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1.  Introduction 

 

Canola was developed in Canada using plant breeding techniques to improve vegetable oil quality 

over traditional rapeseed, a crop highly adaptable to Canadian growing conditions. Canola thrived 

in Canada’s northerly conditions, over the past 50 years becoming the leading agricultural 

commodity in Canada. Demand for canola continues to expand as the world learns more about its 

advantages for human health, animal feed, and as an input for biofuel production.  

Within Canada there are currently 14 crushing and refining facilities across the prairies, Quebec 

and Ontario that are capable of producing approximately 3 million tonnes of canola oil every year.1 

POS Bio-Sciences (POS hereafter) was commissioned by Waterfall Project Services (on behalf of 

Canada’s Biojet Supply Chain Initiative (CBSCI) to undertake a feasibility assessment for using 

canola as a feedstock in a Hydrotreated Esters and Fatty Acids (HEFA) biojet supply chain. The 

study involved determining the processing steps (and attendant financial performance) required to 

achieve the CBSCI Target feed Specifications.  These feedstock specifications were provided by 

CBSCI and are documented in Table 1. 

POS conducted lab scale processing of generic canola seed with the goal of mimicking the 

processing of canola oil completed at typical Canadian canola crush facilities. With the analytical 

data produced from the 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 collected from a Canadian canola crush facility for comparison 

to the lab trial samples. For specific quantitative analysis, Intelligen SuperPro Designer® was used 

to create an engineering model of the recommended process, as well as an engineering model of a 

generic canola processing plant for reference. This engineering model enabled analysis of various 

process economics such as capital expenditure (CAPEX) and operating expenditure (OPEX) 

required for a greenfield facility. A discussion of the estimated feasibility and financial 

performance of producing HEFA feedstock (as guided by the CBSCI Target Feed Specification) 

by either utilizing existing canola crushing facilities, or constructing a conceptual facility 

optimized to produce a product compliant with the CBSCI Target Feed Specifications is also 

included.  

 

                                                 
1 www.canolacouncil.org 
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2.  Objectives 

 

The objective of this project was to determine the processing requirements for commercially 

available canola seed in order to meet or exceed CBSCI Target Feed Specifications for HEFA. 

POS completed a standard pressing, degumming, refining, bleaching, and deodorizing process at 

laboratory scale using process conditions similar to those used in a standard or typical canola 

processing facility. Oil samples were also obtained from a commercial scale Canadian canola 

processing facility prior to and after the deodorization process. The oil produced was then analyzed 

against the various specifications provided. The results are summarized and discussed.  

This report provides the following information in order to assist CBSCI project participants in 

conducting an evaluation of a Canadian HEFA biojet supply chain utilizing canola: 

• Summary of canola oil processing; 

• Mass balance and analytical data from lab trials and a commercial scale canola processing 

facility; 

• Engineering model outlining CAPEX and OPEX estimate for a recommended processing 

facility to meet the CBSCI Target Feed Specification; 

• General review of current canola processing facilities/technologies, engineering model 

estimate outlining CAPEX and OPEX for comparison of the capability of current canola 

processing facilities to meet the CBSCI Target Feed Specification. 

3.  Materials and Methods 

 

The methods used in the canola crushing industry are summarized in the flowchart below (Figure 

1).  Cleaning, flaking, cooking, and solvent extraction are commercial steps that were excluded in 

the laboratory production of RBD oil. The steps completed in the lab during this trial are shown in 

green in Figure 1. This section includes a summary of the specific lab method used to complete 

each step. The seed that POS sourced was already clean, therefore further cleaning was not 

required. Flaking and cooking can provide higher yields of oil, but omission of these steps in 

laboratory scale pressing will still typically produce oil with the same chemical composition of 

canola oil produced at the commercial scale. Solvent extraction was not included within the scope 

of this lab scale project. (This type of extraction was utilized for the commercial-scale extraction 

derived oil).  
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Figure 1:  Canola Oil Production Summary 
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3.1 Canola Seed Pressing 

 

POS sourced 30 kg of #1 grade Canadian canola seeds from Early’s Farm & Garden located in 

Saskatoon, SK. The seeds were already cleaned and ready for pressing.  Moisture content (AOCS 

Af 2-54) of seeds was 5.9% (w/w) and oil content (POS Internal Method) was 45.2% (w/w). The 

seeds were pressed using a Komet CA 59 G lab scale press (Fig. 2) equipped with a 6-mm -die. 

This press expels oil by forcing the seeds through the die orifice using an internal screw conveyor. 

The oil escapes through the screen as the remaining “cake” is forced through the orifice.   Although 

yields may differ, the conditions of pressing in the lab and pilot plant at POS typically produce oil 

with the same chemical composition of canola oil produced at the commercial scale. 

 

Figure 2:  Canola Pressing in Komet CA59 Lab Scale Press at POS Bio-Sciences 

 

3.2 Degumming of Crude Canola Oil 

 

The fines in the pressed oil were filtered out using a Buchner funnel and filter paper. In large scale 

processing, the fines can be removed using filtration, screening tanks and/or horizontal centrifuges. 

Degumming removes phospholipids (gums) co-extracted with the oil. The level of the gums in the 

crude oil can vary with the variety of the canola. When hydrated, phospholipids can be removed 

through centrifugation as they become insoluble in the oil. Some phospholipids do not hydrate 

well and require the addition of an acid to aid in hydration (i.e., acid degumming). The filtered 

crude oil was degummed by mixing 0.2% (w/w) of 50% (w/w) phosphoric acid solution followed 

by a 30 minute mixing hold. Then warm water (2% of the volume) was added and held with stirring 

at 70°C for 30 minutes. A lab swinging bucket centrifuge was then used to remove the heavy 

insoluble gums.  
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3.3 Alkali Refining/Neutralization of Degummed Oil  

 

Neutralization, or alkali (caustic) refining, is commonly used to remove free fatty acids (FFA) 

from the oil. It can also aid in the removal of some residual phosphatides, metals and oxidation 

by-products.  Sodium hydroxide is strongly alkali and neutralizes the free fatty acids by a 

saponification reaction. The resulting soaps can then be removed using centrifugation.   

Free fatty acids typically need to be removed as they may affect the quality and use of the final 

processed oil, such as by resulting in cloudy oil during storage and/or off-flavours.  The free fatty 

acid content in the CBSCI Target Feed Specification is less than 7% (w/w), which is a less strict 

specification than food applications which can often be set at as low as 0.05% (w/w). Most quality 

crude canola oil crushed at commercial facilities will meet this requirement without any 

downstream processing. The degummed oil had 0.54% (w/w) FFA level. To remove the FFA, 1% 

(w/w) of 12.68% (18 Baumé) NaOH solution was added to the oil and mixed for 15 minutes at 

70°C. The soap stock (heavy phase) created through neutralization of the FFA was then removed 

by centrifugation.  

3.4 Bleaching of Refined Oil  

 

Bleaching uses an activated bleaching clay or carbon as an absorbent to remove impurities such as 

color compounds (carotenoids and chlorophylls), oxidation products, traces of heavy metals (iron, 

nickel, etc.), trace soaps, and trace phosphatides. In order to meet the CBSCI Target Feed 

Specification, bleaching is important for the removal of Si, Fe, Al, K, Na, Mg, Ca, and P as well 

as lowering the peroxide value (PV) and insoluble impurities in the oil. 

The refined oil was bleached in a lab reactor known as a Parr Reactor. Firstly, 0.2% (w/w) of 50% 

(w/w) citric acid was added and mixed at 65°C for 15 minutes. Then 0.5% (w/w) of a Trisyl silica 

was added to capture trace soaps that remained after the refining process. This was followed by 

2.5% (w/w) addition of Tonsil® 126FF bleaching clay to be used as the absorbent. To complete 

the bleaching process, a vacuum level of 3 "Hg (absolute) was applied to the reactor and the 

temperature was maintained at 110°C for 30 minutes. The oil was then cooled to 40°C and the 

Tonsil® 126FF bleaching clay, along with any absorbed components, was then removed by 

filtration using a Buchner funnel.  
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3.5 Deodorization 

 

Deodorization removes undesirable components that impart odor and taste to the oil using a 

distillation technique that requires high temperatures and high vacuum in the presence of a carrying 

gas such as steam. The carrying gas assists in moving the distillate compounds through the oil. 

Deodorization removes peroxides and other oxidation products such as ketones, aldehydes and 

other odor compounds, as well as removing any remaining free fatty acids that may be present in 

the oil. Further, at the higher temperature, heat bleaching of the color pigments such as carotenoid 

compounds is an important aspect of the process.  

The bleached oil was deodorized in a 2-liter deodorizer flask at 265°C for 30 minutes with a 

vacuum pump creating a pressure of 2.9 mm Hg absolute. Steam was directly injected through the 

oil at 1% of the oil weight per hour. The deodorized oil was then cooled and packaged under 

nitrogen to prevent oxidation. The finished RBD oil was then analyzed by POS Analytical 

Services. 

4.  Results and Discussion 

 

POS Analytical Services completed analyses on the pressed crude canola oil and the RBD canola 

oil from the lab trial, as well as the refined and bleached (RB) and RBD samples received from a 

commercial scale (full scale) Canadian canola crushing facility. The results are listed along with 

the CBSCI Target Feed Specification in Table 1: 

Table 1:  Characterization of POS produced crude and RBD canola oil 

(Green = within specification, Red = outside specification, Yellow = specification outside equipment detection limit) 

  

  

Testing Method
Lab Trial         

Crude Canola Oil

Lab Trial        

RBD Canola Oil

Full Scale 

Canola Plant      

RB Oil

Full Scale 

Canola Plant 

RBD Oil

Moisture & Volatiles AOCS Ca 2c-25 0.07 0.004 0.04 0.03 <0.6 wt%

Water Internal Method 0.07 0.02 0.02 0.01 <0.2 vol%

Insoluble Impurities AOCS Ca 3a-46 0.06 <0.01 0.01 <0.01 <0.05 wt%

Nitrogen, total AOCS Ba 4e-93 <350 <350 <350 <350 <30 ppm

Sulfur AOCS Ca 17-01 11.7 0.9 1.4 <0.50 <30 ppm

Metals(Si, Fe, Al, K, Na, Mg, Ca, P) AOCS Ca 17-01 67.69 <1.64 1.93 <1.55 <10 ppm

P AOCS Ca 20-99 16.5 <0.20 <0.20 <0.20 <3 ppm

Unsaponifiable matter AOCS 6a-40 0.63 0.62 1.32 1.2 <1 wt%

FFA AOCS Ca 5a-40 0.48 0.02 0.07 0.03 <7 wt%

Organic solvents C5-C7 Internal Method <3.0 <3.0 <3.0 <3.0 <150 ppm

Chloride AOAC 969.10 modified <600 <600 <10 ppm

Oligomers/polymers of triglycerides IUPAC 2.507&8 134.64 3247.68 216.27 2478.6 <5 ppm

Density/50C AOCS Cc 10c-95 904.5 911.4 904.2 908.8 890-905 kg/m3

Iodine value Internal Method 115.5 116 116 116 80-100

Peroxide Value AOCS Cd 8b-90 3.29 0.36 0.30 0.13 <30 mEq/kg

CBSCI Target Feed 

Specification
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Moisture & Volatiles: The moisture and volatiles specification of less than 0.6% (w/w) and a water 

content of less than 0.2% (w/w) should not be difficult to achieve in canola oil processing. The 

pressed crude oil was well below the specification for residual moisture & volatiles content (Table 

1). During processing the deodorization removes moisture and volatiles using vacuum and high 

temperature.  

This trial did not include the use of solvent extraction, which would introduce a volatile solvent, 

such as hexane, to the oil. However, it is apparent from the commercial scale canola plant samples 

that the volatile solvents are effectively removed through a solvent recovery/oil desolventizing that 

is used in commercial facilities. The additional oil processing steps of bleaching or deodorization 

would also effectively remove any remaining volatiles. 

Insoluble Impurities: The specification for insoluble impurities was less than 0.05 % (w/w). The 

insoluble impurities analysis of the crude oil was initially slightly high at 0.06 % (w/w).  During 

the downstream processing steps including degumming, refining, and bleaching, the oil was 

centrifuged and filtered and as such, the insoluble impurities were removed to less than the 

detectable limit of 0.01 % (w/w) by way of these separation steps. The samples received from the 

commercial scale canola plant confirmed this as well. 

 

Total Nitrogen: The specification for total nitrogen was less than 30 ppm. The current detection 

level is 350 ppm using the generic Dumas combustion method of AOCS Ba 4e-93 used at POS.  

Both the crude oil and RBD oil were below this detection limit, but it could not be determined if 

the samples met the required specification. An analytical laboratory that can complete testing of 

total nitrogen to a detection limit of 30 ppm will be required to determine if the oil meets this 

specification. The commercial scale canola plant RB and RBD oil were not analyzed for total 

nitrogen. 

Sulfur: The specification for sulfur content was less than 30 ppm and the crude oil had a sulfur 

content below the specification at 11.7 ppm (Table 1). The RBD canola oil had a much lower 

sulfur content at 0.9 ppm due to removal of this element during the bleaching process. The 

commercial scale canola plant samples were also much lower than the specification both before 

and after the deodorization process with concentrations of 1.4 ppm and less than 0.50 ppm, 

respectively.  

Metals (Si, Fe, Al, K, Na, Mg, Ca, and P):  The specification for total metals present in the oil 

was less than 10 ppm. The lab trial crude canola oil was significantly above this specification at 

67.7 ppm.  However, the final metals content of the lab trial canola RBD oil was less than the 

combined detection limit of 1.64 ppm for the 8 elements listed. The commercial scale canola plant 

RB and RBD oils are similar to the lab trial results, with a content of 1.93 ppm in the RB sample 

and <1.55 ppm in the RBD sample. The bleaching step is crucial in ensuring this metals 

specification will be met.  
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Phosphorus (P): Phosphorus is present in the crude oil mainly in the form of phospholipids which 

were removed as part of the degumming process. The specification for phosphorus present in the 

oil is less than 3 ppm. Phosphorus was present in the lab trial crude oil at a content of 16.5 ppm 

and after the lab RBD processing, the phosphorus content was lowered to less than the detection 

limit of 0.20 ppm. The commercial scale canola plant RB and RBD oils were both found to be less 

than the analysis phosphorus detection limit of 0.20 ppm as well. 

Unsaponifiable Matter: Unsaponifiable matter includes components which are soluble in the oil, 

but are not saponified by the addition of caustic. The CBSCI Target Feed Specification for 

unsaponifiable matter is <1 % (w/w) of the oil. The unsaponifiable matter content of lab trial crude 

oil was 0.63% (w/w) and it remained nearly unchanged at 0.62% after RBD processing the oil. 

Since the crude and processed oil met the specification, no further processing was required to meet 

the unsaponifiable matter specification. The commercial scale canola plant RB and RBD oils were 

slightly over the specification at 1.32% and 1.20% respectively. It may be possible to remove some 

unsaponifiable matter by use of a silica adsorbent, but further laboratory trials would have to be 

conducted to confirm this. 

Free Fatty Acids (FFA): Free fatty acid content can be an indicator of the quality of the oil, based 

upon how it was stored, handled, and processed. The CBSCI Target Feed Specification for FFA is 

less than 7 % (w/w). An FFA above the specification of 7% would be a rare occurrence in a 

commercial canola facility, likely only occurring with heavily damaged, poor quality seed. The 

FFA of the lab trial crude oil was 0.48% (w/w), which is well below the specification (Table 1). 

Therefore, processing (i.e., alkali refining) is not required for the purpose of lowering the FFA 

content. This is an important difference between the CBSCI Target Feed Specification and the 

characteristics of oil produced for the consumer food market. Commercial producers of RBD 

canola oil produced for food markets often set their specification for FFA at as low as <0.05% 

(w/w). 

 

Organic Solvents C5-C7: The specification for organic solvents with C5-C7 is listed as less than 

150 ppm. The lab trial crude and RBD canola oil, as well as the commercial scale canola plant RB 

and RBD oil, contained less organic solvents than the detection limit of 3 ppm. During the lab trial, 

no solvent extraction process was used for removing oil from the canola press cake; therefore there 

were no solvents present in the oil. The commercial scale canola plant processes the pressed canola 

cake by extracting the residual oil with an organic solvent (typically hexane). In such instance, 

desolventizing/solvent recovery processes are used to lower the organic solvent level to less than 

the 150 ppm specification. 

 

Chloride: The chloride content in the HEFA Target Feed Specification is <10 ppm and POS was 

not able to measure chloride at such a low detection limit. POS contracted Eurofins Microbiology 

Laboratories Inc. (Des Moines, IA) to complete a chloride analysis though they could only carry 

out the analysis with a detection limit of <600 ppm using the modified AOAC 969.10 method. The 
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testing was carried out and chloride content was determined to be less than the 600 ppm detection 

limit. Identification of an analytical laboratory that can complete testing of chloride to a detection 

limit of 10 ppm will be required to determine if the oil meets this specification. 

 

Oligomers/Polymers of Triglyceride: The analytical procedure for these compounds at POS 

involves first isolating the total polar compounds in the oil. Then from the total polar compounds, 

the polymerized and oxidized triglycerides are measured separately. A summary of these results is 

shown in Table 2. 

 

Table 2:  Oligomers/Polymers of Triglycerides Analyses Summary 

 Lab Trial 

Crude 

Canola Oil 

Lab Trial   

RBD Canola 

Oil 

Full Scale 

Canola 

Plant RB 

Oil 

Full Scale 

Canola 

Plant RBD 

Oil 

Total Polar Compounds (%) 3.03 2.04 2.43 2.77 

Oxidized Triglycerides 

(oligomers) (%) 

0.20 polar 

basis 

15.50 polar 

basis 

0.77 polar 

basis 

10.0 polar 

basis 

Polymerized Triglycerides 

(polymers) (%)  

0.46 polar 

basis 

0.42 polar basis 0.12 polar 

basis 

0.20 polar 

basis 

Total Calculated 

Oligomer/Polymer (ppm) 

200 3,248 216 2,479 

 

The concentration of polymerized oils was high for both oligomers and polymers of triglycerides 

in the lab trial crude oil and increased further out of range after processing. Samples were not 

captured at every stage of processing (refining, degumming, bleaching, and deodorizing) during 

the lab trial so the processing step(s) which resulted in higher concentrations of these compounds 

could not be confirmed directly from the lab trial. However, an increase in oligomers would 

typically be caused by exposure to high temperatures and oxygen. The deodorization process is 

nearly devoid of oxygen when exposed to high temperature, but the presence of some peroxides 

in the oil, shown by a PV 0.36 mEq/kg in the RBD oil would indicate trace amounts of oxygen in 

the oil during deodorization that could cause the formation of oligomers and polymers. By testing 

the commercial scale canola plant oil immediately prior to deodorization (RB oil) and immediately 

after deodorization (RBD oil), it became clear that the deodorization process does in fact increase 

the total oligomers & polymers of triglycerides content significantly. Removal of the deodorizing 

process would keep the oxidized and polymerized triglycerides content as low as possible. It may 

be possible to remove some existing oxidized and polymerized triglycerides to meet the HEFA 

Target Feed Specification of <5 ppm by use of a silica adsorbent treatment. Further laboratory 

trials would have to be conducted in order to confirm this.  
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Density: The specified range for oil density of the HEFA Target Feed Specification of 50°C is 

890-905 kg/m3. Although the lab trial crude oil met the specification at a value of 904.5 kg/m3, the 

lab trial RBD oil was slightly above this density at a value of 911.4 kg/m3. The commercial scale 

canola plant RB oil was within specification at 904.2 kg/m3, however the commercial scale canola 

plant RBD oil was out of range at 908.8 kg/m3. Deodorizing removes the lower boiler point 

components of the canola oil, which contribute to the lower density of the oil. Once these 

compounds are removed the overall density of the oil increases out of the HEFA Target Feed 

Specification density range. Removal of the deodorization step will therefore result in the density 

being within the specified range. 

Iodine Value: The iodine value is a measure of the unsaturation of the oil as determined by 

quantifying the number of double bonds in the fatty acids of the oil. The unsaturation level, in turn, 

may indicate the stability of the oil since highly unsaturated oils are more susceptible to oxidation 

in comparison to oils with lower levels of unsaturation.  The specified range for iodine value is 

between 80-100. The iodine value of the lab trial crude oil was 115.5 and the lab trial RBD oil, 

commercial scale plant RB and RBD oil were identical with a value of 116. The iodine value was 

not significantly affected by any of the processing that was completed. If a lower iodine value is 

necessary to allow canola oil to be used as a feedstock in HEFA processing, then the option of 

controlled-hydrogenation could be explored. POS does have the capabilities, at lab and pilot plant 

scale, of completing hydrogenation. In general hydrogenation should likely be avoided due to the 

costs associated with the handling, disposal, and processing when using hydrogen and nickel 

catalyst. A review of the HEFA Target Feed specification to determine the effect of the iodine 

value specification is recommended.  

Peroxide Value (PV): Peroxide value is a measure of the primary oxidation components present 

in the oil. As the oil further oxidizes over time, this will continue to increase. A peroxide value 

above 30 mEq/kg is generally considered quite high and would indicate a heavily oxidized oil. The 

HEFA Target Feed Specification for PV was listed as less than 30 mEq/kg. The lab trial crude oil 

was well below the specification at a value of 3.29 mEq/kg, and that value was further reduced to 

0.36 mEq/kg after RBD processing in the lab. The commercial scale canola plant RB oil was low 

as well at 0.30 mEq/kg, and was further reduced by deodorizing as the full scale canola plant RBD 

oil was 0.13 mEq/kg. Both the bleaching and deodorization remove the primary oxidation 

products, therefore lowering peroxide value. It is important to protect the packaged food oil from 

oxidation by blanketing with an inert gas such as nitrogen or argon. If the oil is properly packaged 

and processed with protection from oxygen exposure, it is unlikely that any additional processing 

is required to maintain the canola oil within the specification.  

 

Lab Trial Mass Balance  

The full mass balance for the lab trial is shown in Table 3. 
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Table 3:  Mass balance and yields of canola processing lab trial conducted at POS 

 Weight (kg) Yield (%) 

Canola Seeds 30.0   

Pressed Crude Oil 10.9  36.3 

Filtered Crude Oil 10.7  97.7 

Degummed Oil 10.5  99.0 

Refined Oil 10.4  99.0 

Bleached Oil 9.5  91.0 

Deodorized Oil 8.9  93.8 

Total Oil Yield (%) 81.8 

Total Overall Yield (%) 29.7 
 

A total of 10.9 kg of crude oil was expelled from 30 kg of canola seeds. The total oil content 

available in the seed was measured to be 45.2% (13.56 kg oil in 30 kg seeds). Therefore, 80.4% of 

the available oil was recovered in pressing. Such a pressing yield was higher than a commercial 

pressing operation.  Flaking was not performed at the lab scale, although this step is typically used 

at the commercial scale.  The flaking step was not required to accomplish the objective of 

producing the crude canola oil required for evaluation; therefore POS did not carry out flaking. 

Commercial facilities typically produce a higher residual oil content in the press cake, in the range 

of 16-20%, but the remaining oil is recovered using a solvent extraction process. At a commercial 

processing scale, it can be assumed that a residual oil content of less than 1% could be achieved 

using solvent extraction of the press cake. 

 

Some fines that passed through the screen of the press were removed by filtration of the crude oil.  

Losses of 2.3% of the oil weight were observed. 

 

The degumming step was quite efficient with only 1.0% of the oil weight being removed as gums 

in the centrifuge. This will vary depending on the phospholipid content present in the oil and the 

efficiency of separation during the centrifugation.  

The refining step was also very efficient with only 1.0% of the oil weight being removed as soaps 

in the centrifuge. This will vary based upon the free fatty acid content in the oil that is to be 

saponified and removed.  

Bleaching produced a 9% loss of oil weight. This loss is primarily due to oil that is absorbed into 

the bleaching clay and removed with the clay during filtering. In a larger scale bleach, it could be 

expected that the bleaching yield would improve. It is common to see approximately 1:1 oil loss 

to bleaching clay ratio, which would have translated to an oil loss of approximately 2.5% of the 

total oil prior to bleaching.  
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5.  Process Recommendations 

 

Based on the reported results within this report, 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, as well as moisture and 

temperature adjustment. This is standard in every commercial processing facility as they 

need to remove stones and other foreign materials and ensure that seed will press well. 

Typical food facilities will also check for green and damaged seeds, which will affect the 

color and quality of the oil produced. This is likely not as important for reaching the CBSCI 

Target Feed Specification as the tolerance for free fatty acids is high at < 7 wt%. 

2) Pressing – Pressing will be required to capture the available oil in the seed. At commercial 

scale there will be additional processing steps that include a cooking/tempering (moisture 

control) step and flaking prior to 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 content present in solvent 

extracted crude oil will be much higher than that of pressed oil, therefore the degumming 

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 conducted by simply adding a strong acid (phosphoric or citric) to convert 

the nonhydratable phospholipids into phosphatidic acid, which are then absorbed by the 

bleaching clay in the next step. This protocol does not require the use of centrifugation for 

removal of the gums. A standard acid degumming process as is used by industry is 

recommended to remove the higher phosphorus content oil. This process uses an acid 

combined with water followed by centrifugation to remove the phospholipids.   

4) Bleaching/Absorbent Treatment – The use of acid activated bleaching clay to remove 

several components is critical to meet the specifications outlined in the CBSCI 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 the refining and deodorizing steps is the recommended change to a standard canola 

process. The refining step is being removed as it is not required in order to meet the CBSCI Target 

Feed Specification. The removal of free fatty acids (FFA) is not required, and other impurities 

such as metals, phosphorus, and insoluble impurities will be adequately removed during the 

degumming and bleaching processes. If refining was still completed, there is no additional risk of 

missing the specification; it is an unnecessary process for producing the HEFA feedstock. 

The removal of the deodorizing process is essential in meeting the required specification. 

Specifically, the use of high temperature in the deodorization process causes an increase in the 
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number of oligomers & polymers of triglycerides found in the oil. The specification is extremely 

low at <5 ppm and the lab trial crude oil already contained 134.64 ppm prior to further processing. 

Additional development work would be required to determine how to meet this specification, with 

one possibility being the use of a silica adsorbent treatment.  

Hydrogenation is typically used for reduction of iodine value, but as discussed previously, it should 

be avoided due to the costs associated with the handling, disposal, and processing using hydrogen 

and nickel catalyst. 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. 

It will be relevant to consider the use of the coproducts such as the gums, spent cake or meal as 

these can enhance the overall economics of the facility. The gums are commonly added back into 

the meal, or can be further refined into a lecithin product. The meal is commonly sold as feed for 

livestock such as cattle or chickens. 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. 

6.  Engineering Model Analysis 

 

In this analysis two models were created using the modeling software Intelligen SuperPro 

Designer® (Superpro). One model represents a standard or typical canola crushing facility’s 

process that is similar to what is in operation today, the second model incorporates the 

recommendations provided in this report in order to meet the CBSCI Target Feed Specification. 

The Recommended Canola Crush Facility model primarily differs from the Standard Canola Crush 

Facility from the removal of the refining and deodorizing processes as discussed in section 5.  

Process Recommendations above. Superpro utilizes user defined costs, along with a combination 

of incorporated pricing and contingency factors to create an economic analysis from the 

engineering models. 

The capacity of the modelled canola plants was completed using a 120 MT/hr input feed rate, 

which equates to 2,880 MT/day of canola seed. This is within a similar capacity range to large 

commercial scale Western Canadian canola crushing plants. For reference, the largest capacity 

facility currently in operation is the recently expanded Cargill Clavet facility with a reported 

capacity of 4,500 MT/day of canola seed input2.  LDM Foods in Yorkton, Saskatchewan has a 

reported capacity of 2,500 MT/day of canola seed input at the time of its opening in 20103. 

                                                 
2 http://thestarphoenix.com/news/cargills-clavet-canola-facility-is-worlds-largest 

3 http://www.yorktonthisweek.com/ldm-officially-opens-1.1644515 
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Richardson Oilseed’s Yorkton, Saskatchewan facility has a reported capacity of approximately 

3,000 MT/day of canola seed input after completing an expansion in 20145. This capacity gives a 

reasonable estimate of the CAPEX/OPEX required to construct and operate a large commercial 

scale canola crush plant. 

The model flowsheet for the Standard Canola Crush Facility at 120 MT/hr and the Recommended 

Canola Crush Facility at 120 MT/hr are shown in APPENDIX B & E respectively. These 

flowsheets represent the major process equipment and streams used in the processes. Each piece 

of equipment has allocated labour, utility, and capital costs assigned to them. The program 

calculates a mass and energy balance on the system and then performs an economic evaluation 

based upon the parameters calculated within the flowsheet. The significant individual pieces of 

equipment and process streams are labelled with their function on the model flowsheets as well. 

The current market cost for canola seed and canola meal used in the model were 553.57/metric 

tonne (MT) and $336.67/metric tonne (MT) respectively, which were taken from the 2017 crop 

year average obtained from statistics reported by the Canola Council of Canada4.The price for 

RBD canola oil is not publicly available and was therefore based on an industry estimate provided 

by Waterfall Project Services of $150/metric tonne (MT) premium over the Canola Council of 

Canada’s 2017 crop year average price of for crude oil of $986.37/metric tonne (MT).2 Therefore, 

the price used for these models was $1,136.37/metric tonne (MT) of RBD oil. The pricing for all 

inputs are displayed in the economic reports provided, and are a best estimate of actual costs, 

however the costs will obviously vary based upon several factors such as location, currency 

exchange values, industry demand, order quantity, and commodity market fluctuations.  

In APPENDIX C.1, C.2, C.3, F.1, F.2, F.3 the Economic Evaluation Reports (EER) can be found 

for various pricing scenarios for the Standard and Recommended process models. The EER’s 

include an executive summary that contains the key results of the economic analysis for the 

models, a listing of all major capital cost items, a process summary for the major components of 

the operating costs, and finally a comprehensive table with the profitability analysis. The models 

are split into sections which represent the various processing areas, including seed preparation and 

press, solvent recovery, oil extraction with hexane, oil refining, and deodorizing.  APPENDIX 

D.1, D.2, D.3, G.1, G.2 & G.3 detail the Itemized Cost Reports (ICR) for the Standard Canola 

Crush Facility (Standard) and Recommended Canola Crush Facility (Recommended) models using 

various pricing scenarios. The ICR includes a breakdown by processing section of the various 

                                                 
 

4https://www.canolacouncil.org/markets-stats/statistics/historic-canola-oil,-meal,-and-seed-prices/ 
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components that are included in the total annual operating costs. These reports assume that the 

capital costs are for a new “greenfield” canola crushing facility.  

The various pricing scenarios were created in order to complete a net present value (NPV) break-

even analysis. The analysis was completed within the Superpro model using a 10% interest rate 

and 30-year facility lifespan. The table below references a description and the results of each of 

the pricing scenarios used in order to compare various NPV break-even scenarios: 

Table 4:  NPV Break-Even Analysis Results for Various Seed and Revenue Prices 

EER 

Appendix 

# 

ICR 

Appendix 

# 

Description of 

Analysis 

HEFA 

Feed 

Revenue 

($/MT) 

Canola 

Oil 

Revenue 

($/MT) 

Canola 

Seed 

Price 

($/MT) 

NPV IRR 

C.1 D.1 Current State 

“Standard” 
- 1136.37 553.57 -337,951,000 N/A 

C.2 D.2 Reduce Canola 

Seed to NPV 

Break-Even 

- 1136.37 494.94 0 10.08 

C.3 D.3 Reduce Canola Oil 

to NPV Break-

Even 

- 1299.52 553.57 0 10.08 

F.1 G.1 Current State 

“Recommended” 
1136.37 - 553.57 -11,111,000 9.3 

F.2 G.2 Use “Standard” 

reduced Canola 

Seed, Reduce 

HEFA Price to 

NPV Break-Even 

992.71 - 494.94  10.08 

F.3 G.3 Reduce HEFA 

Price to NPV 

Break-Even 

1142.68 - 553.57  10.08 

 

Examination of the analysis provided in Table 4 reveals that at a canola seed price of $553.57/MT, 

the NPV break-even price for HEFA feedstock is 12.1% less than the NPV break-even price for 

RBD canola oil at $1,142.68/MT and $1,299.52/MT respectively. By comparing the Economic 

Evaluation Reports, the difference in NPV break-even price between the Standard and the 

Recommended models is due to the reduced production cost from removal of the refining and 

deodorizing steps. The total capital investment when removing refining and deodorizing processes 

from the model is reduced by 21.8% from $270,329,000 to $211,378,000. Note that these numbers 

are slightly lower when the seed price is reduced in APPENDIX C.2 & F.2 due to a working capital 

factor that compensates for input cost requirements. For details of the included costs and 

contingencies used in the total capital investment calculation, refer to Section 3 of the EER. The 

main item used to calculate the total capital cost investment required is the total equipment cost. 

This is detailed in Section 2 of the EER’s which lists the major pieces of equipment with attendant 

costs, based upon the design size and a cost factor that is applied by the Superpro software. The 

Recommended facility removes the equipment necessary for refining and deodorizing, which 

reduces the equipment purchase cost by $9,073,000 or 26.6% from $34,133,000 down to 

$25,060,000. 



 -16- FM-PM-39 (02) 

 

The Superpro model allocates a labour requirement to each piece of equipment. In section 4 of the 

EER’s, the labour hours and cost requirement for each process is available. The annual labour cost 

is reduced significantly from $6,193,440 in the Standard facility to $3,382,971 in the 

Recommended facility. This is due to the removal of 3 centrifuges used in refining, water washing, 

and wax removal. The deodorizer is also removed. The total reduction in labour hours required is 

significant as it was reduced by 40,731 hours per year from 89,760 hours per year in the Standard 

model to 49,029 hours per year in the Recommended model, a 45% reduction. 

The removal of the refining process also eliminates the use of NaOH and reduces the water usage 

as can be seen in section 5 of the EER’s which outlines material costs. This reduction in cost is 

$197,580 annually. However, the waste disposal costs increase in the Recommended model, as 

outlined in the waste disposal Section 7 of the EER’s. This increase is due to the removal of the 

refining process, and assumes that the solid waste content produced from bleaching (stream S-108) 

will increase slightly. This difference will create a slight increase in the annual solid waste disposal 

costs. The increase was $413,816 using a disposal cost per MT of $130, which was based upon the 

cost of solid disposal at the City of Saskatoon landfill site.  

Section 8 of the EER displays the utility costs from standard power, steam, high pressure steam, 

cooling water, and chilled water that are used in the system. The unit cost for these items is based 

upon utility costs in Saskatoon, Saskatchewan and would have to be adjusted to the specific 

location of the facility. The overall reduction in annual utility costs associated with refining and 

deodorizing is $3,152,255; with a reduction from $12,983,510 in the Standard facility to 

$9,831,255 in the Recommended facility, a 24% reduction. 

It must be noted that a large majority of the operating cost is for the raw material cost of the canola 

seed, which is valued at $521,301,997 for both models in order to process 940,896 MT of canola 

seed per year. The details of the individual costs can be found in the itemized cost report.  

Section 9 of the EER shows a breakdown of the annual operating costs. The annual operating cost 

in the first pricing scenarios are reduced by $16,632,000 from $593,700,000 in the Standard 

facility to $577,068,000 in the Recommended facility. These total values are heavily weighted on 

the purchase of the canola seed for the facilities, which is listed in the material costs in Section 5 

of the EER’s. The raw material cost for the first pricing scenarios are assuming the price provided 

for the average 2017 crop year price of $553.57/MT as noted above. 

The profitability analysis provided in Section 10 of each of the EER’s provides us with a summary 

of the investment, revenue, savings, annual operating costs, unit production cost/revenue, and 

overall profitability of the facility. One item to note when comparing the EER for the Standard and 

Recommended models is that the difference in production cost is $184.39/MT MP, with a Standard 

production cost of $1,730.08/MT MP and the Recommended production cost of $1,545/MT MP.  

The ICR’s detail the costs within each of the various sections of processing. The costs, excluding 

the changes in canola seed price, will be identical in the seed preparation and press, solvent 

recovery, and oil extraction with hexane sections because there is no change in the front-end 

processes. The oil refining section in the Recommended process model will still include the 

degumming and bleaching processes, but the refining and water wash processes have been 
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removed. The Recommended process also has no deodorizing section, which is included in the 

Standard process model. The ICR summary per section listed provides a quantitative breakdown 

of the unit production cost that was discussed above. The seed and pressing section cost is high 

relative to other areas due to the input cost of canola seed being the largest operational expense of 

both the Standard and Recommended facilities. The remainder of the ICR’s detail how the costs 

of materials, labour, waste, and utilities are divided among the processing sections. 

7. Conclusion & Discussion 

The overall conclusion of this analysis is that the production of HEFA feedstock (using the CBSCI 

Target Feed Specification) can be done with lower capital and operating costs when compared 

with a commercial scale canola crush facility 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.  

The recommended process changes of removing refining and deodorizing will result in oil that 

meets the CBSCI Target Feed Specification, taking into account the noted discussion of analysis 

outliers of 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 to a current facility, or potentially 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 current scale of canola 

facilities as was represented in the Recommended engineering model. The capital investment is 

$211,366,000. For comparison, the canola facilities built in Yorkton, which were announced in 

2006, were reported to cost $90,000,000 for LDM Foods and $100,000,000 for Richardson 

Oilseed’s facility5. Note that it was later reported that the cost to build the Richardson Oilseed’s 

facility was $170,000,0006,7. Using the 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 IRR of 9.30%.  

Based upon these numbers, it does not appear that construction of a new greenfield facility for 

production of HEFA feedstock oil would be economically feasible. With the uncertainty of any 

                                                 

5 https://www.richardson.ca/richardson-increases-canola-crushing-capacity-in-yorkton-by-25/ 

6 http://www.cbc.ca/news/business/in-a-190m-day-yorkton-gets-2-canola-crushing-plants-1.619987 

7 http://www.foodprocessing-technology.com/projects/jri-canola/ 
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new product, there is a risk factor that must be taken into consideration as well. To reduce the risk 

of investment into a full scale facility, a high demand for the product will be required in order to 

keep the prices at a high enough level to operate profitably. The risk is somewhat reduced as the 

crude or degummed oil that is produced could be sold to traditional canola oil markets if biojet 

demand was not meeting the supply. Also note, that scaling down the processing capacity of a 

greenfield facility in order to reduce the capital investment cost will result in a reduction of 

economy of scale, therefore the production cost per metric tonne will increase. 

Option 2 – Modification of a Current Canola Facility 

The second option includes 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, the process modification would be quite minimal. Rerouting some of a 

facility’s piping should allow for the bypass of the refining and deodorizing steps without major 

modifications to equipment or facilities. The difference in the NPV break-even cost calculated 

between canola oil in the Standard facility model and HEFA feedstock oil in the Recommended 

facility model is $156.84/MT from $1,299.52/MT to $1,142.68/MT respectively. Therefore, in 

order for a current canola facility modification to be considered 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 difference is determined from the reduced 

operating cost due to removal of the refining and deodorizing steps. By estimating the remaining 

costs of further processing the CBSCI Target Feed Specification oil to produce biojet fuel, the 

overall biojet fuel production cost can be determined. 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 purchasing crude canola oil from existing canola facilities and 

completing the degumming and bleaching process within a future HEFA biojet production facility. 

The current price for crude canola oil from the 2017 crop year, as reported by the Canola Council 

of Canada is $986.37/MT. Section 2 of the ICR for the Recommended model shows the costs per 

section of the process. 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 investment). The capital 

cost for the equipment to be added to an existing facility, without contingency, would be 

$1,264,000. The equipment for this process found in Section 2 of the EER includes HX-108, R-

101, DS-101, V-107, SCR-102, V-105, and PM-102.  

Conclusion 

The option selected would be based upon many factors outside the analysis scope, 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 and eventually increase to a high capital 
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option when the risks have been further mitigated and economy of scale is required. This could 

involve starting production of HEFA feedstock by modifying a current facility (option 2) or 

including processing in the same facility that the biojet is produced after purchasing crude oil from 

an existing facility (option 3). Eventually it may be possible to construct a facility that is 

completely dedicated to HEFA biojet feedstock production, which may be similar to the CBSCI 

Target Feeds Specification (option 1). 
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APPENDIX 

APPENDIX A – Analytical Results 
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APPENDIX B – Engineering Model, Standard Canola Crush Facility @ 120MT/hr 
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APPENDIX C.1 – Economic Evaluation Report, 10% Interest, Standard Canola Crush 

Facility @120MT/h 
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APPENDIX C.2 – Economic Evaluation Report, 10% Interest, NPV Break-Even Analysis 

by Reducing Seed Price, Standard Canola Crush Facility @120MT/h 
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APPENDIX C.3 – Economic Evaluation Report, 10% Interest, NPV Break-Even Analysis 

by Increasing Oil Price, Standard Canola Crush Facility @120MT/h 

 



 -60- FM-PM-39 (02) 

 



 -61- FM-PM-39 (02) 

 



 -62- FM-PM-39 (02) 

 



 -63- FM-PM-39 (02) 

 



 -64- FM-PM-39 (02) 

 



 -65- FM-PM-39 (02) 

 



 -66- FM-PM-39 (02) 

 



 -67- FM-PM-39 (02) 

 



 -68- FM-PM-39 (02) 

 



 -69- FM-PM-39 (02) 

 



 -70- FM-PM-39 (02) 

 



 -71- FM-PM-39 (02) 

 

 



 -72- FM-PM-39 (02) 

 

APPENDIX D.1 – Itemized Cost Report, 10% Interest, Standard Canola Crush Facility 

@120MT/h 
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APPENDIX D.2 – Itemized Cost Report, 10% Interest, NPV Break-Even Analysis by 

Reducing Seed Price, Standard Canola Crush Facility @120MT/h 

 



 -101- FM-PM-39 (02) 

 



 -102- FM-PM-39 (02) 

 



 -103- FM-PM-39 (02) 

 



 -104- FM-PM-39 (02) 

 



 -105- FM-PM-39 (02) 

 



 -106- FM-PM-39 (02) 

 



 -107- FM-PM-39 (02) 

 



 -108- FM-PM-39 (02) 

 



 -109- FM-PM-39 (02) 

 



 -110- FM-PM-39 (02) 

 



 -111- FM-PM-39 (02) 

 



 -112- FM-PM-39 (02) 

 



 -113- FM-PM-39 (02) 

 



 -114- FM-PM-39 (02) 

 



 -115- FM-PM-39 (02) 

 



 -116- FM-PM-39 (02) 

 



 -117- FM-PM-39 (02) 

 



 -118- FM-PM-39 (02) 

 



 -119- FM-PM-39 (02) 

 



 -120- FM-PM-39 (02) 

 



 -121- FM-PM-39 (02) 

 



 -122- FM-PM-39 (02) 

 



 -123- FM-PM-39 (02) 

 



 -124- FM-PM-39 (02) 

 



 -125- FM-PM-39 (02) 

 



 -126- FM-PM-39 (02) 

 



 -127- FM-PM-39 (02) 

 

 



 -128- FM-PM-39 (02) 

 

APPENDIX D.3 – Itemized Cost Report, 10% Interest, NPV Break-Even Analysis by 

Increasing Oil Price, Standard Canola Crush Facility @120MT/h 
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APPENDIX E – Engineering Model, Recommended Canola Crush Facility @ 120MT/hr 
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APPENDIX F.1 – Economic Evaluation Report, 10% Interest, Recommended Canola 

Crush Facility @120MT/h 
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APPENDIX F.2 – Economic Evaluation Report, 10% Interest, NPV Break-Even Analysis 

at Reduced Seed Price by Decreasing Oil Price, Recommended Canola Crush Facility 

@120MT/h 
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APPENDIX F.3 – Economic Evaluation Report, 10% Interest, NPV Break-Even Analysis 

by Increasing Oil Price, Recommended Canola Crush Facility @120MT/h 
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APPENDIX G.1 – Itemized Cost Report, 10% Interest, Recommended Canola Crush 

Facility @120MT/h 
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APPENDIX G.2 – Itemized Cost Report, 10% Interest, NPV Break-Even Analysis at 

Reduced Seed Price by Decreasing Oil Price, Recommended Canola Crush Facility 

@120MT/h 
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APPENDIX G.3 – Itemized Cost Report, 10% Interest, NPV Break-Even Analysis by 

Increasing Oil Price, Recommended Canola Crush Facility @120MT/h 
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