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Special note related to sector impacts from COVID - 19

This report was researched in late 2019 and completed in early 2020, before the full effects of
COVID-19 began to affect the entire aviation supply chain. As such, our team’s efforts in completing
this feasibility study version, in particular final consultation with key stakeholders, were impacted

by the rapidly evolving COVID-19 situation. Efforts to pursue BioPortYVR development fall behind
immediate priorities of passenger and crew safety and business preservation. Activities to create
BioPortYVR will follow the stabilization of the Canadian aviation sector and the overall economy,
although it is acknowledged that the rebuilding of the aviation industry may include greater attention
to the value of sustainable aviation fuel as an economic generator and environmental opportunity.
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Executive Summary

In offering this Feasibility Study, the BioPortYVR partners pledge to play a leadership role in
supporting the establishment of a made-in-BC clean fuel supply chain that will help create

good jobs in BC that bridge value-added resource development with the clean tech sector.

INTRODUCTION

The impacts of COVID-19 are being felt around the world,

and the commercial aviation industry is no different. Although
airports and airlines are grappling with a starkly different market
reality from one that existed just months ago, it remains true

that aviation is a fundamental part of our global society. It is

a key contributor to economic development, social progress,

and human interaction and provides the most accessible global
transportation network.

Simply put, environmental excellence and sustainability are
avital part of the airlines’ business model. With commercial
aviation responsible for about 2% of global CO, emissions, the
aviation industry has set ambitious carbon reduction targets to
address its emissions:

= Carbon neutral growth from 2020; and
" 50% net CO, reduction by 2050 relative to 2005 levels.

These goals can only be partly fulfilled by more efficient aircraft,
streamlined operations, and new aircraft propulsion methods.
The primary means of reducing emissions within aviation,
especially for the long-haul flights that create the majority of the
sector’s environmental footprint, will be through the increased
use of lower carbon fuels in place of higher emitting fossil jet
fuels.

Sustainable Aviation Fuel (SAF) is defined as a certified, drop-in
fuel that satisfies jet fuel form, fit, and function requirements,
while meeting verifiable sustainability standards. SAF is

in regular use and by early 2020 has fueled over 200,000
commercial flights. SAF can be produced through a variety of
technologies using diverse feedstocks. Production pathways
range from those in the process of being technically confirmed
at laboratory scale through to those already deployed and being
used in commercial operation. For commercial adoption it is
essential that SAF is certifiable as jet fuel in accordance with
international standards.

New fuel technologies like hydrogen and electricity will play a
role in addressing aviation’s emissions though their currently
lower energy density will restrict their use in longer-distance
applications. As aviation is expected to remain dependent on
liquid jet fuel for at least the next decade, substituting liquid
fossil derived hydrocarbon fuels with lower carbon options is the
most viable solution to reach the sector’s GHG emission targets
in the short- to medium-term.

Policies to address emissions from transportation have

been predominantly focused on the use of renewable fuels
blended with gasoline and diesel fuels, leading to the broad

use of renewable substitutes (e.g., biodiesel and ethanol). The
same progress has not yet been achieved in aviation. There

are noteworthy differences in decarbonization options between
road and aviation sectors: road transport has a broad spectrum
of GHG reducing options, most significantly, the shift to fossil-
free alternative vehicle technologies like vehicle electrification.
In contrast to this, the aviation sector’s clearest option to achieve
substantial emissions reductions relies on the use of SAF.

Currently, SAF is predominantly uploaded to aircraft at airports
located in jurisdictions where there are clean fuel policies

(such as the California low-carbon fuel standard and select
European Union member states). Under these regulations, SAF
can generate valuable compliance credits without any type of
obligation on jet fuel. In other words, airlines are using SAF on
a voluntary basis and the creation of compliance credits assists
in bridging the price premium of SAF over jet fuel. While the
voluntary purchase of SAF by airlines has led to its production in
a small number of facilities, the absence of policy obligations (for
example, blending mandates that specify a fixed percentage of
SAF must be incorporated into the jet fuel supply) has limited the
global production capacity of SAF to what end users—airlines,
business aviation, and the military—are willing to purchase on

a voluntary basis. Progressive policy that both incentivizes SAF
production and creates firm requirements to its use are viewed
as necessary to stimulate new production.

SAF production and use is a significant opportunity to address
aviation emissions and to spur clean fuel-related economic
development. Benefits that can be realised by establishing SAF
production and use include:

"~ Reduction in CO, emissions of jet fuel life cycle up to 90%;

= Improved local air quality at airports with reductions in
Particulate Matter (PM) and Sulphur Oxide (SOx); and

> Creation of economic employment benefits through domestic
feedstock utilization, development of local industrial activity,
and increased regional self-sufficiency for fuels.

1 Green Horizons, on the Production costs, climate impact and future supply of renewable jet fuels (PhD Thesis), Sierk De Jong, 2018. Report authors note that
negative carbon intensity values resulting in GHG reductions over 100% are possible using feedstocks that are true wastes.
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The study found that YVR is a highly suitable location from
which to concentrate activities to encourage SAF production
and use. There are strong enabling factors in British Columbia
including regionally available sustainable feedstock (sustainable
canola, waste oils and fats), suitable logistical infrastructure and
expanding transportation options:

= The Government of British Columbia, as part of the CleanBC
climate action plan, is currently conducting a comprehensive
low-carbon fuel policy review that has the potential to narrow
the price gap between fossil jet fuel and SAF. Indeed, the B.C.
Low-Carbon Fuel Standard is the best positioned piece of
regulation to enable SAF market access by generating credit
revenue to bring the price of SAF in line with fossil jet fuel,
depending on market conditions. Additionally, the CleanBC

climate action plan sets a target for 650 M litres per year of BC-

based clean fuel production by 2030.

- Vancouver Airport Authority is a recognized leader in
sustainability and has committed to achieving net zero
emissions by 2050. The Airport Authority works with its
business partners to minimize greenhouse gas emissions from

vehicles, buildings and aircraft. Supporting industry advances to

enable use of sustainable aviation fuels at YVR and low-carbon
air travel is a key priority in YVR’s carbon reduction roadmap.

Bioport Value Chain

N\
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= YVR does not require any new investments in fuel distribution-
related infrastructure to receive sustainable aviation fuel. The
Vancouver Airport Fuel Facilities Corporation is currently
building a new fuel delivery system for YVR, which includes a
Marine Terminal and Fuel Receiving Facility on the south arm
of the Fraser River and a 13-kilometre underground pipeline
to YVR. The project is on track to be in service in 2022 and can
facilitate the delivery of SAF to the airport.

= YVR’s major airline partners—including Air Canada and
WestJet—fully support and have long advocated for the
development of a regional and collaborative approach to the
production of sustainable alternative fuels in Canada to make
travel more sustainable. The International Air Transport
Association lists sustainable aviation fuel as one of the key
elements to help the aviation industry achieve its ambitious
2050 emissions reduction goals.

~ Looking ahead, use of SAF can enhance British Columbia and
YVR’s market appeal to the global environmentally conscious
traveller by helping passengers fly with confidence and with
the lowest carbon footprint possible. This will support a
stronger greener post-COIVD-19 industry recovery as YVR
connects British Columbia to more markets around the world.

Supporting Supply Chain
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BioPortYVR INITIATIVE

A’bioport’ is the collaboration of key stakeholders to establish
the enabling conditions for consistent SAF uptake in a specific
region around an airport. The figure below shows the value-

chain of BioPortYVR, both physical and supporting components.

The physical supply chain involves the actual production
capacity and physical elements of growing/acquiring feedstock,
conversion, and down stream logistics. The supporting supply

chain creates the right conditions for one or more physical supply

chains to function.

Three supporting elements are key:

1. Sustainability assurance by means of independent certification

schemes;

Q@ BioPortYVR

2. Policy development with the purpose of bridging the price
gap with fossil jet fuel and creating a level playing field with
other sustainable fuels; and

3. A knowledge centre to share information and learnings from
other jurisdictions and successful SAF projects around the
world.

The feasibility study assessed both the physical and supporting
supply chains affecting the ability of establishing a bioport at
YVR, through consultation with stakeholders, and combined
with a positive techno-economic analysis, provides key
recommendations and identifies specific policy changes
necessary to enable the increased use of SAF in Vancouver.
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TECHNO-ECONOMIC ANALYSIS

There are a number of production pathways to create sustainable
aviation fuel. Within this feasibility study a techno-economic
analysis (TEA) is performed on the production of SAF in British
Columbia via the Hydrotreated Esters and Fatty Acids (HEFA)
production pathway. Globally there is roughly 4.7 Mt of HEFA
production capacity operated to produce renewable diesel; this
also represents a technologically mature production pathway for
SAF. However, since the production of SAF via the HEFA route
is more costly than the production of renewable diesel and the
value of renewable diesel is currently higher than SAF it is not
currently beneficial to produce SAF. There is only one HEFA
facility operating to produce SAF on a continuous basis; the
WorldEnergy Paramount Refinery in California.

Since other SAF production pathways require a higher level of
technology maturation before being operational on commercial
scale, the TEA focusses on SAF produced via the HEFA pathway.
This study compares the effects of different feedstocks (used
cooking oil vs. canola oil) and different utilities (renewable vs.
fossil hydrogen) on the TEA, as well as the effect of different
carbon allocation methods on the potential revenue generated via
low carbon fuel standard (LCFS) policies.

The most plausible feedstock technology combination for
BioPortYVR will be the production of SAF based on sustainably
produced canola oil utilizing fossil hydrogen, since the Port

of Vancouver conveys large amounts of canola oil, enabling an
accessible feedstock pathway. Additional feedstocks (e.g., animal
fats, used cooking oil, other emerging oilseeds and lipid sources,
and cellulosic residues) can be incorporated into SAF production
as they are available. The TEA analysis indicates that the CI
benefit created by using renewable hydrogen, does not justify the
higher price of this production process. Within Metro Vancouver,
existing liquids storage infrastructure is currently used at or
near full capacity. It is likely that the transportation, handling
and storage infrastructure will need to be expanded to support
initiatives such as SAF production in BC.
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Figure 1 summarizes the results of the TEA, indicating that SAF
produced via this route would have a Minimum Fuel Selling
Price (MFSP) of $1.32 per litre. The MFSP is the price at which
the fuel products should be sold to achieve a net present value
(NPV) of zero. With an average jet fuel wholesale price of $0.59
per litre in 2019, SAF would be more than twice as expensive.
BC’s Low Carbon Fuel Standard (BC-LCFS), should it be updated
to enable SAF to generate credits, will have a significant impact
on the viability of SAF use in BC. Employing the average BC-
LCEFS credit value over 2019, SAF could generate $0.70 per litre in
BC-LCFS credit revenue, resulting in a remaining price premium
of $0.03 per litre. Since the value of fossil jet fuel and BC-LCFS
credits fluctuate over time, the price premium for SAF will vary
depending on market conditions.

A sensitivity analysis performed on the parameters used in the
TEA suggests that the largest impact on this price premium for
SAF results from the feedstock price. A feedstock price reduction
of over 17.5% would generate a profitable business case based on
the TEA’s input parameters. Feedstock types such as waste oils
and fats generally have a lower market value, however, utilization
of these types of feedstocks, which already experience a large
market pull from other renewable fuel markets such as renewable
diesel production and, increasingly as co-processed material,
may cause other fuel producers to switch to less sustainable
alternatives, impeding the overall goal of global GHG emission
reductions.

The second largest influence on the price premium for SAF is

the BC-LCEFS credit value. Historically the BC-LCFS credit value
has shown relative stability between $0.13 and $0.14 per litre
with a strong increase in Q4 2019 (as shown in Figure 43). Since
fuel producers have an end-of-year obligation to meet policy
demands, the demand and value of the BC-LCEFS credits spiked
at the end of 2019. This resulted in a relatively high average
BC-LCFS credit value in 2019 and created comparatively higher
BC-LCEFS revenues in the TEA. The price of the BC-LCFS credits

Figure 1: Summary of Results from techno-economic assessment of SAF production from sustainable canola oil via the HEFA process utilizing fossil hydrogen.
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(arrived at between seller and buyer, published in average by
the BC Government) can reflect the different market prices
between fossil and renewable fuel fuels as well as the stringency
of the annual BC-LCFS target and the proactive action that the
obligated parties have or have not taken during the previous
portion of the compliance year.

Since the feedstock price and potential BC-LCFS revenue significantly
influence the feasibility of SAF production in BC, it is important to
realize that both parameters correlate to the sustainability of SAF
production and thus the carbon allocation method utilized. Most
analyses recognize that using a waste oil such as used cooking oil
(UCO) would generate lower GHG emissions than crop-based

fuels. However, the exact GHG emission reductions are determined

N\
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by the production location and the Life Cycle Analysis (LCA) tool
employed in each regulatory system. SAF produced from canola oil
in British Columbia, will realise GHG emission reductions based

on the GHGenius LCA method, whereas the same SAF produced in
California will realise GHG emission reductions based on the CA-
GREET3.0 LCA method. Table 1 compares the CO, reductions of
SAF produced from canola oil and UCO according to the TEA based
on production in Canada versus the US and their corresponding LCA
methods. Since both carbon allocation methods yield significantly
different CO, reduction potential for the same SAF, the BC-LCFS
revenue potentially generated in Canada deviates significantly from
the revenue generated via the California LCFS system.

Table 1: Revenues created via LCFS system based on the carbon allocation (LCA) method of Canada compared to the US

R0, Reduction () LCFS Revenue ($/L)

Canada

- Canola Oil 91%

-uco 114%
us

- Canola Oil 33%

-uco 72%

0.70
0.88

0.24
0.54

POLICY CONDITIONS THAT WOULD ENCOURAGE SAF PRODUCTION AND USE

BioPortYVR is being considered at a time when renewable and
low-carbon fuel polices at the provincial and federal levels

are undergoing regulatory updates. In both cases, aviation’s
participation is being actively considered. This is relevant as the
existing versions of the federal renewable fuel standard (RFS)
and the BC-LCFS do not include aviation fuel or provide a clear
avenue to enabling SAF production and use. However, there is
an opportunity to design both federal and provincial policies

so that they can assist with enabling SAF by bridging the price
premium and help establish the business case for ongoing SAF
use at Canadian airports. The recommendations put forward

in this document are not limited to enabling BioPortYVR; they
would be useful in any Canadian province or territory, where
there is opportunity for progressive environmental policy that
seeks to encourage lower carbon aviation fuels. Also included
in the recommendations is how Canadian policy initiatives can
interface and support the emerging International Civil Aviation
Organisation (ICAO) approach to broadly enabling SAF’s uptake
globally.

While the federal Clean Fuel Standard (CFS) proceeds towards
draft and final regulations—with the specific treatment of
aviation fuels yet to be confirmed—the BC-LCFS is the best
positioned regulation to establish a signal for SAF market

access. Additionally, the CleanBC climate action plan sets a
target for 650 M litres per year of BC-based clean fuel production
by 2030.

Q@ BioPortYVR
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ENABLING THE VISION

To bring the vision of BioPortYVR to life, the following
changes to British Columbia’s Low-Carbon Fuel Standard are
recommended.

= Expand the BC Low-Carbon Fuel Standard (BC-LCFS) to
include a jet fuel class.
The inclusion of jet fuel will allow SAF to participate in the
BC-LCFS by generating compliance credits that can fulfill
regulatory demand. Access to the credit value of the BC-LCFS
is fundamental to bridging the price gap between SAF and
fossil jet fuel (as presented in section 1.11). Bridging the price
gap is a necessary precondition to SAF use.

7 Structure the jet fuel carbon intensity reduction
requirements to reflect current SAF availability while
providing a signal for SAF development in BC and in
Canada.

BC should consider a zero-carbon intensity (CI) reduction
requirement to reflect the currently low availability of SAF in the
global market and zero availability in BC and Canada. Including
the jet fuel class on an opt-in basis will generate jet fuel use data
for the Government of British Columbia that will help to inform
future decarbonization strategies for the sector. Opt-in status is
a necessary starting place for SAF use that will eventually help
establish BC as a supply point for the international SAF market,
once ICAO motivated demand increases.

= Use a separate carbon intensity value and reduction
schedule for jet fuel that is distinct from diesel and gasoline
(using GHGenius).
In LCFS policies, credit generation is calculated using the
difference between the CI of the renewable fuel and the CI of
the baseline fossil fuel, adjusted for the CI reduction required
in any period. If jet fuel is an opt-in fuel type, without a CI
reduction requirement in initial regulatory periods, then the
fossil jet baseline should not decline. The CI value used as
a benchmark should be derived from the GHGenius model
version used in the BC-LCFS and reflect the CI values of
the jet fuel supplied to the BC market. In the absence of this
information, the default values from the GHGenius model
should be used. GHGenius (version 5.0) includes the following
values for jet fuel in BC:

Table 2: GHGenius 5.0 Jet fuel Cl and fuel sulphur content

GHGenius 5.0 (BC region) gC0,e/MJ

Jet Fuel (600 ppm sulphur) 86.68
Jet Fuel (15 ppm sulphur) 94.24

= Consider carbon intensity reduction requirements for
aviation fuel in the next scheduled regulatory review, for up
to three years following the inclusion of a jet fuel class in the
Regulation to allow for SAF production development.
The potential transition from opt-in treatment to requiring
CI reduction must be managed appropriately to recognize
that SAF production capacity must be given the opportunity
to be established before its use is obligated. If a CI reduction
requirement is established in the future, it should be created
at least two years ahead of time. This allows SAF production
capacity to come online, supply chains to become established,
and obligated parties and fuel users to prepare.
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= Once a carbon intensity reduction requirement is
established for jet fuel, it must be in place for a time period
of 10 years before being subject to revision.
This minimum duration of CI reduction requirement is
important to establish a dependable market to support
SAF investments. As jet fuel’s CI reduction schedule may
be set before there is sufficient available SAF capacity, it
is necessary that the market signal for SAF production is
clearly communicated though a firm regulatory requirement.
Following the 10-year period, the jet fuel CI requirement
should be maintained at the level established during the last
compliance year so that SAF demand remains consistent. In
other words, the jet fuel CI reduction requirements should
not sunset after 2030 if the regulation fails to establish targets
beyond 2030. This is the approach in the existing BC-LCFS
which establishes the CI limit for gasoline and diesel fuel
classes for 2020 and subsequent compliance periods’.”

- Recognize the insertion of SAF into an airport’s fuel storage
system (including hydrant systems) as the eligible activity to
generate BC-LCFS credits.

The supply of SAF to an airport’s jet fuelling infrastructure
system should be the logistical point at which to validate that
the fuel is placed into the jet fuel market and will be used in
aviation. This is useful because it eliminates the requirement
for directly supplying the SAF into specific aircraft. It also
provides clarity that the fuel’s end use is in the aviation sector.
This is relevant as jet fuel (kerosene) is blended with diesel
fuel to create ‘winter diesel’, referred to as ‘Diesel No. 1’ which
has a lower cloud point than ‘summer diesel’, referred to as
‘Diesel No. 2”. Making the airport fuel storage system, rather
than another point outside the airport, allows this potential
additional use of jet fuel - and potentially SAF - to be outside
of the BC-LCFS calculations.

- Set the BC-LCFS cost containment ‘penalty’ rate beyond the
current $200 per debit rate to allow for additional renewable
fuels to be used, greater GHG reductions to be achieved, and
enabling the credit prices to be similar between the regional
LCFS policies.

Setting a higher cost containment level will guard against the
penalty payment being a financially advantaged compliance
strategy. Higher allowable credit prices will permit investment
to produce renewable fuels that have a higher cost per tonne of
GHG mitigated. Allowing the credit prices in regional LCFS
markets to be similar (through market forces) allows SAF to be
used in all jurisdictions rather than primarily seeking a single
LCFS market due to its vastly higher credit prices compared
with the others.

In BC’s situation there is a clear opportunity for effective policy
design for aviation fuels that recognizes the nascent state of
SAF development through an initial opt-in approach but still
structures this approach so that the market signal for new SAF
production is communicated effectively.

2 11.02 (1)(a) http://www.bclaws.ca/civix/document/id/complete/statreqg/394_2008#section11.01
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Figure 2: Sustainable Aviation Fuel use under the BC-LCFS

Assistance with SAF use prior to Jet Fuel Cl Requirements SAF Use on a Consistent Basis

BC Carbon Tax
Relief

Part3 BC-LCFS
Agreement Credits

, SAF Production \

Capacity Establishes

Jetis OPT-IN .
Jet Fuel has a Cl reduction schedule

SAF use is directly stimulated through/|BC-LCFS

SAF is used based on closing price ga
gp gsp SAF use not dependent on pairty with/fossil jet

additional inducements

Jet Fuel Transitions to
\ Required Cl Reduction /

Corporate Flyer Program
. N 4
-

Airline Strategic Purchase -~

NEXT STEPS - THE WAY FORWARD

The BioPortYVR report highlights the magnitude of the
opportunity and the path forward to support a more sustainable
aviation industry through the creation of an enduring supply
and distribution system of SAF use based in Vancouver. As the
macro-economic conditions created by COVID-19 improve and
the commercial aviation sector resumes operations, the group
assembled, and the contacts created will position this initiative to
proceed towards full activation of BioPortYVR.

We propose that a joint industry-government working team—
with representatives from the Government of British Columbia,
BioPortYVR partners, airlines, and industries throughout the
physical supply chain—be established to further explore this
opportunity, and guide next steps.
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1. Introduction

1.1 INTRODUCTION TO BioPortYVR

Canadian airports, airlines and the wider aviation industry are
actively looking for ways to reduce carbon emissions associated
with air travel. Sustainable Aviation Fuel (SAF), is the leading
opportunity to directly reduce emissions in the aviation sector.’
Despite widespread demand from the airline industry and
availability of domestic feedstocks, there is no Canadian supply
of SAF. A significant hurdle for greater SAF use is the price
premium that exists between Sustainable Aviation Fuel and
conventional jet fuel.

Sustainable Aviation Fuel is defined as a certified drop-in fuel
that satisfies jet fuel form, fit, and function requirements,
while meeting verifiable sustainability standards.

A ‘bioport’ is the collaboration of key stakeholders to
establish the enabling conditions for consistent SAF uptake
in a specific (air)port.

BioPortYVR is an industry-led project designed to enhance
the SAF supply at the Vancouver International Airport (YVR).
BioPortYVR brings together key stakeholders, identifies

the critical factors necessary to create economically viable
SAF production and use, and establishes next steps for key
stakeholders to implement to enable SAF uptake at YVR.
BioPortYVR was commissioned by Canada’s Green Aviation

Research & Development Network (GARDN). GARDN was
founded in 2009 and is funded by the Business-Led Networks of
Centres of Excellence (BL-NCE). The federal government’s BL-
NCE program funds large-scale collaborative research networks
that bring a wide range of research expertise to bear on specific
challenges identified by an industrial sector. GARDN pursues
opportunities to reduce emissions from the aerospace sector.
BioPortYVR involves key players in SAF initiative development
and airport sustainability.

The project has included a comprehensive feasibility study
designed to assess the implementation of an integrated SAF
supply chain in British Columbia (BC). BioPortY VR evaluates the
viability of implementing regional options to distribute SAF to
airlines at YVR and surrounding airports through the bioport’s
demand centre. This work was developed through engagement
with industry, government, and other stakeholders.

This report uses both litres and metric tonnes to denote fuel
quantities. Aviation fuels are described in both measures
depending on the context, with mass being the predominant term
within aviation fuel users while volumetric descriptions mostly
used in a policy context. Note that there are approximately 1,244
litres per metric tonne of jet fuel.

1.2 THE RATIONALE FOR SUSTAINABLE AVIATION FUEL

Aviation is a fundamental part of our global society. It is a key
contributor to economic development, social progress, and
human interaction. It provides the most accessible worldwide
transportation network.

Large scale use of SAF is an essential component for Canadian
aviation to address the greenhouse gas (GHG) emissions growth
anticipated to occur in the sector.* Increased SAF production
and use is arguably a core activity to reduce emissions and help
secure social license for long-term aviation sector growth.

While the impacts of a global pandemic on future growth

are yet to be fully understood, at the international level, the
International Civil Aviation Organization (ICAQO), the United
Nations organization with jurisdiction over global aviation, has
expected the impact from global aviation to more than triple by
2045, absent tremendous insertion of new technology and SAF.®
Even the benefits from continuation of existing gains in fuel
efficiency (a 52% increase in efficiency from 1990 to 2017) will be
outpaced by the sector’s assumed returned growth, leading to an
overall emission increase.®

Globally, select airlines have established specific SAF use goals,
and in a broader context the aviation industry has set targets for:
carbon neutral growth from 2020, and 50% net CoO, reduction
by 2050 relative to 2005 levels. These goals can partly be fulfilled
by more efficient aircraft, operations and new aircraft propulsion
methods, like electrical aircraft. However, in the short- to
medium-term SAF is the only solution for rapid decarbonisation
in the sector.

3 This report uses the term Sustainable Aviation Fuel and its acronym ‘SAF" to refer to aviation biofuel, alternative jet fuel, renewable jet fuel, biojet fuel, or

sustainable alternative jet fuel.

4 Staples et al [2018] https://www.sciencedirect.com/science/article/pii/S0301421517308224

5 https://www.icao.int/Meetings/A40/Documents/WP/wp_054_en.pdf

6 https://aviationbenefits.org/media/166506/fact-sheet_3_tracking-aviation-efficiency.pdf
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1.3 CANADA'S AVIATION SECTOR

Air travel by Canadians has steadily increased. In 2018, the latest
year for which official Government of Canada data is available,
revenue service for Canadian airlines was 26.5 billion Revenue
Tonne Kilometres (RTK); calculated by estimating total tonnes
of passengers and freight multiplied by kilometres flown.” RTK
increased by 8.5% from 2017 to 2018 with a corresponding
increase in fuel use of 5%, amounting to 8.5 billion litres of jet
fuel use in 2018. Figure 3 shows the RTK growth between 2005
and 2018.

Canada’s aviation sector consumed 8.5 billion litres of fuel in
2018: 69% (5.9 BL) for international activity and 31% (2.6 BL)
for domestic activity. As the second busiest airport in Canada,
aircraft at YVR used approximately 1.8 billion litres over the
same period.

This volume of fuel represents a sizeable opportunity for
emissions reductions and the financial motivation for continued
efficiency improvements is evident. Fuel intensity, the industry’s
representation of fuel efficiency, is measured as the amount of
fuel required to move one tonne a distance of 100 kilometres.
Globally, the aviation sector’s fuel intensity has decreased steadily
since 2008 from a value of just less than 40 litres down to 32.2
litres per 100 RTK in 2018. This is an 18.4 percent reduction from
the 2008 level.® If air traffic remained steady year over year then
the efficiency improvements would result in net reductions in
GHG emissions. However, given the annual air traffic growth,
net emissions have continued to increase albeit at a lesser rate
than without the efficiency improvements. Incremental efficiency
improvements become increasingly costly and challenging to
implement.

SAF provides a way of addressing emissions at the root source:
fossil fuel combustion. Due to this, SAF is of increasing
importance in the pursuit of achieving emission reduction and
climate change objectives.

Figure 3: Canadian Revenue Tonne Kilometres RTK Growth 2005 - 2018
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Figure 4: Cdn aviation fuel use 2018 (Canada’s Action Plan annual report 2019)
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7 Theindustry conventional assumption is that the average weight per passengeris 100kg or 0.1 tonnes
8 Transport Canada, (2019): Canada’s Action Plan to Reduce Greenhouse Gas Emissions from Aviation - 2018 Annual Report
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2. Assessment of Feasibility

This chapter provides the feasibility analysis necessary to identify issues that are necessary to the establishment of BioPortYVR and suggests
a set of recommendations to adequately address those opportunities and manage any impediments. This report further defines the benefits
of establishing a bioport to accelerate the introduction of SAF at YVR and validates the techno-economics of a regional supply chain.

2.1 CURRENT SAF SUPPLY

While the aviation industry struggles to build global supplies
of SAF, for BioPortYVR, the development of a local SAF supply
chain is preferable as it comes with additional benefits such

as regional economic development and potentially better
sustainability performance due to simplified logistics. To
understand the potential for local SAF supply at YVR, the
supply of renewable fuels in British Columbia and Canada are
considered before including a global SAF supply outlook.

2.1.1 Biofuel production in British Columbia

The Canadian annual production of renewable fuels fulfills
roughly 61% of the domestic demand for ethanol and biodiesel
when taking import and export streams into account.” Canada
depends on the import of renewable fuels to meet demand and

to meet the targets set in both federal and provincial regulations.
Adding to that, the complete absence of SAF and renewable diesel
production capacity in Canada highlights the opportunity for
increased fuel production within the country.

As noted, there is no SAF production in Canada nor is there a
developed and consistent supply chain of SAF import into Canada.
Since 2010 federal and provincial legislation has mandated the use
of renewable and low carbon fuels for the transportation sector
but they have excluded the aviation sector from an obligation to
include renewable content. As a result, legislation has stimulated
the development of renewable alternatives to gasoline and

diesel fuels while excluding development of jet fuel alternatives.
According to Natural Resources Canada, the Canadian production
of biofuels in 2018 consisted of 1,900 M litres of ethanol and 400
M litres biodiesel.'"" To understand the effect of legislation on the
supply of low carbon fuels, the Canadian renewable fuel policy

is considered, followed by an overview of the current Canadian
supply of renewable fuels.

Federal renewable fuel regulations require fuel producers and
importers to have an average renewable fuel content of at least

5% for gasoline and of at least 2% for diesel and heating distillate
oil that they produce or import into Canada (note that heating
distillate used for space heating is exempted per a regulatory
amendment that took effect Jan. 1, 2013)."? In addition to the
federal legislation, British Columbia introduced more demanding
provincial requirements that fuel suppliers must ensure a
minimum renewable fuel content of 4% for diesel on a provincial
annual average basis. However, since the legislation mandates

the use of renewable and low carbon fuels for gasoline and diesel,
aviation, which uses either kerosene (specifically, Jet A-1) or
special aviation gasoline, is excluded from these mandates.

In order to continuously reduce the carbon footprint of the
transportation sector, biofuels that are chemically equivalent
to conventional fuels, such as renewable diesel and SAF, are
pivotal as they can be directly substituted for fossil fuels.
Renewable diesel is produced by a process called hydro
processing that eliminates all oxygen from the fuel by using
hydrogen. The feedstock used for producing biodiesel can
also be used to manufacture renewable diesel. Since both
renewable diesel and SAF consist of pure hydrocarbon with
SAF being the lighter fraction, another benefit of this process
is that a producer can often optimize between the diesel and
SAF fraction within the same facility.

Another potential SAF production pathway is by co-processing
limited (max 5%, per ASTM specification) amounts of bio-

oils, fats and greases in traditional petroleum refineries along
with fossil crude oil. Due to the processing of the bio-feedstock
directly with crude oil, this process does not produce a pure
(referred to as ‘neat’) SAF component to blend with conventional
fuel. Instead, co-processing produces aviation fuel that contains
a fraction of renewable content (max 5% by volume per ASTM
specification). Co-processed SAF is not currently available in the
marKket.

Co-processing is a clear opportunity to increase the
renewable content of all products and co-products produced
in a refinery. Itis also a means to lower the overall

carbon intensity of the refinery as renewable content can
displace higher fossil carbon inputs for process energy.
Co-processing is a technology that can be used in addition

to - rather than in place of - direct SAF blending to increase
the overall renewable content of the resulting aviation

fuel mixture. Utilizing both refinery co-processing and

SAF blending to the maximum allowable levels per ASTM
specifications, greater renewable content can be included in
the resulting jet fuel than would be possible using only one of
the technologies. The only Canadian refinery publicly stating
it regularly co-processes renewable feedstock is Parkland’s
Burnaby refinery in British Columbia.

9 NRCan, Renewable Energy Facts (2020-01-15): https://www.nrcan.gc.ca/science-data/data-analysis/energy-data-analysis/energy-facts/renewable-energy-

facts/20069

10 NRCan, Renewable Energy Facts (2020-01-15): https://www.nrcan.gc.ca/science-data/data-analysis/energy-data-analysis/energy-facts/renewable-energy-

facts/20069

11 Biodieselis produced from organic oils and fats via transesterification, producing Fatty Acid Methyl Esters [FAME] biodiesel and glycerine. Since ethanol and
biodiesel contain significant amounts of oxygen, they are suitable to blend with conventional fuels, gasoline and diesel respectively.
12 ECCC, Renewable Fuels Regulations: FAQ (2020-01-15]: https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-

act-registry/renewable-fuels-regulations-frequently-asked-questions.html
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2.1.2 Global SAF Supply

Globally, there is only one production facility that currently
continuously produces SAF on a commercial scale, the World
Energy Paramount refinery in California. World Energy
produces between 5-15 kt SAF per year from bio-based waste oils
and fats via the HEFA process. In October 2018 World Energy
announced a $350 million USD investment to increase the
annual capacity of the Paramount refinery to 900 kt of renewable
fuel. Based on the design of the new refinery, World Energy
expects to increase their SAF capacity to 450 kt per year. Large
renewable diesel producers Neste Oil and Total are already able
to produce SAF as Neste has demonstrated. However, they do not
currently produce SAF on a continuous basis.

SAF capacity is expected to increase within the next 2-3

years. Based on the announcements and construction of new
production facilities, not only will global SAF capacity expand,
but so too will the commercialization of first-of-its-kind
production facilities that utilize different processes than HEFA.

Since the main difference between diesel and SAF produced
via the HEFA process is the hydrocarbon chain length, HEFA
diesel production facilities can produce SAF. However,
when optimizing a facility to produce SAF, the choice of
catalyst defines the spectrum of hydrocarbon chain lengths.
Optimizing for SAF results in a lower yield since more
molecules end up in the lighter fraction. Also, separation

of SAF from the light fractions requires a fractionator
whereas this is not always necessary when optimizing for
diesel production. Therefore, not all operating HEFA plants
are equipped with a fractionator. Adding a fractionator to

an existing HEFA facility requires an additional investment,
which, combined with a lower yield, results in a higher
production cost for SAF with respect to renewable diesel.
Since the current value of renewable diesel is also higher
than for SAF, almost all HEFA capacity is employed to
produce renewable diesel.

N\
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Policies mandating the use of renewable fuels in ground
transportation — excluding aviation - are the origin of this
economic advantage for renewable diesel production over SAF.
However, policy incentives are currently being developed to
overcome this discrepancy and promote the production of SAF.
Due to this competitive nature between the production of SAF
and renewable diesel and the dependency on catalyst-type to
steer the refining process to either diesel or SAF, the production
capacity of SAF in most HEFA plants is not publicly announced.
It is understood that with the extension of Neste’s refinery in
Singapore, and Total’s la Mede refinery, both renewable diesel
producers are preparing to enter the SAF market when the
correct incentives and market demand are in place.

There are also multiple SAF production facilities under
construction or announced. These facilities use various SAF
production techniques such as HEFA, Fisher-Tropsch (FT) and
Alcohol-to-jet (At]) which will be discussed in greater detail

in section 1.5.2.2. Figure 5 shows the current SAF production
facilities, facilities under construction including the expansion
of currently operating facilities, and announced SAF production
capacity with production volumes over 30 kt/yr. Very few
announced and existing production facilities have communicated
their production mix for renewable diesel and SAF production,
therefore only the publicly communicated targets are included.

Figure 5 indicates that the current SAF production capacity is
dependent on larger renewable diesel producers: World Energy
(following expansion), Neste and Total. However, multiple smaller
initiatives to produce SAF are currently under development

by companies such as Fulcrum, Red Rock, and Gevo. These
companies use innovative technologies and can produce both

SAF and renewable diesel. Since they are developing their first
commercial scale production plants, the volumes are much smaller
than the large producers of renewable diesel using the HEFA
process. It is expected that over time these non-HEFA production
approaches will become more competitive in producing SAF and
could claim a larger share of the total renewable fuel market.

Figure 5: Current, constructed and announced SAF production capacity worldwide
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In addition to the SAF production capacities identified, some
large renewable diesel producers have announced their intentions
to enter the SAF market in the next 5 to 10 years. These include
Diamond Green Diesel, Philips-REG, REG, UPM and Eni which
have a combined production capacity of over 3,500 kt renewable
fuel per year. In 2017, Greenea published that the installed HEFA
production capacity had reached 4,745 kt annually and expected
the global capacity to increase to 6,775 kt /yr. by 2022." If
policies incentivize the production of SAF over diesel, and 10% of
this global production capacity is steered towards the production
of SAF, this could unlock an additional SAF capacity of 677 kt/yr.

To understand the current market developments, it is relevant

to know where these production capacities are located globally
and the policy frameworks that are driving production. Figure

6 provides a global overview of the SAF production facilities
listed in Figure 5. The largest growth in SAF production facilities
is occurring in Europe and the United States. Neste holds the
largest production capacity for SAF in Asia with the expansion
of their Singapore refinery. Notably absent is Canada, with no
global scale facilities in operation.

Since most of the production capacity is anticipated to

be used to produce renewable diesel, the most valuable
product, potential producers need to be incentivized to
produce SAF. By establishing off-take agreements for SAF,
airlines are reducing the risk for producers and encouraging
the production of SAF. In turn, those off-take agreements
also emphasize the commitment of producers to use their
capacity for the production of SAF over diesel.

Figure 6: Global overview of potential SAF supply.
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13 https://www.greenea.com/wp-content/uploads/2017/02/HVO-new-article-2017-1.pdf
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Producers that have established off-take agreements and
communicated strong SAF targets are World Energy, Red Rock
Biofuels, Fulcrum Bioenergy, Gevo, and SkyNRG." World Energy
has multiyear off-take agreements in place with United Airlines,
SkyNRG, and World Fuel Services, Red Rock has signed an offtake
agreement for 10-years with FedEx, Gevo has off-take agreements
with both Delta and SAS, SkyNRG has signed a 10-year offtake
agreement with KLM, and Fulcrum Bioenergy a 10-year off-take
agreement with Cathay Pacific. Other producers that are in close
contact with airlines but have not yet signed off-take agreements at
the time of writing include Preem (SAS), AltAlto (British Airways),
Lanzatech (ANA) and the Biojetfuel Cluster Mexico (Aeromexico).

Using this information, an estimate of the SAF capacity
technically available and expected SAF supply for the coming
years can be made. The estimate of the total SAF production
capacity is based on the technically available SAF capacity as
communicated by the fuel producers, neglecting the economic
advantages for plants focusing on diesel optimization. If the

SAF vs renewable diesel capacity is not openly communicated
(Total, Fulcrum, ECB and St1 OY) an estimated production of
35% SAF and 65% Diesel is being assumed based on the potential
SAF yield using a typical catalyst for diesel and SAF production.
Figure 7 indicates the total capacity of the fuel producers
evaluated previously in grey, with their SAF capacity as described
in this section in blue. The total SAF production capacity of

the fuel producers that have off-take agreements in place (for
unknown volumes) are visualized in green.

Figure 7 shows that the total capacity suitable to produce SAF
could be over 2,500 kt in 2022, which would cover around

0.8% of the global annual jet fuel consumption. However, the
total capacity of all SAF producers that have signed off-take
agreements covers roughly 25% of the total expected SAF
capacity of 2022. With the quantities and volumes of these off-
take agreements unknown, the physical supply of SAF is expected
to be lower.

Figure 7: Expected SAF production capacity in the next 3 years, including
the total SAF capacity of producers with off-take agreements in place.

9,473

[ Total Capacity
IS SAF Capacity
I SAF with Off-take

Total Ren. Fuel Capacity (k ton/yr)

2019

2020 2021 2022

N\
"7

The overview of the global supply of SAF shows that the
production capacity for SAF is expected to increase significantly
in the near term. Prior to the pandemic, an expansion in SAF
production capacity of over 400% was expected in the next three
years (from 2019), and new production technologies for SAF

are expected to produce the first commercial batches in 2020
and 2023 (Fischer-Tropsch and Alcohol-to-Jet, respectively.
Even if somewhat delayed, these developments highlight the
quick evolution of the market and the willingness of airlines

to establish off-take agreements with producers indicates
demand from the sector can incentivize producers to target

SAF production over renewable diesel. Development of policies
supportive of SAF are therefore crucial for further advancement
of the sector. Taking into account the recent COVID-19
developments, we will likely see a delay in scaling the SAF
production volumes identified above, however additional support
from government could be very beneficial to support airlines in
their ambitions to use SAF.

14 Please note that SkyNRG is a BioPortYVR project team member and report author.

Q BioPortYVR

BioPortYVR e An Action-Oriented Feasibility Study e Introduction 15



N\
"7

2.2 POTENTIAL DEMAND FOR SAF BASED ON POTENTIAL SAF ENABLING POLICIES

Looking at the results from Section 1.1, SAF is currently only
continuously produced in the US. Next to the US initiatives,
many European initiatives are also under development to
increase the production and uptake of SAF. This suggests that in
these regions the value of SAF may be competitive with that of
renewable diesel, resulting in increased production. Therefore,
in order to integrate SAF into YVR’s fuel system, it is necessary
to be mindful of the value of SAF in other demand centres. What
follows is a summary of policy frameworks from Europe, the
United States, and Canada on aviation fuels to understand the
incentives for SAF production in various regions.

2.2.1 Current SAF policy in the EU

The European policy framework to stimulate the uptake of
renewable fuels by its Member States is described in the Renewable
Energy Directive (RED). The original renewable energy directive
came into force in 2009 and requires the EU to fulfil at least

20% of its total energy needs with renewables by 2020. This is
expected to be achieved through individual national targets. By
2020 all European countries must ensure that at least 10% of their
transport fuels come from renewable sources.”” In 2018 the RED
was revised, establishing a new, binding renewable energy target of
at least 32% renewable energy in the total energy mix by 2030, with
a clause for possible upward revision by 2023. Each Member State
is required to set an obligation on fuel suppliers to ensure that the
renewable energy share in the transportation sector’s final energy
consumption is at least 14% by 2030.'

These calculations include the energy content of all road and rail
transport fuels supplied on the market as the denominator (fossil,
renewable, liquid, gaseous or electric) and the energy content of
all energy from renewable sources supplied to all transportation
sectors (including aviation, road and rail electricity) as the
numerator, as visualized in Figure 8.7

This revised version, known as the RED II, entered into force in
December 2018 and requires the new elements to be transposed
into national law by the Member States before the end of June
2021." The RED II will be in effect from 2021 until 2030.

Figure 8: Voluntary inclusion of SAF in the REDII
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15 Renewable Energy Directive (2009/28/EC)
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18 Revised Renewable Energy Directive (2018/2001/EU), Artic
19 Revised Renewable Energy Directive (2018/2001/EU), Artic
20 Revised Renewable Energy Directive (2018/2001/EU), Artic
L
t
L

e?25
e 27
e36
e?29
e26
e?27
e?25
e27

21 Revised Renewable Energy Directive (2018/2001/EU), Artic
22 Revised Renewable Energy Directive (2018/2001/EU), Artic
23 Revised Renewable Energy Directive (2018/2001/EU), Artic
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In order to ensure an overall reduction in greenhouse

gas emissions when using SAF, various sustainability
performance needs to be assured. In Europe, the two main
sustainability elements crucial to reducing GHG emissions
are the conversion technology and the feedstock.

With regard to the former, the RED II includes GHG reduction
thresholds for production facilities. New production facilities
starting operation from the 1st of January 2021 need to guarantee
GHG emission reductions of at least 65% while production
facilities starting operation after the 1st of January 2026 will need
to guarantee GHG emission reductions of at least 80%." For
feedstock, the EU includes a cap on fuels produced from food and
feed crops at a maximum of 7% of the final energy consumption
in the transportation sector of that Member State.?

In addition, the RED II contains a list of preferred feedstocks
used to produce advanced biofuels, known as Annex IX.
Transportation biofuels produced from the feedstocks listed in
Annex IX are considered at twice their actual energy content

by way of a multiplier to incentivize the use of these feedstocks
which need to contribute to at least 3.5% of the total energy
consumed in the transportation sector by 2030.?"** The share
of biofuels and gas produced from feedstocks listed in Part B of
Annex IX (used cooking oil and animal fats of category 1 & 2) are
limited and therefore capped at 1.7% of the transportation fuels
supplied to the market.” The list of feedstocks in Annex IX will
be updated every two years to ensure sustainability criteria are
met. The Commission can, however, only add feedstocks to the
list and not remove any, presumably to protect the viability of
investments made in those supply chains.

Aviation is included in the RED II via the share of aviation fuel
in the Member States’ gross final consumption of energy. The
gross final energy consumption is the sum of the gross final
consumption of renewable electricity, renewable heating and
cooling energy and renewable energy in the transportation
sector. To comply with the target of 14% renewable fuels in

the transportation sector, the Member States are allowed to
include sustainable aviation fuels in the numerator of the energy
calculation as described above. This means that the share

of renewable fuels in the transportation sector is described

by the total volume of renewable fuel in all transportation
sectors (including aviation and marine) divided by the total
consumption of fuels in the road and rail sectors.

Therefore, when including these renewable aviation fuels, it

is important that the same sustainability criteria are met for
aviation fuels as for the road transport fuels. Under the RED

IL, to incentivize the production of SAF and compensate for the
lower yield and higher production costs relative to renewable
diesel, the contribution of SAF (based on its energy content)

to meeting the blending mandate is artificially adjusted by a
prescribed multiplier. For example, the energetic contribution of
SAF is considered at 1.2 times its actual energy content if the fuel
is produced from feedstock other than feed/food and 2.4 times its

BioPortYVR e An Action-Oriented Feasibility Study e Introduction 16



energy content when produced from feedstocks listed in Annex
IX. This allows SAF to have a greater compliance impact than
an equivalent amount of renewable diesel and is known as the
aviation multiplier.

To ensure that the biofuels are sustainably produced and
comply with the EU RED II sustainability criteria, third-party
sustainability schemes are used. Existing voluntary schemes
previously recognized by the EU Commission need revision due
to the new RED II legislation, this is expected to be completed
by mid-2020. The list of currently recognised voluntary schemes
includes fifteen parties, of which the most well-known in

the aviation context are the International Sustainability and
Carbon Certification (ISCC) and the Roundtable on Sustainable
Biomaterials (RSB). Next to these sustainability schemes

other specific sustainability schemes are recognized such as

the Roundtable on Sustainable Palm Oil (RSPO). In general,

all recognized sustainability schemes must comply with basic
sustainability criteria such as feedstock production, traceability
of feedstock, documentation, and regular audits of participating
companies by qualified auditors. Recognition of a voluntary
scheme is valid for a period up to 5 years.

2.2.1.1 RED Il in The Netherlands

A good example of the implementation of the RED II in a Member
State is The Netherlands, since they announced the first European
SAF production facility. In the Dutch program, the certified SAF
can generate renewable energy units, so called HBE credits, to
stimulate the production and use of biofuels in the transportation
sector and subsequently accomplish the targets set in the RED IL
These HBE credits can be created via the production and supply of
sustainable fuels and can be traded. Therefore, a fuel producer and
trader in the transportation sector can reach the RED II targets by
producing and supplying biofuels or by buying HBE credits from
other biofuel producing parties. One HBE credit corresponds to one
renewable energy unit and equals one gigajoule of renewable energy
provided to the Dutch transportation sector. Although the road

and rail sectors are the only two sectors that have an obligation to
comply with the 14% renewable fuel target from 2021, HBE credits

Figure 9: Expected REDII-EU application in The Netherlands
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created with the production of sustainable aviation fuel are allowed
to count as renewable fuel in the transportation sector. Therefore, all
renewable fuel in the transportation sector counts in the numerator
(including aviation and marine) to calculate the total renewable
share, with the total consumption of fuel in only the road and rail
sectors as the denominator. The share of renewables resulting from this
equation must be equal to or higher than 14% from 2021 onwards. The
Netherlands is also considering mandating the use of 14% SAF by 2030.

To avoid the introduction of large batches of renewable fuels
produced from uncertified biomass feedstock to meet the RED
II targets, only certified batches of renewable fuel can generate
HBE credits. Also, the use of sustainable feedstock for producing
renewable fuels is encouraged via double counting; specific
feedstocks listed in Annex IX of the RED II are allowed to
generate double the amount of HBE credits. This leads to three
different types of HBE credits as shown in Figure 9: conventional
HBE’s for conventional feedstock, advanced HBE’s for advanced
feedstock from Part A of Annex IX and ‘other” HBE’s generated
via the use of UCO and animal fats.

Production of SAF will therefore generate HBE credits when
produced via a certified sustainable production pathway

and from sustainable feedstock, delivered with a proof of
sustainability. The SAF currently produced by WorldEnergy is
made from used cooking oil (UCO) and would qualify for double
counting since UCO is listed in Part B of Annex IX. Adding

to this the aviation multiplier of 1.2 means that the SAF from
WorldEnergy would generate 2.4 HBE-other credits per gigajoule
when consumed in The Netherlands.

Over the last years the value of HBE credits has steadily
increased, with an average HBE value of approximately 9.5€/
GJ in 2018. However with the implementation of the REDII in
2021 the evolution of the HBE credit price is uncertain. With
an energy content for SAF of 43 GJ/t, as used within RED, and
using the estimated average HBE credit price of €9.5, additional
revenues of €986/t (CAD $1440/t) of SAF could potentially be
realized when supplying SAF to the Dutch market.**

2.2.2 Current SAF policy in the United States

The US Congress created the Renewable Fuel Standard 2 (RFS2)
program as an amendment to the Clean Air Act to stimulate the
domestic development of renewable fuels, lower the country’s
GHG emissions and reduce dependency on imported fossil oil.
The RFS aims to increase renewable fuel uptake to 36 billion
gallons in 2022 (equal to 136 billion litres). The Environmental
Protection Agency (EPA) evaluates which renewable fuels are
eligible for the RFS2 program and defines the demand for
renewable fuels each year.”” The annual demand for renewable
fuels is known as the Renewable Volume Obligation (RVO).

The EPA supervises eligibility for the RFS using a system

with tradeable credits known as Renewable Identification
Numbers (RINs). A RIN is attached to a gallon of qualifying
renewable fuel once it is produced and is valid to demonstrate
compliance in the year of production and the following year.
The RINs are separated from the fuel once the fuel is blended
with conventional diesel or gasoline and may be submitted

for compliance, traded or banked after separation. The EPA
Moderated Transaction System (EMTS) registers RIN generation
and transactions.

24 Currency on 19/12/2019 used throughout this research 1 EUR = 1.46 CAD and 1 USD = 1.31 CAD
25 CRS Report "The Renewable Fuel Standard (RFS): An overview” Congressional Research Service - Sept 4 2019.
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Table 3: CA RFS GHG Reduction requirements by D-Code?”
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Fuel Type Reduction Requirement (over 2005 baseline)

D3/D7 Cellulosic Biofuel / Cellulosic Diesel

D4 Biomass based Diesel

D5 Advanced Biofuel

Dé Renewable fuel (ethanol) and grandfathered fuels

Each renewable fuel is identified with a D-code based on the
type of fuel, choice of feedstock, energy input and GHG emission
reductions among others. There are four categories of RIN:

Some biofuels may generate a higher number of RINs per volume
(gallon) due to a higher energy content. In general, ethanol fuel
will generate one RIN per gallon, biodiesel 1.5 RINs per gallon
and renewable diesel 1.7 RINs per gallon. Not all fuels from
renewable sources are eligible under the RFS, as the RFS assigns
priority to liquid transportation fuels from biomass feedstocks.

Before a fuel can generate RFS RINs in the United States, the
full production pathway needs to be approved by the EPA.
The renewable fuel must be used for specific transportation
purposes and meet biomass renewability feedstock criteria.

At present, SAF can generate the following RIN types depending
on the production process:”

1. D4 RIN: with the HEFA process on vegetable-based oils and
biogenic waste

2. D5 RIN: when co-processing renewable biomass or via
oligomerization of fermented non-cellulosic (food) waste and
cover crops

3. D7 RIN: when produced from cellulosic biomass

The currently available SAF from WorldEnergy is produced by
the HEFA process with UCO as a feedstock and is eligible to
generate D4 RINs. The EPA CFR $580.1426 defines how RINs are
generated and assigned to batches of fuel, with the calculation for
the RIN equivalent described in $s80.1415. RIN trading and price
information is recorded by the EPA, showing a relatively steady
price of roughly $0.50 USD per D4 RIN over the course of 2019
with a current price of $0.54 USD per RIN. This would mean that
under current market conditions, a tonne of SAF would generate
$302 USD ($395 CAD) worth of D4 RIN credits when produced
or imported into the US.?

Min 60% GHG reduction
Min 50% GHG reduction
Min 50% GHG reduction
Min 20% GHG reduction

2.2.2.1 California

In addition to the federal regulations to stimulate biofuel use, the
state of California has introduced the Low Carbon Fuel Standard
(LCES) to reduce the carbon footprint of transportation fuels by at
least 20% by 2030. The LCEFS requires oil refineries to comply with
annually declining targets for the carbon intensity benchmarks

of transportation fuels (gasoline and diesel) and their substitutes.
Carbon intensity (CI) is defined as the grams of carbon dioxide
equivalent per megajoule of energy produced by that fuel (gCO,e/
M]) and is based on the complete life cycle analysis of the fuel.
Fuels that have a lower CI than the benchmarks established by the
LCFS will generate credits and fuels with a higher CI will create a
deficit, as visualized in Figure 10.

Consequently, this compels regulated parties to bank, buy and
retire credits to offset their deficits via the credit market. Under
the LCFS regulation, SAF is also able to generate credits via an
opt-in basis which can then be sold into the LCFS compliance
market.

For diesel and gasoline, the CI benchmarks of 2020 represent a
7.5% reduction relative to 2010 values. The reduction applied to
the benchmark increases linearly each year to a 20% reduction in
2030. This results in less credits being generated every year with
the same fuel. However, aviation fuel is not subject to the LCFS
regulation and therefore does not generate deficits. Consequently,
the aviation fuel benchmark is set specifically to generate
additional credits with the production of SAF and from 2019
through 2022 the benchmark carbon intensity of aviation fuel
does not decrease and remains equal at 89.37 gCO,e/M].

The amount of LCFS credits generated can be calculated per the
equation below, with CI__,  being the average carbon intensity
requirement in a given year (89.37) and CI,poricq the actual
carbon intensity of the fuel, E,_ . is the energy density of the
displaced jet fuel MJ/gal, and equals 126.37 for alternative Jet Fuel
(33.83 MJ/L).** C is the conversion factor to metric tonnes and
equals 1.0x10°¢.

Credit)"' (tCO,e/gal)=(CI’!

standard

- I

reported

* I jet *
) Edisplaced C

Using this formula and an carbon intensity of SAF produced by
WorldEnergy of 25,08 gCO,e/MJ*', SAF would generate 0.0081
credits per gallon. In the California LCFS the maximum price
of credits is capped at the end of the year, meaning that parties
that insufficient credits may purchase credits but selling parties
are not allowed to sell them for more than $200 USD/t. There

is no cap on how high prices can go during the year, but the
year-end price cap is expected to keep the value around $200
USD/t. The current credit price of California LCFS credits varies

26 EPA, Overview for Renewable Fuel Standard: https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard

27 EPA, Renewable Fuel Standard Program website, RFS Regulations 40 CFR part 80 subpart M.

28 Currency on 19/12/2019 used throughout this research 1 EUR = 1.46 CAD and 1 USD = 1.31 CAD, closely resembling average historic currency values
29 RESO 18-34 LCFS §95486.1 Generating and Calculating Credits and Deficits, table 4.

30 RESO 18-34 LCFS §95486.1 Generating and Calculating Credits and Deficits using Fuel Pathways.

31 https://ww?2.arb.ca.gov/resources/documents/|cfs-pathway-certified-carbon-intensities
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Figure 10: Annual declining targets of the California LCFS. Source: CARB
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between $150 and $208.50 with a weekly average price of $202.80
USD/t in early 2020, suggesting that the Californian credit price
has reached its ceiling.* Using a credit price of $200 USD/t
would generate a $1.62 USD LCEFS incentive per gallon of SAF.
Therefore, a tonne of SAF would generate an additional of $534
USD ($699 CAD) when introduced to an airplane in California,
in addition to the RIN value.*

2.2.2.2 Oregon

Oregon developed the Clean Fuels Program (CFP) based

on California’s LCFS to reduce the carbon intensity of
transportation fuels by 10% over a 10-year period. The CFP

was enforced beginning in 2016 and requires fuel producers
and importers to reduce the carbon intensity of gasoline and
diesel transportation fuels in the same manner as California’s
LCFS. Aviation fuels are excluded from the Oregon CFP but SAF
producers or importers are eligible to generate credits under the
Oregon CFP. Currently, the average price of Oregon CFP credits
is $160 USD/t, about $40 USD less than SAF credits generated
under the California LCFS.

2.2.2.3 Washington

Echoing California and Oregon, Washington State is also
working on the development of a clean fuel standard though
lawmaker efforts are yet to result in final legislation. This
standard would be very similar to the legislation in place in
California and Oregon. In the most recent version, the program
aimed to reduce GHG emissions of transportation fuels to

10% below the 2017 level by 2028 and by 20% before 2035. It

is expected that aviation would also not be under obligation in
the Washington State clean fuel standard but would likely be
included on an opt-in basis for credit generation. Alaska Airlines
has publicly announced its support for this approach.

In addition to the proposed state level CFS, the Puget Sound
Clean Air Agency is also drafting a clean fuel standard to help
meet their GHG reduction objectives that were established in
2017. The draft of the CFS was released in October 2019 and
was open for commentary until February 10, 2020. Opt-in
eligibility for credit generation by alternative jet fuel used as a
transportation fuel aviation is included in the draft.

2.2.3 Current SAF Policy in Canada

Currently, the Canadian government is working on establishing
the Clean Fuel Standard (CFS) to promote the production and
use of low carbon fuels, reduce emissions from the oil and gas
sector, and encourage fuel switching. Draft CFS regulations

are expected in 2020, the regulation finalized in 2021 and in
effect from 2022 to 2030. Until then, the Canadian Renewable
Fuels Regulations (RFR) require fuel producers and importers
to have an average of 5vol% renewable fuel content in gasoline
and 2vol% in diesel. When importing or blending a litre of fuel
compliant with the RFR, a compliance unit is generated. Surplus
compliance units may be carried forward to the next compliance
period or can be traded with other RFR participants. A producer
or importer of SAF, is also allowed to participate in the RFR
trading system and when blending of SAF takes place in Canada,
the producer is eligible to create compliance units.** Trading of
compliance units can only take place with primary suppliers
(producers or importers) as the buyer or receiver to ensure that
the compliance units flow to the persons obligated to meet the
REFR requirements. The value of the compliance units is not
registered, and therefore no estimate of the value of SAF induced
compliance units in Canada can be made at this time.

Since the RFR mandates the use of renewable fuel for gasoline
and diesel in the transportation sector, it is suggested to include
other transportation modes in the development of the Clean Fuel

32 California Resources Board, Weekly LCFS Credit Transfer Reports, data from week 1 2020.
33 Currency on 19/12/2019 used throughout this research 1 EUR = 1.46 CAD and 1 USD = 1.31 CAD

34 Renewable Fuels Regulations (SOR/2010-189), section 13.
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Standard such as aviation and marine. The proposed regulatory
approach for the CFS, suggests that aviation fuel for international
flights is addressed via ICAO’s CORSIA scheme and will
therefore not be included in the CFS. Aviation gasoline (av. gas) is
also not included in the CFS since the volumes of av. gas used in
Canada are small. However, the treatment of domestic aviation
fuels and an opt-in for credit generation based on SAF is still
under consideration and will be examined in conjunction with
carbon pollution pricing policies.*

2.2.3.1 British Columbia

In addition to the federal legislation, the province of British
Columbia introduced requirements known as the Renewable &
Low Carbon Fuel Requirements Regulation (RLCFRR) which
includes the Low Carbon Fuel Standard (BC-LCFS). This
regulation stipulates that fuel suppliers must ensure a minimum
renewable fuel content of 5, % for gasoline (same as the federal
RFR) and 4 % for diesel on an annual average basis*. Fuel
suppliers have the flexibility to vary their blend percentage and
choose where in the province they supply renewable fuel blends
as long as they meet the provincial annual average requirements.
In addition to the blending mandates, fuel suppliers must
progressively decrease the average carbon intensity of their fuels
to achieve a 10% reduction by 2020 relative to a 2010 baseline.
Similar to the California LCFS, the CI is measured in gCO,e/M]
and is based on the life cycle emissions of the fuel.

Supply of renewable fuels (in the diesel and gasoline pools)
generates credits according to the equation below, where the Clclass
is the prescribed carbon intensity limit, the EERfuel is the energy
effectiveness ratio, the CI, , is the carbon intensity of the renewable
fuel and the EC, , is the energy content of the fuel in MJ/L.

Credits (tCO, e/I) = (CI,,, . * EER, -CI, ) * (EC,)/1000000

lass fuel ue
Since aviation fuel is not included in the BC-LCES, SAF is not
eligible to generate credits. So, in order to make an estimate of the
value of BC-LCFS credits if SAF were included, the carbon intensity
limit for diesel fuel is used which is 87.18 gCO,e/M] in 2019. The
energy effectiveness ratio is expected to be 1 as is the case in the
Californian LCFS, and the CI of SAF is estimated to be similar to
the Californian value of 25.08 gCO,e/M]. Using the fixed energy
content of SAF as used in California (126.37 MJ/gal or 33.83 MJ/L),
this would generate 0.0021 credits per litre or 0.0078 credits per
gallon. This value is very similar to the credit generation rate of SAF
in California (0.0075 credits/gal). It is expected that if aviation were
included in the BC-LCEFS its inclusion would follow the precedent
established by the California LCFS.

Therefore, in order to estimate the value of SAF in BC, it is
important to compare the market value of the LCFS credits

in California and British Columbia. All LCFS credit transfer
activities are registered and reported by the California Air
Resource Board and the British Columbia Ministry of Energy,
Mines and Petroleum Resources.”” The LCFS credit market
reports are used to track the LCFS credit value over time as
shown below in Figure 11. The historic credit value of California
LCFS credits is reported in USD and converted to CAD using an
average currency of $1.31 CAD per USD.* Figure 11 highlights
that currently the value of LCFS credits in British Columbia is
lower than for California, though this has not always been the
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case. Using a current credit value of $178.18 CAD, the average
credit price in Q3 of 2019, this suggests that one tonne of SAF
would generate $459 CAD in LCFS credits, considerably less than
the $699 CAD credit value generated in the current California
LCFS as calculated in section 2.2.2.1.

2.2.3.2 Other policy incentives

In addition to the previously highlighted policy frameworks

to encourage SAF uptake, several other countries are also
considering mandating SAF use. Currently, Norway and
Indonesia each have a SAF mandate in place. Norway mandates
the use of 0.5% SAF from advanced feedstocks from 2020
onwards, which is to be increased to 30% SAF by 2030. Indonesia
mandates the use of 2% SAF but does not enforce this mandate.
In addition to Norway and Indonesia, Sweden, Finland, Spain,
and France are also considering mandating SAF use. Sweden
aims to reduce its aviation sector’s CO, emissions by 0.8% by
2021, and 27% by 2030. Finland is considering a mandate for 30%
SAF uptake in 2030 while Spain and France consider mandates
for 2% SAF use in 2025.

2.2.4 Influence of Policy on SAF Demand

In order to define the conditions on which SAF would be
integrated into YVR’s fuel supply on an ongoing basis, it is
important to understand the value of SAF in other markets. As
discussed above, differences in legislation results in varying
benefits for SAF introduction in different jurisdictions. Figure 12
summarizes the findings of the political overview in this section
and suggests that the SAF currently available on the market has
the highest value when sold in the European market.

SAF is eligible to generate additional value in Europe via the
RED II, and in the US/California via the Californian LCFS.

SAF however is not currently included in the British Columbian
LCFS. The graph compares the potential value if SAF would be
included in the BC-LCFS in the same manner as the Californian
system, this will in more detail be explained in the Technical-
Economic Analysis section (2.8).

Figure 11: Historic Credit Value of Californian LCFS credits and British
Columbian LCFS credits in CAD per credit. The value of the CA-LCFS
credits are converted from USD to CAD via an average currency of 1.31
CAD per USD. Note the California LCFS credits are capped year-end at
$260 CAD/t.
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35 Clean Fuel Standard, Proposed Regulatory Approach, Environment and Climate Change Canada, June 2019

36 the Greenhouse Gas Reduction (Renewable & Low Carbon Fuel Requirements) Act and Renewable & Low Carbon Fuel Requirements Regulation
37 British Columbia Ministry of Energy, Mines and Petroleum resources, Information Bulletin RLCF-017

38 Currency conversion used throughout this research 1 EUR = 1.46 CAD and 1 USD = 1.31 CAD, closely resembling average historic currency values
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Figure 12: Estimates of the value of SAF in various regions based on the price of fossil jet fuel and political incentives to encourage the uptake of renewable
fuel (note: values for both fossil jet prices and incentives fluctuate, especially under COVID-19 circumstances).
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This exceptionally high value of SAF in Europe results mainly
from the double-counting methodology in the RED Il for
feedstocks from Annex IX. These values are based on SAF
produced via the HEFA process with used cooking oil (UCO) as
a feedstock; the value of SAF in other jurisdictions is directly
related to the sustainability of the SAF produced. Figure 12
also indicates that even if British Columbia incorporates
aviation fuel in the LCFS, the value of SAF remains higher

in California due to the higher price of LCFS credits and
additional value of RINs. Since both RINs and LCFS credits
are generated when supplying the SAF to an airportin
California, SAF potentially available in British Columbia
would most likely be exported to California. Therefore,

to guarantee continuous supply of SAF at YVR, additional
federal and/or provincial legislation will need to be in place
encouraging the production and supply of SAF.

Figure 13: Fuel Consumption Forecast of YVR based on a current uptake of
1458 kt fuel a year with an expected growth of 2% annually.
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39 2009-2018 cargo increased 71%, passengers over same period 45%
40 IEA, Tracking Transport Report 2019
41 |ATA Fuel Price Monitor
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* Based on expected HBE policy implementation
from Q22021 onwards.

2.2.5 Demand at YVR

Fuel Supply Management Group (FSM) provides fuel distribution
services at YVR and provided the relevant data regarding the
annual aviation fuel uptake at YVR. In 2018, YVR used 1.8
billion litres (1,458 kt) of aviation fuel. FSM reported that 2019
volumes were similar to 2018 but considers this anomalous since
they expected to see an increased fuel uptake in 2019 compared
to 2018 but for extraordinary conditions in Q3 and Q4 (i.e.
curtailment of use of the CMAX aircraft, stressed Canada-China
relations and unrest in Hong Kong ). Prior to 2019 YVR has

seen over a decade of continuous passenger and cargo growth,
surpassing industry averages.*

The FSM group base their fuel uptake forecast on the annual
passengers travelling through YVR, and with expected economic
growth, they anticipate an annual 2% growth in fuel uptake in
each of the next five years. This is lower than the expected air
traffic growth of 4.3% annually for the period of 2015-2035 as
predicted by the International Civil Aviation Organization (ICAO).
These forecasts can be used to estimate the fuel consumption

at YVR in the next five to ten years, suggesting an annual fuel
uptake of roughly 1,600 kt/yr. in 2024 and over 1,800 kt/yr. in
2029. However, in recent years combined efforts have resulted

in technological developments to increase the fuel efficiency of
aircrafts and engines and consequently reduce GHG emissions*.
Taking these developments into account, it is expected that the fuel
uptake at YVR will be slightly below 1,750 kt/yr in 2030.

Since SAF is certified to a maximum blend percentage of 50%
neat SAF with conventional jet fuel (see details on certified
technological pathways later in the document) the theoretical
maximum of SAF would indicate a potential SAF uptake of over
850 kt SAF in 2030. However, fuel costs account for 20-30% of an
airline’s operating expenses so the demand for SAF is therefore
strongly influenced by the price of SAF.* Currently, the price of
SAF is two to three times higher than the price of conventional
jet fuel. Comparing that with the data in Figure 12 suggests that
currently demand for SAF would be almost zero in Canada,
medium in California and highest in Europe. To estimate the SAF
demand at YVR in the next 5 to 10 years, it is therefore important
to compare the effect of potential government incentives.
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2.2.6 Influence on SAF Demand at YVR
based on potential policy incentives

At the beginning of this chapter, the current policy frameworks
of Europe, the United States and Canada are discussed. The
inclusion of aviation fuel in the BC-LCFS similar to the
California standard would create a marginal supply of SAF at
YVR; limited by the relatively high value of SAF in California.
This higher value mainly results from the higher LCFS credit
value in California with respect to British Columbia and is
further supported by the generation of RIN credits in the US
federal policy framework. Without policies and incentives to
counter these market realities the demand for SAF at YVR will be
minimal.

All policy frameworks previously discussed aim to significantly
reduce GHG emissions over time. The target GHG emissions
reductions increase and the CI reduction requirements become
more stringent. Currently the renewable fuel obligations in
Canada are largely met by blending ethanol and biodiesel into
conventional fuels. Using these types of low carbon fuels to
comply with the increasingly stringent targets has limitations due
to the blend-wall concept associated with these types of fuels as
discussed in section 0.1. When these types of biofuels reach their
blend-limit, often self-imposed by obligated parties (which in
the EU corresponds to 10% ethanol in gasoline and 7% biodiesel
in diesel) blenders choose to switch to more expensive options
such as renewable diesel, thus increasing demand for the more
expensive fuels. Since conventional fuel producers are obligated
to comply with the increasing objectives, they can either balance
their deficits by purchasing credits or blend renewable fuel

with their conventional fuel. Hence, reaching the blend-wall is
expected to increase demand for both credits as well as for more
advanced renewable fuels, consequently increasing the premium
paid for these fuels.

With a price-cap on the Californian LCFS credits, the value of
credits is expected to remain around $200 USD/t. Since this
ceiling was already reached in 2019, the supply of renewable
diesel is expected to increase significantly, leading to an
increase in SAF production capacity.“? This development is
already in motion as shown in chapter 0.1. However, without
policies in place to incentivize SAF production, the rising
value of renewable diesel will increase the price gap with
SAF and would therefore have a negative impact on SAF
demand. In order to be competitive with renewable diesel
production, policies stimulating SAF production and uptake
are essential.

N\
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Outside of California, the Canadian Government is currently
considering the Clean Fuel Standard for federal legislation
after the consultation period has closed. The British Columbia
Low Carbon Fuel Standard, however, is currently under review
and the consultation period for aviation is expected in 2020.
This study researches potential SAF policy frameworks and the
impact thereof on the value of SAF. Consequently, the study will

recommend actions for all levels of government that support the
production and uptake of SAF in British Columbia and Canada.

The policy recommendations and the expected effect thereof on
the value of SAF will be discussed in more detail in section 2.2.
Since the California LCFS has created a (small) market for SAF,
as shown in section 1.1, and the European policy frameworks are
shaping the principles for a SAF market, the sector is developing
rapidly. However, airlines are not eager to perpetually cover the
price premium for SAF over conventional fuel on a large scale.
Only a handful of airlines are willing to fly on SAF regularly,
which, at present, are United, KLM, Finnair, and SAS.

In section 1.2.5 we saw that including SAF in the BC-LCFS would
have a marginal effect on SAF uptake and development since the
value of SAF across the border is markedly higher. Therefore, it

is expected that even when price parity of BC-LCEFS credits with
Californian LCFS credits is attained, a premium for SAF over
conventional fuel will remain and only airlines with explicit SAF
targets would use SAF.

With greater incentives, the demand for SAF will increase
and airlines will be able to define and communicate firm SAF
targets. Currently, the two main Canadian airlines, WestJet
and Air Canada, are keen to lower their GHG emissions by
replacing conventional fuel with SAF. WestJet is involved

in local SAF production initiatives and Air Canada has
previously introduced SAF into the shared fuelling system
at Toronto’s Pearson airport. However, without legislation
to reduce the price premium of SAF, targets set by Canadian
airlines could potentially not be met or might be satisfied
via SAF uptake abroad. Therefore, to stimulate continuous
SAF integration in BC prior to any type of mandated
inclusion, the incentives for SAF should cover the price
premium and ultimately be similar in value to the California
system to transition from limited SAF uptake by airlines for
demonstration and marketing purposes to continuous use.

42 Renewable diesel demand is also increasing in California due to the Alternative Diesel Fuels regulation and NOx limits which impact maximum biodiesel blends

useable.
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If policy incentives are introduced that cover the price premium
of SAF over conventional fuel, the demand for SAF at YVR would
increase significantly. Section 1.2.6 discusses the fuel uptake
scenarios for YVR and shows the theoretical maximum SAF
uptake at YVR. Combining this data with the expected global
SAF production capacity in the next four years, as shown in
Figure 14, shows that the global SAF production capacity could
be sufficient to supply this demand.

However, since this is the total global SAF capacity it is probable
that only part of this capacity would be utilized to produce SAF
instead of renewable diesel; this ratio depends on the economic
benefits of producing SAF. Furthermore, even if policy changes
incentivize SAF production, the logistics of transporting SAF
over long distances also affects the actual availability of SAF.
For instance, the largest SAF capacity is anticipated at the Neste
refinery in Singapore which could lead to transportation costs
(to West coast markets) of over 200 USD/MT.** Besides, in the
case of SAF, even with legislation that covers the price premium
for SAF and allows for large provincial uptake, the value of the
credits generated by SAF is still transferred to the producer.
Since all expected SAF production capacity is currently abroad,
this will lead to provincial revenue being used to stimulate
sustainable fuel development abroad. Therefore, in addition to
the necessity for SAF use stimulating policies, encouragement of
local SAF production is also important.

We expect that supply will follow demand and with policies that
incentivize SAF production and uptake, a local supply chain can
be established. In sections 1.5 through 1.11 the feasibility of a
regional SAF supply chain is researched followed by a techno-
economic validation of a regional SAF supply chain. This techno-
economic validation defines the roadmap to continuous regional
SAF supply. Figure 15 includes a hypothetical schedule for supply
of Canadian-made SAF at YVR.

Figure 14: Fuel consumption forecast of YVR combined with the expected Figure 15: Forecast of potential local SAF supply at YVR, with the first

global production capacity for SAF in the next 4 years. production facility expected in 2024-2025 based on implementation of
SAF promoting legislation in 2020. After the first SAF production facility is
operational, more are expected to follow quickly.
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43 Based on previous quotations from Fluvia Shipping Company B.V., The Netherlands.
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2.3 REVIEW OF CURRENT GUIDELINES AND BEST PRACTICES WITH RESPECT TO
SAF DISTRIBUTION AND TRACEABILITY

In general, the supply chain of SAF starts with sourcing a
feedstock, refining the feedstock to a neat SAF component,
and blending with conventional jet fuel to produce a blended
SAF that meets technical standards. The SAF is then
transported to an airport’s fuel distribution system where it
is used in existing infrastructure without modification.

Figure 19: Typical SAF supply chain
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SAF is required to meet specific technical standards and is
comprised of neat SAF and conventional jet fuel blended
together. In order to meet the technical specification, the neat
SAF component must first be certified as an ‘aviation turbine
fuel containing synthesized hydrocarbons’ under ASTM D7566,
with annexes specifying the various approved SAF production
pathways and corresponding blending ratios. The neat SAF
component is analyzed, certified, and provided with a certificate
of analysis. Next, the neat SAF is blended with a minimum of
50% conventional fuel as described in the corresponding annex
of the D7566 standard.** This blended fuel is now analyzed to
ensure it is compliant with the specifications in Table 1 of the
D7566 standard. Once certified as D7566 the fuel is automatically
recertified to the ASTM 1655 specification for Jet Al. Therefore,
the blended SAF is no longer distinct from conventional jet

fuel thus creating a drop-in fuel with a lower carbon intensity.
As soon as SAF is certified as ASTM 1655 via D7566 it may

be used in all aircrafts, engines, and other equipment that is
manufactured to operate on fuel meeting ASTM 1655 or Defstan
91-091 standards.

Figure 20: Certification overview of the SAF supply chain.
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Although the ASTM D1655 standard is designed and accepted
as a global standard, some countries and regions use different
standards. European countries for instance usually use Defence
Standard 91-91 which is very similar to ASTM 1655. Any
alternative fuel certified as ASTM 1655 via 7566 will also need
to be validated separately for DefStan 91-91. In Canada and the
USA, ASTM certified fuel is the norm.

In Canada, almost all airports use conventional Jet Al full year
around. However, Vancouver Airport is the exception, using Jet A
for 6 months of the year due to the supply from nearby refineries
in the United States. The distinction between Jet A and Al is
made in the lower freeze point of Jet Al (-47°C) with respect to
Jet A (-40°C). Some small airports in the northern regions may
use jet B during cold winters as it has an extremely low freeze
point of -60°C, although this is generally reserved for military
aviation. Since SAF is certified as ASTM 1655 Jet A1, the freeze
point will be -47°C, which is suitable for use at YVR year-round.

Delivering fuel to an airline can either occur in segregated
batches directly to the airplane of choice, or via comingling
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and lab testing

CoA = Certificate of Analysis, CoQ = Certificate of Quality, RCQ = Refinery Certificate of Quality

44 SAF is typically used in 30% mixtures, which was the blend ratio used in YYZ's hydrant system integration project.
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Figure 21: Refuelling at airport can be done either via segregated supply of
batches or integrated in the hydrant system.
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into an airport’s integrated refuelling system, also known as

a hydrant system. Both refuelling methods are schematically
shown in Figure 21. Segregated refuelling is generally practiced
in smaller airports and is considered less efficient due to the
limited capacity of refuelling trucks and the time-consuming
nature of the process. Using segregated downstream supply
chains to deliver SAF to airlines is also generally more expensive
than via the hydrant system. Seven of Canada’s largest airports
use an integrated hydrant system for refuelling, including YVR.
Segregated supply to a specific airplane is possible at YVR when
desired, but delivery via the integrated hydrant system is more
efficient and therefore preferred.

At large airports, the fuel delivery system is usually shared to
avoid unnecessary infrastructure and additional costs. To define
a set of standards for such shared infrastructure systems, the
Joint Inspection Group (JIG) was established to regulate the
operation of the shared fuel infrastructure where JIG consortia
operate. Other non-JIG operators providing aviation fuel may
also employ the JIG standards. The guidelines for handling
aviation fuel at JIG airports and upstream aviation fuel facilities
is described by the JIG Standards for Aviation Fuel Quality
Control and Operating Procedures’ and the JIG Aviation Fuel
Quality Requirements for Jointly Operated Systems (AFQRJOS)’
and consist of internationally agreed upon procedures. These
standards include recommended practices for fuel sampling and
testing, depot, hydrant and fuelling vehicle design features, and
procedures for storage and delivery of aviation fuel to aircraft.
The JIG standards allow the use of SAF certified according to
the ASTM/DefStan standards. Therefore, SAF is also allowed

to be used in the airport’s commingled tank farms and hydrant
system so long as it is certified under ASTM 1655. One of the
requirements is that the SAF is blended to ASTM 1655 standards
before arrival at the airport.

In addition to JIG standards, all major Canadian airports operate
following the CSA B836 guidelines which specify the minimum
design, operation, maintenance and emergency response
requirements for the storage, handling and distribution of
aviation fuels at airports.*

At YVR the fuel distribution is handled by the Fuel Supply
Management Group (FSM) while the infrastructure facilities
are owned by the Vancouver Airport Fuel Facilities Corporation
(VAFEC). The VAFFC is a consortium owned by most of the
airlines serving YVR and comprises twenty-five airlines with

N\
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Air Canada and WestJet holding majority shares. Similar fuel
facility corporations operate at all major international airports
across Canada, with the FSM group handling the fuel supply.
Consultation with the FSM group indicated that the fuel
infrastructure of YVR is compliant with the JIG guidelines.
Blended SAF is D1655 certified and can be inserted in the system
without modifications as at any other airport. Their tank farms
are outside the fence of the airport on land leased from the
airport, which could enable storing neat SAF and blending with
fossil jet fuel before certification to ASTM D1655 in proximity to
YVR.

In addition, the JIG AFQRJOS states that supply of fuel
containing synthetic components in some pipeline systems with
direct connections to NATO storage locations may be restricted.
This has been an impediment to SAF’s use of pipelines in the EU.
However, there is no military base located near YVR and FSM
does not provide fuel delivery services to military aircrafts.

SAF is adrop-in fuel that can be used and handled in the
same way as conventional jet fuel. It can be supplied without
having to rely on a segregated infrastructure, can be used

in all existing engines running on certified jet fuel. YVR is
conveniently situated to blend relatively small amounts

of fuel near the airport, while also being able to take in
large and efficient shipments directly in a blended and

fully certified form. This means that no modifications to the
current fuel distribution system are required.

2.3.1 Scan of YVR regional fuelling supply
system

All fuel handled at YVR is purchased by the airlines; Air Canada
and WestJet account for over 51% of all fuel uptake at YVR.
Currently, most of the jet fuel at YVR originates from two
refineries: Parkland Fuel Corp.’s refinery in Burnaby, BC and the
BP Cherry Point refinery just over the US border in Washington
State. Prior to COVID the uptake of fuel at YVR varies from a
low of five million to a high of eight million litres per day, with

a current airport storage capacity of 40 M litres. This is storage
for one week at low demand. As these storage units are located
just outside of the fenced area of the airport on airport lands,
blending of fuel can take place in the FSM storage facilities. Most
of the fuel (approx. 90%) is transported to the airplanes via the
hydrant system, while remote stands that are not connected to
the hydrant system are fuelled by trucks. Two additional fuel
storage tanks are currently under construction.

In general, most of the fuel is delivered to YVR’s infrastructure
via barge or ship that is unloaded at the Westridge Marine
Terminal and conveyed through a 40 km pipeline over Burnaby
mountain to the airport. The infrastructure near YVR also allows
large fuel intakes via truck. Some of the fuel arrives by rail from
Alberta and/or the USA, which is than transferred into trucks
before arrival at FSM’s storage facilities.

VAFEC is currently overseeing the construction of a new fuel
delivery system on the south arm of the Fraser River consisting
of a new marine terminal and fuel receiving facility, the YVR Jet
Fuel Marine Offloading, Storage and Distribution Terminal or
Vancouver Airport Fuel Delivery Project (‘VAFD’). The fuel will
be transferred to YVR through a thirteen-kilometre underground
pipeline to the previously identified tanks at the airport. The new

45 CSABB836:14, Storage, handling, and dispensing of aviation fuels at aerodromes, CSA Group, rev. June 2018
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Figure 22: Overview of two potential SAF accounting methodologies. Mass Balance divides SAF use over all flights departing from a SAF integrated
airport. The book and claim system can be used to allocate a batch of SAF to a specific airline or flight.
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infrastructure will increase the offsite marine storage capacity
by roughly 80 M litres. This new fuel delivery infrastructure

is designed to reduce the load on the current 60-year-old
pipeline to Burnaby mountain and reduce truck transportation
through Richmond while maintaining fuel reliability. The new
infrastructure is expected to be operational by the end of 2021.
Quality testing of the fuel will take place on site; there is already
a small lab at YVR and a new one is planned at the new marine
facility on the Fraser River. Every shipment, regardless of quantity,
will be tested for quality. A detailed description of possible supply
scenarios of SAF at YVR is discussed in section 2.4.

2.3.2 Traceability

With the development of SAF and commingling of these fuels
it becomes highly important to guarantee traceability over the
supply chain to ensure that airlines meet internal or policy
induced mandates, incentives, and sustainability criteria.

At present, traceability is required by the ASTM fuel quality
standards for both SAF and conventional jet fuel and requires
traceability back to the point of manufacture.

In jointly operated systems, the airlines buy the fuel from their
preferred fuel supplier, the fuel is delivered to the airport’s
commingled fuel supply system then delivered to aircrafts via
the airport’s hydrant system. After commingling, the jet fuel
(or SAF) loses its batch identity and can no longer be physically
traced within the system. The fuel is dispersed throughout the
hydrant delivery system and could fuel any aircraft at YVR.
Therefore, when incorporating fuel into a multi-user fuel system,
an accounting method is needed to track and allocate volumes
of SAF. Usually the service providers, FSM group for YVR, take
responsibility for fuel accounting for each airline. Therefore, at
YVR, allocation of sustainable aviation fuel to a specific airline
can be done administratively via mass balance or a book-and-
claim system.

Q@ BioPortYVR
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2.3.3 Sustainability

Traceability from the fuel manufacturer only guarantees that
technical criteria are met and does not attest to the sustainability
of the SAF. The preferred method to guarantee sustainability of
SAF is to include an extensive traceability report with each batch
of SAF, tracing the fuel back to the origin of the feedstock. Such a
report details all steps throughout the supply chain and provides
relevant information on the origin of the feedstock, production
methods and allocation, handling, and blending of the neat SAF. It
also details the transportation of the neat and blended SAF to the
airport, distribution to the aircraft and the airline’s administrative
operations. The traceability report guarantees that the fuel quality,
sustainability criteria, and emission reduction requirements are
met and allows the buyer to clarify any quality or sustainability
issues that may arise with a specific batch of SAF. Generally,

the traceability documentation should include all requirements
indicated in the fuel quality standard (ASTM/DefStan 91-091/
JIG), any additional requirements from the end-user, and
information required by policies regarding sustainability, clean
fuels and/or greenhouse gas emission reductions.

Since the airlines are initially responsible for buying the fuel,
the approach to sustainability for BioPortY VR greatly depends
on the will of the airlines. If aviation fuels are included under
the BC-LCEFS on an opt-in basis and are able to generate credits,
a lifecycle analysis (LCA) will be required to assess the exact
greenhouse gas emissions associated with the renewable fuel’s
production and use (in gCO,eq/M]) to define its carbon intensity.
This carbon intensity is directly linked to the amount of BC-
LCFS credits generated by the renewable fuel and a fuel with a
lower carbon intensity will create more credits and hence more
value. This additional value can be used to shrink the price gap
between conventional and sustainable aviation fuel.

Important sustainability criteria include greenhouse gas
reduction potential, avoidance of contribution to food
insecurity and conversion of high conservation value

and biodiverse land (e.g., deforestation), forced-labour-
free feedstocks, limited freshwater requirements, and
transparent, traceable supply chains. There are various
sustainability certification bodies, but current SAF supply
chains are typically compliant with one of two certifications
schemes (although there are others in place):

1. The Roundtable of Sustainable Biomaterials (RSB)

2. The International Sustainability and Carbon Certification
(ISCC) standard

To receive certification, an external auditor of the sustainability
scheme verifies the whole production chain from collection/
growing of the feedstock to the SAF producer and end consumer.
In general, a bioport can assist in pursuing sustainability criteria
and optimise the supply chain to guarantee GHG emission
reductions throughout.
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2.4 THE FUELLING SUPPLY CHAIN AND ITS KEY REGIONAL STAKEHOLDERS

Using SAF on a consistent basis at an airport requires that it be
integrated as efficiently as possible. This section introduces YVR’s
fuel system and its place in the broader regional fuel supply
system. YVR’s fuel delivery logistics are changing as major fuel
delivery infrastructure components are in flux including the
Trans Mountain Pipeline System (expansion), the Westridge
Marine Terminal (expansion), and the aforementioned YVR Jet
Fuel Marine Offloading, Storage and Distribution Terminal or
Vancouver Airport Fuel Delivery Project ‘VAFD’, being developed
by the Vancouver Airport Fuel Facilities Corporation ‘VAFFC’).

2.4.1 Fossil Fuel Supply and Facilities

YVR'’s fossil fuel supply is similar to the fuel supply in the
greater Vancouver region. Approximately half of the Vancouver
market’s fuel supply is provided from Alberta-based refineries,
with the balance supplied by the Parkland refinery in Burnaby
(Vancouver) and imported from the Northwest US. Fuel is
delivered from Alberta refineries via the Trans Mountain
Pipeline System which carries crude and refined products.

Currently at YVR there are two tank farm facilities that store jet
fuel: Tank Farm (TF) 1 and 2. Jet fuel is delivered to these tanks
by the Kinder Morgan Jet Fuel (KMJF) pipeline passing through
the buffer tank system and is then moved to TF2 storage prior to
being released into the hydrant system. Fuel is also delivered to
TF2 via tanker truck, with approximately 70 truck deliveries per
day.*

Figure 23: YVR Fuel Storage Facilities

TF 1 Fusl Storage
Facility {4x 2.5 ML)

46 https://www.vancouverairportfuel.ca/projectOverview

2.4.1.1 Trans Mountain Pipeline System

As of August 31, 2018, the Trans Mountain Pipeline and the
Trans Mountain Expansion Project (abbreviated as TMX)

are part of the Trans Mountain Corporation, a wholly owned
subsidiary of the Canada Development Investment Corporation
(CDIC). The pipeline was formerly owned by the Canadian
division of Kinder Morgan Energy Partners and has been in use
since 1953. On June 18, 2019 the Governor in Council (GIC)
authorized the federal energy regulator, the National Energy
Board, to issue the required certificate to allow for the TMX
expansion to proceed.” The expansion project is expected to take
30 - 36 months to complete with estimated completion is in 2022.
Once completed, the expected expanded capacity is reported to
be 141.5 M litres of crude oil per day.*®

2.4.1.2 Westridge Marine Terminal

The Westridge Marine Terminal delivers crude oil from the
Trans Mountain pipeline system onto barges and tankers. The
terminal also receives jet fuel into tanks at the terminal for
delivery into the KMJF pipeline system that services YVR. The
Westridge Marine Terminal is located in Burnaby, on lands and
water managed by the Vancouver Port Authority.

The Westridge Marine Terminal houses three storage tanks with
total storage capacity of approximately 62.8 M litres. Significant
capacity increases are planned for the Westridge Marine
Terminal as part of the Trans Mountain Expansion Project.

The proposed expansion includes a new dock complex with three
berths and a utility dock for use by tugs and emergency response
vessels. Additional delivery pipelines and an extension to the
industrial foreshore to accommodate the new equipment and
facilities. Tanker traffic at Westridge Marine Terminal would increase
from 5 to over 30 Aframax-size (120,000 t) tankers per month.*’

Figure 24: Trans Mountain Pipeline System Expansion. See route here:
https://www.transmountain.com/planning-the-route
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47 https://www.cer-rec.gc.ca/pplctnflng/mjrpp/trnsmntnxpnsn/mdsttmnt2019-06-18-eng.html
48 https://www.cbc.ca/news/canada/edmonton/trans-mountain-pipeline-expansion-alberta-b-c-oil-energy-1.5382999
49  https://www.transmountain.com/news/2015/westridge-marine-terminal-committed-to-green-marine
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Figure 25: Location of Westridge Marine Terminal relative to YVR

2.4.1.3 Kinder Morgan Jet Fuel Pipeline (Westridge to YVR
delivery logistics)

Jet fuel is delivered from the Westridge Marine Terminal to YVR
via the KMJF, a 41 km, 6-inch diameter pipeline in operation
since 1969. It has a throughput capacity of 4.2 M litres per

day.*® The pump station that moves fuel through the KMJF
pipeline is located within the Burnaby Terminal though the
KMJF and Trans Mountain pipelines are not interconnected
and are operated separately. The KMJF carries jet fuel to YVR
that originates from three reception points, with associated
proportional volumes: *!

The route of the KMJF pipeline is shown in Figure 26 It is
forecast by the VAFFC that the KMJF pipeline will reduce

its throughput volume by 60% once the new VAFD project is
complete as the VAFFC’s primary marine receiving facility will
shift to the new Fraser River location thereby rendering the
KM]JF pipeline and Westridge Marine Terminal a secondary
supply route. Based on the KMJF capacity of 4.2 M litres per day,
the annual capacity is estimated to be 1.5 B litres.

The future viability of the KMJF is being evaluated given the
potential preference for using the VAFD by for fuel delivery to
YVR. To maintain KMJF in operation, the remaining pipeline
users (Parkland Refinery (terminal) and Shell Canada Ltd. rail
facility) would need to pay the full KMJF revenue requirement.
Based on this, KMJF representatives have stated they expect the
system to become economically unviable once the VAFD project
commences operations (estimated to be 2022) and provides a
bypass option for the KMJF. Kinder Morgan estimates US$2.0
million - $3.0 million to decommission the KMJF. In the absence
of the KMJF, shippers would consider barge transport.>® The
operational fate of the KMJF pipeline after the completion of the
VAFFC facility is not confirmed.
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Table 4: KMJF pipeline supply details

Origination Origination 2018 Volume
point Description (% proportion)

Distribution facility location
in Burnaby adjacent to site of

Shell Canada Ltd. 80.3 M litres (7%)

Rail Facility now-closed oil Shell refinery.
ek e Parkla.nd Refinery has
(Terminal) a terminal that handles
petroleum products; 396.4 M litres (33%)
(formerly .
previously known as the
Chevron)

Stanovan Terminal.

Existing fuel terminalin
Burnaby currently being
expanded.

Westridge Marine

. 703.4 M litres (60%)
Terminal

Figure 26: KMJF delivery route®
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Figure 27: KMJF Pipeline Throughput (Westridge to YVR)
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50 https://www.bcuc.com/Documents/Proceedings/2019/DOC_54534_C2-3-VAFFC-IR1-to-KMJF.pdf
51 https://www.bcuc.com/Documents/Proceedings/2019/DOC_54534_C2-3-VAFFC-IR1-to-KMJF.pdf
52 Kinder Morgan Canada Ltd Preliminary Prospectus, 2017, referenced in https://www.bcuc.com/Documents/Proceedings/2019/DOC_54534_C2-3-VAFFC-IR1-to-KMJF.pdf
53 https://www.bcuc.com/Documents/Proceedings/2019/DOC_54534_C2-3-VAFFC-IR1-to-KMJF.pdf
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2.4.1.4Vancouver Airport Fuel Delivery Project, (VAFD)

In April 2017 British Columbia’s Oil and Gas Commission
(BCOGC) issued the VAFFC a permit authorizing it to construct
and operate a marine receiving facility and pipeline from the
VAFD to the YVR fuel storage location.** In July 2019 the City of
Richmond, the last of the approval entities which also included
the Vancouver Airport Authority, granted the access agreement
and development permit.>

The project includes a 13 km (14-inch diameter) underground
pipeline from a new marine terminal and fuel storage facility on
the Fraser River to the YVR fuel supply system.*® Construction of
the facility is now underway and is expected to be in operation
for 2022. Figure 28 shows VAFFC Fraser River Marine Terminal
Schematic®

Figure 28: VAFFC Fraser River Marine Terminal Schematic®®
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2.4.1.5 Fuel delivery logistics

The Puget Sound Pipeline links Washington refineries BP
(Cherry Point), Phillips 66, Tesoro, and Shell. It has been in
operation since 1954 and is primarily used to ship crude oil from
the Sumas Terminal to Washington State refineries in Anacortes
and Ferndale. The Trans Mountain Expansion Project will
maintain the ability for crude oil to be delivered to WA refineries
via the Puget Sound Pipeline. The Puget Sound Pipeline is
approximately 111 kilometres in length, a diameter ranging

from 16 - 20 inches (406-508 mm), with a single pump station
located in Laurel, Washington. The system has an estimated total
throughput capacity of 38M litres per day. The pipeline is capable
of increasing its throughput capacity to approximately 79.5M
litres per day.

Figure 29: Puget Sound Pipeline System

Lt British Columbia
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54 https://www.bcogc.ca/public-zone/major-projects-centre/vancouver-airport-fuel-delivery
55 https://www.jwnenergy.com/article/2019/7/tensions-high-richmond-council-votes-favour-jet-fuel-pipeline/

56 https://www.bcogc.ca/node/14025/download
57 https://www.vancouverairportfuel.ca/projectOverview
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2.4.2 SAF fuel supply chain

The potential SAF supply chain is inherently different from

the existing fossil fuel supply chain but there are some parallel
or common elements closer to the point of aircraft fueling.

This section narrows the scope to identify only the supply
chain stakeholders with near-term potential to supply SAF to
BioPortYVR. The four stages of the supply chain considered are:
feedstock, conversion, certification and logistics, and sales and
marketing.

2.4.2.1 Feedstock stakeholders

A regional SAF supply chain supporting YVR will have a
different point of origin than that of fossil fuels, determined by
the feedstock used to produce the SAF. Table 5 lists regionally
sourced feedstocks, their points of origin, potential for supplying
SAF to BioPortYVR, and identified stakeholders. Due to
feedstock availability and technological constraints, the list of
regionally viable feedstocks is limited and further restricted by
the number of ASTM approved conversion processes.

Table 5: Regionally Sourced Feedstocks

BC - limited opportunity for
agricultural expansion.

AB/SK - oil from canola,
alcohol from corn & wheat.

Feedstock is locally produced
though serves existing
markets and would need to be

Agricultural crops: canola, BC, AB, SK
corn, wheat
Fats, oils grease /UCO Greater Vancouver Area
diverted.
Forest residues BC, AB BC
MSW Greater Vancouver Area

Q@ BioPortYVR

Widely distributed, collected
and taken to landfill for
decomposition and energy
harvesting.

Canadais a leading
agricultural products
exporter, specifically

canola, which can be used

to supply SAF facilities.

This opportunity is further
highlighted by the closure of
the Chinese oilseed market to
Canadian canola.

In BC the resource is not
currently available to support
a dedicated SAF facility.

Use of these feedstocks is
currently limited by the low
TRL of the SAF production
process. Feedstocks may be
utilized via co-processing.
Forestresiduesisa
significant opportunity for
BC participation in SAF
production.

Material is used for energy
production via anerobic
decomposition and gas
capture. Energy captureis
required by regulation which
impacts the GHG reduction
calculations for diverting
material.

Agricultural association
groups: Canola Council of
Canada (CCC), Canadian
Canola Growers Association
(CCGA), Grain Growers of
Canada (GGC), Canadian
Oilseeds Processing
Association (COPA)

Canadian Renderers
Association, West Coast
Reduction Ltd.

University of British
Columbia’s Faculty of
Forestry, Forest Products
Association of Canada (FPAC).
Forest Product Innovations
(FP Innovations).

Metro Vancouver Solid Waste
Services Department.
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Table 6: ASTM Certified Conversion Processes®

Conversion Process Abbrev. | Possible Feedstocks | Blending
ratio by
Volume
1 Fischer-Tropsch hydroprocessed synthesized paraffinic kerosene FT Biomass 50%
2 Synthesized paraffinic kerosene produced from hydroprocessed esters and fatty HEFA Fats, oils and greases (FOG) 50%
acids
3 Synthesized iso-paraffins produced from hydroprocessed fermented sugars SIP Sugars including 10%
lignocellulosic
4 Synthesized kerosene with aromatics derived by alkylation of light aromatics from  SPK/A Biomass 50%
non-petroleum sources
5 Alcohol-to-jet synthetic paraffinic kerosene ATJ-SPK Sugars including 50%
lignocellulosic
6 Catalytic Hydrothermolysis Synthesized Kerosene CHJ Fats, oils and greases (FOG) 50%
ASTM Co-processing Fats, oils and greases (FOG) 5%
D1655
Annex 1

2.4.2.2 Conversion Technologies

There are currently seven ASTM approved pathways for
producing SAF. Six of them fall under ASTM D7566 and the
remaining pathway for co-processing is under ASTM D1655.
The pathways are listed in Table 6°%; the highlighted rows are the
pathways being considered for BioPortYVR.

FT-SPK

Though the Fischer-Tropsch (FT) conversion process is an
approved ASTM pathway and it was the first pathway approved,
there are currently no commercial operations using this process
to produce significant volumes of jet fuel from biomass or other
low carbon intensity feedstocks. Some of the low carbon intensity
feedstocks that are currently being tested for conversion via the
FT process include: forestry residues, municipal solid waste
and CO, captured by the direct air capture (DAC) technique
developed by Carbon Engineering®>*°. Significant technological
and economic challenges must be overcome before this can be
considered a scalable pathway for SAF production.®

HEFA-SPK

In 2019, the CBSCI report HEFA Production and Feedstock
Selection, established that the most feasible near-term SAF

supply chain using Canadian feedstock must follow the HEFA-
SPK pathway. To produce SAF via the HEFA-SPK pathway

the technology requirements are very similar to those needed

in a petroleum refinery with select equipment and process
modifications. Due to the high capital cost of constructing a HEFA
dedicated feedstock upgrading facility it is more practical to pursue
a lower cost and lower risk option. Two such options are:®

1. Modify an existing canola crushing facility to be able to
produce HEFA compliant feedstock oil by eliminating refining
and deodorizing processes.

2. Add upgrading processes (degumming and bleaching) to a
HEFA production facility to bring crude canola oil up to HEFA
feedstock oil specification.

The first option requires participation by a canola oil producer
and proximity to feedstock rather than point of refining is
prioritized due to the efficiency of transporting only the oil as
opposed to the entire canola seed. At present there are no canola
crushing facilities in British Columbia and there are four such
facilities in Alberta, namely ADM Lloydminster, Bunge Fort
Saskatchewan, Cargill Camrose and Richardson Lethbridge. Any
of these is a possible stakeholder in the fuel supply chain for SAF
production.

Alternatively, the second option cannot currently be fulfilled
from within Canada as there are no domestic HEFA facilities.

AtJ-SPK

Despite the alcohol-to-jet fuel pathway (At]-SPK) being an
established and approved SAF production route it is not considered
to be feasible in the context of regional supply to BioPortYVR.
Though the conversion process itself is relatively simple and not
cost prohibitive, market realities prevent the At] pathway from
being economically viable. The difference in value of the feedstock
alcohol (such as ethanol or butanol) versus SAF is too small to
justify adding cost to upgrade the alcohol to biojet when there is
already a well-established market for the straight alcohol.

Co-processing

The most likely Canadian refineries for the co-processing
pathway based on geography are the Parkland facility in Burnaby
(8.75 M litres per day capacity) and the Tidewater Midstream
refinery in Prince George (1.9 M litres per day capacity).
Parkland’s Burnaby facility already co-processes a range of
regional renewable feedstocks to produce distillates with some
amount of renewable content contained within them. Co-
processing operations have been encouraged via participation in
the BC-LCFS’s Part 3 Agreement program and the BC SMART
Fuels Consortium led by the University of British Columbia.*®
Across the border from Vancouver in Washington State are the
BP Cherry Point refinery (36 M litres per day capacity) and the
Phillips 66 Ferndale facility (16.7 M litres per day). BP’s refinery is

58 CAAFI - Fuel Qualification - Approved Fuels http://www.caafi.org/focus_areas/fuel_qualification.html

59 Radich, 2015 - The flight paths for biojet fuel
60 Keith etal., 2018 - A Process for Capturing CO, from the Atmosphere

61 https://www.renewableenergyworld.com/2018/06/19/can-climate-change-be-stopped-by-turning-air-into-gasoline/#gref

62 CBSCI 2019 - HEFA Production and Feedstock Selection 2019

63 Asreferenced here: https://cleanresourceinnovation.com/content/uploads/2019/06/CRIN-June-17-2019-S-van-Dyk-Co-processing.pdf
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Table 7: ASTM Conversion Processes Under Review

"7

High Freeze Point HEFASK/ HFP HEFA Fats, oils and greases Neste, Boeing Progress unknown
Hydroprocessed Esters HEFA-SPK Hydrocarbon-rich algae oil IHI ASTM Balloting

and Fatty Acids Synthetic

Paraffinic Kerosene

Hydro-deoxygenation HDO-SAK Sugars and cellulosics Virent Phase 1 Research Report
Synthetic Aromatic Kerosene

Integrated Hydropyrolysis IH multiple Shell Progress unknown

and Hydroconversion

Co-Processing FT Wax FT-wax Fischer-Tropsch Wax. Fulcrum ASTM Balloting

currently co-processing renewable feedstocks while the Phillips 66
refinery has evaluated a renewable diesel project with Renewable
Energy Group (REG).®+*°

Future pathways

While other conversion technologies exist, most remain under
development and the fuels produced are not yet approved for use
in aviation. Table 7 lists the SAF production pathways currently
under consideration by ASTM which may approve the pathways
in the future if deemed safe and viable.

2.4.2.3 Certification & Logistics

The delivery of SAF to the airport fuel storage facilities for
downstream distribution to the YVR hydrant system needs to
occur where testing facilities are present to verify that each batch
of blended fuel complies with ASTM requirements. FSM has a
test facility at the airport’s existing tank farm and there is one
planned for the new Marine Terminal. Overall, there are three
delivery scenarios to consider:

1. Delivery of SAF to Fraser River Marine Terminal - managed by
FSM Management Group

2. Delivery of SAF to YVR’s existing tank farm - managed by FSM
Management Group

3. Delivery of fossil/SAF blend via pipeline from Parkland
refinery or Westridge terminal - managed by KMJF

Thus, the identified stakeholders at this stage are FSM and KM]JE.

When SAF is delivered in a neat form to the airport and thus
still needs blending, two locations could be used: the existing
tank farms (TF 1 and 2) and the new Marine tank terminal (TF
0). Both locations are outside the fence of the airport and could
therefore be used as blending locations. As the marine terminal
only has very large tanks on site, it is only recommended to do

a blending operation here when significantly large volumes are
delivered by ship (there are no provisions for rail or ongoing
truck access). The existing tank farms could take in smaller
batches of fuel for blending with these scenarios presented in
Table 8. FSM Management Group is the stakeholder responsible
for the operation of YVR’s fuel supply chain and would assume
responsibility for blending the SAF and certifying the blended
product to ensure it complies with ASTM blending requirements
prior to delivery to YVR’s hydrant system via pipeline and
released for use.

The exception to the above is when taking delivery of blended
fuel as would be the case if Parkland Refinery commenced
producing jet fuel from co-processing fossil crude with bio
crude or simply off-loading a fossil/SAF blend at the Westridge
terminal. However, FSM remains the key stakeholder in this
scenario as the blended fuel would arrive at YVR by the KMJF
pipeline and FSM would perform the necessary testing to ensure
ASTM compliance.

Table 8 contains fuel transport modes in column ‘Fuel Volume
Estimate per Delivery’ that range from truck to marine vessel.
Figure 30 provides a visual representation of the relative
maximum SAF (neat or blended) capacities of each mode.

Local airports nearby a bioport may also be supplied with SAF.
Small uptake volumes are most likely supplied via truck, however,
larger regional airports may also be supplied according to the
delivery scenarios listed in Table 8. With the new Vancouver
Airport Fuel Receiving Facility restricted by BC Environmental
Assessment Office to receive fuel by vessel only and transfer to YVR
only, and similar limitations on transport of fuel from the tank
farms at YVR, we anticipate supply of SAF to regional airports will
take place from SAF production and blending facilities offsite.

Figure 30: Fuel Delivery Mode Maximum Volume Comparison [per single
unit of transport)
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64 https://www.bp.com/en/global/corporate/sustainability/climate-change/low-carbon-accreditation-programme/case-study-cherry-point-renewable-diesel.html
65 https://investor.phillipsé6.com/financial-information/news-releases/news-release-details/2018/Phillips-66-and-Renewable-Energy-Group-Announce-Plans-

for-Large-Scale-Renewable-Diesel-Facility-on-West-Coast/default.aspx
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Table 8: SAF Fuel logistics options linking import and production scenarios with YVR fuel delivery infrastructure

Scenario

Import Truck
Neat

Import Truck
Blend

Import Rail
Neat

Import Rail
Blend

Import Vessel
Neat

Import Vessel
Blend

Regional
Production
Pipeline

Regional
Production
Vessel

Production
Regional
Airport Supply
Truck

Production
Regional
Airport Supply
Rail

Production
Regional
Airport Supply
Vessel

SAF
Source

Import

Import

Import

Import

Import

Import

Regional
Production

Regional
Production

Regional
Production

Regional
Production

Regional
Production

Q@ BioPortYVR

Scenario

SAF (Neat)
Importvia
Truck

SAF (Blend)
Importvia
Truck

SAF (Neat)
Importvia
Railto PC,
transload &
blend, truck
toYVR

SAF (Blend)
Importvia
Railto PC,
transload,
trucktoYVR

SAF (Neat)
Vessel to
VAFFC Fraser

SAF (Blend)
Vessel to
VAFFC Fraser

SAF Produced
in Port of
Vancouver,
blended fuel
delivered via
KMJF pipeline
delivery to
YVR.

SAF Produced
in Port of
Vancouver,
blended fuel
delivered
viavessel to
VFCC.

SAF Produced
in Port of
Vancouver,
fuel [neat

or blended)
delivered

to regional
airports via
truck.

SAF Produced
in Port of
Vancouver,
fuel (neat

or blended)
delivered

to regional
airports via
rail.

SAF Produced
in Port of
Vancouver,
fuel (neat

or blended)
delivered
toregional
airports via
vessel.

Description

Neat SAF delivery to TF1 tank via
truck, certification, transferto TF2,
release to YVR hydrant system.

Blended SAF delivery to TF1 tank via
truck, certification, transfer to TF2,
release to YVR hydrant system.

Neat SAF delivery to PC rail facility,
transloaded to truck, certification,
delivered to TF1, re-certification in
tank, transfer to TF2, release to YVR
hydrant system.

Blended SAF deliveryto PC rail
facility, transloaded to truck,
delivered to TF1, certification,
transferto TF2, release to YVR
hydrant system.

Neat SAF delivery to VAFFC facility
isolated tank, certification, delivered
to TF2, release to YVR hydrant
system.

Blended SAF delivery to VAFFC,
certification, delivered to TF2,
release to YVR hydrant system.

Neat SAF blended with fossil jet

at production facility tank farm,
certified, inserted into KMJF, arrival
at YVR through KMJF pipeline
reception (buffer) tanks to TF1,
certification, transfer to TF2, release
to YVR hydrant system.

Neat SAF blended with fossil jet

at production facility tank farm,
certified, loaded to vessel, arrival

at VAFFC, blended into TFO tanks,
certification, transfer to TF2, release
to YVR hydrant system.

Neat SAF blended with fossil

jetat production facility tank

farm, certified, loaded to truck,
transported to regional airport tank
farm, integration with receiving
airport fuel operations. Option
exists for neat fuel transport upon
confirmation of ability to blend at
regional airport.

Neat SAF blended with fossil jet

at production facility tank farm,
certified, loaded to rail, transported
toregional airport tank farm,
integration with receiving airport fuel
operations. Option exists for neat
fuel transport upon confirmation of
ability to blend at regional airport.

Neat SAF blended with fossil

jetat production facility tank

farm, certified, loaded to vessel,
transported to regional airport tank
farm, integration with receiving
airport fuel operations. Option
exists for neat fuel transport upon
confirmation of ability to blend at
regional airport.

Fuel Volume

Estimate per
Delivery®®

Upto 64,000 Litres
(B-Train) total fuel
capacity®

Up to 64,000 Litres
(B-Train) total fuel
capacity

Upto 112,250 Litres
(DOT - 111) fuel capacity
per railcar™

Upto 112,250 Litres
(DOT - 111) fuel capacity
per railcar

From 5.5 Million
Litres (Towed Barge)
to 63.6 Million Litres
(Panamax)”

From 5.5 Million Litres
(Towed Barge) to 63.6
Million Litres (Panamax)

From 5.5 Million Litres
(Towed Barge) to 63.6
Million Litres (Panamax)

From 5.5 Million Litres
(Towed Barge) to 63.6
Million Litres (Panamax)

Upto 64,000 Litres
(B-Train) total fuel
capacity”

Up to 112,250 Litres
(DOT - 111) fuel capacity
per railcar”™

From 5.5 Million Litres
(Towed Barge) to 63.6
Million Litres (Panamax)

BioPortYVR e An Action-Oriented Feasibility Study e Introdu

Timeline of
Availability

Currently feasible
with dedicated
blending
infrastructure

Currently feasible

Currently feasible
with dedicated
blending
infrastructure

Currently feasible

Only feasible when
neatvolumeis
large enough to fill
- 30% of atank

Feasible upon
completion of
VAFFC

Feasible upon
regional SAF
productionand
continuation of
KMJF pipeline

Feasible upon
regional SAF
productionand
completion of
VAFFC

Feasible upon
regional SAF
production,
demand from
otherairports

Feasible upon
regional SAF
production,
demand from
regional airports

Feasible upon
regional SAF
production,
demand from
regional airports

Viability Commentary

Useful to deliver initial volumes for
BioPortYVR proof of concept. Has
higher delivery costs vs. other modes.
Requires dedicated tank storage
atYVR or additional transload and
blending infrastructure.

Useful to deliver initial volumes

for BioPortYVR Proof of Concept.
Higher delivery costs. Delivery

of blended product will require
greater transportation costs though
decreases need for dedicated SAF
tank storage (@ YVR.

Neat fuelimportation to PC facility
requires use of a tank to blend neat
SAF with Jet fuel to create appropriate
blend. Will be more efficient if can use
TF1 tank for blending. Without TF1
use, blended fuel should be imported.

Blended fuelimportation to PC facility
can be transloaded to truck and
delivered to TF2 as required.

Neat fuelimport to VAFFC when fuel
quantities are large enough to occupy
one tank. Blending to specification is
required prior to introduction towards
TF2.

This option will be among the

most efficient for delivering larger
quantities of imported SAF to YVR’s
fuel system. The total blended fuel
volume will not be limited by vessel
size.

Should SAF production be
established, this option could allow
for the ongoing use of a fuel delivery
pipeline to YVR’s tank farm. This
reduces the requirement for on-site
fuel storage (as SAF would be
continuously supplied to YVR). The
longevity of this option will be tied to
the status of the KMJF pipeline.

This option provides the most efficient
fuel delivery means to YVR's VAFFC
after the KMJF pipeline option.

Regional production may be used

to supply regional airports. Truck
delivery options will be most useful
for smaller quantities of SAF delivered
shorter distances.

Regional production may be used to
supply regional airports. Rail delivery
options will be most useful for larger
quantities of SAF to facilities with

rail access. Neat or blended fuel
delivery will depend on tank farm
infrastructure at receiving airport.

Barge use to supply regional airports
would be effective if no rail or truck
access was available (on Vancouver
Island, for example), or vessel delivery
was more efficient.
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Figure 31: Schematic of physical SAF supply chain components

2.5 POTENTIAL SAF REGIONAL FEEDSTOCKS AVAILABILITY AND COST
(TECHNO-ECONOMIC EVALUATION AND PRICE)

Renewable fuel production is dependent on feedstock. In
this regard SAF is no different from other renewable fuel
supply chains. Feedstock must be available on an ongoing
basis and in sufficient quantities to permit steady facility
operation. A renewable fuel supply chain that experiences
ongoing feedstock shortages or consistent supply issues will
become unviable and makes a poor case for continued sector
investment. Conversely, a supply chain that has consistent
feedstock and consistently returns operating income
provides a sound case for further production of renewable
fuels and continuing to address increased transportation
sector emissions.

In many regards, SAF is at a relative disadvantage compared to
other renewable fuel types, especially those which contend for
similar types of feedstock. For each unit of feedstock, the SAF
production process yields less fuel, needs more energy inputs,
and thus creates less avoided GHG emissions. Many consider it
misguided to encourage SAF production from materials which
may be more effective in displacing emissions from ground
transportation through the production of renewable diesel and
biodiesel. This view is off target; it would be an error to disregard
the lack of fuel switching options available to aviation versus the
different commercially deployable opportunities for ground-
based transportation to shift fuels and modes. At present, in the

66 Assumes single unit of delivery (e.g., single trailer, railcar, vessel]
67 https://tanksource.ca/listings/2016-advance-b-train/
68 https://en.wikipedia.org/wiki/DOT-111_tank_car

aviation sector, SAF is the only option for significant reduced
emissions intensity from air travel, despite the comparably less
efficient use of feedstock.

This project took a realistic approach to determining the
feedstock and fuel pathways that would be able to supply ongoing
regionally produced SAF volumes to YVR.

The following aspects were considered when

determining feedstock viability:

> Available at commercial scale with consistent quality in the
Vancouver region

- Utilize established delivery and transportation logistics

7 Be readily certifiable to a sustainability standard used in
existing regulations in the US, EU, or in voluntary SAF use

Western Canada contains significant agriculture- and forest-
based biomass resources available for conversion to biofuels.
These sources have the potential to provide consistent, reliable
and sustainable feedstock to a SAF supply-chain but only if

the SAF pathway can compete economically with current
agricultural and forestry feedstock pathways. There are other
feedstock options available in BC such as used cooking oil
(UCO) and animal fats and greases but availability is restricted
by existing demand and the fact that these feedstocks are wastes

69 https://www.vancouverairportfuel.ca/adminpanel/files/Fraser_River_Tanker_Traffic_Study_Full_Report%20sflb.pdf

70 https://tanksource.ca/listings/2016-advance-b-train/
71 https://en.wikipedia.org/wiki/DOT-111_tank_car
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from independent industries. There are also emerging biofuel
production technologies from feedstocks such as atmospheric
CO,, municipal waste and algae that could provide viable
pathways for SAF production in the future.

It is difficult to consider feedstock availability without considering
the corresponding conversion process and overall sustainability
performance. In this chapter, the focus remains on feedstock
availability and cost although conversion processes are also
mentioned to help qualify the suitability for SAF production. Sections
1.5 and 1.8 provide greater detail regarding conversion technologies.

2.5.1 Agricultural Feedstock / Qil Seeds

2.5.1.1. Canola/soy

As noted previously, Western Canada possesses substantial
agricultural resources which are potentially available for biofuel
production. The main oilseed crops used for biofuels in Canada

are soybeans and canola, both of which are grown in the West.
Typically, the harvested crop is processed in a crushing facility,
regionally close to the location of harvest, to extract the oil and
remove the meal portion of the crop. The oil is then shipped by truck
or rail to a producer who, in turn, converts it into a finished biofuel.
Conversion processes are discussed in the following chapter.

In 2019, production quantities were 6.05Mt of soybeans, 1.12 Mt
of that from Manitoba, and 18.65 Mt of canola, half of that from
Saskatchewan.” Crop production divides as follows between
Canadian provinces:

2.5.1.2 Corn /Wheat Ethanol

Sugar and starch-based crops can also be used to produce

SAF albeit with different processes than those used to convert
plant-based oils into fuel. In Canada, corn and wheat are the
principal starchy feedstocks that have potential for use in the
At]J-SPK SAF production pathway. As shown above in Table 11,
there is minimal corn being grown in Western Canada yet both
Alberta and Saskatchewan produced significant quantities of
wheat in 2019 with 10.3Mt and 15.1 Mt respectively. Despite the
availability of wheat as a feedstock, its value in existing markets
(and consequent competition from increased demand) along
with the low maturity level of commercially operational AtJ
SAF conversion facilities make it currently unsuitable for use in
BioPortYVR’s SAF supply chain.

Table 11: Select Canadian Crop Productionin 2019

"7
2.5.2 Woody biomass (lignocellulosic)

Of Canada’s 347 M hectares of forest, which are nine per cent

of the globe’s forests, British Columbia contains 60MH of forest
and Alberta’s forested area is 35.2 Mhectares. This substantial
resource is a potential feedstock for regionally produced SAF to
supply BioPortYVR. Despite the scale of the resource, availability
of the feedstock is far from guaranteed. In 2016, BC harvested
approximately 66.4 million m® (about 184,000 ha) and Alberta
harvested 25.5 million m® (about 92,000 ha).” These volumes
are cut with predetermined end uses which are typically pulp for
paper manufacturing, manufactured wood products or export.
While these volumes represent a possible feedstock source their
value as round-logs (76-259 $/ODT) typically precludes use in
the biofuel supply chain when considered against the generally
lower cost of their associated residues (12-110 $/ODT).”

Forest residues come in a variety of forms depending on the
primary use of the wood resource. Current harvesting practices
leave behind significant amounts of residues either in slash piles
or spread about the cut-blocks, typically referred to as “roadside”
residues due to the proximity of forest service roads. At the saw-
mills residues come in the form of wood chips, sawdust, planer
shavings and bark (the latter three often being combined and
referred to as hog fuel). Pulp logs are a form of residue when
harvesting saw-logs and include all the deformed, insect infested
and otherwise low-value logs. The fourth form of forest residue
is referred to as standing timber which is included in the Annual
Allowable Cut (AAC) but not harvested for various reasons such
as insufficient demand or poor economics.

Accurately estimating forest residue availability is challenging
due to the numerous practical and economic factors. A 2018
estimate of available harvest residues in Canada is 18 million m?
and mill residues of 11 million m3.”> Alberta and B.C., in recent
years, have accounted for 58.4% (16.8% and 41.6% respectively
over 2016 & 2017) of the harvested timber in Canada.” Applying
these percentages to the estimates of total Canadian forest
residues (harvest & mill combined) indicates that there is
potential for 6655 M litres per year of ethanol from B.C. and 2687
M litres per year from Alberta.

Despite this resource availability the conversion pathways are not
yet commercialized. Additional research and further scaling of
the technologies under development can enable forest biomass to
become a key feedstock for SAF production in BC.

Producton) | camsds B0 A8 |k we__ |ov loc
n/a

Soybeans 6.05 0.00 0.1 112 0.04 0.03
Canola (rapeseed) 18.65 0.07 5.32 1013 3.06 8.64 3.37
Corn forgrain 13.40 0.00 0.06 n/a 119 4.74 2.47
Corn for silage 12.40 0.60 1.69 0.86 1.61 3.7 1.05
Wheat, all 32.35 0.1 10.26 15.12 497 1.52 0.28

72 Statistics Canada. Table 32-10-0359-01 Estimated production of principal field crops. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210035901

73 Natural Resources Canada (Jan-2020). Forest Resources, Statistical Data https://cfs.nrcan.gc.ca/statsprofile/overview/

74 Van Dyk et al. (2019) Assessment of likely maturation pathways for production of biojet fuel from forest residues. Vancouver, University of British Columbia

75 Littlejohns J., Rehmann L., Murdy R., 0o A., Neill S. Current state and future prospects for liquid biofuels in Canada. Biofuel Research Journal 17 (2018]) 759-779.
DOI: 10.18331/BRJ2018.5.1.4

76 National Forestry Database - 5.1 Net merchantable volume of roundwood harvested by jurisdiction, tenure, category and species group http://nfdp.ccfm.org/en/
data/harvest.php
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2.5.3 Animal Fats & Used Cooking Oil

Animal fats and used cooking oil (UCO) are considered
secondary resources as their available volumes depend on the
demand for the primary products, animals and foods cooked

in oils respectively. They are not considered scalable feedstocks
and have a fixed supply that is not determined by the demand
for biofuels. It is estimated that B.C. produced 5,144 t of animal
fats and 19,286 t of UCO in 2015 while Alberta generated 73,021
t of animal fats and 17,289 t of UCO in 2015.”7 This amounts

to a net annual supply of 115 kt of feedstock, which, at an 49%
production yield would result in 56 kt SAF annually. 7*

Current regional production of animal fats and UCO already
service existing markets, including renewable fuel production
supply chains based in the US and Asia. A significant local
processer is West Coast Reductions Ltd., located on Vancouver’s
waterfront. The potential for these feedstocks to be used locally
would depend on the economic rationale for diverting these
materials from existing customers. UCO would be used in
regional HEFA production as it is available, with the balance of
feedstock derived from sustainably sourced plant oils.

2.5.4 Other feedstocks

2.5.4.1 Municipal Solid Waste (MSW)

Municipal Solid Waste (MSW) is a feedstock that may be suitable
for future SAF production using Fischer-Tropsch technologies
that are currently being installed in various SAF projects in the
US (e.g., Red Rocks, Fulcrum). In 2016 the Metro Vancouver
region disposed of 351,076 t of construction and demolition
(C&D) waste and 907,446 t of residential and commercial waste.
Of the residential and commercial waste 254,256 t were harvested
for energy conversion.” In the case of the Metro Vancouver
region, utilizing MSW would displace material that would decay
and be converted to energy for local use. When the technology

is proven on a commercial scale, the MSW pathway holds
significant promise for locations that do not require the flaring or
utilization of energy embedded in landfills.

2.5.4.2 Emerging Feedstocks: Algae and CO,

Algae oils and direct air capture (DAC) CO, are currently not
available in commercial quantities that can supply a continuously
operating SAF production facility. Algae had its boom in the past
and was disregarded because of its very high costs of production.
There are still multiple National Research Council institutes
undertaking research on algae in order to develop the opportunity
which is especially interesting for high value chemicals.

We see a more recent interest in the development of CO, capture
technologies from ambient air (DAC). Carbon Engineering,
located in Squamish BC, is one of the global leaders in this

space and actively progressing the technology to capture CO,.
However, DAC technologies are in a developmental phase,
scaling towards continuous operation will take time. We see
significant opportunities in Canada and BC specifically, for this
technology in the future. This technology has to proceed parallel
with widespread availability of clean electricity, when this is
available a mix of synthetically produced fuels including SAF can
be produced.

77 CBSCI(2019), HEFA Production and Feedstock Selection

"y
2.5.5 SAF Feedstock Confirmation

It was determined that existing current (2020 - 2024) and near
future (2025 - 2030) feedstocks for a SAF supply chain would be
the following:

Table 12: Feedstock Mix for TEA

BioPortYVR Feedstocks | BioPortYVR Feedstocks
2020 - 2024 2025 - 2030

Plant oils: Canola Woody biomass: forest residues

Animal fats /UCO Emerging feedstocks that are currently

pre-commercial though may become
commercial prior to 2025: Direct air capture
to synthetic crude, algae, recycled industrial
waste gas

Included in the rationale to utilize canola oil as a SAF feedstock
in the example of BioPortYVR are the current export market
dynamics that have negatively impacted the Canadian
agricultural sector. Canada previously sent nearly 40% of its
canola crop to China. With this market effectively shut for
Canadian canola at the time of writing, there is an impetus to
find new markets that can utilize material that was previously
exported. Western Canadian SAF production and use could
present a timely opportunity to utilize these resources.

2.5.6 SAF Production Technology
Confirmation

Technologies to produce SAF were reviewed in section 1.5.2.2
where it was established that the vast majority of renewable

fuel produced uses the HEFA pathway. This coincides with the
predominantly available feedstocks in the 2020 - 2024 timeframe
provided in Table 12.

HEFA was considered as the pathway to be included in the TEA
due to the following characteristics:

- Established ASTM certification

- Proven technology on a commercial scale

- SAF from HEFA is currently available

> Other SAF conversion technologies require technology maturation

Therefore, for the TEA as discussed in section 1.11, the HEFA
pathway is the SAF conversion technology assessed.

2.5.7 Life Cycle Analysis Model Used in
the Analysis

It is recognized that there are many LCA models that are used

in renewable fuel regulations in jurisdictions around the world.
Each one has their specific interface, calculation approach

and carbon allocation methods. Importantly, each of them

may reference underlying data sets that are distinct and utilize
different emission factors, approaches to heating values of energy
components and may include different emissions within the
boundary of the analysis. It is out of scope for this report to select
the best suited model for conducting LCA analysis.

78 NRCan (2012), Study of Hydrogenation Derived Renewable Diesel as a Renewable Fuel Option in North America

79 Metro Vancouver (2017), Biennial /5 Year Progress Report
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The approach taken in this project is to use the LCA model that
is in place in the jurisdiction of the project: British Columbia
and compare this to the LCA model of the existing SAF market:
California. The TEA utilizes the Californian LCA model
Greets3.0 an the Canadian LCA model GHGenius (version 5.0).
Since the data resulting from the Greets3.0 model is publicly
available at the California Air Resources Board, this section
provides insights on the Canadian GHGenius model as used in
this study.

GHGenius is used in British Columbia’s LCFS and all Canadian
provinces that have renewable fuel policies. GHGenius contains
specific Canadian agronomic information that is not included in
other models.

The GHGenius model is based on the 1998 version of Dr. Mark
Delucchi’s Lifecycle Emissions Model (LEM). GHGenius can
analyze the energy balance and emissions of many contaminants
associated with the production and use of traditional and
alternative transportation fuels.*

Table 14: GHGenius 5.0 (BC) Jet Fuel and HEFA Cl Values used in TEA

"7
The model is capable of analyzing the emissions from
conventional and alternative fuelled internal combustion engines
or fuel cells for light duty vehicles, for class 3-7 medium-duty
trucks, for class 8 heavy-duty trucks, for urban buses and for a
combination of buses and trucks, for light duty battery powered
electric vehicles, marine vessels, and aircraft. There are over
200 vehicle and fuel combinations possible with the model.
GHGenius can predict emissions for past, present and future
years through to 2050 using historical data or correlations for
changes in energy and process parameters with time that are
stored in the model. Model inputs to calculate the CI values of
SAF used at YVR utilize the following base assumptions:

Table 13: GHGenius Inputs [summary level) for estimating default SAF pathways

GHGenius Input Parameter

Region British Columbia

Target Year 2018 used as model default
Global Warming Potential (EWP) dataset, 2007 (100 years)

duration

Transport mode for UCO to facility Truck

Transport mode for Canola seed to facility Truck

Fuel Specification > 0.06%S 0.0015%S HRJ 100 HRJ 100 HRJ 100
Feedstock > Crude Oil Crude Oil Canola Oil Tallow Yellow Grease
FuelUnit> Litre Litre Litre Litre Litre
Vehicle Operation 2529.6 2673.7 2377.3 2377.3 2377.3
Cinend-use fuel from CO,in air - - -2354.8 -2354.8 -2354.8
Net Vehicle Operation 2529.6 2673.7 225 225 225
Fuel dispensing 8.9 9.3 8.4 8.4 8.4
Fuel storage and distribution 229 24.0 34.5 34.5 34.5
Fuel production 250.2 370.1 563.5 563.5 563.5
Feedstock transport 25.0 26.0 48.0 87.4 25.7
Feedstock recovery 2041 213.0 157.6 - -
Feedstock upgrading 82.6 86.2 2243 848.1 75.1
Land-use changes, cultivation 3.8 3.9 484.0 - -
Fertilizer manufacture - - 517.3 - -

Gas leaks and flares 117.8 121.8 - - -

CO,, H,S removed from NG = = = = =
Emissions displaced by co-products ~ -3.3 -3.4 -1771.8 -1989.7 -1195.9
Sub total (fuel cycle) 32417 3524.6 288.7 -425.3 -466.2
Energy Density 37.4 37.4 36 36 36

Clg/MJ

80 https://ghgenius.ca/index.php/modelling-resources/about-ghgenius
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2.6 SUPPLY-CHAIN ELEMENTS AND ITS STATE OF DEVELOPMENT

A full review of the potential SAF supply chains for BioPortYVR
is presented in detail in the TEA section of this report. The
inputs for the TEA are determined based on the project team’s
assessment of a theoretical functioning regional SAF supply

chain.

The project took an approach in the TEA that BioPortYVR
would aspire to be supplied from SAF that was produced

locally in the Metro Vancouver region. In the objective world,
external factors like land availability and price, zoning/
permitting considerations, and local political and community
preferences will dictate where it is actually feasible to establish
SAF production. It is likely that additional industrial activity,
albeit the establishment of a renewable fuel supply chain, may be
prohibitively complex in the Lower Mainland area. Despite this,
the approach used in the TEA is valid insofar as it helps define
the opportunity for SAF production. The opportunity presented
in the TEA would be attainable even if SAF production was
outside of close proximity to YVR airport.

This section presents the primary supply chain elements that will
be evaluated in the TEA analysis that is contained in section 1.11.

Table 15: Key supply chain elements

Supply Chain

Element

Feedstock production

Feedstock transportation

SAF production

SAF production Hydrogen Supply

SAF blending Infrastructure

Q@ BioPortYVR

Description

Refers to production of the
necessary materials to process
into SAF.

Refers to available modes

of transportation to deliver
feedstock suitable for fuel
productionimmediately or able
to undergo pre-treatment at the
SAF production location.

The production pointin the
supply chain when feedstock and
processing inputs are converted
into aviation fuel.

Hydrogenis integral to HEFA
SAF production. Hydrogen can
be produced through multiple
methods. The currently most
cost competitive way to produce
hydrogen is through steam
methane reforming, termed ‘grey
hydrogen’. This may be coupled
with carbon capture techniques.
Further developments include
the production of hydrogen from
electricity known as renewable
hydrogen and termed ‘green
hydrogen’.

Facility where SAF can be
blended to desired % composition
with fossil jet fuel at or nearby
airportuse location. Blending
proximity to fuel use location can
improve economic efficiency of
the SAF supply chain.

Current Availability

Currently available oleochemical
feedstocks produced in western
Canada would be used for SAF
production. These are canola oil
and used cooking oil.

The project SAF location is
nearby to oleochemical material
(oilseed) travelling from

inland processing facilities to
international markets in both
seed and oil form. Animal fat
material alsoisalso collected
and processed nearbytoa
BioPortYVR project location.
These feedstock types utilize
existing transportation modes.

Currently no domestic SAF
production. Available viaimport,
closest operating facility in
southern California.

Grey hydrogen would be most
readily available in the proposed
BioPortYVR SAF production
region.

YVR has not yet introduced

SAF into its fuel receiving and
delivery system. The current fuel
system can incorporate blended
SAF that achieves the requisite
specifications. Fuel blending
infrastructure is a means to
optimize SAF delivery and is not
considered a barrier toits use.

Future Availability

Lignocellulosic materials
thatare available in British
Columbia would be utilized upon
advancement in processing to
make them suitable for SAF
production.

Future availability is dependent
on oleochemical processing
(crushing) sector expansion that
is impacted by global economic
and trade conditions.

Future SAF feedstocks would
utilize similar transportation
modes and routes to those as
currently established.

Future availability within Canada
dependent on expansion of the
renewable fuels production
sector inresponse to policy
updates.

Green hydrogen would be
pursued once SAF productionis
operational. The cost premium
for green hydrogen might be
covered through increased LCFS
compliance credit value capture
and through customer demand.

Future fuel blending
infrastructure caninclude the
ability to receive neat SAF and
blend it to the desired levelonan
as-needed basis to enhance the
efficiency of SAF delivery.

TEA Inclusion

Feedstock Included, price inputis
FOB feedstock processing facility

Specific transportation options
notincludedin TEA.

Included. SAF processing
requirements determine MFSP.

Included. TEA contains option to
update hydrogen from SMR to
electrolysis.

Downstream supply chain not
includedin TEA.
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2.7 VALUE-CHAIN DESCRIPTION FOR THE POTENTIAL SUPPLY

The primary result of BioPortYVR would be to enable the
physical supply of SAF. We call this the supporting supply
chain. A schematic overview of the supporting and physical
supply of SAF as envisioned in this study is shown in Figure

32. This overview consists of the basic steps to create a physical
SAF supply, including feedstock sourcing, conversion to SAF,
transport, certification and logistics, marketing and sales. In the
next section we will discuss the details of the physical supply
chain set up within BioPortYVR.

At this time, there is only one continuous SAF production facility
in the world. Production of SAF is still two to three times more
expensive than conventional jet fuel and creating margin over the
supply chain remains a challenge, as the commercial technology
HEFA is in direct competition with renewable diesel production.
Promising new SAF production technologies that could lower
this price premium are under development but have not yet
matured. Technology maturation requires time and capital,

and the competition with renewable diesel remains a challenge.
Therefore, physical supply chains of SAF production are not yet
viable on large scale. The development of these regional supply
chains can be pushed by stimulating demand and bridging the
existing price gap over fossil jet fuel. Creating a strong market
pull would aid capital investment and technology maturation,
which in turn would lower the price premium for SAF. To achieve
this market-pull, BioPortYVR aims to develop an additional
supporting supply chain to stimulate demand, create value over
the supply chain and establish physical supply of SAF at YVR.

Figure 32: Physical supply chain BioPortYVR

2.7.1 Summary Physical Supply Chain
BioPortYVR

2.7.1.1 Feedstock

Following the research performed in the previous sections,
various potential feedstocks have been identified. Large batches
of canola and canola oil travel through the port of Vancouver
making this vegetable oil a relatively easily accessible feedstock
to produce SAF, when produced in a sustainable manner. Also,
West Coast Reductions Ltd. renders animal fat at its facility in
the port of Vancouver, resulting in accessibility to used cooking
oils (UCO) and animal fats. Since UCO and animal fats are
considered waste streams, use of these types of feedstocks
generate a relative low carbon intensity (CI) score. Since fuels
with a low CI score generate a larger amount of LCFS credits,
and hence a larger revenue, other fuel markets already strongly
pull the market for animal fats and UCO out of Canada.
Therefore, it will be unlikely that BioPortY VR can secure large
amounts of this feedstock to produce SAF without policy pricing
mechanisms to help the material remain in the region.

To meet industry/government emissions targets and produce
sufficient volumes of SAF, feedstocks such as sustainably sourced
biomass are pivotal. British Columbia contains a large amount of
forestry residue that could potentially be a promising feedstock
to produce SAF. However, conversion technologies for woody
biomass are still developing and are not yet commercially
available.

To identify the value chain of BioPortYVR, the production of SAF
is based on commercially available and certified SAF production
pathways. The establishment of BioPortYVR will result in a
demand centre which is anticipated to have the associated

effect of establishing a complete SAF supply chain. With these
elements in place: the cost of entry into the market decreases,
competition increases, and, as demand increases, economies of
scale are achieved, thereby helping to reduce a price gap between
SAF and fossil jet fuel. The knock-on effect is to provide a clear
market signal that encourages investment in more advanced SAF,
possibly based on forestry residues, and helps such technologies
reach commercial maturity.

Supporting Supply Chain

o2

Feedstock

_— Conversion

— > Certification & Logistics

Physical Supply Chain

1 Ao M &

— P> Marketing & Sales
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2.7.1.2 Conversion

Currently there are seven production pathways certified

by ASTM to produce SAF as listed in Table 6. Of these SAF
production pathways, three use (vegetable) oils and animal fats
as feedstock. These are Hydrotreated Esters and Fatty Acids, the
HEFA process, Catalytic Hydrothermolysis Jet (CHJ) and co-
processing of vegetable oils in traditional petroleum refineries.
Since the CHJ pathways received ASTM approval in February
2020, data on the conversion process and economics involved
are not well known. The HEFA process on the other hand, has
been widely used to produce renewable diesel and all currently
available SAF is produced via this process. Therefore, it is
decided to focus on the HEFA process to upgrade canola oil and
UCO within BioPortYVR.

It is worthwhile to note here that co-processing remains

a pathway with significant potential to supply jet fuel with
renewable content produced in the region for uplift from YVR.
As described in section 1.1.1, co-processing is a means to

add up to 5% (per ASTM 1655 maximum) renewable content
into the refinery, with some amount of this locating in the jet
fuel portion of the refinery’s yield. Further inclusion of the
co-processing pathway for SAF production will be aided by
methodologies approved in renewable fuel/low carbon fuel
standard regulations, supported by carbon dating techniques
(14C), to confirm a consistent level of renewable content

in the jet fuel. It is likely, and advantageous from a GHG
reduction perspective, that co-processing can be utilized in
addition to other SAF production pathways to increase the
overall renewable content in the fuel supplied to YVR.

In section 1.1.2, various HEFA production facilities have been
discussed. These range in size between 100 up to 1000 kt/year.
Considering the economic advantages of producing fuel on a
larger scale, it was decided to assume an average HEFA facility
and start with a feedstock input of 500 kt/year to define our
HEFA production plant. A study carried out by Pearlson in 2013
indicated that depending on the choice of catalyst, the process
efficiency to jet fuel will be roughly 50%.%' Therefore, defining the
size of the HEFA production plant as 500 kt feedstock, will lead
to the production of 250 kt SAF per year.

2.7.1.3 Certification and Logistics

The production of SAF will take place in or around the Metro
Vancouver area, to reduce logistics costs of the feedstock supply
as well as the downstream supply to YVR. The logistics costs

for transport of the feedstock to the refinery is included in the
feedstock price, and therefore the TEA does not elaborate on up-
stream supply logistics. Downstream supply consists of various
elements as discussed in section 1.5. Because BioPortY VR follows
the existing supply chain it is assumed that downstream logistic
costs will generally balance as SAF displaces fossil fuel volumes
so these minor cost variations are not included in the TEA.

2.7.1.4 Marketing and Sales

The final stage of the supply chain pertains to marketing the
SAF; this responsibility falls to the traders and end users of the
fuel. Since the fuel demand at YVR is expected to increase to
roughly 1,750 kt/yr over the next decade, production of 250 kt
SAF a year would correspond to roughly 15% of YVR’s annual
fuel consumption. Since the demand will depend on the SAF
minimal fuel selling price (MFSP) and potential revenues

N\
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created via policy frameworks, the demand is expected to be
extremely high when economically feasible, and very low when
a price premium for the SAF remains. To understand the effect
of enabling policy schemes and define a MFSP for our SAF we
consider the production of 250 kt of SAF per year a realistic
starting point for the techno-economic validation of the
BioPortYVR supply chain.

Of this physical supply chain, a techno-economic analysis is
performed in section 1.11. However, it is expected that similar

to current SAF market conditions a price premium for SAF
compared to conventional jet fuel will remain. Therefore, the
next section will consider the possibilities for generating value
over the supply chain and introduces the concept of a supporting
value chain.

2.7.2 Supporting supply chain within the
bioport concept

The inputs of section 2.5 help shape the techno-economic
analysis as performed in section 1.11. However, the results of
section 2.8, as we have seen in the past in other SAF projects,
shows that a price premium for SAF over conventional jet
fuel remains to be overcome. Besides addressing the price
premium through government policy development, we have
also seen the importance of guaranteeing sustainability and
knowledge development across the supply chain. We call these
three elements together the supporting supply chain. Figure
33 schematically visualizes the supporting supply chain of
BioPortYVR. This section elaborates on the supporting value
chain for BioPortYVR.

The motivation for developing sustainable aviation fuels is to
lower the carbon footprint of the aviation sector. Significant
value is therefore allocated to the sustainability parameter

which creates additional value for products that have a lower
GHG emission footprint. There are many methods available to
perform life cycle analysis and define a product’s GHG emissions.
With the development of policy frameworks additional revenue

is directly linked to the decrease in GHG emissions realized by a
fuel product. Also, various sustainability programs have shown
that some companies, albeit primarily in Europe, are willing to
pay to lower their GHG emissions for both regulatory compliance
and ESG reasons. Aviation initiatives include KLM’s corporate
program, Board Now, and others. Although not yet currently as
prevalent in Canada, sustainability is an important parameter to
monitor over the supply chain to guarantee GHG reductions and
increase the value of the SAF.

Although the sustainability performance of SAF compared
to fossil jet generates additional revenues, a price premium
will remain. This price premium can be reduced via (local)
policy frameworks. The B.C. Ministry of Energy, Mines and
Petroleum Resources already established local policy, the
BC-LCFS to lower GHG emissions in the province. However,
currently aviation fuels are not included in the LCFS nor

in other Canadian policy frameworks. BioPortYVR aims

to inform the BC government on the possibilities for SAF
inclusion and the effect thereof.

81 Atechno-economic review of hydroprocessed renewable esters and fatty acids for jet fuel production, M. Pearlson, 2013.
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Figure 33: Value Chain of BioPortYVR
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In addition, different global policy frameworks accompany
different carbon allocation methods. This could lead to different
GHG emission reductions of a specific fuel in different regions
or countries, generating different revenues. BioPortYVR aims

to inform all stakeholders in the supply chain of these various
policy frameworks to guarantee a cost competitive SAF supply
chain.

To establish and maintain efficient supply of SAF, the knowledge
and know-how on establishing a bioport needs to be transferred
to other SAF demand centres. By creating an informative
collaboration between key stakeholders in the SAF supply chain,
BioPortYVR can establish the enabling functions for SAF in BC
and subsequently function as a knowledge centre which can be
extrapolated to other bioports across Canada. The result of this
is potentially significant cost savings for additional airports not
having to retrace initial steps taken by other Canadian airports.

The supporting chain, schematically visualized in Figure 33,
will enable the physical supply chain to be set up by creating
and sharing knowledge across the supply chain and minimize
the price premium for SAF. This will enable airlines to purchase
SAF while focusing on the sustainability benefits of SAF. With
this established demand center in place, development of other
SAF conversion technologies and feedstock combinations will
be stimulated beyond the status quo. Encouraging maturation
of alternative SAF technologies will further lower the price
premium for SAF increasing demand and GHG emission
reductions in the region.

In summary, the goal of BioPortYVR is to increase SAF
production and advance the sector’s development. As there are
many challenges to be faced in setting up a SAF supply chain,
it is key to collaborate with all stakeholders. Within the full
value chain of BioPortYVR, all key stakeholders collaborate

in a joint task force to create the enabling conditions for SAF
implementation at YVR.

Q@ BioPortYVR
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2.8 TECHNO-ECONOMIC ANALYSIS OF FULL SUPPLY CHAIN

During this feasibility study a detailed techno-economic analysis
(TEA) of the supply chain for SAF at YVR was performed. The
most important considerations regarding choice of feedstock,
and SAF production technology are discussed in section 1.7.
However, various additional assumptions about the production
of SAF had to be made to generate the results of this chapter. An
overview of these assumptions and corresponding rationale is
provided below, followed by an overview on the feasibility of a
local SAF supply chain at YVR. The TEA is performed based on
a mass-balance and therefore the results are described in metric
tonnes with 1 t equating to 1244 litres.

2.8.1 Assumptions used as input for the
Techno-Economic Analysis

2.8.1.1 General Financial Parameters

The TEA assumes a business case time of 25 years from the start
of operation. The plant is expected to be built in the Vancouver
area on a rented 7,500 m? area, this under the assumption that
the necessary permits are obtained for the construction of the
plant. Since the development, engineering, and funding of a SAF
production facility will require up to five years to complete, it is
decided to conservatively consider 2025 as the first year for the
construction of the SAF production plant.

The first two years are considered ramp-up time, consuming
considerable investment in engineering, procurement,
construction etc. without producing any output. It is expected
that in 2027 the facility will operate at 45% of its capacity,
increasing to 92% from 2028 onwards. The financial parameters
shown in Table 16 are used in the model and are based on
international industry standards. For the time being, the
inflation rate on cost and revenue is considered 0%.

Table 16: General Financial Parameters for TEA

Plant lifetime 25years

Depreciation Period 12years (linear)

2.8.1.2 Capital Expenditure

Based on the public information of the costs and capacity of
various HEFA production facilities (by Neste, Eni and SkyNRG)
a scaled CAPEX price for a HEFA plant using 500 kt feedstock
input could be defined. Using this public data for the greenfield
production facilities (Neste & SkyNRG) rather than including
brownfield plants has led to an estimated total CAPEX cost

0f $700,000,000 CAD. Due to the shortage and high cost of
industrial lands in the Lower Mainland, it may be challenging to
establish a dedicated SAF facility without additional supportive
measures such as loan guarantees, fiscal incentives, and other
capital-attracting programs.

2.8.1.3 Operational Cost

As mentioned previously, the feedstock input is estimated as
500 kt oils and fats, and the TEA allows to make a distinction
between canola oil and UCO as feedstock. Nonetheless the
feedstock, the total production of renewable hydrocarbons is
estimated at 90% of the feedstock input, producing 49% SAF,
23% diesel, 7% naphtha and 10% LPG. These yields are based
on the industry values communicated by Pearlson and may vary
dependent on technology supplier.®

The inputs to the plant are hydrogen, electricity, natural gas and
water. The needed amounts of the latter three are based on the
PhD thesis of S. De Jong.** The hydrogen consumption however
depends on the chemical composition of the feedstock. Since
canola oil has a relatively higher unsaturation level than UCO, the
hydrogen consumption of canola oil is estimated at 0.0365 t H2/t
feedstock. For UCO we expect to consume 0.0342 t H2/t feedstock.
An overview of the estimated utility costs is listed in Table 17.

Table 17: TEA input parameters for feedstock, utilities and Labour. Other Operating
Expenditures are included in the financial overview of Table 16.

Debt Share 60%
Equity Share 40%
Duration debt payment 25years
Corporate tax rate (B.C.)® 12%
Corporate tax rate (Canada) 7.5%
Discount rate 10%
Interest rate on debt 8%
Working Capital 8.22%

Operationaltime

Land rent cost

90%
$1,023,000 /yr

FEEDSTOCK

Canola Oil $968/t 0-500,000t

uco $701/t 0-500,000t
CONSUMABLES

Hydrogen (fossil) $1350/t <4 %

Hydrogen (renewable) $5100/t <4 %

UTILITIES

Electricity $96.80/MWh 0.97 MWh/t feedstock
Steam $0.26/m3 -

Natural Gas $6.15/GJ 5.25GJ/t feedstock
Process Water $0.0025/m3 384 m3/t feedstock
LABOUR

Operator Staff $95,040 - 30 people
Supervision and Technical Staff $116,160 - 10 people

OTHER OPEX

Land Rent $1,023,000 /yr
Maintenance 2% of CAPEX
Insurance 0.5% of CAPEX
Overhead $500,000 /yr

Other (ICT, HSSE, Consumables)

$700,000 /yr

82 Included at 7.5% to reference proposed clean tech corporate tax rate: https://www?2.liberal.ca/our-platform/lower-taxes-for-clean-tech-businesses/
83 Atechno-economic review of hydroprocessed renewable esters and fatty acids for jet fuel production, M. Pearlson, 2013.
84 PhD thesis SA De Jong, Green Horizons, University of Utrecht, 2018.
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Also, the techno-economic analysis tool allows differentiation
between the source of hydrogen to outline the potential CO,
savings and increased LCFS revenue, versus the cost price of the
H2. British Columbia has performed a hydrogen study suggesting
that fossil H2 derived from Steam Methane Reforming (SMR)
will costs roughly $1,350 CAD/t whereas renewable hydrogen
produced via electrolysis in BC costs $5,100 CAD/t.

It is expected that the facility will be operated by 5 shifts of 6
persons with additional supervisor and technical staff per shift.
This creates a total of 40 employees worth $4,012,800 CAD/yr. of
labour costs.

The costs for catalysts are included in the CAPEX estimate of
the plant. However, the lifetime of the catalyst is unknown and
expectedly requires replacement after a couple of years. The costs
for catalyst replacement are included in the maintenance costs of
2% of the CAPEX costs corresponding to $14,000,000 CAD/yr.

The production facility is estimated to be built in the Vancouver
area, enabling integration with existing fossil supply chains.
Since this would follow the existing supply chain and blending
imposes only a nominal increase in the price, the cost for
transport of the fuel to YVR are excluded from the TEA.

2.8.1.4 Revenue

The first part of the revenue depends on the value of the
products, for this the fossil value of their fossil equivalents is used
as listed in Table 18. The fossil revenues are based on wholesale
fossil prices in Q1 of 2020. The TEA will compare wholesale
fossil prices with the wholesale SAF product.

Table 18: Revenue Parameters including fossil prices and feedstock costs

JetFuel $740/t
Diesel $769/t
Naphtha $799/t
LPG 677/t

The benefit of including various sources of hydrogen in the TEA
is that it will provide an insight into how the Minimum Fuel
Selling Price (MFSP, as described in section 1.11.2) of the jet fuel
is influenced by the source of hydrogen. A comparative analysis
could potentially lead to production of SAF with the highest CO,
savings rather than the lowest MFSP. This is due to the potential
extra revenue realized since producing SAF with a higher CO,
reduction yields a lower Carbon Intensity (CI) score.

To estimate the potential revenue created via the Low Carbon
Fuel Standard (LCEFS), we have employed the British Columbian
credit calculation method as described in section 1.2.3.1:

Credit or Debit = (CI class x EER fuel - CI fuel) x EC fuel/1 000 000

To calculate the credits generated per type of fuel, we included
the British Columbia calculations for diesel and naphtha.
However. since jet fuel is not (yet) included in the BC LCFS, we
have used the Californian values for a jet fuel baseline and energy
content as shown in Table 19.
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Table 19: BC LCFS parameters

LCFS Parameter | Baseline (gC02¢/MJ) | Energy Content

Jet 89.37 126.37 MJ/gal
(via California’s LCA model) (33.38MJ/L)
Diesel 85.28 36.51 MJ/L
Naphtha 79.33 34.69 MJ/L

However, the CI score of the fuel is a variable parameter and
depends on the carbon allocation method, feedstock and production
process parameters (among other things). Therefore, the CI of the
fuel will be influenced by the variable parameters of the TEA.

Since the California LCFS credit system already includes jet
fuels, and data on LCFS credit generation is publicly available

it was decided to include both the Californian and Canadian
carbon allocation methods. This way, a clear distinction between
the California and BC markets for jet fuel can be visualized.
California’s system is based on a Life Cycle Analysis (LCA)
following the CA-GREET?3.0 model, whereas the Canadian
system employs the GHGenius LCA model.*>%

Since the California Air Resources Board (CARB) documents

all LCFS certified pathways, and this information is publicly
available, we have used the data from CARB to estimate CI
scores.” First, we compared production pathways using canola
oil as a feedstock. There are eight LCFS pathways that use canola
oil to produce biodiesel, with an average CI score of 54 gCO,e/
MJ (varying between 48-62 gCO_e/M]). There are no production
sites that produce both biodiesel and renewable diesel from

the same feedstock and a direct comparison cannot be made.
However, the CA-GREET3.0 tool has been used to estimate

the difference in CI score between biodiesel and renewable
diesel, which indicated that the scores are highly comparable
with a slightly higher CI score for renewable diesel. The CARB
proposed a temporary CI score mechanism for HEFA based SAF
prior to certification in which they increased the CI score of
renewable diesels with 10% to compensate for additional energy
and hydrogen consumption when producing SAF. * Using these
inputs, we estimated that the CI score for canola based SAF
produced via the HEFA process will be around 60 gCO,e/M].

Data from CARB suggest that Canadian rendered animal fat is
used by WorldEnergy to produce Naphtha, Diesel and SAF via

the HEFA process. Since this data from WorldEnergy is the most
reliable CI score for production of SAF from Canadian waste fats
and oil via the HEFA process, the value of 25.08 gCO,e/M] has
been used as the input value for UCO based SAF. In theory, the CI
score when using UCO could be even lower than the CI score of
rendered animal fat. Also, according to the overview, the CI scores
of all three hydrocarbon products (diesel, naphtha and SAF) are
considered identical and therefore we will also employ identical CI
scores for SAF, Diesel and Naphtha credit generation.

Since the Canadian LCA method is defined by GHGenius it

was employed to determine the CI scores of HEFA based SAF
produced from various feedstocks including canola oil and

UCO. The results suggest that canola based SAF would have a

CI score of 8.02 gCO,e/M]J, and UCO based SAF even contains a
negative CI score of -12.95 gCO,e/M]J. These results highlight the
importance of the carbon allocation methodology and suggests
relatively higher LCFS credit generation in British Columbia.

85 https://ww2.arb.ca.gov/resources/documents/lcfs-life-cycle-analysis-models-and-documentation

86 https://www.ghgenius.ca/
87 https://ww3.arb.ca.gov/fuels/lcfs/fuelpathways/pathwaytable.htm
88 https://ww3.arb.ca.gov/fuels/lcfs/fuelpathways/comments/ajf_temp.pdf
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Since the use of renewable hydrogen has an additional advantage
for the CI score of SAF over fossil hydrogen, these will be
included in the TEA. However, the Californian CI scores

from CARB as well as the Canadian GHGenius CI scores are
defined using fossil hydrogen, and there is little public data
available on the effect of renewable hydrogen on CI scores. The
BC hydrogen study contains data on the carbon intensity of
hydrogen production, suggesting emissions of 10.69 kg CO,e/kg
H2 for hydrogen produced via steam methane reforming (SMR)
without carbon capture and utilization and 1.97 kg CO,/kg H,
for renewable hydrogen production via electrolysis powered

by renewable energy. ¥ Implementation of these numbers with
hydrogen consumption depending on the feedstock type, reduces
the CI scores according to Table 20.

Table 20: LCFS Cl Scores depending on feedstock type, carbon allocation method and

hydrogen source, with below the CO2 emissions of the fossil and renewable hydrogen
used in this study.

Cl Score FossilH, Renewable H,
(gC0,e/MJ) (gCO,e/MJ)

CALIFORNIA

Canola Oil 60 51.47
uco 25.08 17.08
CANADIAN

Canola Oil 8.02 -0.51
uco -12.95 -20.95

Nonetheless the dependency on various parameters to define the
number of LCFS credits generated, the revenue depends heavily
on the value of the LCES credits. In 2019, the value of BC LCFES
credits remained well below $200 CAD/t in QI till Q3, however
in Q4 the LCFS credit values increased to almost $300 CAD/t,
creating a weighted average of $257.81 CAD/t credits over the
course of 2019. Since the Californian LCFS credit price is capped
year-end at $200 USD/t ($262 CAD/t), the average CA-LCFS
credit value in 2019 corresponds to $249.77 CAD/t.

The revenues created by the products depend on the fossil

price of the products plus the additional revenues generated via
the LCFS credit system. The LPG produced in the process is
excluded from LCFS credit generation within the TEA and is sold
for the fossil value.

Overall, the TEA is set up to differentiate between three input
parameters:

1. The source of the feedstock; canola oil or UCO
2. The source of hydrogen; fossil or renewable

3. LCFS credit generation in California or Canada; with CI
scores defines via CA-Greet3.0 or GHGenius

The results of the TEA including the effect of changing these
parameters will be discussed in more detail in the section below.

89 https://www2.gov.bc.ca/assets/gov/government/ministries-organizations/zen-bcbn-hydrogen-study-final-vé.pdf (pag55/42)
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2.8.2 Feasibility resulting from the
Techno-Economic Analysis

The data resulting from the techno-economic analysis is
visualized by showing a Minimal Fuel Selling Price (MFSP). The
MEFSP is the price at which the fuel products should be sold to
achieve a net present value (NPV) of at least 0. The NPV is the
sum of the investment and future cash flows. The average costs
and revenues are calculated based on the 25-year business case
starting at operation.

Since currently the only existing market for SAF is in California,
and the data on LCFS credits generated in the Californian
market is publicly available, first the effect SAF production in BC
based on revenue from the Californian market is assessed.

14
4

Figure 34 shows the summary of the results from the TEA for
SAF produced via the HEFA process in Vancouver area with
canola oil as a feedstock and fossil H,. The results indicate that
the MFSP of the SAF would be $1,988 CAD/t which relates to 2.7
times the price of conventional jet fuel. Selling the SAF to the
Californian market and generation of Californian LCFS credits
would result in additional revenue of $305 CAD/t lowering the
price premium to $943 CAD/t. This is still more than double the
value of conventional jet fuel and therefore challenging to bridge
via private co-funding mechanisms.

Clearly, with this setup, the production of SAF at a cost-
competitive price is not feasible. Figure 34 indicates that the
MFSP is strongly influenced by the price of the feedstock, and
canola oil is more expensive than waste oils and fats. When using
a waste stream such as UCO, the feedstock costs decrease while
on the contrary the LCFS revue increases due to a lower CI score
of the fuel when produced from a waste. This effect is shown by
the results of the TEA summarized in Figure 35.

Figure 34: Techno-Economic Analysis Results on HEFA produced SAF with canola oil as feedstock and fossil hydrogen. LCFS revenue based on Californian

Carbon intensity and LCFS credit price.
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Figure 35: Techno-Economic Analysis Results on HEFA produced SAF with UCO as feedstock and fossil hydrogen. LCFS revenue based on Californian Carbon

intensity and LCFS credit price.
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Clearly the MFSP of the SAF produced from UCO is much
lower than for canola oil. With a MESP of $1,268 CAD/t, the
fuel is 1.7 times more expensive than fossil jet. However, due to
the lower carbon intensity of the fuel, the additional revenue

of SAF according to the California system will be $667 CAD/t
generating a small profit margin of $139 CAD/t. In this TEA the
additional costs for downstream supply of SAF relative to fossil
fuel are excluded since we expect to follow fossil supply chains
and are therefore considered to be marginal. Also, by comparing
the wholesale prices of fossil fuel with the wholesale price for
SAF, taxes such as carbon tax are also excluded in this model.
Therefore, the profit margin visualized in Figure 35 will not
guarantee a profitable business case.

In addition, due to the additional revenue created with waste oils
and fats via the LCFS credit system, the markets for renewable
diesel and naphtha market pull on UCO. This market demand
increases competition for this feedstock and may create a
challenge for BioPortYVR to rely exclusively on these feedstocks.

Even though the Canadian system does not currently allow LCFS
credit generation for jet fuel, their carbon allocation method
differentiates significantly from the Californian method and

the goal of BioPortYVR is to realise SAF production in British
Columbia with uptake at Vancouver Airport. Thus the base case
scenario would be SAF production based on canola oil via the
HEFA process utilizing the BC-LCFS CI scores and credit values.
To understand the effect of the carbon allocation method on the
business case, a comparison is made between the SAF produced
from canola oil with the Californian LCA method (Figure 37)
and the base case Canadian LCA method as shown in Figure 39.

The TEA results summarized in Figure 36 clearly highlight

the financial benefit of using the Canadian LCA method. The
MFSP has decreased by $340 CAD/t, equal to a 17% reduction.
However, the price gap decreased by more than 96% to $37
CAD/t due to the additional LCFS revenue generated by the lower
CI score of the fuel. The Canadian CI score of 8.02 gCO,e/M]
for canola based SAF corresponds to a GHG reduction of 91%.
Therefore, the SAF produced via the HEFA process as described
by this TEA, based on canola oil and utilizing fossil hydrogen,
would realize 33% GHG emission reductions according to the
Californian LCA method, and 91% GHG emission reductions
according to the Canadian LCA method. Evidently, the choice of
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carbon allocation method has a large influence on the business
case for producing renewable fuels.

This effect of the carbon allocation method is shown in more
detail in Table 21, where the CoO, reduction potential of the

fuel based on the Carbon Intensity score (California or British
Columbia) is listed with corresponding potential LCFS revenue.
The same SAF produced from canola oil via the HEFA process
would generate $0.24 CAD/L when produced and implemented
in California and $0.70 CAD/L when produced and implemented
in British Columbia if jet is included in the BC LCFS.

Table 21: CO2 reduction of SAF and corresponding revenues created via BC/CALCFS
system based on the carbon allocation (LCA) method of Canada compared to the US. The
same productyields a higher revenue in Canada with respect to the US due to utilization
of the GHGenius LCA method.

CO, Reduction | LCFS Revenue
(%) ($/L)
CANADA
Canola Oil 9% 0.70
uco 114% 0.88
us
Canola Oil 33% 0.24
uco 72% 0.54

With sustainable canola oil as the most plausible feedstock
for SAF production in BC while the CO, reduction potential
of canola oil is much lower than for UCO, additional Co,
reduction can be achieved by lowering the GHG emissions of
the production process and energy inputs. To study the effect
of utilizing renewable hydrogen on the business case for SAF
production, this is incorporated in the TEA.

Figure 36: Techno-Economic Analysis Results on HEFA produced SAF with canola oil as feedstock and fossil hydrogen. LCFS revenue based on Canadian
system, credit price, and carbon intensity. ([For CAD/L values please see table 1.)
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The techno economic analysis indicates that the additional
LCFS revenue generated by use of renewable hydrogen does not
outweigh the cost of renewable hydrogen over fossil as can be
seen in Figure 37.

Not only does the additional cost for renewable hydrogen
increase the MFSP with $205 CAD/t, the additional revenue
generated does not compensate this increase, resulting in a

price premium increase of $114 CAD/t. Even though the GHG
emission reduction of the SAF is increased from 33% to 42%
when using renewable hydrogen in the process, the TEA suggests
that this will not be economically beneficial and results in a four
times higher price premium for SAF.

Assuming jet fuel would be included in the LCFS using the
Canadian LCA method, the revenues on SAF in BC would
significantly increase with respect to the Californian SAF market.
In section 2.2.4, the value of SAF in various regions is discussed.
For this analysis, the SAF currently available on the market is
used as an input. This SAF is made from used cooking oil. Based
on the data generated within the TEA, this figure is updated to
include canola based SAF with revenues if SAF would be included
in the BC-LCFS with the Canadian LCA method. Figure 38
highlights the effect of SAF inclusion, indicating the highest
value for SAF produced from canola oil will be in BC. However,
we need to be mindful that this result is estimated based on the
lower value in California and Europe since canola based SAF is is
not eligible for double counting treatment as are granted to select
waste feedstocks in the EU.
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The highest value for SAF remains in Europe for SAF produced
from used cooking oil (or other sustainable sources as listed in
Annex IX of the REDII). As seen in 2.2.4 the value of this SAF
corresponds to $2,270 CAD/t ($1.83 CAD/L), whereas SAF
produced from canola is worth $1,438 CAD/t (equal to $1.16
CAD/L) in Europe. Nonetheless, if the business case were viable,
the additional revenue created when SAF is included in the
BC-LCFS with the Canadian carbon allocation method might
create a competitive market for SAF in BC as shown in the results
of Figure 38. However, the business case for canola based SAF

is less promising resulting in a negative NPV. To understand

the uncertainties in the techno-economic validation and the
parameters that have the largest impact on the business case, a
sensitivity analysis is performed.

Figure 37: Techno-Economic Analysis Results on HEFA produced SAF with canola oil as feedstock and renewable hydrogen. LCFS revenue based on Canadian

system, credit price and Carbon Intensity.
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Figure 39: Sensitivity Analysis on the NPV and MFSP of canola based SAF using Canadian Cl score’s and fossil hydrogen. The NPV is negative since a price

premium for SAF over fossil jet fuel remains.

Negative case effect on NPV
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-95 -50% CAPEX upgrading
-44 -50% Hydrogen

The results from the TEA indicate that SAF production in

BC via the HEFA process will result in SAF which is up to 2x
times more expensive than conventional jet fuel. Since the
value of the products do not outweigh the costs, the techno-
economic analysis results in a negative net present value (NPV)
of $416,156,118 CAD. Production of SAF from waste fats and
greases could result in higher economically feasible business
case, however, securing enough volume of this feedstock for the
desired price will be a challenge for regional SAF production to
serve BioPortYVR.

When producing SAF from canola oil using fossil hydrogen a
price premium will remain. Overall, the results indicate that the
HEFA production pathway with canola yields a negative NPV
with the feedstock price as the most influential factor. The results
from the sensitivity analysis on the NPV and MFSP is visualized
in Figure 39, indicating that the second largest effect on the NPV
and MFSP is the LCES credit value.

Since the California LCFS credit value is capped at $200 USD/t
($260 CAD/t) credits, the sensitivity analysis anticipates a cap
of $300 CAD/t credits for the Canadian LCFS system, which
corresponds to a maximum increase of 17% compared to the
average BC-LCFS credit value in 2019. A decrease in LCFS credit
value has a significant impact on the NPV and MFSP, whereas
the BC credit transfer activity log indicates large fluctuations
on the credit value as visualized in Figure 40. Since the TEA
assumes the average 2019 LCFS credit value, based on over
260,000 credits traded at prices varying between $33 and $234
CAD/t, the revenues created throughout the year could vary
significantly.

Q@ BioPortYVR

NPV: -416,156,118
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Figure 40: BC LCFS credit transfer activity log”'
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Overall, the results from the TEA indicate that SAF produced
from canola oil via the HEFA process is most feasible when
utilizing hydrogen from a fossil source. Also, large deviations
exist within the carbon allocation methods from California and
Canada, creating an opportunity for SAF production BC. The
Canadian LCA system yields a larger GHG emission reduction
potential and increased LCFS revenue. With this financial
benefit, SAF produced in BC could be competitive with SAF
produced in California. However, the TEA suggests a price
premium remains for SAF produced and implemented in BC.
The feedstock price will have the largest influence on this price
premium followed by the value of LCFS credits. Therefore,

to implement SAF production in BC supplemental funding
mechanisms need to be developed to actively reduce the price
premium of SAF. The recommended policy elements following
the TEA results are discussed in depth in section 2.1.

90 BC Ministry Energy, Mines and Petroleum Resources, Low Carbon Fuel Credit Market Report, January 2020

-
. BIOPOF‘:YVR BioPortYVR e An Action-Oriented Feasibility Study e Introduction 49



~p

\_
/

2.9 QUANTIFICATION AND DESCRIPTION OF THE POTENTIAL
ENVIRONMENTAL AND SOCIAL IMPACTS

Thus far, the technical and economic considerations have been
discussed at length as they are critical barriers to the successful
deployment and scaling of SAF supply. However, such factors
alone do not define the case for developing a SAF market. Other
fundamental motivations that must be considered, are arguably
undervalued due in part to the complexity of quantification, are
the environmental and social impacts of SAF and specifically
the creation of BioPortYVR. The issue of quantifying the impact
of metrics such as environmental health and social well-being
is particularly challenging due to the global and temporal reach
of environmental impacts and the opacity and latency of social
impacts.

2.9.1 Environmental Impact

The environmental impact of SAF can be considered in a variety
of ways; including the potential for GHG emission reductions,
criteria air contaminant changes and avoided black carbon
emissions. The GHG emission measurement depends upon the
life cycle assessment tool used and the resultant CI score of each
SAF production path as listed in Table 20.

The results described herein are based upon CI scores established
using GHGenius 5.0 for SAF produced via the HEFA production
pathway and with Canola or UCO as feedstock, compared to

the California Jet A-1 reference CI. These CI scores are shown

in Table 13: GHGenius Inputs (summary level) for estimating
default SAF pathways Table 13. Note that these emissions are not
all under the purview of YVR as the majority of the fuel is burned
in flight and not in the vicinity of the airport.

Table 23 reveals the potential of SAF blending to reduce GHG
emissions, especially at high blend levels nearing the ASTM
approved maximum of 50%. While the UCO SAF, with a neat
negative CI score, has a greater impact, the effect of blending

10% canola SAF with JET A-1 still achieves significant reductions
(greater than 0.5MT/yr.). The case for pursuing higher blend rates
is demonstrated by the reference case in which a 50% blend rate is
applied and reductions of greater than 50% are possible when the
neat SAF generates a negative CI value as is the case for UCO.

Other important environmental metrics are sulphur oxides (SOx),
particulate matter (PM2.5), carbon monoxide (CO) and nitrogen
oxides (NOx). These pollutants are generally found in higher
concentrations close to the takeoff location. Research has been
done to estimate the effect on these pollutants by substituting fossil

Table 23: Hypothetical GHG reductions due to SAF blending at YVR

Fuel Blend
100% Jet A-1 (BAU)

Cl (gC02e/MJ)
89.37

Canola 10%/JET 90% 81.24 5.1
Reduction - 0.53
UCO 10%/JET 90% 7914 4.9
Reduction - 0.67

jet fuel by SAF but accurate assessment depends upon the specific
source of jet fuel and the specific source of the SAF. The Airport
Cooperative Research Program released their State of the Industry
Report on Air Quality Emissions from Sustainable Alternative Jet
Fuels in 2018 in which they summarized the findings of 51 reports
and research projects.”

Figure 41: Potential pollutant reductions with differing blends of SAF
compared to 100% jet fuel
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As shown in Figure 41, the potential for reductions of these
pollutants varies considerably from one pollutant to the next.

It can be generally stated that higher blend rates of SAF have a
greater effect in reducing these four pollutants. The results show
that the impact on NOx is minimal (less than ten percent with
neat SAF). The impact on CO is modest, ranging from 4 - 16%
reduction for the ten and fifty percent blends, respectively, while
both SOx and PM2.5 are reduced by just less than 10% at the
lower blend level and as much as 40% and the higher 50% SAF
blend level.

m10% m50% m100% (Neat)

Reduction (%)

PM 2.5

However, any reduction of any of these pollutants has merit.
Quantifying the financial benefits of such reductions is

beyond the scope of this report but in broad terms there are
corresponding reductions in health care costs and environmental
remediation costs with an inversely related improvement in
quality of life.

Reference case

at 50% blend
2030
65

55 59 35

0.58 0.62 3.0

5.4 5.7 2.7

0.73 0.78 3.8

91 National Academies of Sciences, Engineering, and Medicine (2018), State of the Industry Report on Air Quality Emissions from Sustainable Alternative Jet Fuel.

https://doi.org/10.17226/25095
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2.9.2 Social impact

2.9.2.1 ESG Criteria

One method to measure softer metrics use what are referred to as
Environmental, Social and Governance (ESG) criteria, defined as:

A set of standards for a company’s operations that socially
conscious investors use to screen potential investments.
Environmental criteria consider how a company performs as
a steward of nature. Social criteria examine how it manages
relationships with employees, suppliers, customers, and the
communities where it operates. Governance deals with a
company’s leadership, executive pay, audits, internal controls,
and shareholder rights.

Institutional investors have adopted ESG criteria in order to have
a common yard stick by which to assess and rank investments.
Notably, the CEO of global investment company, BlackRock,
issued a letter to CEO’s in early 2020 that trumpets the need for
greater ESG accountability:

“We believe that all investors, along with regulators, insurers,
and the public, need a clearer picture of how companies

are managing sustainability-related questions. This data
should extend beyond climate to questions around how

each company serves its full set of stakeholders, such as the
diversity of its workforce, the sustainability of its supply chain,
or how well it protects its customers’ data.”

“Over time, companies and countries that do not respond to
stakeholders and address sustainability risks will encounter
growing skepticism from the markets, and in turn, a higher

cost of capital.”?

ESG criteria are being applied and having an impact already as
fossil fuel producers find their corporations being ‘downgraded’
by investors when it is deemed that said companies do not have
robust plans to address climate change.

Conversely, ESG criteria can shine a positive light on companies
and organizations that strive to address concerns about
sustainability, community engagement, human rights and
governance. As there is no standard set of ESG criteria that apply
to all organizations, it is wise to continually pursue opportunities
for improvement in ESG and to ensure stakeholders are aware of
such initiatives.

92 https://www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter
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3. Recommendations for Canadian Context

3.1 PROPOSED FUEL TRACEABILITY OPTIONS TO COMPLY WITH CORSIA

At the time of writing, guidelines are emerging from ICAO to
guide the use of SAF under the CORSIA system. While there
is useful guidance on SAF sustainability criteria and GHG
methodologies, there are not yet specific systems for allocating
SAF use between international flights and regulatory systems
internal to ICAO member states in which SAF may be eligible
as an opt-in fuel. These guidelines will emerge as the CORSIA
system advances into the first pilot stage in 2021.

The CORSIA system continues to progress towards a functional
emissions management system for international aviation.

ICAO is consistently creating and updating standards and
recommended practices that will allow the CORSIA system to
function as it progresses through the stages of implementation.
Towards the aim of facilitating carbon neutral growth after 2020,
international aviation will determine its average level of CO,
emissions under the scheme between 2019 and 2020 to establish
the baseline for carbon neutral growth. In 2021 and onwards, if
international aviation CO, emissions under the scheme surpass
the average baseline emissions of 2019 — 2020, the difference
becomes the emissions that must be reduced by the sector in the
relevant year.”

The CORSIA system is entering the pilot phase which spans
from 2021 until 2023. Following this is the first phase which
includes 2024 to 2026. The pilot and first phases apply to ICAO
member states that have voluntarily agreed to participate,
including Canada. The CORSIA second phase runs from 2027 to
2035 and includes all member states with international aviation
activities that comprise over 0.5% of the total international
aviation emissions. Exemptions are available for lesser developed
countries unless they specifically choose to voluntarily
participate.

The CORSIA CO, Estimation and Reporting Tool (CERT) was
created to assist operators with the implementation of CORSIA
by estimating the level of emissions for each year of their
participation above the thresholds created in the 2019 - 2020
time period. CERT’s role in CORSIA is to help implement the
technical requirements of the program so that operators have

a clear view of the emissions they need to offset given their fuel
use, flight equipment, and other factors that determine emission
performance. ICAO offers detailed guidance on how the CERT
was created and how it can be utilized.”

ICAO has developed guidance for how SAF would be considered
under CORSIA in the form of the: CORSIA Eligibility
Framework and Requirements for Sustainability Certification
Schemes; CORSIA Approved Sustainability Certification
Schemes; CORSIA Sustainability Criteria for CORSIA Eligible
Fuels; CORSIA Default Life Cycle Emissions Values for CORSIA
Eligible Fuels; and CORSIA Methodology for Calculating
Actual Life Cycle Emissions Values.”” The guidance issued thus

93 https://www.icao.int/environmental-protection/Pages/A39_CORSIA_FAQ2.aspx

far focuses on determining which fuels will be eligible under
CORSIA, how GHG performance will be calculated, which
sustainability schemes will eventually be permissible, and how
verification bodies will participate in the system. ICAO has

not yet created specific guidance on how specific issues can be
tackled on dividing emissions between the CORSIA system and
any other GHG accounting system that could be in place in the
member states’ separate UNFCCC reporting.

In guidance issued November 2019 regarding the eligibility
framework for sustainability certification schemes, ICAO
requires that any scheme seeking approval has systems in place
to enable transparency in GHG reporting and accounting so
that both national and international GHG accounting can be
completed. Schemes are required to have functional traceability
systems to document a mass balance approach that can permit
batches of SAF with different sustainability characteristics to
be mixed and allocated to different flights. Included in this is
the creation of unique batch numbers to distinguish physical
quantities of fuel from one other. The scheme is required to have
a mass balance system that balances no less than every three
months.

In summary, ICAO’s CORSIA system has not yet defined a
universal traceability system for SAF that structurally prevents
double counting, however, the criteria for being a sustainability
certification system includes the necessary information that
would assist clear GHG accounting. As the ICAO fuel traceability
system eventually emerges amid advances in Canadian provincial
and federal policy that can enable SAF (BC-LCFS, CFS), it is
useful to be clear that ‘stacking’ compliance values from multiple
regulations is not considered to be the same as double counting.
For example, the US federal RFS and California’s LCFS both
ascribe value to the compliance benefit of the same quantity of
renewable fuel used in California (as California’s LCFS is a state-
level policy while the RFS is nation-wide). This is not considered
double counting but rather is a means to encourage renewable
fuel use in a federal system of overlapping regulations.

There is a clear opportunity for regulators in BC and
California to work together to encourage an interpretation
that both jurisdictions’ LCFS policies encourage the
placement of SAF into in-state/in-province airport fuel
infrastructure and allow for the emission reduction
calculations of SAF to be allocated to international flights in
response to the CORSIA system’s rules that will continue to
take shape approaching the start of phase 1in 2021.

94 https://www.icao.int/environmental-protection/CORSIA/Documents/ICA0%20CORSIA%20CERT %20version%202018%20-%20Design,%20Development%20

and%?20Validation.pdf

95 https://www.icao.int/environmental-protection/CORSIA/Documents/ICA0%20document%2003%20-%20Eligibility%20Framework%20and%20Requirements%20

for%20SCS.pdf

Q@ BioPortYVR

BioPortYVR e An Action-Oriented Feasibility Study e Introduction 52



N\

"7

3.2 RECOMMENDATIONS FOR GOVERNMENT ACTION AND INVOLVEMENT

Governments focused on achieving a maximum amount of GHG
reductions at the least cost to the economy must be convinced
that enabling SAF is a well-founded use of limited resources. SAF,
like most other liquid renewable transport fuels, will persistently
cost more than fossil jet fuel so long as the cost of negative
externalities associated with fossil fuel discovery, extraction,
refining, and combustion are not factored in. Government
policies have a significant role to play in this regard. Policy

can encourage renewable fuel production and use despite its
higher price. This can be done through incentives to reduce

the manufacturing cost of renewable fuels thereby reducing the
price at which they enter the market, bringing them potentially
equivalent to, or even below, the fossil fuels they substitute.
Policies can take the form of increasing the market price for
fossil fuels to recognize their negative externalities which are
generally omitted from fuel prices. Policy can directly require
that renewable content be included in the fossil fuel so that

the final product delivered to the market is a mix of fossil and
renewable. Related to this is the approach that does not require
that renewable content be mixed but rather specifies that the
overall carbon intensity of the fuel decrease according to a fixed
schedule required by regulation.

All of these options have been utilized for renewable fuels, with
varying degrees of success that is dependent on policy design and
implementation amid broader competitive and macro-economic
factors. For example, it’s difficult to incentivize new renewable
fuel production capacity investment when neighbouring
jurisdictions have underutilized production capacity, existing
incentive programs, and in many cases advantaged production
economics.

BioPortYVR is being considered at a time when renewable
and low carbon fuel polices at the provincial and federal
levels are undergoing regulatory updates. In both of these
cases, aviation’s participation is being actively considered.
This is relevant as the existing versions of the federal RFS
and the BC-LCFS do not include aviation fuel or provide a
clear avenue to enabling SAF production and use. There is

a current opportunity to design both federal and provincial
policies so that they can assist with enabling SAF and

help establish the business case for ongoing SAF use at
Canadian airports. The recommendations put forward in
this document are not limited to enabling BioPortYVR; they
would be useful in any Canadian province where there is
opportunity for progressive environmental policy that seeks
to encourage lower carbon aviation fuels. Also included in
the recommendations is how Canadian policy initiatives can
interface and support the emerging ICAO approach to broadly
enabling SAF’s uptake.

While the federal Clean Fuel Standard (CFS) continues to
proceed towards draft and final regulations—with the specific
treatment of aviation fuels yet to be confirmed—the British
Columbia Low Carbon Fuel Standard (BC-LCES) is the best
positioned regulation to establish a signal for SAF market access.

3.2.1 British Columbia’s Low Carbon Fuel
Standard: Background on aviation fuels

British Columbia’s low carbon transportation fuel policies are
enabled by the Greenhouse Gas Reduction (Renewable and Low
Carbon Fuel Requirements) Act that contains the Renewable

and Low Carbon Fuel Requirements Regulation. These are
collectively known as the B.C. Low Carbon Fuel Standard (BC-
LCEFS). The current BC-LCFS policy requires fuel suppliers to
decrease the average carbon intensity of their fuels (gasoline and
diesel) to achieve a 10% reduction in 2020 from a 2010 baseline.
BC is now undergoing consultations to extend the BC-LCEFS to
2030 and require a 20% reduction from the same baseline year.

Specific to aviation, the BC-LCFS does not currently ascribe

any value to SAF that could be blended in BC, however, the

BC Ministry of Energy, Mines and Petroleum Resources is
considering the inclusion of a new jet fuel class and a marine

fuel class as described in the discussion paper circulated in July
2019.° BC is considering two approaches to the new jet fuel

class in the discussion paper. One approach is to regulate the jet
fuel class similarly to the diesel and gasoline classes, whereby

a specific carbon intensity reduction schedule is specified.

This creates a regulatory obligation on jet fuel suppliers where
previously there was none. The other approach is to allow jet

fuel suppliers to obtain BC-LCFS credits for the ‘alternative fuels
they develop’ without creating debits for the fossil jet fuel they
supply in BC. This ‘opt-in’ approach is similar to the approach
taken in the California LCFS. BC is also considering whether the
BC-LCFS would apply to jet fuel used in aircraft operating within
the province or whether it can also include fuels that are supplied
within the province regardless of the flight’s destination.

3.2.2 British Columbia’s Low Carbon
Fuel Standard: Recommmendations to

encourage SAF use and production to
enable BioPortYVR

BC’s policy design can encourage ongoing use of SAF in
BioPortYVR through the following actions:

Expand the BC Low-Carbon Fuel Standard (BC-LCFS) to
include a jet fuel class.

The inclusion of jet fuel will allow SAF to participate in the
BC-LCFS by generating compliance credits that can fulfill
regulatory demand. Access to the credit value of the BC-LCFS
is fundamental to bridging the price gap between SAF and fossil
jet fuel (as presented in section 1.11). Bridging the price gap is a
necessary precondition to SAF use.

Structure the jet fuel carbon intensity reduction requirements
to reflect current SAF availability while providing a signal for
SAF development in BC and in Canada.

BC should consider a zero-carbon intensity (CI) reduction
requirement to reflect the currently low availability of SAF in the
global market and zero availability in BC and Canada. Including
the jet fuel class on an opt-in basis will generate jet fuel use data
for the Government of British Columbia that will help to inform

96 https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/electricity-alternative-energy/transportation/renewable-low-carbon-fuels/

general_amendments_discussion_paper.pdf
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future decarbonization strategies for the sector. Opt-in status is
a necessary starting place for SAF use that will eventually help
establish BC as a supply point for the international SAF market,
once ICAO motivated demand increases.

Use a separate carbon intensity value and reduction schedule
for jet fuel that is distinct from diesel and gasoline (using
GHGenius).

In LCFS policies, credit generation is calculated using the
difference between the CI of the renewable fuel and the CI of the
baseline fossil fuel, adjusted for the CI reduction required in any
period. If jet fuel is an opt-in fuel type, without a CI reduction
requirement in initial regulatory periods, then the fossil jet
baseline should not decline. The CI value used as a benchmark
should be derived from the GHGenius model version used in the
BC-LCEFS and reflect the CI values of the jet fuel supplied to the
BC market. In the absence of this information, the default values
from the GHGenius model should be used.

Table 24: GHGenius 5.0 Jet fuel Cl and fuel sulphur content

GHGenius 5.0 (BC region) gC02e/MJ

Jet Fuel (600 ppm sulphur) 86.68
Jet Fuel (15 ppm sulphur) 94.24

Consider carbon intensity reduction requirements for
aviation fuel in the next scheduled regulatory review, for up
to three years following the inclusion of a jet fuel class in the
Regulation to allow for SAF production development.

The potential transition from opt-in treatment to requiring
CI reduction must be managed appropriately to recognize
that SAF production capacity must be given the opportunity
to be established before its use is obligated. If a CI reduction
requirement is established, it should be included in regulation
at least 2 years prior to coming into force. This allows SAF
production capacity to come online, supply chains to become
established, and obligated parties and fuel users to prepare.

Once a carbon intensity reduction requirement is established
for jet fuel, it must be in place for a time period of 10 years
before being subject to revision.

This minimum duration of CI reduction requirement is
important to establish a dependable market to support SAF
investments. As jet fuel’s CI reduction schedule may be set before
there is sufficient available SAF capacity, it is necessary that

the market signal for SAF production is clearly communicated
though a firm regulatory requirement. Following the 10-year
period, the jet fuel CI requirement should be maintained at

the level established during the last compliance year so that

SAF demand remains consistent. In other words, the jet fuel

CI reduction requirements should not sunset after 2030 if the
regulation fails to establish targets beyond 2030. This is the
approach in the existing BC-LCFS which establishes the CI limit
for gasoline and diesel fuel classes for 2020 and subsequent
compliance periods’.

Recognize the insertion of SAF into an airport’s fuel storage
system (including hydrant systems) as the eligible activity to
generate BC-LCFS credits.

The supply of SAF to an airport’s jet fuelling infrastructure
system should be the logistical point at which to validate that the
fuel is placed into the jet fuel market and will be used in aviation.

N\
"7

This is useful because it eliminates the requirement for directly
supplying the SAF into specific aircraft. It also provides clarity
that the fuel’s end use is in the aviation sector. This is relevant

as jet fuel (kerosene) is blended with diesel fuel to create ‘winter
diesel’, referred to as ‘Diesel No. I’ which has a lower cloud point
than ‘summer diesel’, referred to as ‘Diesel No. 2. Making the
airport fuel storage system, rather than another point outside
the airport, allows this potential additional use of jet fuel - and
potentially SAF - to be outside of the BC-LCES calculations.

Set the BC-LCFS cost containment ‘penalty’ rate beyond the
current $200 per debit rate to allow for additional renewable
fuels to be used, greater GHG reductions to be achieved, and
enabling the credit prices to be similar between the regional
LCEFS policies.

Setting a higher cost containment level will guard against the
penalty payment being a financially advantaged compliance
strategy. Higher allowable credit prices will permit investment
to produce renewable fuels that have a higher cost per tonne of
GHG mitigated. Allowing the credit prices in regional LCFS
markets to be similar (through market forces) allows SAF to be
used in all jurisdictions rather than primarily seeking a single
LCFS market due to its vastly higher credit prices compared with
the others.

Proceed with an aviation focused Part 3 Agreement (P3A)
program.

With jet fuel included in the BC-LCFS, SAF can be eligible for
the P3A program. The P3A program is an agreement between an
obligated party under the regulation and the BC Government to
take actions that have the reasonable potential to reduce GHG
emissions through the use of low carbon fuels earlier than would
occur in the absence of the activity. In effect, it is a financing
mechanism to enable projects that can increase the supply

of low carbon fuels available to the BC market. The financial
mechanism that enables these projects is the provision of BC-
LCEFS credits, each with a market value, to the project proponent.
The credits awarded under a P3A are exactly the same as all other
credits used under the regulation.

There are multiple P3A project types that can assist with
reducing emissions from jet fuel by enabling SAF integration into
YVR’s fuel infrastructure and reducing the price premium over
fossil jet fuel:

> SAF dispensing, blending and storage infrastructure
advancement - Award credits for investments in expanding
fuel blending infrastructure at airport fuel facility locations
that will serve to blend neat SAF with fossil jet fuel apart from
the airport’s general fuel system so that individual tanks of fuel
can be segregated and certified before being released into the
hydrant delivery system. This is useful because it will allow for
neat SAF to be introduced to the airport and blended on site
rather than having to blend outside of the airport or to ship
pre-blended fuel from the SAF production facility location,
with the attendant increase in fuel transportation costs. This
project type is similar to the ‘Priority category 1: Pumps
for higher biofuel blends’ that was released in the 2017 P3A
program document that specifies the limited project types that
the Government of BC will consider.”

~ Pricing campaign to promote the purchase of SAF - Award
credits to help reduce the price gap between SAF and fossil jet

97 https://www?2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/electricity-alternative-energy/transportation/renewable-low-carbon-fuels/part_3_
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fuel. This P3A would respond to price difference between these
two energy products to increase the likelihood that SAF could
be used on an ongoing basis. The amount of assistance from
the P3A would be limited in per litre contribution and overall
credits allocated to the project. The P3A is not expected to
solely eliminate the price gap but can be used in combination
with other measures to reduce it. For example, the BC
government can eliminate the carbon tax on SAF used in BC.
The private sector can also assist with the price gap through
corporate SAF purchase programs and airline commitments to
a baseline level of SAF purchase and use.

Enabling SAF in BC is aided by the existence of the BC-LCFS
which is clearly the most advanced fuel decarbonization policy in
place at the provincial level in Canada. Not all potential options
for incentivizing SAF through specific BC policies are considered
in this report. The figure below illustrates that the BC-LCFS can
encourage SAF use as both an opt-in fuel and as a compliance
option once jet fuel is a regulated fuel class with a CI reduction.

In BC’s situation there is clear opportunity for effective policy
design for aviation fuels that recognizes the nascent state of
SAF development through an initial opt-in approach but still
structures this approach so that the market signal for new
SAF production is communicated effectively. BC’s policy must
also recognize that it intends to incentivize the voluntary use
of a product in the aviation sector, an end-user group that
clearly understands that the government is considering how to
eventually reduce the CI of fuel used in the sector.

Figure 42: SAF use under the BC-LCFS

Assistance with SAF use prior to Jet Fuel Cl Requirements SAF Use on a Consistent Basis

BC Carbon Tax
Relief

Part3 BC-LCFS
Agreement Credits

, SAF Production \

Capacity Establishes

Jetis OPT-IN

Jet Fuel has a Cl reduction schedule
SAF use is directly stimulated through BC-LCFS
SAF use not dependent on pairty with fossil jet

SAF is used based on closing price gap
additional inducements

Jet Fuel Transitions to
\ Required Cl Reduction /
Corporate Flyer Program

. N\ 4

Airline Strategic Purchase -~ -
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3.2.3 Private partnership example: Board
Now program

After utilizing governmental incentives (EU-RED, US-RFS/
LCFS, BC-LCFS), there will likely be a remaining price premium
for SAF. Efforts to address this premium have taken the form of
collaborative co-funding programs that invite individuals and
organizations to voluntarily pay for the added cost of SAF, with
the benefit of establishing or maintaining their ESG status.

SkyNRG, a BioPortYVR project participant and co-author

of this report, has helped establish this type of co-funding
mechanisms via collaboration with airlines, airports and
companies. SkyNRG’s participation has helped with customer
programs such as the KLM Corporate BioFuel Programme, the
Fly Green Fund, and more recently the Board Now program.
The rationale for these programs is that they enable companies,
individual travelers, governments, NGO’s (etc.) to fly on SAF,
thereby lowering their environmental footprint, without having
to directly participate in the logistics of supplying the fuel.

Additional information from SkyNRG’s Board Now program
is provided as an example of how co-funding programs are
communicated.

BOARD NOW

“Organizations from around the world are stepping up

by choosing to fly on SAF through such programs. By
committing to SkyNRG’s newest program, Board Now,
corporates can play an active role in accelerating the
development of new SAF production capacity. The program
brings together a coalition of forward-thinking companies
that commit to fly their staff or freight on sustainable aviation
fuel from a facility that is to be built. By guaranteeing to
offtake SAF volumes by absorbing the premium for the first
5years of production, they help build the business case for
investors. The actual payment, fuel delivery and carbon

reduction claim, takes place once the plant is up and running.

The first project supported by the Board Now program
members is DSL-01. Members like PwC, Skyscanner and
Etraveli Group have recently committed to the program.
The more members join, the bigger our impact will be, for a
deeper insight please check the website”

www.boardnow.org
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3.3 ELEMENTS THAT CAN BE ADAPTED TO OTHER AIRPORTS IN CANADA

By virtue of the relative similarity of airline fuel purchasing
approaches and airport authority funding model across Canada,
the lessons learned in this project are likely readily applicable

to other Canadian airports. It is probable that the lessons
learned will be most transferrable to airports of similar scale in
terms of fuel use volume, fuel delivery logistics, structure of the
fuel consortium, regulatory environment, and with overlap of
participating airlines and staff.

Aviation is a competitive business. While there are clear areas
where collaboration is beneficial, competition must be considered
when sharing knowledge of bioport progress and strategies for
establishing them. Below are broad areas of knowledge transfer
that can help propel bioport progress at other airports.

Table 25: Areas of Knowledge Transfer

Element BioPortYVR Experience Lesson to be Adapted

Supporting Value chain

Airline Stakeholder Outreach BioPortYVR conducted preliminary meetings with the Other airports considering bioport activities can begin
largest airline participantsin the fuel consortium at with airline outreach.
project outset. This was necessary to build support for the
initiative. Other bioport participants should include key stakeholder

participation in project communications.
BioPortYVR included the airlines in initial project external
communications to ensure there were no surprises.

Community Engagement BioPortYVR focused on the technical and policy Other bioport initiatives should create a centrally directed
elements necessary to support uptake of SAF with communications approach that remains consistent among
only nominal community engagement and centrally participants.

managed communications through the airport authority.
Consistency of messaging was prioritized through having
aclear lead and point of contact for communications.

Regulatory Environment BioPortYVR was in close contact with provincial Other bioport initiatives should consider their regulatory
government to interact with British Columbia’s LCFS. context and include provincial government in the
bioport such that knowledge can be transferred, and
opportunities may arise from collaboration within the
bioport.

Sustainability Approach BioPortYVR researched the potential for SAF production The bioport will define the sustainability criteria for the
compliant to high sustainability standards (RSB, ISCC)and ~ SAF implemented in the port. This work emphasizes the
the relative value thereof. Results from this study depend dependency of SAF value on sustainability.
on local conditions and will vary per bioport.

Knowledge Center During the feasibility study of BioPortYVR, knowledge This knowledge will be transferred to other bioports
and know-how on the implementation of SAF at YVR is to build upon experience and establish local enabling
generated and shared with partners. conditions for SAF at the port.

Fuel Logistics Aviation sector participants stress that all airports Bioport activities in other airports should consider
are different from one another. Efforts were made in the local fuel supply context so that opportunities are
BioPortYVR to ensure that the local fuel supply context identified.

was understood. This allows solutions reflect and be
tailored to the fuel systems in place and being constructed.

Techno Economic Analysis Significant activity was required for the techno economic The modelling approach can be replicated with adjusted
analysis. Modelling the production economics of inputs for other bioport locations. The TEAwork should
BioPortYVR's SAF supply approach will be specific to this not be relied upon for investment advice or be treated as
project. an accurate depiction of costs or expected returns.

Traceability & Sustainability BioPortYVR sets the guidelines for SAF traceability & Traceability & sustainability experience from BioPortYVR
sustainability. can be used as a template for other bioports.

-
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3.4 NEXT STEPS - THE WAY FORWARD

The BioPortYVR report highlights the magnitude of the
opportunity and the path forward to support a more sustainable
aviation industry through the creation of an enduring supply
and distribution system of SAF use based in Vancouver. As the
macro-economic conditions created by COVID-19 improve and
the commercial aviation sector resumes operations, the group
assembled, and the contacts created will position this initiative to
proceed towards full activation of BioPortYVR.

We propose that a joint industry-government working team—
with representatives from the Government of British Columbia,
BioPortYVR partners, airlines, and industries throughout the
physical supply chain—be established to further explore this
opportunity and guide next steps.
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