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Allocation: partition of input or output flows of a process between the product system under study and
one or more other product systems (ISO 14040).

Carbon dioxide equivalent (COze): quantity of carbon dioxide that would be required to produce an
equivalent warming effect over a given time period.

Carbon intensity: in relation to a pool of a given type of fuel, this means the quantity of CO.e in grams
that is released during the activities conducted over the fuel’s life cycle — including all emissions
associated with the extraction or the cultivation of feedstock used to produce the fuel, with the
processing, refining or upgrading of that feedstock to produce the fuel, with the transportation or
distribution of that feedstock, of intermediary products or of the fuel and with the combustion of the
fuel — per megajoule of energy produced during that combustion.

Ecosphere: consists of the entire natural environment. Examples include air, water, and natural
resources.

Elementary flow: flow that is exchanged with the environment, e.g. GHGs.

Feedstock: resource that is extracted, cultivated, collected, harvested, and/or processed and delivered
at the gate of the production facility from which fuel is produced.

Flow: material or energy that enters or leaves a process.

Fuel pathway: a collection of unit processes, modeling parameters, and background data in the Fuel LCA
Model that allows the determination of the Cl of a fuel from a particular feedstock type.

Functional unit: quantified performance of a product system for use as a reference unit (ISO 14040).

Intermediate flow: flow that is exchanged within the technosphere i.e. human control. In the context of
the Fuel LCA Model, any flow that is not an elementary flow.

Life cycle assessment (LCA): compilation and evaluation of the inputs, outputs, and the potential
environmental impacts of a product system throughout its life cycle (ISO 14040).

Life cycle impact assessment (LCIA): phase of LCA aimed at understanding and evaluating the
magnitude and significance of the potential environmental impacts for a product system throughout the
life cycle of the product. (1ISO 14040).

Life cycle inventory (LCI): phase of LCA involving the compilation and quantification of inputs and
outputs for a product through its life cycle (ISO 14040).

Life cycle stage: collection of unit processes connected by a network of flows that models a main stage
of the life cycle of a fuel. In the Fuel LCA Model, there are five life cycle stages: feedstock production,
feedstock transportation, fuel production, fuel distribution, and fuel combustion.

Life cycle: consecutive and interlinked stages of a product system, from feedstock acquisition to
combustion of the produced low carbon-intensity fuel.



Low-carbon-intensity fuels (LCIF): fuels, other than the fossil fuels, with a lower carbon intensity than
fossil fuels. This definition includes hydrogen.

Product system: collection of unit processes that models the life cycle of a product (ISO 14040).
System process: process that contains the LCl of a group of unit processes.

Technosphere: consists of all anthropogenic developments. Once materials from the ecosphere are
extracted and in human-control, they are part of the technosphere.

Unit process: smallest element for which input and output data are quantified (ISO 14040).

Waste flow: flow that is used in modelling waste treatment processes (openLCA).
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The Government of Canada’s Fuel Life Cycle Assessment (LCA) Model (hereafter referred to as the
Model) is a tool that allows users to calculate the life cycle carbon intensity (Cl) of fuels and energy
sources produced and used in Canada. The Model is publically available and is intended to inform and
reduce the carbon intensity of Canadian fuels. Users of the Model could include industry, academia, LCA
practitioners, governmental organizations, non-governmental organizations, and other organisations
with interest in the energy sector. The Model may also be used in the context of specific programs.

There are three main components of the Model:

1) Fuel LCA Model Database: Contains a library of Cl datasets and fuel pathways developed to
model a Cl specific to a fuel or an energy source.

2) Fuel LCA Model Methodology: Describes the methodology, data sources and assumptions that
were used in the development of the Model. The document provides the rationale supporting
the methodological approach.

3) Fuel LCA Model User Manual: Provides information on general definitions and concepts related
to LCA from the perspective of the Model. Also provides technical guidance on how to perform
basic operations in the openLCA software that are required for Cl calculations.

The purpose of this document is to provide users of the Model with technical guidance on how to
perform basic operations in the openLCA software that are required for Cl calculations. It also provides
information on general definitions and concepts related to LCA from the perspective of the Model in
Chapter 6. Users unfamiliar with LCA are encouraged to read Chapter 6 first.

This document describes how to use the Model and perform operations in the openLCA software for
general purposes. Other programs, such as the Clean Fuel Regulations (CFR), may refer to specific
sections of this document.

The overall process to calculate a Cl using the Model is shown in Figure 1. Steps 1 and 3, which involve
accessing the Model database and performing LCA modelling of processed data, are included in the
scope of this user manual. Steps 2 and 4, which include data collection and preparation and Cl reporting,
are not discussed in this document but may be outlined in documentation for programs that require the
use of the Model. Users of the Model are encouraged to have this document open alongside the
openLCA software when modelling.
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Figure 1: Steps involved in calculating a Cl using the Model

To use the Model, the user must install the openLCA software, a free and open-source software,
download the Model Database, which is a zip file, and then import the database in the openLCA
software.



https://www.openlca.org/download/

The steps below outline the process for importing the model database into the openLCA software. There
are also screenshots of steps 4 to 12 of the import procedure in openLCA in Figure 2.

1.

oV kuw

~

10.

11.

12.

Download the Model Database (zip file) from the Environment Climate Change Canada (ECCC)
website.
Install the openLCA software on your computer (connect with your local IT/network provider if
issues arise).
Open openlLCA.
In the toolbar at the top-left, click “Database”.
Select “New database”.
Enter the database name.
a) Forthe database type, select “local”.
b) For the database content, select “Empty database” (crucial step).
Right-click your new, empty database, and click “Import”.
Select the file type in the import wizard: In the “Other” folder, select “Linked Data (JSON-LD)”;
Press “Next”.
Click the “Browse” button to select the folder where the database is saved.
a) When the dialog box opens, you must select the folder where the model is saved. The
model itself will not show up in this window.
b) Click “Select Folder” once you select the folder where your model is saved.
In the openLCA import dialog box, select the zip file of the database, which will appear in the
box on the right side of the window.
a) Click “Next”.
Select “Overwrite all existing data sets”.

Click “Finish”.
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153 openl CAJSON-LD

Select import files
Please select the fles to import inta openlCA

P From directory [ €\Users\Usen\Downloads\FUEL LCA MODEL

The model zip file will
appear on the right
side. Select the model
database.

Click “Next” ‘7
-

<3 A 1.10. o .
2 opentCAL102 Right-click on your

database

ile Database Tools Help

A Welcome &2

# Restore database
4 Backup database
@ \Validate
0 Copy

Select e
“Import" X Delete database

@ Close database

Steps 11 and 12

L3 openLCA JSON-LD

Import settings
Select import settings for the JSON-LD impert

Update mode
(O Never update a data set that already exists

©) Update data sets with newer versions
@) Overwrite all existing data sets " .
Select “Overwrite all
Vv existing data sets”

Click “Finish” 7

< Back Next >

Cancel




Chapter 4 Organization of the Fuel LCA Model Database

4.1 Layout of openLCA
The layout of openLCA is shown in Figure 3. The navigation pane is on the left side of the software and allows access to the different
components of the database. Once an item such as a unit process is opened, it can be viewed and used on the right side in the workspace. When
multiple items are opened, they are accessible in tabs at the top of the workspace.

<2 openlCA 1.9.0 - =] X
File Database Tools Help
A 08 Q

- Navigation 7= Nitrogen fertilizer Fa Carbon dioxide (CO2), fossil P Biodiesel Cl from Feedstock A —
B8 Projects The open source software for sustainability assessment.
B8 Product c 3 -
;- e For modeling the life cycle of things.
Licenced under the Mozilla Public Licence 2.0.

> I Flows
> {® Indicators and parameters|

> # Background data Created and maintained since 2006 by GreenDelta, Berlin

Version 1.9.0 (Windows 64 bit)
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folders

The
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pane Community >
allows you
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the R
database Make the most out of openlLCA >

i

< > Welcome

Figure 3: Layout of the openLCA software



There are two types of processes in the Model database: unit processes and system processes.

(
Unit process: smallest element for which input and output
o data are quantified (1SO 14040). E
k /
-
System process: process that contains the LCI of a group of
o unit processes.
q [

The Model database stores the processes into two main folders: “Data Library” and “Fuel Pathways”.
The former contains system processes that model the life cycle emission factors for various activities in
the low-carbon-intensity fuel (LCIF) life cycle, while the latter contains unit processes that can be used to
model a Cl of the LCIF. See Figure 4 below for a brief description of each folder.

v FuellCAModel
B Projects
BB Product systems
~ Il Processes

B Fuel Pathways —

7{ Data Library ]—

eSystem processes only

eDeveloped by ECCC, cannot be modified by
user

*Building blocks used in unit processes

BB Data Library /

Fuel Pathways ]—

*Unit processes only

eStructured by ECCC, filled in by user

eIncludes unit process pathways that users can
complete using the system processes from the
data library

eIncludes configurable processes where users
can regionalize some processes

Figure 4: Left: The main process folders as viewed in the openLCA software. Right: Description of the main process folders of

the Model database.



Each process contains modelling documentation that is called metadata. Users can add information in
the fuel pathway unit processes that they model, or in new unit processes that they create. The
metadata can include:

Process description (functional unit, scope, system boundaries, allocation information)

Time (related to the data collection period)

Geographical scope

Technology being modelled

Administrative information (intended application, access and use restrictions, data set owner)
Modelling information (data completeness, data selection, data treatment)

References

More information on the concepts of unit processes and system processes is available in Chapter 6.2.3
or Chapter 6.2.4, respectively.

More information on the layout and contents of the metadata is available in Chapter 4.5.

The data library acts as the backbone of the Model database. The system processes within the data
library are used to populate and model the unit processes found in the Fuel Pathways folder of the
database. The data library was developed by ECCC using a combination of primary and literature data. In
addition to the metadata documentation in each system process, the development, modelling
assumptions and data sources of the data library are available in the Fuel LCA Model Methodology. The
organization and contents of the data library is shown in Figure 5.

10
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PRI R I I A

)

Fossil Fuels J

eBoth combusted and non-combusted fossil fuels
eCombusted fossil fuels: accounts for the life cycle emissions

*Non-combusted fossil fuels: accounts for life cycle emissions for fossil fuels
up to and including a) production, and b) distribution to end-user

.

]

Other energy sources J

B Renewable fuels \

M Transportation

*Non-fossil fuel sources such as purchased steam, combusted non-biogenic
waste, and fuel gas

-

Renewable fuels

eCombusted renewable fuels

_[

Transportation

J

eGeneric transportation modes such as train, truck, transoceanic tanker
ship, and pipeline

eTransportation specific to certain fuels such as hydrogen, renewable
natural gas, and renewable propane

ePredefined transportation scenarios that use predefined data to model
transportation when distances are not available

Figure 5: Left: The sub-folders of the data library as they appear in the openLCA software. Right: Overview of the system
processes found in the data library of the Model database.
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The “Fuel Pathways” folder of the database contains unit processes that can be edited and used by users
of the Model, as shown in Figure 6. Each of these unit processes is structured to model various functions
needed to calculate a Cl while using the system processes from the data library. When using the Model
outside of a specific program, Chapter 5.1 shows how the fuel pathways can be used to model specific
Cls. The development of the fuel pathways and configurable processes is documented in the Fuel LCA
Model Methodology.

FuelLCAModel Fuel pathways ]7

BB Projects eUnit processes that are structured to model
B Product systems different fuel pathways
v I Processes eIncludes processes modelling the feedstock
BB Data Library production/transportation, fuel production,
v BB Fuel Pathways fuel distribution, fuel combustion, and fuel CI

B Biodiesel pathway

B8 Bicethanol pathway /—V[ Configurable processes Ii
BB Biogas pathway

BB Configurable processes ePartially modelled unit processes that allow

BB For vehicles the user to complete using primary data and
BB Hydrogen pathway inputs from the data library

BB Renewable hydrocarbon biofuel pathway eIncludes unit processes related to feedstock,
BB Renewable natural gas pathway electricity, and CCS

Figure 6: Left: Layout of fuel pathways section of the Model database as seen in the openLCA software. Right: Overview of the
contents found in the fuel pathways section.

Whether the process is a system process or a unit process, all processes have the same layout in the
openlLCA software. Figure 7 displays the main screen that is shown when opening a process. As shown in
the figure, each process has eight tabs that contain different information related to modelling the
process (see the red box at the bottom of the screenshot). The process name is always indicated at the
top of the process, regardless of which tab is open. Here is a brief description on the contents and use
for each tab:

e General information: Contains the process name, general description, unique identifier, and
location in the database. This tab also contains some of the metadata information for system
processes. To learn what information is available in the metadata, please see Chapter 4.5.

e Inputs/Outputs: Displays the flows that enter and exit the process. This is where most of the
modelling is performed. The inputs contain flows entering the process, while the outputs
contain flows leaving the process. For information about the interaction between processes and
flows, please see Chapter 6.2.3.

e Administrative information: Contains metadata, including the intended application and access
and use restrictions of the Model.
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Modelling and validation: Contains additional metadata related to data collection and
modelling assumptions. The top of the tab displays whether the process is a system process or
unit process. To learn what information is available in the metadata, please see Chapter 4.5.
Parameters: Outside the scope of the Model.

Allocation: Is used to calculate allocation factors when there are co-products (excluding GHGs)
in a process.

Social aspects: Outside the scope of the Model.

Impact analysis: For the data library, shows the Cl of the system process. For a unit process,
shows the Cl of the direct contributions of the process (no upstream contributions). For more
information, see Chapter 5.2.10.
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A Welcome 22 @ Electricity, from grid [CA-NS] 2

Description [ This process is intended to be representative of the province of Nova Scotia.

. : ) 3 . . - - I
@ General informatior} Electricity, from grid [CA-NS] Process name. Always visible regardless of which tab is open ] c\ c
= General information
Reload button
Mame Electricity, from grid [CA-NS] A
Description This process covers emissions from the generation, transmission and distribution of 1 kWh of electricity on the grid. -
Functional unit: 1 kWh of electricity on the grid, at consumer.
Process Scope:
-Electricity generation
Ll e T v
Category L- Data Library > Electricity > Grid electricity > Canadian grid electricity [ Locationin na\figation pane }
Version 00.00.012 \/
uuip [ B0e5ff76-Tb18-49f3-ac75-bIfda5f563bf
Last change 2021-10-04T09:36:23-0400
Infrastructure process [ Used in calculating Cl
& Create product system | | @ Export to Excel
» Time
Start date  |2018-01-01 @
Enddate  |2018-12-31 @3-
Description | The National Inventory Report provides direct emission intensities related to the generation of electricity by the Public Electricity and Heat Preduction category (IPCC Category 1.A.1.a), on a national and pmvin:ial level. Emission intensities reflect &
GHG emissions associated with electricity delivered by the grid. Emission factors from the 2021 NIR for the 2018 reference year are based on total fuel consumption by the public utlllty sector, as prowded in the Report on Energy Supply and
Namand in Canada IRESM_ae wall ac alactricity nanarstinn data hacad an CANSIM (2005-3013) and tha nishlication Flactric Dowar i Tt icki 7
= Geography
Location v
KML none

= Technology

Description [ This process is representative of electricity generation technologies in the province of Nova Scotia.

r

« Data quality

A
l Process tabs allow navigation to the different sections of the process J

General information | Inputs/Outputs | Administrative inf ion| Modeling and validation| P.

5| Allocation | Social aspects. Impact analysis.

—

Figure 7: Layout of a process in the openLCA software
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This section explains the organization of the flows within the Model. There are three types of flows:
elementary flows, intermediate flows, and waste flows. The database groups the elementary flows in
one folder and in another folder, the intermediate and waste flows.

Flow: material or energy stream entering or leaving a process.
o Can include elementary flows (GHG emissions), intermediary

flows (between unit processes), and waste flows
(also between processes)

More information about the concept of flows is available in Chapter 6.2.3.

The elementary flows are separated into two main categories: emissions to air and supplemental
emissions to air. The contents of each of the categories are in Figure 8. The emissions to air category
regroups the most common GHG used for Cl calculations. The system processes in the data library only
use elementary flows from this category. However, users have the ability to use any of the elementary
flows included in the database whenever relevant or allowed by relevant program specifications. Each
elementary flow is in units of mass and has a corresponding impact factor (or global warming potential)
according to the 100-year time horizon based on Intergovernmental Panel on Climate Change’s (IPCC)
Fifth Assessment Report (AR5) in the Life Cycle Impact Assessment (LCIA) method (see Chapter 4.4).

Elementary flow: flow that is exchanged with the
o environment, e.g. GHGs
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FuellCAModel

B Projects

BB Product systems

B Processes

» [ Flows
~ [ Elementary flows
~ [ Emission to air

Fe Carbon dioxide (CO2), biogenic
Fa Carbon dioxide (CO2), fossil
Fe Carbon dioxide (CO2), land transfarmation
Fa Carbon dioxide equivalent (CO2e)

Fe Methane (CH4), biogenic
Fa Methane (CH4), fossil
Fa Mitrous oxide (M20)
Fa Sulfur hexafluonde (SFE) /
~ [ Supplemental emissions to air

B Bromocarbons, Hydrobromocarbons and Halons

B Chlorocarbons and Hydrochlorocarbons

B Chloroflucrocarbons

BB Fully Fluorinated Species

B Halogenated Alcohols and Ethers

B Hydrochloroflusrocarbons

;([ All elementary flows

eUnits of mass
eAssociated with an impact factor

:{ Emissions to Air ]7

eContains the most commonly released
GHGs:

eCarbon dioxide (biogenic, fossil, land
transformation, equivalent)

eNitrous oxide
*Methane (biogenic, fossil)
eSulfur hexafluoride

| —1

B Hydrofluorocarbons

% Supplemental Emissions to Air

]7

eContains additional GHGs and are organized
into several categories:

eBromocarbons, Hydrobromocarbons and
Halons

eChlorocarbons and Hydrochlorocarbons
eChlorofluorocarbons

eFully Fluorinated Species

eHalogenated Alcohols and Ethers
eHydrochlorofluorocarbons
eHydrofluorocarbons

Figure 8: Elementary flow organization. Left: The elementary flows as seen in the openLCA software. Right: Types of elementary

flows included in the model database.

The intermediate flows are organized according to the same folder structure as the processes. Each
intermediate flow must come from a corresponding unit process or system process. For the data library,
each system process has a corresponding output flow that matches its name. These flows correspond to
the reference product of each process, as described in Chapter 6.2.5 (in openLCA, these flows are called
“product flows”). For the unit processes in the fuel pathways, this is also mostly true, but there are
additional flows corresponding to common coproducts in each fuel pathway folder. Figure 9 shows the
organization of the intermediate flows in the database.

o

Intermediate flow: flow that is exchanged within the
technospherei.e. human control. In the context of the Fuel
LCA Model, any flow that is not an elementary flow.
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v

FuelLCAModel
BB Projects
BB Product systems
v I Processes
B8 Data Library
BB Fuel Pathways
v Il Flows
BB Elementary flows
v B Intermediate flows
B8 Data Library
BB Fuel Pathways

Figure 9: Intermediate flow organization.

4.3.3 Waste flow organization

Waste flows are also found in the intermediate flow folder and are organized similarly to the coproduct

flows. They are found in each “Fuel pathway” folder that includes waste process modelling.

4.3.4 Layout of a flow in openLCA
Each type of flow has the same layout in the openLCA software. Figure 10 displays the main screen that
is shown when opening a flow. The red box at the bottom of the screenshot shows the tabs available in

each flow. Each flow has either two tabs (intermediate flow) or three tabs (elementary flow) that
contain different information related to its modelling. The flow name is always shown at the top of the
flow, regardless of which tab is open. Here is a brief description on the contents and use for each tab:

e General information: Shows the flow name, any applicable description, and other general
information like the molecular formula. Note: It also shows whether the flow is an elementary

flow or an intermediate flow.

¢ Flow properties: Shows the units of measurement for the flow. While the openLCA software can

allow multiple types of units for a particular flow, the Model only uses one unit type per flow.
e Impact factors: This tab only appears for elementary flows. It shows the LCIA method (see

Chapter 4.4) and the associated impact factor, in units of g CO,e per kg of CO,. Note that impact

factors are assigned to flows through the impact assessment method, not in the “Flow” itself.
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A Welcome

MName

Description

Category
Version

uuiD

Last change

Infrastructure flow []

. Fa Carbon dioxide (CO2), fossil &2 .

fe General information] Carbon dioxide (CO2), fossil Flow name. Always visible regardless of which tab is open ]

~ General information

= 8

R E

[ Reload button J

Carbon dioxide (CO2), fossil

I- Elementary flows > Emission to air [ Locationin navigation pane ]

00.00.004 /

‘ a554da52-adc8-4d57-8853-17dcedd28cel

2021-07-12T09:38:36-0400

Can be either elementary flow, product flow (intermediate flow), or waste flow ]

I b Used in processes I [ Shows what process produce the flow and/or consume the flow ]

Formula
Synonyms

Location

~ Additional information

CAS number | 000124-38-9

[ coz

[ Flow tabs allow navigation to the different sections of the flow ]

General information | Flow properties I Impact factors

)

Figure 10: Layout of a flow in the openLCA software

18



LCA can be used to assess different kinds of environmental impacts, such as climate change or air
pollution. The openlLCA software has the ability to add impact categories, which are methods that allow
the calculation of the environmental impacts based on the desired outlook. Impact categories contain
impact factors that relate the impacts of different elementary flows. The Model contains one impact
category to calculate the environmental impacts of climate change. The name of this impact category in
the Model is carbon intensity. Within this impact category, the impact factors are global warming
potentials (GWP) from IPCC’s ARS.

The openLCA software uses the LCIA method to calculate Cl. When a Cl is calculated, each impact factor
is applied to its respective elementary flow (GHG emission) and the total impacts are summed with
respect to the chosen functional unit, which in the case of the Model, is 1 MJ high heating value (HHV)
energy for fuel combustion. The Cl results are consequently expressed in grams of CO; equivalents per
MJ of HHV energy.

A complete list of GHGs with their associated GWP and uncertainty can be found in the Fuel LCA Model
Methodology. Additionally, the impact factors for each elementary flow can be viewed by opening the
FuelLCAModelLCIA V1 impact assessment method, and clicking on the “impact factors” tab, as shown in
Figure 11 below. Each elementary flow has an impact factor displayed in g COze / kg of flow. Information
about the concept of the LCIA method is available in Chapter 6.2.6.

quantifies the environmental impacts of a product life cycle.

o Life cycle impact assessment (LCIA) method: method that
In the Fuel LCA Model, converts GHG emissions into CO,e.
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A Welcome i® *FuelLCAModelLCIA V1 52 = 0
i® Impact factors: FuelLCAModelLCIA_V1 s,
~ Impact factors Q X =

Impact category | i Carbon intensity v

Flow CatagoryA Flow prope... Factor  Unit =
Fe Carbon dioxide (CO2), fossil Elementary flow... Mass 10000 gCO2e/kg
Fe Carbon dioxide (CO2), land tr... Elementary flow... Mass 10000 gCO2e/kg
Fe Carbon dioxide equivalent (C... Elementary flow... Mass 10000 gCO2e/kg
Fe Methane (CH4), biogenic Elementary flow... Mass 280000 gCO2e/kg
Fe Methane (CH4), fossil Elementary flow... Mass 300000 gCO2e/kg
Fa Mitrous oxide (N20) Elementary flow... Mass 2650000 g CO2e/kg
[ FuellCAModel Fa Sulfur hexafluoride (SF6) Elementary flow... Mass 23567 g CO2e/kg
: Fe Halon-1201 Supplemental e...  Mass 3760000 g CO2e/kg
. P raj ects Fa Halon-1202 Supplemental e..  Mass 231000.0 g CO2e/kg
Fe Halon-1211 Supplemental e...  Mass 17500000 g CO2e/kg
- pdeUCt s‘}rstems' Fa Halon-1301 Supplemental e...  Mass 6290000.0 g CO2e/kg
- PrDCESSES Fa Halon-2301 Supplemental e...  Mass 1730000 g CO2e/kg
Fa Halon-2311/ Halothane Supplemental e..  Mass 410000 g CO2e/kg
B Flows Fe Halon-2401 Supplemental e..  Mass 1840000 g CO2e/kg
= Fa Halon-2402 Supplemental e..  Mass 14700000 g COZe/kg
hd ‘l |nd|catl:| s and paramEters‘ Fa Methyl bromide Supplemental e..  Mass 20000 gCO2e/kg
" - |mpa ct assessment r‘ﬂEth Dds- Fa Methylene bromide Supplemental e..  Mass 10000 g COZer:kg
Fa Carbon tetrachloride Supplemental e..  Mass 17300000 g CO2e/kg
i! F|_| ElLCAMDdElLClA_"Ur-I Fa Chloroform Supplemental e..  Mass 160000 g CO2e/kg
Fa Methyl chloride Supplemental e..  Mass 120000 g CO2e/kg
Fa Methyl chloroform Supplemental e..  Mass 1600000 g CO2e/kg
Fa Methylene chloride Supplemental e..  Mass 90000 gCO2e/kg
Fa CFC-11 Supplemental e..  Mass 46600000 g CO2e/kg
Fa CFC-113 Supplemental e..  Mass 58200000 g CO2e/kg
Fa CFC-114 Supplemental e..  Mass 85900000 g CO2e/kg
Fa CFC-113 Supplemental e..  Mass 76700000 g CO2e/kg
Fa CFC-12 Supplemental e..  Mass 1.02E7 g CO2e/kg
Fa CFC-13 Supplemental e..  Mass 13967 g CO2e/kg
Fa (Trifluoromethyl) sulphur pen.. Supplemental e..  Mass 1.74E7 g CO2e/kg
Fa Mitrogen trifluoride Supplemental e..  Mass 1.61E7 g CO2e/kg
Fa Perflucrobut-2-ene Supplemental e..  Mass 20000 g CO2e/kg
Fa Perflucrocyclopentene Supplemental e..  Mass 20000 g CO2e/kg
Fa Perflucradecalin (cis) Supplemental e..  Mass 72400000 g CO2e/kg
Fa Perflucrodecalin (trans) Supplemental e..  Mass 6290000.0 g CO2e/kg
Fa PFC-116 Supplemental e..  Mass 111E7 g CO2e/kg
Fa PFC-14 Supplemental e..  Mass 66300000 g CO2e/kg

FuDFEC-218 Sinnlemental & Mace 200N0NNN A O/l 4

< >
General information |Impact factors | Nermalization and weighting | Parameters | Shape files (beta)

Figure 11: LCIA method of the Model. Left: screenshot of where to access and view the Fuel LCA Model LCIA method on the
navigation pane in the openLCA software. Right: screenshot of the impact factor tab of the Fuel LCA Model LCIA method in the
openLCA software.

4.5 Model metadata and supporting information

4.5.1 Model metadata
Each of the system processes in the data library contains metadata to document the process scope,
usage, modelling assumptions and technical details. Table 1 explains how the metadata is organized, the
left-hand column shows the corresponding information tab in openLCA, while the middle column shows
the field within the specific tab. The right-hand column provides an overview of the information found in
the metadata.
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Table 1: Metadata included in each system process in the Model database

Tabin Field Content
openlLCA
Descriptions e General information on the process being modelled, including type of technology modelled, types of feedstock
used for modelling the process (if any), and broad overview of life cycle stages.
e Functional unit. (See Chapter 6.2.5 definition of functional unit).
e Process Scope: defines the gate-to-gate boundaries of the process. The possible life cycle stages are:
o Feedstock extraction
o Feedstock transportation
o Production/conversion
o Distribution
General ‘ o Use/combustion
Information e Modelling overview which is more detailed than the general info at the beginning of the process description.
e Allocation method with the list of co-products that are included in the modelling, if applicable.
Time e Main data sources (author, year of publication)
e The data collection period.
Geography e The geographical scope, including information on the regionality of the data used. For example, it could note if
international data or data from another region is used as a proxy.
Technology e A detailed engineering description of the operations or activities involved in the process.
e |If applicable, the literature source(s) that the engineering process was based on.
e Fortransportation & distribution processes, the modes of transportation and the assumed distances.
Inputs Outputs e Information about the flow related to its modelling. For the data library, this description will usually be “life cycle
/Outputs (description) emissions”.
Modelling e Functional unit (same as in the General Information section).
) constants
Modeling Data e  Cut-off criteria for inclusion of inputs and outputs.
32;?dation completeness e An overview of excluded processes and the rationale for why these were excluded (if applicable).

Data selection

e Main data sources, along with a description of the sources.

Data treatment

e Allocation method with the list of co-products that are included in the modelling, if applicable.
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The fuel pathway unit processes use the main description field in the “General Information” tab to
describe how the process should be used. The other fields are not used. Configurable unit processes
contain similar metadata as the system processes, but also include additional instructions on how to use
them.

Each flow in the Model Database has a technical flow property, which is defined by a unit group. The
unit groups contain all unit conversions relative to the reference unit of the specified group. For
example, the technical flow property of “Mass” is associated with the “Units of Mass” unit group, as
seen in Figure 12. This unit group contains 25 different units of mass all converted to kg. As another
example, both the “Energy” and “Gross calorific value” flow properties are connected to the “Units of
Energy” unit group.

While users will not need to create any new unit groups or technical flow properties, they are available
in the database for information. Figure 12 shows the location of all flow properties and unit groups.

v FuellCAMaodel

B Projects

B Product systems

I Processes

B Flows

J§ Indicators and parameters

w iti Background data
» [ Flow properties
~ I Technical flow properties

ER Area
&% Energy
5L Goods transport (mass*distance)
E& Gross calonific value
R Mass
A Met calorific value
2 Vaolume
&2 Volume*Length

~ Il Unit groups

» [ Technical unit groups

™ Units of area
™ Units of energy
™ Units of mass
™ Units of mass*length
™ Units of velume

™ Units of velume*length

Figure 12: The flow properties and unit groups of the Model Database in the openLCA software
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4.5.3 Sources
The “Sources” folder of the Model Database contains the references used to model the system
processes in the data library. Each source represents a different reference and contains the full citation
and if applicable, the URL and/or reference year. The sources used in a system process can also be seen
in the “Modelling and validation” tab of the system process. Figure 13 shows the location of the sources
in the Model Database in the openLCA software.

to the sources section at the bottom of the modelling and

o To view/access the sources of a particular system process, go
validation tab. Double-click a source to open the full citation.

v FuelLCAModel
BB Projects
BB Product systems
BB Processes
BB Flows
@ Indicators and parameters
v i Background data
B8 Flow properties
@B Unit groups
BB Currencies

| 8 Sources
Gcations

Using the Fuel LCA Model

This section describes the steps involved in performing operations in the openLCA software when using
the Model. In addition, it includes analysis and troubleshooting options in openLCA and other useful
tips.

Figure 13: Sources location in the openLCA software

5.1 Using the fuel pathways and data library
The fuel pathways and the data library are the main parts of the Model Database that are used to model
Cls. This section presents the modelling approach when using the Model for general purposes (i.e. when
the Model is not used under a specific program). Be sure to refer to program specific documentation
when using the Model for a specific program.

As mentioned in Chapter 4.2, the data library contains many system processes developed by ECCC that
can be used as building blocks when modelling a Cl using the fuel pathways. The relationship between
the data library and fuel pathways is shown in Figure 14, and represents the modelling approach to
follow when using the fuel pathways in the Model.
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~

A
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C} Unit process part of the

Fuel Pathway

Figure 14: Interaction between the data library and fuel pathways

As shown in Figure 14, users can populate the fuel pathways by adding inputs into the fuel pathway
processes. They can then enter data into the fuel pathway processes to quantify the amounts of each
input and output. The fuel pathways also allow the input of data from sources other than the data
library. A completed fuel pathway can then be used to calculate a Cl.

The following section shows how to perform the operations needed to use the Model in openLCA. A
complete example of using the fuel pathways and data library is available in Appendix A.

Once a Cl has been calculated, the edited processes can be exported. When exporting, to determine
which processes/folders to select, follow relevant program instructions if available. Otherwise, users
should at least export processes that were modified by the user and are connected to the pathway. To
export a database, follow the steps below:
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1.
2.

3.

Make sure the database is open (its name should be in bold).

. . . w » *  Export.
Right-click the database and click “Export... -
v FuelLCAModel
BB Projects o New database
> I Productsy: & Restore database
» I Processes 4 Backup database
> BB Flows )
> @ Indicators ¢ @ Velidate
> i Backgroun D Copy
FuelLCAMode | Rename
FuelLCAMode pelete database
FuelLCAMode
FuelLCAMode 8 Close database
FuelLCAMode_# Import
FuelLCAMo Export..
FuelLCAMo —

In the export window, click on JSON-LD 2 JSON-LD gt the bottom and click “Next”.

Select an export wizard:

~ [ EcoSpold
. EcoSpold 2
Impact methods
Processes

~ O3 Excel

B Processes

~ O ILCD
@ ILCD Metwork Export
B8 ILCD Zip-File

~ 3

To change the name of the database and save location, click on the “Browse” button near the
top-right of the window.
Note: Always save the database into a new zip file (i.e. do not overwrite an existing zip
file). Sometimes issues arise in the exported zip file when it was created by overwriting an
existing zip file.
Using the navigation boxes, click the boxes corresponding to the main unit processes that you
edited/created to model your Cl.
Note: It is not necessary to export any data library system processes.
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6. Once you have selected your unit processes, save location, and database name, click “Finish”.

L3 Export data sets o X

Select data sets

Please specify an output directory and select the data sets you want to export

To file: | C:\Users\Public\FuelLCAModel zip Browse

[m Projects ~ 3
[ M® Product systems
v (]I Processes
(18 Data Library
~ [m] W Fuel Pathways
v [ Biodiesel pathway
E-1IB Biodiesel CI
]I Feedstock at biodiesel plant

[ P 1- Biodiesel production, at bicdiesel plant
B4 P 2- Biodiesel distribution, to end-user
[ P 3- Biodiesel combustion, to end-user
> W Boethenol pathway
[JI® Bicgas pathway
] Configurable processes
] End userfuel switching M

.
T cnca | |

5.2.2 Inputting data into a unit process (flow information)
An important aspect of modelling a Cl is double-checking the details of the entered information to
ensure its accuracy. To enter values in openlLCA, follow the steps below:

1. Open the unit process that requires data entry by double-clicking the unit process name on the
navigation pane on the left.
2. At the bottom of the unit process window, click on the “Inputs/Outputs” tab.
3. The unit process should have some flows in the inputs and/or the outputs tab. (To learn how to
add or remove flows to or from a unit process, see the next section.)
4. To enter in the value, left-click the “Amount” field for the flow in question.
a) You can enter in any number, and the field also accepts scientific notation in the same
format as Excel (ex. 3.4E-4).
b) You can also enter in a formula if needed. To do this, simply type the formula as you
would in Excel but without the equals sign (ex. 3*4-(5+1)).
Note: if you use a formula, openLCA will display the formula by default instead
of the result. To display the magnitude, click on the “1.23” button at the right

side of the inputs or outputs table. It looks like this: © =

5. Make sure the value is in the correct units. To change the units, click on the “Unit” field and a
drop-down menu should be available. Click on the arrow on the right side of the field to open up
the menu and select the unit.

Note: you can type in the unit provided that the unit is spelled exactly as it appears in
the list (this is case sensitive).

6. If the value is an input for the process, make sure that the “Provider” is selected. To do this, click
on the provider field for the flow and a drop-down menu should be available. Click on the arrow
of the right side of the field to open up the drop-down menu and select the provider. There
should only be one provider, and its name should usually be the same name as the flow.

a) If the input flow is an elementary flow or a waste flow, a provider is not needed.
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b) For output flows, intermediate flows and elementary flows do not use providers. For
waste flows, select the provider accordingly.
7. Toview or edit the description of a flow, click on the “description” field, which is the right-most
field for a flow. Click “Edit” to view and edit the text.

A Welcome P 1- Biodiesel production, at biodiesel plant &% = 0
P Inputs/OQutputs: 1- Biodiesel production, at biodiesel plant o)
= Inputs Q X 1m

Flow Category

i.. Descript..

Amooun o Costs/Rev.. Uncertainty Avoided ..
1.00000 nene
DOU0T. T nene

1.00000 EI kg

F.= Qil extraction, from canolas.. Canola cil/Canadian ... none

F.s Electricity, from grid [CA-AB]  Grid electricity/Canad...
F.e Matural gas combustion Fossil fuels/Combust... i
Can change the

Can change the
amountfora flow

' Make sure the
unitsfora flow

providerisselected
for eachinput

Add flow, remove
flow, toggle
formulaview

= Outputs
Flow Category Amount  Unit Costs/Rev... Uncertainty Avoided .. Provider  Dataquali.. Descript..
F.z 1- Biodiesel from Feedstoc... 1- Biodiesel producti.. 1.00000 ™ MJ none
F.s 1- Biodiesel from Feedstock B 1- Biodiesel producti... 0.00000 ™ M) none O
F.z 1- Biodiesel from Feedstock C  1- Biodiesel producti.., 0.00000 EI M) none 0

Get to thisscreen
by clickingonthe
inputs/outputs tab

General mfurmatmnlInputs_fOutputs |Admm|§trat|vemfurmatmn Modeling and validation | Parameters | Allocation | Social aspects | Impact analysis
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As stated in Chapter 4.3, different types of flow may be needed to generate a Cl. Table 2 provides
information on what each type of flow could represent and where to add the flow in each process.

Please note that this is not an exhaustive list and as such, flows can be used for other scenarios than

those listed in the table. If you are following a specific program, refer to the program documentation for
instructions on which flows to add.

Table 2: Scenarios for adding each type of flow to a unit process

Once you choose the type of flow you need to add, there are two ways to add a flow to a unit process.

Type of flow Possible scenario for the flow Where to add the flow in
the “Inputs/Outputs” tab
Elementary Process emissions of a process Outputs table
Connections to other processes. Inputs table
. Main flows that are used in
Intermediate .
modelling
Co-product produced in a process Outputs table
Waste produced by a process Outputs table
Waste Waste used or treated by the Inputs table
process

Both methods are explained below.

Adding a flow to a unit process: Method 1

1.
2.
3.

Open the unit process where you want to add the flow.

Go to the “Inputs/Outputs” tab in the unit process.

Using the navigation pane in openLCA, find the unit process you want to link with the opened

unit process.

Click and drag the unit process from the navigation pane into the Inputs Table or the Outputs

Table of the target unit process. This adds the flow i

nto the target unit process.

a) If you are adding an elementary flow or an intermediate flow representing a co-product,

click-and drag the flow from the flow folder

= = 0O || A& Welcome P 1- Biodiesel production, at biodiesel plant &2

P Inputs/Outputs: 1- Biodiesel production, at bi¢

Flow

T& Navigation 5
W FuelLCAModel
B Projects
I Product systems
P . -
~ rocesses. Click and drag Inputs
~ [ Data Library
~ [ Chemical inputs the process
B Agrochemicals you wantto
I Chemicals add

~ I Predefined chemical mixes
@ Chemical use per MJ of biodiesel /_\
[@ Chemical use per M) of cellulosic ethanol
@ Chemical use per M) of conventional ethanol
@ Chemical use per M) of renewable hydrocarbon biof
W Electricity
I Feedstocks
B Fossil fuels

F.s Electricity, from grid [CA-AB]
F.e Natural gas combustion
Fe Qil extraction, from cancla seed, at processor [...

Category

Grid electr
Fossil fuel
Canola oil|
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Adding a flow to a unit process: Method 2
1. Open the unit process where you want to add the flow.
2. Go to the “Inputs/Outputs” tab in the unit process.

3. At the top-right of the input or output table, click the green plus button. ©

! T
A Welcome P 1- Biodiesel production, at biodiesel plant 3 = 0

P Inputs/Outputs: 1- Biodiesel production, at biodiesel plant

~ Inputs [+ il
K K K Create new
Flow Category Amount  Unit Costs/.. Uncert.. Avoid.. Provider Dataq.. Cesem
F.s Electricity, from gri...  Grid electricity/... 1.00000 @ kWh none P Ele.
F.e Natural gas combus... Fossil fuels/Co... 1.00000 @ M) none P Na..
F.2 Oil extraction, from ... Canola oil/Can... 1.00000 3 kg none P oil.

4. Using the navigation window to select the flow you wish to add. Alternatively, you can use the
search bar in the window to look for the flow. Note that by doing this you may still need to
expand some folder selections.

wa %
Flows

Filter

Ichemlca\\ | ‘
| S—

« Content B

w [ Intermediary flows
~ I Data Library
~ B8 Chemical Inputs
~ [ Predefined chemical mixes
Fs Chemical use per MJ of biodiesel
Fs Chemical use per Ml of cellulasic ethanol
Ee Chemical use per Ml of conventional ethanol
Fs Chemical use per MJ of renewable hydrocarbon biofuel

5. Forintermediate flows and waste flows, since you added a flow without its linked unit process,

you will need to add the provider of the flow if it is an input. To do this, click on the provider

field for the flow and a drop-down menu should be available. Click on the arrow of the right side

of the field to open up the menu and select the provider. There should only be one provider,
and its name should usually be the same name as the flow.

Note: Intermediate flows only require providers when used as inputs, while waste flows

only require providers when used as outputs.

~ Inputs
Flow Category Amount Unit Costs/Revenues  Uncertainty Avoided waste  Provider Data quality entry
F Electricity, from grid [CA-AB] Grid electricity/Canadian grid ele 1.00000 & kWh none P Electricity, f..
Fz Natural gas combustion Fossil fuels/Combusted fossil fuels 1.00000 & M) none P Natural gas
F= Oil extraction, from canola seed, t process... Canolz oil/Canadian canola oil 1.00000 ™ kg none 0il extractio..
F2 Chemical use per M) of biodiesel Chemical Inputs/Predefined che. 1.00000 & M) none v
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To remove a flow, follow these steps:

Removing a flow

PwnNPE

Open the unit process where you want to remove the flow.
Go to the inputs/outputs tab in the unit process.
Select the flow by left-clicking the flow name.

Click the red X button at the top-right of the input or output table. Alternatively, you can press

the delete key on your keyboard.

Note: openlLCA allows you to delete multiple flows at once. You can highlight multiple
rows using the shift key or the ctrl key.

A Welcome P *1- Biodiesel production, at biodiesel plant &%

P Inputs/Outputs: 1- Biodiesel production, at biodiesel plant

—_—
Remove selected

~ Inputs
Flow Category Amount  Unit Costs/... Uncert.. Avoide.. Provider Dataq. EsTrT
Fes Electricity, from grid [... Grid electricity/... 1.00000 @ kWh none P Ele.
F.e Matural gas combusti... Fossil fuels/Com... 1.00000 3@ p) nene P nNa.
F.s Oil extraction, from c... Cancla cil/Cana... 1.00000 @ kg nene P oil..
: Fe Chemical use per M) .. Chemical Inputs... 1.00000 3 B none
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5.2.4 Creating a unit process

The steps for creating a unit process are shown below:

1. Inthe navigation pane on the left side of openLCA, right click the folder where you want to

create the unit process, and click “New process”.

~

FuellCAModel
B Projects
BB Product systems
v Il Processes
BB Data Library

v Fuel Pathway:
+ [l Biodiesel pathway
B Biodiesel CI P>

Mew process

B Feedstockath

P 1- Biodiesel pr

P 2- Biodiesel di:

P 3 Biodiesel co
I Bioethanol pathw [
B Biogas pathway
B Configurable pros =
B End user fuel swit %
B Hydrogen pathwe
B RNG pathway ©
8 Renewable hydro |

Delete
Validate
Cut
Copy
Import...

Export...

Add new child category

Rename

[ L e

ukhown

Click “Finish.”

Enter the name of the new unit process.
Click the checkbox that says “Create a new flow for the process”.
Select the reference flow property for the new flow that will be created.

Note: the new flow that was created will not be organized in the right folder. Move the flow to the same

folder that the unit process was created in (in the flows section of the database). For instructions on

how to do this, see Chapter 5.2.7.

1]

New process

MNew process

O >

P

MName

‘ MNew unit process name

Create a waste treatment process
Create a new flow for the process

Quantitative reference ‘

Reference flow property | 5z Mass

Cancel

When using the model for general purposes, Appendix A also shows additional modelling scenarios

where creating a unit process coul

d be helpful.
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525

Creating a flow

This section explains how to make a flow separately from a unit process, such as when needing to make

an elementary flow or an intermediate flow (See Chapter 4.3). Note that when creating a new unit
process (Chapter 5.2.4), a flow is simultaneously created (reference flow). Follow the steps below to

create a flow:

1. Inthe navigation pane on the left side of openLCA, right click the folder where you want to

create the flow, and click “New flow”.

Es Example unit process

+ [l Flows
BB Elementary flows
~ I Intermediary flows
BB Data Library

v [ Biodiesel pathway

I 1-Biodiesel pr Fs

Mew flow

BIoaTezerCr =<
I Feedstock atb
F.s 2- Biodiesel di: °
F 3- Biodiesel co
B Bioethanol pathw ]
B Biogas pathway
B Configurable pro #
B8 End user fuel swit 4
B Hydrogen pathwe
B RNG pathway
B Renewable hydro |

Delete
Validate
Cut
Copy
Import...

Export...

Add new child category

Rename

2. Enter the name of the new flow.
3. Select the flow type to choose either an elementary flow (if it is an emission), intermediate flow

(product or co-product flow), or a waste flow (used for waste treatment processes).
Note: This step is critical as you cannot change the type of flow after the flow has been
created.

4. Select the reference flow property.
5. Click “Finish”.

New flow

Creates a new flow

MName

| Mew flow name

Description

Cannot change once
flow is created!

Flow type \—l

Fe Product

Reference flow propertyi

A2 Mass
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5.2.6 Renaming a unit process or flow
There are two methods to rename a unit process or a flow. They are both explained below. Note that
method 2 is applicable to renaming any item in the navigation pane, including folders (but excluding
system folders).

Renaming a unit process or flow: Method 1
1. Open the unit process or flow.
2. Inthe “General information” tab, you can edit the “Name” field at the very top of the
workspace.
3. Save the unit process or flow.

M Welcome P Corn oil, extracted at processor, configurable A &3

P General information: Corn oil, extracted at processor, cor

+ General information

Mame Corn oil, extracted at processor, configurable A

Descripticn The unit process covers corn oil production. In the Input

Functional Unit: 1 kg of oil extracted

4. If you changed the name of a unit process, you should also change the name of its reference
flow. To change a reference flow name, go to the “Inputs/Outputs” tab of the unit process and
then double-click on the reference flow (it will be an output and in bold).

5. Change the flow name as in Steps 1 to 3.

6. Save the changes to the flow.
7. Toview the changes to the unit process, you can click the “Reload” button in the top right of the
process.
— et
la-
= O
L]
C
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Renaming a unit process or flow: Method 2

1.
2.

Right-click the unit process or flow on the navigation pane.
Click “Rename” at the bottom of the dialogue box and enter in the new name. Note that if you
change a unit process name this way, you should do the same for its reference flow. The
reference flow will be saved according to the same folder structure but in the “Flows” section of
the database.
@ Cormn oil
P Corn oil, extracted at processor, configurable &
M Gaseous liquefaction OO Open
I Grid electricity < Usage
: Soybean oil % Delete
Yellow grease _
BB End user fuel switching © \Validate
B Hydrogen pathway % Cut
Ml RMNG pathway | [ Copy
B Renewable hydrocarbon biofuel pathway
P Example unit process *  Import..
I Flows +  Export.
BB Elementary flows
B Intermediary flows I Rename

E. Evarnnle nnit nrorecc
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5.2.7 Moving a unit process and flow

The method to move unit processes and flows is similar to that of moving files in any folder. The steps

are shown below:

1. Inthe navigation pane on the left side of openLCA, locate your unit process. If you are unable to

find it and the unit process is open, you can see the folder location (called “Category”) in the

“General information” tab.

2. Once you have located your process, click and drag the process to the destination folder. Note
that the process has to be moved onto the actual folder, and not onto another process within

the folder. See the screenshot below.

a) Alternatively, you can right-click on the process and click “Cut.” Right-click the

destination folder and click “Paste.”
3. If you move a unit process make sure to do the same for its corresponding reference flow using

the same steps. The flows are organized in the same structure as the processes.

~ [ Fuel Pathways
v FEEEEHlE&a ARG d, configurable A - CA
B Biodiesel CI
BB Feedstock at biodiesel p
P 1- Biodiesel production, at biodh
P 2- Bicdiesel distribution, to end-user
P 3- Biodiesel combustion, to end-user
I Bioethanol pathway

B Biogas pathway Drag the
v [ Configurable processes process on
I Animal fats, rendered  top of the

el plant

BB Camelina oil folder where
BB Cancla oil you want it
B Comoil moved

B Gaseous liquefaction
~ I Grid electricity

P Electricity, from grid, configurable A - CA

P Electricity, from grid, configurable B - CA

P Electricity, from grid, configurable C - CA
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5.2.8 Performing allocation on a unit process
There are two main ways of performing allocation on a unit process in openLCA: physical allocation and
the causal allocation. Economic allocation is not compatible with the Model. The steps for both methods
are shown below. (IMPORTANT: The Clean Fuel Regulations Specifications require the use of the causal
allocation method only).

Method 1: Completing the causal allocation table
1. After entering in all flow information in the unit process, go to the “Allocation” tab of the unit
process.
2. Select the default method “Causal allocation”.
Note: If you do not select a default method for allocation then the allocation coefficients
will not be included in the Cl calculations, even if you fill in the allocation table.
3. Inthe “Causal allocation table”, enter in the amounts for each flow by copy/pasting the entire
value from a spreadsheet (e.g. Excel) into the table.
Note: If multiple flows have the same name, you can determine which flow is which by
looking at the “Amount” column.
4. When the table is completed, save the unit process.
Note: Do not click on the “calculate default values” button as this will replace all the values
you manually entered.

A Welcome P *1- Biodiesel production, at biodiesel plant 22

P Allocation: 1- Biodiesel production, at biodiesel plant

/'\

Make sure causal allocation isselected

Default method | Causal N

(®) Calculate default values

4

Physical & economic allocation

Product Physical Ecenomic
F.2 1- Biodiesel from Feedstock A (1.00 MJ) 1.0 1.0
F.2 1- Biodiesel from Feedstock B (0.00 MJ) 0.0 0.0
F.2 1- Biodiesel from Feedstock C (0.00 MJ) 0.0 0.0

4

Causal allocation Enter the allocation values here<——j

Flow Direction Category Amount  1- Biodiesel from Feedstock A 1- Biodiesel from Feedstock B /1- Biodiesel from Feedstock C
: F2 Matural gas combustion Input Fossil fuels/Co... 1.00000 MJ 0.6848043651984365 0.0 00
F.e Electricity, from grid [CA-AB] Input Grid electricity/... 1.00000 kWh 0.0 0.0 0.0
F.s Qil extraction, from canola seed, ... Input Canola oil/Can... 1.00000 kg 0.0 0.0 0.0

36




Method 2: Using physical allocation
1. After entering in all flow information in the unit process, go to the “Allocation” tab of the unit
process.

2. Select the default method “physical allocation”.
Note: If you do not select a default method for allocation then the allocation coefficients
will not be included in the Cl calculations, even if you fill in the allocation table.
Note: All of your products have to have the same flow property (i.e. unit type) for physical
allocation to work.
Note: Physical allocation will automatically use the flow property that the products are in
(i.e. mass, energy, etc.).

3. Click the “Calculate default values” button.

4. Save the unit process.

A Welcome P *1- Bicdiesel producticn, at biodiesel plant &2 =

P Allocation: 1- Biodiesel production, at biodiesel plant C

Default method | | Physical v Values are automatically
calculated once you click
“calculate default values”

(¥} Calculate default values

= Physical & economic allocation

Product Physical / Econormic
F.e 1- Biodiesel from Feedstock A (2.00 M) 0.35211267605633806 0.35211267605633806
F.z 1- Biodiesel from Feedstock B (0.38 MJ) 0.10211267605633803 0.10211267605633803
F.e 1- Biodiesel from Feedstock C (3.10 M) 0.545774647387324 0.545774647887324
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5.2.9 Creating a product system

A product system is a necessary step in calculating carbon intensity. The steps below describe how to
create a product system.

Once you create a product system, openLCA considers the system “finalized.” This means
that you will no longer be able to delete flows in any unit process included in the product
system. Likewise, any new flows added will not be incorporated. To change any unit
process, simply delete the product system and re-create the product system once ready.

Creating a product system

1. Open the process for which you would like to create the product system. (If you are unsure
which process to use, see Chapter 5.2.10.)

2. Inthe General information tab, click on the “Create product system” button near the top of the
page.

3. The New product system dialog box will open. The options here should be kept at their default
settings (see image below). Click Finish to create the product system. The new product system
will then open.

s Create product system

wa O =

New product system [ ]

Creates a new product system

MName | Biodiesel Cl from Feedstock A |

Reference process | |

P Biodiesel Cl from Feedstock A ~
P Bicdiesel CI from Feedstock B U
P Bicdiesel Cl from Feedstock C
I Feedstock at biodiesel plant
P 1- Biodiesel production, at biodiesel plant
P 2- Biodiesel distribution, to end-user
P 3- Biodiesel combustion, to end-user
@ Bioethanol pathway H
I Biogas pathway
@ Configurable processes
B End user fuel switching
B Hydrogen pathway W

[] Auto-link processes
[ Check multi-provider links (experimental)
Provider linking
O Ignore default providers
@ Prefer default providers
O Only link default providers
Preferred process type
O Unit process
® Systern process
[ Cut-off H
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The Cl of a process or life cycle can be calculated using a product system, which is created from a
process. First, you must decide what Cl you are trying to calculate. Some tips are provided in Table 3
below with respect to which process to select for the Cl calculation. If you are following a specific
program, refer to your program documentation for which process to use.

Table 3: Scenarios for selecting a process for Cl calculation

Type of CI Process to use for Cl calculation

Cl of a completed fuel pathway “Fuel CI from Feedstock A/B/C” unit process, where “Fuel”
represents the specific LCIF for the pathway in question (such as
Bioethanol or Biodiesel)

Cl at an intermediate step in your  Unit process at the desired intermediate step. All upstream

fuel pathway processes will be included in the Cl calculation, while
downstream processes will be excluded

Cl of a data library system Desired system process. Instead of following the remaining steps,

process go to the “Impact analysis” tab of the system process.

Once you have decided what process to use, follow the steps below if necessary to calculate the CI.
Additional information for analysing the Cl calculation is available in Chapter 5.3.

A carbon intensity cannot be calculated from the empty pathways. This is because the
pathways have no inputs and zero values for the outputs. Therefore, there is nothing
for openLCA to calculate by default. By filling in the fuel pathways with building blocks
from the data library, a customized Cl can be calculated. Information on filling in fuel
pathways is available in Chapter 5.1, Appendix A, or relevant program specifications.
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Calculating a carbon intensity
1. Open the product system (if you have just made the product system it should already be
opened).
2. Inthe “Reference” section of the “General information” tab, make sure that you are calculating
your Cl to the correct reference amount.

~ Reference
Process P Biodiesel Cl from Feedstock A
Product F.s Biodiesel Cl from Feedstock A

Flow property | 58 Energy

Unit 3 M)

Target amount | 1.0

f Welcome 2 Biodiesel Cl from Feedstock & &%

s General information: Biodiesel Cl from Feedstock A

~ General information

Name Biodiesel C| from Feedstock A

Description | First created: 2021-10-14T0%:38:35
Linking approach during creation: Prefer default providers; Preferred pracess type: System process

Version 00.00.000

uuiD | 78d4c129-ca52-4925-ae11-e6330394e197

Last change

(¥ Calculate

3. Inthe “General information” section, click on the “Calculate” button.
4. Once the Calculation properties dialog box opens, use these settings:

a) Allocation method: As defined in process

b) Impact assessment method: FuelLCAModelLCIA V1

c) Normalization and weighting set: empty

d) Calculation type: Analysis

e) Include cost calculation: unchecked

f) Assess data quality: unchecked

5. Click “Finish” to calculate the carbon intensity.

6. The calculated results will open in a new “Analysis result” tab in the workspace. To see the
calculated Cl, go to the “Impact analysis” tab. The Cl will be available in the “impact result”
column on the right side of the workspace. The units will be in g CO,e / MJ. (Note: if, for
example, you calculated the Cl based on something other than 1 MJ (i.e. reference amount), the
value will be in respect to that amount. For example, if you used 10 MJ then the Cl would be in
units of g CO,e / 10 MJ.)

(¥) Calculate
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The steps to create a system process are shown below.

Creating a system process

5.2.11 Creating a system process

The system processes in the data library were created using another method
that sums the inputs and outputs of all unit processes involved in a product
system. However, this method is not needed when modelling using the Fuel
LCA Model.

1.

Open the unit process that you would like to use to create a system process. If you are creating

a new unit process, first follows the steps in Chapter 5.2.4.
When the unit process is opened, go to the “Modeling and validation” tab.

At the top of the workspace there will be a field for process type. Select from the fly-out menu

“System process”.

Save the process. Note that other than the reference flow, a system process should only have
elementary flows (i.e. there should be no inputs).

A Welcome

P Modeling and validation: 1- Biodiesel production, at biodiesel plant

P 1- Bicdiesel production, at biodiesel plant 22

= Modeling and validation

Process type

LCI method

llUnit process|

@ 5ystem process
P Unit process

C
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5.3 Analysis and troubleshooting options in openLCA

This section presents different tools and options in openLCA and how they can be used for both analysis
or troubleshooting.

5.3.1 Model graph

The model graph is a feature that can be accessed in a product system. It can be used to view the entire
life cycle of a system.

The model graph is a feature that can be used for more advanced functions in
openLCA outside the scope of the Fuel LCA Model. Therefore, after using the
model graph for visualization purposes, do not save changes to the model
graph when closing it.

The example below shows the model graph of the product system for the process “Bioethanol from
Feedstock A.” Each model graph shows the processes involved in modelling the product system. Each

process is represented by a different box. The process used to make the product system is shown at the
end of the chain.

1 | & Welcome P Bioethanol Cl from Feedstock A o+ Bioethanol Cl from Feedstock A &2

a

: .
| 3- Bioethanol combustio... @ |

| ©1- Bioethanol production... B a‘ 8Bioethanol Cl from Feeds...

[ 2- éioethanol distributio... @

\ L

The final product and source of the
} product system is always shown on
Y the right

These are the inputs for the process
on the right

If you click the + on the left side of a box, it will open up more boxes representing the inputs of a
process. In the image below, the biodiesel production box has been opened up to show its inputs. Note
the three inputs (Natural gas combustion, Electricity, from grid [CA-AB], and Barley, at farm) are a

different style of box because they represent system processes, in contrast with the other boxes that
represent unit processes.
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A Welcome P Bioethanol Cl from Feedstock A o+ "Bioethanol Cl from Feedstock A 2 | E& Analysis result of Bioethanol Cl from Feedstoc!

Natural bustion 8 |l
\ atural gas combustion ” B il%l 1- Bioethanol production, at bioethanol plant 2 }

‘ 5 T J_aiﬂ Bioethanol Cl from Feedstock A
i l 2- Bioethanol distribution, to end-user }- 1

\ Electricity, from grid [CA..

/ l 3- Bioethanol combustion, at end-user © ]

{ Barley, at farm /
Clicking this box shows the

inputs for a process

Double-clicking a box shows a different visualization for the inputs and outputs of a process. To close the
expanded version of the box, simply double-click the box again.

]

[ O | M Welcome P Bicethanol Cl from Feedstock A 5 *Bioethanol Cl from Feedstock A &2 | £ Analysis result of Bioethanol Cl from Feedstock A

~

1- Bioethanol production, at bioethanol plant

| Barley, at farm }
. Inputs Outputs
— = M Barley, at farm 1- Bioethanol from Fee... —— - 4 8  Bioethanol Cl from Feedstock A
I f A-a] of - : .
| LoD i il 8l Electricity, from grid [C... | 1- Bioethanol from Fee... ¥

Natural gas combustion | 1- Bioethanol from Fee

| Matural gas combustion @ |

2- Bioethanol distribution, to end-user -'

Double-click a box to view the inputs
and outputs. Hover the mouse over
an input or output to see the name and amount.

3- Bioethanol combustion, at end-user @ '

5.3.2 Impact analysis tab
The “Impact analysis” tab of a product system calculation is a helpful tool. It is accessible in the “Analysis
result” that is created from a product system calculation. Most importantly, this is where the Cl is
displayed. The table below lists the intensities of all processes with emissions. Only processes from the
data library that directly contribute to the product system are listed. Note, in the screenshot below, all
Cl values are mock-up values.
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A Welcome P Bioethanol CI from Feedstock A 52 Bioethanol Cl from Feedstock A

i Bioethanol Cl from Feedstock A
w Impact analysis: FuelLCAModelLCIA_V1

Subgroup by processes [/] Don‘tshow< [1 2 %

Intensities from all processes that produce

F Carbon dioxide (CO2), fossil

v P Electricity, from grid [CA-AB]
F Carbon dioxide (CO2), fossil

o F Methane (CH4), fossil

v P Truck transport, diesel
F Carbon dioxide (CO2), fossil
F Methane (CH4), fossil

v P Natural gas combustion
- F Carbon dioxide (CO2), fossil
F Methane (CH4), fossil

E_ Analysis result of Bioethanol Cl from Feedstock A &2

Name emissions (usually from the data library) Category
v i~ Carbon intensity
v P Barley, atfarm Crops / Grains
F Nitrous oxide (N20) Elementary flows / Emission to air

Elementary flows / Emission to air
F Carbon dioxide (CO2), land transformation Elementary flows / Emission to air
Grid electricity / Canadian grid ele...
Elementary flows / Emission to air
Elementary flows / Emission to air
Transportation / Generic transport
Elementary flows / Emission to air
Elementary flows / Emission to air
F Nitrous oxide (N20) Elementary flows / Emission to air
Fossil fuels / Combusted fossil fuels
Elementary flows / Emission to air
Elementary flows / Emission to air

Inventory result

0.00073 kg
0.18880 kg
-0.12819 kg

0.20590 kg
0.00035 kg

0.12292 kg
9.31282E-5 kg
7.83768E-6 kg

0.06138 kg
0.00021 kg

Impact factor

2.65000E5 g CO...
1000.00000 g C...
100000000 g C...

1000.00000 g C...
3.00000E4 g CO...

1000.00000 g C...
3.00000E4 g CO...
2.65000E5 g CO...

1000.00000 g C...
3.00000E4 g CO...

Impact result
669.92417
256.55458
194.11780
188.80088

-128.19351
217.55440
205.89697

10.41146
127.78741
122.91631
2.79385
2.07699
68.02778
61.37583
6.21081

Unit

g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e
g CO2e

5.3.3 Contribution tree

The contribution tree is a tool that allows for the analysis of the entire life cycle of the product system. It
is accessible in the “Analysis result” workspace. Recalling the model graph (refer to Chapter 5.3.1), the
contribution tree acts like a table version of the model graph, showing the cumulative results along the

pathway of a product system. The contribution tree can be used to understand the main impacts and
contributors in a product system. Additionally, this is an excellent place to troubleshoot as it can help
identify processes that may have abnormally high or low intensities. Any process can be opened from
the contribution tree by double-clicking the process name. The numbers in the screenshot below are

mock-up values.

i Bioethanol Cl from Feedstock A

(O Flow Fe Nitrous oxide (N20) - Elementary flows/Emission to air

A Welcome P Bioethanol Cl from Feedstock A = Bioethanol Cl from Feedstock A

® Impact category | - Carbon intensity

v

Contribution  Process
v 100.00% P Bioethanol Cl from Feedstock A

32.47% @ Electricity, from grid [CA-AB]

Inputs
P 10.15% @ Natural gas combustion

{ 38.30% [ Barley, at farm

Zv 80.93% P 1- Bioethanol production, at bioeth...

for the : b0
aHove” 1907% P 2- Bioethanol distribution, to end-u...
process 19.07% ﬂ Truck transport, diesel

00.00% P 3- Bioethanol combustion, at end-u...

Amount

669.92417
542.13676
256.55458
217.55440
68.02778
127.78741
127.78741
0.00000

Unit

g CO...
g CO...
g CO...
g CO...
g CO...
g CO...
g CO...
g CO...

Make sure to select the Impact category bubble to view the carbon intensi

-

ty
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The “Reload” feature is useful when implementing changes or to undo changes (that have not been
saved). The “Reload” button is available in the workspace of any object that is not an “Analysis result”
(i.e. processes, flows, product systems, etc.). It is located at the top right of the workspace.

A Welcome P Biodiesel Cl from Feedstock A &2 = B8

P General information: Biodiesel Cl from Feedstock A =

~ General information

Name | Biodiesel Cl from Feedstock A |

Some situations where the reload button can be used are presented below.

Example 1: You have a unit process and a flow opened. The flow is used as an input in the unit process.
You change the flow name, and save the changes. The new flow name will not show up in the unit
process automatically. You can reload the unit process to view the updated flow name.

Example 2: You accidentally make changes to a unit process and want to undo them. Since there is no
undo button in openLCA, you can reload the unit process to revert to the original version, as long as the
changes were not saved.

Example 3: You change a unit process to a system process and save your changes. Even though the
changes have been implemented, the P atthe top of the process (where the tab is) will not change to a

P until you reload the process.

The “Usage” function can be used to determine where a certain process or flow is used within the
database. On the navigation pane on the left, right-click a flow and click “Usage”. This will open up a
window in the workspace that shows all processes where the flow is used. If used on a process, then it
will show all product systems where it is used.
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v I Combusted fossil fuels
Fe Aviation fuel combustion
Fe Bituminous coal combustion
F.e Compressed natural gas combustion
F. Diesel combustion

Fe Gasoline combustion

Fe Heavy fuel oil combustion

F.e Kerosene combustion

Fe LPG combustion

Fe Light fuel oil combustion

Fe Lignite coal combustion

Fe Liquified natural gas combustion
Fe Natural gas combustion

Fe Petcoke combustion [3J Open
Fe Propane combustion '«  Usage

A Welcome Q Search results &2

Usage of Natural gas combustion (1 Results)

P 1- Biodiesel production, at biodiesel plant|

Fuel Pathways/Biodiesel pathway

Applicants must enter data related to biodiesel production in the Inputs/Ouputs tab. This includes: feedstock
quantities transported at the biodiesel plant, total quantities of biodiesel produced and co-products, energy and
material use inputs as well as other emissions at the biodiesel plant. Detailed instructions on how to fill the
Inputs/Outputs tab are provided in Sections 4.5, 4.6 and 4.7 ...

F.e Stove oil combustion
Fe Sub-bituminous coal ¢
> @ Non-combusted fossil fur
> 8 Non-combusted fossil fur 3¢ cyt
> @ Renewable fuels

Delete
Validate

0 Co
» @ Transportation 0 2/
Fuel Pathways ¥+ Import...
ample unit process 1+ Export...
lydrogen production, at producer
icators and parameters I Rename

Alternatively, for flows you can open the flow and in the General Information tab you will see a section
called “Used in processes.” This will contain a list of any process that consumes the flow as well as any
process that produces the flow. Note that if a flow is not used in any process, this section will not be
visible. Likewise, if a flow is consumed but not produced, or produced but not consumed, then the
“Produced by” or the “Consumed by"” sections will not be visible, respectively.

= Used in processes

C db
onsHmea by [+~ 1- Biodieszel production, at biodiesel plant

Produced b
rodueea By [=+ Matural gas combustion

5.3.6 Change flow property
The flow property defines the types of units for a flow (for example, mass, energy, distance, etc.). A
change to the flow property is sometimes necessary, usually due to an incorrect flow property being
assigned. Allocation, for example, can only be done on reference flows of the same flow property. To
change a flow property, follow the steps below.

1. Open the flow, and go to the Flow properties tab.
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2. Click the green + button to add the new flow property.

| -

A Welcome P 1- Biodiesel production, at b... Fe 2- Biodiesel distribution, to... 2| <= O
Fe= Flow properties: 2- Biodiesel distribution, to end-user c
« Flow properties O X

[
Name Conversion fa... Referenceunit Formula Is reference
5[s Energy 1.0 @ M) 1.0M)=10.. v

Add a new flow
property

Go to the Flow properties tab

|

General informatior] | Flow prnperties. \/

3. Onceitis added, you will see the original flow property and the new flow property. Usually you
only want one flow property per flow. Make the new flow property the reference property by
checking the “Is reference” box.

4. Save the flow.

A Welcome _ P 1- Biodiesel production, at ... Fe *2- Biodiesel distribution, to .. &2 | = O
Fe Flow properties: 2- Biodiesel distribution, to end-user C
~ Flow properties O X
Name Conversion fa.. Referenceunit Formula Is reference

&2 Energy 1.0 £ M) 1.0kg=10M) _[]
| 512 Mass 1.0 ™ kg 1.0kg=10..] v |

Check this box

General information | Flow properties
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5. Next, you will need to change all unit processes that use the original flow property. You must do
this before deleting the original flow property. (You will get an error message otherwise.) The
usage feature (Chapter 5.3.5) can assist in identifying which unit processes use the flow. Open
up the unit processes that use the flow. Change the units to the new units. Note that when
there is more than one flow property assigned to a flow, the individual units will all have a suffix
indicating for which flow property they belong.

6. Once you have replaced all of the units, you can delete the original flow property.

A Welcome P 1- Biodiesel production, at biodiesel plant Fe 2- Biodiesel distribution, to end-user P Biod|

P Inputs/Outputs: Biodiesel Cl from Feedstock A

v Inputs

Flow Category Amount Unit Costs/Revd

F.e 1- Biodiesel from Feedstock A 1- Biodiesel production, a... 1.00000 ™ MJ

F.s 2- Biodiesel distribution, to end-...  Fuel Pathways/Biodiesel ... 1.00000 (™ - Energy v
F.e 3- Biodiesel combustion, to end-... Fuel Pathways/Biodiesel ... 1.00000 mw
MWh - Energy
PJ - Energy
TCE - Energy
T) - Energy
TOE - Energy
Wh - Energy
cg - Mass

ct - Mass

cwt - Mass
dag - Mass

dg - Mass

dr (Av) - Mass
dwt - Mass

g - Mass

gr - Mass

L/[ kg - Mass
kt - Mass
Ib av - Mass

long tn - Mass
mg - Mass v

Select the new units
for the flow

S

v Outputs

5.4 Other useful tips in openLCA

5.4.1 Copy/pasting flows from Excel
The openLCA software is compatible with certain features in Excel. Notably, it has the ability to transfer
data tables of flow information from Excel to openLCA.

To do this, you need to make sure that the columns in Excel match the columns in openLCA. For
example, process inputs/outputs in openLCA have the following order of information: flow, category,
amount, unit, costs/revenues, uncertainty, avoided waste, provider, data quality entry and description.
Therefore, the information in Excel must be formatted in the same order.

The minimum information you need is the flow name, amount and unit. However, you should also
include the provider, and possibly a description. Note that all fields must match exactly with those in
openlLCA. The fields are also case-sensitive. The number format in Excel should also have no commas
(even in French). An example of how the table should look in Excel is shown below:

A B & D E F G H | J
1 |Flow Category Amount  Unit Costs/Rev Uncertain Avoided v Provider Data quality entry  Description
2 |Natural gas combustion 3.45 MJ Natural gas combustion Natural gas use
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Row 2 in the above picture can be copy/pasted (either via Ctrl+C/Ctrl+V or by right-clicking) into the
inputs or outputs table in a process in openLCA. See the picture below for the result.

e T - " ) r
| | Fe Natural gas combustion Fossil fuels/Combusted f... 3.45000 ™1 MJ none P MNatural ... Natural g... :
|

Note that you can also copy/paste the other way around, from openLCA to Excel. Always review the
data copy/paste to ensure the right flows and values were carried over correctly.

This chapter presents the concepts to understand when using the Model. Some concepts are specific to
LCA, while others were developed to further define and clarify aspects of the Model. Since the Model
was developed with the openLCA software, some of the terms or definitions match those in openLCA for
consistency.

LCA studies are used to determine the impact of a product (or a service) with an approach looking at the
entirety of the product’s life cycle. For fuels, the life cycle includes the following stages: feedstock
production, feedstock transportation, fuel production, fuel distribution and fuel combustion.

LCA is standardized by the ISO 14040 series to ensure transparent and reproducible results. In 1ISO
14040, the LCA methodology is defined by four phases:

e Goal and scope definition: defines the depth and breadth of the LCA study depending on the
goal of the particular LCA.

e Inventory analysis: inventory of input/output data with regard to the system being studied.
Involves data collection.

e Impact assessment: provides additional information to help assess a product system’s life cycle
inventory (LCI) results so as to better understand their environmental significance.

o Interpretation: results are summarized and discussed as a basis for conclusions,
recommendations and decision-making in accordance with the goal and scope definition.

The fours phases are interrelated because the results of one phase can affect previous and subsequent
phases. The nature of this iterative procedure is shown in Figure 15. This iterative procedure achieves
increasingly accurate data for a more accurate result. This approach was followed in the development of
the Model, and is explained in the Fuel LCA Model Methodology.

, Y

Goal and scope

. “y [
definition
N
}
Inventory analysis [« Interpretation
N

:

Impact assessment [«

A J N~ 7

Figure 15: The four phases of an LCA study. Adapted from ISO 14040
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The Model has been designed such that users will follow a similar modelling procedure as ISO 14040 to
calculate the Cl of a fuel:

e The Goal and Scope are defined by the specifications of the program that uses the Model. If
using the Model for more general purposes, then the goal and scope will be defined by the user.

e The Model Database is used to create the LCI of your fuel.

o The life cycle impact assessment (LCIA) method included in the Model Database is then used to
calculate the Cl results from the LCI.

e The interpretation consists of reviewing the results to ensure their robustness and exactitude
and preparing a Cl report. Chapter 5.3 contains information pertaining to analysis of results.

The following concepts are important to understand when using the Model:

- Fuel pathway: a collection of unit processes (defined below), modeling parameters, and
background data in the Model that allows the determination of the Cl of a fuel from a particular
feedstock

- Life cycle stage: Collection of unit processes that model a specific part of a life cycle.

- Unit process: The smallest divisible process of a life cycle for which input and output data are
guantified. Using flows, it transforms inputs into an output.

- Flow: material or energy stream entering or leaving a unit process.

These concepts and their relationships with each other are explained in Figure 16. Each concept is also
further explored with examples in this chapter.
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Figure 16: The different levels involved in an LCA

The Model contains several fuel pathways intended to be representative of common LCIF life cycles. A
fuel pathway is a collection of unit processes, modeling parameters, and background data in the model
that allows the determination of the Cl of a fuel from a feedstock type. Each pathway represents the life
cycle of an LCIF, starting at the feedstock production and ending at fuel combustion. Users will be able
to complete these pathways using their data and building blocks known as system processes, which are
stored in a data library in the Model Database. An example of a fuel pathway is provided below.

Example: Fuel pathway of a corn-based bioethanol process

As shown in Figure 17, the corn-based bioethanol process includes stages related to the life cycle of the
fuel, including corn cultivation, corn transportation, bioethanol production, bioethanol distribution and
bioethanol combustion. Each of these stages considers the material inputs and energy inputs required,
the process emissions produced, as well as co-products produced.

Bioethanol from corn fuel pathway
Corn Corn Bioethanol Bioethanol Bioethanol
cultivation transportation production distribution combustion

Figure 17: Example of a fuel pathway in the Model
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Product system

The product system is a term defined in ISO 14040 which represents the collection of all unit processes
and flows in the life cycle of a fuel. The Model uses the term Fuel Pathway to cover this definition. In the
case of openLCA, product systems are created and used to calculate Cls. Fuel pathways and product
systems can be made up of different life cycle stages.

In the Model, each fuel pathway is comprised of five life cycle stages, which are outlined in Figure 18.
This provides a structure that regroups all activities and emissions that are part of the fuel pathway. Life
cycle stages are connected together by the product (or service) that flows between them.

Feedstock Feedstock Fuel Fuel Fuel
Production Transportation Production Distribution Combustion

e Feedstock Production: (or feedstock extraction) extraction of raw feedstock materials (e.g. corn
cultivation, wood harvesting), including any upgrading or processing required prior to transport.
Feedstock Transportation: transportation of raw and processed feedstock to the fuel producer

e Fuel Production: (or fuel conversion) processes for converting the feedstockinto fuels, including
potential pre-processing of feedstocks, and post-processing and upgrading to final fuel product.

e Fuel Distribution: storage and handling of fuel, transport of finished fuel product to storage and
to final user.

e Fuel Combustion: combustion of the final fuel product by the end user.

Figure 18: The five life cycle stages of LCIF in the Model

Functionally, life cycle stages are collections of unit processes connected by a network of flows, which
are explained in the following sections.

Example: Bioethanol production life cycle stage

Figure 19 below shows some of the unit processes involved in the fuel production life cycle stage. Each
box in the figure represents a different unit process of the lifecycle stage. The output of the life cycle
stage is the produced bioethanol. All unit processes within the life cycle stage are needed to model the
bioethanol production. Note that the “Corn, at bioethanol plant” unit process came from the
transportation life cycle stage. Similarly, the “bioethanol production” unit process is then connected to
the next life cycle stage, fuel distribution.
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Figure 19: Simplified example showing some of the processes involved in a bioethanol production life cycle stage

Unit processes

Unit processes represent the smallest divisible process of a life cycle for which input and output data
are quantified. When performing LCA, most of the work is done at the unit process level. Life cycle
stages are composed of a network of unit processes.

A unit process has two main functions:

1) Transform inputs into an output
2) Serve as an independent mass/energy balance

Inputs and outputs can include materials and energy that flow to and from a unit process, as well as
GHGs emitted to air. Additionally, the inputs coming into the unit process need to balance with the
outputs leaving the unit process. There are two types of inputs and outputs, which are also called flows.
The two types of flows are elementary flows and intermediate flows.

Flows

Flows represent the components that link different unit processes together. Multiple flows can enter
and leave a unit process. In LCA practice, two types of flows are considered, each distinguished based on
their respective location of exchange of product. The two types of flows are described using the concept
of the ecosphere and the technosphere. The ecosphere consists of the entire natural environment,
while the technosphere consists of all anthropogenic developments.

Elementary flows

Elementary flows are a product (material or energy) that enters or exits a unit process and has
undergone either no previous, or no subsequent, human transformation. It either enters the system
from the ecosphere or is released from the system to the ecosphere. Therefore, it is an exchange
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between the ecosphere and the technosphere. For example, all GHG emissions produced by a unit
process are elementary flows as an output, and the uptake of CO, from air is an example of an
elementary flow as an input.

 Elementary flow

1
1
I
I
|
Intermediate flows
Intermediate flows involve the exchange of reference product within the technosphere. All unit
processes always produce at least one technosphere flow (reference flow) which is then used as an
input to other unit processes.! For example, a corn cultivation unit process produces “Corn, at farm” as
an intermediate flow. Subsequently, a truck transportation unit process can be used to transform the
“Corn, at farm” flow to a “Corn at bioethanol plant” flow.

. Intermediate flow 1

| I

Il kg, MJ, m?, etc. |
Waste flows
Waste flows are a type of intermediate flows that are used in the openLCA software. They are similar to
elementary flows in that they can represent GHGs, but they are intermediate flows since they involve an
exchange within the technosphere (i.e. human control).

Interaction between unit processes and flows

Unit processes are tightly linked to the flows they receive and produce. Using a process flow diagram, as
illustrated in Figure 20, unit processes represent the boxes in the diagram, while flows represent the
arrows connecting each box. Each intermediate flow that enters a unit process as an input needs to
come from a unit process. Subsequently, the intermediate flow coming out of each unit process as an
output needs to enter another unit process (except for the last unit process in the pathway). Elementary
flows, on the other hand, enter from the environment and leave to the environment. Therefore,
elementary flows are not used to connect unit processes. Waste flows are initially produced from a
process, similarly to coproduct flows. Like intermediate flows, they need to be connected to another
unit process. The receiving process that models waste treatment receives a waste flow that was
produced by another process.

11f more than one technosphere flow is produced, an allocation procedure is required to address multi-
functionality of a unit process (see Chapter 6.2.7 on allocation).
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Figure 20: Interactions between unit processes and flows

that enters Unit process B. A provider is a term and function in openLCA that
links unit processes. More information is explained in the “Providers”
subsection in the following pages.

o Unit process A in the second example of Figure 20 is the provider of the flow

Example: Bioethanol production from corn: unit process and flows

An example of a bioethanol production unit process is displayed in Figure 21. In the figure, the input and
output flows are displayed, as well as the magnitudes and units for each flow. Note that the magnitudes
and flows for this example are for illustrative purposes only. The inputs table of the production process
contains electricity use, chemical inputs, natural gas use, and corn produced and transported to the
bioethanol plant as input flows. Each input flow comes from its own unit process with its own modelling.
For example, this means that there is another process called “Electricity, from grid” (whose name
matches the flow name in the input table) that models the emissions produced in electricity generation
from the grid. The purpose of the “Electricity, at grid” flow inside the “Bioethanol production” process is
to quantify the amount of electricity used to produce bioethanol.

The outputs table includes the bioethanol produced as an output (reference product, highlighted in
bold) and animal feed co-product. The outputs table also includes an elementary flow, biogenic carbon
dioxide?, which represents the process emissions associated with the conversion process. Process
emissions only include those associated with the reactions involved in making the bioethanol. For
example, the emissions associated with combusting the natural gas input are already accounted for in
the natural gas combustion unit process. This properly accounts for GHG emissions for each unit process
and avoid double counting.

If another process requires the use of bioethanol as an input, then the “Bioethanol production, from
corn” flow will appear in the inputs table of the process, thus linking the process with the “Bioethanol
production, from corn” process.

Since each unit process is a mass-energy balance, the quantities of input and output flows are quantified
relative to the quantity of the main output (reference flow) of the unit process, which in the example

2 The Model sets to zero biogenic emissions because the impact factor is zero for this type of emissions. This flow
is included only for the benefit of this example.
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below is the produced bioethanol. For example, this process requires 26 000 MWh of electricity per
5900 TJ bioethanol (i.e. 0.044 kWh/MJ bioethanol). This allows for proper scaling if the bioethanol is
used by another process.

Bioethanol production, from corn

Intermediate flows (blue) come from
other unit or system processes

Inputs
m

Electricity, from grid 26,000

Chemical use per MJ of 5,900 TJ

conventional ethanol

Natural gas combustion 1,700 TJ

Corn, at bioethanol plant 587,000 t

\ The amounts of each flow (both inputs and /

outputs) are relative to the reference flow
Outputs

e —

Bioethanol production, from 5,900

corn
DDGS from corn 3,400 Tl
|~ Carbon dioxide, biogenic 7,730 t

o /

Elementaryflows (green) are
exchanged with the environment

Figure 21: An example of a bioethanol conversion unit process

Providers

Unit processes are independent mass/energy balances. So while the
guantities within a unit process must be balanced, this means that the inputs
and outputs of the unit process do not rely on the quantity of inputs and
outputs of other unit processes.

The openLCA software uses the concept of providers when linking unit processes with intermediate
flows and waste flows. In the inputs/outputs tab of a unit process, input intermediate flows have an
associated provider attached to them. Providers act as the source of the flow/input for the process.
Conversely, output waste flows require a provider to identify which process receives the waste flow for
waste treatment. Because of this, when a waste flow is an input, it needs no provider. Providers are an
important feature that link each unit process and their associated emissions to create a completed fuel
pathway or product system.
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Here are two examples when considering providers:

For intermediate flows: If the input intermediate flow of a unit process is “Natural gas
combustion”, the provider field will have a corresponding unit process also called “Natural gas
combustion.” This means that the natural gas flow comes from the natural gas provider
(process) of the same name. Providers are important when an intermediate flow come from
more than one unit process. However, the processes in the Model are built in a way that there is
only one provider per intermediate flow. An example of using providers for intermediate flows
in the openlLCA software is shown in Figure 22. In the figure, since the provider name is the
same name as the unit process, it usually matches the input flow name. An exception to this is if
there are co-products, as is the case with the provider called “1-Biodiesel production, at
biodiesel plant” as shown below.

For waste flows: If Process A produces a waste output, the output waste flow will need a
provider. This provider connects to Process B, which is a waste treatment process. In Process B,
the waste flow is an input. Here, the provider tells us where the waste output is going (from
Process A to Process B) instead of where the waste came from.
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F.s Biodiesel Cl from Feedstock... Biodiesel pathway/Bi... 1.00000 @ MJ none

General information | Inputs/Outputs | Administrative information| Modeling and validation | Parameters | Allocation | Social aspects | Impact analysis

Figure 22: Providers as used in the openlLCA software

6.2.4 System processes
System processes are a type of process that are used in the openLCA software. While a unit process
represents the smallest divisible process for which inputs and outputs are quantified, a system process is
an aggregation of unit processes that sums all flows involved and outputs the cumulative emission
factors released. Unlike a unit process, a system process has no intermediate flows in the inputs or
outputs, except for the flow of the reference product. It will only contain cumulative elementary flows
representing the LCl of the aggregated unit processes.

If using the same fuel production life cycle stage from Figure 19, a system process for bioethanol
production would be a single process that collects all of the unit processes, flows, and emission factors
involved up to and including bioethanol production. Notably, while the bioethanol production life cycle
stage only includes the processes related to bioethanol production, the system process for bioethanol
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production includes all processes up to the point of bioethanol production, even feedstock production.
A visualization of this example is provided in Figure 23.
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Figure 23: Visualization of system processes

Comparison of a unit process and a system process

To help further illustrate the difference between a unit process and a system process, consider the
example in Figure 24. The unit process for natural gas combustion contains outputs for the combustion
process emissions of natural gas. Additionally, it contains an input flow that links to the “Natural gas
distribution, to consumer” unit process. That unit process in turn, could have its own process emissions
and other inputs that link to even more unit processes.

The “Natural gas combustion” system process has no inputs. Furthermore, the elementary flows in the
outputs are not the process emissions for natural gas combustion. Instead, they represent the LCl of all
unit processes used to model the natural gas combustion. Therefore, for example, the CO; term
represents the amount of CO; produced from the extraction of raw materials up to and including the
combustion of the final natural gas. Because a system process shows the LCI, it will have larger values
for the elementary flows than its corresponding unit process. Furthermore, it will often have other
elementary flows in the outputs compared to the unit process, because other unit process in the life
cycle may produce different GHGs.
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SYSTEM PROCESS: Natural gas combustion
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m_

Inputs
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Outputs \
/T T

Natural gas 1 Ml

combustion
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Figure 24: Differences between a unit process and a system process

System processes in the data library

As seen in Chapter 4.2.1, the Model Database includes a data library of system processes that can be
used when modelling a Cl. These system processes represent an aggregation of all the unit processes

required to model the life cycle of the product or the function they represent.

In developing the Model data library, ECCC created hundreds of foundational unit processes modelling

several aspects in the Canadian industries (as well as some international unit processes). ECCC used

these unit processes to create the system processes available in the data library. The development of
the foundational unit processes is explained in the Fuel LCA Model Methodology. Figure 25 illustrates
how unit processes are aggregated into the system processes found in the data library. This is further

explained in the Fuel LCA Model Methodology.
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Development of the Fuel LCA Model Data Library

Fuel LCA Model Data Libray

Unit process

System process

Figure 25: Visualization of the development of the Model data library

6.2.5 Functional unit
According to ISO 14040, the functional unit defines the quantification of the function (performance
characteristic) of the product (process). This means that each process has a reference flow (also called
reference product), which is defined by the functional unit. For example, fuel production processes are
often expressed on an energy basis and specific quantity (e.g. functional unit of 1 MJ HHV). Meanwhile,
a feedstock process may be expressed in units of dry mass (e.g. functional unit 1 kg dry mass).

In the Model, the main functional unit is “1 MJ of energy content based on the HHV delivered to the end
user and used for its energy content;” the reference flow is 1 MJ HHV of an LCIF. Chapter 4.5.1 shows
where the functional unit is documented in the metadata of each process in the data library.

6.2.6 Life cycle impact assessment method
LCIA methods define the lens through which LClI data are converted into a set of environmental impacts.
While LCIA methods can include a wide range of environmental issues such as acidification, toxicity or
biodiversity, the LCIA of the Model is limited to a Cl score. In calculating the Cl, the GHG emissions
produced throughout all of the unit processes in the fuel pathway are summed up in a LCI. The resulting
LCI of the LCIF pathway is then converted into a Cl using the GWP factors for a 100-year time horizon
based on IPCC’s Fifth Assessment Report (AR5). The results are consequently expressed in grams of CO,
equivalents per MJ of HHV energy. A complete list of GHGs with their associated GWP and uncertainty
can be found in the Fuel LCA Model Methodology.
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Usually, unit processes produce a single product called the reference product (which is an output flow).
However, in in certain scenarios, it is not possible to represent a unit process by a single output
(excluding elementary flows) and sometimes data is not available to define the exact relation between
input and multiple output flows. Allocation is used in LCA to partition non-product flows to multiple
products within the same unit process using a set of allocation factors. The unit process is allocated such
that the environmental burdens are shared between the product and co-products. ISO 14040 defines
the requirements to perform allocation, namely that allocation should be avoided if data can be
collected individually for each sub-process or the system boundary can be expanded to encompass
them. Otherwise an allocation procedure must be applied.

The following sub-sections explain the main types of allocation methods found in the Model. For
instructions on when to use each type of allocation, please refer to program specifications when
applicable. Otherwise, ISO 14044 contains guidance on when to use appropriate allocation methods.

Energy-based allocation

The default allocation procedure for most unit processes in the Model is on an energy basis. In the case
of a production process which generates a fuel (reference product) and co-products, the inputs and
outputs of that production process are partitioned between the fuel and co-products based on the
energy content (HHV) of these outputs. Energy-based allocation is part of the “physical” allocation
method in openLCA.

Figure 26 demonstrates how energy allocation divides the environmental burden based on the
proportions of each energy output of a unit process. In the figure, the unit process produces a reference
product and a co-product. Allocation is applied based on the energy content of the two products,
meaning that 20% of all inputs and GHG emissions are allocated to product 1 and 80% of all inputs and
GHG emissions are allocated to product 2.

Allocation factors

distribute
v ™ environmental
burdensto each Unit
product process
1.00 kg Unit 1.00 kg
input process input
Unit

\ f process

Unit process

with more .
than one Allocation factor 1 = 11025 "
(O Product 1 product
O Product2 Allocation factor 2 = 17025
Elementary flows (GHG emissions) '

Figure 26: Example: energy allocation partitions the impacts of a unit process with more than one product through the use of
allocation factors that are based on the energy content of each product.
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Mass-based allocation

Mass-based allocation allocates environmental burdens based on the mass of each product. The Model
uses mass allocation for wood fibre, animal fats, and oilseed feedstock processes. An example for mass-
based allocation would be similar to the one in Figure 26, but the outputs of the multi-functional unit
process are expressed in terms of mass instead of energy. Mass allocation must be based on the dry
mass of the reference product and co-products. Mass based allocation is part of the “physical” allocation
method in openLCA.

Cut-off allocation

The Model applies the “cut-off” allocation approach to waste recycling, except if the use of the waste
material for LCIF production results in significant and real methane reductions (see section on Avoided
product allocation below). Under the “cut-off” allocation approach, if a waste material (first life) is used
for another purpose (second life) instead of disposal, the producer of the waste material is not
attributed any burdens for disposal, and the user of the waste material is not attributed any
environmental burdens for the upstream production and handling of the material. Consequently, waste
products used as feedstock are represented in the Model by empty processes (zero carbon intensity).

Avoided product allocation (system expansion)

System expansion is not allocation, but rather a method to avoid allocation, as described by ISO 14044.
System expansion consists of considering the use of co-products and their contributions to other
product systems. With system expansion, the co-product is treated as a so-called, “avoided product,”
meaning it is not entered as a regular output in the process. This can be in the form of a negative flow
value in the unit process. In the Model, system expansion is used for excess electricity and steam
produced at fuel production facility, where the produced electricity and steam alongside a product can
be used to heat other processes within another product system. It is also applied when some waste
material is used as feedstock for LCIF production and result in real methane reductions. In this case, the
system boundary around the waste material for fuel production is expanded to include the emission
differential between using the waste material for fuel production and a baseline scenario that would
have occurred if the waste material were not used for fuel production3. With system expansion, the
burdens associated with the avoided electricity and steam production or the baseline scenario for waste
management are subtracted from the Cl value of the fuel.

Causal allocation

Causal allocation is a term used in the openLCA software to represent a custom allocation approach that
can be used to model specific allocation scenarios, including the energy and mass-based allocations.
Allocation factors are entered manually for each flow and product.

3 Refer to the Fuel LCA Model Methodology for more information on the methodology, data sources, and
modelling assumptions for allocation waste materials used as feedstock.
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This appendix presents a hypothetical example of using the Model to calculate a carbon intensity. The
example goes through how to use the data library and fuel pathways to complete a product system for a

specific scenario, but the general modelling concepts are applicable to a wide variety of scenarios and
situations.

the Fuel LCA Model. Follow the relevant program specifications

This example covers a general example in using the fuel pathways in
o when using the Fuel LCA Model for a specific program.

The example, as described in Figure 27, models the production of bioethanol produced from corn
following the life cycle stages defined in Chapter 6.2.2. In this example corn is produced and then
transported to the bioethanol plant. Then, energy and chemical inputs of natural gas and hydrogen
respectively, alongside the corn, are used to produce the bioethanol. This generates process emissions
and produces an animal feed coproduct. Finally, the produced bioethanol is distributed to end users,
where it is combusted in an internal combustion engine. The quantities associated with the example are
shown in Figure 27.
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Example scenario: Bioethanol produced from corn

Feedstock 275 000 t of corn
production | (14% moisture content)

3

Feedstock
transport 150 km by truck
h 4
350 TJ) of natural gas —» — Process emissions
0.05 g CH,/MJ of fuel
1350t Of hydl’ogen ’ Fuel 0.01 g NEO/MJ of fuel
production
— 38 000 t of animal feed

(15% moisture

100 millions liters of ethanol content)
Y
Fuel .
distribution 450 km by train
h
Fuel In an internal combustion
combustion | engine vehicle

Figure 27: Product system of bioethanol being produced from corn

Figure 28 shows how the system will be modelled in openLCA. The example will walk through each of
the life cycle stages, from feedstock production to fuel combustion, as they are modelled with the
Model. It will also show how to use each unit process within the pathway. As explained in Chapter 4.2.2,
the fuel pathways in the model database are not structured in the same way as what would occur in
reality. This structure enables simpler modelling of a highly customizable systems that can be used for a

variety of scenarios.
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Feedstock Feedstock ) _( Fuel Fuel Fuel
Production TransportationJ 'L Production Distribution Combustion

~

=
Feedstock A/B/C, at [fuel] W 1- [Fuel] production, at
plant J [Fuel] plant

I 2
2- [Fuel] distribution, to [Fuel] CI from
end user Feedstock A/B/C

3- [Fuel] combustion, to
end user

Life cycle stage

Unit process part of the
Fuel Pathway

]
]

Figure 28: Comparison of life cycle stages with unit processes in openLCA

Figure 29 shows a screenshot of the model graph of the completed pathway in openLCA (see Chapter
5.3.1). The model graph shows the processes and linkages involved in modelling the bioethanol product
system. Note that the example is theoretical and different systems may use different building blocks
from the Data Library. System processes from the Data Library will be used alongside the data provided
in the example to model the bioethanol life cycle.

| ® Com, atbicethanol plant ©
Com, at farm o . =

Natural gas combustion  © e Bioethanol Cl from Feedstock A

Truck transport, diesel © 1# B 1- Bioethanol production, at bioethanol plant © | =
Inputs utputs
Hydrogen production, at producer © thanol fr - | Bicetha fror

» 9 2- Bioethanol distribution, to end-user O ||

Train transport, diesel ©
. it w @ 3- Bioethanol combustion, at end-user O

Bioethanol combustion D/

[: Linked processes from
Data Library and other sources

‘ Unit process partof the Fuel Pathway

Flow of input/output
> (Quantified with applicant data
or predefined amounts)

Figure 29: Model graph of the bioethanol life cycle example

The following sections show the steps to model each of the life cycle stages in openLCA and how to
calculate the Cl of the completed system.
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The information needed to model the feedstock production and transport is shown in Figure 30. This
figure shows how corn production and transportation are modelled in the first unit process of the
bioethanol fuel pathway, including necessary calculations and conversions.

(

1 kg of corn ——»
Feedstock at 1 kg of corn transported to the

bioethanol plant bioethanol facility (dry mass)

¥

Truck transport (150 km) —»

1 kg dry—basis
1 — Moisture contentfeedstock

Transport amount (kg.km) = distance (km) x

Unit process part of the Fuel
Pathway

e Flow (input/output)

—- Reference flow

Figure 30: Corn production and transportation modelling
To model the feedstock production and transport, follow these steps:

a) Inthe Processes folder of the database, go to the folder Fuel Pathways/Bioethanol
pathway/Feedstock at bioethanol plant, and open the process “Feedstock A, at bioethanol
plant” by double-clicking it. As a reminder, the processes are found in the navigation pane on
the left side of the screen (Chapter 4.1).

b) Go to the Inputs/Outputs tab of the unit process (Chapter 4.2.3 shows the layout of a process in
openLCA).

e Asyou notice, the unit processes in the fuel pathways are often empty. These unit
processes are templates and must be filled with user data to calculate a custom Cl.

With the “Feedstock A, at bioethanol plant” process, corn and truck transportation are needed as
inputs, as shown above. These inputs will be taken from the Data Library. To add the processes as
inputs, follow these steps:

c) Click-and-drag the processes (called Corn, at farm and Truck transport, diesel) from the
navigation pane and into the Inputs Table of the process (see Chapter 5.2.3).

Figure 31 shows what the Inputs Table should look like after dragging the processes into the “Feedstock
A, at bioethanol plant process”.
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A Welcome P Feedstock A, at bioethanol plant &2 = O

P Inputs/Qutputs: Feedstock A, at bioethanol plant o)
~ Inputs O X 1z
Flow Category Amount  Unit Costs/Reve.. Uncertainty  Avoided w... Provider Data qualit... Descripti...
Fe Corn, at farm Crops/Grains 1.00000 ™ kg none P Com, a.
Fe Truck transport, diesel Transportation/Generic ... 1.00000 ™ tkm none P Trucktr.

Figure 31: Screenshot of the Inputs Table of the “Feedstock A, at bioethanol plant” process after dragging the processes

The next step is to determine the quantity and units to enter in the unit process. As explained in Chapter
6.2.3, the unit process is an independent mass balance that transforms inputs into outputs. In this
process, 1 kg of corn is transported to the bioethanol production facility. Therefore, the input for Corn,
at farm is balanced with the output, 1 kg of feedstock A, at bioethanol plant. The functional unit
(Chapter 6.2.5) of the unit process is on a dry basis, as is the corn flow.* However, the corn is
transported to the bioethanol production facility on a wet basis. Therefore, the transportation flow
needs to account for the entire mass of corn being transported, and not just the dry mass. An example
of this conversion is as follows:

1k -
transportation amount (kg - km) = distance (km) - b
1 — moisture contentseeqstock
1k -
transportation amount = 150 km - (—lg_drg ll)zm>

transportation amount = 174.4186 kg - km
Follow these steps to add the transportation amount and finish modelling the unit process:

d) Enter the transportation amount into the “amount” column in the Inputs Table either as a
formula or as the calculated value (see Chapter 5.2.2).

e) After the amount is entered, select the unit of “kg*km” by opening the drop-down menu for the
unit column.

f) Rename it to represent the customization that has been made. Rename the unit process by
going to the General information tab (see Chapter 5.2.6).

4 The information about the functional unit for the corn process can be found in its metadata in the data library.
Open the system process for Corn, at farm to view the metadata. The contents of the metadata in the data library
are explained in Chapter 4.5.1.
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g) Rename the reference flow to match the new unit process name.
h) Save the unit process.

Figure 32 shows a screenshot of the unit process with the updated values and names.

| P Corn at bioethanol plant & |

= Inputs

Flow
F2Comn, at farm
FeTruck transport, diesel

€
= Outputs

Flow

f:Corn at bioethanol plant

p Inputs/Outputs: Corn at bioethanol plant

Category
Crops/Grains

Transportation/Generic ...

Category

Bioethanol pathway/...

Amount Unit
1.00000 = kg

150/(1-0.14) = kg*km

Amount Unit
1.00000 ™ kg

Costs/Reve...

Costs/Reve...

Uncertainty  Avoided w... Provider Data qualit...
none P Com, at ..
none P Truck tra...

Uncertainty  Avoided pr... Provider Data qualit...

none

General information Inputs/Outputs Administrative information | Modeling and validation| Parameters| Allocation Social aspects| Impact analysis

0 x

Descripti...

O x

Descripti.

Figure 32: Screenshot showing the updated values and names of the origina

|n

Feedstock A, at bioethanol plant” process

Now that the feedstock and transportation life cycle stages have been modelled in openLCA, the

bioethanol production life cycle stage can be modelled.

A.1.2 Fuel production

The details of the example used to model the fuel production life cycle stage are shown in Figure 33
below. This diagram shows how bioethanol production is modelled in the second unit process of the
bioethanol fuel pathway, including necessary calculations and conversions.
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275000 t of feedstock ——»

350 TJ of natural gas ——»

_ Process emissions

-

1350t of hydrogen —»

Moisture content = 14%

Pathway

—- Reference flow

\

1- Bioethanol
production, at
bioethanol plant

" 0.05 g CH,/MI of fuel

N 0.01 g N,O/MI of fuel
» 100 millions liters of ethanol
38 000 t of animal feed
J (15% moisture content)

Co-product unit conversion

Corn unit conversion

Hydrogen unit conversion

Quantity (MJ) = Mass (kg) x HHV (MJ/kg)
HHV (hydrogen) = 141.92 Ml/kg

Ethanol unit conversion

Quantity (MJ) = Volume (L) x HHV (MJ/L)
HHV (bioethanol) = 23.42 MJ/L

. Flow (input/output)

Unit process part of the Fuel

Quantity (kg dry mass) = Wet mass (kg) x (1 - Moisture Content)

Quantity (MJ) = Mass (kg, wet basis) x (1 - moisture content) x HHV (MJ/kg)
HHV (animal feed) = 21.75 MJ/kg (dry-basis)

Figure 33: Bioethanol production modelling

The transported corn is used alongside natural gas and hydrogen to produce bioethanol and a

coproduct. Like the feedstock production unit process, this process is empty and can be filled in with
building blocks from the data library. In addition, the process will be linked to the previous life cycle

stage (the feedstock production and transportation processes from the previous section).

Corn input

First, follow the step below to link the two life cycle stages:

a) Open the “1- Bioethanol production, at bioethanol plant” unit process in the fuel pathways

section of the database.

b) Click-and-drag the feedstock process from the navigation pane and into the Inputs Table of the

bioethanol production process. (This is the same way as adding the inputs from the previous

section.)
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For the quantity of corn, there are 275 000 t being used to produce the 100 million litres of ethanol. This
mass is a wet basis mass, so it must be converted to dry mass to properly represent the functional unit
of the corn process. The conversion is as follows:

Quantity (kgdry basis) = mass (kGwet pasis) - (1 — moisture content)
_ 1000 kg
Quantity = 275000 ¢ - (T) -(1-0.14)

Quantity = 2.365E8 kg

c) Enter the calculated quantity or the formula into openLCA. Since the quantity has been
converted to kg, there is no need to change the unit for the input. Also note that openLCA
allows the use of scientific notation.

Hydrogen input
In this example scenario, hydrogen is used as a chemical input in the production of bioethanol.
Therefore, it can be found in the chemical inputs folder of the data library.

a) Click-and-drag the hydrogen process into the Inputs Table. As explained in Chapter 5.2.3, you
can also search for flows in the database using the green plus button at the top-right of the
Inputs Table.

After adding the input you will realize that the flow property (i.e. the types of units, Chapter 4.5.2) is in
units of energy. Since we have the mass of hydrogen used, we must convert the amount of hydrogen
using hydrogen’s HHV. The conversion is shown below.

. Mj
Quantity (M]) = mass - HHV <@>

, 1000 kg MJ
Quantity (M]) = 1350t - BT 141.92@

Quantity = 1.91592E8 M]

b) Enter either the formula or the calculated value into the Inputs Table. Keep the unit as the
default MJ.

Natural gas input
The natural gas input can be found in the fossil fuels folder of the data library.

a) Since natural gas is being burned, use the “Natural gas combustion” process as the input.

Once added into the Inputs Table, you will notice that the flow is in MJ. Since our quantity of natural gas
is already reported in units of energy, there are only two things to do:

b) Select TJ from the unit field.
c) Enter the amount of natural gas used (350 TJ) directly into the amount field.
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Ethanol output

The ethanol output represents the functional unit of the process (the bolded flow in the output table).
All inputs and other outputs must be balanced to this quantity. Since the functional unit here isin MJ, a
conversion must be performed. The conversion, which uses the HHV of ethanol, is shown below.

Quantity (M]) = volume (L) - HHV (%)

M
Quantity (M]) = 100E6 L - 23.42 T]

Quantity = 2.342E9 M]

a) Enter the quantity or formula into openLCA. In this case it may be better to leave the value as a
formula because this formula can be copied and pasted for the upcoming section, Process
emissions output.

b) Open the bioethanol flow (double-click the flow from the output table) and rename the flow to
“1- Bioethanol from corn”.

Note that the process has other outputs called “Bioethanol from Feedstock B” and “Bioethanol from
Feedstock C”. These are available to use if there is more than one feedstock, but since this is out of
scope for this example the two flows can stay at 0.

Animal feed coproduct output

The production of bioethanol also results in a coproduct that can be used as animal feed. Unlike the
inputs, which come from other processes, the outputs are flows and are therefore found in the flows
folder of the database (see Chapter 6.2.3 for a description of processes and flows, and Chapter 4.3.2 for
the organization of the intermediate flows). The “Fuel pathways” section of the “Flows” folder contains
common coproducts for each fuel pathway. In this case, follow the step below to add the coproduct:

a) Add the “Animal feed from Feedstock A” flow from the Flows folder to use as the output. Click-
and-drag the flow into the outputs table.

The coproduct is reported in mass, but must modelled in energy. The HHV and the moisture content of
the animal feed are used to convert the amount to MJ as shown below.

M
Quantity (M]) = mass (KGwet pasis) - (1 — moisture content) - HHV (k—;)
_ 1000kg 21.75 MJ
Quantity (MJ) = 38000 ¢ - (T) (1= 0.15) - ()

Quantity (M]) = 7.02525E8 M]

b) Enter the quantity or formula into openLCA. The unit is already in MJ.
c) Open the animal feed flow (double-click the flow from the output table) and rename the flow to
“Animal feed from Corn”.

Process emissions output
The final flows to consider are those for the process emissions. Note that these process emissions only
correspond to emissions that directly result in the chemical production of bioethanol. Emissions from
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other sources, such as through the combustion of natural gas, have already been accounted for in their
respective processes. The flows themselves are elementary flows, i.e. GHGs. They can be found in the
“Elementary flows” section of the “Flows” folder in the database (see Chapter 4.3.1).

a) Click-and-drag the “Methane (CH4), biogenic” and “Nitrous oxide (N20)” flows from the
“Elementary flows” section of the database into the outputs table of the unit process.

Like the inputs and other outputs, the process emissions must be balanced with the amount of ethanol
being produced, which is the reference flow of the process. The process emissions have been reported
in g/MJ. Therefore, we need to convert the values to grams per [amount of MJ of ethanol being
produced]. To do so, simply copy the formula of energy (MJ) we previously calculated (in step (a) in the
section Ethanol output) and apply it to the amount of emissions being released. This is shown below for
each elementary flow.

Quantity CH, (g) = amount released (Mi]> - amount of ethanol produced (M])

M
Quantity CH, (g) = o.osMi] - 100E6 L - 23'42T]

Quantity CH, = 1.171E8 g

Quantity N,0 (g) = amount released (Mi]> -amount of ethanol produced (M])

M
Quantity N,O (g) = 0.01[\%' 100E6 L - 23.42T]

Quantity N,0 = 2.342E7 g

b) Enter the results in openLCA as formulas or quantities. For each flow, change the unit from “kg”

“_n

to “g”.
c) Save the unit process.

Figure 34 presents a screenshot of the process including all of the inputs and outputs.
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P 1- Bioethanol production, at bioethanol plant 2

p Inputs/Outputs: 1- Bioethanol production, at bioethanol plant

~ Inputs © X 1
Flow Category Amount Unit Costs/Rev... Uncertainty Avoided .. Provider Data quali... Descrig
F2 Corn, at bioethanol plant Bioethanol pathway/F.. 275000*1000%(1-0.14) = kg none P Com, at...

Fz Hydrogen production, at pro... Chemical Inputs/Che... 1350*1000%141.92 = M) none P Hydrog...
F2 Natural gas combustion Fossil fuels/Combuste... 350.00000 == TJ none P Natural ...
| < >

~ Outputs O x
Flow Category Amount Unit Costs/Rev... Uncertainty Avoided p... Provider Data quali.. C
f21- Bioethanol from Corn 1- Bioethanol produ... 100E6*23.42 = MJ none
F2 1- Bioethanol from Feedstoc... 1- Bioethanol product... 0.00000 == M) none
F=1- Bioethanol from Feedstoc... 1- Bioethanol product... 0.00000 = M) none
fs Animal feed from Corn 1- Bioethanol product...  38000*1000*(1-0.15)*21.75 = MIJ none
fe Methane (CH4), biogenic Elementary flows/Emi... 0.05*100E6%23.42 = g none
FeNitrous oxide (N20) Elementary flows/Emi... 0.01*100E6*23.42 = g none

Figure 34: Screenshot of the “1-Bioethanol production, at bioethanol plant” process including all of the inputs and outputs

Allocation of bioethanol production
Before moving on to the next life cycle stage, allocation needs to be performed on the outputs of the
unit process. Follow the steps below to perform allocation on the process.

a) Before doing allocation, ensure all values are correctly input and save any changes.

b) Go to the allocation tab of unit process. Select “Physical allocation” (see method 2 in Chapter
5.2.8) and then click “Calculate default values”.

c) Save the process.

A screenshot of the completed physical allocation table is shown in Figure 35.
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P 1- Bioethanol production, at bicethanol plant ©

¢ Allocation: 1- Bioethanol production, at bioethanol plant o

Drefault method | Physical v

® Calculate default values

- Physical & economic allocation

Product Physical Econamic
F2 1- Bioethanal from Corn (2.34E9 MJ) 0.7602497187574416 0.7692497187574416
Pz 1- Bioethanol from Feedstock & (0.00 M)) 0.0 0.0
F21- Bioethanal from Feedstack C(0.00 M) 00 0.0
F2 Animal feed from Feedstock A (7.03E8 MJ) 0.23075028124255836 0.23075028124255836

= Causzal allocation

Flow Direction Categorny Amount 1- Bipe.. 1- Bioe.. 1- Bioe.. Animal...
F2 Com at bioethanol plant Input Bioethancl pat..  2.36500E8 kg 0.7692.. o0 0.0 0.2307.
F+ Hydrogen preduction, at prod... Input Chemical Inpu... 1.91592E8 M) 0.7692._ 0.0 0.0 02307
fu Methane (CH4), biogenic Output Elementary flo... 1.97100E8 g 0.7692. 0.0 0.0 0.2307..
F Natural gas combustion Input Fossil fuels/Co... 35000000 T 0.7692.. 0.0 00 02307
Fa Nitrous oxide (N20) Cutput Elementary flo... 234200E7 g 0.7692. 0.0 0.0 0.2307..

General information | Inputs/Outputs Administrative information | Madeling and validation Parameters Allocation Social aspects Impact analysis

Figure 35: Screenshot of the completed physical allocation table

A.1.3 Bioethanol distribution
After the bioethanol has been produced, it needs to be transported to the end user. This life cycle stage
can be modelled using a single unit process, called “2- Bioethanol distribution, to end-user”. The
bioethanol is transported via train, so the “Train transport, diesel” system process from the data library
can be dragged into the Inputs Table. This is visualized in Figure 36. This figure shows how bioethanol
distribution is modelled in the third unit process of the bioethanol fuel pathway, including necessary
calculations and conversions.
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Train transport 2- Bioethanol — 1 MIJ of bicethanol

450 km distribution, to distributed to the end user
end-user

Transport amount (kg. km) = distance (km) x

HHV (bioethanol) = 29.67 M]/kg

HHVbioethanol

Unit process part of the Fuel
Pathway

R Flow (input/output)

———- Reference flow

Figure 36: Bioethanol distribution modelling
Follow the steps below:

a) Open the “2- Bioethanol distribution, to end-user” process.
b) Add the “Train transport, diesel” system process from the data library into the Inputs Table.

Once the train transport flow has been added to the Inputs Table, its amount and unit can be
determined. Just like with feedstock transportation, the distribution distance needs to be entered in
units of mass*distance. Note that the functional unit of the process is 1 MJ bioethanol being distributed.
Therefore, we can use the HHV of bioethanol and a basis of 1 MJ to convert our amount of ethanol to
kg. The calculation is shown below.

Quantity (kg - km) = mass (kg) - distance (km)

kg

Quantity (kg - km) = (1 M]) - (W

)-450km

Quantity = 15.167 kg - km

c) Enter the value or formula in openLCA. Select the unit “kg*km”.
d) Save the process.

A screenshot of the completed distribution process is shown in Figure 37.
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A Welcome P 2- Bicethanol distribution, to end-user &2
P Inputs/Outputs: 2- Bioethanol distribution, to end-user [
© X
Category Amount Unit Costs/Reve... Uncertainty Avoidedw.. Provider Data qualit... Descripti...

]
{ Fe Train transport, diesel ... Transportation/Generic t...| 450/29.67 ™3 kg'km none L P_Taintr..

Figure 37: Screenshot of the completed distribution process

A.1.4 Bioethanol combustion
The final life cycle stage to model is fuel combustion. A visualization of the combustion stage is shown in
Figure 38. This figure shows how bioethanol combustion is modelled in the fourth unit process of the
bioethanol fuel pathway, including necessary calculations and conversions.

Combustion emissions > Bioet!Ianol 1 M of bioethanol
combustion, to combusted at end-user

end-user

Unit process part of the Fuel
Pathway

B Flow (input/output)

—- Reference flow

Figure 38: Bioethanol combustion modelling

To model combustion emissions, we can again use the data library for the input. Bioethanol combustion
emissions are included in the “Combustion emission factors” section of the data library. Note that while
the rest of the data library contains system processes that model the life cycle emissions of certain
activities, the processes in the combustion emission factors only model the emissions for combustion.
This avoids double counting and allows us to use the process to model combustion emissions for the
fuel pathways.

a) Open the “3- Bioethanol combustion, to end-user” unit process.
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b) Click-and-drag the “Bioethanol combustion” process into the Inputs Table.
c) Save the process.

No other calculations are needed here as the unit process is balanced. A screenshot of the completed
process is shown below.
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Figure 39: Screenshot of the completed process of combustion

Now that all of the life cycle stages have been modelled, the bioethanol Cl can be calculated.

a) Open the “Bioethanol Cl from Feedstock A” unit process.

b) Change the names of the unit process and reference flow to “Bioethanol Cl from corn” to better
represent the system.

c) Follow the steps outlined in Chapter 5.2.9 to create a product system.

d) Once the product system has been created, go to the “Model graph” tab (see Chapter 5.3.1).
Here, you will see the exact same model graph as the one presented in Figure 29 in the
beginning of this example.

e) To calculate the Cl, go back to the “General information” tab and use the calculate button
according to instructions stated in Chapter 5.2.10.

The Cl calculated is 44.93634 g CO2e/ 1 MJ bioethanol combusted, HHV, viewable in the “Impact
analysis” tab of the calculated results. Note that the value of the Cl may be slightly different depending
on the version of the Model being used. This intensity represents the customized product system that
includes all of the life cycle stages modelled in the previous section.

Additional openLCA analysis tools are explained in Chapter 5.3.
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The following examples show how to model certain scenarios when using the Model outside of a specific
program.

While the example only includes information from the data library, the Model allows the creation of unit
processes to model any activity using other sources of data. This unit process can then be added to a
fuel pathway, just like adding anything from the Data Library. For example, if you have data to model a
feedstock that is not in the Data Library, follow the steps in Chapter 5.2.4, then, follow the principles
outlined in the example, such as ensuring a proper mass-energy balance for the new unit process.

When creating a new unit process, just like the fuel pathway processes, any input from the Data Library
can be added as an input to model certain activities. Any elementary flows can also be added in the
outputs to model process emissions.

Once the new unit process has been created, it can be added as an input to the fuel pathway in the
same way as described in the example.

A simple way to model avoided emissions is to use a negative elementary flow in the output of a
process. Any of the elementary flows can be added to process output as described in Chapter 5.2.3.
Similarly, a waste feedstock that results in avoided emissions can be modelled in the same way. A
process can be created as described in Chapter 5.2.4, and then the elementary flow corresponding to
the avoided emissions can be added to the process outputs as a negative value.
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