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1.  Introducing Canada’s Biojet Supply Chain Initiative 
(CBSCI)

The international aviation sector has committed to cap 
emissions through carbon neutral growth from 2020 
onwards, and to reduce greenhouse gas (GHG) emis-
sions 50% by 2050 compared to 2005 levels. To achieve 
these targets, requiring the use of renewable aviation fuel 
(biojet) complements other GHG reducing activities in 
the sector, including the implementation of the Carbon 
Offset and Reduction Scheme for International Aviation 
(CORSIA) underway via the International Civil Aviation 
Organization (ICAO). 

While biojet holds great potential for enabling carbon 
neutral growth of the Canadian aviation sector, there are 
challenges to meet the global aviation industry’s targets 
for carbon neutral growth. Efficient use of existing 
downstream infrastructure such as blending and storage 
terminals, pipelines, and airport distribution & hydrant 
systems, is condition precedent for further wide-scale 

biojet use. The functional and seamless integration into 
the downstream supply chain will be an enabling factor 
for efficient uptake of required volumes of biojet.

In Canada, the estimated annual biojet volume required 
to meet carbon neutral growth has been calculated to 
be 54 ML in 2020, increasing to 923 ML by 2035. 
(Novo Energy Group, 2015a). This value is based on 
biojet contributing 40%–60% of emission reductions 
from 2020–2050 based on aviation fuel sold in Canada 
(including transborder, international, and military 
flights). Domestic biojet production can enable the 
aviation sector to begin meeting carbon neutral growth 
commitments. Canada’s Biojet Supply Chain Initiative 
(CBSCI) is intended to guide and support a domestic 
biojet sector through the largest and most efficient 
introduction of biojet to date in Canada.

1.1  Intended project impacts 

Canada’s Biojet Supply Chain Initiative (CBSCI) intends 
to enable a domestic biojet sector through the following 
achievements: Demonstrate the operational feasibility 
of biojet fuels. Approximately 230 thousand litres of 30% 
blended HEFA (hydrotreated esters and fatty acids) biojet 
will be incorporated into the commingled fuel supply at 
Toronto Pearson International Airport, Canada’s largest 
airport. Demonstrating feasibility of commingled fuel 
supply biojet introduction will help address and remove 
barriers to biojet integration and improve upon direct fuel 
delivery into the aircraft fuel tank. 

Catalyze the development of a domestic biojet sector. 
By using HEFA biojet as an enabling mechanism to 
create market access, drive research and development, 
and commercialization of advanced biofuel feedstocks 
and conversion technologies beyond the 2020 time-
frame, CBSCI will demonstrate the viability of using 
Canadian canola feedstocks and their ability to meet the 
specifications for HEFA biojet production.

Validate Canadian biojet supply chain elements 
including feedstock availability, sustainability certifi-
cation, biojet integration in the jet fuel supply system, 
regulatory and fiscal options to enable a feasibility 
assessment for private sector investment in commercial 
scale biojet production in Canada.

Generate hands-on experience with biojet fuel 
handling and integration to develop best practices in 
a Canadian context and disseminate results via research 
and operational networks created through this project. 
Currently, the majority of biojet fuel has been supplied 
to aircraft via segregated logistics systems, resulting in 
relatively higher supply costs that impede sustained use. 
Biojet is, however, permitted for commingled intro-
duction once the blended fuel is re-certified to ASTM 
D1655 standard for Jet A1. The specifications for biojet 
fuel (ASTM D7566) require that the fuel meets all qual-
ity specifications for use in a co-mingled downstream 
infrastructure supply. 
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2.  HEFA Biojet Manufacturing and Blending Activities 

2.1  Introduction to the HEFA pathway and ASTM certifications 

2.1.1  HEFA BIOJET AS A SUSTAINABLE 
AVIATION FUEL 

Hydrotreated esters and fatty acids (HEFA) is a 
‘drop-in’ biofuel—a hydrocarbon renewable fuel that 
is functionally equivalent to petroleum fuel. HEFA is 
produced from oils and fats (or lipids) using a process of 
hydrotreatment that removes all carbon double bonds 
as well as oxygen from the biological feedstock. Similar 
feedstocks can be used for biodiesel production through 
a process called transesterification. The resultant fuel 
product is called Fatty Acid Methyl Esters (FAME). 
FAME contains 11% oxygen whereas HEFA is essen-
tially oxygen-free. The characteristics of HEFA can be 
tailored for use in ground transportation (HEFA Diesel) 
and for aviation use up to a 50% blend with petroleum 
jet fuel (HEFA Jet). Work is underway to certify low 
cloud point HEFA Diesel for aviation use (HEFA Diesel 
Plus).

HEFA has been used as a replacement for petroleum 
diesel in road transportation since 2007 and is referred 
to as renewable diesel or hydrogenation derived 
renewable diesel (RHD). The fatty acids (or lipids) in 
vegetable oils and fats have carbon chain lengths that fall 
within the diesel fuel range and therefore are a suitable 
renewable replacement for diesel. HEFA fuel products 
can be blended with petroleum distillate fuels (up to 
limits reflected in technical fuel specifications). HEFA 
fuels have different characteristics than FAME biodiesel 
and are more appropriate (due to a lower cloud point) 
for aviation fuel usage where operating temperatures are 
generally lower than ground-based transportation. Table 
1 compares the properties of FAME biodiesel, petroleum 
diesel, HEFA Diesel and HEFA Jet fuels. Note that 
diesel fuels generally contain longer carbon chains than 
jet fuel, though the diesel specification is flexible and 
could incorporate molecules with shorter carbon chain 

1. Fischer-Tropsch (FT), FT-SKA (aromatic), Hydroprocessed Esters and Fatty Acids (HEFA), Synthesized Iso-Paraffin (SIP) and Alcohol-to-Jet 
(ATJ)

lengths (<10). 

Unlike diesel, jet fuel contains shorter hydrocarbon 
molecules with 8-16 carbons. Thus, the shorter 
hydrocarbons in the HEFA product (C8–C16) can be 
separated from the longer chains and used as HEFA Jet. 
In addition, the longer diesel hydrocarbon molecules 
can be cracked into shorter chains to produce HEFA 
Jet if greater volumes are desirable. Currently, HEFA 
Diesel and HEFA Jet are two different products, but as 
we will discuss further, HEFA Diesel Plus is a term used 
to denote HEFA that can be used as jet fuel without 
separation of longer and shorter carbon chains.

In 2011, the HEFA Jet pathway received ASTM cer-
tification for use as commercial aviation fuel in blends 
up to 50%. Certified fuels must meet ASTM D7566 
specification (Standard Specification for Aviation 
Turbine Fuels Containing Synthesized Hydrocarbons). 
HEFA Jet is approved under ASTM D7566 for blending 
at a ratio of HEFA Jet to fossil Jet A/A-1 up to 50%. It 
should be noted that HEFA Jet contains only straight 
chain hydrocarbons (called paraffins) and no aromatics. 
Thus, blending has to take place due to the absence 
of aromatics which are necessary for fuel lubricity and 
proper sealing in aircraft fueling systems (Ewnig and 
Hannifin 2011). HEFA Jet is one of five1 alternative 
jet fuel production pathways to have received ASTM 
certification at the time of writing (Epstein 2016). 

In making HEFA Diesel, jet fuel carbon length mole-
cules are produced that can be separated by distillation. 
If greater volumes of HEFA Jet are required, additional 
processing can take place to reduce the carbon chain 
lengths of the HEFA Diesel. This, however, requires 
additional infrastructure investments and is more costly 
to produce than only renewable diesel (Radich 2015). In 
addition, the overall yield of liquid fuel is reduced due 
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to the formation of lighter gases. Neste and Boeing have 
pursued a fuel approval pathway with ASTM to certify 
the total HEFA product (both diesel and jet molecules) 
as a blend component in petroleum jet fuel (HEFA 
Diesel Plus), thereby removing the need for a dedicated 
biojet production line. If approved, ASTM certification 
could expand the availability of HEFA Diesel Plus 
fuels, utilizing established HEFA Diesel capacity for the 
aviation market (IATA 2015). A lower blending ratio of 
up to 10% is being considered for ASTM approval of 

HEFA Diesel Plus (IATA 2015). Due to the presence 
of longer carbon chains, blending HEFA Diesel Plus at 
greater blending proportions may not meet the same 
cold flow properties required for jet fuel. As HEFA 
Diesel Plus has not yet received ASTM certification, 
it is not currently considered for the CBSCI project. 
Rather than delay physical blending activities until the 
HEFA Diesel Plus specification receives ASTM approval, 
ASTM-approved HEFA Jet fuel is proposed for use.

Table 1: Physical and chemical properties of diesel and jet fuel2

PROPERTY PETROLEUM 
DIESEL BIODIESEL HEFA DIESEL PETROLEUM 

JET A HEFA JET

Carbon Chain 
Length C18-C21 C18-C20 C18-C20 C9-C15 C9-C15

Carbon, wt% 86.8 76.2 84.9 - -

Hydrogen, wt% 13.2 12.6 15.1 - -

Oxygen, wt% 0.0 11.2 0.0 0.0 0.0

Specific Gravity 0.84 0.88 0.78 0.75-0.84 0.73-0.77

Cetane 40 to 52 45 to 55 70 to 90 < 40 < 80

Cloud Point (°C) -5 -25 to 2 -30 to -5 -47 to -40 -57

Sulphur (ppm) < 10 20 < 2 < 30003 < 15

Specific energy 
(MJ/kg) 43 39 44 42.8 43.9

Aromatics (vol %) < 12 - 0 < 25 0

2. Data for table sourced from Hoekman et al. 2009 (biodiesel), Pearlson 2011 (renewable diesel and jet), Milbrandt et al. 2013 (jet cetane 
rating), and Honeywell UOP website (cloud point and specific energy, https://www.uop.com/processing-solutions/renewables/green-jet-fuel/).
3. Although permitted sulfur levels in jet fuel are quite high, voluntary reduction of sulfur content has been taking place for to two reasons: lower 
SOx emissions make it desirable for airlines, and, reduced limits on sulfur in diesel, as well as the price premium fetched by Ultra-low sulfur diesel, 
has led refiners to lower overall sulfur content so that pipelines can be shared. Low-sulfur jet fuel (15 ppm) is now more widely available.
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2.1.2.  UNDERSTANDING THE HEFA 
PRODUCTION PATHWAY 

HEFA fuel production requires the same hydropro-
cessing and distillation processes involved in petroleum 
refining. Appropriate feedstocks are biologically 
derived fats and oils including vegetable oils, plant oils, 
and by-products of the animal processing industry. 
Hydroprocessing of lipids derived from either petroleum 
or biological sources require a hydrogen-rich environ-
ment under moderately high temperature and pressure 
[315–370˚C, 41–101 bar] combined with a solid cata-
lyst to drive chemical reactions and favour the formation 
of desired molecules (NREL 2006, Chaudhuri 2011). 

Biologically-sourced lipids are composed of triglyceride 
molecules, usually with some additional free fatty acids 
(FFAs). Triglycerides are composed of a three-carbon 
glycerol backbone and three fatty acids, typically ranging 
in carbon chain length from C14–C20. Canola oil (a 
low erucic-acid version of rapeseed), for example, has an 
average fatty acid composition of 95% C18 molecules 
(Ackman 1990) and is 94.4-99.1% triglycerides and 
0.4-1.2 % FFA (Przybylski 2011).

Figure 1 (below) illustrates the reactions taking place 
in the hydroprocessing unit of a HEFA refinery. 
Triglyceride feedstock is combined with hydrogen and 
supplied to a catalytic reactor (Kalnes et al. 2008). In the 
first reaction, any double bonds present in the fatty acid 
chains of the triglycerides are saturated with hydrogen. 
Triglycerides containing high levels of saturated fatty 
acids require less hydrogen and are target feedstocks for 
HEFA refining (Kalnes et al. 2008) as they can reduce 
hydrogen consumption and improve the environmental 
impact and economics of the process. A recent life cycle 
assessment of canola biojet production in the United 
States found that hydrogen production was the most 
emissions-intensive step in the HEFA Jet production 
process (Ukaew et al. 2016). Sourcing hydrogen from 
renewable resources could potentially lower emissions 
associated with this production.

Following saturation of double bonds, triglycerides 
are catalytically separated into propane and fatty acids 
(carboxylic acids). Oxygen present in the fatty acids as a 
carboxyl group is removed via two competing reactions, 
hydrodeoxygenation (HDO) or decarboxylation (CDO), 
to form hydrocarbon alkanes. In the HDO reaction, 
hydrogen replaces oxygen and the co-product is H2O 
(water). This reaction has a higher demand for hydrogen 
compared to decarboxylation. In the CDO reaction, 
oxygen is eliminated from the fatty acids as CO2 
(carbon dioxide) which can react with excess hydrogen 
and produce low-value methane (Pearlson 2011). 
While this reaction does not have the same hydrogen 
requirements as HDO, CDO does result in production 
of CO2. Furthermore, carbon is lost from the liquid 
fuel product reducing yield of liquid fuel. The favoured 
reaction will therefore depend on prices of the end fuel 
product and of hydrogen (Egeberg et al. 2010). 

In practice, both reactions take place to some extent, 
controlled through choice of catalyst and manipulation 
of reaction conditions (Neste 2012). Per mole of tri-
glyceride, HDO produces linear alkanes, water, and pro-
pane with a ratio of 3:6:1. CDO produces linear alkanes, 
carbon dioxide, and propane with a ratio of 3:3:1. A 
third reaction, decarbonylation, also takes place in the 
presence of hydrogen forming carbon monoxide and 
water. The reactions are illustrated in Figure 1 below:
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After hydrotreatment, water and light co-product gases 
are separated from the alkane molecules. Water and 
CO2 are treated and emitted as wastes. Light hydrocar-
bons (mainly propane) can be sent to a steam-reformer 
for on-site hydrogen production or sold as a separate 
product (Neste 2012). The alkanes are then routed to a 
catalytic hydroisomerization/hydrocracking unit where, 
in the presence of more hydrogen, they form branched-
chain alkanes with the desired carbon chain length and 
cold-flow properties. 

To produce biojet fuel from diesel-length C18–C20 
molecules the intensity of hydrocracking is increased; 
diesel molecules are cracked into shorter C9–C15 
kerosene-length molecules. In the process, lighter prod-
ucts such as gases and naphtha are also produced. The 
final products are biojet, renewable diesel, and a mixture 
of renewable light hydrocarbons, including propane and 
naphtha. Up to 50% biojet product can be achieved 

under optimal conditions that (Pearlson 2011). While 
hydrocracking increases HEFA biojet yield, it reduces 
overall yield of liquid fuels due to the production of 
light gases. This reduction in yield is estimated at 8 wt% 
depending on process conditions (Pearlson 2011) and 
potentially affects the economics of the process. 

Excess reagent hydrogen is separated, cleaned and 
recycled back into the hydroprocessing reactors. The 
hydrocarbon products are then sent to a conventional 
distillation column where they are heated and separated 
into different fuel fractions based on boiling point. 
Lighter gases like propane and butane can be sold while 
methane is usually recycled on-site in a steam reformer 
to generate hydrogen for use in the process (Neste 
2012). Once distilled, the renewable diesel and biojet 
fuel fractions undergo downstream processing, such as 
the addition of additives to improve fuel handling and 
performance properties (Chevron 2006). 

Figure 1. The simplified stages of a hydroprocessing reaction and associated products
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2.2 Current global status of HEFA

2.2.1  PROVIDERS OF HEFA PROCESSING 
TECHNOLOGY

CBSCI assumes that HEFA will be the near-term biojet 
production platform in Canada. HEFA refers to any fuel 
produced by the technology platform, further distin-
guishing HEFA Diesel and HEFA Jet fuel types. 

The largest commercial provider of HEFA processing 
technology is Honeywell UOP. In partnership with 
Italian oil and gas company Eni, their joint HEFA 
technology, ‘Ecofining’, is licensed in Europe and 
North America to produce renewable diesel and jet fuel. 
Neste’s proprietary HEFA process, ‘NExBTL’ or ‘Next 
Generation Biomass to Liquid’, is employed at three 
renewable diesel refineries in Singapore, Netherlands, 
and Finland. As of January 2017, Neste’s renewable 

diesel product line has been rebranded as Neste ‘MY’ 
(Neste 2017). In Scandinavia, the Danish catalysis com-
pany Haldor-Topsoe licenses their ‘Hydroflex’ process to 
HEFA refinery UPM, a petroleum refinery/co-process-
ing operation owned by Preem. The operational status 
and typical process yields of Ecofining, NExBTL, and 
Hydroflex are compared below in Table 2.

Other providers of HEFA processing technology include 
international oil and gas technology provider Axens 
and American technology developer Syntroleum, now 
owned by North American biofuels producer REG. REG 
employs the Syntroleum HEFA process, ‘Biosynfining’, in 
their renewable diesel plant in Louisiana. Axens licenses 
their HEFA technology, ‘Vegan’, to French oil and gas 
company Total for their La Mede refinery retrofit.

Table 2. Comparison of the three commercial HEFA technologies with more than one location: Ecofining, 
NExBTL, and Hydroflex4

STANDALONE - COMMERCIAL SCALE STANDALONE - PILOT SCALE

Operational Status UOP/Eni Ecofining Neste NExBTL Haldor-Topsoe Hydroflex

Licensed to: (Operational/
Non-Operational) 

Alt Air, Diamond Green Diesel, 
Eni Italy, Emerald Biofuels, 
Petrixo, SG Preston (x3)

Neste Rotterdam, 
Singapore, Porvoo

UPM Lapeenranta, Preem 
Gothenburg (co-processing) 

Annual capacity: (planned) 1.6 BL (3.0 BL) 3.0 BL 1 BL

Feedstock approved Tallow, pretreated vegetable oils 
(canola, soy, palm, jatropha)

Palm oil, palm fatty acid 
distillate, fish oil, tallow, 
UCO, rapeseed, camelina

Tall oil, tall oil biodiesel, canola

Input/Output (wt%)

Crude lipid feedstock 100 100 100

Hydrogen 1.5-3.8 3.2 2.5

Product yield (HEFA Diesel) 75-85 82.6 94 (precursor, uncracked fatty 
acids C17-C22)

Naphtha <1-7 0.43 -

Butane 0-2 - -

Propane 5 5 5.2

Other gases (CO, CO2, CH4) Not specified Not specified 1.8

4. Information for table sourced from Kalnes et al. 2008, Egeberg et al. 2010, Neste 2012.
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2.2.2  ESTIMATE OF TOTAL INSTALLED HEFA 
PRODUCTION CAPACITY

Currently, eight operational facilities are producing 
HEFA fuels from biologically-derived lipids (Table 3). 
Apart from AltAir Fuels, that regularly produce HEFA 
Jet as a fraction of their product slate, all the other 
facilities produce only HEFA Diesel. 

Total global production capacity of HEFA fuels is esti-
mated at 5 billion litres5 (BL), or over 4 million tonnes 
(Mt), in 2016 (US Energy Information Administration 
2015). HEFA Diesel has been the main product due 
to more favourable economics and the pricing of diesel 

5. Estimated annual global growth in 2015 and 2016 of approximately 0.75 BL, based on growth trends from 2011-2014 (>750 ML growth in 
production every year).

relative to jet fuetl. Currently, only World Energy 
Paramount in California operates their facility with 
the capability to simultaneously produce renewable 
HEFA Diesel and HEFA Jet. Other companies have 
produced HEFA Jet on a contract basis, as Neste did for 
the EU-funded ITAKA project (Neste 2012b). Several 
other companies have announced intentions to construct 
facilities for HEFA Diesel and/or HEFA Jet, but these 
are currently non-operational, under construction, or yet 
to complete financing. Figure 2 and Figure 3 below show 
the global distribution of HEFA production facilities by 
operational status. 

Total

Petrixo

Eni

Neste

Neste

Neste

UPM Eurasian 
HEFA Production

Operational - Jet (0)

Operational - Diesel (5)

Under Construction - Diesel (1)

Announced - Jet (1)

Figure 2. Distribution of HEFA production facilities 
in Europe and Asia by operational status
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North American 
HEFA Production

Operational - Jet (1)

Operational - Diesel (2)

Under Construction - Diesel (1)

Announced - Jet/Diesel (5)

SGP

Emerald

EKAE
SGP

SGP

World Energy Paramount 
Diamond Green
REG

REG/Phillips 66  

Table 3 details annual capacity, feedstock, and tech-
nology licensed for the HEFA production facilities 
included in Figure 2 and Figure 3 above. The current 
annual capacity for HEFA fuels is 5.2 BL. If all proposed 
construction and capacity expansion are carried out, an 
additional 4.1 BL of annual capacity would be added 
in the next 3–4 years. This would bring global annual 
production capacity for HEFA fuels to just over 10 BL 
(Table 3). However, not all announced facilities are likely 
to construct.

Figure 3. Distribution of HEFA production facilities 
in North America by operational status.
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Table 3. HEFA producers – current and proposed

PRODUCER LOCATION START UP ANNUAL CAPACITY FEEDSTOCK TECHNOLOGY
PRODUCE 

BIOJET 
(OR 

INTENT)

Operational - Diesel & Jet

World Energy 
Paramount

Paramount, 
CA, USA

Tallow, 
vegetable oils 
and lipids

Honeywell 
UOP / Eni 
Ecofining

YesPhase 1 2015 114 ML 0.09 Mt

Phase 2 2016 151 ML 0.12 Mt

Operational - Diesel

Diamond 
Green Diesel

Norco, LA, 
USA

Tallow, 
vegetable oils 
and lipids

Honeywell 
UOP / Eni 
Ecofining

-Phase 1 2013 606 ML 0.47 Mt

Phase 2 2018 1.1 BL 0.86 Mt

(Phase 3) (2021) (2.1 BL) 

Eni S.P.A.

Venice, Italy

Palm oil 
transitioning 
to lipids and 
algal oil

Honeywell 
UOP / Eni 
Ecofining

-Phase 1 2014 513 ML 0.40 Mt

Phase 2 2016 718 ML 0.56 Mt

Neste

SingaporePhase 1 2010 1.28 BL 1 Mt
Tallow Neste NExBTL -

(Phase 2) (2022) (1.7 BL)

Neste Rotterdam, 
Netherlands 2011 1.28 BL 1 Mt

Palm oil 
transitioning 
to lipids and 
other oil seeds

Neste NExBTL -

Neste
Porvoo, 
Finland

Palm oil 
transitioning 
to lipids and 
other oil seeds

Neste NExBTL -Phase 1 2007 128 ML 0.1 Mt

Phase 2 2009 128 ML 0.1 Mt

Renewable 
Energy Group 
(FKA Dynamic 
Fuels)

Geismar, 
Louisiana, 
USA

2010 284 ML 0.22 Mt Tallow Syntroleum 
Biosynfining -

UPM Group Lappeenranta, 
Finland 2015 120 ML 0.94 Mt

Tall oil from 
pulp and 
paper industry

Haldor Topsoe 
Hydroflex -

Total Operational Annual Capacity (2018) 6.4 BL
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PRODUCER LOCATION START UP ANNUAL CAPACITY FEEDSTOCK TECHNOLOGY
PRODUCE 

BIOJET 
(OR 

INTENT)

Under Construction - Diesel

East Kansas 
Agri-Energy

Garnett, 
Kansas, USA

Corn distillers 
oil - -Phase 1 TBD 11 ML 8800 t

Phase 2 TBD 22 ML 17,600 t

Total
Châteauneuf-
les-Martigues 
France

TBD 627 ML Lipids and 
oilseeds

Axens IFP 
Vegan -

Announced - Diesel & Jet

Andeavour Dickinson, ND, 
USA TBD 693 ML

Waste and 
crop-based 
oils

Haldor Topsoe
Hydrotreating

-

Emerald 
Biofuels

Port Arthur, TX, 
USA TBD 357 ML Inedible oils 

and tallow

Honeywell 
UOP / Eni 
Ecofining

Yes

Petrixo Oil 
and Gas

Fujairah, UAE TBD
Honeywell 
UOP / Eni 
Ecofining

YesPhase 1 TBD 313 ML

Phase 2 TBD 1.25 BL 

Renewable 
Energy Group 
/ Phillips 66

Ferndale, WA, 
USA TBD TBA Waste fats, 

oils, greases BioSynfining® -

SG Preston Van Wert, 
Ohio, USA TBD 450 ML Waste lipids

Honeywell 
UOP / Eni 
Ecofining

Yes

SG Preston Logansport, 
Indiana, USA TBD 450 ML Waste lipids

Honeywell 
UOP / Eni 
Ecofining

Yes

SG Preston South Point, 
Ohio, USA TBD 450 ML Waste lipids

Honeywell 
UOP / Eni 
Ecofining

Yes

Total Proposed Annual Capacity (2018+) 8.5 BL

Total Present Plus Proposed Capacity 14.9 BL

Table 3. HEFA producers – current and proposed (cont’d)
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2.3  Other developing technologies using fats and oils as feedstock

2.3.1  RELATED STAND-ALONE TECHNOLOGIES 

While HEFA conversion technology is commercially 
mature, there are three other stand-alone biojet pro-
duction pathways based on lipid feedstocks (fats and 
oils) currently under development, review, or testing for 
ASTM certification. 

Chevron Lummus Global and Applied Research 
Associates (ARA) have collaborated to produce an 
aromatic hydroprocessed biojet fuel through a patented 
catalytic hydrothermolysis technology called Biofuels 
Isoconversion (Applied Research Associates 2013). This 
process combines lipid feedstocks with water to achieve 
hydrothermal cracking and cyclization prior to hydro-
processing. This creates a biojet fuel with similar product 
yields to traditional HEFA processes, but, as it also con-
tains aromatics, blending with petroleum is not required 
to maintain fuel lubricity. In partnership between NRC, 
Chevron/ARA, and Agrisoma Biosciences, Biofuels 
Isoconversion fueled the world’s first 100% biojet fueled 

flight in 2012 using fuel derived from carinata feedstock 
(National Research Council 2012). 

Also in 2012, North American renewable fuels company 
Aemetis announced they had selected Chevron/ARA tech-
nology for their proposed renewable diesel plant (Aemetis 
2012), but no construction date has been announced. 
Blue Sun Energy, in Missouri, has licensed this technology 
since 2013 for their demonstration scale biojet facility.

Although not technically the HEFA pathway, Forge 
Hydrocarbons and SBI Bioenergy are two Edmonton-
based technology companies reportedly producing renew-
able fuel from lipid feedstocks at demonstration scale. 
Both processes achieve renewable feedstock processing and 
isomerization analogous to the HEFA pathway but with-
out the consumption of hydrogen. SBI Biofuels proposes 
to use special catalysts and a reactor system that converts 
lipids first to biodiesel and then to other renewable fuels. 
Forge Hydrocarbons uses only water and heat to process 
lipids, without hydrogen or catalytic agents. 

Table 4. Related technologies under development6

PRODUCER LOCATION START UP7 ANNUAL CAPACITY FEEDSTOCK TECHNOLOGY
PRODUCE 
BIOJET (OR 
INTENT)

Forge Hydrocarbons

Edmonton, AB, 
Canada

Waste fats/low 
value organic 
oils

Forge 
Hydrocarbons YesPhase 1 2016 0.2 ML 160 t

Phase 2 TBA 19 ML 15 000 t 

SBI Bioenergy

Edmonton, AB, 
Canada

Inedible canola 
oil, waste 
lipids, tall oil, 
other oil seeds

Proprietary 
SBI process 
without 
hydrogen

Yes
Phase 1 2015 0.53 ML 

Phase 2 2016 10 ML 

Phase 3 TBA 240 ML 

Blue Sun Energy St. Joseph 
Missouri 2014 6.4 ML 5000 t

Oil seeds, 
algae, waste 
lipids

Chevron 
Biofuels 
Isoconversion

Yes (NRC test 
flight)

6. Information for table sourced in 2017 from SBI Bioenergy, Alberta Tech Futures, Ignite Edmonton, and from Biodiesel Magazine (2013).
7. Start up dates taken from company websites/news, dependent on market conditions for execution, not modified by authors to reflect feasibility.
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2.3.2  CO-PROCESSING OF FATS AND OILS IN 
EXISTING REFINERY INFRASTRUCTURE

ASTM has recently certified co-processing of fats and 
oils feedstocks within existing refineries for the pro-
duction of alternative jet fuel (ASTM D7566-11). In 
co-processing, biologically derived lipids are refined with 
petroleum fractions to produce refinery products that 
include renewable content; middle distillates produced 
in this manner would partially contain renewable 
content. As co-processing can occur in existing infra-
structure, its widespread use may present the ability to 
integrate more renewable content into fuels. The ASTM 
specification for co-processing limits the proportion of 
renewable feedstock to 5%, restricted to triglycerides and 
fatty acids. While co-processing of pyrolysis bio-oils are 
actively being researched, these feedstocks differ signifi-
cantly from triglycerides and fatty acids and are thus not 
included in the updated ASTM 7566 Annex.

Applications of co-processing technology in commercial 
scale refineries demonstrate the potential of refiner 
interest. Co-processing has previously been implemented 
at the Whitegate Refinery in Cork, Ireland (currently 
owned by Irving Oil) as recently as 2013, and by three 
Spanish petroleum refineries—two owned by CEPSA 
and one owned by Repsol (Irving 2016, Conoco Philips 
2006, Éco-Ressources Consultants 2012, USDA 2013). 
Galp Energia previously licensed UOP Ecofining 
technology for a co-processing operation at their Sines, 
Portugal refinery, and early in 2007, Petrobras in Brazil 
and BP in Australia reported co-processing capacity up 
to a 5% volume blend but in neither case was produc-
tion reported (Éco-Ressources Consultants 2012). 

Co-processing is carried out at the Preem refinery in 
Gothenburg, Sweden, where a 50:50 blend of tall oil 
biodiesel and petroleum is hydroprocessed to make 
renewable ‘Evolution Diesel’ using the Hydroflex tech-
nology (Preem 2015). This process utilises methyl esters 
of wood-derived fatty acids in co-processing. Although 
not a vegetable oil, tall oil falls under the scope of the 
recently approved ASTM specification.

The chemical composition of lipid feedstocks presents 
challenges in co-processing operations limiting the 
volumes that can be co-processed. The oxygen content 
of lipids (~11%) requires higher volumes of hydrogen 
during processing but does not interfere with desul-
furisation reactions of petroleum feeds. Some lipid 
feedstocks, such as used cooking oil, have high free fatty 
acid content and the resulting low pH can be problem-
atic as acidity can increase corrosion in pipes and other 
components of the hydrotreating system (Egeberg et al. 
2010). Challenges such as these prompt careful catalyst 
selection, design of reaction conditions, and feedstock 
pre-treatment (Egeberg et al. 2010). Lipid feedstocks 
also contain contaminants such as metals, including 
phosphorus, which may act as an inhibitor of hydro-
treating catalysts. Various pre-treatments can be carried 
out to remove contaminants; acid-degumming, for 
example, is practiced commercially to remove impurities 
such as phosphorus and heavy metals in lipids that could 
impair hydroprocessing catalysts (Neste 2012, Santillan-
Jimenez and Crocker 2012).
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3.  Canadian feedstock availability, potential to meet HEFA 
specifications

The feasibility of a domestic biojet supply chain is 
dependent on the commercial availability of sufficient 
suitable feedstock. Biojet feedstock should meet the 
technical specifications for HEFA biojet fuel production 
in addition to sustainability criteria to ensure positive 
environmental and socio-economic impacts. 

CBSCI analysis is limited to Canadian produced feed-
stocks. It is, however, recognized that oils and fats are 
globally traded commodities, responsive to supply and 
demand drivers across markets, and can be substituted 
for each other within operative limits and consumer 

preferences. Differing smoke points, fat profiles, etc., 
will influence each feedstock’s substitutability. Supply 
signals are influenced by both crop type (annual crops 
like canola and soy vs. longer-term tree crops like palm) 
and the commercial interaction among the various 
marketable components of a crop such as oil, meal and 
other co-products. 

3.1  Canadian HEFA biojet feedstocks suitable for CBSCI consideration

The research team in CBSCI considered domestically 
available feedstocks positioned to supply HEFA 
production facilities in the near and medium terms 
(i.e., 2020–2030). Within this timeline, other biojet 
production technologies using lignocellulosic feedstocks 
may also become commercialized (e.g., pyrolysis or 
gasification-based technologies). As the scope of this 
project includes HEFA technology only, the list of 
considered feedstocks includes only those appropriate 
for the technology, such as triglycerides and fatty acids. 
The feedstocks considered for HEFA production are 
described below.

Oilseed crops: Oilseed crops are the predominant feed-
stock for renewable alternatives to distillate fuels globally 
(biodiesel, renewable diesel, biojet). Domestically, oil-
seed crops that can be utilized for biojet include canola, 
soybean, flax (linseed), mustard, canary, sunflower, and 
other oilseeds. Among these, canola and soybean form 
the majority of oleochemical feedstock produced in 
Canada. 

Animal fats: These materials are co-products of the meat 
processing and rendering industries. Rendering refers to 
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 other (oleochemical) uses (Alm, 2013). 
Supply of animal fats is constrained by the numbers of 
animals slaughtered. 

Used cooking oil (and other recycled feedstocks): The 
term ‘used cooking oil’ (UCO, also equivalent to ‘yellow 
grease’) refers to spent vegetable oils and/or animal fats 
from fryers in the food industry. Due to potential con-
tamination, variable quality, and free fatty acid content, 
cooking oil is not considered a high-quality feedstock 
for biofuel production. It is, however, likely to be less 
expensive compared with other vegetable oils and animal 
fats, and has perceived enhanced sustainability benefits. 
While limited in supply (based on restaurant and food 
processing use), increased enforcement banning re-use 
in food preparation and animal feed sectors has helped 
expand the supply in recent years (LMC International, 
2013). Compared with other feedstocks, UCO is sus-
ceptible to mislabelling and/or fraud; virgin vegetable 
oils from unsustainable sources can be blended with a 
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small amount of used cooking oil, repackaged and resold 
as UCO. Major regulatory schemes (e.g., US RFS, EU 
RED) have implemented detailed evaluative criteria to 
help ensure authenticity of UCO. 

Alternative oilseed crops (emerging oleochem-
ical-based feedstock): Various alternative oilseed 
crops have been considered and tested for suitabable 
cultivation in Canada. Among them, Camelina sativa 
(camelina) and Brassica carinata (carinata) are emerging 
as promising feedstocks for biojet production.

- Camelina is well adapted to specific growing 
regions that may be unsuitable (or less preferred) 
for established crops. Camelina is an annual or 
winter annual crop with a short maturation cycle 
(85 to 100 days) and can grow in a 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). It is tolerant of heat and drought, is shatter 
resistant (improved seed recovery during harvest) 
and matures comparatively early. This makes came-
lina suitable for warm/dry regions of Saskatchewan, 
particularly the south-western region referrend to as 
the Palliser Triangle. Linnaeus Plant Sciences Inc. 
is a Canadian firm leading the commercial devel-
opment of camelina via their brand of seed ‘Midas’ 
(Linnaeus, 2014).

- Carinata, also known as Ethiopian mustard, is 
another emerging oleochemical feedstock. Federally 
and provincially funded research programs have 
assisted in developing varieties with improving yields 
and 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’. 

Tall oil: Tall oil is typically obtained as a by-product in 
the kraft pulping of pine and spruce trees. Kraft pulping 
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 centrifuge, 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. 
As a result, Canadian pulp mills do not typically sell tall 
oil; it is burned in chemical recovery boilers, power boil-
ers, or lime kilns. The total production of crude tall oil 
in Canada in 2013 was estimated to be 30,000 tonnes 
(Douek, 2014). In most cases, the quantities produced 
at an individual mill are small and/or of variable quality, 
which makes it challenging to extract and market. 

Algae oils: Algae oils are a potential renewable fuel 
feedstock. 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 pri-
mary feedstock for commercial scale biofuel production. 

CBSCI FEEDSTOCK PRODUCTION AREAS

The production areas of the specified feedstocks in 
Canada are shown in Figure 4. Animal fats and used 
cooking oil production are positioned at the location of 
processing facilities, typically near population centres.
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Table 5. Feedstock production potential by province in 2015 (tonnes)8

PROVINCE CANOLA 
SEED

CANOLA 
OIL 

CONTENT
SOYBEAN

SOYBEAN 
OIL 

CONTENT
FLAXSEED

FLAXSEED 
OIL 

CONTENT

ANIMAL 
FAT

YELLOW 
GREASE/ 

(UCO)

TOTAL 
SEED (MT)

TOTAL OIL 
(MT)

SK 8,799,700 3,871,868 163,300 29,394 501,200 215,516 17,762 4,669 9,464,200 4,139,209

AB 5,443,100 2,394,964 216,000 92,880 73,021 17,289 5,659,100 2,578,154

MB 2,857,600 1,257,344 1,107,700 199,386 99,000 42,570 23,473 5,324 4,064,300 1,528,097

ON 34,000 14,960 3,791,100 682,398 51,121 56,785 3,825,100 805,264

QC 898,000 161,640 55,502 33,967 898,000 251,109

BC 70,800 31,152 5,144 19,286 70,800 55,582

Maritimes 88,500 15,930 3,498 88,500 19,428

NL 2,165 - 2,165

Territories 475 - 475

TOTAL 17,205,200 7,570,288 6,048,600 1,088,748 816,200 350,966 229,521 139,960 24,070,000 9,379,483

8. Canola, Soybean, and Flaxseed estimates taken from Statistics Canada. Animal fat estimates based on 2014-2015 slaughter report from 
Agriculture and Agri-Food Canada. UCO estimates are calculated based on population data from Statistics Canada. Animal fat/UCO are liquid 
weights. Oil content of seed crops are calculated based on theoretical percentage as described in section 3.3.

Canola

Soybean

Flax

Animal Fat/UCO

Emerging Oilseeds

Tall oil

Figure 4: Regional oleochemical feedstock 
production areas
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3.2  Request for Information approach used in CBSCI

Feedstock suitability was assessed by collecting informa-
tion on Canadian feedstock availability, characteristics 
and potential use. The approach used in CBSCI was to 
identify potential feedstock suppliers and acquire infor-
mation via a distributed Request for Information (RFI). 
To determine the recipients of the RFI, the research 
team sought input from the Steering Committee and 
other project participants with expertise. 

CBSCI RFIs were sent to the following organizations 
(alphabetical) for each feedstock indicated:

• Agrisoma Biosciences Inc. – carinata
• Canadian Renderers Association – animal fats
• Canola Council of Canada – canola
• Linnaeus Plant Sciences Inc. – camelina
• Mara Renewables Corporation – algae
• Soy Canada – soy

The RFI was designed to clearly establish whether a 
crop was considered commercially available as defined 
in CBSCI (section 2.3) and determine a feedstock’s 
ability to support a global-scale biojet production asset. 
Global-scale capacity was determined to be a minimum 

of 30 million gallons/year or 114 million litres per year. 
This minimum capacity was based on existing HEFA 
production at commercial scale. Transport Canada’s 
Clean Transportation Initiative study has previously set 
this value as a benchmark for commercial scale HEFA 
facilities (Novo Energy Group, 2015a). 

Dissemination of the RFI was targeted primarily towards 
associations that represent specific feedstocks (e.g., soy, 
canola, rendering). In instances where associations were 
not identified, specific commercial organizations were 
targeted (specific feedstock suppliers/developers, e.g., 
algae, camelina, carinata). 

The RFI questionnaire requested the following: 

•  Current commercial status of feedstock indicated by 
historical acreage, annual production, and number of 
producers;

•  Current status of sustainability certification and related 
activities;

•  Future growth expectations/targets for feedstock pro-
duction, acres planted, number of producers.

3.3 RFI received, analysis and commentary

RFI responses provided a useful survey of the Canadian 
feedstock landscape. Where possible, publicly avail-
able information was added to the RFI responses. 
Information was obtained on the current status and 
projections for canola, flaxseed, soybean, camelina, and 
carinata. No responses were received regarding algae. 

CBSCI FEEDSTOCK AVAILABILITY

Oil production volumes were calculated from seed 
production and oil content of the seed rather than 
the capacity and location of the processing facilities. 
This focus on feedstock production location takes into 

consideration that a future domestic biojet sector will 
require feedstock to be produced and available in order 
to establish a biojet production facility that may incor-
porate or co-locate with feedstock processing. The loca-
tion and capacity of current and future feedstock storage 
and processing entities (e.g., elevators, crushers, refiners) 
will impact commercial decisions around facility location 
and capacity. 

The Canadian prairie provinces (Alberta, Saskatchewan, 
and Manitoba) account for most Canadian feedstock 
production (Figure 5). Saskatchewan produced more 
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than 3 million tonnes of Canola seed and 300 thousand 
tonnes of Flaxseed in 2015, making it the largest pro-
ducer of oleochemical (vegetable oil based) feedstock in 
Canada. It is followed by Alberta, Manitoba, Ontario, 
and Quebec respectively. 

The oil content of a seed crop determines the quantity 
of biojet fuel that can be produced from that feedstock. 
Table 6 shows the indicative values of percentage oil 
content for each type of oilseed.

Based on this review, canola is the most abundant 
Canadian oleochemical feedstock. The theoretical volume 
of canola oil based on seed harvested exceeded 6 million 
tonnes in 2015 (Figure 6). Soy oil follows as the next 

most abundant feedstock with over 2 million tonnes of 
oil produced. Camelina and Carinata are currently grown 
on a limited scale in Canada (20 and 12.5 thousand acres 
respectively as a maximum in one planting season).

Table 6: Representative oil yields for different 
feedstocks

FEEDSTOCK OIL YIELD (% OF MASS)

Canola 44%

Carinata 44%

Flaxseed 43%

Camelina 35%

Soy 18%

Canola

Flaxseed

Soy

Maritimes

BC AB MB

ON

QCSK

Figure 5: Feedstock production ratio by province (seed).
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Figure 7, below, shows historic and projected feedstock 
production for major oilseed crops. Canola harvest vol-
umes are projected to increase up to 11.5 million tonnes 
of oil produced by 2025. If production trends continue, 
canola will likely remain the most abundant feedstock 
in Canada. Camelina and carina have the potential to 
exponentially increase production beyond their current 
nascent state but projected production numbers are 
currently not available.

Figure 7: Historic and projected Canadian oleochemical feedstock production (based on percentage oil content 
of seed harvest)

Figure 6: Canadian feedstock (oil) production based on percentage oil content of seed harvested in 2015 (by 
province)
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CBSCI’s approach to HEFA feedstock focuses on the concept of ‘commercial availability at present’. CBSCI seeks to 
determine whether a feedstock could support a 165 MLY HEFA facility if it currently existed in Canada. 

A list of metrics that can be used to determine the status of commercial availability of feedstock are listed in Table 7.

Table 7: List of metrics to assess commercial availability of feedstock

METRIC RATIONALE

Established annual production Continuous annual production enables a HEFA facility to rely on the feedstock being 
consistently available for biojet production. 

Current export status of feedstock A commodity whose production is currently exported is considered potentially available for 
use as a domestic HEFA biojet feedstock. Export markets can be closed creating feedstock 
oversupply leading to depressed prices. 

Availability for commercial 
contracting

Commercial contract ability, including specifying delivery time and location, chemical 
characteristics, sustainability certification, and other details, is a requirement for a 
feedstock’s use for dedicated HEFA production. A feedstock without established annual 
production will require that growers and acres are contracted in advance to fulfill a future 
purchase requirement. 

Crop insurance Crop insurance availability enables producers to reduce crop failure risk. It is considered 
a prerequisite to significant penetration of new crops in Canada. Obtaining crop insurance 
eligibility can require significant reporting and scientific work. 

Capable of meeting HEFA producer 
specifications

The feedstock must be capable of achieving technical specifications required for 
HEFA production. Catalysts in HEFA production are sensitive to compounds such as 
phosphorous. This requirement can be flexible as processing/pretreatment of feedstocks 
may achieve required specifications. Pretreatment may be carried out at the HEFA biojet 
facility or the feedstock provider may choose to take additional processing steps to 
achieve the required specifications. 

Eligibility to count for RFS 
compliance via US EPA renewable 
biomass definitions and/or 
sustainability certification via 
existing schemes

The US EPA incorporates the designation of ‘renewable biomass’ to establish eligibility 
of biofuels produced from those component feedstocks. This designation enables RIN 
generation which will advantage a feedstock against one without RIN generation ability. 

Sustainability certification possible 
in future

As emerging feedstock producers may still be in the process of establishing eligibility 
under existing renewable fuels policies, this metric is included to allow for feedstocks 
that have not yet obtained a sustainability certification under a regulatory scheme to be 
evaluated for commercial availability. 

3.4 Defining ‘commercial availability’
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3.5  Defining emerging feedstocks and their potential for 
commercial availability

In the context of feedstock analysis for CBSCI, emerging feedstocks have a set of identifying characteristics (Table 
8). The present discussion of emerging feedstocks is limited to agricultural feedstocks and does not include feed-
stocks from recycled products (e.g., rendered feedstocks or used cooking oil).

Table 8: Characteristics of emerging, pre-commercial agricultural feedstocks

CHARACTERISTIC RATIONALE

Uncertain production volumes Commercial scale HEFA facilities will benefit from the ability to forward contract 
feedstock from processors. Requiring producers to contract directly with feedstock 
growers, rather than an aggregator/processor, is an additional logistical requirement that 
extends complexity of feedstock procurement. 

Technical characteristics uncertain or 
not established

A feedstock source with variable technical characteristics hinders the potential for its 
wide scale adoption as a HEFA component feedstock. 

Meal by-product not approved for use The protein meal of an emerging oilseed can carry economic value which may reduce 
feedstock oil prices which is relevant to biojet production. Without approval of the meal 
for animal feed, the oil component is required to carry the full economic value of the 
oilseed, including any disposal costs of the meal if no other uses are available.

Existence of a dominant crop (from 
which an emerging crop must capture 
acres)

The existence of an established profitable crop against which the emerging crop must 
compete poses substantial long-term barriers to entry for emerging feedstocks. They 
can alleviate this by focusing on currently under-utilized agricultural areas. Incumbent 
established crops, and their attendant research and development expenditures of 
agricultural science and seed development companies, challenge an emerging crops’ 
ability to establish themselves. 

Undocumented sustainability 
performance

If emerging crops require the same sustainability documentation and supply chain audit 
procedures as established crops, their relatively small scale of development will make 
these costs proportionally higher. The positive sustainability certification of any emerging 
crop is not guaranteed. 

Until these challenges are addressed, emerging crops 
are unlikely to support a commercial scale HEFA biojet 
facility. Programs to reduce risk for new crop develop-
ment can play a vital role in establishing a commercially 
viable market share.
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3.6  Enabling conditions for emerging feedstocks to transition to 
commercial availability

Preliminary enabling conditions for transitioning from 
emerging feedstock to commercially available are sum-
marized in Table 9. 

Table 9: Enabling conditions for emerging feedstocks to transition to commercial availability

ENABLING CONDITION RATIONALE

Consistent demand with advantaged 
competitive position

An operating HEFA facility will help establish consistent demand for emerging feedstocks. 
A HEFA facility’s willingness to pay for an emerging feedstock may also increase the 
ability of the feedstock to gain acres and displace established crops. 

Recognition of positive sustainability 
attributes of feedstock

Recognition of a feedstock’s positive sustainability performance under an existing 
scheme will enable market access. If a feedstock has improved sustainability 
performance compared with established feedstocks, it may be preferred. Key 
sustainability performance metrics include GHG reduction vs. non-renewable alternative. 

Advantaged economics If an emerging feedstock can achieve advantaged economics of production versus 
established crops then its potential to gain acres is enhanced. Advantaged economics 
may arise from increased value from oil, meal, or whole seed components. Many 
potential HEFA feedstocks have multiple co-products (e.g., oil and meal from an oilseed). 
If one co-product can find a higher value market it can reduce the value required from 
the remaining oil component of the HEFA feedstock. 

Processing facility capacity and 
availability

Processing oleochemical feedstock into usable fractions of oil and meal that meet 
minimum technical standards is important for commercialisation. While emerging 
feedstocks can be processed in non-dedicated processing facilities, they will be less 
efficient than dedicated facilities as non-dedicated processing facilities often require 
modifications resulting in facility downtime. This can be an obstacle to commercialisation 
and may require the establishment of dedicated processing facilities. 
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3.7  Selection of predominant feedstock sources for near-term 
commercial biojet production in Canada, proposed feedstock 
for CBSCI

A matrix was developed to utilize the metrics presented in section 3.4 to assess commercial viability. Table 10 
demonstrates that the most commercially available feedstocks for biojet production are canola, soy, and animal fats/
used cooking oil.

Table 10: Application of feedstock availability metrics for potential domestic biojet feedstocks

CANOLA SOY ANIMAL 
FATS/UCO FLAX CAMELINA CARINATA ALGAE

Oil production (2015 
est) <7 MMT >1 MMT <1 MMT <.5 MMT <.005 MMT <.005 MMT <.005 MMT

Established annual 
production     X X X

Feedstock currently 
exported     X X X

Commercial contracting 
available within Canada     X X X

Commercial contracting 
for future seed delivery 
possible

      X

Crop insurance 
availability   N/A    X

Ability to meet 
HEFA producer 
specifications9 

Yes, with 
processing

Yes, with 
processing

Yes, with 
processing

Yes, with 
processing

Yes, with 
processing

Yes, with 
processing

Yes, with 
processing

Eligibility as renewable 
biomass (per US EPA) 
and/or sust. cert. 

      

The above selected feedstocks are further reviewed for biojet suitability in the section below.
9. HEFA producer feedstock requirements indicate that all evaluated CBSCI feedstocks are suitable, though different levels of pre-processing would 
be needed depending on the feedstock’s technical characteristics and the processing configuration of the HEFA facility (e.g., whether feedstock 
pre-treatment capability exists).
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CANOLA

Table 11: Canola industry statistics

TARGETS 2011/12 AVG. 2013 2017 2025 GOAL

Exported Seed 8.11 MMT* 8.5 MMT 11.3 MMT 12 MMT

Domestic Processing (crush) 6.87 MMT 7.5 MMT 9.2 MMT 14 MMT

Acres 20 million 19.8 million 22.9 million 22 million

Yield 31 bu/ac** 40 BPA 41 BPA 52 BPA

Production 14.2 MMT 18 MMT 21.3 MMT 26 MMT

*MMT = million metric tonnes  ** bu/ac = bushels/acre

Figure 8: Canola: Seeded Acres and Production

Global canola production is predominantly located 
in Canada, Australia, China and Europe (where it is 
referred to as rapeseed). Commercial development is 
proceeding in other jurisdictions such as India, Japan, 
and the US. Canola oil has developed niche markets 
for high quality vegetable oils but also trades into the 
commodity bulk oil markets. Overall, canola productiv-
ity has increased over the past decades in yield-per-acre 
and oil-to-meal ratios.

Canada is the largest producer of canola/rapeseed, 
generating approximately 25% of the global supply and 
representing more than 65% of global trade. 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 approx-
imately $15.4 billion to Canada’s economy (Canola 
Council of Canada, 2013).



HEFA PRODUCTION AND FEEDSTOCK SELECTION 27

ANIMAL FATS

Annual availability of animal fat correlates with annual 
production of livestock. The Canadian animal fats sector 
is concentrated with few market participants and limited 
available sector data. Older industry values are still con-
sidered representative of the sector. Animal fat production 
estimates in Canada are provided in Table 12. Production 
and export estimates are presented in Figure 9.

Table 12: Animal fat production in Canada (tonne) in 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

Canada 110,546 109,751 20,619 240,916

Figure 9: Production and export of animal fat in Canada ((S&T)2 Consulting Inc., 2004)
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USED COOKING OIL

Little primary data exists for the availability of used 
cooking oil (UCO). Consequently, previous assessments 
have used a population-based estimation approach to 
estimate UCO production values. Ontario, Quebec, 
British Columbia and Alberta are the major producers of 
UCO (Table 13). Currently, much of the material (75%) 
is collected and processed for the animal feed market.

Table 13: UCO production in Canada in 2013 (Stephen and Mabee, 2014)

PROVINCE
UCO PRODUCTION (TONNE)

2013 2014

British Columbia 18,786 19,286

Alberta 16,503 17,289

Saskatchewan 4,544 4,669

Manitoba 5,187 5,324

Ontario 55,506 56,785

Quebec 33,437 33,967

Maritimes 7,552 7,568

Newfoundland and Labrador 2,159 2,165

Territories 475 181

Canada 144,149 147,541
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3.8   Feedstock selection for a Canadian supply chain in CBSCI

The analysis of a future biojet supply chain in Canada 
builds from previously completed work, e.g., Novo 
Energy Group (2015). Given their production statis-
tics, canola and soybean oil are considered primary 
feedstocks, with additional volumes potentially sourced 
from tallow, UCO/yellow grease, flaxseed, and emerging 
oilseeds like camelina and carinata. All HEFA technolo-
gies are feedstock-flexible and process conditions can be 
adjusted to accommodate a range of lipids (oils and fats) 
with different chemical compositions. HEFA produc-
tion facilities may include pre-treatment capability so 
that they can process feedstocks with variable chemical 
profiles and impurity levels. The flexibility to transition 
to different feedstocks is dependent on the quality of the 
feedstock available and the pre-treatment capacity of the 
production facility. 

CBSCI communication with a HEFA biojet producer 
AltAir Fuels (acquired by World Energy in Q1 2018, 
renamed to World Energy Paramount), indicates that 
all Canadian feedstocks surveyed would need additional 
refining or pre-treatment prior to being processed at 
their facility. Additional refining by third-parties to 
achieve AltAir Fuel’s required specification was econom-
ically prohibitive. The proposed solution for achieving 
CBSCI operational goals is to procure fuel from AltAir 
Fuels and, in parallel, conduct technical research on 
feedstock refining operations that would provide the 
most efficient HEFA feedstock oil from Canadian canola 
seed. A discussion of the technical refining process to 
address technical feedstock components follows. 

OILSEED REFINING TO REMOVE IMPURITIES

Biological feedstocks contain naturally occurring alkali 
metals such as phosphorus which may inhibit catalyst 
function. Pre-treatment can remove these types of 
contaminants. For example, crude canola oil has an 
average phosphorus (P) content of 1190 parts per mil-
lion (ppm), with up to 2.5% phospholipids (Przybylski 
2011). A reduction of 99-99.5% P levels would be 
required in order to avoid catalyst poisoning resulting in 
partial or total deactivation (U.S. Department of Energy 
2005, Egeberg et al. 2010). 

Steps to remove phosphorus, sulphur, and other min-
erals include water degumming, acid degumming, and 
bleaching with adsorbent clay. Water degumming works 
on hydratable impurities reducing phosphorus content 
to 222 ppm P (Przybylski 2011). Acid degumming 
works on non-hydratable compounds and reduces 
phosphorus content to 117.2 ppm, and to 0.19 ppm 
after bleaching (Przybylski 2011). In feedstock produc-
tion, canola crush plants use these processes, as well as 
steam-deodorization, to produce oil to specification. On 
the renewable fuel production side, Neste refineries pre-
treat feedstocks for their HEFA conversion process using 
acid degumming and bleaching that can be adjusted 
depending on the type and quality of feedstock being 
treated (Neste 2012). Neste’s multi-feedstock platform 
demonstrates the functionality of pre-treatment. As of 
2015, Neste processes palm oil, palm oil fatty acid distil-
late (a product of edible oil refining), as well as soybean 
oil, rapeseed/canola oil, jatropha oil, camelina oil, tallow, 
and more (Lane, 2015). 

In CBSCI, canola was targeted as a representative feed-
stock to examine its suitability for HEFA production.
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3.9   Feedstock compliance with HEFA producer requirements

Canola processing is reviewed for potential ways to 
produce a feedstock oil best suited for HEFA biojet 
production. The analysis begins with oleochemical 
processing in general and then focuses on canola-specific 
HEFA processing attributes. POS Biosciences, located 
in Saskatchewan, was contracted to complete specific 
canola processing analysis. This work is referenced later 
in this report and included in section 6. 

Typical oleochemical feedstocks used by HEFA renew-
able diesel and biojet fuel producers are derived from 
vegetable oil and animal fat which consist primarily of 
triglycerides (Novo Energy Group, 2015a). An example 
of a triglyceride compound is shown in Figure 10. 
Oxygen content is typically 10 to 12 percent by weight 
(wt%) as the compound contains 6 oxygen atoms per 
mole. Depending on the feedstock type, the degree 

of unsaturation of the triglyceride molecule can range 
between 3 and 6 unsaturated bonds (Starck et al., 2016; 
Eco-Resource Consulting, 2012). The HEFA process 
uses hydrotreatment to deoxygenate and saturate the tri-
glycerides. Even with the addition of external hydrogen, 
oxygen is removed through two main reactions: decar-
boxylation, the removal of oxygen as CO2, or hydrode-
oxygenation, where oxygen leaves as H2O (Novo Energy 
Group, 2015a). The products (straight chain alkanes) 
are then refined according to required quality and type 
of biofuel (diesel, jet, gasoline/naptha, etc.). These two 
deoxygenation routes yield different lengths of alkane 
chains which impact the final product slate yield. HEFA 
facilities use both routes simultaneously and control 
their ratio using catalyst adjustment (Novo Energy 
Group, 2015a). 

Figure 10: An example of a triglyceride compound (Egeberg et al., 2009)

16:0 Palmitic acid

9c-18 Oleic acid

9c12c-18:2 Linoleic acid
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HEFA producers have developed feedstock specifications 
according to their process configuration, catalyst, etc. 
This is used to evaluate the technical specifications 
provided by a feedstock supplier based on key chemical 
and physical properties (Table 14). The evaluation of 
these properties is essential to ensure compatibility with 
the HEFA producer’s process and capacity. Impurities 
such as phosphorus can lead to catalyst inhibition, and 
other parameters such as the degree of unsaturation will 
impact the amount of hydrogen required.

HEFA producers have developed feedstock specifications 
according to their process configuration, catalyst, etc. 
This is used to evaluate the technical specifications 
provided by a feedstock supplier based on key chemical 
and physical properties (Table 14). The evaluation of 
these properties is essential to ensure compatibility with 
the HEFA producer’s process and capacity. Impurities 
such as phosphorus can lead to catalyst inhibition, and 
other parameters such as the degree of unsaturation will 
impact the amount of hydrogen required.

Table 14: Key properties used to evaluate 
oleochemical feedstocks for the HEFA process 
(Buffi et al., 2015)

PARAMETER UNITS

Density at 50°C [kg/m3]

Flash point °C

Nitrogen content mg/kg

Volatile Organic Compounds mg/kg

Iodine value -

Chlorides total content [mg/kg] mg/kg

Unsaponifiable residues wt%

Free Fatty Acid (FFA) wt%

Insoluble impurities wt%

Moisture and volatiles wt%

Metals total content mg/kg

Phosphorus mg/kg

Table 15: Typical canola (rapeseed) oil composition (Starck et al., 2016)

ORIGIN METHOD UNIT CANOLA/RAPESEED OIL

Density 15/4 NF EN ISO 12185 Kg/m3 920.0

Sulphur ASTM D5453 wt ppm 4.2

Nitrogen ASTM D4629 wt ppm 23.3

Carbon ASTM D5291 wt% 77.7

Hydrogen ASTM D5291 wt% 11.75

Oxygen ASTM D5622 wt% 11.7

Acid value EN14104 mg KOH/g 0.03

Water EN ISO 12937 wt ppm 485

For canola, typical composition is based on food-grade 
standards which may differ from the properties required 
for HEFA production. Some parameters of HEFA 

feedstock specification differ from food-grade canola oil 
and it is anticipated that the processing of seed will have 
to be modified to meet HEFA specifications (Table 15).
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Before a feedstock can be converted to biojet fuel, 
it must demonstrate compliance with specifications 
provided by the HEFA facility. Inputs to the HEFA 
process must not contain high levels of impurities which 
can cause catalytic poisoning or other interruptions to 
normal operations. Crude vegetable oils and animal fats 
typically possess high levels of impurities such as phos-
pholipids, pigments, and free fatty acids. Table 16 shows 
typical phosphorous levels in some crude oleochemical 
feedstocks.

Table 16: Typical phosphorous content of crude 
feedstocks (from Sanford et al. 2009)

FEEDSTOCK PHOSPHOROUS (PPM)

Beef Tallow 270.8

Camelina 43.7

Canola 17.9

Choice White Grease 42.5

Poultry Fat 209.3

Flax/Linseed 12.0

Image courtesy of Air Canada
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4.  POS Biosciences technical analysis

POS Bio-Sciences (POS hereafter) was commissioned 
to undertake a feasibility assessment for using canola 
in a HEFA biojet supply chain. The study involved 
determining the processing steps and attendant financial 
performance required to achieve the CBSCI Target Feed 
Specification. 

POS conducted lab scale processing of generic canola 
seed with the goal of duplicating, at a smaller scale, the 
processing of canola oil occurring at typical Canadian 
canola crush facilities. With the analytical data produced 
from crude as well as refined, bleached, and deodorized 
(RBD) oil, POS was able to complete an assessment of 
the processing requirements needed to meet the CBSCI 
Target Feed Specifications. Samples were also collected 
from a Canadian canola crush facility for comparison 
with the lab trial samples. For specific quantitative anal-
ysis, Intelligen SuperPro Designer® was used to create 
an engineering model of the recommended process. The 
same process was used to generate an engineering model 
of a generic canola processing plant for reference. This 
engineering model enabled analysis of various process 
economics such as capital expenditure and operating 
expenditure required for a greenfield facility. Included in 
the analysis was a discussion of the estimated feasibility 
and financial performance of producing HEFA feedstock 
to meet CBSCI Target Feed Specification, by either 
utilizing existing canola crushing facilities or construct-
ing a theoretical facility optimized to produce a product 
compliant with the CBSCI Target Feed Specifications.

Based on the analysis conducted by POS, the following 
process steps would be required to meet the CBSCI 
Target Feed Specification:

1. Seed Preparation: Prior to pressing, the seed will 
require cleaning, moisture and temperature adjustment. 
This need to remove foreign materials from the seed 
prior to crushing/pressing is standard in every commer-
cial processing facility. Typical food facilities also check 
for green and damaged seeds which will affect the colour 
and quality of the oil produced. This step is likely less 

relevant for CBSCI Target Feed Specification as the tol-
erance for free fatty acids is high at < 7 wt%.
2. Pressing and Solvent Extraction: Pressing will be 
required to capture the available oil in the seed. At 
commercial scale additional processing steps include a 
cooking/tempering step (for moisture control) and flak-
ing prior to pressing. In addition, maximizing oil yields 
requires solvent extraction, usually hexane. This results 
in the high phosphorus content of the oil as phospho-
lipids from cell walls provide the additional oils released 
during pressing.
3. Degumming: Due to the low target specification 
of <3 ppm of phosphorus, a degumming step will be 
required. It should be noted that the phosphorus con-
tent present in solvent extracted crude oil will be much 
higher than that of pressed oil. Therefore, the degum-
ming protocol used for the lab trial will differ from what 
is required for the blended pressed and solvent extracted 
oil. The degumming of only pressed oil, such as what 
was used in the lab trial, could be accomplished by sim-
ply adding a strong acid (phosphoric or citric) to convert 
the nonhydratable phospholipids into phosphatidic acid, 
which is then absorbed by the bleaching clay in the next 
step. The lab protocol did not require the use of centrif-
ugation for removal of the gums. A standard acid de-
gumming process is recommended to remove the higher 
phosphorus content oil. This process uses an acid com-
bined with water followed by centrifugation to remove 
the phospholipids. 
4. Bleaching/Adsorbent Treatment: The use of acid 
activated bleaching clay to remove several components is 
critical to meet the requirements outlined in the CBS-
CI Target Feed Specification. The use of bleaching clay 
lowers the content of insoluble impurities, sulfur, metals, 
phosphorus and peroxide value in the oil. 

The removal of free fatty acids (FFA) is not required and 
other impurities such as metals, phosphorus, and insol-
uble impurities will be adequately removed during the 
degumming and bleaching processes. Thus, removal of 
the refining and deodorizing steps is the recommended 
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change to a standard canola process. If refining is to be 
still included as a processing step, there is no additional 
risk of missing the specification but is unnecessary for 
producing the HEFA feedstock.

The removal of the deodorizing process, however, 
is essential in meeting the required specification. 
High temperatures used in the deodorization process 
cause increased numbers of oligomers & polymers of 
triglycerides found in the oil. The specification is set 
extremely low at <5 ppm and the lab trial crude oil 
already contained 134.64 ppm prior to further pro-
cessing. Additional development work will be required 
to determine how to meet this specification with one 
possibility being the use of a silica adsorbent treatment. 

Hydrogenation typically used for reduction of iodine 
value, which reflect the unsaturation level of the lipids, 
should be avoided due to the costs associated with the 

handling, disposal, and processing using hydrogen 
and nickel catalysts. A review of the HEFA feedstock 
specification to determine the flexibility and impact of 
the iodine value specification is recommended to see 
if hydrogenation can be avoided in preparation of the 
feedstock. It is anticipated that higher hydrogen con-
sumption will be needed in HEFA production where less 
saturated feedstocks are used.

Consideration of the use of coproducts such as gums, 
spent cake or meal can enhance the overall economics of 
the facility. Gums are commonly added back into meal 
or can be further refined into a lecithin product. Meal is 
commonly sold as feed for livestock. The transportation 
and management of these coproducts requires capital and 
operational expenditure. These items are summarized in 
the engineering model, though the real economic impacts 
will vary based upon the location of production, planned 
market, and market value for these coproducts.

4.1  POS conclusion & discussion
Production of HEFA feedstock using the CBSCI Target 
Feed Specification can be done with lower capital and 
operating costs when compared with commercial scale 
canola crush facilities that produces RBD canola oil. The 
feasibility decision of constructing the recommended 
facility depends on many factors outside the scope of this 
analysis, including whether the flexibility to produce RBD 
oil justifies incremental investment and operational cost. 

Removing refining and deodorizing form the process 
will still result in oil that meets the CBSCI Target Feed 
Specification, taking into account analysis of outliers 
such as oligomers/polymers of triglycerides, iodine value, 
nitrogen and chloride content. 

There are various options to produce CBSCI Target Feed 
Specification oil, including construction of a new facility, 
modification of a current facility, or buying crude oil 
and completing the bleaching process within a biojet 
production facility. 

OPTION 1 – CONSTRUCT AND OPERATE A NEW 
FACILITY

The first option discussed is building a canola facility 
comparable to the scale of canola facility represented 
in the recommended engineering model. The cap-
ital investment for such a facility is modelled at 
$211,366,000. For comparison, the canola facilities 
built in Yorkton, Saskatchewan, which were announced 
in 2006, reportedly cost $90,000,000 for LDM Foods 
and $100,000,000 for Richardson Oilseed’s facility 
(Richardson, 2014). Using an initial construction cost of 
$211,366,000 and using the assumed cost of $1,136.37/
MT of CBSCI Target Feed Specification oil produced, 
the payback time is 7.78 years with an internal rate of 
return of 9.30%. 

Based on these numbers, it does not appear that con-
struction of a new greenfield facility for production of 
HEFA feedstock oil would be economically feasible. 
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With the uncertainty of any new product, there are 
additional risk factors to consider. Establishing high 
demand for the product would be required in order to 
keep prices at a high enough level to operate profitably. 
If, however, biojet demand was not meeting the supply, 
produced crude or degummed oil could be sold into 
traditional canola oil markets mitigating such risk. Note 
that scaling down the processing capacity of a greenfield 
facility in order to reduce capital investment cost will 
result in reduced economy of scale resulting in increased 
cost of production per metric tonne.

OPTION 2 – MODIFICATION OF A CURRENT CANOLA 
FACILITY

The second option considers modification of an existing 
facility to remove the refining and deodorizing processes. 
To achieve the CBSCI Target Feed Specification at scale 
in an existing canola crush facility, modification to exist-
ing processes would be quite minimal. Rerouting some 
of a facility’s piping should allow for the bypass of the 
refining and deodorizing steps without major modifica-
tions to equipment or facilities. The difference in the net 
present value break-even cost is $156.84/MT as calcu-
lated between canola oil in the standard facility model 
and HEFA feedstock oil in the recommended facility 
model from $1,299.52/MT to $1,142.68/MT respec-
tively. Therefore, in order for a current canola facility 
modification to be considered as an economically viable 
solution for production of HEFA oil feedstock, the price 
of the HEFA feedstock oil would have to be no lower 
than $156.84/MT less than RBD canola oil. This price 
difference may derive from reduced operating costs due 
to removal of the refining and deodorizing steps. The 
overall biojet fuel production cost can be determined by 
estimating the remaining costs of further processing the 
CBSCI Target Feed Specification oil to produce biojet 
fuel. Comparing this value with a forecast HEFA market 
price will obtain the investment decision. The selling 
price of HEFA biojet and the overall profitability of the 
supply chain is outside the scope of this analysis. 

OPTION 3 – ADD DEGUMMING & BLEACHING TO 
FUTURE BIOJET PRODUCTION FACILITY

The third option would be to purchase crude canola oil 
from existing canola facilities and complete the degum-
ming and bleaching process within a future HEFA biojet 
production facility. The current price for crude canola 
oil, from the 2017 crop year, is $986.37/MT, as reported 
by the Canola Council of Canada. The oil refining 
section includes only the degumming and bleaching 
costs in the recommended model and can be used to 
calculate an additional operations cost of $33.76/MT 
MP (HEFA feedstock oil) or an additional $12,600,144 
per year. This would bring the HEFA feedstock cost of 
production to $1,020.13/MT, excluding capital invest-
ment. The capital cost for the equipment to be added 
to an existing facility, without contingency, would be 
$1,264,000. 

SELECTION AMONG POS-PROPOSED OPTIONS

The option selected would be based upon many factors 
outside the scope of this analysis, including, but not 
limited to, risk tolerance, market price for product, price 
of other oils on the market, forecasted product demand, 
government incentives, and available capital. The most 
likely scenario would be to progress from a lower capital 
and lower risk option to a higher capital option when 
risks have been further mitigated and economy of scale 
is required. Option 2, modifying a current facility, and 
option 3, processing purchased crude oil within the same 
facility that the biojet is produced, may both require 
lower risk and lower capital. Eventually it may be pos-
sible to construct a facility that is completely dedicated 
to HEFA biojet feedstock production, which may be 
similar to the CBSCI Target Feeds Specification as laid 
out in option 1. 
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