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B.C. Best Practices Methodology for Quantifying Greenhouse Gas Emissions

1 Introduction

This document sets out the current best practices for quantifying and reporting greenhouse gas (GHG) emissions
from B.C.’s provincial public sector organizations, local governments and communities. B.C.’s best practices
represent a robust and continually improving catalogue of emissions factors and emissions calculation
methodologies that have drawn heavily on protocols established by the World Resources Institute and the Climate
Registry, and published emission factors from authoritative sources such as: Natural Resources Canada,
Environment Canada, the US Environmental Protection Agency and the UK Department of Environment, Food and
Rural Affairs. This document also represents the consolidation of the previously stand-alone versions of Public
Sector, Local Government and Community Energy and Emissions Inventory emissions methodology guides. It can
be used by anyone using these other documents, or other groups who wish to calculate their organization’s corporate
emissions. (Please note that the private sector entities subject to the B.C. Greenhouse Gas Inventory Report and
Greenhouse Gas Emission Reporting Regulation must utilize quantification methods prescribed by the Regulation.)

Measuring greenhouse gas emissions is an important first step in improving the management of those emissions, and
the activities/operations responsible for producing them. Whether or not an organization plans to become carbon
neutral, measuring and managing emissions can result in cost savings, increased organizational efficiencies and
better asset management.

This document applies to B.C. public sector emission measurement and reporting for the 2020 reporting year.

1.1 Principles for Specifying Emission Factors

The following principles have guided the development of the greenhouse gas emissions (GHG) emission factors and
estimation methods found in this document:

1) If information allows, the preference is to identify emission factors that best reflect individual
circumstances, for example, an organization’s particular source of electricity or fuel. Over time the
government will seek to develop and apply B.C.-specific emission factors to improve the accuracy of
GHG tracking.

2) Where B.C.-specific information is not available, standardized emission factors from national and
international data sources will be used. In particular, factors will be taken from Canada’s National
GHG Inventory Report (NIR),* and other recognized sources (see Section 1.3).

3) AKkey principle is to facilitate emissions tracking and ensure that measurement and reporting
requirements are not overly burdensome or costly. Therefore, in certain cases (such as where an
emissions source is too small to justify additional data gathering by an organization) the government
will provide simplified methods for estimating emissions.

4) In developing simplified estimation methods, upper bound assumptions will be used in accordance
with the principle of conservativeness — erring on the side of overestimating rather than
underestimating emissions.

1.2 GHG Emission Factors Defined

Emission factors are expressed in kilograms (kg) or metric tonnes (t) of GHG emissions per unit of consumption
activity. Typically, the factors for a given category of activity — for example, building energy or fleet fuel
consumption — are expressed in common units to enable comparison across different fuel types, travel modes, etc.

The Carbon Neutral Government Regulation lists six distinct greenhouse gases or groups of gases: carbon dioxide
(COy); methane (CHa); nitrous oxide (N20); hydrofluorocarbons (HFCs); sulphur hexafluoride (SFs); and
perfluorocarbons (PFCs). For most organizations, the primary GHGs emitted in significant amounts are the three

! Environment Canada. (2016). National Inventory Report: Greenhouse Gas Sources and Sinks in Canada 1990-
2014. The Canadian Government’s Submission to the United Nations Framework Convention on Climate Change.
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principal gases associated with fuel combustion for energy (CO2, CH4 and N2O) and, to a much lesser extent, HFCs
released from refrigeration and air conditioning equipment.?

In the case of liquid fossil fuel blends with biofuel (e.g., ethanol, biodiesel), gasoline or diesel are combined with
varying proportions of biofuels (e.g., E10, B5, B20), resulting in emission factors that are weighted averages of the
biofuel and fossil fuel factors. However, since international protocols require the separate reporting of biogenic
emissions from combustion (see Section 2.1); the CO, emissions from the biofuel component (Bio CO,) must be
calculated and reported separately from those of the fossil fuel component.

Wherever possible, emission factors are specified by individual gas. In certain instances, an aggregate factor for
multiple gases is provided in kg or t of CO; equivalent (COe) emissions. COze is the standard unit for measuring
and comparing emissions across GHGs of varying potency in the atmosphere (see Section 1.3).

1.3 Global Warming Potentials and Emissions Calculations

Greenhouse gases vary in their ability to trap heat in the atmosphere (radiative forcing) 2. “Global warming
potential” (GWP) is a measure of this ability. The GWP of a greenhouse gas accounts for both the immediate
radiative forcing due to an increase in the concentration of the gas in the atmosphere, and the lifetime of the gas. The
GWP for each GHG is expressed as the ratio of its heat trapping ability relative to that for CO,. Updates to British
Columbia’s GWPs were made in line with updates by the United Nations Framework Convention on Climate
Change and the Canadian Federal Government to GWPs approved by the Intergovernmental Panel on Climate
Change’s (IPCC’s) 4" Assessment Report.

By definition, the GWP of CO- equals one. Methane or CH4 has a GWP of 25, indicating that its radiative forcing is
25 times that of CO.. In other words, releasing one tonne of CH4 will have the same warming impact as releasing 25
tonnes of CO;over a100-year period. This impact is often expressed using the concept of carbon dioxide equivalent,
or CO.e: that is, one tonne of CH, can also be expressed as 25 tonnes of COze. See Annex 2 for a complete list of
GWPs for all gases covered by the Climate Change Accountability Act (CCAA) (formerly the Greenhouse Gas
Reductions Targets Act (GGRTA)).

GWPs are particularly important within the context of emissions reporting since international protocols require the
reporting of both individual GHGs and their carbon dioxide equivalents (COz¢). For this reason, the calculation of
GHG emissions generally involves (1) multiplying the emission factor for a GHG by an appropriate measure of
consumption (activity) to produce the corresponding emissions for that GHG and then (2) multiplying those
emissions by its GWP to produce the corresponding COze emissions.

The primary source document for emission factors is the British Columbia Greenhouse Gas Inventory Report 2012
(PIR).* Where provincial data is not available, the factors from Environment Canada’s National Inventory Report:
Greenhouse Gas Sources and Sinks in Canada 1990-2014 (NIR), released in 2016, have been used.> ¢

International documents, such as the Climate Registry’s General Reporting Protocol,” have been used for some
emission factors. B.C.-specific emission factors have been developed in other cases, using data provided by B.C.
energy companies and business travel providers.

2 In British Columbia, PFCs and SFg are produced primarily in aluminum and magnesium smelting/processing and
semi-conductor manufacturing. SFe is also used as a cover gas in electricity transmission equipment.

3 The term “radiative forcing” refers to the amount of heat-trapping potential for a GHG, measured in units of power
per unit of area (watts per metre squared).

4 British Columbia (2015). British Columbia Greenhouse Gas Inventory Report 2012. Annex 10.3 provides
standardized factors for stationary and mobile fuel consumption and other emitting activities.

5> Environment Canada (2016). National Inventory Report: Greenhouse Gas Sources and Sinks in Canada 1990-
2014.

8 The PIR factors match most of those found in the NIR, however, for simplicity and ease of use, the PIR factors will
be referenced throughout this document where the data is available in both documents.

" The Climate Registry (2015). General Reporting Protocol, Version 2.1 & 2016 Climate Registry Default Emission
Factors. B.C. is a member of the Climate Registry, which is a cross-border initiative to develop common
measurement, verification and reporting requirements for GHG emissions. See: www.theclimateregistry.org.
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The emission factors reported in this document represent the B.C. government’s understanding of the factors
appropriate for emission sources and fuel types in 2020. As experience is gained with determining GHG emissions,
the list of emission factors may be expanded. It is also expected that the factors themselves and other key inputs
(e.g., energy conversion factors, GWPs) will be updated as GHG measurement methodologies and data sources
evolve.

1.4 Users/Audience

1.4.1 Public Sector Organizations

In November 2007, British Columbia enacted legislation to establish provincial goals for reducing greenhouse gas
(GHG) emissions. Under the Climate Change Accountability Act (CCAA), the B.C. public sector must be carbon
neutral in its operations for 2010 and every year thereafter.® Beginning for the 2008 calendar year, provincial public
sector organizations (PSOs)® were required to report annually, in accordance with the CCAA and the Carbon Neutral
Government Regulation (CNGR).

The CNGR defines the activities or emission sources that are “in scope” for the purposes of PSO emission reporting
and offsetting. Since it was introduced in 2008, “in scope” activities/sources have been clarified through a series of
policy decisions which have been summarized in the Scope Summary Document which is available at the following
link.

The emissions factors and emissions calculation methodologies described in this document have been integrated into
the Clean Government Reporting Tool (CGRT), the online toolset provided by the B.C. government to support PSO
and local government GHG measurement and reporting requirements. CGRT replaced SMARTTool for the 2019
reporting period onwards, and SMARTTool has now been decommissioned. Centralized provision of the toolset
facilitates consistent reporting across all organizations, capacity to quickly implement updates and relieves
stakeholders of the need to develop in-house GHG accounting expertise.

The following sections of this document apply directly to PSOs for their in-scope activities:

e Section 2: Direct/Indirect Emissions: Stationary Sources: Buildings, etc.

e Section 3: Transportation

e Section 4: Indirect Emissions: Business Travel (Provincial Government only)*
e Section 6: Indirect Emissions: Office Paper

For each activity category, a brief description is given along with an explanation of data sources and emission factor
calculations.

1.4.2 Local Governments

Almost every local government in B.C. has voluntarily signed the Climate Action Charter (CAC) committing to
develop strategies and take actions to achieve the following goals:

8 See http://www.bclaws.ca/civix/document/id/complete/statreg/07042_01, for the Climate Change Accountability
Act, Bill 44 — 2007 and the Carbon Neutral Government Regulation, B.C. Reg. 392/2008. The legislation also
requires core government business travel to be carbon neutral as of October 2007. This requirement does not apply
to the broader provincial public sector, as defined in Note 12.

9 PSOs encompass Provincial government entities funded through the Consolidated Revenue Fund (e.g., ministries,
special offices, and tribunals) and broader public sector agencies including health authorities, school districts,
colleges and universities, and Crown corporations under the Government Reporting Entity.

10 Under the Carbon Neutral public Sector commitment, only Provincial government organizations that report
through the Consolidated Revenue Fund (e.g., ministries, special offices, tribunals) are required to track the
emissions from business travel.

Ministry of Environment & Climate Change Strategy 3
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e being carbon neutral in respect of their operations by 2012;%
e measuring and reporting on their community’s GHG emissions profile; and
e  creating complete, compact, more energy efficient rural and urban communities.

Under the CAC, the joint Provincial Government — Union of British Columbia Municipalities (UBCM) Green
Communities Committee (GCC) was created to support local governments in planning and implementing climate
change initiatives. The Carbon Neutral Working Group (the working group) was established to advise the GCC in
carrying out this mandate with respect to corporate carbon neutrality. The GCC and the working group collaborated
to produce the Carbon Neutral Workbook (the Workbook), which provides guidance to local governments on what
is in scope to measure and offset within the boundaries of their corporate emissions. The boundaries for calculating
emissions are based on the energy used in the delivery of traditional local government services:*2

e  Administration and Governance;

o  Drinking water, Stormwater and Wastewater;

e Solid Waste Collection, Transportation and Diversion;
e Roads and Traffic Operations;

e Arts, Recreational and Cultural Services; and

e Fire Protection.

Some local governments have chosen to use CGRT, but the GCC also supports the use of other GHG measurement
tools for the purposes of the Climate Action Charter. To ensure methodology, emission factors and outputs from
other tools are consistent and comparable with CGRT results, a local government choosing to use another inventory
and reporting tool will be required to meet the following standards:

1. Use the same corporate boundaries as defined in the Workbook;

2. Use the GHG measurement methods and emission factors in this guide, and updates as provided by the
Climate Action Secretariat;

3. Complete and adhere to the Business Processes Checklist;

4. Report on annual total corporate emissions and offsets as calculated by a GHG inventory tool (via an
Energy Consumption Summary Reporting Template); and

5. Obtain Chief Administrative Officer (CAQ)/ Chief Financial Officer (CFO) attestation that all of the above
listed actions were taken (via the Self Certified Business Process Checklist).

All of the supporting materials for these standards are available on the Climate Action Toolkit website at:
http://www.toolkit.bc.ca/resource/becoming-carbon-neutral-workbook-and-guidebook

By understanding and applying the information contained in this methodology document and completing the Self
Certified Business Process Checklist for SMARTTool/CGRT (or Alternative Tool) available at www.toolkit.bc.ca,
local governments can be assured that their GHG emissions inventory are accurate and consistent with those being
developed by local governments across British Columbia.

The following sections of this document apply directly to LGs for their in-scope activities:

e Section 2: Direct/Indirect Emissions: Stationary Sources: Building, etc.

e  Section 3: Transportation

e Section 7: Sample Calculation

e Annex — Glossary of Terms, Global Warming Potentials, Building Energy Estimation Methods, etc.

11 Solid waste facilities regulated under the Environmental Management Act are not included in operations for the
purposes of this Charter.

12 Within the traditional service sectors not all emissions will be captured. Any emissions related to the operation
and maintenance of traditional services are included. Emissions related to new construction, business travel,
employee commuting and materials are not included.
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For each activity category, a brief description is given along with an explanation of data sources and emission factor
calculations. Note emissions from office paper and business travel are not in scope for local governments.

1.4.3 Other Users (Communities/Academics/Consultants/etc.)

Other potential users of this document include the broad community of users of the Community Energy and
Emissions Inventory (CEEI) reports, energy and emissions modelling and planning consultants, energy utilities,
academic researchers and non-governmental organizations.

Historic CEEI reports were released along with a Technical Methods and Guidance Document that provides details
on the process by which the greenhouse gas emissions estimates in the CEEI reports are produced. Using common

emission factors and referring to this document in the specific guidance material for the CEEI program will ensure

comparability across the different programs referenced above.

2007 — 2012 CEEI reports can be found on the CEEI webpage, whereas more recent 2007 — 2017 community level
utilities and solid waste data can be found on the Provincial Greenhouse Gas Emissions Inventory webpage.

Ministry of Environment & Climate Change Strategy 5
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2 Direct/Indirect Emissions: Stationary Sources: Buildings, etc.

GHG emissions are produced from activities associated with the lighting, heating and cooling of facilities, and the
powering of machinery and equipment within those facilities.®

2.1 Direct Emissions: Stationary Fuel Combustion

Description: A variety of fossil fuels may be combusted to produce heat and power including: natural gas, propane,
light fuel oil (No. 2 heating oil), heavy fuel oil (No. 5 heating oil), kerosene, marine diesel, diesel fuel, and gasoline.
In addition to fossil fuels, wood fuel and wood waste and renewable liquid and gaseous fuels may also be combusted
to produce heat or power. For the purposes of emissions reporting in alignment with international protocols,
biogenic emissions (BioCO_) from biomass combustion, including wood, wood waste, ethanol, biodiesel and
renewable natural gas must be reported.*

For biomass combustion, BioCO; emissions must be reported separately from CH; and N2O emissions®® but PSOs
are only required to offset the CH, and N>O emissions from biomass combustion. Any organization considering
biomass should be aware that there are ongoing international discussions around the proper treatment of biomass
and how to best account for the BioCO; storage and emissions of different harvested wood products (e.g. waste
wood vs. virgin wood) and the associated forest management practices occurring on the land base. The impacts of
future accounting changes can be minimized to the extent that biomass is diverted from waste streams and that non-
waste biomass comes from sustainably managed forest lands.

In CGRT, stationary fuel consumption data are entered either in common units of energy usage (e.g., Gigajoules —
GJ, kilowatt hours - KWh) or are converted to GJ within the application itself.

Data sources: The standardized emission factors for stationary fuel combustion are drawn from two sources; Table
20 of the 2012 PIR,*® and the 1990-2014 NIR as follows.'’

e The natural gas CO; emission factor is taken from Table A6-1 (NIR) under the entry “British Columbia —
Marketable”.

e The natural gas CH4 and N2O emission factors are taken from Table A6-2 (NIR) under “Residential,
Construction, Commercial/Institutional, Agriculture”.

e The propane emission factors are taken from Table A6-3 (NIR) under the entries for “All Other Uses”.

e The light fuel oil, heavy fuel oil, kerosene and diesel emissions factors are taken from Table A6-4 (NIR)
(with light fuel oil, heavy fuel oil and kerosene falling under “Forestry, Construction, Public
Administration and Commercial/Institutional” and diesel falling under “Refineries and Others”)

13 See http://www.bclaws.ca/Recon/document/ID/freeside/392_ 2008 for the Carbon Neutral Government
Regulation, B.C. Reg. 392/2008.

14 TheCO; released to the atmosphere during combustion of biomass is assumed to be the same quantity that had
been absorbed from the atmosphere during plant growth. Because CO; absorption from plant growth and the
emissions from combustion occur within a relatively short timeframe of one another (typically 100-200 years), for
carbon accounting purposes it is assumed that there is no long-term change in atmospheric CO; levels. For this
reason, biomass is often considered “carbon-neutral” and the Intergovernmental Panel on Climate Change (IPCC)
Guidelines for National Greenhouse Gas Inventories specifies the separate reporting of CO, emissions from
biomass combustion. See: IPCC (2006), 2006 IPCC Guidelines for National Greenhouse Gas Inventories, p. 5.5;
and the Climate Registry (2013), General Reporting Protocol Version 2.0, p. 36.

15 Based on current international standards, British Columbia already reports the CHs and N2O portions of biomass
combustion as line items in the Provincial Inventory Report. BioCO; biomass emissions are currently reported as
memo items.

16 British Columbia (2015). British Columbia Greenhouse Gas Inventory Report 2012, pp. 62-63.

17 Environment Canada (2016). National Inventory Report: Greenhouse Gas Sources and Sinks in Canada 1990-
2014, Annex 6
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e The gasoline and marine diesel emissions factors are taken from Table A6-12 (NIR) under the respective
entries for “Off-Road Gasoline” and “Diesel Ships”.

e  The wood emissions factors are taken from Table A6-32 (NIR) under the entries for “Wood Fuel/Wood
Waste Industrial Combustion” and “Conventional Stoves Residential Combustion”.

Energy conversion factors to convert to GJ from cubic metres of natural gas and litres of liquid fuels are drawn from
Statistics Canada’s Report on Energy Supply and Demand in Canada (RESD).'®

Calculations: In B.C., the Renewable and Low Carbon Fuel Requirements Regulation (RLCFRR)® sets the
requirements for the amount of renewable fuel in the province’s transportation and heating fuel blends. Effective
January 1%, 2011, fuel suppliers were required to incorporate 5% renewable fuel content for gasoline and 4% for
diesel. In CGRT, for any given volume of reported gasoline consumption, 95% of the fuel is deemed to be fossil fuel
gasoline and the remaining 5%, ethanol. For diesel, 96% is fossil fuel diesel and 4%, biodiesel.

Additionally, FortisBC offers a renewable natural gas product for its customers. Eligible customers have the option
of purchasing a portion of their natural gas usage as renewable natural gas by paying the higher commodity cost.
FortisBC purchases biogas, upgrades it, injects it into its distribution network and allocates it to customers according
to the amount they purchased.

Note that if an organization captures their own biogas for stationary combustion, they should calculate the
percentage of pure methane in the biogas and then apply the renewable natural gas emissions factors accordingly.

18 Statistics Canada (2015). Report on Energy Supply and Demand in Canada 2013, p. 123.
19 See http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/394 2008 for the Renewable and Low
Carbon Fuel Requirements Regulation, B.C. Reg. 394/2008.
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The emission factors in columns (3) to (7) of Table 1 have been calculated by applying the energy conversion
factors from column (2) of Table 1 to the emission factors from Table 2.

Table 1: EMISSION FACTORS: Stationary Fuel Combustion (GJ)

Emission Factor (kg/ GJ)
() @ ) @) 5) (6) (7
Fuel Type Energy Bio CO; co, CH N:0 COze
Conversion
Factor

Natural Gas 0.03885 GJ/ m3 - 49.58 0.0010 0.0009 49.87
Propane 0.02531 GJ/ L - 59.86 0.0009 0.0043 61.15
Light Fuel Oil 0.03880 GJ/ L 2.77 68.12 0.0007 0.0008 68.37
Heavy Fuel Oil 0.04250 GJ/IL - 74.26 0.0013 0.0015 74.74
Kerosene 0.03768 GJ/ L - 67.94 0.0007 0.0008 68.20
Diesel Fuel 0.03830 GJ/ L 2.77 67.43 0.0035 0.0104 70.62
Marine Diesel 0.03830 GJIL 2.77 67.43 0.0065 0.0019 68.16
Gasoline 0.03500 GJ/ L 3.22 62.86 0.0771 0.0014 65.22
Wood Fuel - Industrial (50%  0.00900 GJ/ kg 93.33 _ 0.0100 0.0067 294
moisture)
Wg)od Fuel - Residential 0.01800 GJ/ kg 8211 _ 6833 0067 19.07
(0% moisture)
Ethanol (E100) 0.02342 GJIL 64.43 - a a a
Biodiesel (B100) 0.03567 GJIL 69.36 - b b b
Renewable Natural Gas 0.03885 GJ/ m3 49.58 - 0.0010 0.0009 0.2932

aGasoline CH4 and N2O emission factors (by mode and technology) are used for ethanol.
b Diesel CH4 and N20 emission factors (by mode and technology) are used for biodiesel.

¢ The CO2e values in column (7) exclude BioCO2
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Table 2: EMISSION FACTORS: Stationary Fuel Combustion® (common UOMs)

(1) (2) (3) (4) (5) (6) (7)

Fuel Type Unit of Measure BioCO2 CO: CHs4 N20 COze
(Uom)

Natural Gas kg/m? - 1.926 0.000037 0.000035 1.937
Propane kg/L - 1.515 0.000024 0.000108 1.548
Light Fuel Qil kg/L 0.0990 2.643 0.000026 0.000031 2.653
Heavy Fuel Qil kglL - 3.156 0.000057 0.000064 3.176
Kerosene kglL - 2.560 0.000026 0.000031 2.570
Diesel Fuel kglL 0.0990 2.582 0.000133 0.0004 2.705
Marine Diesel kglL 0.0990 2.582 0.00025 0.000073 2610
Gasoline kalL 0.0755 2.200 0.0027 0.00005 2.283
Wood Fuel — Industrial kalkg 0.840 - 0.00009 0.00006
(50% moisture) 0.020
Wood Fuel — Residential kg/kg
(0% moisture) 1.478 - 0.0123 0.00012 0.343
Ethanol (E100) kglL 1.509 - a a a
Biodiesel (B100) kglL 2474 - b b b
Renewable Natural Gas kg/m3 1.926 - 0.000037 0.000035 0.011

aGasoline CH4 and N20 emission factors (by mode and technology) are used for ethanol.
b Diesel CH4 and N20 emission factors (by mode and technology) are used for biodiesel.
¢ The CO2e values in column (7) exclude BioCO2

2.2 Indirect Emissions: Purchased Electricity

Description: In a hydroelectric-based power system such as British Columbia’s, the GHG emissions from
electricity generation can vary significantly from year to year. This variation is influenced by both the quantity
purchased by consumers and the variation in water supply conditions and reservoir levels. During years with low
stream flows and/or low reservoir levels, hydroelectric power must be supplemented through fossil fuel (thermally)
generated electricity purchased from neighbouring jurisdictions and/or through increased use of B.C. thermal
generation facilities, leading to higher provincial GHG emissions. During years with higher stream flows and/or
high reservoir levels, less thermal power is needed and GHG emissions are relatively lower.

Emissions also differ among B.C.’s electric utilities with each having different ratios of hydro to thermal power in
their supply mixes. Depending on their building locations, consuming organizations may acquire electricity from BC
Hydro, FortisBC or a municipal distributor.?* In addition, some organizations currently have properties in other
provinces (e.g. Alberta and Ontario) and countries (e.g. England, Japan and China).

Some organizations purchase Renewable Energy Certificates (RECs), Green Rights or Green Power from Green
Power suppliers. In the case of PSOs, emissions reduced by purchasing RECs are only recognized in jurisdictions
where 50% or more of the power is produced from fossil fuel generators and where it has been demonstrated there is
a reasonable level of assurance that the RECs are appropriately verified.

20 See Environment Canada (2016). National Inventory Report: Greenhouse Gas Sources and Sinks in Canada
1990-2014 and British Columbia (2014). British Columbia Greenhouse Gas Inventory Report 2012.

2L There are five municipal electric utilities in British Columbia serving Grand Forks, Nelson, New Westminster,
Penticton and Summerland.
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Data sources: BC Hydro’s website reports the GHG intensity of the electricity it generates along with that of
B.C.’s independent power producers.??> However, the emissions associated with electricity imports for in-province
consumption have not been reflected in electricity emission factors published in the guide to date.? The
incorporation of imports will commence in the 2021 reporting year, in line with published Greenhouse Gas
Industrial Reporting and Control Act intensities.

Taken from the BC Hydro website, the emission factor reported in Table 3 below represents the sum of emissions
from BC Hydro generating facilities and independent power producers, divided by the net electricity generated at
those facilities.?*

While FortisBC and the municipal distributors do not publicly report GHG emissions, their emissions can be
estimated from electricity supply data. Information on the supply mix is obtained directly from utility contacts on an
annual basis.

Emissions from PSO buildings located in provinces other than British Columbia must be measured and reported
using emission factors for those provinces. Those emission factors are drawn from the NIR.

For PSO buildings located in other countries, emission factors are based on data from the International Energy
Agency (IEA) for CO, emissions per kwh from electricity and heat generation.?® The published three-year rolling
averages (2012-2014) for individual countries were incorporated into this report. These data can be used to estimate
emission factors for fossil fuel combustion in international cities.

Calculations: In Table 3 below, the BC Hydro emission factor is based on the reported GHG intensity for the
utility’s total domestic supply. The emission factor of 10.67 tonnes CO.e per Gigawatt-hour (GWh) has been
calculated as an average of BC Hydro’s GHG intensities for 2013 through 2015.% A rolling three-year average is
used to partially smooth out the annual fluctuation in the electricity emission factor due to changing water conditions
and accompanying reliance levels on thermal generation.?” This emission factor of 10.67 tCO,e/GWh has remained
implemented for 2016-2020 reporting years; for the 2021 reporting year onwards, the emission factor will align with
GGIRCA intensities using a grid-based, instead of provider-based, approach.

The FortisBC emission factor of 2.587 tCO,e/GWh has been estimated using a weighted average of the GHG
intensity of FortisBC’s own hydroelectric plants, other renewable electricity, and purchases from BC Hydro. In
calculating this average, an emission factor of zero was assigned to existing hydro and other renewable (energy from
wood waste) generation and purchases, which accounted for just over three-quarters of the utility’s 2009 supply.?®
The BC Hydro emission factor was then applied to the remaining purchases in the supply mix to reach the final
emission factor.

Since the municipal utilities in Grand Forks, Summerland and Penticton, acquire all of their electricity from
FortisBC, they are assigned the FortisBC emission factor. The City of New Westminster and the Hemlock Valley
utility redistribute BC Hydro electricity are therefore given its emission factor.

22 See http://www.bchydro.com/about/sustainability/climate _action/greenhouse _gases.html

2 Since 2011, BC Hydro’s wholly owned subsidiary Powerex has reported GHG emissions associated with gross
imported electricity, as required under B.C.’s Reporting Regulation.

24 See https://www.bchydro.com/about/sustainability/climate_action/greenhouse_gases.html

25 See http://www.iea.org/countries

% The reported GHG intensities were 12, 11 and 9 tCO.e/GWh, respectively, for 2013, 2014 and 2015. BC Hydro
has not reported GHG intensities since 2015.

27 Since there is a lag in collecting and reporting GHG emissions data, the emission factor estimated for the most
recent calendar year of data available (e.g., 2014) may not necessarily reflect the water conditions in the current
years for which emissions are being measured (e.g., 2016/17). Averaging over a three-year period will reduce the
year-to-year differences.

28 Electricity generated from wood waste has been assigned a zero emission factor given that the CO, emissions
from biomass are not included in FortisBC’s GHG inventory under international reporting rules.
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The City of Nelson’s municipal utility, Nelson Hydro, generates about 55 percent of its annual electricity
requirements from a local hydro plant and purchases the rest from FortisBC.2 These supply shares and the Fortis
emission factor have been used to estimate a weighted average emission factor of 1.164 tCO.e/GWh.

The electricity emissions factors for Alberta, Ontario, Quebec, and Nova Scotia are the three-year (2012-2014)
average Vvalues reported for “Overall Greenhouse Gas Intensity” in the 1990-2014 NIR.*° Their large magnitude
relative to the B.C. emission factors reflects the substantially higher shares of fossil-fuel fired generation in the
supply mix, particularly in Alberta’s case. Going forward, if additional emission factors are needed for facilities in
other provinces, they will be calculated in the same manner.

The emission factors for the U.K., India, Japan, China and Hong Kong required no further calculations as their
values were already calculated as CO,e emissions per kWh from electricity and heat generation®!.

29 See: www.nelson.ca/EN/main/services/electrical-services.html.
30 Environment Canada (2016). National Inventory Report 1990-2014 Part 3, Annex 13
81 See http://www.iea.org/.
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Table 3: EMISSION FACTORS: Purchased Electricity

Utility Provider Emission Factor (tCOze/ Emission Factor
GWh) (kgCO2¢/ GJ)
BC Hydro 10.67 3.0
Kyuquot Power (BC Hydro reseller) 10.67 3.0
FortisBC 2.587 0.719
City of Grand Forks (FortisBC reseller) 2.587 0.719
City of Kelowna (FortisBC reseller) 2.587 0.719
Nelson Hydro 1.164 0.323
City of New Westminster (BC Hydro reseller) 10.67 3.0
City of Penticton (FortisBC reseller) 2.587 0.719
City of Summerland (FortisBC reseller) 2.587 0.719
Hemlock Valley (BC Hydro reseller) 10.67 3.0
Alberta 800 222
Ontario 67 19
United Kingdom 454 126
India 805 224
Japan 563 156
China 705 196
Hong Kong 783 217
Nova Scotia 710 197
Quebec 2.26 633

Note: Energy Conversion Factor = 0.0036 GJ/kWh
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Table 4 shows historical emission factors for the most common electricity suppliers. For more information regarding
past values, please contact the Climate Action Secretariat.

Table 4: Historical Emission Factors for Purchased Electricity

Electricity Provider®>  Reporting Year(s) Emission Factor Emission Factor
(tCO.e/GWh) (kgCO.e/G))
2016, 2017, 2018, 10.67 2.964
2019, 2020
BC Hydro 2014, 2015 10.0 2.8
2013 14.0 4.0
2010, 2011, 2012 25.0 6.9
2016, 2017, 2018, 2.587 0.719
2019, 2020
FortisBC 2014, 2015 2.425 0.674
2013 3.0 1.0
2010, 2011, 2012 6.0 1.7

2.3 Indirect Emissions: District Energy Systems, Purchased Steam,
Hot Water, Etc. for Stationary Sources

Description: A number of organizations use centralized steam or water systems to heat buildings. Some (e.g., UBC,
Vancouver Coastal Health Authority) produce heat, use a portion for their own consumption and sell the surplus.
Others purchase heating and/or cooling from a commercial district energy supplier, such as Vancouver’s Central
Heat Distribution Ltd. These providers meet the definition of a District Energy System: a community scale network
of pipes that with the aid of steam, hot or chilled water carry thermal (i.e. heating and/or cooling) energy services to
a collection of buildings in a defined geographic area. This thermal energy can be created using a variety of input
feedstock fuels including biomass (forest, agricultural, municipal solid waste), biogas, renewable energy (e.g.
geoexchange heat or cooling), natural gas, waste heat, and cool water. As such, it provides the opportunity to utilize
locally available energy to provide space conditioning and hot water at a community scale and, importantly, the
opportunity to centrally substitute feedstock fuels over time.

When an organization produces heating or cooling for its own consumption, the resulting GHG emissions are
determined by applying the appropriate emission factors of the fuels consumed by the system (refer to section 2.1).
Where an organization purchases heating or cooling from another entity, estimating emissions requires information
on the fuels consumed as well as and the generation, distribution and system efficiencies.

Data sources: The average efficiency of district energy systems can vary significantly depending on characteristics
such as the age of the plant, distribution losses and operation and maintenance practices. A District Energy
emissions calculator based on the General Reporting Protocol® has been developed for organizations to help them
determine which of the tiers in Table 5 below they should use for emissions measurement and reporting purposes.
The calculator can be found on the Carbon Neutral Government Program Requirements page, in the links on the
right hand side of the web page.

e STEP 1: Use the calculator to determine the district energy system’s emissions intensity.

33 See the International District Energy Association’s (2015) definition at: http://www.districtenergy.org/what-is-

district-energy
34 The Climate Registry (2015). General Reporting Protocol, Version 2.0
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e STEP 2: Compare the calculated emissions intensity with the thresholds set out in Table 5.
e STEP 3: Select the tier where the calculated value falls by referencing the upper and lower thresholds.

As there is no upper bound to Tier 10, CGRT calculates emissions based on the lower-bound of each tier to provide
consistent conservative estimates across all tiers.

Organizations that load their purchased steam in pounds or kg into CGRT for conversion into GJ of energy will be
able to continue doing so. Note the previous tiered emission factors for steam (Natural Gas at 65%, 75%, and 85%)
from previous iterations of the BC Best Practices Methodology for Quantifying Greenhouse Gas Emissions
document have been carried over into the new tiers in Table 5. The RESD provides an average conversion factor for
translating kg of steam into GJ of energy.®

Organizations should document all of the variables they input into the calculator as a record for reference by
other/future staff, for annual Self Certification purposes, and for possible third-party verification. This
documentation should be updated on an annual basis as system efficiencies will vary based on local climate,
exposure, occupancy patterns, heating controls, insulation, and other factors. Documentation should also be sent to
Carbon.Neutral@gov.bc.ca. Use the same email address for any questions about the foregoing. Please note that a
new framework on the recognition of renewable and low carbon energy supplies in District Energy systems is under
development.

Note: Where a PSO produces heating/cooling energy and sells a portion to another PSO, the producing PSO must
account for that quantity of energy sold as a negative value, or separately identify the emissions from the sales using
the District Energy calculator. These emissions are then deducted from the producer’s GHG inventory to avoid
double counting when aggregating emissions across the B.C. public sector. However, if an organization produces
heating/cooling energy and sells a portion to another organization that is not a PSO, they must report in full the
emissions resulting from the production and distribution of that energy.

3 Statistics Canada (2015). Report on Energy Supply and Demand in Canada 2013. p. 123
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Table 5: EMISSION FACTORS: District Energy Emission Tiers/Thresholds

Example Fuel Type(s) and System Tier tCO2e/GWh tCO2¢/GJ
Lower - Upper Lower - Upper
Thresholds Thresholds

—_

Biomass at 65% system efficiency 50.45-84.39 0.0140 - 0.0233

25% Natural Gas / 75% Renewable at 75% system efficiency 2 84.40-118.29 0.0234 - 0.0328
50% Natural Gas / 50% Renewable at 85% system efficiency 3 118.30 - 152.19 0.0329 - 0.0422
50% Biomass / 50% Natural Gas at 65% system efficiency 4 152.20 - 186.09 0.0423 - 0.0516
75% Natural Gas / 25% Renewable at 75% system efficiency 5 186.10 — 220.09 0.0517 - 0.0610
Natural Gas at 85% system efficiency 6 220.00 - 253.89 0.0611-0.0704
Natural Gas at 75% system efficiency 7 253.90 - 287.79 0.0705 - 0.0798
Natural Gas at 65% system efficiency 8 287.80 - 321.69 0.0799 - 0.0893
Gasoline at 75% system efficiency 9 321.70 - 355.59 0.0894 - 0.0987
Gasoline at 70% system efficiency 10 355.60 and higher  0.0988 and higher

2.4 Direct Fugitive Emissions: Stationary Air Conditioning and
Refrigeration

Description: Fugitive emissions from stationary cooling equipment are attributed to the leakage and loss of HFC
and PFC based coolants from air conditioning and commercial type refrigeration systems. Coolant loss can occur
during the manufacturing, operation, and disposal of such equipment.

Data sources: The Climate Registry offers three methods for reporting and/or estimating emissions from stationary
air conditioning and refrigeration. The “Mass Balance” and “Simplified Mass Balance” methods can be used to
measure and report coolant loss when information on system charges, top-ups, coolant disposal and coolant
recycling is available. The Climate Registry also provides a “Screening Method” to estimate fugitive emission
releases from HFC and PFC coolants when detailed information is not available.®

Calculations: Emissions from stationary air conditioning and refrigeration for the BC Government were calculated
using both the “Simplified Mass Balance” and “Screening Method” using HVAC incident report log and equipment
inventory information.

3% The Climate Registry (2015). General Reporting Protocol Version 2.0, pp. 123-133.

Ministry of Environment & Climate Change Strategy 15



B.C. Best Practices Methodology for Quantifying Greenhouse Gas Emissions

Table 6: GHG Emissions from Stationary Air Conditioning and Refrigeration across the B.C.
Government (Consolidated Revenue Fund) Portfolio

Year Calculation Method Calculated tCO2e Total 2008 CRF GHG HFC Composition
tCOze

2007 Simplified Mass Balance 2.56 104,753 0.0024%

2008 Simplified Mass Balance 7.71 104,753 0.0074%

2007/8 Screening Method 3.57 104,753 0.0034%

Use of either method produced emissions estimates significantly less than 1% for PSOs. This is attributable in part
to the prevalence of R-22, an HCFC based coolant that is not in scope for reporting under the CNGR, and in
widespread use amongst PSOs.

Based on these estimates, it is expected that the fugitive emissions from stationary cooling are significantly less than
1% (approximately 0.01%) of each PSOs/local governments’ total GHG footprint. If these fugitive emissions are
onerous to measure and collect, PSOs/local governments should examine the “how to treat small emissions”
decision tree in the Annex 3.

Organizations who wish to voluntarily report on HFC and PFC emissions from stationary cooling may use the
“Mass Balance” or “Simplified Mass Balance” methods as described in Chapter 16 of Climate Registry’s General
Reporting Protocol®” to calculate and report emissions from these sources. Depending on the method chosen,
organizations may require detailed information on refrigeration system purchases, servicing, and retirement.

37 The Climate Registry (2015). General Reporting Protocol Version 2.0, pp. 123-133.
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3 Direct Emissions: Mobile Sources - Transportation

Transportation is another source of GHG emissions. Three categories of emissions are discussed in detail below:

*  Direct emissions from fossil fuels combustion in vehicles and equipment.
¢ Direct fugitive emissions from mobile air conditioning systems.
¢ Indirect emissions from fossil fuels combustion in various modes of travel.

3.1 Direct Emissions: Mobile Fuel Combustion

Description: Emission factors are specified for seven transport modes:

Light-duty vehicles (excluding trucks, SUVs, and minivans)
Light-duty trucks® (including SUVs and minivans)
Heavy-duty

Motorcycles

* & ¢ o o

Off-road vehicles and equipment (e.g., snowmobiles, ATVs, lawnmowers and trimmers, tractors,
construction equipment)

*

Marine
Aviation

Ten fuel types have different emission factors associated with them:

Gasoline

Diesel

Propane

Natural gas
Biodiesel

Ethanol

Marine Gasoline
Marine Diesel
Aviation Gasoline

® 6 6 6 6 O 6 O o o

Aviation Turbo Fuel

CGRT accepts fuel consumption data in litres by mode of transport and fuel type. This information is required
because the emission factors for CH4 and N2O vary by vehicle type and transport mode.

Hybrid electric vehicles are not considered separately since their fuel consumption is captured under gasoline cars
and trucks. The higher fuel economy of these vehicles relative to conventional gasoline cars and trucks is reflected
in their lower overall fuel consumption, and therefore lower GHG emissions. Hydrogen powered transit buses and
electric vehicles produce zero emissions at the tailpipe and are therefore not included in emissions reporting for
mobile sources. However, the electricity consumed by an electric vehicle may very well be tracked as part of a
building’s plug load.

38 The NIR defines light-duty cars and trucks as those with a Gross Vehicle Weight Rating (GVWR) of 3,900 kg or
less and heavy duty as those vehicles with a GVWR greater than 3,900 kg.
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Data sources: Table A6-12 of the 1990-2014 NIR*® and Table 20 of the 2012 PIR*° provide emission factors for
mobile fuel combustion sources. The factors for gasoline and diesel cars and trucks vary with emission control
technology which correlates with vehicle age.

For the purposes of estimating an organization’s emissions, the assumed emission factors are “Tier 1” for gasoline-
fueled light-duty cars and trucks, “Three-Way Catalyst” for gasoline heavy-duty trucks and “Advance Control” for
all diesel-fueled on-road vehicles.** The technologies corresponding with these emission factors were introduced in
the mid-1990s. We assume that most fleet vehicles are newer than the mid-1990s, and therefore that they are fitted
with at least this level of emission controls.

Table A6-12 in the NIR also contains emission factors for propane and natural gas vehicles, motorcycles (“Non-
Catalytic Controlled”), off-road vehicles, gasoline boats, diesel ships, aviation gasoline and turbo fuel and renewable
or biofuels (biodiesel and ethanol). In practice, biofuels are blended with fossil fuels, specifically gasoline or diesel,
in varying proportions (e.g., E10, B5, B20), so that the actual emission factor is a weighted average of the biofuel
and fossil fuel factors*.

Calculations: In B.C., the RLCFRR sets the requirements for the amount of renewable fuel in the province’s
transportation and heating fuel blends.*® Effective January 1%, 2011, fuel suppliers were required to incorporate 5%
renewable fuel content for gasoline and 4% for diesel. In CGRT, for any given volume of reported gasoline
consumption, 95% of the fuel is deemed to be fossil fuel gasoline and the remaining 5%, ethanol. For Diesel, 96% is
fossil fuel diesel and 4%, biodiesel. Where applicable, the emission factors listed in Table 7below have been
adjusted to account for the renewable fuel content under the RLCFRR. Please note that the regulation does not affect
the CH4 or NO factors, as the methodology uses the emission factors for gasoline and diesel to calculate the CH4
and N0 content in biofuels.

The natural gas emission factor has been converted from kg/L to kg/kg of compressed natural gas — the form in
which the fuel is dispensed at the pump. Table 9 outlines how this conversion is done.

3% Environment Canada (2016). National Inventory Report 1990-2014, Part 2, p. 198.

40 British Columbia (2015). British Columbia Greenhouse Gas Inventory Report 2012, p. 62-63.

41 The NIR defines light-duty cars and trucks as those with a Gross Vehicle Weight Rating (GVWR) of 3,900 kg or
less and heavy duty as those vehicles with a GVWR greater than 3,900 kg. Ibid., p. 37.

42 International protocols require the separate reporting of biogenic emissions from fossil fuel-based emissions (see
Section 2.1), the CO, emissions from the biofuel component must be calculated and reported separately from those
of the fossil fuel component.

43 Aviation fuels have no similar regulation.
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Table 7: EMISSION FACTORS: Fleet Fuels - Standard Mixes

(1)

(2)

(3)

Emission Factor (kg/L or kg/kg as noted in Column 3)

Transport Fuel Type Units
Mode ) (5) (6) U] (8)
Bio CO: €O CHs N20 COze
Ligh't-duty Gasoline (E5) kg/L 0.0755 2.200 0.00023 0.00047 2.346
Vehicle? Diesel (B4) kg/L 0.0990 2.582 0.000051 0.00022 2.649
Propane kg/L - 1.515 0.00064 0.000028 1.539
Natural Gas® kg/kg - 2.738 0.013 0.000086 3.089
Light-duty Gasoline (E5) kg/L 0.0755 2.200 0.00024 0.00058 2.379
g:::(lzjdes Diesel (B4) ka/L 0.0990 2.582 0.000068 0.00022 2.650
SUV and
Minivan)? Propane kg/L - 1.515 0.00064 0.000028 1.539
Natural Gasb kg/kg - 2.738 0.013 0.000086 3.089
Heavy-duty Gasoline (E5) kg/L 0.0755 2.200 0.000068 0.00020 2.262
| Diesel (B4) kg/L 0.0990 2.582 0.00011 0.000151 2630
Natural Gasb ka/kg - 2.738 0.013 0.000086 3.089
Motorcycle Gasoline (E5) kg/L 0.0755 2.200 0.00077 0.000041 2232
Off-Road Gasoline (E5) kg/L 0.0755 2.200 0.0027 0.00005 2283
(Vehicle/
Equipment) ~ Diesel (B4) kglL 0.0990 2582 0.00015 0.001 2.884
Natural Gasb ka/kg - 2.738 0.013 0.000086 3.089
Marine Gasoline (E5) kglL 0.0755 2.200 0.00023 0.000067 2226
Diesel (B4) kglL 0.0990 2.582 0.00025 0.000073 2,610
Aviation Gasoline kg/L - 2.365 0.0022 0.00023 2489
Turbo Fuel kg/L - 2.560 0.000029 0.000071 2582
Various Biodiesel® (B100) Kg/lL 2474 - e e Varies
Ethanold (E100) kg/L 1.509 - f f Varies

Note: emission factors for fleet fuel consumption are based on Tier 1 or Advance Control emission control

technologies.

2Based on Tier 1 or Advance Control emission control technologies.

b Adapted from Table 20 of the 2012 PIR factors and converted to kg of compressed natural gas.
¢ Diesel CH4 and N20 emission factors (by transport mode) used for biodiesel.
dGasoline CH4 and N2O emission factors (by transport mode) used for ethanol.

¢ Diesel CH4 and N20O emission factors (by mode and technology) are used for biodiesel.
f Gasoline CH4 and N2O emission factors (by mode and technology) are used for ethanol.

In order to determine the emission factor of a custom blend, the emission factors of the renewable and the fossil fuel

must be weighted by their proportion in the mix. The following example calculation shows how a user should

calculate the emission factor associated with an 80/20 blend of gasoline and ethanol in a light-duty vehicle.
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To calculate the correct factor for your unique fuel mix, simply substitute in the relevant weighting of your
component fuels.

Pure gasoline, light vehicle (kg/l):

BioCO: CO: CH4 N20 COze
0 2.316 0.00023 0.00047 2.462

Pure ethanol (E100), light vehicle (kg/l):

BioCO2 CO: CHs N20 COz¢
1.509 0 0.00023 0.00047 0.1458

Mix, 80%-20% gasoline-ethanol (kg/l):

BioCO2: 20% x 1.509 = 0.3018

COz: 80% x 2.316 = 1.8528
CHa: 80% x 0.00023 + 20% x 0.00023 = 0.00023
N20: 80% x 0.00047 + 20% x 0.00047 = 0.00047

COze: 80% x 2.462 + 20% x 0.1458 = 1.999

Therefore, for an 80-20 blend of gasoline and ethanol (E20), the following emission factors apply:

BioCO: CO: CH4 N20 CO2¢

0.3018 1.8528 0.00023 0.00047 1.999

The following table provides the emission factors of common unmixed fuel products in different vehicle classes,
allowing the calculation of factors for unique blends. Weight each factor here according to its share in the mixed
fuel, as per the example above.
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Table 8: EMISSION FACTORS: Fleet Fuels - Unmixed

(1)

(2) (3)

Emission Factor (kg/ L or kg/kg as noted in Column 3)

Transport Mode Fuel Type Units (4) (5) (6) (7 (8)
BioCO; CO. CH4 N20 COze
Gasoline kg/L - 2.316 0.00023 0.00047 2.462
Light-Duty Vehicle Diesel kglL - 2690 0.000051 0.00022 2.757
Propane kg/L - 1.515 0.00064 0.000028 1.539
Natural Gas ka/kg - 2.738 0.013 0.000086 3.089
Gasoline kg/L - 2.316 0.00024 0.00058 2.495
Light-Duty Truck Diesel kglL - 2690 0.000068 0.00022 2.757
Propane kg/L - 1.515 0.00064 0.000028 1.539
Natural Gas kalkg - 2.738 0.013 0.000086 3.089
Heavy Duty Gasoline kg/L - 2316 0.000068 0.0002 2.377
Diesel kg/L - 2.690 0.00011 0.000151 2.738
Motorcycle Gasoline kg/L - 2.316 0.00077 0.000041 2.347
Off-Road
(Vehicle/Equipment) Gasoline kg/L - 2.32 0.0027 0.00005 2.398
Diesel kg/L - 2.69 0.00015 0.001 2.992
Marine Gasoline kglL - 232 000023  0.000067 2.342
Diesel kg/L - 2.69 0.00025 0.000073 2718
100% Biodiesel kg/L 2474 - a a Varies by mode
Various
100% Ethanol kg/L 1.509 - b b Varies by mode

a) Diesel CH4 and N2O emission factors (by mode and technology) are us