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Executive Summary

This guidance is for fuel producers and suppliers who plan to supply compressed renewable
natural gas (CRNG), liquefied renewable natural gas (LRNG), or fossil liquefied natural gas
(LNG) to British Columbia under the Low Carbon Fuels Act (LCFA). It provides instructions for
users on how to set up and use the approved Life Cycle Assessment (LCA) model - GHGenius
5.02b - to determine the carbon intensity (CI) of their fuel. It also details how users must
configure the model with the appropriate region and year, ensure Excel can run the model
properly, apply the Global Warming Potentials (GWPs) specified in BC regulations, account
for any avoided emissions, and enter plant-specific data. The guidance also outlines how to
run the model for activities occurring in multiple regions and identifies where to find the
results.
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Glossary

AD Anerobic Digestion

BC British Columbia

Cccs Carbon Capture and Storage

CO, Carbon Dioxide

CNG Compressed Natural Gas

CRNG Compressed Renewable Natural Gas

GJ Giga Joule (10° Joules)

GWP Global Warming Potential

HHV Higher Heating Value

IPCC Intergovernmental Panel on Climate Change

Kg Kilogram

kWh Kilowatt-hour

LFG Landfill gas

LCA Lifecycle Assessment

LCFS Low Carbon Fuel Standard

LCFTR Low Carbon Fuels (Technical) Regulation

LNG Liquified Natural Gas

LRNG Liquified Renewable Natural Gas

LPG Liquid Petroleum Gas

M] Mega Joule

MSW Municipal Solid Waste

PADD Petroleum Administration for Defense Districts

OMRR BC Organic Matter Recycling Regulation

RDF Refuse Derived Fuel

RNG Renewable Natural Gas

SRF Short Rotation Forestry

UNFCCC United Nations Framework Convention on Climate Change
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1 Introduction

This guidance is for producers and suppliers of Compressed Renewable Natural Gas
(CRNG), Liquefied Renewable Natural Gas (LRNG), and fossil Liquefied Natural Gas (LNG)
who plan to supply fuel to British Columbia under the Low Carbon Fuels Act (LCFA). It
provides instructions for setting up and using the approved Life Cycle Assessment (LCA)
model - GHGenius 5.02b - to determine the carbon intensity (CI) of the fuel.

GHGenius is an Excel-based LCA model that has been developed over the past 20 years. It
is available for download at www.ghgenius.ca.

Fuel producers and suppliers must follow the procedures and requirements outlined in
this document and incorporate all relevant information into their application form and
technical report as applicable.

1.1 CRNG/RNG Process Overview

Producers generate Renewable Natural Gas (RNG) from organic materials using various
methods worldwide. Most RNG is produced from the anaerobic digestion (AD) of organic
material. However, producers may also use thermochemical conversion of biomass to
methane or combine hydrogen and carbon dioxide to create RNG (also known as e-fuels).
The following table lists the RNG production pathways included in GHGenius.

Table 1-1 RNG Pathways in GHGenius

Agricultural Landfill e-fuels Thermochemical
Grass/manure Municipal Solid Electricity Wood
Waste (MSW)
Organics/manure Refuse Derived Fuel
(RDF)
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The following figure illustrates the lifecycle system boundary for the Agricultural RNG
pathways

Figure 1-1 CRNG System Boundary

System Boundary
: Nutrients 1
Manureand
Straw : L 3
i ‘:‘ Lg : |
Natural gas
Feedstock Anaerobic
Transportation Digestion

L oES

CNG Vehicl
Natural Gas . ehicle
Distribution and Comg;e:,smn Operation
Storage Dispensing

GHGenius does not include a pathway for gas capture at wastewater treatment facilities.
However, since this process does not receive avoided emissions credits, users may model
it using the landfill gas pathway. To do so, use:

e Column BO on the Upstream HHV sheet, and
e Column AX on the BC LCFS sheet.

The following figure illustrates RNG production from landfill gas.
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Figure 1-2 Landfill Gas System Boundary

System Boundary
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Storage Dispensing

AD systems vary widely in design, but they follow the same basic process. Anaerobic
organisms break down organic materials to produce methane and carbon dioxide. The
system then processes the resulting biogas to remove carbon dioxide and other
contaminants, producing pipeline-quality RNG. The AD system process is illustrated in the
following figure.

Figure 1-3 Basic AD Process Diagram

co

Gas
Purification

Organics

Anerobic
Digestor

Digestate

CH, Cus Gas Distribution
Compression
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1.2 LNG Process Overview

The liquefication of natural gas follows the same process as modern domestic
refrigerators but on a much larger scale. The system compresses, cools and condenses a
refrigerant gas, then reduces its pressure through a valve, lowering its temperature via
the Joule-Thomson effect. This refrigerant gas then cools the feed gas, eventually reducing
its temperature to -161°C. This is the temperature at which methane, the main constituent
of natural gas, liquefies. At this temperature, all other hydrocarbons in the natural gas
also transition to liquid form.

LNG processes typically use components of the natural gas (propane, ethane, and
methane), either individually or as a mixture, as refrigerants. LNG liquefication facilities
include feed pretreatment and refrigerant component recovery. The facility may also
recover Liquid Petroleum Gases (LPG) and condensate as byproducts. The following figure
shows the basic process for a peak shaving facility. These facilities revapourize the LNG
during periods of high demand increases to feed back into the distribution system. These
plants can also supply other non-pipeline markets such as transportation fuels.

Figure 1-4 Basic LNG Process Diagram

Raw Natural
Gas

|

¥
Natural Gas Refrigeration

—_— > - - St
w -
Impurities Natural Gas LNG for
Liquids Transportation

The liquefication process typically uses electricity or natural gas for compression energy.
These are the two primary inputs for the modelling.

The following figure shows the system boundary for the system as modelled in GHGenius.
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Figure 1-5 LNG System Boundary

Gas Leaks and
Flares

Natural Gas

Natural Gas Natural Gas Transportation
Production

Processing

LNG Production LNG Vehicle
and Storage Dispensing Operation

1.3 LRNG

The model does not currently include pathways for LRNG. To model LRNG, applicants
must combine the results from the CRNG pathway with the LNG pathway to calculate a
carbon intensity. Refer to Sections 6 and 12 for LRNG modelling examples.
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2 GHGenius - Download, Setup and Initialization

This section outlines how to obtain the model and the steps that need to be taken to
initialize it prior inputting values for fuel LCA modelling.

2.1 Model Overview
GHGenius is an Excel based lifecycle assessment (LCA) model. Features of GhGenius that
users should be aware of include:

e The use of time-based data series rather than static data:

This means the selection of Target year will alter the CI value of fuels modelled in
GHGenius. Users must ensure to select the appropriate Target year for their
modelling (see sections 2.3.2 and 4.1)

e The inclusion of region and country specific datasets:

This means that the selection of the region will alter the CI value of fuel modelled in
GHGenius. Users must ensure to select the appropriate Region for their modelling. If
different life cycle stages occur in different regions, multiple runs of the model may be
required (see section 2.3.1

2.2 Downloading the Model

GHGenius is available to download at: https://ghgenius.ca/index.php/downloads/74-
ghgenius-5-02b. Though there is no cost to users, registration is required before
downloading the model.

The downloaded file is provided as a zipped [.xIs] excel file. After unzipping the file, do not
save as a [.xIsx] file as this will deactivate the macros that the model requires to operate
correctly.

Although the file can be saved as a macro enabled [.xIsm] format, this may result in loss of
functionality. More specifically, some macro buttons may stop working unless manually
reassigned. As such, to ensure full functionality it is strongly recommended to save and
run the model in its original [.xIs] format

2.2.1 Unblocking Macros

GHGenius relies on macros to set up appropriate Excel settings, calculate many output
values, and provide additional tools for users. The model will not function properly
without macros enabled.
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To make Microsoft Office more secure, macros are now blocked by default on files
downloaded from the internet. To unblock macros:

1. Navigate to the file in File Explorer
2. Right-click on the file's icon and select [Properties]

3. Select [Unblock] at the bottom of the General tab in the Properties window

Figure 2-1 Unblocking Macros

= GHGenius5302b.xls Properties *

General Security Custom Details Previous Versions

&N
Eﬁ ‘GHGeniusSDbels

Type of file:  Microsoft Excel 97-2003 Worksheet {xls)

Opens with: & Excel Change...

Location: H:ALCA Models'GHGenius \MNew folder (3)
Size: 14.6 MB (15,389,184 bytes)

Size on disk:  14.6 MB (15,400,960 bytes)

Created: January 28, 2025, 10:51:14 AM
Modified: January 28, 2025, 10:51:17 AM
Accessed January 28, 2025, 10:50:12 AM

Atributes: CJRead-only [ Hidden Archive

Security: This file came from another
computer and might be blocked to Unblock

help protect this computer.

Cancel

For more information about this change and alternative ways to unblock macros please
visit: https://learn.microsoft.com/en-us/deployoffice/security/internet-macros-blocked.

2.3 Initializing the Model

Before entering any facility specific data to model a fuel pathway, users must first initialize
the model as outlined in the sections below.
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2.4 Model Region

Only CRNG, LRNG and LNG that meet the requirements outlined in RLCF-023: Supplying
Liquefied or Compressed Natural Gas (LNG/CNG) in BC are eligible under the LCFS. RLCF-
023 outlines important eligibility criteria, such as the delivery requirements to BC from the
production region.

Users must select the appropriate modelling region from the dropdown list in Cell B4 on
the Input Sheet. This region must be a province in Canada or a region in the United States.
After selecting, users must click the “Install Regional Defaults” button located to the right
of the dropdown list (near Cell C4). This action will run macros to populate region-specific
data for the current modelling run. Before proceeding, users must verify that the correct
region has been applied in the model. Check Cell B10 on the input sheet, which displays
the currently active region, to confirm.

In most cases, RNG plants source their feedstock from the same region or province in
which the plant is located. RNG production technologies typically use high-moisture
feedstocks and operate at smaller scales, which limits the economic transport distance of
feedstock.

Similarly, most LNG plants draw their feedstock from the same region or province that the
plant is located in. However, some transport feedstock over long distances when
production occurs in one region and processing in another. Refer to Section 11 for
guidance on modelling this scenario.

For modelling fuel produced in Canada, always select the specific province, even if broader
regions (e.g., Canada West/Central/East) appear in the model. Selecting the correct
province ensures accurate carbon intensity results.

The United States regions in GHGenius align with the US Energy Information
Administration’s Petroleum Administration for Defense Districts' (PADDs) as shown in
figure 2-1 below.
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The GHGenius regions are listed in the following table.
Table 2-1 GHGenius Regions
GHGenius Region Province or PADD
US East 1
US Central 2and3
US West 4 and 5
Canada West BC, Alberta, Saskatchewan,
Manitoba

Canada Central

Ontario, Quebec

Canada East

New Brunswick, Nova Scotia,
Prince Edward Island,
Newfoundland
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2.5 Model Year

The model target year must be set to match the year the input data was collected or which
the data represents. If the supporting data was collected over multiple years, set the
model for the latest year in the dataset.

Users must enter the modelling year in two locations in the model, both on the Input
Sheet:

e Target Year: Cell B7

e Base year for Alt Fuel Production: Row 241 - column will vary depending on feedstock
type.

2.6 Global Warming Potentials (GWPs)

By default, the model uses GWP values from the International Panel on Climate Change
(IPCC) 5" Assessment Report (2013 100 years) and sets the treatment of short-lived gases
as “Carbon Weighted".

To change the GWP settings, users can select different values in cells B11 and D11 on the
Input sheet. However, for the purposes of fuel CI modelling under the BC LCFS, the
selected GWP settings must align with those provided in Information Bulletin RLCF-011:
Approved Version of GHGenius and Global Warming Potentials.

3 Feedstock

Unlike most pathways in GHGenius, certain RNG pathways allow the use of a blend of
feedstocks. These include the Anaerobic Digestion (AD) pathways that use:

e Manure and grass
e Organics and manure

In GHGenius, a user can represent grass with wheat straw, corn stover, hay, or
switchgrass.

Important Note: for RNG pathways, unlike with ethanol, biodiesel and hydrogenation-

derived renewable diesel (HDRD) pathways, a user must enter the feedstock mass on a dry
mass basis.
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To ensure accurate calculation of feedstock transport emissions, enter the moisture
content of the feedstock as a fraction in the Fuel Char sheet, column J, rows 124-143 as

seen in the following figure:

Figure 3-1 Feedstock Moisture

A J
78 |FUEL CHARACTERISTICS: INPUT/ACTIVE DATA
79 Moisture
80 fraction
123|LPG assumed in this analysis
124 MSW 0.35
125 RDF 0.10

126|Used Oil

127 |Electricity

128 Steam

129|Petroleum products produced in U. S. (generic)

130/ Other refinery oil

131|Lube oil

132|BioChar

133|Wood 0.50
134|Generic Grass 0.15
135/ Switch Grass

136/Corn stover (field residue)

137|Wheat Straw

138/ Hay

139|Wet Corn stover

140|Sugar cane trash

141/Sugar cane bagasse

142|Manure 0.72
143|Blend of Manure and ag Residues

144|Organic Waste 0.25
145|Sewer Sludge 0.25
146/Com 0.15
147 Canola 0.12
148|Soy Bean 0.15
149 Wheat 0.13
150|Barley 0.13
151|Peas 0.13
152|Sugarcane 0.67
153/ Sugar Beat 0.75
154|Sorghum 0.13

For LNG pathways, the model automatically uses natural gas as the feedstock. Do not
enter a moisture content, as the model does not require it.

3.1 Feedstock Production

GHGenius does not include user inputs for LNG feedstock production. Instead, it
automatically assigns natural gas production data at the national level (i.e. the emissions
from the production of natural gas are the same in BC as they are in Alberta or
Saskatchewan). The only exception is Central Canada, where the gas is a blend of
Canadian and US natural gas.

CRNG and LRNG production typically use waste feedstocks, which have no associated
emissions at the point of generation.
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3.2 Waste Feedstocks

Waste feedstocks include manure, organic wastes, and wood residues. While many of
these feedstocks have no emissions at the point of generation, their transportation can
still produce emissions. These feedstocks may also result in some avoided emissions,
which is discussed in more detail below.

3.3 Grass Feedstocks

AD systems in Europe commonly process manure with some sort of straw or stover. While
this practice is less common in North America, GhGenius allows users to model it by
selecting use one of the four “grasses” as a feedstock input. Make this selection on the
input sheet, row 59, columns B to D. The model automatically assigns the remaining
fraction to hay, ensuring that the total feedstock input always adds up to 1.0.

3.4 Wood Feedstocks

The thermochemical RNG pathway uses wood as the feedstock. This typically includes
wood residues, standing timber (which is used for modelling forest residue) or short
rotation forestry (SRF). To select the feedstock, click the corresponding button in column
A, rows 107 to 127, on the Input sheet.

The model sets the default moisture content to 50%. To change it, update the value in cell
J133 on the Fuel Char sheet.

3.5 Feedstock Transportation

GHGenius models feedstock transportation in rows 76 though 86 on the Input sheet. Enter
the one-way transport distance in kilometers in rows 76-80. Enter the tonnes-
shipped/tonnes-produced ratio in rows 82-86. This ratio typically totals 1.00 or slightly
higher. A sum greater than 1.00indicates a multi modal transportation route, for example,
trucking feedstock to a rail loading facility and then shipping it by rail to the RNG plant.,.
Multi-modal transportation systems are rare for RNG facilities.

The following figure shows the relevant area of the Input Sheet.
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Figure 3-2 Transportation Inputs

73 ' TRANSPORTATION OF FEEDSTOCKS
74

Sewer Organic
75 Average km shipped Ag Res Sludge Manure Waste MswW
76 By Rail 0 4] 0 4] 0
77 |Domestic water 0 0 0 0 0
78 |International water 0 0 0 0 0
79 |Pipeline, tram, conveyor 0 0 0 0 0
80 |Truck Defaults 100 100 160 100 160
21 | Tonnes-shipped/tonne-produced
52 By Rail 0.00 0.00 0.00 0.00 0.00
83 |Domestic water 0.00 0.00 0.00 0.00 0.00
24 |International water 0.00 0.00 0.00 0.00 0.00
85 |Pipeling, tram, conveyor 0.00 0.00 0.00 0.00 0.00
86 |Truck 1.00 1.00 1.00 1.00 1.00

Important Note: GHGenius 5.02b accounts for the moisture content of manure, organic
waste, and sewer sludge twice, resulting in higher feedstock transport emissions. The table
below shows the corrections required in the model to address this issue. This calculation
will be corrected with the next model update.

Table 3-1 Feedstock Transport Moisture Content Adjustments

Sheet Cell Description Current Entry Corrected Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144)  =$B$50

Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char'$J$145) | =$B$50

For LNG, once you select the region in GHGenius, the model automatically applies
feedstock transportation data (gas transmission) at the provincial or regional level. You do
not need to enter additional feedstock inputs.

3.6 Avoided Emissions

Waste materials often produce GHG emissions. By repurposing these materials for other
uses, such as producing RNG, you can avoid emissions from conventional disposal
methods. GHGenius calculates these avoided emissions and applies an emissions credit to
the waste materials used in RNG production. In some cases, this credit results in negative
emissions for the RNG system.

Each feedstock has a prescribed baseline listed in Appendix A. The sections below describe
how to model each feedstock with their prescribed baseline.
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3.6.1 Manure Avoided Emissions

GHGenius calculates the avoided emissions for manure based on the dry weight of the
manure used in the system. The model uses emission factors based on information in the
Common Reporting Forms that are part of the UNFCCC National GHG Inventory reports
submitted by Canada and the United States. These emissions factors cover dairy, beef,
swine and poultry manure. GHGenius also provides a user-defined input that allows you to
enter a weighted average for multiple manure types.

If you have primary data (data measured at the facility) for treating the manure prior to it
being diverted to a RNG system and would like to enter in their own emissions factor, you
must submit an alterative method application (see RLCF-025: Use of Alternative Methods
for Determining Carbon Intensities).

The emission factors are found on the Coprods sheet in column B, rows 42 to 46. Use the
drop-down menu in cell A41 to make the appropriate selection. The Canadian values are
the same across all Canadian regions, as are the US values for US regions. The differences
between the Canada and US values result from variations in manure management
systems and temperature. The US values are typically higher because temperatures are
generally higher in the US than in Canada. Refer to the following figure to view this section
of the model.

Figure 3-3 Manure Avoided Emissions

A B [
37 644 |kJ per kg Canola meal
38
39 EMISSIONS DISPLACED BY ANAEROBIC DIGESTION, g CH4/kg Manurg (dry)
40 Active ¢
41 | Dairy Cows 133
42 |Dairy Cows 133
43 | Other Cattle 23
44 | Swine Manure 448
45 | Poultry Manure 52
46 |User Defined 10.00

3.6.2 Organics Avoided Emissions

The avoided emissions from organic materials depend on both the type of organics and
the current disposal method. GHGenius provides avoided emission factors for composting
and landfilling.

For composting, GHGenius has methane and nitrous oxide emission factors for
composted biosolids and manure, as well as a separate set of emission factors for other
organic wastes. Find these emission factors in rows 66 and 67 on the Coprods sheet.
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For landfilling, GhGenius lists emission factors for various landfill components in rows 50
to 65, and includes a user defined value in in cell A68. Refer to the following figure to view
this section of the Model.

Figure 3-4 Avoided Emissions - Organics

A B C D E
46 |User Defined 10.00
47
48 [EMISSIONS DISPLACED BY AVOIDING LANDFILLING, g CH4/kg Feedstock (dry) N20 Emissions Avoided, g N
49 10.0 |Composted Bio|active 06
50 1250 |Corrugated Containers
51 51.0 |Magazines/Third-Class Mail
52 48.0 |Newspaper
53 170.0 | Office Paper
54 48.0 |Phonebooks
55 170.0 | Textbooks
56 9.0 |Dimensional Lumber
57 3.0 |Medium-Density Fiberboard
58 239.0 Food Waste
59 125.0 |Grass
60 420 |Leaves
61 68.0 Branches
62| 80.0 |Mixed MSW
63 0.0 |Drywall
64 10.0 \Wood Flooring
65 105.0 | Sewage Sludge
66 10.0 | Composted Biosolids/Manure 06
67 4.0 |Composted Other Organic Waste 0.3
68 80.00 |User Define Mix

To select the appropriate emission factor, use the drop-down menu in cell B49 on the
Coprods sheet.

Users must enter one additional value to complete the avoided emissions calculation. On
the Input sheet, use cell F45 to specify the fraction of methane that is destroyed before it
is released to the atmosphere. You can also use this value to adjust the avoided emissions
credit.

When composting is the avoided disposal method, set the value in F45 to zero. When
landfilling is the avoided disposal method, set the value to 0.75 as prescribed in the Low
Carbon Fuels (Technical) Regulation (LCFTR). This indicates a 75% capture rate of methane
emissions. Refer to Schedule 3, Table 3 of the LCFTR for more information. For feedstocks
with no avoided emissions, users do not need to change the value in F45 as the capture
rate of methane is irrelevant since no avoided emissions are accounted for. For cases
where a feedstock is processed in an AD system and then the resulting digestate is
composted enter a value between 0 and 1 in cell F45. See section 3.3.3 for more
information.

Table 3-2 below details the required inputs for different organics depending on the
baseline defined in Appendix A.
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3.6.3 Digestate Avoided Emissions

When a facility processes organic material through anaerobic digestion (AD) and then
composts the resulting digestate, it only partially avoids emissions from traditional
composting. To reflect this, users must calculate a partial avoided emissions value instead
of assuming full avoidance.

In GHGenius, adjust cell F45 on the Input sheet to account for the reduced emission
potential. Base this adjustment on the proportion of feedstock mass converted to biogas,
which you calculate as one minus the ratio of the dry mass of generated biogas (not RNG)
to the dry mass of the organic feedstock. This ratio ranges from 0 to 1. A value closer to 0
indicates greater biogas conversion and, therefore, higher avoided emissions from not
composting that fraction of material.

Users have three options for calculating adjusted avoided emissions, depending on data
availability. These options are listed in order of priority:

Option 1: Biogas mass

If you know the mass or volumetric composition of the biogas and the volume of biogas
produced, calculate the mass of biogas generated during the AD process. This mass
equals the portion of organic material diverted from composting. Use this value to
determine the mass of biogas generated per GJ of RNG.

Example: A facility digests 85 kg of dry organics to produce 1 G) of RNG and generates 60
kg of dry biogas (CH4, CO,, N, H,S, etc.) during the process. The facility then processes the
remaining digestate into compost. As a result, the adjusted avoided emissions ratio to
enter in cell F45 of the Input sheet is:

1-(60/85) = 0.294

Option 2: Dry Feedstock and Digestate Mass

If you lack data on biogas composition, volume, or mass, calculate the mass of dry
material converted to biogas by subtracting the dry digestate mass and any additives from
the dry organic feedstock. Exclude any additives used during the AD process from this
calculation.

Example: A facility digests 85 kg of dry organics to produce 1 GJ of RNG. During the
process, 2 kg of dry percolate is added to the process. The dry digestate mass is 25 kg per
GJ of produced RNG. The digestate is further processed to compost. The estimated mass
converted to biogas is:

85-25-2=58.
As a result, the adjusted avoided emission ratio to enter in cell F45 of the Input sheet is:
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1-(58/85)=0.318
Option 3: Prescribed adjusted avoided emission ratio:

If you lack reliable data to use one of the above options, assume the biogas composition is
60% methane, 39% carbon dioxide, and 1% other gases (nitrogen, hydrogen sulfide,
hydrogen, and oxygen by volume). Under this assumption, 1 GJ of RNG production
corresponds to 56.6 kg of biogas. Calculate the adjusted avoided emissions ratio as:
(1-56.6/ dry mass of organic feedstock)

Example: for a facility that digests 85 kg of dry organics to produce 1 GJ of RNG, the entry
in cell F45 would be:

1-(56.6/85)=0.334

Table 3-2 Organics and Digestate Inputs by Baseline

Baseline Input Sheet: Cell | Coprods Sheet: Coprods
F45 Cell B49 Sheet:
Cell A68
Composting 0 Composted Other Organic N/A
Wastes
Composting of | 0to1 Composted Other Organic N/A
digestate (use option 1, 2 or | Wastes
3 in section 3.3.3)
Landfill 0.75 Food Waste N/A
No avoided No input required | User Define Mix 0
emissions

3.6.4 Forest Residues

In some jurisdictions, forest residues are burned in the forest, leading to suboptimal
combustion conditions that produce methane and nitrous oxide emissions. However,
using these forest residues to produce RNG through a thermochemical process avoids
these emissions.

To select the avoided emission factor, use Cell E50 on the Input sheet. Entering 0 in this
cell provides no avoided emission credit, while entering 1 provides a 100% credit. If the
plant processes a combination of forest residues and other materials enter a value
between 0 and 1 to reflect the proportion of forest residues used on a dry mass basis.
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4 RNG Production, Compression into CRNG and Use

4.1 Year

When modelling a specific plant, the model year in B7 (Input sheet), the base year in row
241 (Input sheet), and the date that the data was collected must align.

4.2 Energy

Locate the main energy inputs on the Input sheet in rows 243 to 246. RNG pathways are
listed in Columns BH to BM. All inputs are per GJ of RNG (HHV).

4.3 Electricity

Enter the net electricity purchased for the data collection period in row 243 of the
appropriate column. This value is based on the generic power of the region in which the
model is run. The input unit for electricity is kilowatt-hours (kWh) per GJ of RNG.

4.4 Diesel Fuel

RNG plants use diesel for equipment such as front-end loaders, etc. Enter the diesel
consumption in row 244 in the appropriate column. The input unit is liters of diesel per GJ
of RNG

4.5 Natural Gas

Many RNG plants consume fossil natural gas for heating purposes to maintain reactor
temperatures. This increases the carbon intensity (CI) of the RNG. Alternatively, the plant
can use a portion of the RNG produced which would result in a lower CI but also reduce
the volume of RNG that is available for sale. Enter the natural gas consumption in row 245
in the appropriate column. The input unit for natural gas is megajoules per GJ (MJ/GJ) on a
higher heating value (HHV) basis.

4.6 Feedstock

Locate the feedstock inputs on the Input sheet in rows 247 and 248. Enter values for the
feedstocks that correspond to the year specified in row 241. Columns BH to BM
correspond to the RNG pathways, and all feedstock inputs should be measured in dry kg
per GJ of RNG (HHV). Most feedstocks are entered in row 247 but manure is entered in row
248 for the two pathways that can use manure. The feedstock mass inputs in GHGenius
determines both the avoided emissions and feedstock transportation emissions.
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4.7 Chemicals

While most RNG plants do not use significant quantities of chemicals in the process, the
model includes all the chemicals that are listed on the Alt Fuel Prod sheet. Find RNG
pathways in columns CB to CG. Any inputs values must be per GJ of RNG.

4.8 Landfill Gas Destruction Rate

Most jurisdictions, including BC, require large landfills to reduce methane emissions. To
account for this, adjust the landfill gas capture rate using cell F45 on the Input sheet. The
default value in GHGenius for this rate is 0.75, reflecting the prescribed rate in the LCFTR
and recognizing that not all methane from landfills can be captured.

Users must also use this cell for avoided composting emissions, which are already
significantly lower than landfill emissions. For composting, set the value in F45 to 0.

It can also be used to adjust the avoided emissions credit in cases where an organic
feedstock is processed in an AD system and then the resulting digestate is composting. In
this case set the value in F45 to a number between 0 and 1 (see Section 3.3.3 for more
information).

If the feedstock has both avoided composting and avoided landfill emissions, set the
landfill gas capture rate to 0. Adjust the avoided emissions for the landfilled feedstock
separately to account for the 75% capture rate. Refer to the Manure and Organics CRNG
Example in Section 10 for details on how to perform this adjustment.

4.9 Fugitive Methane Emissions

AD systems can emit some fugitive emissions, which can be difficult to quantify. The
default fugitive emissions rate in the model is 2% of the RNG produced entered as a
fraction (i.e. 0.02). To adjust this value use cell F46 on the Input sheet. This value
encompasses fugitive methane emissions from the digester, digestate storage and gas
processing. Collectively they are called “methane slip” in the model.

4.10 Co-products

RNG produced from anaerobic digestion also produces digestate (undigested feedstock)
as a byproduct. This digestate contains concentrated nutrients and is often land-applied as
a fertilizer to replace synthetic alternatives. The model can provide a co-product credit for
avoided fertilizer manufacturing emissions.

However, this credit is not applicable when manure is the feedstock because manure
would have been land applied regardless of whether the AD system is in operation,
meaning there are no fertilizer manufacturing emissions avoided.
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Only digestate that is sold or used as fertilizer is eligible for a co-product credit. To qualify
as fertilizer, the digestate must meet the land application requirements detailed in the BC
Organic Matter Recycling Regulation (OMRR).

The figure below provides a decision tree to determine if the digestate is eligible for a co-
product credit.

Ineligible for a No

co-product credit.

Is the digestate sold
or used as fertilizer?

No |Do you have nutrient
composition data for
the digestate?

Ineligible for a
co-product credit.

No | Does the digestate
Ineligible for a meet the OMMR land

co-product credit. application

requirements?

Yes.

Is the feedstock Yes Eligible for co-product credit:
exclusively organics? Use Method 1

lNo

Can you accurately Yes
Ineligible for a quantify the Eligible for co-product credit:

co-product credit. nutrients attributable Use Method 2

to organics?

~ 7

Figure 4-1 Digestate Co-product Decision Tree

Ineligible for a co-product Set cells AR277-281 of the Input sheet to 0.
credit:
Method 1: Enter the nutrient data per GJ of RNG in cells AR277-

281 of the Input sheet.
Method 2: Enter the nutrients attributable to organics per GJ of
RNG in cells AR277-281 of the Input sheet.
4.11 Carbon Capture and Sequestration
AD systems produce significant quantities of CO,, and the stream is concentrated after the

biogas is processed to make pipeline quality RNG.
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To enable Sequestration, enter 1 in cell B69 on the Input sheet. The inputs are the fraction
of CO; sequestered and the extra energy used in the sequestration process.

SG (syngas) pathways which employ thermochemical process are typically larger systems
capable of employing CCS systems. The inputs for these systems are in columns AX to BA
on the Sequestration sheet. Enter the fraction sequestered is in row 19 and enter the
additional energy used in rows 22-26.

The quantity of CO, produced per GJ of RNG varies depending on the technology. The
model calculates the grams of CO, sequestered per GJ of RNG produced in row 30 of the
Sequestration sheet. Producers must verify this value and manually adjust the fraction
sequestered to ensure accuracy.

4.12 RNG Transportation

RNG is typically injected into the local gas distribution system. Ensure to include the
energy required for injection as part of the power consumed by the AD system. If the RNG
is transported long distances through the gas transmission system, then enter the total
transmission distance (from the RNG facility to the end user in BC) on the Input sheet in
cell BJ95. The model uses this value to calculate the emissions from transporting the gas
through the high-pressure transmission system.

4.13 RNG Compression into CRNG and Combustion Emissions

The model calculates compression from the inlet and outlet pressure of the compression
system. A user can modify thhese inputs on the Input sheet in cells B253 and B254. The
details of the energy use are found on the Service Station sheet in column B, rows 6 to 16.
Although you typically do not modify the inlet and outlet pressure values or the Service
Station sheet inputs, you may update them if reliable data is available.

End-use emissions for CRNG in a heavy-duty vehicle appear on the BC LCFS sheet, row 18,
columns AX-BB. If the CRNG is used in a light-duty vehicle, find the corresponding value in
cell H97 of the Exhaust Emissions sheet.

5 LNG Production and Use
Enter LNG pathway data in the model per tonne of LNG.
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5.1 Year

Enter the year in cell B7 of the Input sheet. The model does not adjust the default primary
energy inputs (electricity and natural gas) based on the year of data collection; no built-in
improvement factors apply to these inputs.

5.2 Mass and Energy

Locate the main energy inputs on the Input sheet, column B, rows 256-257 (see figure
below). Enter values in either cell or both, depending on your process configuration.

Figure 5-1 Location of Energy Inputs

A B C D E F
250
251 ENERGY USE AND EMISSIONS AT SERVICE STATIONS, INCLUDING ENERGY TO COMPRESS OR LIQUEFY GASEOUS FUELS (Sheet: Service Stations)
252 CNG CH2
253 Assumed vehicle fuel tank storage pressure (MPa) Defaults 24.82| 34. 47|
254 Inlet Pressure for compressor (MPa) w 0.45] 0.69|

255

256|LNG Service Station NG (MJ/tonne) 0.00
257 |LNG Service Station Elec (KWhitonne) 500

5.2.1 Electricity

Enter the net electricity purchased value in cell B257 (LNG service station Elec
(kWh/tonne)).

5.2.2 Natural Gas

Enter the natural gas value in cell B256 (LNG Service Station NG (MJ)/tonne)). The input unit
for natural gas is megajoules per tonne of LNG on a higher heating value basis.

5.2.3 Feedstock

You do not need to enter any feedstock requirements. The pathway automaticaly adds
energy and emissions associated with the energy use to the natural gas pathway.

5.3 Co-products

The process may produce small amounts of higher hydrocarbons, but these are generally
added back to the natural gas distribution system. If CO; is extracted from the natural gas,
it is emitted during combustion, therefore the model makes no adjustments for this. No
user inputs are required for this step.
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5.4 LNG Transportation

LNG is transported from the LNG facility by various means, similar to the transportation of
any other fuel. Enter the transportation inputs in column BG, rows 92 to 102 on the Input
Sheet.

Figure 5-2 Transportation Inputs

A BD BE BF BG BH B
& TRANSPORTATION OF FINISHED FUELS
Bo ETJ LPG CNG LNG LH2
bo Average km shipped
P1 Include Transloading Yes
P2 |By Rail 644 116 7] 1] 644
P3 |Domestic water [ 58 0 1] 0
b4 |International water 0 o] 0 0 0
b5 |Pipeline, tram, conveyor 1] 1,062 calculated 1] 0
DE | Truck 225 136 4] 161 161
b7 | Tonnes-shippeditonne-produced m
P& By Rail 0.35 0.10 0.00 0.00 0.05
P9  Domestic water 0.00 0.06 0.00 0.00 0.00
00|International water 0.00 0.00 0.00 0.00 0.00
01|Pipeline, tram, conveyor 0.00 0.29 calculated 0.00 0.00
02|Truck 1.00 1.00 0.00 1.00 1.00

5.5 Fugitive Emissions

Fugitive methane emissions may occur during the transfer of LNG from one vessel to
another. Enter the inputs for these emissions on the Service Stations sheet column C, rows
9 to 13 as shown in the following figure.

Figure 5-3 Inputs for Fugitive Emissions

A B & D E
1
2 ENERGY USE AND EMISSIONS AT SERVICE STATIONS, INCLUDING ENERGY TO COMPRESS OR LIQUEFY GASEOUS FUELS|
3
4 |ENERGY USED TO COMPRESS OR LIQUEFY NATURAL GAS OR HYDROGEN: INPUT DATA
5 CNG LNG CH2 LH2
6 |Vehicular storage pressure (kPa) 24821 34 474
7 |J process energy per J fuel processed, at refuelling site 0.0 0.0 01
& |Fraction of process energy from electricity 1.00 1.0 electricity only
9 | Fuel leakage or boil-off, per fuel transfer, in a base year (fraction of net output to consumers) (F 0.0 0.01 ] 0.0 0.04
10 |Number of transfers, at refuelling site [ 1.00 3.00] 1.00 | 3.00]
11 |Base year of fuel-leakage or boil-off (BY) 1995 1995 1995 1995
12 | The annual change in leakage or boil-off (AFL) [ -0.01] 0.05] 0.01] 007
13 | Of fuel boiled-off, the fraction reliquefied (FLR) 0.0 0.50 0.0 0.50
14 | Calculated dispensing process J per J fuel to vehicles, 0.02 0.00 0.06 0.26
15 |Calculated dispensing process kWh per kg fuel to vehicles, 010 0.00 042 173
16 | Calculated liquifaction process J per J fuel 0.03

There are four inputs:
1. Cell C9: Fraction of methane lost per transfer in base year 1995.

2. Cell C10: Number of transfers. This is usually 2 or 3. Enter 2 if the fuel is transferred
to the vehicle directly from the liquefaction facility. Enter 3 if a service station is
involved (liquefaction to truck, truck to station, station to consuming vehicle).
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3. Cell C12: Annual Rate of change in methane loss (fraction).
4. Cell C13: Fraction of the fuel loss that is captured and reliquefied.

If the user is only able to obtain the number of transfers, the model defaults must be used
for the other inputs.

A paper by Clark et al (2017) measured methane emissions at U.S. service stations during
six bulk LNG deliveries to a single station. Using physical measurements of piping and fuel
properties, they estimated average methane emissions of 0.128% of delivered fuel
(individual measurements: 0.071%, 0.076%, 0.077%, 0.078%, 0.086%, and 0.381%).
Expressed as a fraction, 0.128% = 0.0013

The default values in GHGenius provide emissions of 0.0019 for three transfers in the year
2022.
5.6 Combustion Emissions

The model assumes use in a heavy-duty vehicle on the BC LCFS sheet. You can also find
this value in cell 0142 of the Exhaust Emissions sheet.

Note that for LRNG, the model sources vehicle operation emissions from cell 0143 of the
Exhaust Emissions sheet. These vehicle operation emissions omit the biogenic CO,
emissions that are normally included for LNG.
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6 Manure CRNG and LRNG Example

The first example below describes an anaerobic digestion (AD) system in British Columbia
that processes only dairy manure, injects the RNG into the local distribution system, and
uses the RNG as fuel in a heavy-duty truck. Only one model run is required.

50% of the manure is produced at the site of the AD system and requires no
transportation. The remaining manure is trucked an average distance of 15 km. This
creates a special case where the sum of the different transportation modes (tonnes-
shipped/tonnes-produced) is less than 1.0 because some of the feedstock is produced on
site with no transportation.

As an alternative, a user may set the value in cell AZ 86 to 1.0 and adjust the value in cell
AZ 80 to 7.5 to account for average transportation.

Note: This example includes the correction found in Section 3.2

Table 6-1 Feedstock Transport Moisture Content Adjustments

Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144)  =$B$50
Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char'$J$145) | =$B$50

Table 6-2 Model Inputs for BC RNG Run

Sheet Cell Description Value
Input B4 Region BC
Input B7 Target Year 2023
Input F46 Methane slip 0.02
Input AZ80 Trucking distance, 15
km
Input AZ86 Fraction Trucked 0.5
Input BJ95 RNG Pipeline 0
Distance
Input BJ101 Pipeline Mode 0.0
Input B)241 Base year 2023
Input BJ243 kWh electricity 35
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Input BJ245 MJ NG used 200

Input BJ247 Kg ag residue (dry) 0

Input BJ248 Kg manure (dry) 70

Input AQ277 N Fertilizer produced | O

Input AQ278 P Fertilizer produced | 0

Input AQ279 K Fertilizer produced | O

Input AQ280 S Fertilizer produced |0

Input AQ281 G Fertilizer produced |0

Fuel Char ]142 Manure moisture 0.85

Coprods A41 Type of manure Dairy Cows

The following table shows the results for the year 2023. These values are from the BC LCFS

sheet. Column AY, rows 8 to 18.

Table 6-3 Total CRNG Emissions 2023
Stage Total Emissions
g CO.eq/G) (HHV)
Direct land use change 0
Feedstock production or cultivation 0
Feedstock upgrading 0
Feedstock transport 447
Feedstock co-products production 0
Avoided emissions -26,117
Fuel production 23,967
Fuel co-products production 0
Fuel distribution and storage 323
Fuel dispensing 752
Vehicle or Vessel operation 3,732
Total 3,103
Total, g CO.eq/M]) 3.10

The fuel production emissions result from the sum of the fossil natural gas used, the
electricity consumed, and the methane slip emissions. The model offsets these fuel
production emissions with the avoided emissions from the current disposal method of the

dairy manure.

LRNG Emissions
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GHGenius 5.02b does not include specific pathways for Liquefied Renewable Natural Gas
(LRNG). To model LRNG emissions, use results from the LNG and CRNG pathways on the
BC LCFS sheet. Calculate vehicle operation emissions using the Exhaust Emissions sheet,
as the LNG pathway assumes the CO is non-biogenic.

The table below shows the inputs a user must change to model LRNG. This example
assumes the LRNG is trucked 50 km from the liquefaction plant.

Table 6-4 LRNG Additional Inputs

Sheet Cell Description Value
Input B256 Service Station NG Use 0
Input B257 Service Station Electricity Use 500
Input BG96 LNG trucking distance 50
Input BG102 Fraction fuel trucked 1
Service Stations | C9 Fuel leakage or boil-off, per fuel transfer, | 0.005
in a base year
Service Stations | C10 Number of transfers, at refuelling site 2
Service Stations | C12 The annual change in leakage or boil-off | -0.05
Service Stations | C13 Of fuel boiled-off, the fraction reliquefied | 0.5

The following table shows the results. RNG production and pipeline emissions are taken
from the BC LCFS sheet cells AY8-AY15. The liquefaction and local distribution emissions
are taken from the BC LCFS sheet cells L14-17. The vehicle operation emissions are
sourced from the Exhaust Emissions sheet, cell 0143 for LNG. These vehicle operation
emissions omit the biogenic CO, emissions for LNG.

Table 6-4 Total LRNG Emissions 2023

Stage RNG production | Liquefaction, | Total Emissions
and pipeline local
distribution distribution

and use

Pathway used CRNG LNG g CO2eq/GJ (HHV)
Manure/Grass NG

Direct land use change 0 0

Feedstock production or 0 0

cultivation

Feedstock upgrading 0 0

Feedstock transport 447 447
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Feedstock co-products 0 0

production

Avoided emissions -26,117 -26,117

Fuel production 23,967 3,965 27,932

Fuel co-products 0 0 0

production

Fuel distribution and 251 251

storage

Fuel dispensing 667 667

Vehicle or Vessel operation 4,174 4174

Total 7,354

Total, g CO.eq/M) 7.35
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7 Organics CRNG Example

This example models an anaerobic digestion (AD) system in British Columbia using source-
separated organics as feedstock. The model inputs are shown in the following table. The
baseline for source-separated organics is composting (see Appendix A). After processing
through the AD system, the facility composts the digestate and sells it as fertilizer.
Because the applicant has nutrient composition data, they qualify for a co-product credit
for displacing fertilizer.

Since the facility composts its digestate, it must calculate the adjusted avoided emissions
ratio and enter it in cell F45 of the Input sheet. The facility does not have biogas
composition, volume, or mass data, so it uses Option 2 (the difference between the dry
organic feedstock and the dry digestate, as explained in section 3.6.3) to estimate the dry
material converted to biogas.

The facility digests 70 kg of dry organics to produce 1 GJ of RNG. During the process, 2 kg
of dry percolate is added. The dry digestate mass is 20 kg per GJ of produced RNG. The
mass converted to biogas is:

70 - 20 - 2 =48.
Therefore, the adjusted avoided emission ratio to enter in cell F45 of the Input sheet is:
1-(48/70)=0.314

Note: This example includes the correction found in Section 3.2

Table 7-1  Feedstock Transport Moisture Content Adjustments

Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144)  =$B$50
Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char'!$J$145) | =$B$50

Table 7-2  Model Inputs for BC RNG Run

Sheet Cell Description Value
Input B4 Region BC
Input B7 Target Year 2023
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Input F45 Fraction LFG 0.314

Captured/Flared
Input FA6 Methane slip 0.02
Input BAS8O Feedstock trucking distance, | 50
km

Input BA86 Fraction trucked 1.0

Input BJ95 RNG Pipeline Distance 0

Input BJ101 Pipeline mode 0.0

Input BK241 Base year 2023

Input BK243 kWh electricity 40

Input BK245 MJ Natural gas 200

Input BK247 Dry kg of feedstock 70

Input AR277 Kg N/GJ in digestate 2.40

Input AR278 Kg P,Os/G] in digestate 0.30

Input AR279 Kg K:0/GJ in digestate 0.10

Input AR280 Kg S/GJ in digestate 0.00

Fuel Char J144 Feedstock moisture 0.25

Coprods B49 Avoided emissions Composted Other

Organic Wastes

The results are shown in the following table. These are found on the BC LCFS sheet in

column AZ rows 8-18.

Table 7-3 Total CRNG Emissions 2023
Stage Total Emissions
g CO.eq/G) (HHV)
Direct land use change 0
Feedstock production or 0
cultivation
Feedstock upgrading 0
Feedstock transport 597
Feedstock co-products production |0
Avoided emissions -10,964
Fuel production 24,180
Fuel co-products production -8,883
Fuel distribution and storage 323
Fuel dispensing 752
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Vehicle or Vessel operation 3,732

Total 9,736

Total, g CO.eq/M]) 9.74

The model calculates avoided emissions from existing composting systems, including
methane and nitrous oxide. The fuel co-products production emissions accounts for the
emission credit from the nutrients in the digestate. The end use emissions represent the
compressed natural gas (CNG) emissions from a heavy-duty vehicle.
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BRITISH
COLUMBIA

8 Thermochemical CRNG Example

This example models RNG production by gasifying forest residues then converting the
syngas to methane through methanation. The production facility is assumed to be in
Alberta, allowing inclusion of gas transmission in the scenario.

The gas transmission distance is set to 1200 km. The user transports the wood residue 50
km by truck. We apply the default wood moisture content (Fuel Char J133); however, the
model feedstock input is the dry weight of the biomass into the system. We use some
natural gas for start-up in this example and includes a credit for avoiding slash burning.

For this example, Assume the RNG meets the requirements outlined in RLCF-023:
Supplying Liquefied or Compressed Natural Gas (LNG/CNG) in B.C.

The model inputs are shown in the following table.

Note: This example includes the correction found in Section 3.2

Table 8-1 Feedstock Transport Moisture Content Adjustments
Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144)  =$B$50
Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char'$J$145) | =$B$50
Table 8-2 Model Inputs for Alberta RNG Run
Sheet Cell Description Value
Input B4 Region Alberta
Input B7 Target Year 2023
Input E50 Credit for avoided slash 1.0
burning
Input Button Near Type of woody biomass Standing timber
A121
Input )80 Truck transportation, km 50
Input 86 Fraction by truck 1.0
Input BJ95 Pipeline distance, km 1200
Input BJ101 Fraction by pipeline 1.0
Input BH241 Base Year 2023
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Input BH243 kWh electricity 15

Input BH244 Litres Diesel fuel used 0.025

Input BH245 M) NG 15

Input BH247 Dry kg wood feedstock 65

Fuel Char J133 Feedstock moisture 0.5

The Alberta emissions are shown in the following table. These are from the BC LCFS sheet,
column BO rows 8-16. The results are shown in the following table.

Table 8-3  Alberta CRNG Emissions 2023
Stage Total Emissions
g CO.eq/G) (HHV)
Direct land use change 0
Feedstock production or 2,669
cultivation
Feedstock upgrading 0
Feedstock transport 846
Feedstock co-products production |0
Avoided emissions -17,949
Fuel production 10,583
Fuel co-products production 0
Fuel distribution and storage 1,838
Total -2,012
Total, g CO.eq/M) -2.01

The fuel distribution and storage emissions include gas transmission emissions.

The BC emissions include the final compression and the vehicle emissions. To obtain the

BC run emissions set the region to BC.

shown in the following table.

Retrieve the results from column BO rows 17-18 as

Table 8-4 BC CRNG Emissions 2023
Stage Total Emissions
g CO.eq/G) (HHV)
Fuel dispensing 752
Vehicle or Vessel operation 3,732
Total 4,483
Total, g CO.eq/M]) 4.48
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The following table shows the full lifecycle emissions.

Table 8-5 Combined CRNG Emissions 2023
Stage Total Emissions
Alberta | BC Total
g CO.eq/G) (HHV)
Direct land use change 0 0
Feedstock production or 2,669 2,669
cultivation
Feedstock upgrading 0 0
Feedstock transport 1,693 1,693
Feedstock co-products 0 0
production
Avoided emissions -17,949 -17,949
Fuel production 10,583 10,583
Fuel co-products production 0 0
Fuel distribution and storage 1,838 1,838
Fuel dispensing 752 752
Vehicle or Vessel operation 3,732 3,732
Total -2,012 4,483 2,471
Total, g CO.eq/M) -2.01 4.48 2.47
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9 Landfill Gas CRNG Example

Landfill gas (LFG) collected at landfills can be flared to destroy methane, used to generate
electricity in engines, or sold as fuel to nearby industrial facilities. It can also be processed
to remove CO; and contaminants, producing pipeline-quality gas.

Several purification technologies exist, all of which consume electricity. Some require
small amounts of natural gas for pilot lights in flares, and some cryogenic processes use
liquid nitrogen to separate CO, from methane.

Modelling landfill gas is straightforward as it does not receive an avoided emission credit.
For this example, the landfill is location in BC so only one model run is needed.

The table below outlines the necessary model inputs. The methane slip is set to 0,
assuming that any fugitive emissions would have existed regardless of how the LFG was
used.

We assume that the CRNG is used in light duty vehicles. To adjust for this, update the
value in cell AX18 (vehicle emissions) on the BC LCFS sheet. Replace the default heavy-duty
vehicle emission value found in cell P143 of the Exhaust Emissions sheet with the light-
duty vehicle value found in cell H97 of the same sheet.

Note: This example includes the correction found in Section 3.2

Table 9-1 Feedstock Transport Moisture Content Adjustments

Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142)  =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144) | =$B$50
Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char'$J$145) | =$B$50

Table9-2 Model Inputs for BC LFG to RNG

Sheet Cell Description Value

Input B4 Region BC

Input B7 Target Year 2023

Input F45 Fraction LFG 0.75
Captured/Flared

Input FA6 Methane slip 0.0
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Input BJ95 Pipeline distance 0

Input BJ101 Pipeline mode 0.0

Input BZ241 Base Year 2023

Input BZ243 kWh electricity 20

Input Bz244 Litres diesel 0

Input BZ245 M]J natural gas 0

Input Bz247 Kg feedstock 0

BC LCFS AX18 Exhaust Emissions ='Exhaust

Emissions'!H97

The results are located in column AX of the BC LCFS sheet for most of the emissions and
cell H97 on the Exhaust Emissions sheet for Vehicle or Vessel Operation emissions. The
following table shows the results.

Table 9-3 BC LFG to CRNG Emissions 2023

Stage

Total Emissions

g CO.eq/G) (HHV)

Direct land use change

0

Feedstock production or 0
cultivation

Feedstock upgrading 854
Feedstock transport 0
Feedstock co-products 0
production

Avoided emissions 0
Fuel production 0
Fuel co-products production 0
Fuel distribution and storage 323
Fuel dispensing 752
Vehicle or Vessel operation 9,034
Total 10,963
Total, g CO.eq/M) 10.96
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10 Manure and Organics CRNG Example

This example models an anaerobic digestion (AD) system processing a mixture of manure
and organic materials. The feedstocks include poultry manure, residential food waste
(baseline: composting), wood residues (no avoided emissions), and industrial food waste
with high liquid content (baseline: landfilling).

The table below summarizes the feedstock properties and their associated baselines.

Table 10-1 Feedstock Transport Moisture Content Adjustments

Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50

Transport | BA50 Organic Waste | =$B$50/(1-'Fuel Char'!$)$144) | =$B$50
Transport | BB50 Sewer Sludge =$B$50/(1-'Fuel Char''$)$145) =$B%$50

Table 10-2 Feedstock Properties

Feedstock Wet Mass Moisture Dry Mass Baseline
(kg/GJ RNG) Content @ (kg/G) RNG)

Poultry Manure 125 72% 35 Stored and land
applied

Residential Food 90 75% 22.5 Composting

Waste

Wood residues 10 50% 5 No avoided
emissions

Industrial Food 200 95% 10 Landfilled

Waste

As residential food waste, wood residues and industrial food waste have different baselines,
calculate the avoided emission factor from a weighted average of their dry masses. The
table below shows the avoided emission factors and LFG capture rate for the feedstocks.

Table 10-3 Organic Waste Avoided Emission Baselines

Feedstock Baseline CH4 Emissions  N20 Emissions LFG capture
Avoided Avoided rate
(g CH4/kg) (g N20/kg)
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Residential Composting 4.0 0.3 0%
Food Waste
Wood residues | No avoided 0.0 0.0 N/A
emissions
Industrial Food ' Landfill 239.0 0 75%
Waste

The model runs with Input sheet cell F45 set to 0% LFG capture, which is the setting for
composting. To account for this, adjust the avoided emissions for high-moisture-content
industrial food waste. The table below shows the modified avoided emissions for both
organic waste feedstocks.

Table 10-4 Modified Organic Waste Avoided Emissions.

Feedstock Modified CH4 Emissions Avoided  N20 Emissions Avoided
(g CH4/kg dry feedstock) (g N20/kg dry feedstock)

Residential Food 4.0 0.3

Waste

Wood residues 0.0 0.0

Industrial Food Waste | =239.0* (1-0.75) = 59.75 0.0

The weighted average organic waste properties are shown in the equations and table
below.

, 22. 10 5
moisture content = (0-75 * m) + (0-95 * m) + (0-5 * m)

=0.77 or 77%
CH4 Emissi ided (4 225 )+ (59 75 10 )+ (o > )
= ¥ —— . * — *
missions avoide 725+ 10+5 225+ 10+5 225+10+5
g CH4
= 18.33
kg dry feedstock
N20 Emissi ided <03 25 )+(00 19 )+(00 > )
= * ¥ o * orELAi1n LT
missions avoide 3 =T 10%5 U T T 1045 Y5254+ 10+45
N20
=0.18 J
kg dry feedstock
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Table 10-5 Weighted Average Organic Waste Properties

Dry Mass Moisture | CH4 Emissions Avoided N20 Emissions Avoided
(kg) Content | (g CH4/kg dry feedstock) | (g N20/kg dry feedstock)
37.5 77% 18.33 0.18

The model calculates a co-product credit for digestate from organic materials. The
digestate from manure is ineligible for the credit since the baseline is land application. The
facility in this example can accurately determine the amount of nutrients coming from the

organic materials, so they receive a co-product credit for the digestate that displaces

fertilizer.

Table 10-6 Model Inputs for the BC CRNG Run

Sheet Cell Description Value
Input B4 Region BC
Input B7 Target Year 2023
Input FA45 Fraction LFG Captured/Flared 0.00
Input F46 Methane slip 0.02
Input AZ80 Manure trucking distance, km 10
Input AZ86 Manure Fraction trucked 1.0
Input BA8O Organic waste trucking distance, km 50
Input BA86 Organic waste fraction trucked 1.0
Input BJ95 RNG Pipeline Distance 0
Input BJ101 Fraction by pipeline 0.0
Input BK241 Base year 2023
Input BK243 kWh electricity 40
Input BK245 M]J Natural gas 200
Input BK247 Dry kg of organic waste 37.5
Input BK248 Dry kg of manure 35
Input AR277 Kg N/GJ in digestate 1.2
Input AR278 Kg P,0Os/GJ in digestate 0.15
Input AR279 Kg K:O/GJ in digestate 0.05
Input AR280 Kg S/GJ in digestate 0.00
Fuel Char | J142 Manure moisture 0.72
Fuel Char | J144 Organic waste moisture 0.77
Coprods | A41 Type of Manure Poultry Manure
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Coprods | B49

Avoided emissions

User Define Mix

Coprods | A68 User defined avoided methane emissions | 18.33

Coprods | D68 User defined avoided N20 emissions 0.18

The following table details the results which are found on the BC LCFS sheet in column AZ

rows 8-18.

Table 10-7 Total Manure and Organic Waste CRNG Emissions 2023

Stage Total Emissions
g CO.eq/G) (HHV)

Direct land use change 0

Feedstock production or 0

cultivation

Feedstock upgrading 0

Feedstock transport 1,202

Feedstock co-products 0

production

Avoided emissions -26,180

Fuel production 24,180

Fuel co-products production -4,4472

Fuel distribution and storage 323

Fuel dispensing 752

Vehicle or Vessel operation 3,732

Total -433

Total, g CO.eq/M]) -0.43

The end use emissions are for compressed natural gas (CNG) used in a heavy-duty vehicle.
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11 LNG from BC or Alberta Example

Most LNG consumed in BC is produced in BC, but LNG can also be produced in a different
jurisdictions and then transported to BC. The following sections show both cases.

Electric Drive

An electric drive can significantly reduce GHG emissions in regions with low-carbon-
intensity (CI) electricity. The difference in the LNG CI in the examples below highlights its

impact on emissions.

BC Produced

The following table shows the modelling parameters for the BC.

Table 11-1 BC Electric Drive LNG Modelling Parameters
Parameter Cell Location Value
Region Input B4 BC
Year Input B7 2023
Truck distance, km Input BG96 80
Fraction trucked Input BG102 1.0
Natural Gas, MJ/tonne Input B256 0.0
Electricity, kWh/tonne Input B257 500
Number of Transfers Service Stations C10 2

The following table shows the results from the BC LCFS sheet in column L. The vehicle

operation emissions are for a heavy-duty truck.

Table 11-2 LNG Results

Stage Emissions, g CO2eq/GJ
Direct land use change 0
Feedstock production or cultivation 3,830
Feedstock upgrading 0
Feedstock transport 1,707
Feedstock coproducts production 0
Avoided emissions 0
Fuel production 3,965
Fuel coproducts production 0
Fuel distribution and storage 305
Fuel dispensing 667
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Vehicle or Vessel operation 54,239
Total 64,713
Total, g CO2eq/M) 64.71

Note that plants may use a combination of electricity and natural gas, requiring values to
be entered in both B256 (Natural Gas) and B257 (Electricity) on the input sheet.

Alberta Produced

A plant located in Alberta, identical to the previous example, would use the same
modelling parameters but with an increased transportation distance of 500 km, requiring

the model to be run twice.

Table 11-3 Alberta Electric Drive LNG Modelling Parameters

Parameter Cell Location Value
Region Input B4 Alberta
Year Input B7 2023
Truck distance, km Input BG96 500
Fraction trucked Input BG102 1.0
Natural Gas, MJ Input B256 0.0
Electricity, kWh Input B257 500
Number of Transfers Service Station C10 2

The following table shows the results from the BC LCFS sheet in column L. It shows the

fuel dispensing and vehicle or vessel operation emissions from the BC example.

Table 11-4 LNG Results - Alberta

Stage Alberta BC Emissions | Total
Emissions Emissions

Direct land use change 0 0
Feedstock production or 3,830 3,830
cultivation
Feedstock upgrading 0 0
Feedstock transport 860 860
Feedstock coproducts 0 0
production
Avoided emissions 0 0
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Fuel production 8,569 8,569
Fuel coproducts production 0 0
Fuel distribution and storage 1,063 1,063
Fuel dispensing 667 667
Vehicle or Vessel operation 54,239 54,239
Total 69,228
Total, g CO2eq/M) 69.23

Natural Gas Drive

Very large LNG plants are usually natural gas driven plants, due to the quantity of
electricity needed. The natural gas can generate steam or electricity via gas turbines or
directly drive the refrigeration compressors.

BC Produced

The following table shows the parameters for the BC plant.

Table 11-5 BC NG Drive LNG Modelling Parameters

Parameter Cell Location Value
Region Input B4 BC
Year Input B7 2023
Truck distance, km Input BG96 80
Natural Gas, M| Input B256 4500
Electricity, kWh Input B257 0
Number of Transfers Service Stations 2

The following table shows the results from the BC LCFS sheet in column L.

Table 11-6 BC NG Drive LNG Results

Stage Emissions, g CO2eq/GJ
Direct land use change 0

Feedstock production or cultivation 3,830

Feedstock upgrading 0

Feedstock transport 1,707

Feedstock coproducts production 0

Avoided emissions 0

Fuel production 8,606
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Fuel coproducts production 0

Fuel distribution and storage 305

Fuel dispensing 672

Vehicle or Vessel operation 54,239

Total 69,359

Total, g CO2eq/M) 69.36

12 Organics LRNG Example

As previously mentioned, GHGenius 5.02b does not include LRNG Pathways. To model
LRNG emissions, use the results from the LNG and CRNG pathways on the BC LCFS sheet.
The vehicle operation emissions are found on the Exhaust Emissions sheet, as the LNG
pathway assumes the CO2 is non-biogenic.

The following example uses organic materials, specifically source separated organics, as
the feedstock. The example is located in BC and the table below shows the model inputs.
There is a credit in this case for the digestate nutrients. This example assumes the LRNG is
trucked 50 km from the liquefaction plant.

Note: This example includes the correction found in Section 3.2

Table 12-1 Feedstock Transport Moisture Content Adjustments
Sheet Cell Description Current Entry Corrected
Entry
Transport | AZ50 Manure =$B$50/(1-'Fuel Char''$)$142) | =$B$50
Transport | BA50 Organic =$B$50/(1-'Fuel Char''$)$144)  =$B$50
Waste
Transport | BB50 Sewer Sludge | =$B$50/(1-'Fuel Char''$)$145) | =$B$50

Table 12-2 Model Inputs for BC RNG Run

Sheet Cell Description Value
Input B4 Region BC
Input B7 Target Year 2023
Input B256 Service Station NG Use 0
Input B257 Service Station Electricity Use | 500
Input FA45 Fraction LFG 0.00
Captured/Flared
Input F46 Methane slip 0.02
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Input AV80 Feedstock trucking distance, | 50
km
Input AV86 Fraction trucked 1.0
Input BG96 LNG trucking distance 50
Input BG102 Fraction fuel trucked 1
Input BK241 Base year 2023
Input BK243 kWh electricity 40
Input BK245 MJ Natural gas 200
Input BK247 Dry kg of feedstock 90
Input AR277 Kg N/GJ in digestate 2.40
Input AR278 Kg P205/GJ in digestate 0.30
Input AR279 Kg K20/GJ in digestate 0.10
Input AR280 Kg S/GJ in digestate 0.00
Service Station | C9 Fuel leakage or boil-off, per | 0.005
fuel transfer, in a base year
Service Station | C10 Number of transfers, at 2
refuelling site
Service Station | C12 The annual change in -0.05
leakage or boil-off
Service Station | C13 Service Station C13 0 % Of 0.5
fuel boiled-off, the fraction
reliquefied
Fuel Char ]144 Feedstock moisture 0.25
Coprods B49 Avoided emissions Composted
Other Organic
Wastes

The following table shows the results. The RNG production and pipeline emissions come
from the BC LCFS sheet cells AZ8-AZ16. The liquefaction and local distribution emissions
come from the BC LCFS sheet cells L14-17. The vehicle operation emissions come from the
Exhaust Emissions sheet cell 0143 for LNG. The vehicle operation emissions in cell 0143
omit the biogenic CO2 emissions for LNG.

Table 12-3 Total LRNG Emissions 2023

Stage RNG production Liquefaction, Total Emissions
and pipeline local distribution
distribution and use

Pathway used CRNG LNG g CO2eq/G
Organic Waste NG (HHV)
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Direct land use 0 0
change
Feedstock production |0 0
or cultivation
Feedstock upgrading |0 0
Feedstock transport 460 460
Feedstock coproducts |0 0
production
Avoided emissions -17,267 -17,267
Fuel production 24,180 3,965 28,146
Fuel coproducts -8,884 0 -8,884
production
Fuel distribution and | 324 251 575
storage
Fuel dispensing 667 667
Vehicle or Vessel 4,174 4,174
operation
Total 7,872
Total, g CO2eq/M) 7.87

The avoided emissions are the emissions from the existing composting systems and
include methane and nitrous oxide. The fuel coproducts production line accounts for the
credit for the nutrients in the digestate. The end use emissions are for LNG use in a heavy-
duty vehicle.
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13 Appendix A: Avoided Emission Baselines

Schedule 3, Table 3 of the LCFTR specifies avoided emissions assumptions for certain fuel
types (baseline scenarios). It includes assumptions for:

fuel produced from waste diverted from a landfill,

natural gas produced from landfill gas,

natural gas produced from manure, and

natural gas produced from organic waste diverted from composting.

13.1 Baseline Scenarios

The following table shows the baseline scenarios for various feedstocks and brief modelling
tips for use under the LCFS. Terms are defined below the table. If the fuel to be modelled
falls into one of the categories in the bulleted list above, obligated parties should refer to
the LCFTR in addition to referring to the table below. The LCFS assumes all organic wastes
have the composting baseline unless another baseline is prescribed in the table below.

Table 13-1

Baseline Scenarios

Assumed Baseline
Scenario

Feedstocks
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Composting

Landfill

emissions

Slash burning

e Agricultural waste

e Animal carcasses

e Commercial or industrial food waste

¢ Residential food waste

e Slaughter and poultry processing wastes

e Soiled paper

e Yard and garden waste

e Commercial or industrial eggs

e Food waste contaminated with packaging

¢ Liquid slaughter, processing, commercial and industrial

wastes

No credit for avoided ¢ Biosolids and wastewater sludge

e Commercial grease traps and fats

e Landfill gas

e Organic by-products from fuel production facilities
e Wood residues

o Forest Residues
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Stored and land applied | o

Manure

13.2 Feedstock Definitions and Baselines

The table below defines the feedstocks identified in the baseline scenarios table above and

identifies and explains the prescribed baseline.

Table 13-2 Feedstock Definitions

Agricultural waste

Baseline: Composting

Definition: | Vegetative crop material left on a field after a crop is harvested, pruned,
processed, or directly related to the raising of animals, and waste
products from animal feed.

Baseline Agricultural waste is typically worked back into the soil or composted for

Explanation: | use as a soil amendment (Crop Residue Management).

Animal carcasses

Baseline: Composting

Definition: | Animal mortalities related to farms, hatcheries, paunch manure,
fisheries, aquaculture and wild fish stocks.

Baseline Animal mortalities can be composted (Mortality Disposal).’

Explanation:

Biosolids and wastewater sludge

Baseline:

No credit for avoided emissions

Definition:

Domestic wastewater (human excreta and waterborne waste from the
preparation and consumption of food and drink, dishwashing, bathing,
showering, and general household cleaning and laundry, etc.) or
municipal liquid waste, including contributions from holding tanks in
recreational vehicles, boats and houseboats, commercial, institutional
and industrial sources, inflow and infiltration, septic tank pumpage,
holding tank solids, and sludge from wastewater facilities.

Baseline
Explanation:

Biosolids and wastewater sludge is typically anaerobically digested and
then land applied. Wastewater treatment plants are required to have
anaerobic digesters in BC (Municipal Wastewater Regulation).

Commercial grease traps and fats

Baseline:

\ No credit for avoided emissions.
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Definition: | Commercial fat/oil/grease (FOGs) and organics from commercial grease
traps.
Baseline Commercial grease traps and fats can be recycled and used for biofuel
Explanation: | production, pet food and livestock feed (Source: Redux). Some FOGs end
up as wastewater, where they would have been treated aerobically.
Commercial or industrial eggs
Baseline: Landfill.
Definition: Non-residential sources of eggs.
Baseline Very high moisture content makes these feedstocks unacceptable for
Explanation: | composting in large volumes. Residential eggs must use the composting
baseline.
Commercial or industrial food waste
Baseline: Composting
Definition: | Solid and semi-solid byproducts of industrial food production and organic
waste from commercial institutions (e.g., restaurants, breweries, pet food
processing, wineries, supermarkets, hospitals, and universities).
Baseline Commercial and industrial food waste can be composted. Multiple
Explanation: | jurisdictions have landfill bans for commercial food waste including: The

Regional District of Nanaimo and Metro Vancouver.

Food waste contaminated with packaging

Baseline: Landfill

Definition: | Spoiled packaged goods/food packaging that is contaminated with non
compostable materials such as plastic. This includes plastic packaging
labeled as compostable or biodegradable.

Baseline Non-compostable contaminants would require this waste to be landfilled,

Explanation: | as they are not acceptable for composting (Metro Vancouver: Food

Scraps).

Forest residues

Baseline:

Slash burning

Definition:

The fibre left behind on a site after primary harvesting operations have
been completed. Includes smaller or poor-quality logs and pieces of logs,
branches and other woody biomass. This waste is often left in a cut block
and piled into large slash piles by machinery.
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Baseline The BC forestry industry is required to dispose of leftover slash and wood
Explanation: | residue to reduce fire hazards, which can be done through burning the
materials (Industrial Burning).
Landfill gas
Baseline: No credit for avoided emissions
Definition: | A mixture of gases generated by the decomposition of municipal solid
waste captured at a landfill.
Baseline Landfill gas capture is required under the Landfill Gas Management
Explanation: | Requlation.

Liquid slaughter, processing, commercial and industrial wastes

Baseline: Landfill

Definition: | Waste associated with slaughter, poultry processing, commercial and
industrial food waste with a moisture content greater than 90%.

Baseline The high moisture content for these feedstocks makes them

Explanation: | unacceptable for composting in large volumes.

Manure

Baseline: Stored and land applied

Definition: | Solid and liquid organic matter derived from animal feces.

Baseline Manure would otherwise be stored, and land applied as fertilizer.

Explanation: | (Manure application and seasonal restrictions). By anaerobically digesting

the manure, the emissions associated with storage are avoided.

Organic by-products from fuel production facilities

Baseline: No credit for avoided emissions

Definition: Corn oil, canola-based mash, glycerine, etc.

Baseline Organic by-products from fuel production can be eligible for co-product
Explanation: | credits under the BC Low Carbon Fuel Standard.

Residential food waste

Baseline:

Composting

Definition:

Residential fruits and vegetables; eggs, dairy products, meat, bones, fish,
poultry; food soiled paper towel, soiled pizza boxes, tea bags, food soiled
paper and cardboard (from fast food); coffee grounds and filters; other
food scraps (e.g. bread), pet food.

57 of 58

GHGenius5.02b User Guide

Revised: N/A



https://www2.gov.bc.ca/gov/content/environment/air-land-water/air/air-pollution/smoke-burning/industrial
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/391_2008
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/391_2008
https://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/agricultural-land-and-environment/soil-nutrients/nutrient-management/what-to-apply/manure-application-seasonal-restrictions

Ministry of Energy | Low Carbon Fuels Act

and Climate

Solutions
C%)If,b[:ml/iqfs}f,a GHGenius 5.02b User Guide: Carbon
Issued: August 2025 | Intensity of Natural Gas (CRNG, LRNG, LNG)
Revised: N/A and Avoided Emissions
Baseline Residential food waste would otherwise be composted. Metro Vancouver
Explanation: | has a disposal ban on organic materials, like residential food waste, from

being landfilled (Metro Vancouver Disposal Bans).

Slaughter and poultry processing wastes

Baseline: Composting

Definition: Semi-solid and solid waste associated with the slaughter and poultry
processing industries; commercial animal skin, fat and bone from grocery
stores, butchers, meat processors, fish processing and other retail food
businesses.

Baseline Slaughter and poultry processing waste can be composted. There is a BC

Explanation: | Code of Practice for composting this type of feedstock.

Soiled paper

Baseline: Composting

Definition: Non-residential sources of soiled paper (paper towels, pizza boxes,
cardboard, etc.).

Baseline Soiled paper is accepted for composting. Metro Vancouver has a disposal

Explanation: | ban on organic materials from being landfilled (Metro Vancouver

Disposal Bans).

Wood Residues

Baseline: No credit for avoided emissions

Definition: | Wood waste including sawdust, bark, and shavings. Does not include
forest residues.

Baseline Wood residues can be burned and the heat created can be used to

Explanation: | generate electricity (Pulp, paper and wood manufacturing). It is expected

that the burning would result in mostly biogenic CO,.

Yard and Garden Waste

Baseline: Composting

Definition: | The organic municipal solid waste collected from landscaping activities
including leaves, grass, branches and stumps.

Baseline Yard and garden waste is typically composted. Metro Vancouver has a

Explanation: | disposal ban on organic materials, like yard waste, from being landfilled

(Metro Vancouver Disposal Bans).
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