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EXECUTIVE SUMMARY
Rationale for biojet fuel
In 2014, an estimated 3.3 billion passengers will fly and 50 million Mt of cargo will be transported
(IATA, 2014). The connectivity that aviation brings plays an important social and economic role in
our society and will continue to do so as aviation is expected to grow 5% per year until 2036 (ICAO,
2010). However, there are two key strategic issues aviation faces in the long term: an increasing
impact on the environment and the dependency on an increasingly volatile fossil fuel supply. Biojet
can play a key role in addressing both of these strategic issues.
The aviation industry is committed to reduce its environmental impacts, the most important aspects
identified as greenhouse gas (GHG) emissions and noise. Air transport is responsible for roughly 2%
of anthropogenic carbon emissions, and achieving long term sustainability is regarded as essential
to give the industry license to grow. The industry is united in its commitment to cap emissions
through carbon neutral growth from 2020 onwards and cut emissions in half by 2050 compared to
2005 emission levels, see Figure 0-1 (IATA, 2014).

Figure 0-1: Required CO2 emission reduction options to achieve a 50% reduction in 2050
Cheaply recoverable fossil fuels are becoming increasingly scarce and are unevenly distributed.
This makes the market volatile and drives up prices. Since fuel expenses account for approximately
30% of an airline’s operational expenditure, high fuel prices, price volatility, and supply disruptions
create increased sector risk that impacts profitability. Aviation will need to shift away from its almost
complete reliance on fossil fuels to include other non-fossil options. Ground-based transport
segments can change engine design to use other fuel options such as electricity, natural gas, or
hydrogen. Aviation does not have this option; engine design and requirements for energy-dense
fuels in the aviation sector leave it strongly linked to liquid hydrocarbons. Biojet fuel has the
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potential to stabilize fuel prices as it can be regionally produced from a renewable supply of
biomass that is more evenly distributed around the globe than fossil fuels. Biojet fuel is the only
realistic option on the short to medium term to produce a drop-in alternative that reduces carbon
emissions.

Introducing the biojet fuel supply chain
Similar to the conventional jet fuel supply chain the biojet fuel supply chain starts with a feedstock,
which can be any type of biomass that undergoes a refining step to produce a drop-in biojet fuel.
This fuel is then mixed with conventional jet fuel and transported to the airport where it is delivered
into local storage for distribution into the aircraft.

Figure 0-2: Overview of the biojet fuel supply chain
The main components of the biojet fuel supply chain are described below:
Feedstock. Generally biomass feedstocks can be divided in four main categories: vegetable oil
and animal fat, sugar and starch, lignocellulosic materials, and industrial by-products. In general,
the vegetable oil, sugar, and starches are available and are relatively easy to convert to jet fuel.
Lignocellulosic biomass and industrial by-products are available and the conversion technologies
are still being developed. Emergent feedstocks, such as algae oils and industrial oilseeds suited to
marginal land agriculture, are not available in commercial quantities at this time. Feedstocks will
vary in their cost, conversion technologies, and performance across sustainability metrics.
Sustainability. The sustainability of the whole supply chain has ecological, social, and economic
aspects. Although each of the four core components impact the sustainability of the supply chain,
the production of feedstock has the largest impact. Today, many governmental, nongovernmental, and third party initiatives are supporting the development of sustainability criteria
and standards for biofuels.
Government engagement. Governments are supporting the development of the nascent biojet
sector in various ways, generally aimed at de-risking the required investment and supporting
research and development of emerging feedstocks and technologies. In the global development
of low carbon road transportation fuels, governments assured market access by implementing
renewable fuel standards and establishing competitive investment conditions through capital
grants, loan-guarantees, production and blending credits, and excise or fuel tax credits.
Fuel Certification. All aviation fuel used in Canada must meet recognized fuel quality standards
and specifications. All commercial jet fuel, whether fossil-based or an alternative fuel, must meet
ASTM D1655 Specification for Aviation Turbine Fuels. Certain aviation biofuels are also governed by
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a separate and newer ASTM standard, ASTM D7566 Standard Specification for Aviation Turbine Fuel
Containing Synthesized Hydrocarbons. D7566 fuels also meet the requirements of ASTM D1655,
allowing D7566 fuels to be seamlessly integrated into the distribution infrastructure and onto aircraft
as D1655 fuels.
Technology. Technology describes the equipment, processes, and standards – collectively a
technology platform – used to convert feedstock into biojet. The technology platforms differ in the
type of feedstock they can convert and the biojet fuel that is produced. Approved aviation fuel
blends vary by biojet fuel type. Certain production platforms are available today and certified to
produce fuels for commercial aviation. Other technology platforms are still being developed.
Table 1: Overview of biojet production technologies
Pathway

Certification

Process Description

Feedstock

Fischer-Tropsch(FT)

Approved (up
to 50%)

Converts carbon-rich material (e.g.
biomass) into syngas, then
catalytically converted to jet fuel

All biomass & MSW

Hydroprocessed Esters
and Fatty Acids (HEFA)

Approved (up
to 50%)

Converts oleochemicals to jet fuel
via deoxygenation with hydrogen
and cracking

Oils and fats

Direct Sugars to
Hydrocarbons (DSHC)

Approved
(Farnesenebased up to
10%)

Ferments plant sugars and starches
to hydrocarbons which are
subsequently thermo-chemically
upgraded to jet fuel

Sugars (incl. C6
cellulosic sugars)

2015

Converts sugar/ starch derived
alcohols to jet fuel via dehydration,
oligomerization and
hydrogenation

Alcohols (potentially
derived from
biomass, or waste)

2017

Converts any carbon-rich material
into a bio-crude oil via
thermochemical depolymerization
which can then be upgraded to
jet

All biomass & MSW

Alcohol to Jet (AtJ)

Hydrotreated
Depolymerized Cellulosic
Jet (HDCJ)

Downstream logistics. Before the biojet fuel can be transported to the airport, it must be certified,
blended with fossil jet fuel, recertified, and transported to the airport’s tank farm. Ideally, the
blended fuel is then co-mingled in common storage at the airport. Biojet can also be supplied using
a segregated system, where transportation, storage, and distribution to aircraft are separate from
the fossil jet system.
End use. Blended biojet fuel that is currently approved for use in commercial aircraft offers similar
performance as conventional fossil jet fuels.

Approach
Ultimately, the aim of this report is to select the best biojet fuel supply chain for Canada and
identify regions where such a supply chain has a high chance of success due to availability of
feedstock, existing infrastructure, or proximity to demand centers. As a first step, we selected
feedstock and technology combinations that make sense in a Canadian context. Since there is
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currently no commercial scale biojet fuel production and technologies are still being developed,
we chose to analyze two scenarios using different time horizons:

Figure 0-3: Shortlisting technology options for 2020
1. 2020. What are the most viable short term feedstocks and technologies to develop a
Canadian biojet fuel supply chain?
2. 2025. What are the most promising supply chain options if we consider feedstocks and
technologies with a time to market of roughly 10 years?

Figure 0-4: Phased approach of project
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Technology selection for the 2020 and 2025 scenarios
Shortlisting technologies for 2020
Figure 0-3 shows the criteria used to select the optimal technology for the 2020 timeframe. Based
on these criteria, the HEFA platform was selected as the most viable short term option for biojet
production in Canada.
There are only three commercial technologies that are currently certified under ASTM today: FT,
HEFA and DSHC. Each of these technologies is available on a (relatively small) commercial scale
today. All FT capacity in place is based on fossil fuel feedstocks (either coal or natural gas), and the
technology has never been proven using biomass. The economics of all three pathways are
challenging but the HEFA pathway scores better than the other pathways. DSHC would depend on
expensive imported sugars. FT is quite capital intensive, which means that it is only viable on a large
scale which increases feedstock logistical costs.
Although the HEFA process is the best option to develop a biojet supply chain on the short term, it is
not without its challenges. An initial techno-economic assessment showed that high feedstock
costs, in the absence of carbon pricing or regulatory compliance pricing structures, are a key issue
in reaching price parity with fossil fuel. The detailed techno-economic assessment in Phase 2 will
assess how a Canadian supply chain should be structured and what is required to make it happen.
Shortlisting technologies for 2025
The selection of a technology solution for the 2025 scenario is more complicated. This is due to
uncertainties related to the longer time horizon and more technology options to choose from.
Therefore, we employed a larger set of selection criteria. Based on our analysis the Hydrotreated
Depolymerized Cellulosic Jet (HDCJ) pathway was selected as the most viable option for the longer
term scenario.
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Figure 0-5: Shortlisting technology options for 2025
Overall, the analysis suggests that a HDCJ platform is the most promising for Canadian biojet supply
chain. Similar to the previously selected HEFA platform, the HDCJ pathway has its challenges.
Although the business case looks promising (based on preliminary analysis), the technology is not
yet proven and the resultant biojet fuel remains to be certified.

Characterization of regional potential (feedstock)
The selection of HEFA technology
for the 2020 scenario limits the
scope of the feedstock
assessment to oleochemical
feedstocks: animal fats,
vegetable oils, and used cooking
oil (UCO). There are sufficient
feedstock volumes available for
a commercial scale facility.
Given the relatively short time
horizon, the HEFA facility will
initially depend on commercially
available feedstocks, these
include: canola, flax, soybean,
animal fats, and UCO. Over time,
the supply chain will move
towards feedstocks with lower
costs and potentially superior
sustainability profiles (e.g.,
emerging oil seeds such as
camelina and carinata, algae oils).

Figure 0-6: Overview of oleochemical feedstock availability
in Canada

Oleochemical feedstocks are
distributed across Canada. In total,
the available feedstock volumes far exceed requirements to supply 250-575ML of biojet fuel
production. The cost of these feedstocks may be an issue, as they range from C$1,000-$1,500/Mt
(roughly the same value as jet fuel). As with road transportation fuel markets, mechanisms to
monetize the greenhouse gas (GHG) reduction benefit and/or achieve regulatory renewable fuel
compliance will need to be assessed within the full techno-economic assessment.

For the 2025 scenario, the feedstock scope was limited to lignocellulosic feedstocks and municipal
solid waste (MSW). Feedstocks selected for the 2025 scenario have the benefit of being abundantly
available (specifically the lignocellulosic feedstocks) and a lower cost when compared to the HEFA
feedstocks.
British Columbia, Saskatchewan, Alberta, Ontario, and Quebec all have large quantities of
feedstock available (more than 15 million Mt each). The main feedstocks are forest harvest
residues, wood pellets, agricultural residues, and roundwood.

Selecting locations for supply chain development
In order to select regions where a biojet fuel supply chain has a high chance of success, we
considered:
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Feedstock availability and existence of feedstock processing infrastructure
Integration opportunities with existing infrastructure, with a focus on petroleum refining and
hydrogen production
 Proximity to demand centers and/or transportation networks to deliver fuel
There are presently no policies in Canada that are specifically directed to establish a biojet supply
chain. Therefore, the existence of incentive programs was not considered as a specific factor in
determining the most viable locations. However, government policies will be fundamental to
establishing a biojet supply chain in Canada.
The feedstock availability has been summarized above; more detail on infrastructure and fuel
distribution and airport use can be found in the main report.
High potential regions for a HEFA supply chain
Two main regions were identified as having a high potential to support a HEFA facility: the
Edmonton Capital Region and Southwestern Ontario.
Edmonton Capital Region
The main feedstocks in the region are canola oil, animal fat, and UCO, supplemented with smaller
volumes of emerging oilseeds. There is sufficient supply to support a 250 million liter per year HEFA
facility. Furthermore, there are interesting opportunities for an integrated supply chain. The
petroleum refineries and petrochemical sites offer co-location opportunities with potential
hydrogen sources – an essential input for the HEFA process. The biojet fuel can be transported by
rail, road, or pipeline to Edmonton, Calgary, and other airports in western Canada.
Southwestern Ontario
The area around Sarnia can support a 250 million liter HEFA biojet facility based on soybean, animal
fats, UCO, and canola oil. Similar to the Edmonton region attributes, a HEFA facility could be
integrated with the oil refineries and or petrochemical clusters in the area. There is a welldeveloped transport network in place consisting of railways, roads, pipelines, and waterways. Biojet
could be used at Toronto Pearson Airport, Ottawa Airport, or exported to one of the nearby airports
in the US should export opportunities be available.
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Figure 0-7: HEFA supply chain in the Edmonton Capital Region
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Figure 0-8: A HEFA supply chain in southwestern Ontario
High potential regions for a HDCJ supply chain
For establishing a biojet supply chain using the HDCJ technology in 2025, a western option and an
eastern option are presented. Both of these options contain two potential locations. The 2025
scenario will utilize currently available infrastructure and, in specific cases, envisions future
infrastructure to be put in place. This is the case for the British Columbia based biojet option.
Viable options for biojet production in western Canada in 2025:
Central British Columbia/Prince George
This area has lignocellulosic feedstock available for biojet production from the regional forestry
industry. The region currently has a small refinery in operation and there exists future potential for
hydrogen availability from the emerging natural gas infrastructure in the general region.
Northern Alberta/Edmonton Area
This area is selected as viable as it has the refining and petrochemical infrastructure, in addition to
available lignocellulosic feedstock from forestry and agricultural residues.
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Figure 0-9: Viable options for western biojet supply chains (2025)
Southwestern Ontario
This area is chosen as a viable option as it already contains refining infrastructure and available
hydrogen. The location near the Great Lakes/St. Lawrence seaway can enable feedstock and
biojet transportation. There are multiple airports within a 200 km radius that can use biojet.
Montreal/Quebec City Region
This area has existing refineries (some have been idled or used as fuel storage locations), a
petrochemical industry, feedstock processing, and transportation infrastructure. There are multiple
airports within a 200 km radius. The location on the Great Lakes/St. Lawrence ship transportation
corridor is beneficial for feedstock receiving and product distribution.
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Figure 0-10: Viable options for eastern biojet supply chains (2025)
These viable options for 2020 and 2025 biojet production will be moved forward into Phase 2 of this
project. The proposed supply chain will assessed for techno-economic performance and
sustainability/LCA. A commercialization strategy will be proposed, gaps identified, and information
derived from activities in this project will be applied to other sectors included in Transport Canada’s
Clean Transportation Initiative.
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1

REPORT PURPOSE – PHASE 1 REPORT (D6)

This document is the final report for Phase 1 of the project “Feasibility, cost, and environmental
impact of a biojet fuel supply chain in Canada”.
The project analyses two supply chains for biojet production in Canada. The first supply chain will
use commercially available technology and feedstocks for biojet production within a 2020
timeframe. The second supply chain anticipates use of currently emerging technology within a
commercial production timeframe of 2025, with further process refinements by 2030. This
document contains characterization of regional capacity and proposal for the most viable
options for biojet production and supply chain development for 2020 and 2025.
These supply chain options will be further assessed in Phase 2 of this project.
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2

BIOJET: KEY CONCEPTS AND INFORMATION
2.1

Background

Air travel has become an integral part of everyday life. It fulfills an important social and
economic function in today’s global society; it brings long-distance mobility to people, makes
remote regions accessible, increases and connects businesses and markets globally. Aviation is
expected to be one of the strongest growing transport sectors, with passenger traffic forecasted
growth at 4.8% per year until 2036. Global aircraft fuel consumption is expected to increase at
3.0% to 3.5% per year (ICAO, 2010). One of the main challenges for the industry is to maintain
growth while minimizing the environmental impacts, of which CO2 emissions are the most
significant.
Air travel is an essential component of connecting over 35 million Canadians, within Canada
and globally. Air transport is also a key facilitator of domestic and international trade.
In Canada, the aviation sector continues to grow in terms of passengers, fuel consumption, fuel
costs and total GHG emissions. Recent growth in fuel consumption (and cost) is significant. Total
passenger kilometers increased 11% from 2010-2011, reaching 147.5 billion passenger-kilometers.
Fuel consumption increased to 6.3BL, with total fuel expenditures of $5.6 billion – more than 30%
of operating expenses (Statistics Canada, 2011). GHG emissions from the Canadian aviation
sector in 2011 were 15.6 megatonnes, a 7.6 % increase from 2010. Low carbon intensity (CI)
biofuels (biojet) have been identified as one of the key elements for curbing the rapid GHG
emission growth in the sector (IATA, 2014).
It is relevant to the development of a future biojet supply that Canada is currently a net importer
of jet fuel. Based on Statistics Canada data for the year 2012 (the latest available), Canada
imports over 2,400 thousand cubic meters (2.4BL) or 36% of its aviation jet fuel (kerosene)
requirements.

Figure 2-1: Canada jet fuel supply balance 2012 (Statistics Canada)

Widespread use of biofuel in aviation presents multiple challenges. Amongst these are: various
types of feedstock (e.g. oilseeds, new energy crops, municipal solid waste, forestry residues,
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algae, etc.); complex conversion and distribution challenges throughout the supply chain; lack
of clear enabling policy structures; established and increasing expectations from the aviation
biofuels industry around cost competitiveness and sustainability; and, numerous aviation biofuels
research projects that lack critical mass or connectivity.
Jet fuel represents the largest single operating cost for most airlines (IATA, 2010). The present
reliance on fossil jet fuel poses strategic risk to the sector’s viability for several reasons:






Environmental – Despite improvements in engine technology, aerodynamics, materials,
and operational procedures, the rapid growth of air travel in recent years has
contributed to an increase in total GHG emissions and air pollution attributable to the
combustion of aviation fuel. Aviation contributes about 2% of global anthropogenic
GHG emissions and, despite significant (expected) efficiency gains, is forecast to
increase to 3-5% of global GHG emissions by 2050. Aviation produces other air pollutants,
including nitrogen oxides (NOx), volatile organic compounds (VOCs), carbon monoxide,
and particulate matter (PM).
Security of supply – Airlines have experienced disruptions in the supply of jet fuel in the
past 5-10 years. The problem has become acute in some regions and airlines have
responded with multiple strategies to address this risk, including the importation of fuel via
truck from US-based refineries. Despite these strategies to address supply interruption, the
overall issue of being import dependent for jet fuel remains.
Price volatility – Price volatility, caused by global crude oil price changes and regional
petroleum refining and marketing margins, creates significant operational cost risks that
impact profitability and business stability.

The airline sector is supporting the development of renewable jet fuels to help address each of
these strategic risk areas.

2.2

Introducing the biojet fuel supply chain

This section will provide an overview of a theoretical biojet supply chain.
The biojet fuel supply chain consists of four core components: feedstock (e.g., materials for
biojet conversion), processing conversion technology, downstream distribution logistics and final
end use. There are three overarching elements: government engagement, sustainability and
certification that impact multiple areas of the supply chain.

Government engagement
Sustainability

Feedstock

Technology

Downstream
Logistics

End use

Fuel Certification
Figure 2-2: Overview of the components of the biojet fuel supply chain
Feedstock. Generally biomass feedstocks can be divided in four main categories: vegetable oil
and animal fat, sugar and starch, lignocellulosic materials, and industrial by-products. In general,
the vegetable oils, recycled fats, sugar, and starches are available and are technically
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convertable to jet fuel. Lignocellulosic biomass and industrial by-products are available and the
conversion technologies are still being developed. Emergent feedstocks, such as algae oils and
industrial oilseeds suited to marginal land agriculture, are not available in commercial quantities
at this time. Feedstocks will have different costs and performance across sustainability metrics.
Conversion technologies. There are multiple technology platforms that can convert biomass into
biojet fuel. Each platform uses specific feedstock types. Typically, biojet is co-produced with
other liquid and gaseous biofuel products used for other energy markets (e.g., road or maritime
transport, refining, heat and power). Many technology platforms for biojet production are not
available at commercial scale today, requiring significant additional investment in research and
development.
Downstream logistics. From the production plant, the biojet fuel is typically blended with fossil jet
fuel before it is transported to the airport for storage and aircraft fueling. Ideally, the blended
fuel is then co-mingled in common storage at the airport. The biojet can also be supplied using a
segregated logistic system (i.e. fuel trucks driving up to the aircraft).
End use. The blended biojet fuel is approved for use in commercial aircraft and is understood to
offer equivalent performance as conventional fossil jet fuels.
Government engagement. Governments are supporting the development of the nascent biojet
sector in various ways, generally aimed at de-risking the required investment and supporting
research and development of emerging feedstocks and technologies. In the global
development of low carbon road transportation fuels, governments supported market access
through regulatory renewable fuel standards and establishing competitive investment conditions
through capital grants, loan-guarantees, production and blending credits, and excise or fuel tax
credits.
Sustainability. The sustainability of the whole supply chain has ecological, social, and economic
aspects. Each of the four core components effect the sustainability of the full life cycle of biojet
products.
Certification. All aviation fuel used in Canada must meet recognized standards and
specifications. ASTM is commonly used as a reference specification across the world. All
commercial jet fuel, whether fossil-based or an alternative fuel, must meet ASTM D1655
Specification for Aviation Turbine Fuels. Certain aviation biojet fuels are governed by a separate
and newer ASTM standard, ASTM D7566 Standard Specification for Aviation Turbine Fuel
Containing Synthesized Hydrocarbons. D7566 fuels also meet the requirements of ASTM D1655,
allowing D7566 fuels to be integrated seamlessly into the distribution infrastructure and onto
aircraft as D1655 fuels.

2.3

Project scope and approach to study

This section documents the analytical approach for determining the viability of potential
regional biojet supply chains.
This report aims to determine viable supply chain configurations in a Canadian context and
identify the regions where the development of these supply chains would have a high chance
of success. In Phase 2 of the project, there will be two work streams running in parallel: the
detailed assessment of the selected supply chains, and the formation of consortia that will drive
the development of the supply chain.
For the selection of viable supply chain configurations, we chose to analyze two scenarios using
different time horizons. The biojet fuel industry is still in its infancy and, while it is rapidly
developing and supported by many stakeholders across the supply chain, there is no
dedicated, commercial biojet fuel production in operation to date. Biojet production capacity
does exist at several commercial renewable diesel production plants and, in the near future,
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new production pathways (feedstocks and technologies) that are currently being developed
will be brought to market. We account for these dynamics by looking at two scenarios:
1. 2020. What are the most viable short term feedstocks and technologies to develop a
Canadian biojet fuel supply chain?
2. 2025. What are the most promising supply chain options if we include feedstocks and
technologies with a time to market of roughly 10 years?

Figure 2-3: Phased approach of project
2.3.1

Selection of supply chain options

To assess the viability of supply chain configurations, we primarily need to assess different
feedstock and technology combinations. The downstream logistics and fuel end-use segments
of the supply chain are relatively straight forward and can be built off of established fueling
distribution infrastructure.
The analysis compares different
regional attributes across
commercially available
feedstocks and technologies,
then concludes with mapping
the downstream logistics of
different options at selected
Canadian airports.
This project builds on existing
Canadian and international research on biojet feedstocks and technologies in order to assess
the feasibility, cost, and environmental impact of establishing renewable jet fuel – biojet or
biofuel – fuel supply chains at key locations in Canada.

2.4

Biojet rationale and context

This section takes a broad look at the underlying rational for biojet use in the context of the
aviation sector’s stated environmental targets.
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Biojet fuel is a major component of the aviation industry’s plan to achieve carbon neutral
growth by 2020, and a 50% reduction in 2005 GHG emissions levels by 2050. Reduced aviation
emissions are expected to come from improvements in aircraft technology, flight operations and
infrastructure services in the near term, with fuel switching to biofuels playing an increasingly
important role beginning in the 2020 timeframe.
Of all measures to reduce GHG emissions, biojet is projected to have the most significant
impact. This assessment is based on work by the Air Transport Action Group (ATAG), which is the
single global industry-wide commercial aviation body. ATAG recently assessed GHG reduction
options, concluding that biofuels will be the most important GHG emissions reduction option to
2050; their indicative estimates are illustrated below:

Figure 2-4: Air Transport Action Group (ATAG) 'Mapping out of Industry Commitments'
Biojet is designed to be a drop-in replacement of fossil jet, and does not require any aircraft
redesign. While there is activity underway to create aircraft with engines that run on other fuels
(such as liquefied natural gas), practically all of the aircraft in service today use fossil derived
distillate jet fuel (kerosene) (Boeing, 2014).
Many of the trial flights completed to date have used up to 50% biojet content (with select flights
using higher percentages). ASTM has certified certain biojet fuels to the 50% blend level. Boeing
is leading research to evaluate using HDRD (green diesel) in low level blends for aviation use. In
December 2014 Boeing completed a test flight using 15% HDRD and 85% petroleum jet fuel in
one engine (Boeing, 2014). This fuel mixture may become certified by ASTM in the future; at
present there is no approved pathway. This advancement has the potential to make biojet use
more feasible in the near term as it can utilize existing production capacity. However, given the
current market price structure, lower biojet blend levels will be more economically feasible until
the biojet fuels are more cost competitive with fossil aviation fuel. Similar to renewable fuel
adoption in road transportation sectors, we expect that widespread adoption of biojet will begin
with low percentage blend levels and increase gradually as supply expands and market prices
converge.
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In Canada, the annual biojet volume required to meet carbon neutral growth is estimated to be
54 ML in 2020, and increase to 923 ML by 2035.

Figure 2-5: Biojet requirement in Canada for emission neutral growth from aviation

2.5

Canada’s biojet potential

This section briefly details the innate potential that exists in Canada for creating a regional biojet
industry. Canada counts a number of attractive attributes for the development of a biojet
sector, including:


accessible, significant commercial quantities of sustainably grown and harvested
biomass



established refining capacity, distribution infrastructure (storage, blending, pipelines, rail,
barge systems) with scale advantages from industry concentration



established agricultural and forestry industries with scale advantages, harvest and
processing systems in place, and established sustainability certification schemes



stable regulatory systems to enable energy infrastructure development, with policy
measures in place to enhance environmental performance of operations (e.g. emissions,
water use, etc.)



established academic, government and private research and development expertise in
advanced biofuels, with a national network in place to focus and collaborate on primary
research



established provincial and federal programs in place to support the development and
commercialization of advanced biofuels



long per capita flight distances, with an engaged commercial aviation sector that is
focused on achieving results in reducing GHG emissions
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Canada is also well positioned to support regional biojet supply chain development due to its
relatively modern transport infrastructure. Canada has conducted applied research that is
directly applicable to development of a biojet supply chain (e.g. National Research Council).
Air Canada and Porter Airlines completed commercial biojet flights in 2012. Canadian aviation
industry is actively seeking to reduce GHG emissions, as described in ‘Canada’s Action Plan to
Reduce Greenhouse Gas Emissions from Aviation’.

2.6

Biojet initiatives

This section reviews the status of national and international initiatives to use biojet in commercial
aviation. To date, no major cross-sector projects have been undertaken in Canada to establish
a commercial biojet supply chain.
Internationally, there are various initiatives focused on using biojet fuel to reduce aviation
emissions. Generally, these have progressed from proving the technical and operational
feasibility of biojet fuel in demonstration flights, to establishing regular use of biojet along certain
flight routes. Beyond single airline flights and established routes, there are supply chain initiatives
that are exploring making biojet fuel more readily available to multiple airlines around an airport
hub.
The schematic below shows the progression of biojet initiatives to date:

Figure 2-6: Progression of biojet use initiatives
The initiatives presented in the bottom right corner of Figure 2-6 are the most relevant to the
current project: they are focused on supply chain establishment, and are examining the means
to place biojet fuel into the hydrant fuel system at the project-appropriate airports. The Brisbane
Bio Port and ITAKA projects are described below.
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• Hydrant system integration expected during 2015

2.7

Airline fuel purchasing and biojet implications

This section overviews how airlines acquire their fuel, how they manage fuel price risk, and
analyses why biojet penetration has been limited to date.
Jet fuel is mainly purchased by commercial airlines, general aviation operators, corporate
aviation, and the military. Jet fuel prices are linked with crude oil prices and other refined
petroleum products such as middle distillates (e.g. diesel fuel). Rising fuel prices and the volatility
of jet fuel prices have impacted the airline industry financially. Some strategies used by airlines to
manage fuel price volatility include financial hedging, vertical integration and fleet composition
adjustments to increase efficiency. Fuel hedging is a contractual tool used by large fuel
consuming companies, like airlines, to reduce financial exposure to volatile and possibly rising
fuel costs. Fuel hedges function by allowing a company to establish a fixed or maximum cost
using financial techniques such as commodity swaps or options. The basic function of hedging is
to limit exposure to economic harm in a period of quickly rising jet fuel prices.
Most of the largest jet fuel producing refineries are near large airports. Once refined from crude
oil, jet fuel is typically transported to large airports by pipeline in batches of approximately 1.5ML.
Jet fuel can be shipped directly to the airport fuel storage facility from the refinery, or stored at
an intermediate location before transport to the airport by a dedicated jet fuel pipeline or via
tanker truck.
Airlines generally source their fuel using contracts of 1-2 year duration with fuel suppliers able to
deliver fuel to an airport’s fuel facility. For all larger airports in Canada, the airlines that operate
at those airports have established fuel facility corporations (FFCs) that manage and oversee the
fuel operation. Most of the FFCs in Canada are managed by a single consortium
manager/administrator, FSM Group, on behalf of the airline consortiums. There are several
different fuel operators that perform the onsite fuel handling and distribution, the larger ones
being Allied/Consolidated, ASIG, and Servisair.
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To decrease fuel price risk, airlines use financial tools to establish a hedging strategy. A hedge
establishes a fixed or capped cost through a commodity swap whereby the purchaser can buy
the benefit of having a different party assume the liability of the variable market or index price.
The aviation industry is struggling with low profit margins; for 2014 the International Air Transport
Association (IATA) predicted an average profit margin of 2.5%, up from 1.3% in 2013 (IATA, 2014).
On average, this represents a profit of $5.60 per departing passenger – a fragile margin in a risky
business. The main drivers behind this thin margin are the high and increasingly volatile fuel
prices.
Historically, biojet fuel has been priced at a premium to fossil jet fuels, which has limited the size
and growth of the biojet fuel market (which is negligible compared to the total jet fuel market).
Jet fuel historically is priced at a discount to ultra low sulphur diesel (ULSD) fuel. Based on current
market pricing structures, it has been estimated that in order to meet the US FAA target of 1
billion gallons (3.8BL) by 2018, US aviation stakeholders would have to pay a premium of about
US$2.7/gal (US$0.71/L) for HEFA derived jet fuel (Karatzos et al., 2014).
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3

SUSTAINABILITY

This section addresses the concept of sustainability, and how it relates to renewable fuels.
The concept of sustainability has become central to an examination of renewable fuels. As it is
most often defined, sustainable development is ‘development that meets the needs of the
present without compromising the ability of future generations to meet their own needs’
(Brundtland Commission, 1987). Sustainability is described as having ecological, social, and
economic aspects, often represented as being the three pillars or ‘legs of a stool’.
Sustainability in the context of renewable fuels is especially dynamic as it connects the
agricultural (or forestry, MSW) systems that produce renewable fuel feedstocks to the existing
extraction and refining systems for fossil fuels. Generally, the agricultural and forestry systems
producing renewable fuels are carbon ‘sinks’ that absorb atmospheric CO2, while the existing
energy system is dominated by fossil fuels that, when extracted and combusted, emit
greenhouse gasses to the atmosphere that were previously sequestered. Renewable fuels have
been promoted for multiple reasons, the primary one being to address anthropogenic climate
change.
From a supply chain perspective, the chief concerns and opportunities for sustainable biofuels
are situated in the feedstock production systems. But despite general agreement that their
sustainability is important, a high degree of variability can be observed both in how sustainability
in agriculture is defined and how it is practically pursued and applied in the policy-making and
regulatory process (Binder, 2010). Agriculture is practiced across such a diverse range of
environmental, social, and economic contexts, which makes creating a globally accepted
sustainability definition, and criteria against which to measure it, a challenging and elusive goal.
Sustainability in the forestry sector is well advanced within Canada. The Forest Stewardship
Council (FSC), one of the certification systems available for use, counts more than 60 million
hectares of certified forest in Canada (FSC, 2014). The FSC is a recognized and approved
certification for forestry feedstock under select biofuel/bioenergy standards. Regional forestry
industry can collaborate towards a specific set of sustainability metrics.
Sustainability assessment evaluates the use of alternatives fuels to the status quo products by
comparing performance across the three sustainability pillars. Full life-cycle assessments (LCA)
will be conducted in Phase 2 of this project. LCA models evaluate a suite of impacts, such as
ecological performance (e.g., exploration, extraction, refining, distribution, and eventual
combustion causing GHG emissions and local environmental degradation), social performance
(e.g., workers’ rights, intergenerational equity, security measures to protect global oil reserves,
and transportation routes) and economic performance (e.g., wealth creation, industry
concentration, trade deficits for fuel importing nations, etc.).
In the biojet sector, renewable fuels are being developed to improve the environmental
performance and may also positively impact economic and social aspects of sustainability
when compared to baseline fossil fuel use.
3.1.1

Biojet and sustainability

The aviation industry has taken a proactive approach to sustainability and its inclusion as part of
their biojet fuel purchasing criteria. This attention increased after airlines and fuel producers were
publicly challenged by Non-Government Organizations (NGO) for using biofuels that were
derived from tropical oils (palm). Airlines are under a magnifying glass for their safety
performance, economic performance and now, increasingly, for their actions to reduce their
environmental footprint.
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Within the aviation sector, there have been several criteria established for what is considered a
sustainable aviation fuel (SAF). It is a testament to the importance of sustainability in this sector
that the term ‘SAF’ has replaced ‘biojet’ in many industry uses. In defining their approach to
sustainability, the Air Transport Action Group (ATAG) states that:
The aviation industry is seeking biofuels made from crops that:






are fast growing, non-food plants that don’t take up productive arable land which
would otherwise be used for food production;
do not require excessive supplies of pesticides, fertilizer or irrigation and do not threaten
biodiversity;
do not require excessive amounts of fresh water to grow;
provide socio-economic value to crop-growing local communities; and
result in a lower carbon footprint on a total carbon lifecycle basis and provide an equal
or higher energy[content].

ATAG’s proposed vision for SAF is a useful reference point for a potential biojet supply chain in
Canada (ATAG’s view is treated as the corporate and prevailing industry-wide approach to
sustainability in the commercial aviation sector). Many Canadian feedstocks would pass select
aspects of the ATAG criteria today. Achieving all of the targets, in commercial quantities at an
economically feasible cost, will require more work in Canada and abroad.
Further work is required to specifically interpret the ATAG principles in a Canadian context. Both
the agricultural and forestry sectors in Canada have extensive experience in sustainability
certification, and would necessarily be involved in scoping out an approach to achieving SAF.
An example of the work that will be required can be found in looking at the growth of non-food,
purpose-grown oilseeds in western Canada. At pilot scale, under-productive land can provide
sufficient industrial oilseed feedstock for trial flights. At commercial scale, displacement of
traditional crop acres appears necessary. Traditional farming produces crops for a variety of
end-market uses: food, animal feed, biofuels, and industrial products, with many crops supplying
two or more of these sectors. Thus, a more region-appropriate definition of ‘non-food’ crops
relative to food security is required to understand the interplay of agricultural systems and their
ability to sustainably supply biojet sector demand. The basic objective of a ‘certified sustainable’
designation will be to assure that feedstocks used for Canadian biojet fuel demand at
commercial scale are not impairing global or regional food security.
3.1.2

Project approach to sustainability

The approach taken in this project is guided by the following observations:


Sustainability assessment and certification is a developing science. The transition to more
sustainable fuels (and foods, and other products) will see both incremental and stepchange improvements, providing the foundation for future advancements.



Numerous initiatives to define sustainability in the agriculture, forestry, transportation fuel,
and biojet sectors have made clear that the environmental, societal and economic
criteria, and their relative weighting, can be subjective and qualitative. Pursuit of a single
universal screen for sustainability will likely, by definition, fail to adequately address a
critical regional or value chain shortcomings or advantages.



The Canadian biofuels industry has expanded over the past decade by a careful
balancing of early adoption risks and scale economics. Stable government policies and
investment programs act to secure market access and attract and maintain private
sector investment, while sector build out (crop production, refining, distribution and use)
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and cost competitiveness to incumbent fossil fuels is developed over time. Cost
competitiveness requires a complex interplay of market development via crop science,
farm production improvements, refining technologies, and regulatory structures (such as
renewable fuel standards, carbon pricing and regulation), and market mechanisms to
trade compliance units and carbon credits. The development of the alternative and
renewable fuels sector used for road transportation required significant collaboration
between private and public sector participants.


Political support over time can be maintained only when there is a reasonable
expectation that the industry will be economically viable and globally competitive. For
example, access to vegetable oils from a mature, cost-efficient and reliable crop
production system has been critical for the development of the biodiesel and renewable
diesel (HDRD) sectors, while new technologies are developed, commercialized, and
adopted to address emerging opportunities such as biojet.



To enable the commercial scale production of SAF that approaches the ATAG definition
of sustainability, it is important to establish a commercially viable biojet industry as a first
step to demonstrate the feasibility of producing and using low carbon jet fuels. A
‘virtuous cycle’ must be initiated by creating proven demand for SAF, which can remove
the barriers already experienced in Canada to the forward supply of feedstocks that can
meet the SAF criteria. (In Canada, agricultural producers and forest fibre owners see
reliable market access as a pre-condition to investment in novel production systems.)



The viability of the biojet industry can be enhanced by the ability to use a mix of
feedstocks ranging from commercially available oleochemicals (e.g., canola, soy,
rendered fats) to specific, purpose grown feedstocks (e.g. camelina, carinata, algae) for
biojet.

3.1.3

Regional component of sustainability

This project recognizes that sustainability has an important regional dimension; the local context
for energy choices must be taken into account when determining what is incrementally more
sustainable. For example, a product that is domestically produced could have sustainability
advantages over a product that requires transport from a distant location. Using regionally
available feedstocks as a basis for a biojet industry will ensure that the industry is responsive to
regional food security. Given the regional context for energy and agricultural (food) policy, we
primarily consider domestically available feedstocks for the biojet supply chain analysis.
Conversely, technology development is a global endeavor with no limitations to access
underlying intellectual property and capital equipment; no weighting or specific preference is
given for domestically developed technologies.
3.1.4

Discussion of key sustainability concerns

For assessing feedstocks that will be commercially available for use in the 2020 and 2025
technology scenarios, the project undertook a concise sustainability assessment to ensure that
the selections did not contain any critical sustainability challenges.
Select feedstocks proposed for use in the 2020 biojet supply chain are capable of being
marketed, directly or indirectly, into the human food chain (e.g. canola and soybean oils are
used for cooking, salad oils, animal feed, etc.). The ability to source sustainably grown oilseeds is
proposed to be an acceptable, pragmatic approach to building credible commercial supplies
of feedstocks to prove out project feasibility. Emergent feedstocks alone (e.g. camelina and
carinata) lack sufficient supply capacity and processing infrastructure to assure biojet plant
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requirements would be met. At present these crops are being purpose grown for select biojet
initiatives (e.g., ITAKA).
The North American origin oleochemical feedstocks available for biojet production do not have
any of the direct sustainability concerns that arise from use of imported, tropical oil feedstocks
(e.g. there are no highly biodiverse, tropical forest clearances in Canada; total farmed acreage
in North America is stable).
3.1.5

Sustainability certification

Renewable fuels and their feedstocks can be procured under sustainability certification
schemes to assure their environmental, social and economic performance against a defined set
of principles, criteria, and indicators. This has shown to be important in the aviation sector, as
most biojet fuels are now procured under an established certification scheme. This project does
not review specific certification regimes or make recommendations for introduction of a specific
scheme in the Canadian marketplace for biojet specific purposes. Examples of existing
certification schemes in use are the Forestry Stewardship Council (FSC), Roundtable on
Sustainable Biomaterials (RSB), International Sustainability and Carbon Certification System
(ISCC), and the Netherlands Technical Agreement (NTA) 8080.
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4

OVERVIEW OF CONVERSION TECHNOLOGIES

This section investigates the potential technologies for producing biojet in Canada. The section
begins with an overview of available technology pathways and summarizes the current status of
fuel quality certification of biojet fuels. Finally, it overviews the approach taken to divide the
viable biojet production technologies and feedstocks into two timeframes (2020 and 2025).
Following this, the conversion technologies are shortlisted for both scenarios.

4.1

Introduction to biojet production technologies

In order to meet fungibility and fuel quality requirements of the jet fuel supply system, biojet has
to be a drop-in fuel, defined as "liquid bio-hydrocarbons that are functionally equivalent to
petroleum fuels and fully compatible with existing petroleum infrastructure" (Karatzos et al.,
2014). Biofuels used for road transport, such as ethanol and biodiesel, are generally not suitable
for blending with jet fuel as they do not meet fuel quality specifications such as stringent cold
flow viscosity and energy density standards (Karatzos et al., 2014). Renewable diesel is currently
being tested for use on a blended basis with fossil jet fuel. The progress of this testing will be used
to guide the TEA in Phase 2.
Aviation fuels are narrowly defined as a mixture of hydrocarbons with lengths of C8-C16 and a
maximum aromatic content of 25%, with other specifications including a low freezing point (-40
°C), thermal stability, and low viscosity at low temperatures (Hileman et al., 2009).1 Aviation fuels
are generally not produced as a sole product, whether in conventional oil refineries or as biojet,
and have to be distilled and processed from a range of hydrocarbon molecules to produce the
proper middle distillate cuts.
For the assessed biojet production technologies, the current development status is described as
being one of the following: demonstration scale, pilot scale, or commercial scale. Pilot plants
typically handle about 1-5 kg (0.001 – 0.005 tonnes) of dry biomass per hour, demonstration
plants about 1-5 tonnes per hour, while commercial scale is defined as handling about 2001,000+ tonnes per day.
In terms of volume, pilot scale facilities range from 1-100 litre reactor size and demonstration
scale facilities range from 100-1,000 litre reactor size. Commercial scale facilities would likely use
reactor sizes larger than the pilot and demonstration scales. Different processes and operating
conditions will cause variations in reactor sizes; there is no ‘one size fits all’ approach to vessel
sizing. Pilot plants are still involved in development of process conditions, mostly at batch scale,
while demonstration plants resemble commercial scale operations in terms of equipment and
process flow over extended operating periods.
There are various pathways that convert biomass into drop-in aviation fuel. At this point in time,
only 3 pathways have been certified under ASTM to produce biojet fuel for use in commercial
aviation, the other technologies are still in the process of receiving certification. Section 4.2
provides more information about the ASTM certification process.
Table 2: ASTM status of select biojet pathways
Pathway

ASTM Status

Process Description

Potential
Feedstock

Commercial
Facility
expectation

The freeze point is specified as a minimum of -47°C for most countries except the US, which is
specified at -40 °C.
1
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Fischer-Tropsch(FT)

Approved
(up to 50%)

Hydroprocessed
Esters and Fatty Acids
(HEFA)

Approved
(up to 50%)

Direct Sugars to
Hydrocarbons (DSHC)

Approved
(Farnesenebased up to
10%)

Alcohol to Jet (AtJ)

2015

Hydrotreated
Depolymerized
Cellulosic Jet (HDCJ)

2017

4.1.1

Converts carbon-rich
material (e.g., biomass) into
sugars, then catalytically
converted to jet
Converts oleochemicals to
jet via deoxygenation with
hydrogen and cracking;
under development to be
used as HDRD directly
Ferments plant sugars and
starches to hydrocarbons
which are subsequently
thermo-chemically
upgraded to jet fuel
Converts sugar/ starch
derived alcohols to jet via
dehydration,
oligomerization, and
hydrogenation
Converts any carbon-rich
material into a bio-crude oil
via thermochemical
depolymerization which can
then be upgraded to jet

All biomass &
MSW

Only fossil fuel
production
capacity in
place

Oils and fats

Existing (2010)

Sugars (incl. C6
cellulosic
sugars)

Existing (2014)

Alcohols
(potentially
derived from
biomass, MSW,
waste gases)

~2017

All biomass &
MSW

~2018

Fisher-Tropsch (FT)

FT has the potential to convert any carbon containing material to liquid fuels. For biojet fuel, this
means that the feedstock could be any type of biomass or municipal solid waste. As a first step,
the feedstock is gasified, a thermochemical process that produces synthesis gas (a mix of H2
and CO), by reacting the feedstock with a limited amount of oxygen at high temperatures. The
FT synthesis is a catalytic process that creates hydrocarbon molecules with varying chain
lengths. The chain length will increase the longer the gas is exposed to the catalyst. Typically, the
FT process yields a wax that is ‘cracked’ (broken into the desired carbon chain lengths) to
produce a range of desired end-products including jet fuel and diesel.
The FT fuel is known as synthetic paraffinic kerosene or FT-SPK and is approved by ASTM up to a
50% blend with conventional jet fuel. There are commercial scale FT facilities, but none of them
utilize renewable feedstocks. SASOL is operating a FT facility in South Africa that converts coal to
jet fuel (among other products) that is supplied to O.R. Tambo international airport in
Johannesburg. Also, Shell has an FT facility in Qatar that runs on natural gas.
Gasification of biomass has primarily been used to fuel stationary heat and power facilities.
Gasification of municipal solid waste (MSW) has garnered a lot of attention. In Canada, the
Enerkem facility in Edmonton was recently completed and is undergoing commissioning to
produce methanol from MSW. The catalytic condensation of syngas to methanol is a more
robust process than the FT synthesis process, but methanol is not suitable as a jet fuel. FT synthesis
of MSW-derived syngas is not expected to be technologically mature within the timeframe of this
project. Nonetheless, there are two initiatives that have been widely reported within the biojet
sector: the collaboration between Fulcrum Bioenergy and Cathay Pacific, and the Green Skies
London Project between Solena Fuels and British Airways. Both initiatives aim to produce biojet
fuel from MSW using gasification and Fisher-Tropsch synthesis.
Benefits of the gasification/FT pathway:


Multi-feedstock platform (potential ‘anything to liquids’ technology)
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Biomass gasification technologies are established, although FT-based on gasified
biomass is not ASTM certified.

Challenges to the gasification/FT pathway:








FT synthesis requires large scale (≥2,000 tpd) to be economical (Karatzos et al., 2014). Large
scale results in prohibitively expensive feedstock logistics systems when using a low energydensity feedstock such as biomass
The heterogeneity of biomass-derived syngas has been demonstrated to cause significant
catalyst fouling/coking (Hayes, 2009). Catalyst designs/formulations need to be improved
to increase lifespan
Although FT synthesis has been demonstrated at scale for coal or natural gas, FT synthesis
of biomass-derived syngas has not been successfully demonstrated at scale
MSW as a feedstock is problematic due to its highly heterogeneous nature with high levels
of contaminants, and clean-up of the gas faces formidable challenges (Hayes, 2009)
Capital costs are significantly higher than other biomass-to-fuels platforms (Anex et al.,
2010; Brown, 2014; de Jong et al., 2014; Karatzos et al., 2014)

4.1.2

Hydroprocessed esters and fatty acids (HEFA)

HEFA fuels are produced from vegetable oil, animal fat or waste oils, such as canola oil, tallow
and used cooking oil. These are collectively referred to as oleochemical feedstocks. In the
refinery, these feedstocks react with hydrogen to remove the oxygen and to separate the
triglyceride into the individual hydrocarbon chains. In a final processing step, the hydrocarbon
chains are cracked to produce a fuel that fits the required specifications. The HEFA process
yields a mix of diesel and jet fuel, as well as naptha and light ends (that can be further
processed into other products).
There are seven commercial scale operating HEFA facilities in the world (see Table 4). All existing
facilities are currently designed to produce renewable diesel (HDRD), but can also produce
biojet fuel through further processing. The jet fuel produced is known as HEFA synthetic paraffinic
kerosene, or HEFA-SPK, and is approved for commercial use in blends up to 50% by ASTM.
Furthermore, Boeing is currently driving the certification of renewable diesel as a jet fuel
blendstock within ASTM. In December 2014, a successful test flight was carried out with one
engine powered by a 15% blend of HEFA renewable diesel.
Benefits of the HEFA pathway:






Technology is de-risked and commercially available today
Vegetable oils and other feedstocks are already produced on a large scale
Canada is a leading producer of established oilseeds (canola), and also leading the
development of emerging oil seeds like camelina and carinata
Potential to decrease the capital expenditure by retrofitting idled oil refinery plant or
equipment
ASTM certified

Challenges to the HEFA pathway:



Economics are challenging under current feedstock and market pricing structures
HEFA may be produced from certain vegetable oils with sustainability perception
concerns potentially leading to reputational risk for entities participating in the supply
chain. This exposure can be managed proactively and can include sustainability
certification.
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4.1.3

Direct Sugars to Hydrocarbons (DSHC)

In the DSHC pathway, microorganisms convert plant sugars to farnesene which can be
upgraded into a jet fuel blendstock. The microorganisms can use sugars from starch, sucrose or
cellulosic material. The farnesene is versatile platform molecule. It has various applications as a
chemical (e.g., a pre-cursor for anti-malaria drugs), but can also be converted to transportation
fuels. For the production of jet fuel, the farnesene must undergo a final hydrotreating step to be
useable in aviation. This fuel, in limited quantities, has been used in test flights.
The DSHC pathway is championed by Amyris, a Brazil based company that is marketing its biojet
fuel through a joint venture with Total. They have a production location in Brazil where they
benefit from low cost sugars. In 2014, the farnesene derived biojet fuel was certified under ASTM
up to a 10% blend with conventional jet fuel.
Benefits of the DSHC pathway:



Produces relatively pure products with predictable chemistry that require minimal cleanup/upgrading
ASTM certified for blends up to 10%

Challenges to the DSHC pathway:








Availability, cost, and sustainability of feedstock. Imported sugars would likely be required
for DSHC production in Canada
Although sugars can be sourced from lignocellulosic biomass (i.e. using biochemical
conversion), this increases the cost and complexity of this production pathway
Production of the hydrocarbon intermediate takes place at low yields, with farnesene
production at a maximum theoretical yield of 28%, resulting in high feedstock cost
(Zhang et al., 2012)
The intermediate product farnesene is worth more than the biojet produced from it
(Investorscore, 2014). Specific policies would be required to divert these products from
other markets to jet fuel
The cost of biojet production through this route is more expensive than other biojet
pathways (Cuellar and van der Wielen, 2014; Klein-Marcuschamer and Blanch, 2013)

4.1.4

Alcohol to Jet (AtJ)

Because the AtJ process starts with ethanol, or higher alcohols like butanol, it is feasible to
integrate the supply chain to include the production of ethanol instead of buying the ethanol on
the market. Alcohols are typically produced through fermentation of sugars, including cellulosic
sugars derived from woody biomass. The ethanol can also be produced from industrial waste
gases that contain carbon monoxide, like steel mill waste gasses. In the AtJ process, the alcohol
molecule is dehydrated to remove the oxygen and then oligomerized (joined together) to form
hydrocarbon molecules of the desired chain lengths. This mix of molecules is finally separated in
a distillation step.
Several companies are developing the AtJ process; frontrunners are Gevo, Swedish Biofuels and
Byogy. At this point, the AtJ biojet fuels are not yet certified by ASTM. There are two separate
ASTM tracks. One is producing synthetic paraffinic kerosene, AtJ-SPK, a mixture of straight
hydrocarbons that will potentially be certified up to 50% in 2015. The other track produces
synthetic kerosene with aromatic compound, AtJ-SKA, a potential 100% replacement of
conventional jet fuel. The ASTM certification timeline for this process is uncertain.
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This process will be economically challenging in today’s market structures because of the small
difference in value between the biojet product and the alcohol feedstock (Klein-Marcuschamer
and Blanch, 2013).
Benefits of the AtJ pathway:



Relatively simple process with low technology risk
Potential solution for locations with excess ethanol production

Challenges to the AtJ pathway:





Availability, cost, and sustainability of feedstock. Imported alcohols would likely be
required
Although alcohols can be produced from lignocellulosic biomass, i.e. using
bioconversion, this significantly increases the cost and complexity of this production
pathway
Alcohols have a high value compared to jet fuel (Klein-Marcuschamer and Blanch,
2013), specific policies would be required to divert alcohols to jet fuel

4.1.5

Hydroprocessed depolymerized cellulosic jet (HDCJ)

The HDCJ pathway refers to a number of production platforms that produce jet fuel from
lignocellulosic feedstocks. Feedstocks are typically low-value biomass streams such as forestry or
agricultural residues. After the feedstock is chipped to the required particle size, it is rapidly
heated at elevated pressure to produce a liquid hydrocarbon mix. This product is referred to as
bio-crude as it is similar to fossil crude oil. The biggest difference between fossil crude and biocrude is that bio-crude still contains oxygen. The oxygen must be removed in a final upgrading
step, which can be done at an existing crude oil refinery. As in conventional oil refining, this
yields a mix of products including jet fuel, gasoline, diesel and naptha.
KiOR was probably the most advanced company in this field, but has recently filed for
bankruptcy. Other key players are Ensyn/UOP and Biomass Technology Group. The time to
market for this pathway is estimated to be between 5 and 10 years. The ASTM approval pathway
was headed by KiOR and UOP, but the blend percentage and certification date are still
uncertain.
Benefits of the HDCJ pathway:





Inexpensive, readily available feedstock (biomass)
Competitive techno-economic profile compared to other biojet production routes (Anex
et al., 2010; Brown, 2014; de Jong et al., 2014)
Can be integrated with existing oil refining infrastructure
Potential to unlock the large woody biomass potential in Canada

Challenges to the HDCJ pathway:





The technology platforms are still being developed and most are at a pilot or
demonstration scale
Upgrading of the bio-crude in existing oil refineries has never been proven and will
require extensive testing on a small scale
The availability of refining capacity for upgrading bio-crude is uncertain
Significant time and resources required to complete ASTM certification
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4.2

ASTM certification, current biojet production and test flights

Fuels used in an aviation context require extreme reliability and operability to maintain safety.
Renewable jet fuels for use in the current generation of jet engines must have equivalent
technical performance to that of fossil jet fuel. Stringent specifications also apply to the aviation
fuel infrastructure. These standards are developed and managed by technical certification
bodies (of which ASTM International is the leading; the Canadian General Standards Board
(CGSB) is the domestic equivalent). Biojet supply chains must deliver fuels with the same
performance properties as conventional jet fuel, with no need to change ground and supply
infrastructure, aircraft, or engines.
To date, the majority of biofuel test flights have been based on oleochemically derived HEFA
biojet fuels, with over 1,500 flights taking place by 2012 (IATA, 2013). Biojet testing began in 2008
(Virgin Atlantic), and a number of other commercial airlines and the US Navy have successfully
demonstrated biofuels for aviation applications since that time. The only flight that has been
performed on pure biojet was an experimental flight by the Canadian National Research
Council in October 2012. This flight was also one of the world’s first to use biojet made from
hydrotreated oils derived from an Ethiopian mustard variety, called carinata, under
development by the Canadian company Agrisoma (working with Agriculture and Agri-Food
Canada).

Figure 4-1: Timeline of biofuel test flights and ASTM certification approvals

4.3

Technology and feedstock selection for biojet production:
distinguishing the 2020 and 2025 scenarios

Criteria for technology inclusion have been defined based on two target dates: 2020 and 2025.
The criteria are highlighted below:
Technology for 2020: In order to establish domestic production of biojet in Canada by 2020 at
commercial scale, a technology must currently be at an advanced or relatively mature stage. In
this analysis, this is considered to be a proven technology with a facility in operation at
commercial scale. The selection of ‘proven technologies’ relied on existing expertise and market
knowledge of the biojet sector to guide the 2020 technology selection. Many technologies are
still at development stage (e.g. lack commercial scale production) and will take time to mature.
By selecting only mature technologies for the 2020 scenario, capital costs are understood and it
is unlikely that significant reductions in technology cost will be realized prior to implementation in
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a Canadian supply chain. Aside from capital costs for facility construction, the cost of delivered
feedstock will play the biggest role in determining the production costs of biojet for the 2020
facility. The 2020 scenario build out will require competitive policy/regulatory systems, and
commensurate infrastructure, logistics, feedstock availability, and marketing systems to deliver
aviation fuels to airports in Canada and/or internationally. The 2025 scenario build out will likely
depend on the commercial success of the 2020 scenario.
Technology for 2025: Drop-in biojet technologies are at various stages of development and
commercialization; many promising technologies are still immature and require improvement
and process optimization. New feedstocks are being investigated that could provide greater
perceived sustainability benefits, less competition for crop production acres and other benefits.
These feedstocks could be available at lower cost than existing oleochemical feedstocks.
Technology selection for 2025 is therefore based on promising technologies that are at least
operating at pilot scale stage, and on track for a demonstration phase facility by 2020. Deeper
presentation of the 2025 technology selection criteria and evaluation are presented following
this section.
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5

TECHNOLOGY ASSESSMENT & SELECTION FOR THE 2020 SCENARIO

In this section we select the optimal technology platform for the 2020 scenario and provide a
more in-depth analysis of the selected technology.

5.1

Shortlisting technologies

In order to identify the best short term technology platform for Canada, we assessed the options
based on a set of criteria. Figure 5-1 summarizes the technology shortlisting process.
The selection criteria for a 2020 technology include the following:
1. Technology must currently be certified under ASTM
2. There should be at least one commercial facility in production
3. The technology should exhibit a favorable techno-economic profile vs other
technologies
Based on the defined criteria we selected the HEFA platform as the best near-term solution for
Canada. In the following paragraphs we will present the shortlisting process.

Figure 5-1: Shortlisting technology platforms for the 2020 scenario
For criterion 1, there are only three technology platforms that are ASTM certified: HEFA, FT, and
DSHC, see

Table 3. The viability of these pathways in Canada is discussed below:
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Table 3: Technology pathways that are currently certified under ASTM
Technology

Status

Fischer – Tropsch (FT)

In commercial use only with fossil fuel feedstocks
Biofene (farnesene) in commercial production in
Brazil that is converted to jet fuel

Direct Sugars to Hydrocarbons (DSHC)

Hydroprocessed Esters and Fatty Acids (HEFA)

Currently in commercial use outside of Canada
with biomass feedstocks available in Canada

Fischer Tropsch (FT):
Technology
FT is a certified technology under ASTM, although it is not yet being used at commercial scale to
convert biomass feedstocks. The existing commercial scale production capacity using FT
processes hydrocarbons rather than biomass. Examples are the SASOL facility in South Africa,
which converts coal into transportation fuels, and Shell´s Pearl GtL facility in Qatar, which
converts natural gas to liquid fuels. Challenges related to the conversion of biomass feedstocks
are at the research and development stage.
Feedstock
FT requires homogeneous feedstocks, and biomass or MSW typically consist of a heterogeneous
mix of different molecules. FT plants require large capital investments that come with scaling
advantages, but aggregating large volumes of homogenous and low-cost feedstock is
challenging. MSW is a potential option that would require costly pre-treatment to make the
material suitable for conversion.
Direct Sugars to Hydrocarbons:
Technology
This is the process in which sugar and yeast produce an intermediate chemical (e.g. farnesene),
which can be processed into useable fuels.
The University of Queensland modelled the DSHC pathway under the Queensland Sustainable
Aviation Fuels Initiative and concluded that the minimum farnesene selling price should be
roughly US$5,000/Mt (i.e. roughly five times more expensive than fossil jet fuel) to make the
business case attractive for private investors (Klein-Marcuschamer, 2014). Farnesene must be
further upgraded to jet fuel, and is currently more valuable as a chemical (e.g. a pre-cursor for
anti-malarial drugs). It is likely that these chemical markets will absorb supplies before any
volumes are available for biojet production.
Feedstock
Farnesene is produced from sugar feedstock. Canada is a net sugar importer, with 90% being
imported in the form of cane sugar for refining (Canadian Sugar Institute, 2014).
Hydroprocessed Esters and Fatty Acids (HEFA):
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Technology
HEFA technology has operating commercial scale facilities in Europe, the US and Singapore.
HEFA biojet fuels are certified for use by ASTM to 50% blend levels. HEFA is the predominant
platform for biojet flights that have occurred to date. HEFA biojet fuels are produced by Neste,
Diamond Green, Dynamic Fuels, and ENI (more detail in Table 4). Although HEFA is cheaper to
produce than biojet fuels from the other technologies, HEFA biojet is still more expensive than
fossil jet fuel at current market prices; the minimum selling price for HEFA biojet fuel is currently
around two times the price of fossil fuel (Klein-Marcuschamer, et al., 2013).
Feedstock
Canada domestically produces the feedstocks (oils and fats) used in a HEFA process. Canada is
a large oilseed (canola) producer, exports large quantities of vegetable oils, and is leading in
the development of emerging industrial oil seeds, such as camelina and carinata.
Based on the preliminary economic feasibility and the current feedstock availability in Canada,
we consider the HEFA technology to be the most viable processing platform for biojet production
in the 2020 scenario. The FT technology is not proven for biomass feedstocks, and the DSHC
processes lacks a domestic feedstock supply and has a superior alternative product market.
5.1.1

HEFA selection and facility size

For the 2020 scenario analysis, the oleochemical technology (HEFA) is used as the production
platform for biojet fuels in Canada at commercial scale for the following reasons:





HEFA technologies for production of aviation fuels are relatively mature with a small number
of established facilities producing commercial volumes of aviation fuels that are being used
in the market. A list of current HEFA facilities is found in Table 4.
There is no existing certification hurdle. HEFA has already achieved ASTM certification for
50:50 blends and has been tested in single and dedicated route commercial flights.
Feedstock suitability: lipid feedstocks have the highest Heff/C ratio of all biomass feedstocks,
therefore requiring the lowest hydrogen input and the least processing. The feedstocks are
commercially available; they exist in sufficient quantities with predictable and homogenous
quality characteristics. The feedstocks have market price discovery via open exchanges
(commodity markets).

In this analysis a minimum facility size of 250 MLY of HEFA plant output is used for relevant
calculations. This capacity size corresponds to a minimum level of commercial oleochemical
feedstock availability (further described in section 9.3), and is in alignment with values selected
by Stephen and Mabee, 2014. Compared to the capacity of existing facilities, this is a relatively
small facility size. The biojet production from this facility can range between 15-50% of the total
HEFA production, depending on the configuration of the process. The maximum biojet volumes
that could be produced would be approximately125 MLY, equivalent to 1.7% of total jet fuel
requirements for Canada (based on 7BLY consumed).

5.2

HEFA technology in-focus

HEFA is a mixture of hydrocarbons which also contain middle distillates that can be separated
out as biojet fuel, or used as a diesel fuel replacement. (Note that biojet and fossil jet fuels can
be used in diesel applications (e.g. ground based compression ignition engines) but not vice
versa.) The fraction of HEFA fuel cuts suitable for jet fuels are also referred to as HRJ
(hydrotreated renewable jet fuel) and bio-SPK (bio-based synthetic paraffinic kerosene).
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Oleochemical processes such as HEFA are developed and mature; HEFA technology plants are
the only commercial production platform in operation that has delivered significant amounts of
drop-in distillate biofuels. They present relatively low technological risk and lower capital costs
compared with other emerging drop-in biofuel production routes.
The feedstocks that are used in the HEFA facility are generally oleochemicals. Most lipid
feedstocks have relatively low oxygen content (11% by mass), and thus require lower hydrogen
inputs to be upgraded to liquid transportation fuels (Karatzos et al., 2014). Oleochemical
feedstocks are also used to produce biodiesel, also called fatty acid methyl esters (FAME), but
biodiesel is not suitable for aviation fuels.
The conversion of oleochemical feedstocks to HEFA fuels entails larger capital costs, as well as
hydrogen inputs; biodiesel (FAME) production does not require hydrogen or pressurized vessels.
For example, the capital expenditure for a 2,000 tonnes per day (tpd) HEFA facility, as modeled
by Pearlson (2011), is US$2.60/gal ($0.70/L) of installed capacity and the hydrogen use is 3-4% by
mass of feedstock compared to US$0.80/gal ($0.20/L) and no hydrogen inputs for FAME as
modeled by Marchetti et al. (2008) for the same size facility.
5.2.1

HEFA process description

In a standalone facility, HEFA is typically produced in two stages (Pearlson, 2011). During the first
stage, the oleochemicals are deoxygenated and their double bonds are saturated to create
alkanes. The second stage involves isomerisation and cracking, bringing the biofuel to the
required quality specification to be used as a drop-in fuel.
The process is illustrated in the figure below.

Figure 5-2: Simplified Hydroprocessed Esters and Fatty Acids (HEFA) process depicting the 2
stages of hydroprocessing (Karatzos et al., 2014)
The diagram below gives a conceptual view of the creation of biojet fuel from a HEFA process.
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Figure 5-3: Conceptual HEFA process (expanded view) (UOP, 2014)
In the HEFA process, fatty acids are deoxygenated either with the addition of more hydrogen
(hydrodeoxygenation, where oxygen leaves as H2O) or with the loss of carbon (decarboxylation,
where oxygen leaves as CO2) resulting in the formation of alkyl chains. During
hydrodeoxygenation (HDO), the alkyl chain length is typically preserved, whereas during
decarboxylation (DCO), alkyl chains are shortened due to the loss of carbon atoms as CO2.
Typically, a combination of the two deoxygenation strategies is used in commercial
hydrotreating facilities (Pearlson, 2011). The ratio of each deoxygenation pathway (e.g.,
HDO/DCO = 35/65) is of importance to the hydrotreating operations as it determines the
hydrogen consumption, product yields, catalyst inhibition, gas consumption, and heat balance
(Egeberg et al., 2010). The tuning of the deoxygenation pathway ratio can be achieved via
catalyst adjustment, depending on the market priorities as well as the feedstock and hydrogen
costs and the value of the fuel product or blendstock being produced. For example, the UOPHoneywell process opts for more decarboxylation in order to reduce capital costs while the
Dynamic Fuels process (now owned by Renewable Energy Group, Inc.) prioritizes the
preservation of longer carbon chains (higher product quality) and thus uses more
hydrodeoxygenation with the accompanying increase in capital cost (Pearlson, 2011).

Figure 5-4: Triacyl glyceride (TAG) deoxygenation process (Pearlson, 2011)
Typical HEFA fuels comprise three different fractions corresponding to jet, diesel, and gasoline (or
naphtha, propane, butane) blendstocks. The quantity of these three liquid product fractions can
be controlled by changing the reaction conditions and catalysts. However, diesel generally

47

Canadian Biojet Supply Chain: Phase I
Version: 2
predominates, with only a small portion of the diesel liquid fractions having the correct chemical
characteristics for biojet fuel (Bezergianni et al., 2009; Pearlson, 2011). For example, it is reported
that in a UOP-type (decarboxylation-based) HEFA process, ca.(circa) 65 wt% of the incoming
vegetable oil gets converted to diesel-range molecules and only ca. 13 wt% to jet-range;
increasing the jet yield to 50 wt% requires 30% more hydrogen and reduces the overall liquid fuel
yield of the process from 80 wt% to about 70 wt% (Pearlson, 2011).
The carbon chain length of the fatty acids in the oleochemical feedstock influences the product
characteristics from a HEFA facility. Most of the HEFA feedstocks available today are derived
from vegetable oils and rendered animal fats. Vegetable oils (palm, canola, soy) typically
contain long fatty acid chains corresponding to the carbon chain length of diesel i.e. C16-C22.
These molecules can be cracked to shorter chains to fit the "lighter" jet fuel and gasoline range.
However, the cracking step is not sufficiently selective and creates by-products which reduces
the overall fuel yield. For example, when a long alkyl chain is cracked, only some of the chains
are of the desirable length while a number of undesirable short chains are also produced. These
"too-short-waste" chains form a light naphtha-like by-product and the overall fuel yield is
reduced. Oils from camelina, palm kernels and most cyanophyta (algae oil strain) contain a
higher percentage of shorter chain fatty acids (which are in the jet fuel range) (Bauen, Howes,
Bertuccioli, & Chudziak, 2009; Pearlson, 2011).
A HEFA facility produces a mixture of hydrocarbons which has to be fractionated into product
cuts, including biojet. The maximum biojet fraction that can be obtained is 50%, but, as noted
above, this reduces the overall yield of the process and requires higher hydrogen inputs. This
technology limitation has to be taken into consideration when it comes to sizing a facility to
maximize volumes of biojet that would be produced.
In addition, the extra processing required to maximize biojet fuel production increases the per
unit cost of production. In the absence of a price premium for jet fuels compared to ultra-low
sulphur diesel (ULSD) fuels, jet fuel would be sold as ULSD since jet fuel can be used in diesel
engines (Karatzos et al., 2014). Unless there is significant price premium for HEFA jet fuel
compared to HEFA diesel, or market signals requiring biojet fuel use or valuing lower carbon
benefits, the extra cost of maximizing HEFA jet yields and the cost of separating jet from diesel
fractions is not justified.

5.3

Commercial HEFA Production

Oleochemical derived fuels are the only drop-in biofuels that are being produced at relatively
large commercial scale today. Neste Oil, a Finnish petroleum refining company, is currently the
world’s largest producer of drop-in biofuels and operates three HEFA facilities (Finland,
Rotterdam, Singapore) with an annual total capacity of 2.4BL. Neste renewable diesel is
marketed as “NexBtL” (Neste Oil, 2013a). This fuel has been blended direct with jet fuel to
determine operability.
An alternate technology for HEFA fuel production is the “Biosynfining" technology originally
developed by Syntroleum and Tyson Foods and licensed to Dynamic Fuels, a commercial jointventure plant in Louisiana. This facility has a capacity of 284 MLY of renewable diesel, and
started operations in 2010. However, in 2012, operations were halted due to hydrogen supply
interruptions. The facility recently restarted operations after purchase by Renewable Energy
Group, Inc., who announced a $15M investment to restart the facility.
Another prominent technology provider for renewable diesel facilities is Honeywell-UOP. UOP
markets the process, called UOP/Eni Ecofining, which has been selected for several proposed
HEFA facilities. Oil producer and co-technology developer, Eni, retrofitted an existing oil refinery
for 400 MLY capacity; the facility has been operating near Venice, Italy, since April 2014. The
Diamond Green Diesel facility in Kentucky (a joint venture between Darling International Inc.
and Valero Corporation) licensed the Honeywell-UOP process for a 515ML facility in Norco,
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Louisiana, and started operations in May 2014. This technology was also licensed by Emerald
biofuels, which announced that it would build a 322 MLY plant at the Dow Chemical site in
Plaquemine, Louisiana. At the time of writing they state that development activities are
complete, although no specific completion date is given. Two additional stand-alone facilities
licensing the Honeywell-UOP technology were announced in 2014, including the large Petrixo
facility slated for construction in the United Arab Emirates, with a stated capacity of 1200 MLY.
The second facility announced in 2014 is the SG Preston South Point facility in Ohio, with a stated
capacity of 450 MLY and completion expected in 2017.
Particularly relevant to this report, the Honeywell-UOP process has been licensed by AltAir, which
intends to start production of oleochemical based jet and diesel fuels at their retrofitted
Paramount refinery in LA. AltAir has signed an agreement with United Airlines to supply a
minimum of 57 MLY renewable jet fuel to United Airline’s LAX hub. The facility is expected to
produce upwards of 110 MLY of total HEFA fuels, of which 57ML will be jet fraction, implying that
this facility is being optimized for the production of jet fuel (~52% of the total HEFA distillates will
be in the jet fraction). This process utilizes the Honeywell-UOP ‘Green Jet Fuel’ technology to
produce and separate out the jet fraction from the renewable diesel blend.
In addition to the vegetable-oil and fats derived HEFA facilities described above, pulp and
paper companies such as Sunpine and UPM Kymene produce HEFA using their tall oil (2% of
wood feedstock) as feedstock. The 100,000 t/year, 150M euros UPM Lappeenranta facility
(Kaukas mill) in Finland is under construction, and is expected to commission in 2014. Sunpine’s
facility in Piteå, Sweden has been operating since 2007, with a stated capacity of 100,000 t/year.
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Table 4: Current technology providers for HEFA fuels
Technology
Provider

Technology/
Product
name

Facility Type

Facilities utilizing
this technology

Feedstock

HEFA
Capacity
(MLY)

Total
capital
(US$M)

Operating since

400

Cost of
Installed
capacity
(US$/L)
0.78

HoneywellUOP

UOP/Eni
Ecofining

Standalone

Diamond Green
Diesel, Louisiana

Tallow

515

Retrofit (oil
refinery)

Eni, Venice Italy

Palm oil initially, then
Tallow, used cooking oil

400

130

0.36

April, 2014

Standalone

Emerald Biofuels,
Louisiana

Tallow

322

n.d.

n.d.

Startup expected in
late 2014****

Standalone

Petrixo, U.A.E.

Various/Flexible, not
stated
Tallow, Corn Oil

1200*

800

0.67

Announced 2014

Standalone

SG Preston, Ohio

450

400

0.89

Announced 2014

114

n.d.

n.d.

Commercial operation
expected in Q2 2015

408*

260

0.64

2007, 2009 (two plants
at Porvoo refinery)

May, 2014

HoneywellUOP

Honeywell
Green Jet

Retrofit (oil
refinery)

AltAir Fuels,
California

Neste

NexBtL

Standalone

Neste Finland

"Non-edible oils"
(Camelina?),
"Agricultural waste"
Various, 12 approved**

Standalone

Neste Rotterdam

Various, 12 approved

960*

1,000

1.04

2011

Standalone

Neste Singapore

Various, 12 approved

960*

725

0.76

2010

Standalone

Dynamic Fuels,
Louisiana

Poultry (chicken)

284

150

0.53

2010-2012, 2014

Renewable
Energy Group
Inc.***

Bio-Synfining

* Calculated from 'tonnes of diesel' values, using diesel density of 0.832 kg/L
** Palm oil (53%), rapeseed, animal fat, palm fatty acid distillate (PFAD, co-product of palm oil process), tall oil pitch, technical corn oil, spent bleaching oil, camelina, jatropha, soy
*** Previously owned by Syntroleum and Tyson Foods, bought by REG Inc. in 2014
**** No publicly available update
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5.3.1

Technology choice for Canadian biojet production

There are two main oleochemical technologies potentially available for establishing a large
scale (>200 MLY) facility in Canada, Neste Oil’s NextBtL and Honeywell-UOP/Eni Ecofining. The
BioSynfining technology (used by Renewable Energy Group) was not considered as production
was halted in 2012 at the only facility using this technology (however, this facility restarted in
October 2014). UOP/Eni Ecofining™ technology was chosen for this analysis for the following
reasons: (1) data is available for this technology, (2) it is the most modern technology; and (3)
market penetration and market share are expanding (as several companies have recently
licensed it).
The NextBtL process has been operating for the longest period, but the company has not
licensed the technology to third parties. The UOP/Eni Ecofining technology specifically refers to
the production of Green Diesel, while a modification of the process for biojet production is
known as UOP Green Jet FuelTM process.
A diagram of UOP Green Diesel and Green JetTM process is shown in the figure below.

Figure 5-5: Illustration of the UOP Green Jet FuelTM process
Table 4 showed that capital costs for each facility varied considerably, even though they are
using the same technology. The cheapest capital cost per litre is found at the retrofitted facility
in Italy, based on UOP-Eni Ecofining technology. The Honeywell-UOP process has been wellstudied (Pearlson, 2011) and extensive data is available on the process and the yields
obtainable. Comparable information is not available for the NexBtL process, which makes it
difficult to calculate feedstock requirements. Therefore, calculations for feedstock volumes were
based on the UOP process as outlined in Pearlson (2011).
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6

TECHNOLOGY ASSESSMENT & SELECTION FOR THE 2025 SCENARIO

Similar to the previous section, we will select the optimal technology for the 2025 scenario and
discuss the selected option in more detail.

6.1

Shortlisting technologies

Technology selection for 2025 is based on the fact that many advanced technologies have not
reached a level of maturity to become commercially viable in the short term (2020), but are
expected to become viable for implementation by 2025. These advanced technologies have
several advantages over current technologies, primarily stemming from their ability to utilize
lignocellulosic biomass as a feedstock.
The selection criteria for a 2025 technology include the following:
4. Technology must currently be at least at pilot stage while on track for a demonstration
facility by 2020 and a commercial facility by 2025
5. Feedstock availability in Canada, feedstock cost, and sustainability
6. The technology should exhibit a favorable techno-economic profile
7. The process should not produce higher value intermediates
These criteria were designed to narrow down the list of potential technology platforms in order
to aid in the selection of a long-term, viable biojet production strategy for Canada. Selection of
a technology platform using these criteria will ensure that the selected technology leverages
Canada’s unique attributes (e.g. abundance of lignocellulosic biomass). Other technologies
may be more appropriate in other regions (e.g. the abundance of industrial sugars and ethanol
in the US and Brazil would influence different options).
Figure 6-1 summarizes the shortlisting elements that resulted in the selection of HDCJ as the best
option for a 2025 Canadian biojet supply chain. In the following sections, we provide greater
detail to the shortlisting analysis.

Figure 6-1: Shortlisting technologies for the 2025 scenario

6.2

Assessment of technologies based on selection criteria

All four technologies described above have the potential to be established for domestic biojet
production in Canada. Therefore, in order to aid in technology selection, these technologies
were compared based on the selection criteria described above. The 2025 analysis looked
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specifically to other emergent technologies other than the HEFA platform; however, it is possible
that HEFA will still be the dominant biojet technology beyond 2025.
Criterion 1: Technology must currently be at least at pilot stage while on track for a
demonstration facility by 2020 and a commercial facility by 2025
a) AtJ
Alcohol (specifically ethanol) production from sugars has been at commercial scale for
decades, while ethanol production from biomass has recently reached commercial scale (e.g.
Chemtex, DSM-Poet, Abengoa, GrandBio). Pilot-scale production of biojet from alcohols has
already been demonstrated. Lanzatech, a producer of ethanol from fermentation of syngas
and other CO/CO2 sources, is working with Swedish Biofuels AB to upgrade their ethanol into
biojet. Byogy has demonstrated pilot-scale catalytic synthesis of jet fuel from ethanol.
Additionally, Gevo, a producer of biobutanol, has demonstrated the successful production of
biojet from butanol. The fuel was used in a test flight by the US Air Force using a 50/50 blend of
Gevo’s AtJ blendstock and petroleum-derived jet fuel (Gevo, 2013). Overall, alcohol (mostly
ethanol) production has been demonstrated at commercial scale, but the dehydration,
oligomerization, and hydrogenation required to convert the alcohols to biojet has so far only
been demonstrated at pilot scale. AtJ technology is on track for demonstration facilities by 2020,
and is expected to reach commercial production by 2025.
b) DSHC
DSHC technologies have achieved demonstration-scale (e.g. LS9) and small-commercial (e.g.
Amyris) scale production. Amyris is currently producing farnesene at small-commercial scale;
however, this product is primarily being used to produce squalene, a cosmetic ingredient.
Additionally, farnesene requires further upgrading in order for it to be considered a drop-in fuel.
This upgrading has been done at pilot-scale; however, the higher margins for squalene
production compared to farnesene production has resulted in Amyris focusing on squalene and
other cosmetic additives rather than farnesene. LS9 has successfully demonstrated the
production of biojet molecules through a synthetic biology platform involving the production of
long chain fatty acids in E. coli. LS9 is also focusing on higher value chemical products, rather
than biofuels. Overall, the DSHC pathway has been achieved at demonstration and smallcommercial scale, and the technology will be at a suitable level of maturity for a commercial
facility by 2025.
c) Gasification/FT
Gasification using coal or natural gas as a feedstock to produce transportation fuel is already
commercialized at large scale (e.g. Shell’s Pearl GtL facility in Qatar and Sasol’s coal-based
facility in South Africa). Gasification of biomass for heat and power applications is also a mature,
commercial scale technology. However, utilization of biomass as a feedstock for gasification/FT
to produce hydrocarbon blendstock fuels has not been proven at scale as biomass presents
significant challenges. Although some companies claim that small scale gasification systems can
be built and operated commercially, their economic feasibility has not been proven (Karatzos et
al., 2014). Pilot-scale facilities for producing hydrocarbon blendstock fuels via gasification/FT of
biomass have been built, and demonstration scale facilities could be operational by 2020
(Fulcrum, 2014).
d) HDCJ
Pyrolysis-based technologies have varying levels of maturity for the two stages, bio-oil
production and hydrotreatment/upgrading of the bio-oil. Production of bio-oil through
conventional pyrolysis technology is at demonstration scale (e.g. Fortum’s ~350 tpd Joensuu
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facility in Finland), while the advanced variants (catalytic pyrolysis, hydropyrolysis, and
hydrothermal liquefaction) are mostly at pilot scale (e.g. Licella, Steeper, Anellotech). The KiOR
facility was built to commercial scale, but the company encountered technical and financial
difficulties. Hydrotreatment/upgrading of bio-oil is currently at pilot scale. It is expected that
additional pilot and demonstration facilities will be constructed before 2020, and that the
technology will reach commercial scale maturity by 2025.
Criterion 2: Feedstock availability in Canada, feedstock cost and sustainability
a) AtJ
AtJ technology uses alcohol as a feedstock for conversion into biojet. This technology may be
attractive in the US, where fuel marketers do not wish to include more than 10% ethanol in
gasoline (the so-called ‘blendwall’), which may result in excess quantities of ethanol from
conventional facilities being available for biojet production. Canada remains dependent on
ethanol imports to meet blend mandates and octane enhancement demand (in Canada the
maximum mandated ethanol blend rate is 8.5% in Saskatchewan). Alcohol is also an expensive
feedstock (~600$/ton as of Nov. 25, 2014) and may command higher prices as a gasoline
additive than for biojet production (IndexMundi, 2014).
b) DSHC
The feedstock for DSHC is sugars, a high cost feedstock (~420$/ton as of Nov. 25, 2014)
compared with lignocellulosic sources (IndexMundi, 2014). Utilization of sugars for biojet
production may also raise perceived sustainability concerns. Amyris, which uses this DSHC
technology platform, operates in Brazil, a country with vast sugarcane resources. A facility based
on this technology in Canada will likely have to rely on limited domestic sugar supplies (including
PEI sugar beet production) and sugar imports.
Beyond conventional sugar crops and ethanol production platforms, DSHC and AtJ
technologies may be able to source sustainable supplies of sugars and alcohols derived from
biomass. Companies such as Comet and Renmatix are developing cellulosic sugars
technologies, while a number of commercial biomass-to-ethanol facilities based on new
enzyme technologies have recently begun operations (e.g. Chemtex, Poet-DSM, Abengoa,
GranBio). These companies are currently producing sustainable biomass-derived sugars and
ethanol, which could potentially be incorporated into supply chains for DSHC or AtJ
technologies. At this point, it is likely that the additional processing steps required for producing
sugars/alcohols from biomass will prove too expensive for a viable DSHC or AtJ facility; however,
advancements in this area should be monitored for potential future incorporation into DSHC/AtJ
supply chains.
c) Gasification/FT and HDCJ
Gasification and pyrolysis technologies can utilize lignocellulosic feedstocks, which are lower in
cost than the feedstocks required for any of the other technologies described above.
Lignocellulosic feedstocks are also readily available in large quantities in Canada, and may
avoid perceived sustainability concerns of other feedstocks that are more closely related to the
food supply chain.
Criterion 3: The technology should exhibit a comparably favorable techno-economic
profile, based on a literature review
The ability to produce biojet at a competitive price to fossil-derived jet fuel is an target for
selection of a viable technology platform. To this end, many techno-economic analyses (TEAs)
have been published (Anex et al., 2010; Brown, 2014; Haarlemmer et al., 2012; Jones et al., 2013;
de Jong et al., 2014; Kazi et al., 2010; Klein-Marcuschamer and Blanch, 2013; Ringer et al., 2006)
regarding the technology platforms discussed here. Generally, the minimum fuel selling price
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(MFSP) of the product is used as a benchmark to compare economic viability of the
technologies. However, in the absence of commercial facilities, TEAs rely on assumptions which
vary between studies, and can produce widely different results. For example, it is noted by
Haarlemmer that “large uncertainties remain however with regard to the precision of the
economic predictions, the technology choices, the investment cost estimation, and even the
financial models to calculate the production costs” (Haarlemmer et al., 2012). Often, when a
facility is actually constructed, there is a large discrepancy between the estimated and actual
capital costs of the project (e.g. KiOR, Shell’s Pearl facility (Karatzos et al., 2014)). This is likely due,
at least in part, to underestimation of technological challenges, construction costs, and the time
taken to achieve full production capacity. Additionally, various industries have experienced
capital cost premiums to construct industrial facilities in Canada (these are due to labour
productivity, labour cost, material costs, etc.). The MFSP used in this technology selection analysis
excludes any carbon price or compliance cost (e.g. US RINs) impacts.
An additional drawback to utilizing MFSPs calculated from TEAs for the purposes of this analysis is
that many of these TEAs are based on assumptions for an ‘nth’ facility, rather than a pioneer or
‘first-of-a-kind’ facility. Swanson estimates that a pioneer facility would result in a capital
investment of more than double the nth plant, and a MFSP 60-90% higher (Swanson et al., 2010).
The nth plant values calculated through these TEAs will therefore provide artificially optimistic
MFSP values for a pioneer facility such as the one being considered here. Thus, although these
TEAs provide useful information for assessing general trends (e.g. likelihood of eventually
reaching cost-competitiveness with fossil-fuel-derived hydrocarbon fuels), specific MFSP values
reported in the literature will likely not reflect the true MFSP realized from the specific pioneer
facility being proposed here. A detailed, project-specific TEA would be required to provide an
estimate of the MFSP from this facility.
Little information is available from TEAs on the AtJ and DSHC pathways; however, insights into the
economics of these processes can be gained from analyzing the feedstock costs, conversion
efficiencies, and yields. For the gasification/FT and HDCJ pathways, a large number of TEA
studies have been carried out (Anex et al., 2010; Brown, 2014; Brown and Brown, 2013; Jones et
al., 2013; de Jong et al., 2014; Swanson et al., 2010) and have produced a wide range of values
for these two technologies. Results vary, depending partly upon specific process steps employed
for each pathway (e.g. high vs. low-temperature gasification, on-site production vs. purchased
hydrogen for pyrolysis).
Some general trends can be extracted from published TEAs on gasification/FT and HDCJ.
Specifically, comparative TEAs consistently suggest that the HDCJ pathway will produce fuels
with a lower MFSP than those from gasification/FT (Anex et al., 2010; Brown, 2014; Brown and
Brown, 2013; Jones et al., 2013; de Jong et al., 2014; Swanson et al., 2010). This is, in part,
because capital costs for a gasification/FT facility are widely expected to be significantly higher
than for a pyrolysis-based facility (≥$1B for a 2,000 tpd pioneer gasification/FT facility
(Haarlemmer et al., 2012; Swanson et al., 2010), compared to ~$700M for an equivalent scale
pyrolysis facility (Anex et al., 2010; Jones et al., 2013)).
Criteria 4: The process should not produce higher value intermediates
a) AtJ
AtJ facilities will produce alcohol (e.g. ethanol or butanol) prior to polymerizing and
hydrotreating the alcohols into fuels. However, the market value of the alcohol produced is
relatively high. Regarding ethanol in particular, an average of 3.5 molecules of ethanol are
combined to produce a single molecule of biojet (e.g. C7H17), resulting in a 1.65:1 ratio for
ethanol to biojet volume (Klein-Marcuschamer and Blanch, 2013). This is the theoretical minimum
volumetric ratio; extra hydrogen is also needed for deoxygenating the polymerized product. As
concluded by Klein-Marcuschamer and Blanch, “if an ethanol price of US$2.50/gal is used, this
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results in a biojet fuel production cost of US$4.12/gallon ($1.09/L). At a jet fuel price of ~US$3/gal
(US$0.80/L), biojet revenue would not be enough to cover the opportunity cost of the ethanol
intermediate, even operating at maximum theoretical yields and ignoring all other costs
(including hydrogen)” (Klein-Marcuschamer and Blanch, 2013). However, if ethanol can be
produced at low cost, it may be possible to produce competitively-priced jet fuel through this
pathway.
b) DSHC
Of the companies pursuing the DSHC pathway, Amyris is the only one to have achieved small
commercial scale for its farnesene production platform. Farnesene is a valuable molecule as an
intermediate in the production of squalane and other compounds with applications in
fragrances/cosmetics. The average selling price of farnesene and farnesene derivatives
produced by Amyris has been reported to be $9.84/L, with squalane in selling for $30/L
(Investorscore, 2014). The reported production costs are significantly lower than these selling
prices (~$4/L according to (Amyris, 2014). With the capacity to produce higher value molecules
from farnesene, there is no economic case for converting farnesene molecules into farnesane
for jet fuel applications. This situation could change if the current markets for farnesene and its
derivatives become saturated, or if policy instruments were applied to incentivize farnesane
production.
c) Gasification/FT and HDCJ
These two technologies are combined for performance against this criterion. Gasification/FT and
HDCJ technologies do not directly produce higher value intermediates. However, power
generation (through combustion of the syngas or bio-oil) could be considered a competing
market for these intermediates in the production of biojet fuel.

6.3

Summary of technology evaluation

The below summarizes the assessment of potential technology platforms against one another
according to the selection criteria. The 2025 technology evaluation is more complex than for the
2020 selection. The table below is presented to give more detail on this selection process.
Table 5: Comparison of selected technologies based on the stated criteria. H=High; M=Medium;
L=Low

*Production of bio-oil has been performed successfully at demonstration scale, but upgrading of
bio-oil to biojet is at pilot scale
**Sustainability depends on sugar or alcohol source
***Excludes any carbon price impacts
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From the criteria alignment above, it can be seen that all four potential technologies are at pilot
scale or larger, with only the DSHC pathway (i.e. Amyris) currently operating at a small
commercial scale. Regarding feedstock availability, cost, and sustainability in Canada, it can be
seen that both the AtJ and DSHC pathways do not exhibit favourable feedstock profiles, while
the gasification/FT and HDCJ (pyrolysis) platforms do. Although reported MFSPs (AtJ, DSHC), as
well as those predicted/calculated from TEAs (gasification/pyrolysis), for the different
technologies are available, there are limitations associated with comparing different TEAderived MFSP values. Despite these limitations, a high-level assessment indicates that the DSHC
route is likely to be the most expensive, followed by AtJ, then gasification/FT, then HDCJ
(pyrolysis) (Anex et al., 2010; Brown, 2014; Brown and Brown, 2013; Jones et al., 2013; de Jong et
al., 2014; Swanson et al., 2010). Both the AtJ and DSHC pathways produce higher-value
intermediates, presenting alternative markets that will divert product streams away from biojet
fuel production. Finally, ASTM certification has been received for both the AtJ and
gasification/FT biojet fuels, while ASTM certification of the DSHC fuels is imminent, and
certification for fuels produced via pyrolysis-based platform fuels is expected by 2015-2016
(Airbus et al., 2014; SkyNRG, 2014).
Of the thermochemical routes considered here (gasification/FT and HDCJ), the capital costs of
gasification/FT are expected to be significantly higher than those for an equivalent HDCJ facility
(Anex et al., 2010; Haarlemmer et al., 2012; Jones et al., 2013; Karatzos et al., 2014; Swanson et
al., 2010). Additionally, the economies of scale that make gasification/FT feasible with coal or
natural gas cannot be achieved using biomass as a feedstock, as the low energy density of
biomass leads to non-linear increases in transportation costs as the scale of the facility increases.
These factors contribute to a higher MFSP for the gasification/FT pathway, compared to the
DSHC pathway.
Overall, analysis of potential technology platforms using the criteria outlined here suggest that a
pyrolysis-based technology platform is the most promising for implementing a viable Canadian
biojet supply chain in the 2025 scenario.
This production platform is further reviewed in the following sections.

6.4

2025 Biojet production platform description

The pyrolysis platform appears to be the most promising technology for a 2025 Canadian biojet
supply chain. This section provides a deeper review of the current state-of-the-art in pyrolysis
technologies. The section also provides a summary of potential pyrolysis technology providers.
The production of drop-in biofuel from a pyrolysis-based technology is illustrated in Figure 6-2.
From biomass to biojet, the process goes through various stages: production of pyrolysis oil;
upgrading to remove oxygen and producing hydrodeoxygenated pyrolysis oil; hydrocracking to
produce jet fuel range molecules; distillation and separation of fuel fractions.
The salient aspects of the process can be summarized as follows:


Biomass is >40% oxygen and drop-in fuel must have <2% oxygen



Oxygen is removed through various steps during the process through use of catalysts
and/or addition of hydrogen



Hydrogen can be sourced externally from natural gas or can be produced from the
biomass itself. Hydrogen production from the biomass itself is not economical at present
and results in a large reduction of fuel yield, so natural gas is recommended as a source
of hydrogen



Biojet is only one product that is obtained from the process, which also produces
blendstock for gasoline and diesel fuels
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Various types of pyrolysis technologies exist (conventional pyrolysis, catalytic pyrolysis,
hydrothermal liquefaction, hydropyrolysis)



Pyrolysis oils differ in oxygen levels, which may reduce the extent of further processing



Yield of total fuel blendstock from biomass ranges between 20-30% by mass. Within this,
the jet fuel fraction is expected to be in the range of 23-31 wt% (Zacher et al., 2014)

Figure 6-2: Simplified schematic of production of drop-in transportation fuels from biomass using
pyrolysis technology
Detailed descriptions of various pyrolysis technologies and other technical information related to
bio-oils and upgrading of bio-oils are provided in the Appendix.
6.4.1

Potential for co-processing in existing fossil fuel refineries

Co-processing of bio-oils in existing oil refineries presents a significant opportunity for cost savings
and is considered a key advantage of the HDCJ pathway. Processes such as hydrotreating,
hydrodeoxygenation, hydrocracking or fluid catalytic cracking closely resemble processes
found in oil refineries and thus offer the potential for leveraging existing infrastructure. An
additional component of a facility is hydrogen generation through steam reforming of natural
gas, a well-established process in existing oil refineries. Based on the techno-economic analysis
carried out by Jones et al., 2013, hydrotreating and hydrogen generation represent about 47%
of total installed equipment capital cost (Jones et al., 2013), and therefore co-processing in an
existing refinery complex could offer significant capital and operating cost benefits. However,
co-processing poses several technical challenges which have to be considered. Figure 6-3
provides a schematic of the biomass pyrolysis pathway and the potential insertion points for
various intermediate products into the petroleum refinery.
Neat pyrolysis oils cannot be readily co-processed with petroleum feeds as they typically
contain up to 30% water and up to 40% oxygen and are thus not miscible with the apolar
petroleum liquids (Venderbosch and Prins, 2011). As the oxygen content of bio-oils also increases
coking and deactivation of zeolite and hydrodeoxygenation (HDO) catalysts, they cannot be
readily inserted in oil refineries before at least partial deoxygenation (hydrotreatment). Catalytic
pyrolysis, hydrothermal liquefaction, etc. produce bio-oils with much lower levels of oxygen and,
thus, bio-oils from such processes may be inserted earlier into the oil refinery than bio-oils from
conventional pyrolysis.
Once the oxygen content of the bio-oil has been reduced by hydrotreatment, it becomes a
liquid hydrocarbon intermediate (such as hydrodeoxygenated pyrolysis oil, (HPO)) that can
potentially be co-processed in an oil refinery. As bio-oils, even when partially deoxygenated, are
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unstable at 400 °C or 500 °C (temperatures that are often used in petroleum distillation) they
cannot be directly co-processed with crude oil in the early process stage of the petroleum
refinery (Karatzos et al., 2014). Bio-oil insertion is better suited to the refinery’s hydroprocessing
(hydrotreatment and hydrocracking) or fluid catalytic cracking reactor stage. However, the
degree of hydrotreatment required can vary markedly and it largely depends on the coprocessing insertion point and the blending ratio. The fluid catalytic cracker (FCC) can process
higher oxygen bio-oils, while hydrocrackers are far more sensitive to oxygen as they operate
under high temperatures and pressures (Zacher et al., 2014).

Figure 6-3: Schematic illustrating potential refinery insertion points of intermediates (modified
from (Zacher et al., 2014)
Insertion of bio-oil into the FCC has been researched with 20% HDO blending proving to be
highly challenging. Although 5% HDO blends were found to be technically feasible, increased
coking was observed (Solantausta, 2011). These tests were based on bio-oil from conventional
pyrolysis and it is not clear how bio-oils from catalytic pyrolysis or hydrothermal liquefaction will
perform.
Bio-oils can also be co-processed in the hydrotreatment facilities of oil refineries, although this
has many challenges. Oil refineries use hydrotreatment as a desulfurization method and insertion
of bio-oils would create capacity utilization competition with the fossil feedstocks. Co-processing
at the hydrotreatment stage can increase coking, catalyst deactivation, and hydrogen
demand, and potentially cause irregular hydrogen pressure drops inside the reactor (Butler et
al., 2011). Catalysts for oil refining are not ideal for hydrotreatment of bio-oil; this is further
discussed in the appendix.
Hydrotreatment units in an oil refinery are sensitive to oxygen and unable to efficiently process
bio-oils with an oxygen content that exceeds about 5% at blending ratios of less than 10%. These
limitations could be overcome if improved catalysts, such as the recently developed NiCu
catalyst and other non-disclosed catalysts patented recently by participants of the BIOCOUP
project in Europe (Solantausta, 2011), can be commercialized.
Hydrocracking is a more severe form of hydrotreatment which aims to crack the heavy portions
of hydrocarbons. This process follows hydrotreating in an oil refinery and it is even less tolerant to
oxygen than hydrotreatment (due to higher pressures and temperatures). Hydrocracking units
can process biomass-derived HDO oils that have been extensively deoxygenated (<2%). Recent
techno-economic studies describe design cases where highly hydroprocessed HDOs are finished
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in the hydrocracker unit of an oil refinery in order to save capital equipment costs (Jones et al.,
2009).
Both FCCs and hydroprocessing refinery units can accept bio-oils that have been partially
deoxygenated (HDOs). However, the two facilities differ in their relative suitability for bio-oils.
FCCs can handle lower grade (up to 20% oxygen) HDOs without the need for hydrogen, but this
results in low conversion yields, large amounts of waste energy production and lower value end
products (low H/C ratio) which are mostly suitable as marine and bunker fuel blendstocks
(Fogassy et al., 2010; Karatzos et al., 2014; de Miguel Mercader et al., 2010). Alternatively,
hydroprocessing can only accept bio-oils that have been more extensively deoxygenated (max
of 3-5% oxygen), resulting in higher grade diesel and jet fuels (Bridgwater, 2012; Bui et al., 2009;
Butler et al., 2011; Karatzos et al., 2014).

6.5

Candidate technology providers for 2025

The process technologies to produce pyrolysis oils and marketable fuels are available from
several technology providers. Figure 6-4 illustrates the stages of the HDCJ process and the space
which technology providers occupy. Production of pyrolysis oil is a well-established process with
multiple companies working on its further development. Pyrolysis oil has not been used
commercially for transportation fuel production; it has, until now, been used as a fuel for
combined heat and power facilities and other uses, such as food flavourings (Czernik and
Bridgwater, 2004).

Figure 6-4: Diagram of pyrolysis technology platforms and providers
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The different pyrolysis technology options being developed by the technology providers vary in
their process conditions (temperature, pressure), hydrogen inputs, and catalyst requirements.
Conventional pyrolysis (i.e. pyrolysis producing crude, highly-oxygenated bio-oil) has been
commercialized and is considered a mature, low risk technology. The most prominent company
working in this area is Ensyn, which has been in continuous operation for over 25 years. In that
time, it has designed and commissioned 16 facilities (from pilot to commercial scale). Of these
16, there are 6 currently operating, producing mostly chemicals and heating fuels. Although
Ensyn produces mostly lower-grade bio-oils (compared to some of the advanced pyrolysis
techniques), the ongoing partnership between Ensyn and Chevron Technology Ventures is
notable, as it pairs Ensyn’s pyrolysis expertise with Chevron’s experience in upgrading, refining,
and distilling crude oils. In addition to this project, Ensyn has formed a joint venture with
Honeywell-UOP called Envergent. This project is of interest because UOP has commercialized the
UOP/Eni Ecofining process to produce green diesel fuel (HDRD) from biological feedstocks and
has developed technology to produce renewable jet fuel under a contract from the US Defense
Advanced Research Projects Agency (DARPA). This pairing of a proven pyrolysis technology
provider and a leading renewable jet fuel / petroleum refining technology provider is expected
to advance this production platform. An additional collaboration involving upgrading of
conventional pyrolysis oils was carried out by Dynamotive and IFPEn. The goal of this
collaboration was to upgrade Dynamotive’s bio-oil using IFPEn’s technology. However, despite
the construction of two facilities with capacities of 130 tpd and 200 tpd bio-oil in Canada
(commissioned in 2005 and 2007, respectively), the facilities are not operating and it is unclear if
this collaboration with IFPEn is ongoing.
Several companies are also pursuing newer advanced pyrolysis technologies, with the goal of
producing bio-oils that are less oxygenated and more suitable for incorporation into existing
refineries for co-processing. These companies include those involved in catalytic pyrolysis
(Annelotech, LignoCat, and RTI/Haldor Topsoe), hydropyrolysis (Gas Technology Institute), and
hydrothermal liquefaction (Licella, Steeper). These technologies differ from conventional
pyrolysis in that they require catalysts and/or hydrogen inputs during the pyrolysis step. The earlystage advanced pyrolysis technologies have not been proven at scale, but can produce a biooil which should be more suitable for upgrading within conventional refinery infrastructure.
Cool Planet is a technology provider focusing on a hybrid pyrolysis platform. This technology
involves performing multiple conventional pyrolysis steps at various temperatures, followed by
direct catalytic treatment of the vaporized biomass. Although the pyrolysis steps employed by
Cool Planet are conventional, the unique stepped approach and the direct coupling of the
vaporized biomass streams with an array of catalysts enables Cool Planet to produce
deoxygenated, partially upgraded bio-oils, unlike other conventional pyrolysis technologies.
For establishment of a pyrolysis-based Canadian biojet supply chain by 2025, the lower risk
option will be to utilize the expertise of proven conventional pyrolysis technology companies,
with an emphasis on those that are currently engaged in collaborative projects to upgrade their
bio-oil products into deoxygenated hydrocarbon blendstocks.
The company that appears to best fit these criteria is Ensyn, which has a long track record in
conventional pyrolysis, and is involved in bio-oil upgrading through at least two collaborative
projects, one with UOP, and the other with Chevron Technology Ventures. While these
conventional pyrolysis/petroleum refining collaborations currently present the lower risk option, it
is possible that one or more of the advanced pyrolysis technologies under development will
soon reach an acceptable level of technological maturity. It will be worthwhile to monitor the
progress of the various advanced pyrolysis companies described in the appendix. If scaled up
demonstrations of these technologies are able to achieve the projected yields and minimum
fuel selling prices described, then these technologies could prove more viable than the
conventional pyrolysis/upgrading option in the long term.
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6.6

Scale discussion of 2025 facility

The suitable size for a fuel production facility based on the pyrolysis platform is linked to two key
issues: the scale at which effective pyrolysis can be carried out (related to heat transfer
limitations for high volumes); and cost of feedstock (related to transportation costs). It is industry
practice with pyrolysis facilities to report the size of the facility in terms of feedstock requirements
per day (in dry tonnes). In summary, current pyrolysis facilities operate at scales of 100-400 tpd
(Ensyn – conventional pyrolysis), although the KiOR facility (catalytic pyrolysis) was constructed
for a capacity of 500 tpd. A recent techno-economic analysis by Jones et al. (Jones et al., 2013)
is based on 2,000 tpd, and they indicate that the size has an important impact on the minimum
fuel selling price (MFSP).
As a feedstock, biomass has a low energy density compared to fossil fuels (or vegetable oils),
and transport over long distances adds to the cost of the feedstock processed at the facility. This
has an impact on the recommended size of a facility as the transportation of feedstock over
long distances becomes uneconomical as the supply radius increases. Current cellulosic ethanol
facilities are based on ~800-1200 tpd of agricultural residues, giving some indication of viable
feedstock volumes for a potential biofuel facility.
For purposes of this Phase 1 study we used reviewed academic and industry literature to select
three size options within the range of likely facility sizes (500, 1,000, and 2,000 tpd) to form the
basis for calculating feedstock requirement, supply radii, and fuel yields. The selection of the
HDCJ platform allows for feedstock transportation in forms other than unprocessed biomass;
production of pyrolysis oils (and especially deoxygenated pyrolysis oils) may increase logistical
efficiency.
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7

CHARACTERIZATION OF REGIONAL POTENTIAL (FEEDSTOCK) FOR
BIOJET IN 2020

Following the selection of a HEFA platform for 2020 biojet production, this section assesses
oleochemical feedstock availability and characteristics in Canada.

7.1

Suitable feedstocks for HEFA review

The feedstocks suitable for HEFA production are divided into the following categories:






Oilseed crops
Animal fats
Used cooking oil
Alternative oilseed crops
Other feedstocks (e.g. tall oil and algae)

Various criteria are taken into consideration for feedstock selection, including long-term
availability (supply security), quality specifications (suitability), price stability, and sustainability.
Feedstock assessment in this report was limited to domestically available supplies. A multifeedstock approach enables the 2020 HEFA facility to use feedstocks that are presently
considered as emerging, but may expand to commercially available volumes in the future.
A brief description of each feedstock group is given below.
Oilseed crops: The oilseed crops in Canada that can be utilized for biojet include canola
(rapeseed), soybean, flax (linseed), mustard seed, canary seed, sunflower and other oilseeds.
Among them, canola, soybean, and flax are the major crops and form the bulk of available
oleochemical feedstock in Canada. In 2013, more than 25 million acres were seeded for the
production of canola, soybean and flaxseed. The contribution of canola, soybean and flaxseed
were 20, 4.5 and 1 million acres, respectively. These farmlands produced 18, 5, and 0.6 million
tonnes of canola seed, soybean and flaxseed, respectively. Oilseed crops are marketed in the
form of seed, oil, or meal to domestic and international food, animal feed, biofuels and
oleochemical markets.
Animal fats: Animal fats are co-products of the meat processing and rendering industries.
Rendering in this context means the process of converting animal tissue into value added
materials. In Canada, these fats are mainly derived from four animal types: cattle (tallow), hogs
(white grease), chicken and turkey (poultry fat) (Stephen and Mabee, 2014). Animal fats are
categorized as edible or inedible. The rendered fats can be used in biofuel production, food,
feed or the oleochemical industries (Alm, 2013).
Used cooking oil (and other recycled feedstocks): Used cooking oil (UCO, also equivalent to
‘yellow grease’) is the spent vegetable oil and/or animal fat from deep fryers in the food
industry. Although used cooking oil is not a high-quality feedstock for biofuel production due to
potential contamination, variable quality, and free fatty acid content, it is less expensive
compared to vegetable oils and animal fats. While limited in supply (based on restaurant, food
processing use), increased enforcement banning re-use in food preparation and animal feed
sectors and improving commodity values has helped expand the supply in recent years (LMC
International, 2013).
Alternative oilseed crops (emerging oleochemical-based feedstock): Alternative oilseed crops
have been considered and tested for suitability for cultivation in Canada. Among them,
Camelina sativa (false flax) and Brassica carinata (Ethiopian mustard) are emerging as
promising feedstocks for biojet production as they have carbon chain lengths close to those
required for biojet (C8-C16).
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Camelina is well adapted to specific growing regions. It is tolerant of heat and drought, is shatter
resistant (improved seed recovery during harvest), and matures relatively early. This makes
camelina suitable for warm/dry regions of Saskatchewan, particularly the south-western region
(Palliser Triangle). It is an annual or winter annual crop with a short maturation cycle (85 to 100
days) and can grow on a wide range of soil types (Saskatchewan Ministry of Agriculture, 2009).
Studies in Saskatchewan (Gugel and Falk, 2006) show that camelina yields are comparable to
those of other Brassica species (B. rapa, B. juncea, and B. napus). Linnaeus Plant Sciences Inc. is
a Canadian firm leading the commercial development of camelina via their brand of seed
‘Midas’ (Linnaeus, 2014).
Another emerging oleochemical feedstock is carinata (Brassica carinata), commonly known as
Ethiopian mustard. Government research programs have assisted in developing varieties that
are improving yields, oil content, and are suited to semi-arid growing conditions (Saskatchewan
Ministry of Agriculture, 2009). Agrisoma Biosciences Inc. is a Canadian firm leading the
commercial development of carinata via their brand of seed ‘Resonance’(Agrisoma, 2014)
Other feedstocks:
Tall oil: Tall oil is typically obtained as a by-product in the kraft pulping of pine and spruce trees.
Kraft pulping is the process that converts wood into a pulp of purely cellulose content. Tall oil is
extracted from co-products of the kraft pulping process (weak black liquor) via centriguge and
use of heat and sulfuric acid. Canadian tall oil has low economic value for pulp mills due to its
small share of the North American markets for fatty acids based paints and resins. Tall oil is also
used as an adhesive, in rubber products, and as an emulsifier. Canadian pulp mills do not
typically sell tall oil, but burn it in chemical recovery boilers, power boilers, or lime kilns.
The total production of crude tall oil in Canada in 2013 is estimated to be 30,000 tonnes (Douek,
2014). Crude tall oil contains 40% to 50% fatty acids, but practical fatty acid recovery is
approximately 80% of this fraction. Tall oil fatty acids are mostly C18 compounds, similar to most
vegetable oils ((S&T)2 Consulting Inc., 2004). In most cases, the quantities produced at an
individual mill are small and/or of poor quality, which makes it uneconomical to extract and
market. Prince George and Thunder Bay are the two locations in Canada where crude tall oil
can be extracted ((S&T)2 Consulting Inc., 2004).
Algae oils: Algae oils are a potential feedstock for producing renewable fuels. The National
Research Council (NRC) has three institutes conducting research on algae, including Marine
Biosciences, Plant Biotechnology, and Chemical Process and Environmental Technology. There is
currently insufficient algae production for its use as a primary feedstock for commercial scale
biofuel production. At the time of writing, this feedstock is not considered a significant
component of the feedstock used in a 2020 HEFA facility.

7.2

Regional feedstock production

Figure 7-1 below characterizes the main growing regions of feedstock production. The
subsections that follow present each feedstock, including its regions of production, in greater
detail.
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Figure 7-1: Regional oleochemical feedstock production areas
The production of animal fats and used cooking oil are shown to be produced at the area of
their processing, typically near population centres. The figure below shows the production
quantities of HEFA feedstocks in each province. Provinces with lower levels of production are
grouped together by region. Lower volume feedstock sources are excluded from this table and
are addressed further in this section.
Table 6: Production of oleochemical feedstocks in Canadian Provinces (tonne) (Agriculture and
Agri-Food Canada, 2014; Soy 20/20, 2013; Flax Council of Canada, 2014; Canola Council of
Canada, 2014; Stephen and Mabee, 2014)
Canola seed,
2013

Soybean,
2013

Flaxseed2013

Animal
fat-2011

Yellow
grease2013

Total

Saskatchewan

8,460,000

-

455,100

18,644

4,544

8,938,288

Alberta

6,120,000

-

36,900

76,646

16,503

6,250,049

Manitoba

3,240,000

1,068,690

123,000

24,638

5,187

4,461,515

90,000

3,053,400

-

53,659

55,506

3,252,565

-

865,130

-

58,257

33,437

956,824

126,000

-

-

5,399

18,786

150,185

Maritimes

-

101,780

-

3,672

7,552

113,004

Newfoundland and
Labrador

-

-

-

-

2,159

2,159

Province

Ontario
Quebec
British Columbia
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Territories
Total

-

-

-

-

475

475

18,000,000

5,089,000

615,000

240,916

144,149

24,125,064

Historical data indicates that the oilseed industry has surplus (carryout) every year. Annual crop
production can be impacted by adverse growing conditions (e.g. weather, disease), and the
sector utilizes carryout levels to buffer supply shortfalls to meet market demand. Some crop
production in each year can be low quality, non-food grade oilseed. Off-grade canola is
typically blended with higher grade seeds up to allowable trade limits in order to utilize the
poorer quality crop; some off-grade canola seed is used to meet biofuel feedstock demand
(Canola Council of Canada, 2014). Production of Canadian oilseeds is highly responsive to
global demand for fats and oils and the comparative market price for oilseeds to other crop
alternatives. Oilseed crops have existing primary domestic and international markets for seed, oil
and meal in the food, animal feed, biodiesel, and oleochemical sectors. Additional marginal
demand from a new biojet sector would support on-going crop development research to
improve yields, oil content, oil, and meal quality and agronomic practices, and may increase
acres planted to increase crop production.
To assess the potential demand impact for biojet production in 2020 and beyond, we
calculated the average carryout surplus for the last six years for canola and soybean, and the
last three years for flaxseed. The use of the carryout metric is only a proxy for assessing marginal
crop availability; the supply chain will continue to need a reasonable carryout balance to
manage demand and supply. The average annual surplus is estimated to be 1.6, 0.24 and 0.09
Mt of canola seed, canola oil, soybean and flaxseed, respectively.
Table 7 presents the potential available oleochemical feedstocks for biojet production in
Canada. As identified in the table, three scenarios are defined that correspond to the amount
of potentially available feedstock: optimistic, average and pessimistic:
In the optimistic scenario, a value of 70% of the estimated average carryout of oilseed crops (for
the static calculation year) is used for assessing biojet potential. For the average and pessimistic
scenarios, 50% and 30% of the estimated average surplus (for the static calculation year) are
considered, respectively.
The total domestic production of animal fat and yellow grease is not available for biojet
production as not all of the produced animal fat and yellow grease is collected. As with oilseed
crops, there are existing primary domestic and international markets for this material (e.g. animal
feed, oleochemical products, and biodiesel). For animal fat and yellow grease, only 50% of
annual production in Canada is considered available for biojet production in the optimistic
scenario. For the pessimistic scenario, it is assumed 25% of annual production is available for
biojet. An average of the optimistic and pessimistic scenario is created for the average scenario.
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Table 7: Modelled available oleochemical feedstock for biojet production in Canada and estimated HEFA production volume
Scenario

Canola seed

Soybean

Flaxseed

Animal fat

Yellow grease

Total

Potential available oleochemical feedstock for biojet production in Canada (tonne)
Optimistic

1,127,000

164,000

63,000

125,000

75,000

1,554,000

Average

805,000

117,000

45,000

90,000

50,000

1,107,000

Pessimistic

483,000

70,000

27,000

60,000

30,000

670,000

Oil production from the above available feedstock (tonne)
Optimistic

454,000 1,4

33,000 2,4

27,000 3,4

125,000

71,000 5

710,000

Average

325,000 1,4

24,000 2,4

19,000 3,4

90,000

48,000 5

506,000

Pessimistic

196,000 1,4

14,000 2,4

12,000 3,4

60,000

29,000 5

311,000

HEFA production volume-optimized for jet yield (ML) 6
Optimistic

346

25

21

95

54

541

Average

247

18

15

69

36

385

Pessimistic

148

11

9

46

22

236

Oil content of canola seed is assumed to be 42% (Canola Council of Canada1, 2013).
Oil content of soybean is assumed to be 21% (Soy 20/20, 2013).
3 Oil content of flaxseed is assumed to be 44% (Canadian Grain Commission, 2014)
4 Oil recovery of oilseeds is assumed to be 96% at the crushing facilities (Statistics Canada, 2009).
5 5% of yellow grease mass is lost during purifying the oil (Çaylı, Küsefoğlu, 2008).
6 Density of the oil is assumed to be 0.92 kg/litre. In addition, the efficiency of conversion process from oil to HEFA is assumed to be 70%
with 50% of this being the maximum jet fraction (Pearlson, 2011).
1
2
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The aggregate national production of HEFA feedstocks for three scenarios are shown below in
Figure 27. Canola has the largest potential supply for a biojet supply chain, followed by animal
fats, yellow grease, soybean, and flaxseed.
National production of HEFA feedstocks (million liters)

600

541

500

385
400

300
236
200

100

0

Optimistic
Canola seed

Average
Soybean

Flaxseed

Pessimistic
Animal fat

Yellow grease

Figure 7-2: Estimated national production of HEFA feedstocks in the optimistic, pessimistic and
average scenarios
Figure 7-3 and Error! Reference source not found. show the national feedstock production, by
province, to potentially supply a HEFA facility. The provinces of Alberta, Saskatchewan, and
Manitoba contribute over 80% of the total oleochemical feedstock required. The supply
potential of Ontario and Quebec is about 17% of the national total.
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2.0%

0.9%

7.0%
10.3%

35.1%

15.5%

29.1%

Saskatchewan
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Quebec
Maritimes

Alberta
Ontario
British Columbia
Other provinces

Figure 7-3: Contribution of provinces to produce feedstocks for the production of HEFA biojet
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Other
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Figure 7-4: Contribution of provinces to produce feedstocks for the production of HEFA biojet in the three scenarios
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7.2.1

Feedstock growth and average price

The major Canadian oilseed sectors have initiatives in place to establish new markets. Select
initiatives include Canola…Growing Great 2015, Canola Market Access Plan, Canola ‘Keep it
Coming 2025’, Soy20/20 and Flax Canada 2015. The general view in the oilseed sector is that
demand from new markets can be fulfilled by responsibly increasing domestic production. The
Canadian crop breeders and growers have shown that they have the capability to increase
production mainly through the further improvement in agronomic practices and crop varieties
that have higher yield, oil content, and resistance to drought, disease.
Table 8 presents the price of oleochemical feedstocks for a period of 10 years. This is currently
presented for information purposes. The prices are indicative of historic feedstock costs and
show that there is a publicly available price for these feedstocks. Techno-economic analysis in
Phase 2 of this report will incorporate feedstock pricing.
Table 8: Oleochemical feedstock price in Canada (Canola council of Canada, 2014; Agriculture
and Agri-Food Canada, 2014; USDA, 2014; NASS, 2009)
Feedstock type

Min

Average

Max

Standard
deviation

Canola oil ($C/tonne)- (2005-2014)

520

945

1462

235

Soybean oil ($US/tonne)- (2004-2014)

516

887

1172

213

Animal fat ($C/tonne)- (2004-2013)

420

725

990

213

7.3

Specific oleochemical feedstock information

This section examines the major sources of oleochemical feedstock in Canada.
7.3.1

Canola

Europe, Canada, and China are the global leaders in canola/rapeseed production. Although
canola oil has developed niche markets for high quality vegetable oils, a significant amount of
the global production trades into the commodity bulk oil markets. Canola productivity has
improved over the past decade, both in terms of yield per acre and oil to meal ratios (meaning,
more oil/acre).
Canada is the largest producer of canola, generating approximately 25% of the global supply of
canola/rapeseed and representing more than 65% of the global trade. Canada exported 8.7,
2.7 and 3.3 million tonnes of seed, oil and meal in 2012-2013. Canola is Canada’s most valuable
crop; its production generated over $8.1 billion in farm cash receipts in 2012. The canola supply
chain employs 228,000 people across primary production, handling and transportation, crushing,
refining and food development, manufacturing and other services. Canola annually contributes
approximately $15.4 billion to Canada’s economy (Canola Council of Canada, 2013).
Production
Canola is primarily grown in the provinces of Alberta, Saskatchewan and Manitoba.
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Figure 7-5: Primary canola production regions in Canada (Newlands & Townley-Smith, 2012)
Figure 7-6 illustrates the annual production of canola in Canada. The average annual increase is
530,000 tonnes for the past 28 years. The 2014/2015 canola crop is estimated to be smaller than
the 2013/2014 crop year (BNN, 2014).
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Figure 7-6: Canadian canola production (Canola Council of Canada, 2014)
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In 2014, the Canola Council of Canada set a target to produce 26 million tonnes of seed with an
average yield of 52 bushels/acre by 2025.
Canola demand
Canada exports nearly 90% of the canola crop in the form of seed, oil, or meal to 55 markets;
the United States, Japan, Mexico and China, together account for approximately 90% of export
market demand (Canadian International Merchandise Trade Database, 2012). Figure 7-7 shows
the demand for three main markets for canola meal, oil and seed.

Canola deamnd (tonne)

25,000,000

20,000,000

15,000,000

10,000,000

5,000,000

0

Total Meal Demand

Total Oil Demand

Total Seed Demand

Total Demand

Figure 7-7: Canola meal, oil and seed demand (Canola Council of Canada, 2014)
Summary of market profile for Canadian canola
Production and market demand for canola have historically resulted in ending stocks (carryout)
after all market commitments have been met. Canola oil is used for food, biodiesel and
oleochemical markets; canola meal is used for animal feed rations. Table 9 shows the amount of
ending stocks for the total market demand. Ending stocks are an important part of the oilseed
industry as they serve to moderate price volatility and provide an important supply buffer
against supply chain interruptions. Higher ending stocks can lead to a decline in the market
prices, while low ending stocks can cause prices to rise and stimulate increased production. In
the near term, ending stocks were projected to be at record high levels due to a stronger
Canadian dollar and record crops in competing global oilseeds (Canola Council of Canada,
2014).

74

Canadian Biojet Supply Chain: Phase I
Version: 2
Table 9: Total supply, demand and ending stocks for Canadian canola (Canola Council of Canada, 2014)
Market profile

2002-03

2003-04

2004-05

2005-06

2006-07

2007-08

2008-09

2009-10

2010-11

2011-12

2012-13

Meal (tonne)
Total supply

1,431,000

2,148,000

1,929,000

2,044,000

2,130,000

2,521,000

2,524,000

2,712,000

3,753,000

4,052,000

4,096,000

Total demand

1,406,000

2,125,000

1,911,000

2,023,000

2,109,000

2,489,000

2,495,000

2,634,000

3,679,000

3,957,000

4,026,000

25,000

23,000

18,000

21,000

21,000

32,000

29,000

78,000

74,000

95,000

70,000

Total supply

983,000

1,465,000

1,349,000

1,548,000

1,735,000

1,814,000

2,009,000

2,339,000

2,967,000

3,304,000

3,139,000

Total demand

952,000

1,429,000

1,311,000

1,501,000

1,696,000

1,761,000

1,978,000

2,268,000

2,885,000

3,253,000

3,072,000

31,000

36,000

38,000

47,000

39,000

53,000

31,000

71,000

82,000

51,000

67,000

Total supply

5,960,100

7,908,000

8,389,800

11,209,400

11,210,300

11,572,500

14,226,900

14,969,500

15,761,000

16,890,500

14,703,400

Total demand

5,065,900

7,299,400

6,803,200

9,202,400

9,427,700

10,111,000

12,283,400

12,220,800

13,575,200

16,183,100

14,095,300

894,200

608,600

1,586,600

2,007,000

1,782,600

1,461,500

1,943,500

2,748,700

2,185,800

707,400

608,100

Ending stock
Oil (tonne)

Ending stock
Seed (tonne)

Ending stock

75

Canadian Biojet Supply Chain: Phase I
Version: 2
7.3.2

Soybean

In Canada, soybeans are is typically grown as part of a crop rotation (corn-soybeans-wheat),
and the majority of the production takes place in the provinces of Ontario, Manitoba, Quebec
and Prince Edward Island.

Figure 7-8: Canadian soybean production regions (Canadian Soybean Council, 2010)
In Ontario, soybean production has expanded 300% in the last 30 years. During the last 20 years,
Québec production has increased from nearly zero to 262,000 hectares. Similarly, over the past
10 years, production in Manitoba has increased from almost zero to 210,400 hectares (aided
through reduction in summer fallow). This expansion of soybean production is expected to
continue. Potential areas for expansion of soybean production include Prince Edward Island,
New Brunswick and Nova Scotia in the Atlantic Provinces, and western Manitoba, southeastern
Saskatchewan and southern Alberta on the Canadian prairies (Canadian Soybean Council,
2010). Figure 7-9 demonstrates the upward trend of soybean production areas.
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Figure 7-9: Canadian soybean harvested acreage (Statistics Canada, 2014)
Improvements in breeding have also contributed to the increased production of soybean in
Canada. Early maturity, improved cold tolerance and increasing yields have been some of the
breeding goals of the industry (Canadian Soybean Council, 2010).
Soybean has three markets including food, feed and industrial products (including biofuels and
oleochemicals). Table 10 shows the market profile of Canadian soybean, including total supply,
demand and ending stocks for 2008-2014. Two-thirds of Canada’s soybean production is
exported. Half of those exports are food grade, with the other half going to the animal feed
markets (Soy 20/20, 2013). The top five countries of destination for Canadian soybean exports in
2011-12 were the Netherlands, Japan, United States, Belgium and China. Food grade soybeans
for export markets represent the majority of the industry’s value, with the remainder coming from
the domestic food industry and emerging niche markets (Soy 20/20, 2013).
Soybean oil is the second largest source, after canola oil, of edible vegetable oil in Canada.
Conversely, imports, mostly from the United States, supply almost 50% of soybean meal use in
Canada. Less than 5% of domestic soybean meal supply is exported (Soy 20/20, 2013).
Table 10: Total supply, demand and ending stocks for Canadian soybean (thousand tonnes)
(Agriculture and Agri-Food Canada, 2014; Soy 20/20, 2013)
Market profile

2008-09

2009-10

2010-11

2011-12

2012-13

2013-14

2104-15

Production

3,336

3,581

4,445

4,298

5,086

5,198

4,900

Imports

351

372

266

232

253

250

250

Total supply

3,803

4,173

5,016

4,826

5,570

5,621

5,350

Exports

1,888

2,111

2,754

2,741

3,359

3,400

3,100

Food and industrial
use

-

-

-

-

1,541

1,600

1,600
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Market profile

2008-09

2009-10

2010-11

2011-12

2012-13

2013-14

2104-15

Feed, waste, and
dockage

-

-

-

-

316

246

275

Total domestic in
use

1,694

1,757

1,966

1,853

2,038

2,021

2,050

Ending stock

220

305

296

231

172

200

200

7.3.3

Flax

Canada is the world’s largest producer and exporter of flax. Flax is exported mainly to Europe,
the US, Japan and South Korea. Canada currently ships 60% of its flax exports to the EU, 30% to
the United States, and 4% to Japan. Figure 7-10 shows the production of flax in Canada. In the
relatively poor crop year of 2004/05, Canada produced about 0.5 Mt and exported 90% of it.
Dependence on export markets can have implications on producers: in the winter of 2009-2010,
the European market for prairie flax was closed after trace quantities of a genetically modified
variety (Triffid) were discovered in shipments from Canada. Chinese demand has offset the
steep decline in sales to Europe in the last three years (The Western Producer, 2013). The
production regions on the Canadian prairies are shown in Figure 7-10.

Flax production (tonne)

1,200,000
1,000,000
800,000
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Figure 7-10: Production of flax in Canada (Flax Council of Canada, 2014)
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Figure 7-11: Canadian flaxseed production regions (Newlands & Townley-Smith, 2012)
The Flax Council of Canada has developed an initiative, Flax Canada 2015 (FC2015), to identify
and utilize value-added opportunities for flax. FC2015 will support the value-added sectors with a
strategy for total utilization of flax for food, feed, fibre, health, and industrial uses. This national
initiative has a strategy to improve Canadian health, wellness and environmental sustainability,
and has a goal of positioning flax as one of the main drivers of the Canadian bio-economy (Flax
Canada 2015 Inc., 2014).
7.3.4

Animal fats

The annual availability of animal fat is correlated to the annual production of livestock. About
15% of cattle tallow and 10% of hog fat may be processed into edible fat ((S&T)2 Consultants
Inc., 2004). A large portion of rendered fats produced in Canada are exported.
Table 11: Animal fat production in Canada (tonne), 2011 (Stephen and Mabee, 2014)
Province

Cattle

Hogs

Chicken

Total

British Columbia

1,423

939

3,037

5,399

Alberta

62,412

12,372

1,862

76,646

Saskatchewan

8,447

9,424

773

18,644

Manitoba

1,569

22,146

923

24,638

Ontario

21,271

25,290

7,098

53,659

Quebec

13,972

38,862

5,423

58,257

Maritimes

1,452

719

1,502

3,672
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Canada

110,546

109,751

20,619

240,916

Figure 7-12: Production and export of animal fat in Canada ((S&T)2 Consulting Inc., 2004)
As shown in Figure 7-13, the greatest opportunities for biojet production from animal fat are from
rendering plants in Alberta, Ontario and Quebec.

2% 2%
British Columbia
24%
32%

Alberta
Saskatchewan
Manitoba
Ontario

22%

8%
10%

Quebec
Maritimes

Figure 7-13: Regional production of animal fat in Canada
7.3.5

Used cooking oil availability

To determine the size of the highly distributed used cooking oil (UCO) market, previous
assessments have used a population-based estimation approach. UCO production is derived
from spent cooking oils used for processing foods. Due to their relative populations, Ontario,
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Quebec, British Columbia and Alberta are Canada’s major producers of UCO. Currently, much
of the material is collected and processed for the animal feed market (75%).
Table 12: UCO production in Canada, 2013 (Stephen and Mabee, 2014)
Province

UCO production (tonne)

British Columbia

18,786

Alberta

16,503

Saskatchewan

4,544

Manitoba

5,187

Ontario

55,506

Quebec

33,437

Maritimes

7,552

Newfoundland and Labrador

2,159

Territories

475

Canada

144,149

1%
5%

British Columbia

13%

Alberta
Saskatchewan

23%

Manitoba

11%

Ontario

3%
4%

Quebec
Maritimes
Newfoundland and Labrador

39%

Territories

Figure 7-14: Regional production of used cooking oil in Canada
7.3.6

Emerging oleochemical feedstock availability

The availability of emerging oleochemical feedstocks, including alternative oilseed crops (e.g.
camelina and carinata), is still limited in Canada. Their commercial production is affected by the
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lack of consistent market demand, processing capacity, production costs and transportation
infrastructure. It will take time for crop developers to optimize these crops (for yield, product
quality), establish secure market demand and influence farmers to establish and maintain
commercial production levels of these crops. Farmers need to see a stable and profitable
market for these crops in order to produce them at commercial scale. The emergence of the
biojet industry in Canada can stimulate commercial production of these emerging feedstocks
by providing stable demand for these specific oilseeds.
Other obstacles to their production of novel industrial oilseeds is their inability to be crushed in
existing oilseed processing facilities due to potential for product co-mingling and export
market/consumer preferences. Dedicated crushing facilities may have to be established.
Among the emergent oleochemical feedstocks, camelina and carinata have received the
greatest amount attention from the aviation industry. The NRC 100% biojet-fuelled flight used
carinata-based biojet, and camelina has been selected for use in the EU-based ITAKA biojet
project.
In the optimistic, average, and pessimistic scenarios, we estimated that 100,000, 50,000 and
30,000 acres of ‘marginal lands’ would be used for the production of each of these emerging
crops by 2020. Table 13 presents the estimates of carinata and camelina oil available for HEFA
biojet production, based on this projection. Yields of camelina and carinata are assumed to be
0.82 and 0.92 tonne/acre. An oil content value of 40% (Ag-West Bio Inc., 2013) and an oil
recovery value of 96% (at the crushing facility) are used here.

Table 13: Estimated production of carinata and camelina by 2020
Scenario

Carinata

Camelina

Total

Seed production (tonne)
Optimistic

82,000

92,000

174,000

Average

41,000

46,000

87,000

Pessimistic

24,600

27,600

52,200

Optimistic

31,500

35,000

66,500

Average

16,000

18,000

34,000

Pessimistic

10,000

11,000

21,000

Oil production (tonne)

HEFA production volume, optimized for jet yield (ML)
Optimistic

24

27

51

Average

12

14

26

7

8

15

Pessimistic

Table 13 shows the potential production of carinata and camelina oil available for HEFA
production in the optimistic, average, and pessimistic scenarios by 2020. Due to the
advancement in the breeding of these crops to increase their yield and oil content, coupled
with the potential utilization of marginal lands on the Canadian prairies, these crops could play
an important role in the production of feedstocks for biojet in Canada.
Other oleochemical feedstocks, such as algae and tall oil, are excluded from the feedstock
availability assessment and are not considered for the production of biojet at the 2020 HEFA
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facility. As discussed before, the production of algae in Canada is still at the research and
development stage. Regarding tall oil, its chemical composition is not as suitable as that of other
oleochemical feedstocks available for the production of biojet.
7.3.7

Size of the HEFA facility and feedstock availability

The minimum size of a first oleochemical HEFA facility for Canada was proposed at 250 MLY
(section 5.1.1 ), which is feasible even when considering the pessimistic feedstock scenario. As
stated in the previous section compared to the capacity of existing facilities, this is a relatively
small facility size but is appropriately scaled to Canada’s feedstock supply options and regional
airport fuel demands. The biojet fraction will range between 15 to 50% of total HEFA biofuel
production, depending on the optimization of the process. Thus, the maximum biojet volumes
that could be produced would be approximately 125 MLY, which is about 1.7% of total jet fuel
requirements for Canada (based on 7 BLY consumed).
7.3.8

Required harvest area and supply radius

A 250 MLY HEFA biojet plant would require 390 tonnes per year of oleochemical feedstocks.
Oleochemical feedstocks will be supplied to the HEFA plant from a primary processing facility
(e.g. oilseed crusher or rendering plant). Depending on the oilseed feedstock(s) selected for a
specific plant location, a portion of the crop lands would be required to supply a processing
plant to extract oil for the biojet facility. To analyze the impact on any particular crop, Table 15
presents the average amount of land and percent of annual production a 250 MLY HEFA facility
would use of each of the three oilseed crops. However, a HEFA biojet plant would likely use a
combination of feedstocks and could possibly procure feedstocks from outside of the region.
Table 14: Estimated required harvest area to procure feedstock for a HEFA facility

Canola

Soybean

Flax

Total

Percentage of total land area
under the cultivation of canola,
soybean and flaxseed in 2013

Optimistic

1.5

0.14

0.1

1.74

7%

Average

1.1

0.09

0.08

1.27

5%

Pessimistic

0.7

0.06

0.05

0.81

3%

Scenario

Required harvest area (million acres)

The size of the supply radius depends on the feedstock(s) of choice, the annual feedstock
demand, regional growing conditions (e.g. soil types, weather) and the distribution of the
farmlands within the supply radius. Factors, such as the location of grain handling and crushing
facilities, will determine the actual supply region for a HEFA biojet plant. To minimize capital and
operating costs, the HEFA facility should be co-located with a feedstock crusher/processer or
incorporate these activities into the plant design.
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8

CHARACTERIZATION OF REGIONAL POTENTIAL (FEEDSTOCK) FOR
BIOJET IN 2025

This section identifies the types of lignocellulosic feedstock and their viability for the 2025 biojet
facility. These feedstocks can be grouped into: (1) forest-based biomass, (2) agricultural residues,
(3) dedicated energy crops, and (4) municipal solid waste (MSW). The key considerations for
feedstock viability are: cost, net availability and quality. Biodiversity, soil conservation, and
competing uses will have an impact on net availability and this is referred to in the report.

8.1

Forest-based biomass

Forty-five percent of the Canadian land base is forested, equating to 418 million hectares. Of this
amount, 235 million hectares are commercial forests (NRCan, 2009). Forest-based biomass
includes: 1) roundwood (the trunk of the tree); 2) harvest residues (tops, branches, and nonmerchandise timber from harvest operations); 3) mill residues (chips, sawdust and shavings, and
hog fuel); and 4) intermediates such as pellets and briquettes. It is recognized that each of these
feedstocks may have different perceptions of relative sustainability.

Figure 8-1: Locations of forest areas in Canada
8.1.1

Annual allowable cut

Wood harvesting in Canada has averaged approximately 240 million m3/year over the past 23
years from provincial land, private land and federal land (National Forestry Database, 2014).
Figure 41 illustrates the contribution of each of the provinces to the Canadian wood supply. The
largest fibre harvesting provinces are British Columbia (35%), followed by Quebec (21%), Alberta
(14%) and Ontario (14%).
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Figure 8-2: Wood supply in Canadian Provinces (National Forestry Database, 2014)
Harvesting rights are primarily controlled by provinces. The amount of wood permitted to be
harvested on an annual basis is called the ‘Annual Allowable Cut’ (AAC). This value varies across
years and forest region. All forest-based fibre supplies originate from harvesting under an AAC.
Typically, trees are logged on site and tops and branches (harvest residues) removed and left at
the harvesting site. The roundwood is transported to sawmills where it is cut to a
predetermined length, while the mill residues are generated at sawmills, representing chips,
shavings and sawdust. Figure 8-3 shows the typical yield of sawlog components in British
Columbia. A processed log at the sawmill typically yields 46% lumber (lumber and trim blocks),
30% wood chips, 15% sawdust/shavings, and 9% bark (AEBIOM et al., 2013).

Figure 8-3: Typical yield of sawlog components in British Columbia (AEBIOM et al., 2013)
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8.1.2

Roundwood – description and availability

Roundwood is available in large volumes, but is the most valuable part of the tree and a costly
feedstock for biofuel production. Small timber stand/low grade roundwood could be utilized if
rejected from lumber mills. Low grade roundwood does not have much commercial value for
lumber production as it is damaged by insects or disease, cracked, twisted or otherwise
unsuitable to make lumber (AEBIOM et al., 2013).
The drop in harvest levels since 2008 has resulted in a large amount of un-harvested timber that
can be utilized as a feedstock for new markets such as biofuel. In 2012, about 152 million m3
roundwood was produced in Canada while the total potential harvest was 227 million m3. Figure
8-4 shows the gradual increase in un-harvested timber volumes in Canada by province. In the
last decade, harvested areas have been lower that allowed under AAC volumes by 50 to105
million m3/year due to declining market conditions for the industry (e.g. reduced newsprint
demand and decline in US housing market).
Assuming a ratio of 0.5 oven dry tonnes wood (odt) per meter cubed of roundwood (Stephen
and Mabee, 2014), 25-52.5 million odt (average 37.5 million odt) is un-harvested and potentially
available to secondary markets. In 2012, the majority of un-harvested roundwood was located in
British Columbia (13.23 million odt), Quebec (7.72 million odt), Alberta (5.18 million odt) and
Ontario (5.15 million odt).
In summary, there is a large volume of un-harvested roundwood potentially available for biofuel
production in Canada. The majority of the available roundwood is located in British Columbia,
followed by Quebec, Alberta and Ontario.

Figure 8-4: Un-harvested wood supply volume by Province (National Forestry Database, 2014;
Stephen and Mabee, 2014)
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8.1.3

Mill residues – description and availability

Mill residues are well suited for biofuel production as they are relatively lower cost, high quality,
and available at the mill. However, much of this feedstock is already used and there is strong
competition by several industries to acquire mill residues. In many parts of Canada, chips from
sawmills are transported to pulp mills for conversion to pulp and paper. Sawdust and shavings
are also used for pellet production, on-site heat and power generation (apart from pellets),
animal bedding and landscaping (AEBIOM et al., 2013). With the projected increase in
production of wood pellets in Canada, the competition for mill residues in the future is expected
to intensify.
Supply of mill residues can also vary dramatically from year to year, as it depends on the
demand for lumber products. For example, 2004 production of bark, sawdust and shavings was
21.2 million odt. In 2009, with the drop in lumber production, the estimated production of mill
residues was under 11 million odt, representing a drop of 48% from 2004 mill residue production
(Bradley, 2010).
In summary, the availability of mill residues could be a challenge for new markets in the future
due to the existing competing uses. However, if log harvest volumes increase in the future, it will
lead to the increase in production of mill residues. Thus, they remain a viable feedstock source
for biojet production in Canada.
8.1.4

Harvest residues – description and availability

Harvest residues are currently underutilized, typically being burnt on logging sites in many cases
(Bradley, D., 2010; AEBIOM et al., 2013). A large portion of harvest residues are either left in the
forest for ecosystem services (e.g. biodiversity, soil conservation and water protection) or piled
and burned to reduce the risk of forest fires. A small portion of harvest residues are chipped and
used for energy production (Stephen and Mabee, 2014). With the rapid growth of the pellet
industry in Canada, and the concurrent decline in the availability of mill residues, harvest
residues have received more attention as a feedstock for pellet production. However, access to
harvest residues for the pellet or biofuel sectors is a challenge, as the harvest companies own
these residues.
Figure 8-5 shows the estimated available harvest residues, assuming a 15% harvest residue to
roundwood ratio. The total availability of harvest residues for industrial uses in Canada was
estimated to be in the range of 11-15 million odt per year in the last decade (Stephen and
Mabee, 2014). The majority of roundwood harvest residues are produced in British Columbia
(4.23 million odt), Quebec (2.47 million odt), Alberta (1.66 million odt) and Ontario (1.65 million
odt).
While harvest residues offer great biojet feedstock potential, dedicated collection and transport
will add to the cost of this feedstock. Harvest residue quality is relatively poor, requiring
additional management and processing costs.
In summary, there is a large volume of harvest residues potentially available for biofuel
production in Canada. The majority of the harvest residues is produced in British Columbia
followed by Quebec, Alberta, and Ontario.
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Figure 8-5: Estimated available harvest residues by province (National Forestry Database, 2014;
Stephen and Mabee, 2014)
8.1.5

Wood pellets – description and availability

In terms of quality, wood pellets are a homogenous feedstock with low moisture content and
highly suitable for production of biofuel, specifically as it is densified and thus easier to transport
over long distances. Pellets are considered a high-cost feedstock for biofuel production.
Canada is the second largest producer of wood pellets in the world, with 42 pellet plants and a
total annual production capacity of over 3 million tonnes. However, Canadian pellet plants are
only operating at a low utilization rate, with only ~1.7 million tonnes wood pellets produced in
2013 (Figure 8-6). One of the primary reasons is the closure of many sawmills in recent years
because of declining lumber prices. Faced with dwindling sawdust supplies, most pellet
producers now source a large portion of feedstock directly from the forest, using logging debris
and even whole trees (Murray, 2014).
About 94% of Canadian pellet production is shipped overseas for industrial power production;
domestic consumption, typically related to heating furnace uses, is limited. The total domestic
consumption of wood pellet was 176,500 tonnes in 2013 (Arsenault, 2014). British Columbia (1.99
million tonnes), Quebec (0.64 million tonnes) and Ontario (0.44 million tonnes) are the largest
producers of pellets in Canada.
In summary, wood pellets are produced in commercial volumes in Canada. However, the
majority of the production is exported overseas.
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Figure 8-6: Wood pellet production in Canada (Natural Resources Canada, 2013)

8.2

Agricultural residues

Agricultural residues are left on the fields after harvesting the grain as the primary agricultural
product. Sustainable removal and utilization of crop residues for biofuel production has been
demonstrated by several cellulosic ethanol facilities. These residues are also suitable as a
feedstock for biojet production.
Figure 8-7 demonstrates the average amount of available agricultural residues per year for
industrial uses such as biofuel production over a 10-year period (2001-2010). The average
amount of available agricultural residues per year in Canada is 48 million odt (Li et al., 2012). The
average amount is the net available biomass, after deducting soil conservation and other
ecosystem requirements. Saskatchewan has the highest volumes of available agricultural
residues, with an annual average of 17.38 million odt over the 10-year period (36% of total
available crop residues). This is followed by Alberta, Ontario, Manitoba, and Quebec with 11.58,
9.71, 5.75, and 3.55 million odt, respectively. The Canadian prairies account for 72% of the
production of agricultural residues. Ontario and Quebec contribute 20% and 7%, respectively,
for a total of about 27% (Li et al., 2012).
British Columbia, Prince Edward Island, New Brunswick, and Nova Scotia do not have sufficient
crop residues for industrial uses because of their comparatively low crop production (Li et al.,
2012).
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Figure 8-7: Average annual amount of agricultural residues available for industrial uses for the
period 2001–2010 (Li et al., 2012)
One of the challenges of using agricultural biomass is the fluctuation in its availability. Crop
production is affected by climatic conditions, yield, crop variety, and crop rotational concerns.
Among these factors, weather has a significant impact on the availability of agricultural
residues. For instance, drought years of 2001 and 2002 resulted in the lowest crop and crop
residue production on the prairies for that period. In 2002, a total of 24 million odt of residues was
generated, whereas 65 million odt was produced in 2008. Thus, available residues for biofuel
production can decline dramatically (Li et al., 2012). In addition, the quantity of agricultural
residues will depend on the grain yield, straw to grain ratio, soil conservation rate and
competing uses such as livestock feeding and bedding. Annual availability of agricultural
residues in Canada therefore fluctuates.
In summary, agricultural residues are available in commercial volumes for biofuel production in
Canada. The majority of this biomass is produced in Saskatchewan followed by Alberta, Ontario
and Manitoba. The availability of these residues will only be during certain times of the year,
making it necessary to supplement with other feedstocks.

8.3

Dedicated energy crops

Dedicated energy crops include both agricultural crops (e.g. switchgrass and miscanthus) and
short rotation woody crops (e.g. willow and poplar). Although they are suitable for biofuel
production, their availability in Canada is currently limited. Commercial production of these
crops takes several years and is not in place. The future growth of these crops in Canada
depends on the establishment of stable and profitable markets, and their efficient production by
farmers. Other challenges to grow these crops at commercial scale will include high
establishment costs, yield uncertainty, land availability and productivity, and specialized
equipment to harvest and handle these crops. The emergence of the biojet industry in Canada
can help stimulate commercial production of these feedstocks by providing a source of stable
demand.
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Among the emerging agricultural biomass crops, switchgrass and miscanthus have received
more attention from the Canadian farmers, primarily in Ontario. Short rotation woody crops are
also being explored and scaled-up in selected locations. Willow and hybrid poplar are the
species of choice for short-rotation woody crop plantations. Land suitability potential in Canada
for these applications under moderate cost scenarios range from 8-16 million hectares on
presently non-forested lands in the prairies, Ontario, and Quebec. The major limitation to these
biomass sources is establishment costs, which are 50-70% of the total delivery costs (Bradley,
2010).
In summary, the production of dedicated energy crops is limited in Canada. These crops will not
be available in commercial volumes for biofuel production in near future; however, their
contribution to feedstock supply for biojet production in 2025 is likely to improve.

8.4

Municipal solid waste (MSW)

MSW production depends on local population, waste management, and recycling practices.
From a cost perspective, MSW is an attractive feedstock for biofuel production as tipping fees
are paid to dispose of waste. MSW is a heterogeneous feedstock with high levels of
contaminants, such as metals. This heterogeneity and potential contamination make it
unattractive as a feedstock as it will require extensive pre-processing for cleanup. The
inconsistent quality of MSW can negatively impact the cost-efficiency of the feedstock supply.
MSW is currently used as a feedstock at seven waste-to-energy facilities for heating and
electricity generation in Canada. Also, the Enerkem facility is commercializing methanol
production from MSW. Additional waste-to-energy projects are underway across Canada, which
may limit the availability of MSW for other uses such as biojet production. In addition,
municipalities are advancing enhanced recycling and composting programs that will reduce
the volume of available MSW for energy production.
Due to the poor quality and heterogeneity of MSW, it poses extensive technological challenges
as a feedstock for biojet production and thus is not considered as a feedstock for a 2025 biojet
facility.

8.5

Summary of feedstock evaluation

Based on this assessment, the primary feedstock sources that would be available in commercial
volumes for biojet production in the 2025 scenario are forest-based feedstocks and agricultural
residues. Table 15 summarizes the assessment of lignocellulosic feedstock for 2025 biojet facility.
Availability of mill residues will be a challenge, as the majority of mill residues are already
consumed by several markets, including pulp and paper, wood pellets, on-site heat and power
generation, animal bedding and landscaping. Dedicated bioenergy crops are not currently
grown at commercial scale in Canada, and the expansion of the production of these crops
depends on several factors, including land availability and suitability, and the establishment of
new markets. Use of MSW as feedstock is challenging due to the poor quality and heterogeneity
and is not considered as a feedstock for a 2025 biojet facility.
Therefore, feedstocks of choice for a 2025 biojet facility are roundwood, forest harvest residues,
wood pellets and agricultural residues. Table 16 shows the potential availability of these
feedstocks in Canadian provinces for industrial uses. As shown here, the majority of
lignocellulosic feedstocks are available in five provinces – British Columbia (19%), Saskatchewan
(19%), Alberta (18%), Ontario (16%), and Quebec (14%). The primary feedstock in Saskatchewan
is agricultural residues, while it is forest-based biomass in British Columbia. In Alberta, Ontario and
Quebec, a combination of forest-based biomass and agricultural residues exists.
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Table 15: Comparison of selected feedstocks based on cost, quality and availability in Canadian Provinces (H=High; M=Medium;
L=Low. Note: Quantitative amounts for these distinctions provided in Table 16)
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Table 16: Availability of considered lignocellulosic feedstocks for 2025 biojet facility (Li et al., 2012;
Canadian Biomass, 2014; Stephen and Mabee, 2014; National Forestry Database, 2014)
Availability (million odt)
Province
Roundwood

Forest harvest
residues

Pellets

Agricultural
residues

Total

British Columbia

13.23

4.23

1.99

0

19.45

Saskatchewan

1.41

0.45

0.009

17.38

19.25

Alberta

5.18

1.66

0.15

11.58

18.57

Ontario

5.15

1.65

0.44

9.71

16.95

Quebec

7.72

2.47

0.64

3.55

14.38

Manitoba

1.51

0.48

0.002

5.75

7.74

New Brunswick

1.55

0.50

0.24

0.02

2.31

Nova Scotia

1.42

0.45

0.2

<0.01

2.07

Newfoundland and
Labrador

0.19

0.06

0.013

0

0.26

Prince Edward Island

0.08

0.03

0

0.06

0.17

Yukon

0.06

0.02

0

0

0.08

Total

37.5

12

3.68

47.90

101.08

In addition to feedstock availability, the viability of the 2025 biojet facility depends on the cost and
quality of feedstock delivered to the facility. It is suggested that feedstock costs below US$80/ dry
short ton (US$73/odt, $CAD ~83/odt as of December 2nd 2014) will be required for a viable pyrolysisbased biofuel facility (Jones et al., 2013). Based on the presented cost data, it may be necessary to
find a balance between using higher-quality, expensive feedstock (e.g. pellet and roundwood),
and lower-quality, less expensive feedstock (e.g. forest harvest and agricultural residues). This can
be done by using a mixture of different lignocellulosic biomass streams in order to maintain a
feedstock cost below a set threshold while maximizing the overall quality of the biomass mixtures.
Although wood pellets are the best choice in terms of quality and consistency, their high price
makes then an uneconomic feedstock. However, pellets may be used as a backup feedstock
when there is an unexpected significant reduction in the annual production of forest-based harvest
residues, mill residues and agricultural residues due to factors such as weather conditions or a
decrease in the price of lumber in the market.
The preceding analysis has evaluated the availability of feedstock for the 2025 biojet supply chain.
The following sections examine the feedstock delivery costs, supply radius, and facility yield from
lignocellulosic feedstocks.

8.6

Feedstock delivery costs for 2025 biojet facility

Total cost of delivery to the gate of the biojet facility is comprised of feedstock acquisition,
harvesting, storing, preprocessing (e.g. drying, chipping, grinding and densifying), handling and
transportation. The delivery cost varies from region to region, depending on such factors as: the
annual demand of the biorefinery, biomass type, biomass yield, harvesting operation (baling
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or/and chopping), configuration, number and location of storage sites, type of preprocessing,
handling and transportation equipment and hauling distances.
Table 17 presents an estimate of total cost of delivered biomass to the gate of a commercial scale
biofuel facility for different biomass types and supply radii. In addition, price of roundwood for
delivery to a pulp mill or chipping facility is presented for different Canadian provinces in Table 18.
The breakdown of the delivery cost for different types of lignocellulosic biomass is presented in the
appendix.
Table 17: Total cost of delivered biomass to the gate of a commercial scale biofuel facility
Biomass type and distance

Average Cost ($/odt)

Reference

Harvest residues from full-tree- 100 km

55

Harvest residues from cut-to-length- 100 km

80

Pulpwood- 80 km supply radius

110

(INL, 2014)

Wood residues (tree tops and limbs)- 25 km supply radius

74

(INL, 2014)

Forest harvest residues- 100 km

55

(Murray, 2011)

Small-timber stands, clearcut harvest- 100 km

98

(Murray, 2011)

Pellet (supply radius not identified-delivery at the port)

169

(Strauss, 2013)

Wheat straw-100 km

62

(Ebadian, 2013)

Corn stover-75 km

61

(INL, 2009)

Switchgrass-25 km supply radius

74

(INL, 2014)

Table 18: Average wood fibre price for roundwood in second quarter, 2011 (Wood Resources
International LLC., 2011)
Softwood
($/odt)

Hardwood
($/odt)

British Columbia

118

-

Ontario

143

88

Quebec

160

95

Maritimes

114

95

Province

Roundwood prices are delivered to pulp mill or chipping facility.
A review of the existing commercial-scale bio-refineries and the literature review reveals: 1) forest
harvest residues, agricultural residues and mill residues are the less expensive feedstocks, compared
to other considered feedstocks, for 2025 biojet facility. Total delivery cost of these feedstocks is in
the range of 55-75 $/odt. 2) roundwood and pellets are currently the most expensive feedstocks
(total delivery cost of these feedstocks is above 100 $/odt making these feedstock less viable
materials for biofuel production).
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8.7

Size of the feedstock supply radius

Assuming 330 working days per year, 165,000 odt, 330,000 odt and 660,000 odt would be required
to meet the annual biomass demand of 500, 1,000 and 2,000 tpd of biojet facility. These volumes
are used to estimate the feedstock supply radius. The supply radius analysis is a tool to analyze the
quantity of biomass around a chosen biojet facility site, across a range of capacity options. In
reality, biomass feedstocks for a biojet facility would be delivered directly to the plant from the
harvest site, or by intermediary processors (e.g. bio-oil plants, sawmills, pulp mills, pellet plants, or
directly from forest/agriculture harvest operations). Direct biomass deliveries to 2025 biojet facility
may require the addition of biomass pre-processing equipment. Distributed bio-oil production
plants, which are located closer to low density biomass harvesting sites, would greatly improve the
energy density of the biomass and reduce overall transportation requirements.
Table 19 shows the supply radius for seven regions that have potential to produce large volumes of
forest-based and/or agricultural biomass. These regions may also have existing petroleum refining
industries and available hydrogen that can make them viable locations for biojet production in the
2025 scenario.
The supply radius is estimated using the Biomass Inventory Mapping and Analysis Tool (BIMAT).
BIMAT is an Internet-based Geographic Information System (GIS) developed by Agriculture and
Agri-Food Canada (AAFC) (Stumborg et al., 2008). It estimates the availability of different types of
agricultural and forestry residues within a user-defined location. BIMAT specifies that a predetermined amount of biomass must be left to maintain ecological health.
Table 19 shows the estimated supply radii for different regions and biomass types. The estimated
supply radii for agricultural residues are based on the availability of a mix of residues including
wheat, barley, oats, flaxseed and corn residues. For forest biomass, a mix of forest harvest residues
and mill residues of both hardwood and softwood is considered. The ranges of supply radius for 500,
1,000 and 2,000 tpd biojet facilities are estimated to be 6-58 km, 43-84 km and 61-128 km,
respectively. These ranges are based on the assumption that 50% of the agricultural biomass
producers within the supply radius participate in the procurement of biomass for the 2025 biojet
facility. If the biomass contribution level drops below 50%, the supply radius increases.
Table 19 also shows that doubling the capacity of the biojet facility does not necessarily result in
doubling the supply radius. The amount of increase in the supply radius depends on the
concentration of biomass in the region surrounding the biojet facility.
Table 19: Estimated supply radii for different sizes of 2025 biojet facility
Location of the biojet
facility

Biomass type

Prince George- British
Columbia

Size of biojet facility
500 tpd

1,000 tpd

2,000 tpd

Forest-based biomass

6

48

68

Edmonton-Alberta

Agricultural biomass

45

69

106

Calgary- Alberta

Agricultural biomass (80%) and
forest-based biomass (20%)

58

84

128

Regina-Saskatchewan

Agricultural biomass

49

72

109

Sarnia- Ontario

Agricultural biomass

33

43

61
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Location of the biojet
facility

Biomass type

Montreal-Ontario
Quebec-Quebec

8.8

Size of biojet facility
500 tpd

1,000 tpd

2,000 tpd

Agricultural biomass (96%) and
forest-based biomass (4%)

40

52

81

Agricultural biomass (10%) and
forest-based biomass (90%)

38

75
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Yields and production volumes from pyrolysis facilities

Production of liquid hydrocarbon fuels from pyrolysis of biomass has not yet been demonstrated at
scale, so precise conversion efficiencies and product fraction distribution (i.e. naptha, diesel, jet,
gasoline) are not clear.
8.8.1

Conventional fast pyrolysis

Pilot-scale demonstration of conventional and advanced fast pyrolysis technologies provides
preliminary information. The reactor design influences the ratio of bio-oil:char produced during
pyrolysis. Additionally, bio-oil yield depends strongly upon feedstock selection, and the ash content
of the processed biomass. Fluidized bed reactor have been demonstrated to produce liquid bio-oil
yields in the range of 36-45 wt% for straws and hay, 46-55 wt% for forest residues, and approximately
60-70 wt% for clean softwood (Oasmaa et al., 2010).
Crude bio-oil from a fluidized bed reactor contains up to 30 wt% water and 40 wt% oxygen, which
requires upgrading and hydrotreatment to remove water and oxygen. This process produces
deoxygenated (>99 wt% deoxygenation) hydrocarbon fuel blendstock, at a yield of approximately
36-54 wt% (Elliott et al., 2009) of the crude bio-oil. For this report, a value of 44 wt% deoxygenated
hydrocarbon blendstock from crude bio-oil is used (Jones et al., 2013). This results in an overall
conversion efficiency of 16-20 wt% for straws and hay, 20-24 wt% for forest residues, and 26-31 wt%
for white wood (i.e. chips and mill residues) (Oasmaa et al., 2010). In order to balance feedstock
cost against conversion efficiency, cheaper, high-ash feedstocks could be combined with more
expensive, low-ash feedstocks to produce a feedstock blend.
Hydrocarbon fuel blendstock yields can be applied to the three different facility scales assessed
here, 500, 1,000, and 2,000 tpd (Table 20).
Table 20: Potential hydrocarbon fuel yields from conventional fast pyrolysis. Values are derived from
the conversion efficiencies stated in Jones et al. (Jones et al., 2013)
Potential Hydrocarbon Fuel Yields (MLY)

Facility Scale
(tpd)

Straw/Hay

Forest Residues

White Wood

500

26-33

33-40

44-51

1,000

53-66

67-80

87-102

2,000

106-132

134-160

174-203

Hydrotreating of pyrolysis oils produces a hydrocarbon fuel blendstock of which approximately 2331 wt% is in the jet fuel range (Zacher et al., 2014). Potential jet yields for 500, 1,000, and 2,000 tpd
facilities were calculated in Table 21 from the values stated in Table 20 (above), assuming that 2331 wt% of these hydrocarbon yields are in the jet fraction.
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Table 21: Potential biojet yields from hydrotreated pyrolysis oils produced via conventional fast
pyrolysis. Values are derived from the conversion efficiencies stated in Jones et al. (Jones et al.,
2013) and Zacher et al. (Zacher et al., 2014).
Potential Jet Yield (MLY)

Facility Scale
(tpd)

Straw/Hay

Forest Residues

White Wood

500

6-10

8-12

10-16

1,000

12-20

15-25

20-32

2,000

24-41

31-50

40-63

8.8.2

Advanced pyrolysis

Advanced pyrolysis platforms include pyrolysis variations, such as catalytic pyrolysis, hydropyrolysis,
and hydrothermal liquefaction. For these platforms, bio-oil yields have not been demonstrated at
scale, and little information is available on the yields of deoxygenated hydrocarbon fuels, and the
fraction of these blendstocks in the jet range is not known. However, TEAs performed for some of
these technologies suggest that certain advanced pyrolysis platforms may be capable of
producing hydrocarbon fuels at a lower MFSP than from conventional pyrolysis technologies
(Brown, 2014; Tan et al., 2014).
This section has analyzed the feedstocks available for the 2025 biojet production scenario. The most
likely feedstocks will be lignocellulosic materials derived from the forestry and agricultural sectors.
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9

CHARACTERIZATION OF REGIONAL POTENTIAL (INFRASTRUCTURE)

This section scopes existing infrastructure that could be relevant to a biojet supply chain in Canada
for both the 2020 and 2025 scenarios. The infrastructure included in this review is: petroleum refining
and transportation infrastructure, major chemical industry clusters, and renewable fuel production
capacity. Airport infrastructure is addressed at the end of this section. This section highlights select
assets that could be retrofitted or converted to supply biojet fuel.
Reviewing available infrastructure enables better insight into the opportunities for the
implementation of a biojet supply chain and aids in identifying the airport locations with the highest
potential for biojet supply to aircraft.
Available infrastructure has been divided into 4 categories. These are explained in Figure 9-1 below.

Figure 9-1: Infrastructure categories and relevance overview
Canada is home to several major petrochemical clusters that have existing hydrogen supply and
infrastructure that could provide the hydrogen required for processing oleochemical (and other)
feedstocks into renewable jet fuel. Alberta’s petrochemical cluster represents more than 50% of
Canada’s petrochemical capacity. British Columbia, Saskatchewan, Ontario, and Québec also
have petrochemical infrastructure. The Sarnia ‘Chemical Valley’ hosts what is claimed to be
Canada’s first bio-hybrid chemistry cluster (the Bio-Industrial Park Sarnia). In terms of transportation
infrastructure, Canada has an extensive rail and road network, and several lakes, rivers and canals
that could be used to transport biojet fuel.
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9.1

Directly useable infrastructure – oleochemical feedstock processing
capacity

This section reviews the oleochemical processing locations in Canada and their relevance to HEFA
biojet production in 2020.
A biojet production facility will likely rely on supply of pre-processed vegetable oils and/or fats to
supply the plant. The biojet facility could benefit from integrating feedstock supply and biojet
production within the existing oleochemical processing infrastructure to lower capital and
operating costs. In road transportation renewable fuels (ethanol and biodiesel), large scale,
integrated and fully serviced (rail, truck, utilities) sites have established the most competitive
operating economics. Large-scale oilseed crush plants and animal rendering facilities represent
examples of potential integration sites for biojet production.
A biojet production facility located with port access would have greater market access to a range
of imported feedstocks; however, assuring the sustainability of these feedstocks will be an important
consideration. Regardless of supply point of origin (domestic or imported), project developers will
require a secure source of feedstock in order to finance, construct and operate their facility.
The most prevalent sources of feedstock for HEFA production will come from existing oilseed and
animal fat/UCO processing facilities. These are located throughout Canada, with oilseed
processing located near the oilseed production regions and animal fat/UCO processing is located
near areas of population density (UCO) and livestock slaughtering.

Figure 9-2: Oleochemical feedstock production regions and processing infrastructure locations
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Table 22: Commercial oilseed and rendered fats facilities in Canada

Province

Rendered Fats/UCO
Company
West Coast Reduction
West Coast Reduction
West Coast Reduction
West Coast Reduction
West Coast Reduction
JBS Food Canada
Cargill
West Coast Reduction

Location
Vancouver
British Columbia
Nanaimo
Fort Saskatchewan Bunge Canada Calgary
Lethbridge
Richardson
Lethbridge
Alberta
Lloydminster
ADM
Edmonton
Camrose
Cargill Limited Brooks
High River
Clavet
Cargill Limited Saskatoon
Nipawin
Bunge Canada
Saskatchewan
Yorkton
LDM
Yorkton
Richardson
Altona
Bunge Canada Winnipeg
Manitoba
Harrowby
Bunge Canada
Ste. Agathe
Viterra
Hamilton
Bunge Canada Moorefield
Ontario
Windsor
ADM
Hickson
Dundas
Becancour
Bunge
Etgo
L.P.
Ville
Ste. Catherine
Quebec

9.1

Location

Oilseeds
Company

Rothsay

Rothsay
Rothsay
Rothsay
Rothsay

Directly useable infrastructure – lignocellulosic feedstock processing
capacity

Existing infrastructure in the forestry sector can be utilized in the 2025 biojet supply chain. This
infrastructure includes sawmills, pellet mills, and pulp/paper facilities. These facilities will be located
nearby to harvest activities, thereby making the acquisition of residue feedstocks more logistically
feasible. Generally, the processing infrastructure in the forestry sector is located near the feedstock
supply as wood is expensive to transport.
Pellet production locations are potentially relevant because pellets can be produced from
materials that have less economic value than the roundwood portion of the tree. Pellets are made
from sawmill residues, harvest slash, and other less valuable materials.
In the future, distributed bio-oil production plants may be commercialized, which would be located
closer to low density biomass harvesting sites (forestry or agriculture). This infrastructure would
advantage the 2025 biojet production scenario, by upgrading the energy density of the biomass
and reducing overall transportation costs.
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Figure 9-3: Forest cover regions (>75%) and pellet production infrastructure locations
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Table 23: location of forest processing infrastructure (pellet)

Pellet Production
Province

British Columbia

Alberta
Saskatchewan
Manitoba

Ontario

Quebec

New Brunswick

Nova Scotia
Newfoundland
and Labrador

Location
Kelowna
Kamloops
Prince George
Kamloops
Burns Lake
Strathnaver
Quesnel
Williams Lake
Houston
Vanderhoof
Princeton
Vanderhoof
Grande Cache
La Crete
Slave Lake
Meadow Lake
Swan River
Thunder Bay
Springford
St. Marys
Hearst
New Liskeard
Amos
Lac Megantic
Sacre Coeur
Mashteuiatsh
St. Felicien
Shawnigan Sud
St. Paulin
Papineauville
Portage du Fort
Bristol
St. Quentin
Tracyville
Belledune
Hillsborough
Lawrencetown
Middle Musquodoboit
Shubenacadie
Summerford
Bishop's Falls

Company
Capacity (Tonnes/Year)
Okanagan Pellet Company
50,000
Nations Energy
35,000
Pacific Bioenergy
400,000
Pinnacle Pellet Armstrong
60,000
Pinnacle Pellet Burns Lake
440,000
Pinnacle Pellet Meadowbank
220,000
Pinnacle Pellet Quesnel
100,000
Pinnacle Pellet Williams Lake
200,000
Pinnacle Pellet/Canfor Houston Pellet
220,000
Premium Pellet
140,000
Princeton Co‐Generation
90,000
Vanderhoof Specialty Wood Products
30,000
Foothills Forest Products
25,000
La Crete Sawmills
60,000
Vanderwall Contractors
60,000
Meadow Lake Tribal Council
9,000
Spruce Products
2,000
Resolute Forest Products
150,000
Canadian Biofuel
100,000
Gildale Farms
4,000
Industries Lacwood
7,000
KD Quality Pellets
180,000
Boreal Pellet
50,000
Energex Pellet Fuel
120,000
Granulco
40,000
Granules LG
80,000
Granules LG
120,000
Granules de la Mauricie
35,000
Lauzon Recycled Wood Energy
32,000
Lauzon Recycled Wood Energy
40,000
Trebio
130,000
Crabe Lumber
40,000
Groupe Savoie
70,000
Marwood
10,000
Shaw Resources
75,000
TP Downey
40,000
West Nova Agro Commodities
9,000
Scotia Atlantic Biomass
150,000
Shaw Resources
45,000
Cottles Island Lumber Company
12,000
Exploits Pelletizing
1,200
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9.2

Directly useable infrastructure – renewable fuel capacity

9.2.1

Renewable diesel

Select types of renewable fuel infrastructure could be directly useable in a biojet industry. Capacity
to produce hydrogenation derived renewable diesel (HDRD) can be utilized to produce biojet fuel
(either directly as low level (10-15%) HDRD blends, or by upgrading to HEFA biojet quality). There is
currently no HDRD production in Canada.
For clarification, in federal and provincial Canadian renewable fuel regulations, the term
‘renewable diesel’ is used to refer to both biodiesel and HDRD. While Canada does not have
commercial HDRD production capacity, there is significant use of imported HDRD under federal
and provincial renewable fuel standards.
The commercial production of renewable alternatives to diesel fuel in Canada currently consists of
biodiesel (methyl ester) production. Biodiesel is not considered an option for renewable aviation
fuel.
The use of HDRD (rather than further hydroprocessed HEFA) for biojet applications is being
researched in the US. In 2013, Boeing announced its researchers have found that HDRD is
chemically similar to aviation biofuel. In December 2014 a test flight was conducted using 15%
HDRD in one engine. If approved by ASTM, low level HDRD blends could be eligible for blending
directly with petroleum jet fuel.
9.2.2

Ethanol production

Ethanol can be blended with gasoline for ground fuel transportation, but is not directly suitable for
use as an aviation fuel. Ethanol can be used as a feedstock to produce biojet drop-in fuel through
the alcohol-to-jet process. Currently, Canada is a net importer of approximately 1 BL per year of
ethanol, which is used to meet federal and provincial renewable fuel blending regulations,
enhance the octane performance and improve fuel marketing margins. The current federal
renewable fuel mandate for the gasoline pool is 5% by volume. It is possible that Canadian ethanol
production will expand to supply the demand shortfall and meet any additional biojet industry
demand.
Advanced ethanol (also called cellulosic ethanol) production in Canada is at the small-scale stage
with progress being made toward commercial scale plants (e.g. Enerkem, Greenfield). Cellulosic
ethanol plants use agricultural and forest fibre residues, and municipal solid waste (MSW) as a
feedstock.
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Figure 9-4: Canadian ethanol facilities

9.3

Assets that may be retrofitted or used for co-processing

This section reviews types of infrastructure potentially available for retrofit or integration.
9.3.1

Existing petroleum refining/upgrading infrastructure

Planning, permitting and constructing a biorefinery represents a significant capital cost. Using
existing oil refinery equipment to upgrade biomass intermediates is viewed as a potential way to
reduce capital investment.
Hydroprocessing units (hydrocrackers and hydrotreaters) are central components of a typical oil
refinery and the overall economics of operating a refinery is influenced by the performance of
these units. Introducing oxygen-containing renewable oils to hydroprocessing units presents a
number of challenges that must be carefully addressed to ensure continued smooth refinery
operation and profitability.
Renewable oils such as vegetable oils and animal fats are naturally unstable and corrosive due to
their oxygen content and, consequently, can cause severe corrosion of pipes and other metal
equipment upstream of the hydrocracking reactor (Egeberg et al., 2010). Impurities in the
renewable biomass feedstock can degrade the front-end catalyst-bed reaction and unscheduled
shut-down and repairs. Catalyst contamination can also occur due to other operational issues
besides the introduction of biomass. Early entrant HEFA plants encountered numerous technical
challenges in operating first generation plants.
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Fischer Tropsch liquids could be introduced into the hydrotreating unit of petroleum refineries that
remove sulfur and other impurities using hydrogen and catalysts at high temperatures and
pressures. The oxygen content of the FT liquids presents specific technical challenges.
Another refinery insertion point for biomass could be the Fluid Catalytic Cracking (FCC) units.
Generally more tolerant to oxygen content, FCC units look promising for processing pyrolysis-oils.
They require no hydrogen, therefore avoiding this extra cost. With declining gasoline production in
refineries, these units could be under-utilized in the future, potentially representing available
capacity for processing bio-oils.
Canadian refineries have the capacity to process almost 2 million
barrels per day (~320 ML) of crude oil. Approximately 60% of the
crude oil processed in Canada is sourced from domestic
production, so augmenting domestic crude supplies with bio-crude
or pyrolysis-oils may be attractive.
With about 1.2 million barrels per day (~190 ML) of processing
capacity, Eastern Canadian refineries represent 60% of the total
Canadian processing capacity. Compared with western Canada, a
higher proportion of the petroleum products refined in eastern
Canada is exported.
The cracking and hydroprocessing units of bitumen upgrading
operations are potentially useful for co-processing bio-crude. The
operational experience with co-processing is at an early stage in Canada. Further research and
operational experience is required to fully assess the potential of upgraders to integrate biomass
feedstocks.
In addition, the light end co-products from HEFA production could potentially be used as a diluent
to move heavy crude from production
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Figure 9-5: Domestic bitumen upgrading capacity and refining capacity
9.3.2

Potential for crude co-processing with existing fossil fuel refineries

Co-processing bio-crude or pyrolysis-oil with fossil crude oil is one of the most important
opportunities for utilizing existing energy infrastructure. HEFA platforms may achieve capital savings
by co-processing vegetable oils or fats at the same time as petroleum intermediates in existing
hydroprocessing facilities (ConocoPhillips, 2010; Egeberg et al., 2010). In a HEFA facility design,
secondary products, such as naphtha, butane and propane, could be separately returned to the
petroleum refinery for co-processing. Either co-processing strategy would take advantage of
existing petroleum refining capital infrastructure, while also utilizing hydrogen availability. In a
standalone HEFA facility, fuels are usually produced in two separate stages. In an oil refinery, this
process could be performed in a single combined hydroprocessing stage. Determining the final
renewable content in finished fuels produced in facilities that co-process biomass can technically
challenging. This challenge has led to the exclusion of co-processed renewable fuels from creating
compliance volumes under certain renewable fuel standards in place (e.g., US Renewable Fuel
Standard).
The reactions involved in hydrotreating organic fats and fatty acids are distinct to the usual
reactions taking place in a refinery hydrotreater. Refinery hydrotreaters are designed to remove
sulfur from petroleum fuels. This process is known as hydrodesulfurization (HDS). Renewable oils
typically do not contain high sulfur levels. Thus, they do not require hydrodesulfurization, but
hydrotreatment in the form of hydrodeoxygenation (HDO) is still needed to remove oxygen.
Unfortunately, hydrodeoxygenation of renewable oils requires more hydrogen gas inputs than does
hydrodesulfurization of crude oils. For 100% renewable feed, a hydrogen consumption of 300-400
Nm3/m3 is not unusual (Egeberg et al., 2010); compare this with about 34 Nm3/m3 for the
hydrotreating of 1% sulfur petroleum (Stratiev et al., 2009). Also, the formation of carbonaceous
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byproduct gases from hydrotreating renewable oils diverts carbon from the final fuel, and thus
reduces process yields compared to fossil diesel hydrotreating (Egeberg et al., 2010).
Due to the above challenges, renewable oils have not yet been adopted in a neat (100%) form by
the conventional fossil crude refining sector. The few trials of co-processing vegetable oils with
petroleum liquids that have been carried out in commercial refineries have used low percentages
of renewable oils and have only been partially successful. As Nickel Molybdenum (NiMo) catalysts
did not seem to be affected by blend levels of up to 15% bio-feedstocks, these types of catalysts
are currently favored when designing hydrotreatment catalysts for renewable oil co-processing
(Egeberg et al., 2010).
The dewaxing requirements for catalysts that process bio-feedstocks are higher than those that
process petroleum crude. Dewaxing is only essential if the feedstock has a high content of
renewable oil and is used to assure the low temperature operability of the finished fuel products (as
at low concentrations, the cold flow issues are not as prominent and they can be alleviated by
blending light fractions and cloud point-depressing additives).
The complex challenge of designing catalyst beds that can perform all the necessary selective
reactions is currently being tackled by companies such as Haldor Topsoe, UOP Honeywell, and
other catalyst innovation companies. The goal is to improve oil refining catalysts and process
designs for the purpose of improving the ability to process renewable feedstocks in hydrotreating
reactors.

9.3.3

Gasification infrastructure

There exists the potential that existing gasification capacity may be useful in a future domestic
biojet industry. Syngas produced through biomass gasification could be further processed into
renewable fuels via FT technologies.
Generally, biomass gasification technology is at an early stage and is not considered for near term
(2020) biojet production. For broader penetration of gasification into renewable fuel production,
several technical challenges have to be addressed: gasification catalysts desactivation in the
presence of impurities, biomass pre-treatment, syngas clean-up, and avoiding fluctuations in
temperature and pressure.
9.3.4

Pyrolysis infrastructure

Pyrolysis technology description
Existing pyrolysis facilities can provide feedstock to the 2025 biojet supply chain. The main pyrolysis
firm active in Canada is Ensyn, which uses a circulating fluidized bed reactor to convert woody
biomass and agriculture residues into pyrolysis-oils. Ensyn operates six commercial facilities, the
largest one being located in Renfrew, Ontario. This plant is currently undergoing an expansion to
increase its capacity to 11.3MLY.
There is a growing trend towards small-scale pyrolysis. These facilities are generally designed to be
mobile, or co-located with oil refineries to take advantage of co-processing opportunities and
existing utilities. Pyrolysis is being considered as the likely biojet production pathway for biojet
production in 2025.

9.4

Integration opportunities with petrochemical facilities

This section takes a more detailed look at the petrochemical sector. Petrochemicals are organic
chemicals derived from natural gas liquids or oils such as naphtha and light gas oil. These materials
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are cracked at high temperature to produce primary petrochemicals: olefins; aromatics; and
synthesis gas. These primary petrochemicals are further processed to form secondary
petrochemicals that may be directly used by other industries.
Petrochemical industry clusters use hydrogen extensively. Their hydrogen storage and
transportation infrastructure are of significant interest for a biojet fuel supply chain as hydrogen is
difficult to transport large distances, and is a process requirement for upgrading renewable fuel
intermediates into drop-in biofuels.
Most petrochemical plants are located near petroleum producing and refining centers, or near
natural-gas sources and/or transmission pipelines. Clusters of manufacturing plants can reduce
costs by sharing utilities and required infrastructure such as power stations, storage tanks, port
facilities, pipelines, roads, and rail terminals. Most provinces have some petrochemical production
capacity, although the manufacturing centres in Alberta, Ontario, and Quebec are considered the
major clusters in Canada.

Figure 9-6: Petrochemical cluster location and provincial highlights

9.5

Transport infrastructure – fuels transportation

This section reviews the principal means by which biojet would be transported in Canada.
A regional biojet fuel supply chain will benefit from using the existing Canadian fuel transportation
network to reduce transportation costs. Each of the different main modes of transport (pipelines,
rail, road, water) has different logistical concerns and potential challenges. Generally, the earlier in
the distribution system that biojet fuels enter the fossil jet fuel system, the lower the aggregate
storage, handling and blending costs. Fuel quality management is also best maintained within the
fossil jet fuel distribution system. A biojet supply chain would benefit by having access to each of
the modes of transport. However, given the small volumes, and select commercial arrangements, it
is likely that widespread use of the petroleum distribution infrastructure will follow a period of
segregated supply systems.
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9.5.1

Pipeline

Pipelines are the dominant method for jet fuel delivery to airports. To date, biojet blended fuel have
been unable to access this mode of fuel delivery. Canada has approximately 70,000 km of oil and
gas pipelines. Different pipelines are able to carry different products. Some are used for crude oil
and bitumen while others are capable of carrying finished products. Select pipelines are able to
carry both though implement processes to minimize product cross contamination. Fossil jet and
biojet transport via specific pipelines must take into account the other products being transported.
Although pipelines are the cheapest transport option, renewable fuels are predominantly shipped
via trucks or rail. Tests have been performed on the transport of biojet and biodiesel fuels through
pipelines and fuel quality standards (such as ASTM and CGSB) are being reviewed for modification
to accommodate renewable fuel content in the pipelines.
Pipelines are the most dominant method for delivering jet fuel to airports in the U.S. and Europe
(NREL, 2014). In specific cases, pipelines are designated for jet fuel; most are multiproduct pipelines
that transport a wide variety of liquid petroleum products.
The transportation of jet fuel (fossil based or renewable) via pipeline has potential challenges when
sharing capacity with other fuels because the sulphur contents are different for aviation fuels
(range of 400 ppm – 800 ppm) vs. on road diesel fuels (<15ppm). When jet fuels are combusted in
flight (at altitude), the sulphur content in the fuel has an atmospheric cooling effect and does not
pose the same local air quality concerns as when combusted on the ground near populations.
Pipelines have minimum batch volumes (approximately 3.5 ML) and have fewer access points than
rail and truck transportation, potentially causing increased logistical complexity for biojet
integration if the produced volumes are small.
For larger airports such as Toronto, Vancouver, and Montreal, pipelines are used as the most
economical fuel delivery method; however road tanker delivery is used for most of the mid sized
and all smaller airports in Canada since the consumption volumes are not large enough to justify
the high capital investment for a pipeline. To date, biojet blended fuel has only been transported
using road tankers.

Figure 9-7: Pipelines and potential future projects
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9.5.2

Rail

Although rail tends to be a more expensive transportation option for crude oil and finished products
vs. pipelines, it is clearly following an upward trend due to constraints on existing pipeline capacity.
In addition, there exist opportunities to decrease transportation costs if the rail cars are utilized to
back-haul products back to/near the point of origin. Fuels transported by rail use specialized tank
cars generally owned by independent, private tank car suppliers and service companies, or fuel
producers. In the absence of pipelines and barges and ocean going vessels for renewable fuel
transportation, the rail network is the next most efficient option. Canada’s rail network is extensive
and well developed. Canada’s rail system is, however, operating with diminished spare capacity,
partly due to the increase of crude oil and diluents being moved via rail. Analysts have noted rail
that transport of crude oil grew from less than 1,000 barrels of crude per day in 2009 to 550,000
barrels per day in 2014 (BNN News, 2014). The reference capacity HEFA plant considered in this
analysis (250 MLY) would create marginal extra demand on rail transportation.

Figure 9-8: Major Rail Routes
9.5.3

Barges vessel transport

Barges on waterways can be an efficient means to transport refined petroleum products if it is
regionally avaible. A single 15-barge tow can transport an equivalent amount of cargo as 216 rail
cars or more than 1,000 trucks (NREL, 2014).
It is possible that a future biojet industry could utilize select waterways for transporting feedstock
and finished products. These waterways could be used for delivering feedstocks, biojet fuel to
domestic airports, and to export biojet fuel abroad. Not all water routes are suitable for barge
shipments of fuel; seasonal considerations (e.g. winter freezing, spring flooding) need to be taken in
account.
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Figure 9-9: River transport routes

9.6

Transport infrastructure – airports

This section overviews the main airports in Canada and provides information useful for determining
the airport locations that can serve as points of entry for biojet-blended fuel into aircraft. The
analysis contains a general geographic overview of the airports in Canada, reviews airports in three
broadly defined regions (west, central, east). This section concludes with information on fuel
management at airports via fuel consortiums.
Canada’s airports are geographically distributed to mirror urban population centres, with the
largest airports by passenger volume located in Ontario, British Columbia, Alberta, and Quebec.
Aside from these major air transport hubs, there are a large number of smaller, regional airports.
The following tables review the main airports in the western, central and eastern regions of
Canada. The tables present information on:
Passengers – Includes the number of passengers for the latest available data year (2013) and their
destination (within Canada, international, or to the US (trans-border)).
Fuel Consumption – Precise airport fuel consumptions were not available for this study. Indicative
fuel consumption was determined for each airport based on information provided by external
advisors to this project.
Airlines – The number of airlines that use the airport on a scheduled basis. This is considered a proxy
for flight volume.
Fuel Infrastructure – additional information on how the airport manages fuel. A pipeline designation
indicates that jet fuel may be supplied to the airport storage facility via dedicated fuel pipeline.
Road tanker refers to fuel delivery to the airport storage by fuel truck, typically of about 50,000 litre
capacity. Only the three or four largest airports in Canada use a hydrant system for delivery into the
aircraft; all other major airports use refueling tenders. See section 2.7 for additional information on
fuel management at Canadian airports.
Sustainability Initiatives – Publicly available information on initiatives and focus areas, including
previous experience with biojet. This is provided under the rationale that airports with demonstrated
activities with sustainability will be more predisposed to undertake biojet initiatives. The term
‘traditional sustainability concerns’ to reflect inclusion of environmental, social, and economic
issues.
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9.6.1

Airport fuel storage and distribution infrastructure

As the biojet supply chain progresses from feedstock production and refining to biojet production
and terminaling, the fuel blending and distribution infrastructure from the fuel terminal to the airport
tank farm and to aircraft wing becomes important. Airports of different sizes have different systems
for delivering fuel to aircraft and on site vehicles. In smaller airports, fuel is delivered by refueling
tender to the aircraft. In Canada’s three or four largest airports, a hydrant system is used to
distribute fuel to the aircraft. Using existing assets for fuel delivery can avoid the costs and logistical
problems of requiring a separate, parallel fuel distribution infrastructure at the airports for biojet.
Biojet would need to be integrated into the prevailing co-mingled fuel distribution system at an
airport to avoid increased costs.
Fuel at major airports in Canada is generally managed via consortium, where members share
infrastructure for increased efficiency. The fuel consortiums at many of the largest airports in
Canada (Calgary, Edmonton, Halifax, Hamilton, Montreal, Ottawa, Toronto, Vancouver, Winnipeg,
and others) are managed by the FSM Management Group.
More detailed information on airport fuel systems will be sought after the locations of the potential
biojet supply chain are determined. The specific attributes of an airport’s fueling system will not be
the primary factor in determining whether to construct a biojet production facility.
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10 CHARACTERIZATION OF REGIONAL POTENTIAL (ENABLING POLICY)
Government policy plays a fundamental role in enabling the production and use of renewable
fuels. Relevant federal and provincial policies are reviewed in this section. Following this, the
different policy mechanisms (current and historical) used for renewable fuels in the ground
transportation sector are tabulated against their potential impact on a biojet supply chain.

10.1

Role of policy in renewable fuels development

Renewable fuel policy to date has primarily focused on road transportation fuels. Government
policy has played a fundamental role in the emergence and development of the renewable fuels
sector. Policy has impacts all sectors of the industry, from initial research and development through
to creating the processing technologies and feedstocks to be converted into fuels. Government
policy has been instrumental in de-risking investments in production and blending capacity, by
creating structural demand through renewable fuels standards, low carbon fuel standards, and
other policies. These market-based measures provide secure market access for lower carbon,
renewable fuels, which has proven critical to the development of the transportation biofuels sector.
There are multiple drivers for supporting the renewable fuels sector development, both in Canada
and abroad. Brazil, for example, launched its renewable fuels industry in response to rapidly rising
petroleum prices and energy security concerns from the 1973 oil crisis. Brazil was one of the first
countries to embrace renewable fuels (ethanol) for motorized transportation. More recently, Brazil
has established a biodiesel production industry, and expanded use of both biodiesel and ethanol
via mandatory blend levels and the incentivizing of production.
The US and the EU initially developed and further expanded their renewable fuel industries to
provide support for domestic agriculture, in response to periods of lower farm profitability.
Compared with direct farm payments, renewable fuels polices are an effective tool to boost
primary crop demand – and with it prices – to a level that can sustain the rural economy.
Renewable fuels have especially strong potential to help countries that import petroleum fuels for
their domestic consumption needs; foreign exchange and currency risks associated with large
gasoline and diesel fuel imports are often crippling to a developing nation’s economy.
More recently, the primary driver for renewable fuel policy development is to achieve
environmental benefits. Renewable fuels reduce GHGs and other harmful air emissions from the
transportation sector. The range of the GHG reduction varies depending on the feedstock,
production pathway, and fuel displaced. These reductions can range from under 50% GHG
reduction, in the case of ethanol made from corn and barley, to over 85% from biodiesel made
from canola and recycled animal fats and greases ((S&T)2, 2014).
Renewable fuel requirements regulations help correct a market flaw; GHGs have been historically
treated as a pollutant without an associated cost. Biofuels, and other low-carbon fuels (e.g. natural
gas, hydrogen, and electricity) are provided assured market access via market-based demand
policies that help level the playing field with the established, full-scale, efficient petroleum industry
that produces and controls market access for the majority of the fuels we use for our transportation
needs.
The emergence of renewable fuels for aviation use is occurring at a time when ground-based
renewable fuels are in different states of development. Road transportation renewable fuels are: (1)
reaching technological maturity, with widespread global production and distribution capacity for
conventional ethanol and FAME biodiesel; (2) achieving commercial production of some
advanced biofuel technologies; and (3) developing new or improved feedstocks and technologies
for advanced biofuel production, most of which are in the research and development and pilot
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scale development stage (e.g. in the case of biofuel pathways, AtJ, DSHC, and other routes to
biojet production).
Biojet fuels are not currently subject to inclusion mandates (e.g. renewable fuel standards, low
carbon fuel standards), but may be credited for use within some existing regulatory systems (e.g. US
RFS and EU ETS). Biojet fuels will require specific analysis of advantages and challenges of different
market-based policy measures when considering how government policy can work to enable the
growth of the sector:
Opportunities/Advantages:


There is existing familiarity with renewable fuels for transportation use among governments
and consumers. These fuels have been shown to be fit for purpose.



The benefit of reducing GHG emissions from all sectors of the economy is recognized; there
is little serious debate remaining that reducing emissions is important, if not imperative.



Governments have shown their willingness to regulate GHG emission reductions in different
sectors, including transportation. There is recognition within those sectors lacking GHG caps
or reduction requirements that failure to self-impose action increases the likelihood of
government intervention.



For aviation, a number of national and international organizations (ICAO, IATA, etc.) have
specifically identified the need for biojet fuels.



Through Canada’s Action Plan to Reduce Greenhouse Gas Emissions from Aviation, the
Government of Canada and the aviation industry committed to work collaboratively to
discuss the potential for, benefits of, and barriers to alternative aviation fuel production and
use in Canada.

Challenges:


Achieving a biojet fuel supply chain that can deliver fuel at a cost that is at parity with (a
fluctuating) fossil-based aviation fuels is a fundamental challenge for the development of
this industry.



Developing systems to track which entities are using the biojet fuel and how to credit the
emissions reductions when the fuel is combusted at altitude, outside of a specific jurisdiction.
This can make regulatory requirements challenging to enforce and audit.



Agriculture has largely returned to profitability in the developed world, thereby reducing the
necessity for adopting of polices intended to increase commodity demand and prices.



The emerging biojet industry will initially compete with established renewable fuels sectors,
as well as food, animal feed, and industrial oleochemicals, for feedstock.



There will be competition from other jurisdictions to attract biojet production projects and
advance research and development on emerging technologies and feedstocks. There are
biojet-focused programs in other jurisdictions (notably the US, Brazil, and the EU) that have
significant funding in place, and more mature policies and regulations.

Policy to enable the establishment of a Canadian biojet supply chain must leverage opportunities
and find ways to address the challenges.

10.2
Canadian policy review for potential use in biojet industry
development
This section provides an overview of select policies implemented at the federal and provincial
levels to expand the production and use of road transportation renewable fuels. This section will
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identify which policy elements (historical or existing) could be repurposed or expanded to help
facilitate the development of a viable biojet supply chain in Canada.
10.2.1

Canadian federal initiatives

In 2006, the federal government announced plans to stimulate the adoption, use, and commercial
development of renewable fuels. In 2007, Canada established a Renewable Fuels Strategy with the
stated intent to reduce fuel use emissions, encourage biofuels production and commercialization,
and provide new market opportunities for the agricultural sector and rural communities. This
strategy established incentives and loans to support renewable fuel use. The Renewable Fuels
Strategy included a volumetric Renewable Fuel Standard (Canada Gazette, 2010) and other
measures detailed in the table below.
Table 24: Canada federal policy
Blending
requirements/incentives

Production incentive

R&D

Average renewable
fuel content of at least
5% in the gasoline fuel
pool

Financial incentives for
biofuel production ecoENERGY for Biofuels

Clean technology and
energy (Sustainable
Technology
Development Canada
Tech Fund & Next Gen
Biofuels Fund, Green
Infrastructure Fund,
Program of Energy
Research &
Development)

Average renewable
fuel content of at least
2% in the diesel fuel
pool (heating oil pool
eliminated in 2013)

Select capital
incentives (Growing
Forward, Growing
Forward 2,
ecoAgriculture Biofuels
Capital initiative,
Biofuels Opportunities
for Producers Initiative,
Canadian Agricultural
Loans Act (among
others)

Global research and
development tax
incentive, funds, and
assistance (Scientific
Research &
Experimental
Development, Industrial
Research Assistance
Program)

Accelerated
depreciation on select
energy-related
investment

Assorted grants and
loans for early stage
and implementation of
renewable energy,
transportation, and
waste projects (Green
Municipal Fund)

Ethanol and biodiesel
tax exemption (expired
on implementation of
RFS)

Consumer/Fleet
initiatives

Public sector targets for
use of alternative fuel
vehicles (ethanol,
methanol, propane gas,
natural gas, (hydrogen)
by the public sector
(Alternative Fuels Act)

Most of the funding programs identified above did not achieve their funding objectives (funds were
not deployed) or stated program goals (commercialization, production capacity and agricultural
participation goals were not met). Additionally, despite a concurrent start with similar policies and
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programs in the US, the Canadian renewable fuels sector did not achieve the economic growth
and returns realized in the US.
The federal government has been active in research and development initiatives to foster
innovation and stimulate business and technology development supportive of biojet initiatives.
Canada’s BioFuelNet initiative is based out McGill University in Montreal. BioFuelNet Canada is a
Network Centres of Excellence that aims to address the challenges impeding the development of
the biofuels industry, with a focus on feedstocks from non-food materials such as algae, agricultural
waste, forest by-products, and municipal waste. The National Research and Innovation Strategy
committed to investing $3.7 billion over 5 years in key areas including aerospace, renewables, and
biotechnology.
10.2.2

British Columbia

British Columbia is a leading province in renewable fuel and GHG reduction policies. Currently, 90%
of B.C.’s electricity generation is derived from renewable or low emitting sources (e.g.
hydroelectric). B.C.’s 2007 Energy Plan and 2010 Clean Energy Act established targets for
enhancing the province’s electricity supply and diversifying the transportation fuels sector, while
lowering GHG emissions and expanding the clean energy economy. Stated targets and actions to
achieve by 2016 are: electricity self-sufficiency, zero emissions from coal thermal electricity facilities,
to obtain 93% of electricity generation from clean energy sources.
Under the Greenhouse Gas Reduction (Renewable and Low Carbon Fuel Requirements) Act, B.C.
has implemented a volumetric renewable fuel standard on the gasoline (5%) and diesel (4%) pools,
and implemented a Low Carbon Fuel Standard (LCFS) to reduce the carbon content of
transportation fuels by 10% below 2007 levels by 2020.
B.C. implemented a carbon tax that applies to most fuels used in the province. The carbon tax level
began at $10/tonne in 2008 and increased to $30/tonne in 2012. This carbon tax applies to aviation
fuels used within the province. International and interprovincial flights are exempt.
B.C.’s Greenhouse Gas Reduction Target Act was passed in 2007 to establish legally-binding targets
for GHG performance of large final emitters. The Act requires B.C.’s emissions to fall 33% below 2007
levels by 2020, and 80% below 2007 levels by 2050. Through this Act, British Columbia was the first
government in North America to pass legislation requiring provincial government operations to be
carbon neutral by 2010. Many municipal governments within BC joined the province to achieve
carbon neutral operations. BC also established an offsets system to provide flexibility for the public
sector to achieve their GHG commitments.
In October 2014, the Greenhouse Gas Industrial Reporting and Control Act was introduced into the
BC legislature where it completed first and second readings. The proposed legislation would
prescribe emission intensity limits for regulated sectors, primarily thermal electricity and liquefied
natural gas (LNG) production. Compliance with the regulations enacted via the legislation could
include use of offset credits, payment into a compliance fund (of a predetermined amount per
tonne of emissions in excess of the established limit), and other options. The regulations that emerge
under this legislation could be is similar to Alberta’s Specified Gas Emitters Regulation.
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Table 25: British Columbia policy
Blending
requirements/incentives
Average renewable fuel
content of at least 5% in
the gasoline fuel pool

Production incentive

Project support for
renewable agri-energy
production (Renewable
Agri-Energy Initiative)

Average renewable fuel
content of at least 4% in
the diesel pool by 2012
(2% in 2010, 3%in 20111)

R&D
Support and investment
for bioenergy research,
development and
demonstration projects
(BC Bioenergy Network)
Investment for
transportation, energy,
waste projects
(Innovations Fund and
Strategic Priorities Fund)

Innovative Clean Energy (ICE) Fund
Low Carbon Fuel
Requirement Regulation
(10% carbon intensity
reduction by 2020)
Ethanol and biodiesel
fuel tax exemption
(expired on
implementation of the
carbon tax)

Part 3 credit system
under Renewable and
Low Carbon Fuel
Requirements Regulation

GHG

Carbon tax (up to
$30/tonne)
Cap and Trade system,
transitioning to intensity
based system.

Endowment for climate
change challenges
(Pacific Institute for
Climate Solutions)

In forestry, British Columbia launched initiatives such as the Zero Net Deforestation Act to ensure
newly forested lands are equal or greater than the area under harvest. Also, in response to a
specific insect infestation and forest die-back, BC established the Mountain Pine Beetle Action Plan.
B.C. was the first jurisdiction to release a Bioenergy Strategy to encourage the competitiveness of its
forest and agriculture sector while strengthening regions and communities. B.C. provided up to
$10M in funding to support the expansion of in-province biodiesel production capacity and $25M
to create an industry-led Bioenergy Network supporting research and investment in technology
development and deployment. The province has a stated goal of having B.C.-based biofuel
production meet 50% or more of the province’s renewable fuel requirements by 2020. Despite the
considerable targeted efforts, commercial biodiesel and ethanol production capacity has not
been established in the province and the province will not likely meets its 2020 production target.
Among BC’s biofuels measures and programs, several could potentially apply to biojet fuels. The
Bioenergy Network, the Innovations Fund and the Pacific Institute for Climate Solutions could help
progress research or advocacy to support a biojet supply chain in BC.
10.2.3

Alberta

Alberta is a global energy leader with a broad resource portfolio that includes coal, minerals,
natural gas, oil sands and oil, and unconventional resources including shale gas, coal bed
methane and tight oil and gas. Alberta has strong agriculture and forestry sectors. Wheat and
canola are the primary farm crops. The province has Canada’s largest biodiesel production plant
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(Archer Daniels Midland – 265 MLY), two of Canada’s the most innovative bio-refining ethanol
facilities (Enerkem – 38MLY and Growing Power Hairy Hill – 40 MLY) and a multi-product biorefinery
that produces ethanol and specific food ingredients (Permolex – 40 MLY).
Forecasting long term energy development, Alberta’s Provincial Energy Strategy focuses on energy
conservation and efficiency, as well as cleaner hydrocarbons. Due to the size of its energy resource
economy, Alberta is the largest provincial emitter of greenhouse gases; it was the first jurisdiction in
North America to regulate industrial GHG emissions in 2003.
The Climate Change and Emissions Management Act sets the target of reducing GHG emissions
relative to GDP by 50% compared to 1990 levels by 2020. This Act is accompanied by the Specified
Gas Emitters Regulation, an intensity-based scheme. This regulation applies to existing facilities that
emit more than 100,000t of GHG annually. Facilities are able to meet their compliance obligations
with flexibility mechanisms such as process improvements, purchase of offset credits or contribution
(at $15/t) to the Climate Change Emissions Management Corporation (CCEMC).
Table 26: Alberta policy
Blending
requirements/incentives

Production incentive

Average renewable
fuel content of at least
5% in the gasoline fuel
pool

Bioenergy Production
Credit Program – part of
Alberta’s 9 Point
Bioenergy Plan

Biorefining
Commercialization and
Market Development
Program

R&D

Alberta Innovates (Bio
Solutions, Technology
Futures, Energy and
Environmental Solutions)

Funding for GHG
emissions reduction
projects via CCEMC
Average renewable fuel
content of at least 2% in
the diesel fuel pool

Offsets system with
protocol for biofuels
produced and placed
into market in AB

Financial support to
develop farming
operations (Agricultural
Initiative Program)

GHG

Refundable tax credit
(Scientific Research and
Experimental
Development Tax Credit)

Intensity-based scheme
(Specified Gas Emitters
Regulation) Facilities
>100,000 tonnes of GHG
must reduce their
emissions by 12%

Financial incentives and
grants supporting
innovation (Energy
Innovation Fund)

Among the above biofuels measures and programs, several have the potential to apply to biojet.
The CCEMC fund could finance biojet projects. Alberta Innovates could foster research in the biojet
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field by providing funds and support for research and commercialization. The Alberta Innovation
Voucher Program could provide vouchers up to $15,000 or $50,000 to agricultural producers,
foresters, or innovators in MSW and bio-products. Also, a tax credit of 10% of eligible expenditures
could also benefit research and development businesses working on innovative technologies like
biojet.
Since the onset of the current phase of targeted policies and fiscal programs to stimulate biofuels
production, use and research, Alberta’s model has been successful in establishing global-scale
biodiesel production and innovative MSW and bio-refining facilities. The province has also utilized
‘waste’ forest residues for bio-energy (heat and power) and bio-refining plants.
10.2.4

Saskatchewan

Saskatchewan has almost half of Canada’s total cultivated farmland. This prairie province
produces cereal and pulse crops, as well as oilseeds such as canola. Saskatchewan has been a
centre for the development of alternative oilseeds, such as camelina and carinata. Saskatchewan
also has substantial petroleum (oil, oilsands, natural gas) reserves and potash production.
Saskatchewan has committed to reduce its GHG emissions by 20% below 2006 levels by 2020
through its Management and Reduction of GHG Act. At the time of writing, this act has not been
put into force.
Saskatchewan has in place volumetric renewable fuel standards for both renewable alternatives to
gasoline and diesel. The Foam Lake biodiesel plant (20 MLY) is the province’s only operating facility,
and was one of the first in Canada to pioneer biodiesel production.
Saskatchewan is one of Canada’s leading ethanol producing provinces (the others are Ontario,
Quebec and Manitoba). The province’s ethanol industry was established under federal and
provincial sector build-out initiatives that were in place from the 1980’s to 2,000’s. The Agri-value
Initiative, the SLIM Program, and the Market Development Program encourage agri-businesses to
establish new markets, develop value-added products, or adopt new technologies in order to
stimulate efficiency and competitiveness.
Saskatchewan is undertaking several strategies to manage its forests and foster a competitive and
diversified sector (Forest Development Framework, Forest Sector Transformation Strategies).
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Table 27: Saskatchewan policy
Blending
requirements/incentives

Average renewable fuel
content of at least 7.5%
in the gasoline fuel pool

Average renewable fuel
content of at least 2% in
the diesel fuel pool

Motor fuel tax
exemption

Production incentive

R&D

Financial support for
GHG, water, biodiversity,
and waste issues (Go
Green Fund)

Funding for innovation
(Innovation and Science
Fund

Funding to support
agriculture development
and diversification
(Saskatchewan AgriValue Initiative,
Saskatchewan LEAN
Improvements in
Manufacturing Program,
Market Development
Program

Support for green
technology (Climate
Change Foundation,
Saskatchewan
Technology Fund)

Financial incentive for
distributors and
producers (Renewable
Diesel Program, SaskBIO)

Research and
development activities
(Saskatoon Research
Council)

GHG

Offset system under
development with
intensity-based scheme
– has not yet come into
force

Among the above biofuels measures and programs, several have the potential to apply to biojet
fuels. The Go Green Fund, together with agriculture supporting programs, could encourage biojet
production. Research and development initiatives could be useful to foster crop innovation and
technology research.
10.2.5

Manitoba

Manitoba is a significant agricultural producer and has abundant renewable energy resources.
Manitoba receives approximately 68% of its primary energy production from hydropower and wind.
There are no petroleum refineries in Manitoba. The province has the stated energy objective of
‘moving Manitobans toward fossil fuel freedom’. The province has ethanol production that was
established under federal and provincial sector build-out initiatives that were in place from the
1980’s to 2,000’s.
Manitoba currently has the Climate Change and Emissions Reductions Act 2020 which sets a target
of 15% reduction compared to 2005 GHG emission levels. The ambitions in the Climate Change
Action Plan are to make Manitoba one of the lowest carbon jurisdictions on the continent, boosting
clean energy, green transportation, and climate friendly agriculture practices.
The recent Clean Energy Strategy puts emphasis on growing renewable energy alternatives
including hydro, wind, geothermal, and biomass.
Manitoba has a BioProducts Strategy that encourages research, innovation, and market
development for biofuels, bioenergy, biofibers, biomaterials, and biochemicals.
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Table 28: Manitoba policy
Blending
requirements/incentives

Production incentive

R&D

GHG

Average renewable fuel
content of at least 8.5%
in the gasoline fuel pool
Average renewable fuel
content of at least 2% in
the diesel fuel pool (was
modified from biodiesel
to renewable diesel in
2012)

Financing for renewable
energy projects
(Alternate Energy Loans)

Capital grants and loans
for community projects
(Community
Development
Investment Tax Credit)

Excise tax exemption of
$0.115/L for biodiesel

E85 fuel station in
Winnipeg

Supports for sustainability
projects (Sustainable
Development
Innovations Fund)

Biodiesel fuel station to
supply Winnipeg’s
municipal fleet

Grants for producers
(Ethanol Fund Grant,
Biodiesel Fund Grant
Regulation)
Biodiesel demonstration
projects
Financial support for
biomass infrastructure
(Manitoba Biomass
Energy Support Program)

For programs immediately applicable to biojet, the Alternate Energy Loans program could
encourage farmers and rural entrepreneurs to develop new opportunities by producing alternate
energy, including biofuels.
10.2.6

Ontario

In 2007, Ontario introduced its Climate Change Action Plan, with a target of 80% GHG emissions
reduction below 1990 levels by 2050. To reach this target, a dedicated Climate Change Secretariat
was created to monitor progress, and a Climate Change Advisory Panel was formed to advise on
policy development and decision-making processes. In line with this plan, Ontario embarked on the
single largest GHG reduction initiative in North America by committing to end the use of coal by
2014 (Ending Coal for Cleaner Air Act). This was completed in 2014 (Ontario Ministry of Energy,
2014).
Ontario has the greatest share of Canada’s ethanol production capacity, due to combined
stimulus of federal and provincial capital and operating funding programs.
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In Ontario, 32% of power production comes from hydro and wind, and the province’s Green Energy
Act is structured to encourage the expansion of renewable energy supplies. The Act has catalyzed
development of solar energy, and made the province a Canadian leader in the sector. The
conversion of one coal-fired facility to run on biomass (Thunder Bay Generating Station) may
create competition for biomass with a biojet supply chain.
A feature of Ontario’s recent strategies is its 25-year Regional Transportation Plan. Via 32 objectives,
this plan aims at improving regional transportation and bolstering global competitiveness, while
protecting the environment. It includes goals to lower GHG emissions and reduce dependence on
non-renewable resources. The Ethanol Growth Fund ($520M, 12 years) was successful in helping
establish Canada’s largest and lowest carbon intensity ethanol production base.
Table 29: Ontario policy
Blending
requirements/incentives

Production incentive

R&D

Investment for clean
technology companies
(Ontario Emerging
Technologies Fund)

Renewable fuels specific
support (Institute for
Chemicals and Fuels
from Alternative
Resources, Alternative
Renewable Fuels
Research and
Development Fund)

Capital and operation
assistance (Ethanol
Growth Fund)

Fund for early-stage
technology (Innovation
Demonstration Fund)

Renewable energy
funding (Municipal
Renewable Energy
Program, Standard Offer
Program)

Institutions for
bioeconomy (Centre for
Research and Innovation
in the Bio-Economy,
Bioindustrial Innovation
Centre)

Investment and feed-intariff for renewables
(Green Energy Act
financial support)

Research and
Development support
(Ontario Research Fund)

Average renewable fuel
content of at least 5% in
the gasoline fuel pool
Blending mandate for
renewable alternatives
to diesel, with a GHG
average intensity target,
under the Greener
Diesel Regulation (<1% in
2014, to 4% in 2017)

Excise tax exemptions

GHG

Sector specific action,
coal power production
sunset

Among the above biofuels measures and programs, several have the potential to apply to biojet.
The Emerging Technologies Fund’s commitment of $50M/year over five years, and the Standard
Offer Program’s financial incentives, could foster biojet production. The Innovation Demonstration
Fund may support commercialization and initial demonstration with funding from $100,000 to $4M.
There is potential biojet applicability from the initiatives in Ontario for research and development
innovation centers dedicated to bio-economy and bio-industry and the Institute for Chemicals and
Fuels from Alternative Resources. These institutions could assist in research to enable the conversion
of woody biomass, agricultural residues, and waste. The $7.5M Alternative Renewable Fuels
Research and Development Fund is mandated to promote the renewable fuels industry and
related agricultural sectors.
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10.2.7

Quebec

With 98% of its primary energy production derived from hydro and wind, Quebec is a leading
province for the continued development of renewable and low carbon energy projects. However,
unlike all provinces to its west, Quebec has not promulgated renewable fuel standards for gasoline
and diesel pools, relying instead on a blending target and tax credits to stimulate development of
the cellulosic ethanol sector. Quebec has supported the research and development of Enerkem,
which has established pilot scale facilities for processing biogenic MSW into bio-methanol and
ethanol.
Quebec’s Climate Change Action Plan aims to reduce GHG emissions by 20% below 1990 levels by
2020. Quebec has a promising framework for GHG reductions, with a carbon tax and cap-andtrade system which is in its first compliance period (2013-2014). Quebec and California have linked
their cap and trade compliance credit trading systems.
Quebec has the second largest forest industry in Canada. The 2009 Action Plan aims to make forest
biomass available for energy projects from public forests.
Table 30: Quebec policy
Volumetric mandate

Production incentive

5% blending target
focusing on cellulosic
ethanol

Excise tax exemption of
biodiesel

Refundable tax credit for
ethanol producer and
seller (refundable tax
credit for ethanol)

R&D
Aerospace research
(Consortium for
Research and Innovation
in Aerospace,
Sustainable Affordable
Green Efficient)
Funding for green
technologies
(Development Strategy
for Québec’s
Environmental and
Green Technology
Industry, Technoclimat
program)

GHG

Cap-and-trade linked
with California

Funding for innovation
and new technologies
(National Research and
Innovation Policy, Energy
innovation Assistance
Program)

Carbon tax

Among the above biofuels measures and programs, several have the potential to apply to biojet
fuels. The carbon tax and the cap-and-trade system could direct interest towards biojet
production, or be useful to decrease the price gap between fossil jet fuel and biojet.
10.2.8

Atlantic Provinces

The Atlantic Provinces have stated renewable ambitions, specifically with their Renewable Portfolio
Standards (electricity). There are few active incentives or specific measures to encourage liquid
biofuels development. There are no provincial renewable fuel mandates in place. The Atlantic
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Provinces opposed the implementation of the federal renewable fuels standards and were given
temporary exemptions to January 1, 2013, which was subsequently extended to June 30, 2013. In
2010, the Atlantic Council for Bioenergy Co-operative was founded to promote the development
of a sustainable bioenergy industry in Atlantic Canada; their report, Fueling the Future (2014), calls
for provincial renewable fuels standards to spur development of the sector.
10.2.9

Summary of regional policy mechanisms used in Canada

The table below shows the policy instruments that have been used in select provinces and at the
federal level in Canada. This includes the tools that have been used in the low carbon fuel sector,
therefore it includes policies that have expired.
Table 31: Summary of regional policy mechanisms
Biofuels Use in Road Transport
Renewable Fuel Low Carbon Fuel
Detaxation used
Standard
Standard

Biofuel Production
Blending
Incentive

Operating
Incentives

























British Columbia



Alberta





Saskatchewan







Manitoba







Ontario





Quebec

10.2.10

Implemented
Carbon Cap
Policy

Capital
Incentives

Canada Federal



Carbon Policy



Loan Guarantee

Emissions
Offsets System
Trading System

Biojet Specific
Carbon Fund

Carbon Tax

Biojet eligible as
compliance

























Impact of policy mechanisms on biojet supply chain

Policy measures to enable a viable biojet supply chain can target a specific section of the supply
chain, while being coordinated across the whole supply chain. Activating a complete biojet supply
chain takes implementation of well-considered policy options. The figure below illustrates the
impact on the supply chain of the different policy types noted in the federal/provincial review and
from other jurisdictions.
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Figure 10-1: Policy mechanism impact area on biojet supply chain

10.3

International policy initiatives (aviation relevant)

This section reviews a selection of international initiatives underway to address emissions from the
aviation sector. These policies do not address regional potential for biojet in Canada directly;
however, the existence of these international initiatives will help determine the competitive
landscape for biojet investment in Canada. There are a greater number of initiatives that are not
included in this list. Initiatives with a specific focus on creating biojet production capacity rather
than those focused on being informational resources, are highlighted in this section.
10.3.1

Aviation inclusion in the EU Emission Trading Scheme

The EU has been the strongest government proponent for regulatory action to reduce emissions
from the aviation sector. Beginning in 2012, emissions from flights arriving at, between and
departing from European Economic Area locations (EEA, the 28 EU member states with Iceland,
Liechtenstein and Norway) were to be included in the EU’s Emission Trading System (EU ETS). Briefly,
the EU ETS is the largest international market for trading greenhouse gas emissions. It covers more
than 11,000 fixed emission sources in 31 countries. It is a cap and trade system and a key tool to
aiding the EU region to achieve its GHG reduction targets.
The inclusion of all aviation in the EU under the emission cap met with resistance from non-EU airlines
in particular. Critics of the policy advocated for a global approach to market-based measures for
reducing aviation emissions. In 2012, the EU ETS coverage requirements for flights to and from nonEEA countries was suspended while the International Civil Aviation Organization (ICAO) develops a
globally applicable market-based mechanism to address international aviation emissions by 2016
and apply it no later than 2020. Following the 2016 ICAO assembly, the EU Commission will report to
the EU Parliament and Council on the proposed market-based measures to be adopted by the
industry (European Commission, 2014). Failing sufficient action by ICAO, it is possible that the EU will
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consider reintroducing the EU ETS requirement for aviation emissions. Flights within the EU remain
subject to the original EU ETS coverage.
10.3.2

European Advanced Biofuels Flight Path

The European Advanced Biofuels Flight Path was launched in 2011 by the European Commission, in
cooperation with Airbus, Lufthansa, Air France/KLM, British Airways, Choren Industries, Neste Oil,
Biomass Technology Group, and UOP. This cross-sectoral industry initiative was created to speed the
commercialization of biojet production and use in Europe. The roadmap establishes milestones to
achieve annual production of 2 million tonnes of biojet by 2020. Members voluntarily committed to
support and promote the production, storage, and distribution of biojet. The program has specific
targets:








Facilitate the development of standards for drop-in biofuels and their certification for use in
commercial aircrafts
Work together with the full supply chain to further develop worldwide accepted
sustainability certification frameworks
Agree on biofuel off-take arrangements over a defined period of time and at a cost similar
to petroleum jet fuel
Promote appropriate public and private actions to ensure the market uptake of biojet by
the aviation sector
Establish financing structures to facilitate the realization of advanced biofuel projects
Accelerate targeted research and innovation for advanced biofuel technologies,
especially algae
Take concrete actions to inform the European citizen of the benefits of replacing kerosene
[fossil jet fuel] by certified sustainable biofuels

10.3.3

European NER 300 programme

The NER 300 is an EU funding program for low carbon energy demonstration projects. The program
funding comes from the sale of 300 million emission allowances in the EU ETS from the New Entrants
Reserve (NER), a pool of emission allowances that were set aside during the creation of the carbon
trading system. The allowances were sold in 2010, generating 2.1 billion Euros to be used in this
program. The program focuses on carbon capture and storage (CCS) technology, and innovative
renewable energy technologies at a commercial scale within the EU. Within the renewables
portfolio, the NER focuses on bioenergy, concentrated solar power, photovoltaics, geothermal,
wind, ocean, hydropower, and smart grids (NER 300 Programme, 2014). Biojet production
technologies are eligible under the NER 300 programme.
10.3.4

US Defense Production Act Title III – Advanced Drop-in Biofuels Production Project

The stated mission of the US Defense Production Act (DPA) Title III Program is to create assured,
affordable, and commercially viable production capabilities and capacities for items essential for
national defense. DPA Title III allows the government to provide incentives, including funding, to
enhance the production of domestic resources to ensure access to critical technology items. Under
DPA Title III, firms in Canada may be eligible for funding support.
The Advanced Drop-in Biofuels Production Project is part of the DPA Title III Program. Through this
project, the government has called for the creation of Integrated Biofuels Production Enterprises
(IBPE), made up of partnerships with commercial partners capable of developing facilities with a
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minimum of 10 M/gallons per year of neat biofuels capacity. The products are to be delivered to
the Department of Defense, fully blended with conventional petroleum product counterparts JP-5
(used on aircraft carriers), JP-8 (widely used military fuel specification) and/or F-76 (military diesel
fuel), requiring no modifications to existing infrastructure, and meeting the military fuel
specifications. The military uses different versions of jet fuel and marine diesel with a higher "flash
point" established because of the conditions in which the military operates. As of September 2014,
over US$210M has been committed to drop-in military renewable fuel projects (Defense Production
Act Title III, 2014).
10.3.5

US Navy and USDA Farm to Fleet

The US Navy and USDA Farm to Fleet program is a high profile program to provide an incentive for
the production of biofuel for the US navy. The Navy will begin to add biofuels into its regular
domestic purchases, starting with a minimum 10% blend requirement representing approximately
77M gallons of neat biofuels to be blended with JP-5 and F-76 each year. Initial fuel contracts will
be awarded in 2015 and first deliveries scheduled for mid-year 2015.
In the longer term, the Navy plans to expand this program into a global solicitation that will provide
blends of up to 50% biofuels for its Atlantic Mediterranean and Western Pacific fuel needs.
10.3.6

FAA ASCENT

FAA ACENT is a collaboration between the Federal Aviation Administration, Washington State
University, and the Massachusetts Institute of Technology. It is exploring ways to produce sustainable
aviation fuels at commercial scale to create economic development, job creation, and other
positive impacts. This program has a large number of partner organizations, including Transport
Canada. FAA ASCENT will potentially emerge as the link for collaboration on aviation sector
environmental initiatives between the US and Canada. The FAA ASCENT program held their kick off
meeting in October 2014.
10.3.7

Indonesia biofuel mandate – biojet specific mandate

In 2006, the Government of Indonesia established its National Energy Policy and created the
Indonesian Biofuel Program in order to diversify energy supplies and support sustainable economic
development. Included in this is a proposed biojet fuel mandate of 2% commencing in 2016, rising
to 3% by 2018-2020, and 5% by 2025. It is currently unknown whether this mandate will become an
enforceable regulatory requirement in 2016.
10.3.8

Brazilian biojet fuel platform

This initiative is located in the policy section as it is the private sector interface for a larger bilateral
agreement between Brazil and the US. Created in August 2013, the Brazilian Biojet fuel Platform
brings together key stakeholders to promote the implementation of a biojet fuel and renewable
value chain, including research and development and fuel use. The Platform integrates existing
initiatives for feedstock research and development, the Amyris direct sugars to hydrocarbon (AtJ)
value chain, the Solazyme plant, the Byogy AtJ project, the HEFA Curcas biorefinery, and aviation
technologies from Boeing and General Electric.
Targets:
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Bring together stakeholders for integration, optimization, and segment coordination
Be the private sector interface for US-Brazil Biojetfuel Bilateral Agreement
Launch a Flying Green program to kick off a Carbon Footprint Offset Program for the World
Cup 2014 and Olympic Games 2016
Concerted bilateral actions to implement pilot programs in the Americas
Established Pan American Biojet Fuel Initiative
Introduce feedstock production by intercropping energy crops with short cycle crops

10.3.9

Australian carbon tax

The Australian government repealed its carbon tax in July 2014. The carbon tax scheme primarily
applied to electricity generation and the industrial sector. It did not include road transportation and
agricultural emissions. The aviation sector was assessed a fuel carbon tax of AUD $0.06/L. Qantas
stated that they added a small surcharge to domestic fares to reflect the impact of the Australian
carbon price on our cost base and attempt to recover some of that cost. However, because of the
challenging conditions in the domestic aviation market from July 2012, it was not sustainable for
Qantas to pass on the cost of the tax to customers (Qantas, 2014).
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11 SUMMARY OF REGIONAL CHARACTERIZATION FOR BIOJET
PRODUCTION (2020)
This section encapsulates the content in the preceding sections to characterize biojet supply chain
potential in Canada. The section begins with a summary of the selected technology and feedstock
options for biojet production in 2020, and continues with an analysis of infrastructure potential and
enabling policies. Results are presented in Table 32.

11.1

Technology potential

The HEFA technology has been assessed to be the most viable production platform for biojet fuels
in Canada at a commercial scale by 2020:








HEFA technologies for production of biojet fuels are relatively mature, with established
facilities producing commercial volumes of biojet fuels that are being used in the market.
There is no existing certification hurdle for HEFA biojet fuels. It has achieved ASTM
certification for up to 50:50 blends, and has been tested in single and dedicated route
commercial flights.
There is sufficient suitable feedstock in Canada for HEFA facilities. Oleochemical feedstocks
have the highest Heff/C ratio of all biomass feedstocks, requiring the lowest hydrogen input
and the least processing. Feedstocks, such as canola, soy, rendered fats, UCO, are
commercially available in assured supply, meeting consistent quality specifications.
New feedstocks, such as emerging oilseeds (camelina, carinata), algae, etc., are under
development and could diversify and augment feedstock supplies for HEFA facilities.
The UOP/Eni Ecofining process with 250 MLY of capacity was selected as a basis for
calculations for this analysis as information and data about the process and yields are
readily available. When this process is optimized for maximum biojet yield, 50% of the total
HEFA yield will be biojet fuel which can be separated out using a distillation unit.

Technology impact on regional viability: The selection of the HEFA platform does not, a priori, make
one region more viable than another. HEFA production can theoretically be located in most
regions in Canada, although the most viable plant configuration will combine ready access to
suitable feedstock(s) and processing inputs (e.g. hydrogen), maximize integration for capex-opex
efficiencies, and have stable enabling policy mechanisms and assured biojet demand. These
factors are addressed below.

11.2

Feedstock potential

The results of the oleochemical feedstock availability assessment reveal that:




There is sufficient feedstock available to supply at least a 250 MLY HEFA facility in Canada.
The primary feedstocks would be a combination of canola, animal fats, UCO/yellow grease,
flaxseed, soybeans, and other oilseeds (such as camelina and carinata) that are under
development and increasing in production. The largest available source of oleochemical
feedstock is canola oil, but a HEFA facility could be configured with the flexibility to transition
to other feedstocks as they become available.
Producers of established oilseeds in Canada have shown the capability to meet increased
demand from new markets with sustainable agricultural practices. Increases to current
production levels is possible through the breeding enhancement and improved agronomic
practices. The initiatives such as the Keep it Coming; 52 by 2025, Canola Market Access Plan
(CMAP), Flax Canada 2015, and Soy 20/20 are examples of plans focusing on increasing
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production of these oilseed crops. The challenge (from the farm producers’ perspective) lies
in reducing export market dependency by developing stable new markets for this
increasing supply. The emergence of a domestic biojet industry would assist the
development of new markets.
Feedstocks, such as UCO and tallow could be processed in a HEFA facility to diversify
feedstock supply options and lower feedstock costs; however, as discussed in the feedstock
assessment, their supply is limited. From the feedstock assessment, it is apparent that supplies
of UCO and tallow have remained relatively constant over the last 10 years. These
feedstocks can be used as part of a feedstock blend for the potential HEFA facility,
although expansion based on these feedstocks alone would be unlikely.
The size of the theoretical supply radius depends on the feedstock(s) used, the annual
feedstock demand, and the spatial distribution of the farmed area within the supply radius.
For the 250 MLY HEFA facility, in the case where there are continuous acres of oilseed
around the HEFA facility, the theoretical supply radius would be in the range of 33-46 km,
depending on the particular oilseed crops used. However, a biojet facility would likely
procure feedstock from the existing oleochemical processing facilities that already collect
and process the oilseeds (or animal fats, in the case of rendered fats for biojet feedstocks).

Feedstock impact on regional viability: Regions with strong and consistent oleochemical feedstock
production are the preferred location for biojet production. The most viable regions from a
feedstock production perspective (and others) are summarized in Table 32 and include Alberta,
Saskatchewan, Manitoba, and Ontario.

11.3

Infrastructure potential

The review of directly useable infrastructure reveals that:




Oilseed crushing facilities are typically located near feedstock sources and will be important
elements in determining which region to locate biojet production.
There is no existing HEFA/HDRD production in Canada that can be used to produce biojet.
There is no excess ethanol capacity. An alcohol to jet pathway will require new ethanol
imports or production (note: this pathway is not considered as the most viable as HEFA in the
2020 timeframe).

The review of assets that may be retrofitted, used for co-processing, or co located with
petrochemical industry cluster reveals that:






There exist technical challenges with co-processing renewable feedstocks directly into the
petroleum refinery complex.
The hydrogen requirements of HEFA optimized for biojet make locating near a source of
hydrogen production an important location factor.
Opportunities to reduce capital costs by retrofitting an existing production facility, or select
infrastructure or plant equipment, should be considered.
Opportunities to reduce operating costs by integrating within an industrial facility or cluster
of facilities should be evaluated.
Gasification and pyrolysis infrastructure may be useful in the 2025 biojet production
scenario, but were not considered ready for producing commercial scale biojet in 2020.

The fuel distribution infrastructure review reveals that:
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There are opportunities for a future biojet supply chain to use existing fuel distribution
networks in Canada. A viable biojet production location will be advantaged by proximity to
as many modes of fuel transportation as possible.
Plant inputs (feedstock, hydrogen) and finished products (biojet, light gases) will compete
for capacity in existing transport systems, primarily rail. The rail system limitations, partly due
to the expansion of fossil fuel product transportation, need to be carefully evaluated.
Ideally, nearby location of the HEFA facility would eliminate or reduce transportation needs
for either feedstocks or finished products.
Biojet fuel could be aggregated at fuel terminals, and blended with fossil jet fuels for
distribution through the existing jet fuel supply system. This would eliminate redundancy and
reduce costs from separate handling and improve fuel quality management.
Trucking of biojet fuel and feedstocks will provide the most flexibility for product delivery,
although it will have relatively higher transportation costs.
It is most likely that biojet feedstock and finished product transportation would occur
primarily via rail and road before being able to access the pipeline system. Biojet fuel could
potentially be transported via dedicated jet fuel pipelines. In some locations (e.g. ChevronYVR), biojet could travel from tank storage to the airport fuel system blended with fossil jet
fuel.
Pipelining of biojet fuel could be the most economical means of transport, although it would
need to compete for limited capacity, limited points of entry, and overcome certification
hurdles. Minimum pipeline batch size requirements can preclude biojet shipment or, at a
minimum, make it less competitive with rail or truck. Utilizing dedicated pipelines is a
potential option for comingling with jet fuel that already travels via dedicated pipeline, or in
finished product pipelines with flushing prior to and following use to eliminate the portions of
product that may co-mingle.

Infrastructure impact on regional viability: Regions with, or having close proximity to, useful
infrastructure, including oilseed processing, hydrogen production, petroleum refining assets, and
petrochemical clusters will be more viable relative to other jurisdictions for biojet production.
Regions containing access to multiple modes of fuel distribution will have relative advantage.
Regions with excess fuel distribution capacity can be advantaged over areas operating at full
capacity.

11.4

Enabling policies

The review of the enabling policies for biojet reveals that:








There is currently insufficient policy support (including: policies, regulations, fiscal or tax
programs) at the federal or provincial levels to facilitate immediate construction of
dedicated biojet production capacity in Canada.
Renewable fuels policies focus predominantly on the road transport sector.
Carbon pricing policies exist in multiple provinces, although none of them at present
specifically apply to biojet production.
Existing biojet production policies and fiscal programs in Europe, the US and Brazil are much
further advanced and more competitive than existing Canadian federal and provincial
policies. The decision to locate biojet production assets in Canada, versus importing foreign
biojet fuels, will require new policy mechanisms.
Outreach to government staff (federal and provincial) in relevant departments (energy,
transportation, and environment) demonstrates that there is interest and receptivity to
134

Canadian Biojet Supply Chain: Phase I
Version: 2

examining the potential for government policy to enable a viable biojet supply chain in
Canada.
Enabling policy impact on regional viability: The federal government and the provinces of British
Columbia, Alberta, Saskatchewan, Manitoba, Ontario and Quebec each have some type of
existing renewable fuel policy focused on the road transport sector. The lack of dedicated biojet
production capacity in Canada is partly due to the emergent state of the technologies (all
operating biojet facilities were commissioned in the past 6 years) and the lack of alignment of
Canadian policy mechanisms to support development of a biojet supply chain. The lessons learned
from the development of the renewable fuels sectors (ethanol, biodiesel, advanced biofuels) can
be adopted to successfully develop a low carbon biojet supply chain. It will take a re-working of
existing fuel and carbon policies, and implementation of new fiscal measures, to create
competitive market conditions for biojet production in Canada. Assuming all governments and
industry are prepared to undertake this work in the near term, the current lack of adequate biojet
policy structures is not considered a disqualifying factor in characterizing potential viable regions.
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Table 32: Summary of regional viability (2020)
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11.5

Results of regional characterization for biojet viability

Based on the preceding analysis, the most viable regions for biojet production in 2020 are:



Edmonton Capital Region, Alberta
Southwestern Ontario region, Ontario

Other regions that have significant merit from a feedstock availability and infrastructure basis
are:




Saskatchewan (assorted areas)
Manitoba (assorted areas)
Montreal/Quebec City

Each of these areas are strong candidates for locating HEFA production due to their proximity
to: feedstock production and processing; existing transportation modes for delivering
feedstock(s) and finished products; hydrogen production; existing refining and petrochemical
clusters; and potential market demand at nearby airports.
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12 VIABLE OPTIONS FOR BIOJET SUPPLY CHAINS IN 2020
This section presents potential viable options for biojet supply chains that will be considered in
greater detail during the techno-economic assessment in Phase 2 of this project.

12.1








Viable options for western biojet supply chain (2020)

Region of biojet production – Edmonton Capital Region
Facility size – 250 MLY
Feedstock – Canola, animal fats, emerging oilseeds, other
Feedstock harvest radius – 32 to 46 km (estimate, the positioning of feedstock processing
infrastructure important variable)
Source of hydrogen –
o Merchant production or local refining source: potentially Sherwood Park,
Strathcona County, Heartland Hydrogen Pipeline system in the Alberta Industrial
Heartland Region (Sturgeon County, Strathcona County, Lamont County and Fort
Saskatchewan)
o Owned production: depending on scale, possible to include steam-methane
reforming within HEFA facility (abundant natural gas supply available)
Oleochemical Feedstocks –
o Primary:
Canola, animal fats, UCO
o Secondary: Camelina, carinata, tall oil
o Future:
Algae and other potential emerging feedstocks
o Feedstock harvest area – 1.3 million acres (canola)
o Feedstock Suppliers –
 Oilseed crushers
 ADM @ Lloydminster
 Bunge @ Fort Saskatchewan, Wainwright
 Cargill @ Camrose (under construction)
 Richardson @ Lethbridge
o Renderers
 West Coast Reduction @ Calgary, Lethbridge, Edmonton
 Cargill @ High River
 JBS @ Brooks
o Co-Location/integration options:
o Feedstock processing plants
 Canola: ADM @ Lloydminster, Bunge @ Fort Saskatchewan, Richardson @
Lethbridge
o UCO/Tallow: West Coast Reduction @ Calgary, Lethbridge, Edmonton
o Petroleum refineries
 Edmonton Refinery (Suncor Energy)
 Scotford Refinery, Scotford (Shell Canada)
 Strathcona refinery, Edmonton (Imperial Oil)
o Bitumen upgraders
 Scotford Upgrader, Scotford (Shell, Chevron, Marathon)
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Hydrogen plants
 Air Products/Heartland Hydrogen Pipeline system
 Hydrogen produced on site at refineries
o Petrochemical plants
 Dow Chemical (Fort Saskatchewan, Prentiss)
 NOVA chemicals, Joffre
 Shell Chemical, Scotford
Transportation
o Feedstock to production facility – rail/truck
o Hydrogen to production facility (if not on site or co-located) – dedicated pipeline
o Biojet transport to airport – rail/truck
o Airports within 200 km radius
 Edmonton International Airport
 Villeneuve Airport
 Edson Airport
 Whitecourt Airport
 Bonnyville Airport
o Airports within 400 km radius
 Calgary International Airport
 Cold Lake Regional Airport
 Fort McMurray International Airport
o Distance to Vancouver Airport – 830 km
o Opportunity for the biojet to be blended with Jet A-1 within Edmonton refining
and terminal complex for blended jet fuel delivery to airport tank farm.
o
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Figure 12-1: Viable options for western biojet supply chain (2020)

12.2

Viable options for eastern biojet supply chain (2020)



Region of biojet production – Southwestern Ontario



Facility size – 250 MLY



Feedstock – Soybean, animal fats, UCO, canola, emerging oilseeds, other



Feedstock harvest radius – 32 to 46 km



Source of hydrogen –
o

Merchant production or local refining source (potentially Nanticoke, Sarnia (via
existing hydrogen pipeline)

141

Canadian Biojet Supply Chain: Phase I
Version: 2





Oleochemical Feedstocks –
o

Primary:

Soy, canola, animal fats, UCO,

o

Secondary:

Camelina, carinata, tall oil

o

Future:

Algae

Feedstock Suppliers –
o

o

Oilseed crushers


ADM @ Windsor



Bunge @ Hamilton

Renderers




Co-Location/integration options:
o

o

o

o



Rothsay @ Dundas, Moorefield

Feedstock processing plants


Soy/Canola: ADM @ Windsor, Bunge @ Hamilton



UCO/Tallow/Pork/Poultry: Rothsay @ Dundas, Moorefield

Petroleum refineries


Corunna (Shell Canada)



Nanticoke Refinery (Imperial Oil)



Sarnia (Imperial Oil)



Sarnia (Suncor Energy)

Hydrogen plants


Air Products (Sarnia, Lambton)



Praxair Canada (Sarnia, Lambton)



Hydrogen produced on site at refineries

Petrochemical plants


Petro-Canada, Oakville



NOVA chemicals, Sarnia



Imperial Oil, Chemicals Division, Sarnia

Transportation
o

Feedstock to production facility – rail/truck/waterway

o

Hydrogen to production facility (if not on site or co-located) – dedicated pipeline

o

Biojet transport to airport – rail/truck

o

Airports within 200 km radius


Toronto Pearson International Airport



Region of Waterloo International Airport
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Toronto Buttonville Municipal Airport



Billy Bishop Toronto City Airport



Brandtford International Airport



London International Airport



Bishop International Airport (US)



Detroit Metropolitan Wayne County Airport (US)



Niagara Falls International Airport (US)



Buffalo Niagara International Airport (US)



Cleveland Hopkins International Airport (US)



Burke Lakefront Airport (US)



Erie International Airport (US)

o

Distance to Montreal Airport – 755 km

o

Distance to Ottawa Airport – 596 km

o

Opportunity for the biojet to be blended with Jet A-1 within Sarnia refining and
terminal complex for blended jet fuel delivery to airport tank farm.

Figure 12-2: Viable options for eastern biojet supply chain (2020)
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13 SUMMARY OF REGIONAL CHARACTERIZATION FOR BIOJET
PRODUCTION (2025)
This section builds from the summary of regional potential for biojet production in 2020. The 2020
and 2025 biojet supply chains will have their own technology and feedstock distinction. The two
biojet scenarios will also look to leverage existing infrastructure and operate within a similar
policy framework to enable investment in biojet production.

13.1

Technology potential

The pyrolysis platform (HDCJ) has been assessed to be the most viable for biojet fuels in Canada
at a commercial scale by 2025 with further process enhancements until 2030. The highlights of
the analysis contained section 6 are below:






Pyrolysis (HDCJ) is at demonstration and pilot scale, with development activities by
multiple firms
HDCJ is designed to utilize feedstocks widely available in Canada
HDCJ is assessed to require a lower minimum fuel selling price
HDCJ does not produce higher value intermediate products; transportation fuels would
be the primary output of the supply chain
Based on the above, it was determined that for establishment of a pyrolysis-based
Canadian biojet supply chain by 2025, the lower risk option will be to utilize the expertise
of proven conventional pyrolysis technology companies, with an emphasis on those that
are currently engaged in collaborative projects to upgrade their bio-oil products into
deoxygenated hydrocarbon blendstocks.

13.2

Feedstock potential

The results of the 2025 feedstock availability assessment reveal that:





Forest and agricultural residues are available for a biojet supply chain. These feedstocks
have challenges for densification to enable transportation.
The availability of lignocellulosic residues for a biojet supply chain must take into account
the existing, competing uses of those products. A portion of the biomass must be left in
harvest area to maintain soil health.
It is necessary to find a balance between using high-quality, expensive feedstock (e.g.
pellet and roundwood), and lower-quality, less expensive feedstock (e.g. forest harvest
and agricultural residues). This balance can be evaluated for alignment with
sustainability positions.

Feedstock impact on regional viability: Regions with plentiful and consistently available
lignocellulosic feedstock production are the preferred location for HCDJ production.

13.3

Infrastructure potential

The review of directly useable infrastructure reveals that:


Lignocellulosic processing is typically located near feedstock sources and can be
important elements in determining which region to locate biojet production. This
infrastructure will have proximity to residue collection points or near harvest areas with
residues remaining on the ground and/or aggregated at roadside.

144

Canadian Biojet Supply Chain: Phase I
Version: 2



HDCJ will be more economically produced when it can be derived from advanced
pyrolysis oils being co-processed in an existing refinery. The pyrolysis oils can be produced
from lignocellulosic feedstock at any physical location in the supply chain though the
denser the feedstock, the cheaper it will be to transport. This leads to a preference for
densification to occur as close to the harvest area as feasible. The ability to use existing
infrastructure to reduce transport costs are fundamental to 2025 biojet production.

The review of assets that may be retrofitted, used for co-processing, or co-located with
(petrochemical industry cluster) are similar for the 2025 scenario as the 2020 and are therefore
not repeated.
The fuel distribution infrastructure review is similar for the 2025 scenario as the 2020 and is not
repeated.
Infrastructure impact on regional viability: Regions with, or having close proximity to, useful
infrastructure, including lignocellulosic processing, hydrogen production, petroleum refining
assets, and petrochemical clusters will be more viable relative to other jurisdictions for biojet
production. Regions containing access to multiple modes of fuel distribution will have relative
advantage.
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13.4

Results of Regional Characterization for Biojet Production in 2025

Table 33: Summary of Regional Viability (2025)
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14 VIABLE OPTIONS FOR BIOJET SUPPLY CHAINS IN 2025
The 2025 supply chain is less detailed in presentation due to the probability that the supply chain will
include technologies and infrastructure that are not yet developed and may involve upstream
feedstock (lignocellulosic biomass) densification that can alter the distances able to be
incorporated into the supply chain. The western and eastern 2025 biojet supply chains exemplify this
variability. The western supply chain in central British Columbia is close to the biomass feedstocks
and anticipates upgrading/co-processing using hydrogen derived from a future potential LNG
industry. The eastern 2025 biojet supply chains with proposed locations in southwestern Ontario and
the Montreal/Quebec City area are co-located with hydrogen production and petroleum refining
and may utilize feedstock (in dry densified form or as pyrolysis oil) transported from forestry industry
locations in Ontario, Quebec, and potentially Atlantic Canada. Hydrogen production could be
located as close to the feedstocks as possible to minimize the transportation of biomass. The
optimal configuration of the 2025 biojet has not been established in commercial practice or in
existing techno-economic analysis. Taking the previous discussion into account, this section presents
the most viable options for 2025 biojet supply chains.

14.1

Viable options for western biojet supply chain (2025)

14.1.1

Alberta biojet production (2025)



Region of biojet production – Northern Alberta/Edmonton Capital Region



Facility size – 500 to 2,000 tpd



Feedstock – Lignocellulosic biomass (forest residues, agricultural residues)



Feedstock harvest radius – 45 to106 km



Source of hydrogen –





o

Merchant production or local refining source – potentially Sherwood Park,
Strathcona County, Heartland Hydrogen Pipeline system in the Alberta Industrial
Heartland Region (Sturgeon County, Strathcona County, Lamont County and Fort
Saskatchewan)

o

Owned production – depending on scale, possible to include steam-methane
reforming within or near HDCJ facility

Lignocellulosic Feedstocks –
o

Primary:

Forestry residues

o

Secondary:

Agricultural residues

Feedstock Suppliers –
o

Forestry residues


o

La Crete Sawmills, Vanderwell Contractors, Foothills Forest Products, Alberta
Pacific Forest Product Industries, assorted sawmills

Agricultural residues


From farmers directly, managed co-op
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Co-Location/integration options:
o

Feedstock processing plants – La Crete Sawmills, Vanderwell Contractors, Foothills
Forest Products, Alberta Pacific Forest Product Industries, assorted sawmills

o

Petroleum refineries

o

o

o





Edmonton Refinery (Suncor Energy)



Scotford Refinery, Scotford (Shell Canada)



Strathcona refinery, Edmonton (Imperial Oil)

Bitumen upgraders


Scotford Upgrader, Scotford (Shell, Chevron, Marathon)



Fort McMurray based operations (Suncor, Syncrude, CHN, Nexen)

Hydrogen plants


Air Products/Heartland Hydrogen Pipeline system



Hydrogen produced on site at refineries

Petrochemical plants


Dow Chemical (Fort Saskatchewan, Prentiss)



NOVA chemicals, Joffre



Shell Chemical, Scotford

Transportation
o

Feedstock to production facility – rail/truck

o

Hydrogen to production facility (if not on site or co-located) – dedicated pipeline

o

Biojet transport to airport – rail/truck

o

Airports within 200 km radius

o



Edmonton International Airport



Villeneuve Airport



Edson Airport



Whitecourt Airport



Bonnyville Airport

Airports within 400 km radius


Calgary International Airport



Cold Lake Regional Airport

o

Distance to Vancouver Airport – 830 km

o

Opportunity for the biojet to be blended with Jet A-1 within Edmonton refining and
terminal complex for blended jet fuel delivery to airport tank farm.
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14.1.2

British Columbia biojet production (2025)



Region of biojet production – Prince George



Facility size – 500 to 2,000 tpd



Feedstock – Lignocellulosic biomass (forest residues, agricultural residues)



Feedstock harvest radius – 45 to 106 km



Source of hydrogen –





o

New production opportunities linked to future potential LNG industry or local refining
source (Husky Refinery in Prince George)

o

Owned production – depending on scale, possible to include steam-methane
reforming within or near HDCJ facility

Lignocellulosic Feedstocks –
o

Primary feedstock: Forestry residues

o

Secondary feedstock:

Feedstock Suppliers –
o

Forestry residues






Agriculture residues, as available

Nations Energy, Pacific Bioenergy, Pinnacle, Pinnacle/Canfor, Vanderhoof
Specialty Wood Products, Conifex

Co-Location/integration options:
o

Feedstock processing plants – Nations Energy, Pacific Bioenergy, Pinnacle,
Pinnacle/Canfor, Vanderhoof Specialty Wood Products, assorted sawmills

o

Petroleum refineries/Future potential LNG


Prince George Refinery (Husky)



Future potential LNG facilities (outside of Prince George)

Transportation
o

Feedstock to production facility – rail/truck

o

Hydrogen to production facility (if not on site or co-located) – dedicated pipeline

o

Biojet transport to airport – rail/truck

o

Airports within 200/400 km radius


Prince George Airport



Beaverly Airport



North Cariboo Air Park Airport

o

Distance to Vancouver Airport – 789 km

o

Distance to Edmonton Airport – 739 km

o

Distance to Calgary Airport – 783 km
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Figure 14-1: Viable options for western biojet supply chains (2025)

14.2

Viable options for eastern biojet supply chain (2025)

14.2.1

Southwestern Ontario biojet production (2025)



Region of biojet production – Southwestern Ontario, with feedstock use from Ontario,
Quebec and other forested areas. Potential for densification and pyrolysis oil production
prior to arrival in Southwestern Ontario.



Facility size – 500 to 2,000 tpd



Feedstock – Forestry residues, agricultural residues as available



Feedstock harvest radius – 45 to 106 km (from central point for densification, bio oil
production)



Source of hydrogen –
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o




Lignocellulosic Feedstocks –
o

Primary feedstock:

o

Secondary feedstock:

Agriculture residues, as available

Feedstock processing plants – Resolute Forest Products, Canadian Biofuel, Gildale
Farms, Industries Lacwood, KD Quality Pellets, assorted sawmills

Co-Location/integration options:
o

Feedstock processing plants – Listed above

o

Petroleum refineries

o

o



Forestry residues

Feedstock Suppliers –
o



Merchant production or local refining source (potentially Nanticoke, Sarnia (via
existing hydrogen pipeline)



Corunna (Shell Canada)



Nanticoke Refinery (Imperial Oil)



Sarnia (Imperial Oil)



Sarnia (Suncor Energy)

Hydrogen plants


Air Products (Sarnia, Lambton)



Praxair Canada (Sarnia, Lambton)



Hydrogen produced on site at refineries

Petrochemical plants


Petro-Canada, Oakville



NOVA chemicals, Sarnia



Imperial Oil, Chemicals Division, Sarnia

Transportation
o

Feedstock to production facility – barge, rail, truck

o

Hydrogen to production facility (if not on site or co-located) – dedicated pipeline

o

Biojet transport to airport – rail, truck, finished products pipeline

o

Airports within 200 km radius


Toronto Pearson International Airport



Region of Waterloo International Airport



Toronto Buttonville Municipal Airport



Billy Bishop Toronto City Airport



Brandtford International Airport



Bishop International Airport (US)



Detroit Metropolitan Wayne County Airport (US)
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Niagara Falls International Airport (US)



Buffalo Niagara International Airport (US)



Cleveland Hopkins International Airport (US)



Burke Lakefront Airport (US)



Erie International Airport (US)

o

Distance to Montreal Airport – 755 km

o

Distance to Ottawa Airport – 596 km

o

Opportunity for the biojet to be blended with Jet A-1 within Sarnia refining and
terminal complex for blended jet fuel delivery to airport tank farm.

Figure 14-2: Viable options for eastern biojet supply chains (2025)
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14.2.2

Quebec biojet production (2025)



Region of biojet production – Montreal/Quebec City area, with feedstock use from Ontario,
Quebec and other forested areas. Potential for densification and pyrolysis oil production
prior to arrival in Southwestern Ontario.



Facility size – 500 to 2,000 tpd



Feedstock – Forestry residues, agricultural residues as available



Feedstock harvest radius – 45 to 106 km (from central point for densification, bio oil
production)



Source of hydrogen –
o





Lignocellulosic Feedstocks –
o

Primary feedstock:

Forestry residues

o

Secondary feedstock:

Agriculture residues, as available

Feedstock Suppliers –
o



Feedstock processing plants – Boreal Pellet, Energex Pellet Fuel, Granulco, Granules
LG, Granules de la Mauricie, Lauzon Recycled Wood Energy, Trebio, assorted
sawmills

Co-Location/integration options:
o

Feedstock processing plants – Listed above

o

Petroleum refineries

o

o



Merchant production or local refining source (potentially Montreal, Levis)



Montreal (Suncor, Shell(terminal))



Levis (Ultramar/Valero)

Hydrogen plants


Air Products (Sarnia, Lambton)



Praxair Canada (Sarnia, Lambton)



Hydrogen produced on site at refineries

Petrochemical plants


Montreal (Petro Canada)



Coastal Petrochemicals



Kemtec Petrochemicals



Selenis Canada



Nova Chemical

Transportation
o

Feedstock to production facility – barge, rail, truck

o

Hydrogen to production facility (if not on site or co-located) – dedicated pipeline
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o

Biojet transport to airport – rail,truck, finished products pipeline

o

Airports within 200 km radius


Montreal- Pierre Elliott Trudeau



Montreal – Mirabel International Airport



Quebec City

Opportunity for the biojet to be blended with Jet A-1 within Montreal/Quebec/Sarnia refining and
terminal complex for blended jet fuel delivery to airport tank farm.

Figure 14-3: Viable options for eastern biojet supply chains (2025) (Quebec)
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14.3

Potential participants by supply chain location

Figure 14-4: List of potential supply chain partners in the biojet supply chain
The above schematic shows a representative selection of the biojet supply chain components that
can be included in both the 2020 and 2025 western and eastern scenarios for biojet production.
Included in the category of potential supply chain partners are the refinery, petrochemical, and
hydrogen firms/installations described in the western and eastern viable options for biojet supply
chains.
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15 CHALLENGES TO BIOJET VIABILITY
This section will list and briefly describe what are understood to be some of the important
challenges facing the development of a Canadian biojet supply chain.
The substitution of fossil derived aviation fuel with biojet presents specific challenges:
















Current price premium of biojet. Biojet is currently sold at a premium over fossil jet fuel. This
price premium stands as a key barrier to be overcome when addressing how to incorporate
higher volumes of biojet into the fuel supply.
Limited production capacity. Production capacity of biojet fuel is not yet established to the
amount required to demonstrate its commercial viability. This could be preventing the
construction of production capacity. A specific technology platform has not emerged as a
clear leader in capital or conversion cost efficiencies.
Feedstock sustainability. Airlines are seeking biofuel feedstocks that are certified
sustainable. Stated preferences are for feedstocks that are not seen as competing with
food demands, among other concerns detailed in section 3.
Integration with existing supply chain. Biojet integration with the existing aviation fuel supply
chain will require development of production capacity and regular commercial use of
biojet fuels. Current biojet operations (demonstration flights, limited commercial flights) have
not utilized airport storage and fueling systems; to date, biojet is delivered from the refueling
tanker directly to the aircraft. Logistics cost savings from integrating biojet into an airport fuel
system will gain importance as the biojet supply chain matures. (The same adoption curve
was followed for both ethanol and biodiesel.) Initiatives are now underway to distribute
biojet via the airport hydrant fuel system (e.g. Netherlands @ Schiphol airport).
Technical certification process. The technical certification process takes 3 to 5 years, has
attendant costs, and requires support from engine and aircraft manufacturers. This is a
critical hurdle for technology developers to achieve prior to commercializing their biojet fuel
platform.
Risk and uncertainty in Life Cycle Assessment (LCA). Lifecycle assessment modeling is a
complex and developing science. Assessment of actual biofuel (road transportation) land
use impacts have not corroborated theories regarding indirect land use change, nor
aligned with back-casting of early LCA model predictions. LCA model assumptions and
boundary conditions need to be clear and equitable to enable comparison between fuel
options. The project will conduct analysis using the Canadian model GHGenius (e.g. not
solely rely on published data from diverse source points with other countries’ domestic
emission factors) in order to create a valid, comparable data set that is representative of a
potential Canadian supply chain.
Renewable diesel standards. As part of Canada’s Renewable Fuels Strategy, the federal
government published the Renewable Fuels Regulations in 2010. All provinces from BC to
Ontario have similar renewable diesel standards. Expansion in market demand for
renewable diesel products will create competition between aviation and road
transportation use sectors. Lower grade feedstocks, such as animal fats and UCO, may
experience supply limitations.
Product competition. Most technology platforms produce multiple products (bio-chemicals,
road transport fuels, etc.). Airlines are cost sensitive and unable to support a cost premium
that current biojet fuels require for production. Therefore, other markets may be preferable
for renewable fuel project developers. In the case of biojet fuel, the HEFA based road
transport green diesel or HDRD fuel commands a higher price in the ULSD market than
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aviation fuel, with lower production costs. Overcoming these economic disincentives for
biojet production will be a key element in establishing economic viability.
Market access. Renewable fuel demand in the gasoline and diesel fuel pools has been
primarily created by renewable fuel blending standards. Use of fiscal incentives, such as tax,
production and blending credits, is critical to reducing project investment capital risk and
catalyzing market development, but proven unstable over time. Reliable, long term
assurance of biojet demand is a condition precedent to supply chain development.
Investment risk. Other jurisdictions (US, EU, Brazil) have lowered project financing risks with
attractive investment programs, such as capital grants, loan guarantees, and tax credits, to
incent development of biojet production plants. As the biojet market is highly sensitive to
capital and operating costs, and bulk shipping of commodity fuels is relatively inexpensive,
Canadian market demand may be more economically supplied by foreign producers.
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16 CONCLUSION OF PHASE 1; APPROACHING PHASE 2
In addition to analysis on biojet production technologies, feedstocks, infrastructure and enabling
polices, Phase 1 contains proposed options for the most viable options for establishing biojet
production in the 2020 and 2025 timeframes and identified key supply chain candidates. These
options will be taken forward into Phase 2 where participants in the supply chain analysis will be
confirmed. The proposed biojet supply chain will assessed for techno-economic performance and
sustainability/LCA. A commercialization strategy will be proposed, gaps identified, and information
derived from activities in this project will be applied to other TC priority areas, as directed by
Transport Canada.
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APPENDIX A: PROJECT TEAM
The Biojet Canada Team comprises of three Canadian partners and one partner from the
Netherlands. The Team includes:
SkyNRG is a Netherlands based biojet firm whose cofounders are KLM Royal Dutch Airlines, Argos Oil
and Spring Associates. SkyNRG is the largest supplier of biojet fuel in the world and has strong
experience in the assessment and development of biojet markets. It was founded in 2009 to make
the market for sustainable jet fuel and has supplied almost every commercial sustainable jet fuel
initiative to date. Recent activities include the launch of the green route between Amsterdam and
New York JFK and the roll out of the corporate program that allows end users (e.g. Heineken, Nike,
Accenture, DSM, Ahold) to fly on sustainable jet fuel. SkyNRG will lead the project Steering
Committee and provide expertise based on the technical, environmental, and economic
understanding gained from numerous other international biojet supply chain projects.
BioFuelNet Canada is a Network of Centres of Excellence and is the preeminent academic expert
on biofuel in Canada. BioFuelNet, a member of the project Steering Committee, has access to the
capacity of 72 funded researchers to provide the science-based evidence necessary to inform the
team’s decisions. BioFuelNet participates in this project via their research team based at the
University of British Columbia led by Dr. Jack Saddler (BFN’s West Platform Chair).
Novo Energy is a privately held Canadian corporation, founded in 2003 and based in Ottawa,
Canada. Novo Energy excels in the provision of high quality expertise and project management
across energy, management, and training disciplines is experienced in the provision of technical,
project management and strategic advisory services relating to energy and the environment.
Waterfall Advisors Group has first-hand experience in the development of a global-scale biofuel
facility in Canada, and exceptional understanding of the North American biofuels industry.
Waterfall principals formerly founded and led Canadian Bioenergy Corporation and, over the
period 2005-2011, the team evaluated leading renewable diesel production technologies
(biodiesel and green diesel), including detailed engineering, financial modeling and project
assessment and environmental permitting of the most viable technologies. In addition, the
company developed and operated western Canada’s largest biodiesel import, terminal and
distribution business and obtained Canada’s first BQ9000 certification (North America’s leading
QA/QC standard) for biodiesel marketing. Waterfall partners have completed detailed assessment
of over $400M of capital projects in advanced biofuels (biodiesel, renewable diesel, biojet) and
bio-energy (bio-char, bio-coal, combined heat and power (CHP)) sectors.
The Biojet Canada Team is informed by an External Advisory Team consisting of personnel from four
aviation organizations: Air Canada, AirTrav, IATA, and Pierre Poitras et Associés.
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APPENDIX B: OXYGEN CONTENT OF BIOMASS, PROCESSING AND
HYDROGEN INPUTS
Renewable fuels can be produced from a variety of biomass-based feedstocks such as corn,
sugarcane, agricultural residues, forest residues or oleochemical feedstocks such as plant oils (e.g.
canola, palm, soybean and corn), fats (e.g. tallow, poultry), and used cooking oil. These feedstocks
are chemically distinct from crude oil. Biomass feedstocks contain high levels of oxygen, which has
to be removed to create hydrocarbons that are functionally equivalent to petroleum and
compatible with petroleum infrastructure. Removal of oxygen requires hydrogen inputs and
extensive processing to produce a drop-in biojet fuel.
The effective hydrogen/carbon (Heff/C) ratio is a characteristic of the feedstock that gives an
indication of the amount of hydrogen and the processing required to upgrade the feedstock to a
drop-in fuel. In general, a higher Heff/C ratio implies that less processing and hydrogen will be
required for upgrading. Amongst biomass feedstocks, sugars are the most oxygenated with a Heff/C
ratio at zero, while lignocellulose biomass has a Heff/C ratio of 0.2. Biomass lipids and other
oleochemical feedstocks have a Heff/C ratio of ~1.8, therefore requiring far less hydrogen and
processing. As a reference, crude oil has a Heff/C ratio of ~2. The hydrogen “staircase” illustrates the
Heff/C ratio of different feedstocks and relative hydrogen requirements for upgrading to drop-in
fuels (Karatzos et al., 2014).

Drop‐in biofuel

Diesel

Oleochemical feedstock

Lipids

2.0

1.8

1.6
1.4
1.2
1.0
0.8
Lignin

0.6

0.4
Lignocellulose
Sugar

0

0.2

Thermochemical feedstock
Biochemical feedstock

Figure 0-1: The effective Hydrogen to Carbon ratio (Karatzos et al., 2014)
Hydrogen is used in two stages during production of hydrocarbon fuels, whether in a petroleum
refinery or in the production of renewable jet fuel. The first stage (hydrotreating) involves upgrading
of the feedstock to remove heteroatoms (e.g. sulfur in petroleum feedstocks, oxygen in biomass
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feedstocks) and to increase the Heff/C ratio. The second stage is where the hydrocarbons are
reduced to shorter chains of the required length. This can be done using further hydrogen inputs
(hydrocracking), or by using thermal or catalytic cracking. Thermal or catalytic cracking does not
require hydrogen inputs, but leads to lower yields as carbon is removed in the form of CO2.
Regardless of the technology, hydrogen inputs are required. The extent of hydrogen use is
influenced by the characteristics of the specific feedstock and the choice of technology
configuration. Availability, sourcing and cost of hydrogen is therefore an important consideration in
establishing a domestic supply of biojet. Hydrogen can be sourced externally from natural gas or
other sources, or it can be produced from the biomass feedstock itself within the facility.
The economics of biomass-based hydrogen production are not competitive at low natural gas
prices. For example, from Lau et al. (2003) and Balat et al (2010), at the theoretical natural gas
prices of about $4/GJ, a 1,000 tpd bagasse-to-hydrogen facility would generate hydrogen that
would cost almost twice as much as that derived from natural gas. This cost disparity is even more
problematic when the average cost of biomass rises; the $30/oven dry tonne (odt) (0% moisture)
value used for the Lau et al. study, is well below current market estimates reaching $60-75/odt, or
higher. Using biomass to produce hydrogen is currently not an ideal option in terms of energy
efficiency and associated GHG savings (Levin & Chahine, 2010).
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APPENDIX C: PYROLYSIS TECHNOLOGIES
Basic principles of pyrolysis
Pyrolysis involves the heating of biomass to produce solids (char) and gases. Some of the gases are
condensable and used to form liquids, called bio-oil. Slow pyrolysis favours the production of solids,
while fast pyrolysis favours liquid production. Fast pyrolysis requires rapid heating of biomass to
about 500 °C, and subsequent rapid cooling of the resulting vapours to room temperature. Upon
cooling, these vapours condense to form the liquid bio-oil product. To maximize bio-oil yields (to
about 75% of starting biomass by mass) rapid heating to the target temperature must be achieved
throughout each biomass particle (i.e., within about one second). These high heat transfer rates (up
to 1,000 °C/s) ensure maximum devolatilization (vaporization) of the biomass solids and, so far, have
only been achieved by a select number of reactor designs (Bridgwater, 2012).
There are various types of pyrolysis technologies:


Conventional pyrolysis



Catalytic pyrolysis



Hydrocatalytic pyrolysis



Hydrothermal liquefaction



Hybrid pyrolysis

These technologies are described in greater technical detail below. One of the key differences in
the technologies is the nature of the bio-oil product, specifically the level of oxygen.
Biomass typically has an oxygen content of >40% and the conversion of biomass to drop-in fuel
requires the oxygen content to be reduced. Conventional pyrolysis produces bio-oils that have an
oxygen content of ~40%, while the other pyrolysis technologies achieve a reduced level of oxygen
to varying degrees. The characteristics of the bio-oil and the challenges of producing drop-in fuels
are further discussed here.

Conventional pyrolysis
Currently, conventional pyrolysis technology uses different types of reactors:
Bubbling fluidized bed reactors (BFB) use a hot sand fluidized bed to achieve high rates of heat
transfer to biomass particles. The reactor beds are fluidized using a compressed carrier gas which is
fed through the bottom of the reactor at sufficiently high rates to “fluidize” the loose solids contents
of the reactor (sand and biomass) while transferring the gas-entrained char upwards. These types
of BFB reactors have been used by the petroleum industry for the gasification of coke since the
1950s. They are robust systems that achieve high heat transfer rates and uniform bed temperatures
(Ringer et al., 2006) which are both highly desirable attributes for fast pyrolysis reactions. These types
of BFB reactors have been used by the Canadian company, Dynamotive, at a semi-commercial
scale, and by other companies at a smaller, demonstration scale (e.g. the 200 kg/hr unit of Union
Fenosa in Spain). Both the Dynamotive and the Union Fenosa facilities are based on a design
developed at the University of Waterloo and commercialized through its Canadian spin-off
company RTI (Resource Transformations International) (Bridgwater, 2012; Czernik and Bridgwater,
2004).
Circulating fluidized bed reactors (CFB). This type of system is similar to the BFB process, except the
compressed recycle gas is fed at much higher velocities, such that the entire loose contents of the
reactor (vapors, gases, char as well as the fluidized bed’s sand particles) are carried into the
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downstream cyclone. The char and sand are then recovered from the cyclone and they are then
fed together to a combustor, where the char is burned off to heat up the sand. The cleaned hot
sand (at about 800 °C) is then fed back to the main reactor entrained in the compressed carrier
gas and the process cycle is repeated. This system is more expensive to install and operate than the
BFB process, but it comes with the advantages of constantly regenerating clean sand bed particles
and achieving higher throughputs. The CFB pyrolysis is the configuration of choice for the Canadian
pyrolysis company, Ensyn, and it is marketed under the name RTP (Rapid Thermal Processing). Other
developers of the CFB configuration include CRES (catalytic pyrolysis, Greece) and Ensyn for ENEL
(Italy) (Ringer et al., 2006) and VTT-led consortium in Finland (Metso/Valmet, UPM, Fortum).
Ablative pyrolysis and rotating cone reactors have been developed more recently. The concept of
ablative pyrolysis was first proposed by the CNRS laboratories in Nancy, France. Subsequent
ablative reactor designs have been developed by NREL in the US (vortex reactor) and by Aston
University in the UK (plate reactor) (Bridgwater, 2012). The company, Pytec, has a demonstration
plant for ablative pyrolysis in Germany.
Auger or screw reactor systems are not well-suited to fast pyrolysis due to relatively poor heat
transfer. Auger reactors also produce lower amounts of bio-oil, as their slower heating and longer
residence time characteristics favour greater solids formation (a more “charcoal-like” process).
However, it has been shown that the low grade liquid and the char can be recombined after
recovery to produce pyrolysis “slurries” which can serve as an improved feed for gasification. The
energy density of the slurry can be in the range of 18-25 GJ/m3, and is typically higher than charfree bio-oils (ca. 21 GJ/m3) (Dahmen et al., 2012). An example of an auger reactor system is the
Bioliq™ process from KIT (Germany), which proposes to produce auger-derived slurries to feed
central large scale gasification facilities (Meier et al., 2013).

Catalytic pyrolysis
Catalytic pyrolysis is a process that combines pyrolysis with zeolite cracking in a single step (Elliott,
2007; Jones et al., 2009) (Butler et al., 2011). Due to the challenges of catalyst coking, the preferred
reactors for these systems are Fluid Catalytic Cracker (FCC)-type reactors. The main goal is to use
the catalysts inside the pyrolysis reactor to increase the reaction selectivity towards deoxygenation,
thus producing a less oxygenated bio-oil. In zeolite cracking, the oxygen is primarily removed by
decarboxylation, but at the expense of bio-oil yield and diminished bio-oil properties. Compared to
non-catalyzed pyrolysis, catalytic pyrolysis typically yields a more viscous bio-oil that represents only
30-40% of the starting biomass (compared to 60-75% for non-catalyzed pyrolysis). A recent DOE
funded project at RTI International showed that catalytic pyrolysis (vapor phase upgrading) yields
dropped to as low as 6-13% compared to 48% in un-catalyzed pyrolysis (DOE, 2011). The loss in biooil yield is compensated by an increase in power generation through combusting the excess coke
and gas that is formed at the expense of liquid yields.
Companies using catalytic pyrolysis are KiOR, RTI International, LignoCat Project, and Annellotech.

Catalytic hydropyrolysis
Catalytic hydropyrolysis represents an alternative approach to catalytic pyrolysis. It is also most
suited to fluidized bed pyrolysis. Pyrolysis is carried out in an atmosphere of hydrogen, rather than
an inert gas, and the bed is replaced by a transition metal catalyst. In this process, biomass is
converted in a fluidized bed of catalyst under hydrogen pressure of 20–35 bar and temperatures of
350–480 °C (Marker et al., 2012). Although this process produces bio-oils with a low oxygen content
(e.g. <3 wt%) in a single reaction step, scaling up and high hydrogen consumption remain as
potential challenges of hydropyrolysis. The Gas Technology Institute in Chicago developed this
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process, which is marketed as IH2. The benefit of catalytic hydropyrolysis is that the resulting bio-oils
can be upgraded within existing refineries at higher blend ratios (e.g. up to 20%), compared to
conventional bio-oils.

Hydrothermal liquefaction (HTL)
Hydrothermal liquefaction (HTL) is another thermochemical process which produces a bio-oil.
However, it produces a low oxygen bio-oil (5-20% O2), which is distinct from pyrolysis oils and, unlike
pyrolysis and gasification, it can utilize wet biomass. The HTL process uses high pressures (e.g. 50-250
bars, or more) and moderate temperatures (around 250-550 °C) in the presence of catalysts for 2060 minutes to liquefy and deoxygenate the biomass (Akhtar and Amin, 2011; Elliott, 2007; Goudrian
and Peferoen, 1990). Technology companies such as Licella/Ignite Energy Resources (Australia),
Altaca Energy (Turkey), and Steeper Energy (Denmark, Canada) continue to explore HTL. The lowoxygen (5 wt%) bio-oil that is produced can potentially be upgraded in existing refineries at high
blend ratios (e.g. up to 20%).

Hybrid pyrolysis
The company, Cool Planet, uses a unique pyrolysis-like fractionation process where pyrolysis is
carried out in multiple steps, with increasing temperature employed at each step. Catalysts are
used for upgrading of gases prior to condensation. This process produces a fuel stream stated to be
99.98% identical to gasoline blendstock. The company currently has a pilot plant in Camarillo,
California, but is currently building a larger commercial-scale facility (~38 MLY). The company also
has a modular design for smaller-scale systems. An important focus of the company is the
production of bio-char which is sold as a soil amendment. (Bio-char acts to enhance soil health
through increasing nutrient retention.

Bio-oil characteristics
Bio-oil can consist of over 300 different molecules, which vary depending on the feedstock used.
The term `bio-oil` can be misleading as bio-oil does not really resemble crude oil. Bio-oil has high
water content, about 40% oxygen and a very low energy density compared to fossil fuels (e.g. 1619 MJ/kg vs 40 MJ/kg). Apart from water, the major chemical components of bio-oil include
hydroxyaldehydes, hydroxyketones, sugars, carboxylic acids, and phenolics (Bridgwater, 2012). The
amount of these compounds in the bio-oil depends on the composition of the original biomass, as
well as the pyrolysis conditions used. Although the liquid product from pyrolysis technologies are all
termed pyrolysis oil or bio-oil, the composition of these bio-oils can vary substantially. Pyrolysis
technologies that use catalysts and/or hydrogen produce bio-oil with lower oxygen levels that are
more stable.
To refine bio-oils to drop-in transportation fuels requires oxygen levels to be reduced to
approximately 2%. This is done through hydrogen-based upgrading processes, such as
hydrotreatment and hydrodeoxygenation.

Bio-oil upgrading – hydrotreatment and catalytic cracking
Upgrading of bio-oils to drop-in transportation fuels involves extensive deoxygenation and can be
carried out using two methods: hydrotreating and catalytic cracking (using zeolite catalysts)
(Solantausta, 2011). Both processes are catalytic and selectively promote hydrogenation reactions.
Hydrotreating uses large amounts of hydrogen to remove water from bio-oils in the form of H2O
molecules, creating high yields of hydrodeoxygenated oils (HDO). In contrast, zeolite cracking uses
no hydrogen, but instead rejects oxygen in the form of CO2, thus lowering the biofuel yield. Both of
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these processes closely resemble existing processes in oil refineries, creating potential for coprocessing, or utilization of oil refinery equipment.
Hydrotreatment /hydrodeoxygenation processes have low selectivity and reactions often lead to
low fuel yields and high hydrogen requirements (Bridgwater, 2012). In most of the hydrotreating
processes modelled so far, the biomass to fuel yield is around 25% mass (55% energy) when
hydrogen is provided externally, and 15% (33% energy) when hydrogen is produced by gasifying
the biomass (Bridgwater, 2012; Brown, 2011).
Hydrotreatment processes in oil refineries are designed to remove impurities, specifically sulfur, but
the same conditions cannot be used for upgrading of bio-oils. In oil refineries, hydrotreating is
usually carried out at high temperatures and pressures for extended periods of time (up to 4 hours)
(Elliott, 2007). However, bio-oils are thermally unstable and single stage hydrotreating of bio-oil at
high temperatures results in a heavy, tar like product (Jones et al., 2009; de Miguel Mercader et al.,
2010) due to the polymerization, charring and eventually coking reactions. Therefore, a two-stage
bio-oil upgrading approach is commonly used (Elliott, 2007; Jones et al., 2009). The first stage, a
mild, catalysed hydrotreatment, stabilizes the bio-oil, and a second stage, higher severity
hydrotreatment process, deoxygenates the fuel to transportation-grade liquids. Jones et al., 2013
describes a 3-stage hydrotreatment process.
Zeolite cracking is an alternative process for removal of oxygen from bio-oil. It is currently used in
existing oil refineries in the Fluid Catalytic Crackers (FCCs) as a non-hydrogen consuming, nonpressurized alternative to hydrotreatment. The main deoxygenation mechanism of zeolite catalytic
cracking is the rejection of oxygen in the form of coke and CO2. Thus, zeolite cracking typically
results in bio-oil-to-fuel yields in the range of 14-23 wt% of bio-oil (Balat et al., 2009); this is largely
because 26-39 wt% of the starting bio-oil goes towards the formation of solid tar and cokes (Balat et
al., 2009). Yields are approximately 15% lower than can be obtained with hydrodeoxygenation.
While zeolite cracking has some advantages, such as low pressure and low hydrogen use, yields
are low and fuel quality is not as good as obtained through hydrodeoxygenation, making it less
favourable for the production of higher grade fuels such as biojet.

Catalysts in hydrotreatment and hydrocracking
Catalysts are extensively used in petroleum refineries for processing and are widely available at
relatively low cost. However, due to the high water and oxygen levels in bio-oils, petroleum refining
catalysts are not suitable for bio-oil upgrading for a number of reasons:


Sulphided Co-Mo and Ni-Mo catalysts, when in contact with bio-oils, are rapidly stripped of
their sulphur and require constant re-sulphurization (addition of H2S) to prevent catalyst
deactivation (Huber and Corma, 2007). This deprives bio-oils of their low sulfur content
advantage (Wang et al., 2013).



The catalysts create an acidic environment and they are not stable in the presence of water
(causing irreversible de-alumination) (Mortensen et al., 2011)



Bio-oils tend to form coke residues, which deactivate the catalysts by depositing on their
active sites and can severely plug reactor components (Wang et al., 2013).



The water in bio-oil inhibits hydrotreating by modifying and deactivating the catalysts and by
adsorbing onto active sites (Furimsky and Massoth, 1999).

Thus, different catalysts are required for bio-oils and this is an active area of research. The high cost
of alternative catalysts (i.e. Platinum, Ruthenium), and the short lifespan of catalysts, remain an
ongoing challenge. The minimum fuel selling price (MFSP) is sensitive to both the cost of the
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catalysts, as well as the catalyst lifespan. A 50% variation in catalyst price causes a 3% variation in
the MFSP, while a reduction in the lifespan of a catalyst from one year to 6 months raises the MFSP
by 9% (Jones et al., 2013).

Centralized pyrolysis and mobile pyrolysis
To achieve economies of scale, facilities require a large volume of biomass (500-2,000 tpd) which
has a low energy density and is costly to transport for long distances. Densification of the biomass
will increase the energy content in a specific volume of material. There are several ways to achieve
this; for example, through pelletization or bailing. A recent trend of some pyrolysis technology
providers is to focus on small scale (1-5 tpd) and mobile pyrolizers. These units are described as
mobile densification facilities and produce liquid bio-oils or bio-slurries which are intended to be
subsequently transported to be upgraded at large, centrally located facilities. Companies that are
leading development of mobile pyrolizer systems include Canada’s ABRI-Tech, California’s Cool
Planet and ROI in Alabama (Meier et al., 2013).
It is not clear whether mobile pyrolysis is an economic strategy to achieve densified biomass.
Several factors would have to be taken into account, such as the cost of the mobile pyrolysis units
(compared with the cost of transporting the biomass over long distances), particularly where
densified biomass (such as wood pellets or torrefied pellets) may be a competitive option. A
particular problem associated with the mobile pyrolysis strategy is the inherent instability of bio-oil
and its poor storage capacity. When stored, bio-oil undergoes polymerisation (“aging” reactions)
and becomes more viscous.
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APPENDIX D: ADVANCED AND HYBRID PYROLYSIS TECHNOLOGY
PROVIDERS
Catalytic fast pyrolysis
RTI and Haldor-Topsoe
Research Triangle Institute (RTI) International currently operates a 1 catalytic fast pyrolysis pilot plant.
RTI’s catalytic pyrolysis process produces bio-oils with 40-50% less oxygen than conventional pyrolysis
technologies. RTI recently (mid-2014) received a US$3.1M grant from North Carolina to continue
developing this technology. As of September 2014, RTI was working with Haldar Topsoe (a Danish
firm with experience in the petrochemical industry) to incorporate a catalytic hydroprocessing unit
into the 1 pilot plant, to assess hydrocarbon product quality at pilot scale. The main goal of this
collaboration is to reduce the hydrogen requirements for the bio-oil upgrading stage.
LignoCat project
LignoCat is a collaborative project between Fortum, UPM and Valmet to develop an advanced
catalytic pyrolysis technology over the next 5 years (initiated in March 2014). The collaboration
builds on a previous project that successfully commissioned the Joensuu pilot/demonstration scale
pyrolysis facility for producing heating oil from biomass. This facility was designed to produce 50,000
tons of bio-oil per year from 225,000 m3/year forest biomass. This translates to approximately 350 tpd
biomass feedstock, assuming a density of 0.5 t/m3 biomass, and 330 operational days per year. The
goal of the new LignoCat project is to create a high-quality bio-oil that can be refined into
transport fuels or chemicals.
Anellotech
Anellotech has a patented a zeolite ZSM-5/gallium catalyst for catalytic fast pyrolysis. The company
has also filed multiple patents in 2014, including “Gas jet injector for catalytic fast pyrolysis”
(US20140206913), and “Regeneration of catalytic fast pyrolysis catalyst” (US20140303414). However,
the catalyst system developed by Anellotech is tailored toward producing benzene, toluene, and
xylenes (BTX), aromatic compounds that are better suited to incorporation into higher-value plastics
than into transportation fuels. Anellotech announced the startup of a kilogram-scale pilot plant for
producing BTXs in December, 2013.

Hydropyrolysis
Gas Technology Institute (GTI) and CRI Catalyst (CRI)
GTI and CRI have collaborated to develop a catalytic hydropyrolysis process known as Integrated
Hydropyrolysis and Hydroconversion, or IH2. This process is said to be capable of directly producing
hydrocarbon drop-in fuels, as well as high-quality fuel blendstocks. The process involves feeding
partially dried (to 10-30% moisture), size-reduced lignocellulosic material into a fluidized bed reactor
at 340-470 °C at pressures below 500psig, in the presence of renewable hydrogen and a
proprietary catalyst system. After char removal, the products are fed into a second fixed bed
reactor containing additional catalysts in the presence of additional hydrogen. This two-step
process produces a clean hydrocarbon stream, as well as renewable hydrogen via steam
reforming of the uncondensable gases. The hydrocarbon yields are stated as 250-650 L/t biomass,
with a stated production cost of US$2.50/gallon, or US$0.66/L for a 500 tpd facility. GTI/CRI are
currently performing continuous testing in a 50 kg/day pilot plant, and recently completed
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engineering work for a 5 ton/day demonstration facility. One potential issue with the IH2 process is
that it may produce a smaller fraction of biojet in the final product, when compared to other
pyrolysis technologies (Zacher et al., 2014).

Hydrothermal liquefaction
Licella
Licella is a subsidiary of Australian company, Ignite Energy Resources. The process developed by
Licella is called a Cat-HTR (Catalytic hydrothermal reactor). This process involves heating biomass
under pressure in the presence of water. The wet biomass slurry is heated under continuous
pressure, reacted in a continuous flow reactor, then cooled to produce bio-crude, a low-oxygen
bio-oil suitable for upgrading in existing refineries (blend limits are not mentioned). Licella is currently
operating a ~20 tpd large pilot plant facility, after operating a smaller, 2tpd facility for 3 years.
Licella has received private and government support to develop the Cat-HTR biomass platform,
with A$9.7m in government grants over three years. Licella has entered into a joint venture with
Norske Skog, one of the largest pulp and paper companies in the world, called Licella Fibre Fuels,
for the joint development of the Cat-HTR technology.
Steeper Energy
Steeper Energy is based in Denmark and Calgary, and collaborates with Aalborg University
(Denmark) where it operates a pilot plant. The Hydrofaction™ process developed by Steeper
involves producing a wet slurry of biomass, then heating this slurry in supercritical water in the
presence of a catalyst. The bio-oil produced from this process contains <5% oxygen, compared to
30-40% in bio-oil from conventional pyrolysis. This low-oxygen bio-oil requires one mild
hydrotreatment step prior to blending/distilling, compared to the two hydrotreatment and one
hydrocracking steps traditionally required for upgrading conventional pyrolysis oil. Steeper expects
to be able to blend the partly-deoxygenated bio-oil at up to 20% for co-processing within the
existing refinery infrastructure. Steeper has a number of research partners, including the University of
Alberta, Shell, Man Diesel, Scandinavian Airlines, and SkyNRG. A pilot facility with a capacity of
80L/d bio-oil was built in early 2013, with plans for a $CAD 23M, 16,000L/d (40 tpd feedstock), precommercial facility in Alberta converting forest slash and mill residues into bio-oil.

Hybrid pyrolysis
Cool Planet
The Cool Planet technology can be considered a hybrid technology platform because it involves
conventional (non-catalytic) pyrolysis, but, rather than producing a crude bio-oil, the Cool Planet
process bio-oils similar to those produced through advanced pyrolysis platforms. This is made
possible by the stepped approach to biomass pyrolysis, where the temperature is increased
incrementally at each step. This process allows for the vaporization of different components of the
biomass at different temperatures, with the more labile components vaporizing at the lowtemperature (~300 °C) steps, and the more resistant components vaporizing at the highertemperature (~600 °C) steps. The vapors produced at each step are then passed over a series of
modified ZSM-5 catalysts to promote dehydration, aromatization, and gas upgrading. This setup
allows for the vapors produced at each successive step to be passed over a distinct set of catalysts
(i.e. the vapors produced at each step can be directed to a distinct set of catalysts), enabling the
fine tuning of the final hydrocarbon blendstock composition. This configuration enables the
production of a high-octane hydrocarbon blendstock. Cool Planet has built a 760,000L/year pilot
facility using this technology, and has recently secured a US$91M USDA loan guarantee to produce
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30-38ML per year of renewable hydrocarbon blendstock at a new facility at Port of Alexandria. In
addition to the USDA loan, Cool Planet will provide US$50M in equity, and has also received private
investment from Google Ventures, BP, ConocoPhillips, GE, Exelon, and NRG Energy.
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APPENDIX E: BREAKDOWN OF THE DELIVERY COST FOR
LIGNOCELLULOSIC BIOMASS
Projected delivery costs for lignocellulosic biomass- the 2017 Design Case (INL, 2014)
Cost element
($/odt)

Clean chips (pulpwood)80 km supply radius

Wood residues (tree tops and
limbs) - 25 km supply radius

Switchgrass - 25 km
supply radius

Grower payment/access cost

27.6

29.0

21.7

Harvest and collection

24.5

0.0

17.0

Landing Preprocessing

13.4

9.6

0.0

Transportation

12.0

3.7

5.0

Preprocessing

26.4

26.4

21.7

Storage

3.6

3.6

6.1

Handling

2.1

2.1

2.1

109.6

74.4

73.5

Ash content (wt. %)

0.5

1

4

Moisture content (%,wet basis)

10

10

10

HHV (lb/BTU)

8,824

9,444

7,557

LHV (lb/BTU)

7,255

7,616

6,155

Total
Delivered feedstock Specifications
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Supply cost from clearcut harvest (100 km) (Murray, 2011)
Cost element ($/odt)

Forest harvest residues

Small-timber stands

Harvesting

0

23

Skidding

0

18

Processing

0

0

Comminution

18

18

Transport

27

27

Fixed costs

10

12

Total

55

98

Pellet production and transportation costs (Strauss, 2013)
Cost element

($/odt)

Feedstock fibre cost

54

Operating cost at the pellet mill

37

Pellet producer’s EBITDA

41

Transportation costs-Pellet mill to
the port

37

Total
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