHG, whereas indirect
radiative forcing occurs when chemical fransfor-
mation of the original gas produces a gas or
gases that are GHGs or when a gas influences the
atmospheric lifetimes of other gases.

By definition, a GWP is the time-integrated change
in radiative forcing due to the instantaneous
release of 1 kg of the substance expressed relative
to the radiative forcing from the release of 1 kg
of CO,. The global warming potential (GWP)

of a GHG takes info account both the instanta-
neous radiative forcing due to an incremental
concentration increase and the lifetime of the
gas; it is a relative measure of the warming effect
that the emission of a radiative gas (i.e. a GHG)
might have on the surface atmosphere.

The concept of a GWP has been developed to
allow some comparison of the ability of each GHG
to frap heat in the atmosphere relative to COa. It
also allows characterization of GHG emissions in
terms of how much CO; would be required to
produce a similar warming effect over a given
time period. This is called the carbon dioxide
equivalent (CO;, eq) value and is calculated by
multiplying the amount of the gas by its associ-
ated GWP. This normalization to CO; eq enables
the quantification of “total national emissions™
expressed as CO; eq.

The IPCC develops and updates the GWPs for all
GHGs. As GWP values are based on background
conditions of GHG concentrations and climate,

4 The term “radiative forcing” refers to the amount of heat-trapping potential for
any given GHG. It is measured in units of power (watts) per unit of area
(metres squared).
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Table 1-1 IPCC Global Warming Potentials (GWPs)

GHG Formula 100-year GWP’
Carbon Dioxide CO, 1
Methane? CH,4 25
Nitrous Oxide N2O 298
Sulphur Hexafluoride SFe 22 800
Nitrogen Trifluoride NF3 17 200
Hydrofluorocarbons (HFCs)

HFC-23 CHF3 14 800
HFC-32 CH,F, 675
HFC-41 CHsF 92
HFC-43-10mee CF3CHFCHFCF,CF3 1640
HFC-125 CHF.CF3 3500
HFC-134 CHF,CHF, 1100
HFC-134a CH,FCF3 1430
HFC-143 CH,FCHF, 353
HFC-143a CHsCF3 4470
HFC-152 CH,FCHF 53
HFC-152a CH3CHF, 124
HFC-161 CH3CHyF 12
HFC-227ea CF3CHFCF3 3220
HFC-236¢cb CH,FCF.CF3 1340
HFC-236ea CHF,CHFCF3 1370
HFC-236fa CF3CH.CF3 9810
HFC-245ca CH,FCF.CHF; 693
HFC-245fa CHF,CH,CF3 1030
HFC-365mfc CH3CF,CH,CF3 794
Perfluorocarbons (PFCs)

Perfluoromethane CFs4 7390
Perfluoroethane CoFs 12200
Perfluoropropane CsFs 8830
Perfluorobutane CaFio 8860
Perfluorocyclobutane c-C4Fg 10300
Perfluoropentane GCsFi2 9160
Perfluorohexane CeF1a 9300
Perfluorodecalin CioF1s 7 500
Perfluorocyclopropane c-CsFs 17 340
Note:

1. Data source: IPCC’s Fourth Assessment Report - Errata (IPCC 2012).
2.The GWP for methane includes indirect effects from enhancements of ozone and stratospheric water vapour.

they need to be adjusted on a regular basis to ‘| 2 CO Nna d a ! S

capture the increase of gases already existing

in the atmosphere and changing atmospheric NCITIOHCH |ﬂveﬂTOFy

conditions. Consistent with Decision 24/CPys, the ArrO ngeme n-l-s
100-year GWP values provided by the IPCC in

its Fourth Assessment Report (Table 1-1) are used
in this report. For example, the 100-year GWP for
methane (CH4) used in this inventory is 25; as such,
an emission of one hundred kilotonnes (100 ki)

of methane is equivalent fo 25 x 100 kt = 2500 kt
COQ eq.r

Canada'’s inventory arrangements for the estima-
tion of anthropogenic emissions from sources and
removals by sinks of all GHGs not controlled by the
Monftreal Protocol encompasses the institutional,
legal and procedural arrangements necessary to
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ensure that Canada meets its reporting obligations.

These arrangements, including formal agreements
and descriptions of the roles and responsibilities
of the various contributors to the preparation and
submission of the national GHG inventory, are fully
documented in Canada’s inventory archives.

The national entity responsible for Canada’s
inventory arrangements is the Pollutant Inventories
and Reporting Division of Environment and Climate
Change Canada. The National Inventory Focal
Point is:

Director

Pollutant Inventories and Reporting Division
Science and Risk Assessment Directorate
Science and Technology Branch
Environment and Climate Change Canada
7th Floor, 351 St. Joseph Boulevard
Gatineau QC K1A OH3

Email: ec.ges-ghg.ec@canada.ca

A detailed description of the functions of the
Pollutant Inventories and Reporting Division is
provided in Section 1.2.2 “Process for Inventory
Preparation”.

1.2.1. Institutional
Arrangements

As the federal agency responsible for preparing
and submitting the national inventory to the
UNFCCC, Environment and Climate Change Canada
has established and manages all aspects of the
arrangements supporting the GHG inventory.

Sources and sinks of GHGs originate from a tremen-
dous range of economic sectors and activities.
Recognizing the need to draw on the best avail-
able technical and scientific expertise and
information, Environment and Climate Change
Canada has defined roles and responsibilities for
the preparation of the inventory, both internally
and externally. As such, Environment and Climate

Figure 1-2 Partners and Contributors to National Inventory Arrangements
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Change Canada is involved in many agreements
with data providers and expert confributors in a
variety of ways, ranging from informal to formal
arrangements. These agreements include:
partnerships with other government departments,
namely Stafistics Canada, Natural Resources Can-
ada (NRCan), Agriculture and Agri-Food Canada
(AAFC), and Transport Canada; arrangements
with industry associations, consultants and universi-
ties; and collaborative agreements with provincial
and territorial governments on a bilateral basis.

Figure 1-2 identifies the various partners and
contributors to the inventory agency and their
contribution to the development of Canada'’s
national inventory.

1.2.1.1. Statistics Canada

Canada'’s national statistical agency, Statistics
Canada, provides Environment and Climate
Change Canada with a large portion of the
underlying activity data to estimate GHG emissions
for the Energy and the Industrial Processes and
Product Use Sectors. Statistics Canada is responsible
for the collection, compilation and dissemination
of Canada'’s energy balance in its annual Report
on Energy Supply and Demand in Canada (RESD).
The energy balance is transmitted annually to
Environment and Climate Change Canada
according to the terms of a Letfter of Agreement
established between the two departments.
Statistics Canada also conducts an annual Industrial
Consumption of Energy (ICE) survey, whichis a
comprehensive survey of industries whose results
feed into the development of the energy balance.

Statistics Canada’s quality management system
for the energy balance includes an internal and
external review process. Owing to the complexity
of energy data, experts from Stafistics Canada,
Environment and Climate Change Canada,
Natural Resources Canada (NRCan) and the
Canadian Industrial Energy End-Use Data and
Analysis Centre (CIEEDAC) of Simon Fraser University

review the quality and technical issues related to
the RESD and ICE data and provide advice,
direction and recommendations on improvements
to the energy balance. Refer to Annexes 3 and

4 of this report for additional information on the
use of the energy balance in the development
of energy estimates.

Statistics Canada also collects other energy data,
such as mining and electricity information, and
other non-energy-related industrial information,
including urea and ammonia production informa-
tion, as well as activity data on petrochemicals.

In addition, the statistics agency collects agricultural
activity data (related to crops, crop production
and management practices) through the Census of
Agriculture and provides animal population data.

1.2.1.2. Natural Resources
Canada and
Agriculture and
Agri-Food Canada:
Canada'’s
Monitoring System
for Land Use,
Land-use Change
and Forestry

Since 2005, Environment and Climate Change
Canada has officially designated responsibilities
to Agriculture and Agri-Food Canada and the
Canadian Forest Service of Natural Resources
Canada (NRCan/CFS) for the development of key
components of the Land Use, Land-use Change and
Forestry (LULUCF) Sector and has established formal
and explicit governance mechanisms to that effect
through memoranda of understanding (MOUs).

NRCan/CFS annually develops and delivers esti-
mates of GHG emissions/removals from forest land
and harvested wood products, land conversion to
forest land (afforestation) and forest land convert-
ed to other land (deforestation). The Deforesta-
tion Monitoring Group provides estimates of forest
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conversion activity. The Earth Science Sector of
NRCan has, in the past, also supported the devel-
opment of Earth observation products to improve
land information used in the estimation of GHG
emissions/removals from LULUCF.

AAFC delivers estimates of GHG emissions/remov-
als from cropland for the LULUCF Sector that
include the effect of management practices on
agricultural soils and the residual impact of land
conversion to cropland soils. In addition, AAFC
provides scientific support to the Agriculture Sector
of the inventory.

Environment and Climate Change Canada
manages and coordinates the annual inventory
development process, develops all other LULUCF
estimates, undertakes cross-cutting quality control
and quality assurance, and ensures the consistency
of land-based estimates through an integrated
land representation system.

1.2.1.3. Other Agreements

In addifion to its support fo Canada’s LULUCF
estimates (see Section 1.2.1.2), NRCan provides
energy expertise and analysis, serves as expert
reviewer for the Energy Sector data, and collects
and provides activity data on mineral production,
ethanol consumption and wood residues. Road
vehicle data, such as fuel efficiency and driving
rates, are provided by both Transport Canada
and NRCan.

Environment and Climate Change Canada
annually collects GHG emissions data from facilities
that directly emit large amounts of GHGs under its
GHG Emissions Reporting Program (GHGRP). The
facility-level GHG data are used as an important
component of the overall inventory development
process in comparing and verifying certain inven-
tory estimates in the NIR. For more information on
the facility data reported under the GHGRP,

refer to Section 1.3.4.1.

A bilateral agreement with the Aluminum

Association of Canada (AAC) has been signed,
under which process-related emission estimates
for CO,, PFCs and SF4 are to be provided annually
to Environment and Climate Change Canada. A
similar agreement has been negotiated with the
Canadian Electricity Association (CEA) for provision
of SFs emissions and supplementary data relating
to power fransmission systems. Environment

and Climate Change Canada has also been
collaborating with magnesium casting companies
and companies that import or distrioute HFCs, with
regard fo their annual data on GHG emissions
and/or supporting activity data.

When required, and resources permitting,
contracts are established with consulting firms
and universities to conduct in-depth studies—for
example, on developing or updating country-
specific emission factors.

1.2.2. Process for
Inventory
Preparation

Canada'’s inventory is developed, compiled
and reported annually by Environment and Climate
Change Canada'’s Pollutant Inventories and
Reporting Division, with input from numerous
experts and scientists across Canada. Figure 1-3
identifies the various stages of the inventory
preparation process.

The inventory builds from a contfinuous process of
methodological improvements, refinements and
review, according to the quality management
and improvement plans. The Inventory Coordinator
within the Quality Management and Verification
section is responsible for preparing the inventory
development schedule; the schedule may be
adjusted each year based on the results of the
lessons-learned review of the previous inventory
cycle, QA/QC follow-up, the UNFCCC review
report, and collaboration with provincial and
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Figure 1-3 Inventory Preparation Process
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by designated inventory experts and internally
reviewed. NIR fext and CRF tables are then
prepared according to UNFCCC guidelines. QC
checks and estimates are signed off by managers
before the report and national totals are prepared.
The inventory process also involves key category
assessment, completeness assessment, recalcu-
lations, uncertainty calculation and documentation
preparation.

Between January and March, the compiled inven-
tory is first reviewed internally and components of

it are externally reviewed by experts, government
agencies and provincial and territorial governments,
after which the NIR is fully edited. Comments from
the reviews are documented and, where appro-
priate, incorporated in the NIR and CRF, which are
normally submitted to the UNFCCC electronically
prior to April 15 of each year. Initial checks of the
April submission are performed by the UNFCCC

in May and June. Once finalized, the NIR is then
translated and made available in French.

All documents relevant to the development

Canada—National Inventory Report 1990-2015—Part 1



and publication of Canada’s GHG Inventory

are archived in a manner consistent with the 2006
IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC 2006) and Canada'’s Policy

on Information Management (Treasury Board of
Canada 2012). Canada maintains an electronic
archive and reference library for these documents.

1.2.3. Procedures for
the Official
Consideration
and Approval of
the Inventory

In the process of considering the national inventory
and the results, several briefings of senior officials
take place prior to the report being sent to the
Minister. Once reviewed and/or approved, the
National Inventory Focal Point prepares a letter of
submission fo accompany the NIR and CRF tables,
which are then sent electronically.

1.2.4. Treatment of
Confidentiality
Issues

In general, and for the purpose of developing
Canada’s GHG inventory, confidential information
is defined as information that could directly or
indirectly identify an individual person, business

or organization. During the d evelopment of the
inventory, procedures are in place to ensure
confidentiality of source data, when required. To
safeguard confidential information, some emissions
are aggregated to a level such that confidentiality
is no longer an issue. Examples include:

* In the Industrial Processes and Product Use Sector,
emissions are aggregated across categories at
a provincial level to protect confidential data (emis-
sions from ammonia, nitric acid and petrochemical
production are aggregated with the Non-energy
Products from Fuels and Solvent Use Sector at the
provincial level).

e In certain cases, emissions from Croplands are
aggregated with neighbouring reporting zones | to
protect confidential data.

These procedures are documented and

confidential source data is protected and

archived accordingly.

Specific to data received from Statistics Canada
that are used to estimate GHG emissions in the
Energy and Industrial Processes and Product Use
sectors, Statistics Canada reviews and approves
the confidentiality protocol applied to the GHG
estimates prior to submission to the UNFCCC. This
is to ensure that the statistical aggregates which
are released or published do not directly or
indirectly identify a person, business or organization,
in accordance with the data sharing agreement
between Statistics Canada and Environment
and Climate Change Canada.

1.2.5. Changes in the
National Inventory
Arrangements Since
Previous Annual
GHG Inventory
Submission

There have been no changes to the National
Inventory Arrangements since the previous annual
GHG inventory submission.

1.3. Quality Assurance,
Quality Control
and Verification

Quality assurance, quality control (QA/QC) and
verification procedures are an infegral part of the
inventory development and submission processes.
These procedures ensure that Canada is able

to meet the UNFCCC reporting requirements

Canada—National Inventory Report 1990-2015—Part 1 39



of tfransparency, consistency, comparability,
completeness and accuracy and, at the same
time, continuously improve data and methods to
ensure that a credible and defensible inventory
is developed.

1.3.1. Overview of
Canada’s Quality
Management
System

The development of Canada’s GHG inventory is

based on a continuous process of data collection,

methodological refinement and review. QA/QC
procedures take place at all stages of the
inventory development cycle.

In order to ensure that an inventory of high quality
is produced each and every year, a National
Inventory Quality Management System has been
developed and implemented for the annual
compilation and publication of the national GHG
inventory. The Quality Management System is
documented in a Quality Manual, which includes
a QA/QC plan, an Inventory Improvement Plan,
processes for creation, documentation and
archiving of information, a standardized process
for implementing methodological change,
identification of key roles and responsibilities,
as well as a timeline for completing the various
NIR related tasks and activities.

1.3.2. Canada’s Quality
Assurance /
Quality Conftrol Plan

Canada’s QA/QC Plan uses an intfegrated
approach to managing the inventory quality and
works fowards achieving continuously improved
emission and removal estimates. It is designed
so that QA/QC and verification procedures are
implemented throughout the entire inventory
development process, from initial data collection

through development of emission and removall
estimates to publication of the National Inventory
Report in English and French.

Documentation of QA/QC procedures is at the
core of the Plan. Standard checklists are used for
the consistent, systematic documentation of all QA/
QC activities in the annual inventory preparation
and submission. QC checks are completed during
each stage of the annual inventory preparation
and archived along with other procedural and
methodological documentation, by inventory
category and by submission year.

1.3.2.1. Quality Control
Procedures

Quality control (QC) procedures consist of routine
technical checks to measure and control the
quality of the inventory, ensure data consistency,
integrity, correctness and completeness, and
identify and address errors and omissions. The

QC procedures used during the inventory devel-
opment cycle cover a wide range of inventory
processes, from data acquisition and handling to
application of approved procedures and methods
to calculation of estimates and documentation.

A series of systematic Tier 1 QC checks in line with
the 2006 IPCC Guidelines (IPCC 2006), Volume 1,
Section 6.6, are performed annually by inventory
experts on the key categories and across sectors.
Prior to submission, cross-cutting QC checks are
conducted on the final NIR documents (English
and French). Also prior to submission, quality
checks are also performed on the data entered
into the Common Reporting Format (CRF) online
tool by the CRF coordinators, in addition to the
review of the tables by the sector experts, for

the entire time series of CRF tables.

Category-specific Tier 1 QC procedures comple-
ment general inventory QC procedures, and are
directed at specific types of data used. These
procedures require knowledge of the specific
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category, including the methodology, the types
of data available and the parameters associated
with emissions or removals.

To facilitate these Tier 1 checks, QC checklists have
been developed to standardize and document
QC procedures that are performed. The QC
checklists include a record of any corrective action
taken and refer to supporting documentation.
Minor updates to the QC checklist were made

in 2015 (Environment Canada 2015).

A Tier 2 QC assessment is an opportunity fo critically
review a specific category or categories. There

is a need for a comprehensive assessment to
ensure that the category will remain current and
relevant for a number of years beyond the year of
analysis. The investigation is typically broad and uses
a variety of sector specific approaches, including
performing assessments of confinued applicabil-

ity of methods, emission factors (EFs), activity data,
uncertainty, etc., and laying the foundation for
future activities, including developing and prioritiz-
ing recommendations for improvement and making
preparations for subsequent QA. Documentation of
the Tier 2 QC checks may be done through a stan-
dard checklist or with an in-depth study fo complete
a comprehensive assessment.

1.3.2.1. Quality Assurance
Procedures

As per the 2006 IPCC Guidelines (IPCC 2006), QA
activities include a planned system of review
procedures conducted by personnel not directly
involved in the inventory compilation/development
process, and is performed in parallel with QC
procedures. QA helps to ensure that the inventory
represents the best possible estimates of emissions
and removals given the current state of scientific
knowledge and data availability, and it supports
the effectiveness of the QC program. As with QC,
QA is undertaken every year on components

of the inventory. Selected underlying data and
methods are independently assessed each year

by various groups and individual experts in industry,
provincial governments, academia and other
federal government departments. QA is undertaken
for the assessment of the activity data, metho-
dology and emission factor ufilized for developing
estimates, and is preferably carried out prior to
making a decision on implementing a methodolo-
gical change.

1.3.3. Planning and
Prioritization of
Improvements

Although Canada produces a high quality inven-
tory on an annual basis, there is always room for
improvement. Inventory improvements can come
from a variety of external and internal sources.

For example, at the end of the annual in-depth
review of Canada’s GHG inventory, expert review
teams (ERTs) provide feedback and recommendao-
fions on any methodological or procedural issues
encountered. These recommendations usually refer
to instances where the adherence of Canada’s
inventory to the guiding principles of franspar-
ency, consistency, comparability, completeness
and accuracy could be improved. In addition to
the improvements identified by the ERTs, the GHG
inventory team is also encouraged to use their
knowledge and experience in developing inven-
tory estimates to identify areas for improvement in
future inventories based on evolving science, new
and innovative modelling approaches and new
sources of activity data.

As many improvements will stretch over multiple
years, Canada has developed an Inventory
Improvement Plan, which identifies and tracks
planned improvements to both the emission
estimates (including the underlying activity data,
emission factors and methodologies) and com-
ponents of the national inventory arrangements
(including the QA/QC plan, data infrastructure
and management, archiving processes,
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uncertainty analysis and key category assess-
ment).

The Inventory Improvement Plan contains all
planned improvement activities that will further
refine and enhance the transparency, complete-
ness, accuracy, consistency and comparability
of Canada’s GHG inventory and is updated on
an annual basis. Improvements are prioritized

by each section based on the outcomes of the
QA/QC and verification activities (as outlined

in the QA/QC Plan), key category and uncertainty
analysis, resource availability and assessment of
potential impacts. Additional information on inven-
tory improvements can be found in Chapter 8.

1.3.4. Verification

Verification activities typically include comparing
inventory estimates to independent estimates to
either confirm the reasonableness of the inventory
estimates or identify major discrepancies. Appro-
priate comparisons depend on the availability

of data (which may include data sets, emission
factors or activity data) that can be meaningfully
compared to inventory estimates. For this reason,
verification activities are offen conducted

on subsets of inventory categories. Consistency
between the national inventory and independent
estimates leads to an increase in the confidence
level and reliability of the inventory estimates.

The following verification activities are performed
annually:

e Comparison of Canada’s GHG inventory with
other independently compiled inventories (e.g.
provincial inventories or those compiled by
research organisations), other national inventories,
independent literature sources or direct source
testing results; and

* Bottom-up comparisons of sectoral estimates against
facility-level data collected under the GHGRP
(where appropriate).

1.3.4.1. The GHG Emissions
Reporting Program

In March 2004, the Government of Canada
established the Greenhouse Gas Emissions Reporting
Program (GHGRP) and, under section 46(1) of the
Canadian Environmental Protection Act, 1999
(CEPA), it collects GHG emissions information
annually from facilities. As per the legal notice
published annually in the Canada Gazette, facilities
that produce emissions of 50 kt CO, eq or more
during any given year are required to submit a GHG
emission report by June 1 of the following year. Vol-
untary submissions from facilities with GHG emissions
below the reporting threshold are accepted.

The types of facilities reporting GHG emissions
to Canada’s GHGRP are mainly large industrial
operations such as:

* Power generation plants that use fossil fuels to
produce electricity, heat or steam;

e Integrated steel mills;
* QOil and gas exiraction operations;

* Facilities involved in the mining, smelting and refining
of metals;

e Pulp, paper and sawmiills;
e Petroleum refineries; and

e Chemical producers.

Specific estimation methods are not prescribed,
and reporters can choose the quantification
methodologies most appropriate for their par-
ticular industry or application. However, reporting
facilities must use methods for estimating emissions
that are consistent with the guidelines developed
by the IPCC and adopted by the UNFCCC for

the preparation of national GHG inventories.

It is important to note that the GHGRP applies to
the largest GHG-emitting facilities (mostly industrial)
and does not cover other sources of GHG emis-
sions (e.g. road fransportation, agricultural sources),
whereas the NIR is a complete accounting of

all GHG sources and sinks in Canada.
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Figure 1-4 2015 Facility-Reported Emissions as a Percentage of Industrial GHG Emissions by Province/Territory
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Environment and Climate Change Canada'’s
GHGRP website® provides public access to the
reported GHG emission information (GHG totals
by gas by facility). The total facility-reported GHG
emissions for 2015 represent just over one third
(37%) of Canada’s total GHG emissions in 2015
(722 Mt) and over half (58%) of Canada'’s industrial
GHG emissions. The degree of coverage from the
facility-reported data of industrial GHG emissions
at the provincial level varies significantly from
province to province, depending on the size and
number of industrial facilities in each province that
have emissions above the 50kt reporting threshold
(Figure 1-4).

Facility-level GHG emission data are used, where
appropriate, to confirm reasonableness of emission
estimates in the NIR developed from national and

provincial stafistics. Information gathered from these

5 The Greenhouse Gas Emissions Reporting Program website can be found at
www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=040E378D-1.

large industrial facilities is shared with provincial

and territorial jurisdictions. The GHGRP also provides
Canadians with consistent information about the
GHG emissions reported by facilities. Additional
information on how this data is used fo verify emis-
sion estimates for the various source categories can
be found in Chapters 3 to 7 of the NIR.

For more information on the facility data reported
under Environment and Climate Change Canada'’s
GHGRP, including short- and long-term changes
observed in facility emissions, refer to the publication
Facility Greenhouse Gas Emissions Reporting
Program — Overview of Reported 2015 Emissions
(Environment and Climate Change Canada 2017).
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1.4. Annual Inventory
Review

Since 2003, Canada'’s national GHG inventory has
been reviewed annually by independent expert
review teams following the UNFCCC Review

Guidelines for Annual Inventories for Annex | Parties.

The review process plays a key role in ensuring
that inventory quality is improved over fime,

and that Parties to the Convention comply with
agreed-upon reporting requirements. The com-
pleteness, accuracy, transparency, comparability
and consistency of inventory estimates can also
be attributed to the well-established review
process. Canada'’s inventory has been subjected
to both centralized and in-country reviews, with
the last in-country review taking place in 2014.%
Review reports are posted on-line by the UNFCCC
Secretariat once finalized.” At the time of preparing
this NIR, the results of Canada’s last review

were still forthcoming.

1.5. Methodologies
and Data Sources

The inventory is structured to match the reporting
requirements of the UNFCCC and is divided into
the following five main sectors: Energy, Industrial
Processes and Product Use, Agriculture, LULUCF,
and Waste. Each of these sectors is further sub-
divided in subsectors or categories. The methods
described have been grouped, as closely as
possible, by UNFCCC sector and subsector.

6 More information on the UNFCCC's review process and guidelines is available
online at http://unfccc.int/national_reports/annex_i_ghg_inventories/review_
process/items/2762.php.

7 Annual Inventory Review Reports are available online at http://unfccc.int/
national_reports/annex_i_ghg_inventories/national_inventories_submissions/
items/9916.php.

The methodologies contained in the 2006 IPCC
Guidelines (IPCC 2006) are followed fo estimate
emissions and removals of each of the following
direct GHGs: CO2, CHs4, N2O, HFCs, PFCs, SF¢

and NFs.

While not mandatory, the UNFCCC reporting
guidelines encourage Parties to provide information
on the following indirect GHGs: SOx, NOy, CO and
NMVOC:s (see Annex 7: Ozone and Aerosol Precur-
sors). For all sectors except LULUCF, these gases are
inventoried and reported separately to the United
Nations Economic Commission for Europe.®

In general, an inventory of emissions and removals
can be defined as a comprehensive account of
anthropogenic emissions by sources and removals
by sinks where and when they occur, in the specified
year and country area. It can be prepared
“top-down,” “bottom-up,” or using a combination
of approaches. Canada’s national inventory is
prepared using a “top-down” approach, providing
estimates at a sectoral and provincial/territorial
level without attribution to individual emitters.

Emissions or removals are usually calculated

or estimated using mass balance, stoichiometry or
emission factor relationships under average condi-
tions. In many cases, activity data are combined
with average emission factors to produce a
“top-down” national inventory. Large-scale
regional estimates, based on average conditions,
have been compiled for spatially diffuse sources,
such as transportation. Emissions from landfills are
determined using a simulation model to account
for the long-term slow generation and release

of these emissions.

Manipulated biological systems, such as agricultural
lands, forestry and land converted to other uses,
are sources or sinks diffused over very large areas.
Processes that cause emissions and removals display

8 Information on Canada’s ozone and aerosol precursors, including carbon
monoxide (CO), nitrogen oxides (NO), non-methane volatile organic compounds
(NMVOC) and sulphur oxides (SOy) can be found in Canada’s Air Pollutant
Emission Inventory which is available online at http://www.ec.gc.ca/
pollution/default.asp?lang=En&n=E96450C4-1.
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considerable spatial and interannual variability,
and they also span several years or decades. The
most practical approach to estimating emissions
and removals requires a combination of repeated
measurements and modelling. The need, unique
to these systems, to separate anthropogenic
impacts from large natural fluxes creates an ad-
ditional challenge.

The methodologies (Annex 3) and emission factors
(Annex 6) described in this document are con-
sidered to be the best available to date, given the
available activity data. Limitations to the use of
more accurate methods or emission factors often
arise due fo the lack of activity data. Over time,
numerous methods have undergone revision and
improvement and some new sources have been
added to the inventory.

Methodology and data improvement activities,
which take into account results of QA/QC proce-
dures, reviews and verification, are planned and
implemented on a contfinuous basis. It should
be noted that planned improvements are often
implemented over the course of several years.
These methodology and data improvement activ-
ities are carried out with a view to further refining
and increasing the transparency, completeness,
accuracy, consistency and comparability of the
nafional inventory. As a result, changes in data or
methods often lead to the recalculation of GHG
estimates for the entire time series, from 1990 to
the most recent year available. Further discussion
of recalculations and improvements can be
found in Chapter 8.

1.6. Key Categories

The 2006 IPCC Guidelines (IPCC 2006) defines
procedures (in the form of decision trees) for the
choice of estimation methods. The decision frees
formalize the choice of estimation method most
suited to national circumstances, considering

at the same time the available knowledge and
resources (both financial and human). Generally,
the precision and accuracy of inventory
estimates can be improved by using the most
rigorous (highest-tier) methods; however, owing to
practical limitations, the exhaustive development
of all emissions categories is not possible.
Therefore, it is good practice to identify and
prioritize key categories in order to make the
most efficient use of available resources.

In this context, a key category is one that is
prioritized within the national inventory system
because its estimate has a significant influence on a
country’s total inventory of direct GHG emissions
in ferms of the absolute level of emissions (level
assessment), the trend in emissions from the base
year to the current year (trend assessment), or
both. Wherever feasible, key categories should
be estimated with more refined country-specific
methods and be subjected to enhanced QA/QC.

For the 1990-2015 GHG inventory, level and

frend key category assessments were performed
according to the recommended IPCC approach
found in Volume 1, Section 4.3.1, of the 2006 IPCC
Guidelines. The emission and removal categories
used for the key category assessment generally
follow those in the CRF and the LULUCF CRF; how-
ever, they have been aggregated in some cases
and are specific to the Canadian inventory.

The categories that most contribute to the nation-
al total (excluding LULUCF) are the fuel combus-
tion categories Stationary Combustion — Gaseous,
Liquid and Solid Fuels, Road Transportation, and
Adipic acid Production. The categories that
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have the strongest influence on the trend (includ-
ing LULUCF) are the fuel combustion categories
Stationary Combustion—-Gaseous, Liquid and Solid
Fuels, and Road Transportation and the LULUCF
category Forest Land and Remaining Forest Land.

Details and results of the key category assess-
ments are presented in Annex 1.

1.7. Inventory Uncertainty

While national GHG inventories should be accurate,
complete, comparable, fransparent and
consistent, estimates will always inherently carry
some uncertainty. Uncertainties® in the inventory
estimates may be caused by systematic and/

or random uncertainties present within the input
parameters or estimation models. Quantifying
and reducing uncertainty may require in-depth
reviews of the estimation models, improvements
to the activity data regimes and evaluation of
emission factors and other model parameters. In
a limited number of cases, uncertainty may be
reduced based on a validation exercise with an
independent data set, such as the fotal emissions
reported by individual facilities in a given industry
sector. IPCC guidelines specify that the primary
purpose of quantitative uncertainty information is
to assist in setfting priorities fo improve future
inventories and to guide decisions about which
methods to use. Typically, the uncertainties
associated with the tfrends and the national totals
are much lower than those associated with
individual gases and sectors.

Annex 2 presents the uncertainty assessment for
Canadian GHG emissions. While more complex
(Approach 2) methods are in some cases applied
to develop uncertainty estimates at the sectoral
or category level, for the inventory as a whole

9 Uncertainty is the lack of knowledge of the true value of a variable that can be
described as a probability density function characterizing the range and likelihood
of possible values (IPCC 2006).

these uncertainties were combined with the simple
(Approach 1) error propagation method, using
Table 3.3 in IPCC (2006). Separate analyses were
conducted for the inventory as a whole with

and without LULUCEF. For further details on uncer-
tainty related to specific sectors, see the uncer-
tainty sections throughout Chapters 3 to 7.

Based on the error propagation method, the
uncertainty for the national inventory, not including
the LULUCF Sector, is +3%. The Energy Sector had
the lowest uncertainty, at £2%, while the Waste
Sector had the highest uncertainty, at £41%. The
Industrial Processes and Product Use and Agricul-
ture Sectors had uncertainties of

19 and £17%, respectively.

The categories that make the largest confribution

to uncertainty at the national level are:

1. Waste - Solid Waste Disposal - Managed Waste
Disposal Sites, CHg;

2. Waste — Solid Waste Disposal - Uncategorized
Waste Disposal Sites - Wood Waste Landfills, CHg;

3. Agriculture — Direct Agriculture Soils, N2O;
. Agriculture — Enteric Fermentation, CHy4; and
5. Fugitives Sources — Oil & Gas, CHs

When the LULUCF emissions and removals are
included, the uncertainty in the national total was
found to be 9%.

The trend uncertainty, not including LULUCF, was
found to be 0.9%. Therefore, the total increase
in emissions since 1990 has a 95% probability of
being in the range of 17 to 19%. The trend uncer-
tainty, including LULUCF, was found to be 15%.

1.8. Completeness
Assessment

The national GHG inventory serves as a compre-
hensive assessment of anthropogenic GHG
emissions and removals in Canada. Overall, this is

a complete inventory of the seven GHGs required
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under the UNFCCC. However, emissions for some
categories have not been estimated or have
been included with other categories due

to the following:

e Categories that are not occurring in Canada;
e Data unavailability at the category level;

e Methodological issues specific fo nationall
circumstances; and/or

e Emission estimates are considered insignificant.®

As part of the NIR improvement plans, efforts

are confinuously being made to identify new or
improved data sources or methodologies to provide
estimates for those categories which are “not
estimated”. Further details on the completeness
of the inventory can be found in Annex 5 and

in individual sector chapters (Chapters 3 to 7).

10 An emission should only be considered insignificant if the likely level of
emissions is below 0.05 per cent of the national total GHG emissions, and does
not exceed 500 kt CO; eq. The total national aggregate of estimated emissions
for all gases and categories considered insignificant shall remain below 0.1

per cent of the national total GHG emissions (UNFCCC, 2014)
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16 Mt in total emissions or 2.2% from 2005 emissions
(Figure 2-1).2 Dating back to 1990, annual emis-
C h '|' 2 sions steadily increased during the first 10 years of

O p e r this period, fluctuated between 2000 and 2008,
dropped in 2009, and gradually increased there-
after.

Emissions increases since 2009 can be attributed
G R E E N H O U S E to increases in energy consumption and fugitive
emissions from oil and gas operations (29 Mt),3
GAS EM |SS | O N increases in the number of heavy-duty diesel vehi-
cles in operation (8 Mt), increased consumption
T R E N DS of halocarbons (4 Mt), and continuous increases
in the application of inorganic nitrogen fertilizers
(3 Mt). During the same period, there was a 15 Mt

decrease in emissions from electricity generation,
which partly offset emission growth. Section 2.3

2 : ] : S um mO ry provides more detail on these and other key driv-
Of Em ISSION ers of these frends.

Tl’e ﬂdS The measures established through the Pan-Cana-
dian Framework on Clean Growth and Climate
In 2015, Canada’s greenhouse gas (GHG) emis-
sions were 722 megatonnes of carbon dioxide ,
2 Throughout this report data are presented as rounded figures. However, all
equi\/0|en‘r (Mt C02 GQ),1 a net decrease of calculations (including percentages) have been performed using unrounded data.

3 Energy consumption and fugitive emissions from oil and gas operations is the
sum of emissions from: Petroleum Refining Industries, Mining and Upstream Oil

1 Unless explicitly stated otherwise, all emission estimates given in Mt represent and Gas Production, Pipeline Transport (under Other Transportation) and Fugitive
emissions of GHGs in Mt CO; eq. Sources (see Table 2-3).

Figure 2-1 Canadian GHG Emissions Trend (excluding LULUCF)
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Figure 2-2 Indexed Trend in GHG Emissions and GHG Emissions Intensity (1990-2015)
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GDP data source: Statistics Canada (no date [a]) Table 380-0106 - Gross domestic product at 2007 prices, expenditure-based,
annual (dollars). CANSIM (database)

Table 2-1 Trends in Emissions and Economic Indicators, Selected Years

Year 1990 2005 2010 2011 2012 2013 2014 2015
Total GHG (Mt) 611 738 701 707 716 729 727 722
Change since 2005 (%) NA NA -5.1% -4.2% -3.0% -1.2% -1.5% -2.2%
Change since 1990 (%) NA 20.8% 14.7% 15.8% 17.2% 19.3% 19.0% 18.1%
GDP (Billions 2007$) 993 1503 1584 1633 1659 1698 1742 1757
Change since 2005 (%) NA NA 5.4% 8.7% 10.4% 13.0% 16.0% 16.9%
Change since 1990 (%) NA 51.3% 59.4% 64.4% 67.1% 71.0% 75.4% 76.9%
GHG Intensity (Mt/$B GDP) 0.62 0.49 0.44 0.43 0.43 0.43 0.42 0.41
Change since 2005 (%) NA NA -9.9% -11.8% -12.1% -12.6% -15.1% -16.4%
Change since 1990 (%) NA -20.1% -28.1% -29.6% -29.8% -30.2% -32.2% -33.2%

GDP data source: Statistics Canada (no date(a)) Table 380-0106 - Gross domestic product at 2007 prices, expenditure-based, annual (dollars). CANSIM (database).

Change will set emissions on a downward trajec- Canada’s economy has grown more rapidly

tory in all sectors. Carbon pricing will play a cen- than its greenhouse gas emissions. As a result, the
tral and cross-cutting role, while complementary emissions intensity for the entire economy (or
mitigation actions across all sectors will support GHGs per GDP) has declined by 33% since 1990,
additional emissions reductions. This will include and by 16% since 2005 (Figure 2-2, Table 2-1).

a broad suite of measures to: further decarbonize The divergence of emissions intensity since 1995
Canada'’s electricity sector; reduce emissions from  (Figure 2-2) can be attributed to fuel switch-
fuels used in fransportation, buildings and industry;  ing, increases in efficiency, the modernization of

improve the efficiency of fransportation systems, industrial processes, and structural changes in
buildings and industrial operations; and, protect- the economy. These long term trends have led o
ing and enhancing Canada'’s carbon sinks. In continued reduction in emissions intensity.

addition, support for clean technology and inno-
vation will support new emission reduction oppor-
tunities across all sectors.

Canada represented approximately 1.6% of
total global GHG emissions in 2013 (CAIT 2017),
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Figure 2-3 Canadian Per Capita Greenhouse Gas Emissions (1990-2015)
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although it is one of the highest per capita
emitters. Canada’s per capita emissions have
dropped substantially since 2005, when this indi-

In contrast, Ontario’s emissions have steadily
decreased since 2005 (by 38 Mt or 19%), resulting
in large part from the closure of its coal-fired elec-

cator was 22.9 . By 2009, it had dropped to 20.5t
and has remained at historic lows ever since, with
2015 seeing the lowest per capita emissions yet atf

tricity generation plants.

Emissions in Saskatchewan have increased by

20.1 t (Figure 2-3).

2.1.1. Emission Trends by
Province/Territory

Emissions vary significantly by province, due to
population, energy sources and economic struc-
ture. All else being equal, economies based

on resource extraction will tend to have higher
emission levels than service-based economies.
Likewise, provinces that rely on fossil fuels for their
electricity generation emit relatively more green-
house gases than those that rely more on hydro-
electricity (Figure 2-4).

Historically, Alberta and Ontario have been the
highest emitting provinces; after 2005, emission
patterns in these two provinces diverged. Emis-
sions in Alberta increased from 233 Mt in 2005 to
274 Mt in 2015 (18%), primarily as a result of the
expansion of oil and gas operations (Table 2-2).

7.8% (5.5 Mt) since 2005, as a result of activifies in
the oil and gas industry, potash and uranium min-
ing, and transportation. Emissions in Manitoba and
Newfoundland have also increased since 2005,
but to a lesser extent (0.7% and 2% respectively).
Provinces that have seen significant decreases

in emissions include New Brunswick (31% reduc-
tion or 6.2 Mt), Nova Scotia (30% reduction or

7.0 Mt), and Prince Edward Island (14% reduction
or 0.3 Mt).

Electricity production in Quebec and British
Columbia relies on abundant hydroelectric
resources, resulting in more stable emission pat-
terns across the time series. Quebec experienced
a 9.8% (8.7 Mt) decrease from its 2005 emissions
level, while British Columbia saw a decline of 4.7%
(3.0 Mt).
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Figure 2-4 Emissions by Province in 1990, 2005 and 2015
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Table 2-2 GHG Emissions Provinces / Territories, Selected Years
GHG Emissions (Mt CO, eq)’ Change (%)
Year 1990 2005 2010 2011 2012 2013 2014 2015 2005-2015
GHG Total (Canada) 611 738 701 707 716 729 727 722 -2.2%
NL 95 10.1 103 103 9.9 9.6 106 103 2.1%
PE 1.9 2.1 2.0 22 21 1.8 1.8 1.8 -14%
NS 20 23 20 21 19 18 16 16 -30%
NB 16 20 19 19 17 15 14 14 -31%
Qc 89 89 82 84 81 82 80 80 -10%
ON 181 204 175 175 171 171 168 166 -19%
MB 19 21 20 19 21 21 21 21 0.7%
SK 45 70 70 69 72 74 75 75 7.8%
AB 175 233 241 246 260 272 276 274 18%
BC 52 64 59 60 61 62 61 61 -4.7%
YT 0.5 0.4 0.4 0.4 0.4 0.4 03 03 -43%
NT? NA 1.6 13 14 15 14 13 1.4 -12%
NU? NA 05 0.5 0.5 0.6 0.6 0.7 06 38%
NT & NU? 1.6 NA NA NA NA NA NA NA

Note:

1. Totals may not add up due to rounding.

2. To account for the creation of Nunavut in 1999, a time series from 1999-2015 is provided for both Nunavut and the Northwest Territories, and the years 1990-1998 are presented
as a combined region (see Annex A;; for more information).

2 2 EmiSSiOﬂ TrendS follow the same pafttern as total emissions. The

majority of the CO, emissions in Canada result
by GOS from the combustion of fossil fuels (Figure 2-5).

Methane (CH4) emissions in 2015 amounted to
102 Mt and accounted for 14% of Canada'’s total
emissions. These emissions are largely from fugifive
sources in oil and natural gas systems (42% of total
CH4 emissions), agriculture (28% of total CHs emis-
sions) and landfills (22% of total CH4 emissions).

Canada'’s emissions profile is similar to that of most
industrialized countri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>