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Summary:

Planting the Seeds for a Robust WNC Biofuels Sector has been a multi-institution endeavor
focused on strengthening feedstocks, production, and co-products through a regional
collaborative approach to advancing the biofuels industry in Western North Carolina. This
project is one numerous grant funded projects sponsored by Biofuels Center of NC and later the
NC Department of Agriculture. The impetus of policy support around the state's biofuels sector
came from a biofuel production goal of 10% by 2017 set by the Biofuels Center of North
Carolina, a nonprofit center funded by the NC General Assembly to implement North Carolina's
Strategic Plan for Biofuels Leadership. Whereby 10% of current liquid fuel use would equal
some 6oo million gallons of renewable fuel produced within the state resulting in positive
impacts across numerous sectors and create a circular economy for liquid fuel production within
the state.
The consortium of active partners on this project included Asheville-Buncombe Technical
Community College, AdvantageWest Economic Development Group, Appalachian State
University Energy Center, Bent Creek Institute, Biltmore Estate, Blue Ridge Biofuels, Catawba
County, Land-of-Sky Regional Council, NC State University Mountain Horticultural Crops
Research and Extension Center, and WNC Communities. AdvantageWest has served as the
organizer and convener during the project.
Planting the Seeds (PTS) has focused on four overall goals: 1) expand WNC-appropriate reliable
and competitive feedstocks including oil crops, spent brewery grains and wood biomass, 2)
improve economics across the biofuels value chain through co-product opportunities, 3) expand
demand though outreach, education, and quality, and 4) ensure regional coordination to provide
technical assistance and support to biofuels development projects across the region.
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Appalachian State University Energy Center Activities
Work Plan

Objective: The goals of these activities are two part: A) build upon the F3 (Field to Fryer to
Fuel) Project by processing locally grown canola oil and testing analytical properties as they
pertain to edible and biodiesel feedstock applications through the refinement process
(degumming, bleaching, deodorization) and B) investigate key economic impact areas of
biodiesel production (yield increase by oil pretreatment and glycerin by-product upgrading) via a
small-scale continuous reactor know as RASP that uses hydrodynamic cavitation as the
technique for mixing. Equipment funds will be used to purchase and test the continuous reactor
and separator (RASP) capable of esterification, transesterification, vegetable oil upgrading, and
various other emulsion-dependent chemical reactions with potential applications in natural
products and cosmetics. RASP is a patented and trademarked technology developed by a startup company based in Asheville NC. The first task will be testing the efficiency of oil
pretreatment by acid-esterification. This step has the ability to lower free fatty acids present in
used cooking oil to a level similar of refined oils, increasing overall conversion yields, lowering
material usage, and reducing labor in subsequent downstream purification. A subsequent activity
will be to study the saponification reaction with RASP whereby the glycerin byproduct from
transesterification will be upgraded to an industrial soap.
Methods: This testing will be based at the Catawba County EcoComplex Biodiesel Facility in

conjunction with Blue Ridge Biofuels. For Part A (F3 project expansion), the EcoComplex
Feedstock Processing station will provide unrefined vegetable oils from canola and soybeans
processed with cold-pressed extrusion technology. Blue Ridge Biofuels will provide unrefined
oil and lab-scale refinement data and serve as principle collaborator on refining process design.
Appalachian State University’s Biodiesel Research Facility will provide lab space and analytical
equipment, tools, and personnel while Appalachian State’s Chemistry Department will provide
expertise on analytical procedures and metals testing. For Part B, material inputs (oils, methanol,
catalyst) will be provided by Catawba County and Appalachian. Analytics and lab testing of
pretreated oils will be assessed by Appalachian. Economic analysis (costs of equipment and
expected payback, impact on conversion yield and processing) will be assessed with preliminary
results reported.
Partners: Appalachian State University Energy Center will lead this activity with assistance and
support from Catawba County EcoComplex and Blue Ridge Biofuels.

Completed Deliverables

1) RASP drawing details with process flow and piping instrumentation diagram, list of
applications for biodiesel industry
A schematic drawing of the RASP and an outline of the biodiesel process flow are found in
Appendix 1. The RASP is based on the principles of a phenomena called hydrodynamic
cavitation. Hydrodynamic cavitation is the formation of multitudes of microscopic gas or vapor
bubbles in a fluid due to pressure fluctuations induced by mechanical means. The collapse of
these bubbles creates tremendous localized temperatures and pressures, sending shock waves
through the surrounding fluid that act to heat, emulsify and accelerate mass transfer.
Hydrodynamic cavitation has been shown to have applicability in a wide array of chemical and
physical processes.
Applications specific to the biofuels and biodiesel industry include:
• Transesterification
• Acid esterification
• Distillation (methanol recovery)
• Oil pretreatment
• Saponification
• Edible oil upgrading
• Bleaching
• Degumming
2) Lab testing research plan for edible vegetable oil (local canola) refinement
The lab testing research plan was developed (appendix 2) in conjunction with Blue Ridge
Biofuels and AB Tech. Additionally, the materials, supplies, and labor have been arranged for
in-house testing of metals using ICP analysis in the Chemistry department at Appalachian State
University.
F3- Lab Testing Research Plan Goals & Objectives: To gain a better understanding of the edible
vegetable oil refining process by determining which refining steps or unit operations influence
principle quality metrics. While the focus is on the characteristics of a suitable fryer oil, other
applications of edible oil such as use in salad dressings and sauté will be analyzed. Additionally,
optimizing vegetable oil refining as a biodiesel feedstock were considered.
Methods: Vegetable oils that were tested included canola (most important with greatest potential
economic impact), soy, and sunflower. Finished biodiesel samples processed from these refined
oils were also tested for trace metals (Ca & Mg) and phosphorous. These metrics are of
particular interest as biodiesel made from raw canola oil at the EcoComplex has failed these
associated ASTM specs.

Lab testing tracked oil characteristics across the following refining unit operations: degumming,
bleaching, and activated carbon filtration. Testing focused on refining at the bench-scale in the
lab and also the scaled-up 200 gallon degummer batch system located at the EcoComplex Crop
Processing Facility. We have been analyzing variations of the industry standard RBD process
(refining, bleaching, deodorizing) that includes cold processing, a technique that uses lower
temperatures and reduced vacuum during refinement, employed in European vegetable oil
production.

Principle Unit Operations

Adapted from Gupta, M.K. (2008). Practical Guide to Vegetable Oil Processing. AOCS Press.
Degumming: removal of phospholipids by adding hot water and separating through settling or
centrifugation.
•
•

hydratable gums: removed through water only
non-hydratable: water combined with citric acid

Bleaching: the physical refining process where impurities are removed with the help of an
absorbent.
•
•
•
•

reduces chlorophyll and color bodies that can lead to photo-oxidation.
reduces trace metals (Ca, Mg, FE, Na)
reduces level of non-hydratable phospholipids
removes decomposition products such as aldehydes, ketones, polymers, etc.

Deodorizing: the final step in vegetable oil processing typically carried out in high temperature
and nearly full vacuum conditions where impurities are distilled out of the oil. In this project,
the deodorizing step will be researched with activated carbon filtration.
•
•
•
•
•

reduces FFA, preferably to <0.05%
reduces red and yellow color
reduces peroxide value to zero
oil loses a significant portion of the natural antioxidants (tocopherols and some sterols)
possible increase in trans fatty acids depending on deodorizer temperature

Principle Oil Analyses (Gupta, 2008, p. 14-19)

FFA: Determines the amount of free fatty acids as a percent in the oil (expressed as percent oleic
acid).
Moisture: Determines percent or ppm water in oil. Excessive moisture promotes decomposition.
Color (Lovibond): Tracks removal of color bodies present in original crude oil. Higher color
values indicate problems with the oil or the process.

Peroxide Value: Measures the primary oxidative state of the unsaturated fatty acids in oil. This
method measures all substances in oil that oxidize potassium iodide.

Calcium & Magnesium: Part of the trace metals, critical for the oil to be used as a biodiesel
feedstock with the ASTM specification at 5ppm combined Ca and Mg.
Phosphorous: Reduction of phosphorous (phospholipids) is most important for frying
applications. It is also a critical ASTM spec for biodiesel set at 10ppm.
Oxidative Stability: Important measure of shelf life and use in frying applications.
Smoke Point: Temperature at which oil breaks down and no longer suitable for consumption.
Smoke point is related to amount of FFA and mono and diglycerides present.

Other Oil Analyses to consider

Trace Metals: Along with Mg and Ca, copper, iron, nickel, silicon, lead, sodium, and cadmium
could be tested with ICP. Mg and Ca are the only trace metals that present a direct problem to
the ASTM biodiesel specification.
Soap: measurement of alkalinity in oil and can be an indicator of poor bleaching.
para-Anisidine Value (pAV): measurement of secondary oxidation compounds generated from
decomposition of peroxides.
Trans Fatty Acid (TFA): Test for creation of trans fats in the refining process using method Cd
14-61, infrared diffraction.
Refining Loss: Method of determining loss of free fatty acids, crude oil, and impurities when the
crude oil is alkali refined under the test conditions.
Fatty Acid Composition: Identifies the fatty acid profile by capillary gas-liquid
chromatography. This may be a useful test run periodically, ensuring the composition does not
change throughout the process.

Results

A test matrix was developed and 31 different samples (vegetable oils and biodiesel) were tested,
see Appendix 3. The properties numbers 1-10 in Table 1 were tested along with sulfur for select
samples.

Table 1. Catawba County Raw Canola Oil Harvested June 2012 vs. RBD Spectrum Canola.

Property
No.

1
2

3
4
5
6
7
8
9
10

Property

Method

AOCS Ca 5a40, as Oleic
Acid
FFA
AOCS Ca 2e84
Moisture
AOCS Cc
13b-45, 5¼
Color
cell
(lovibond)
AOCS Cd 8bPeroxide
90
Value
ASTM 4951
Calcium
Magnesium ASTM 4951
Phosphorous ASTM 4951
AOCS CdOxidative
12b-92
stability
AOCS Cc 9aSmoke
48
Point
Appearance Observation

Equipment

Lab

RBD
Spectrum
Canola

Raw
Canola

Units

Titration
KF, Sandy
Brae

AB Tech

%

AB Tech

ppm

1.5 ≤0.05%
≤0.1% (1,000
950
ppm)

Color
strips

BarrowAgee

Yellow,
Red

35Y,
4.8R

Titration
ICP (5)
ICP (5)
ICP(5)

ASU
ASU
ASU
ASU

meq/kg
ppm
ppm
ppm

Rancimat

AB Tech

hours

hot plate
n/a

AB Tech
ASU

°F

8
39
5.5
20.7

≤10Y, 1.0 R
(deodorized
~zero)
BDL
BDL
3.5

3.3

9.5 Hrs
220 to 230 ºC
340 (428-446F)
clear
Clear

Particular attention was paid to metals Ca, Mg, and P because of the low level for finished
biodiesel. Our test batches have shown that transesterification does not reduce these levels by
appreciable amounts, however it appears that water washing and ion exchange help reduce
metals. Therefore starting levels of these trace metals are critical to passing ASTM D6751 if
these oils were used directly for biodiesel feedstock. Note the ASTM limit is 5 ppm for calcium
and magnesium combined. All raw cold pressed oil samples failed this limit. The phosphorous
limit is variable and can be correlated to the pressing speed of the grain. Soybeans with a greater
hardness factor are pressed slower with less extraction efficiency and result in a lower
phosphorous content. Canola is pressed at higher press speeds has a great extraction efficiency
and results in a higher phosphorous content in the raw oil. In our lab experiments high
temperature degumming and acid activated bleaching produced the metals below detection limits
(BDL) for all samples. High temperature degumming and neutral bleaching showed a reduction
in metals but still above ASTM limits.
Table 2. Average Metals for cold pressed oils and ASTM limits for biodiesel.
Ca (ppm)
Mg (ppm)
P (ppm)

Canola
22.4
4.0
13.2

Soybean
6.1
1.0
3.5

Sunflower
4.5
2.1
7.4

ASTM D6751
5 max combined
10

A special thanks to Dr. Carol Babyak and Lindsay Preston at Appalachian State University
Chemistry Department for running ICP samples, Katie Estridge at AB Technical Community
College for conducted bench top degumming and bleaching, and the BQ9000 lab at AB Tech for
running oxidative stability and sulfur.

3) Preliminary lab testing with results on canola oil.

This deliverable was expanded to include new oil types and pretreatment processes.
EcoComplex soybean oil as well as Biltmore canola were acid-degummed for verification of
metals removal. Canola oil samples from Agstrong, both degummed and RBD are also included
in the test matrix (see Appendix 3)
Metals were determined in the Biltmore raw canola oil and the degummed Biltmore canola oil.
Metals inherent in the cold-pressed oil are exceptionally low (10.6ppm calcium, <1ppm
magnesium, and 7.3ppm phosphorous) and make degumming unnecessary for both fuel and
cooking applications. The smoke point of the raw oil was reported at 355F, suitable for light
sauté. The degummed oil reported a virtually undetectable change in the metals of the crude oil,
reinforcing the literature that water degumming is unnecessary on an "ultra degummed" oil, with
phosphorous content less than 50ppm. From the biodiesel point of view, the specification for
combined magnesium and calcium is 5ppm, quite low. Bleaching the oil with activated clays,
blending the raw vegetable oils with used cooking oil, or blending down in-spec biodiesel fuels
remains the solution for the combined Ca/Mg issue, which is the only biodiesel specification
issue we have consistently seen with cold pressed soybean and canola oils from Kern Kraft oil
extruders.

4) Type and quantity of unrefined and refined oil processed at EcoComplex

Seventy three gallons from the Biltmore canola crop were processed into biodiesel during the
quarter. The incoming oil quality was measured as: 1.5% FFA, moisture 2,650ppm, and soap
concentration at 0ppm. The oil was reacted single stage base catalyzed, water washed, dried, and
pumped through a finished ion exchange resin. The resultant fuel volume of 65 gallons (90%
reaction yield) was reported. The finished fuel was dosed with 400ppm ethanox to promote
oxidative stability. In-house testing on the finished fuel produced the following results:
1100ppm moisture, 32ppm soap, 0.33 Acid number, 270F flash point, pass of the 3/27 test, and a
density of 0.86g/mL. The fuel was picked up by Biltmore Estate for use in their diesel fleet.
We have been working with RASP technologies based out of Asheville to test their "reaction and
separation processor" on degumming and bleaching steps for unrefined cold pressed oils.
Twenty gallons of raw soybean oil along with bleaching clays were delivered to the RASP lab
for initial processing.

5) Oil quality data from experiments and testing (certificate of analyses for pre and
post refined oil)

Commercial oils included Agstrong Solio, Food Lion brand "My Essentials" RBD canola and
soybean, and extra virgin olive oil were tested for FFA, color (lovibond), and peroxide value (see
Appendix 2).
Problems/Delays: The ICP analysis being performed at Appalachian's Chemistry department
uses the instrument for both aqueous and non-aqueous sampling. During the quarter the
instrument was used for aqueous sampling and led to a delay for results for our oils due to
switching the associated tubing and methods for other sample procedure.

6) Outline of research parameters and potential barriers with RASP

Research parameters for RASP testing include identifying optimal temperatures and pressure for
each given unit operation. For example, with acid esterification excess methanol contains
residual acid and needs to be removed prior to base catalyzed reaction. Continuous methanol
recovery is an area that needs further research in order to make operation cost effective. Notes
from acid esterification and using biodiesel as a co-solvent are found below. This research was
made possible thanks to Michael Sobol of RASP Technologies.

Conclusions

All of the above experimental results play a role in defining where and how to utilize the MINI
in a production setting. As anticipated, a greater molar ratio of both methanol and sulfuric acid
generally resulted in faster esterification of FFAs.
Reacting through the MINI-RASP led to a sharp decrease in % FFA in a single pass, but did not
complete the reaction. Additional time at temperature was required to complete the reaction. The
MINI provided heat and emulsified reactants to provide both an initial drop in % FFA and an
acceleration of the reaction to completion in ¼ of the time required by a stirred tank when the
output of the MINI was allowed residence time at elevated temperature and pressure. Flash
evaporation of methanol and water from esterified oil apparently left residual acid in the
esterified oil. This should be further studied in greater detail because this piece of information is
critical to designing an effective process.

Figure 1. FFA change over time between bench-top stirring and RASP (run 1)
When distilling methanol from an acidic, aqueous mixture, the acid appeared to stay with the
water, or the column bottoms, and not leave with the methanol in the distillate. The waste stream
would then be low pH water that could be used to pH adjust wastewater from water washing of
biodiesel. The above runs were performed at nearly 200F in some cases but only at 20 psig; it
was realized after experimentation that the vapor pressure of methanol at nearly 200F requires 25
psig. The pressure could have been too low for proper, powerfully implosive cavitation to occur
in these runs which could significantly affect the efficacy of cavitation on the reaction. It is
recommended to increase the pressure to above 25 psig, to perhaps 30-35 psig and modulate the
pressure to see if results change significantly. System pressure can play a large role in the
cavitation created, and will be an important parameter to study moving forward.
Based on the above experiments, my recommendation is to meter two, separate streams, fairly
high FFA WVO and a methanol/sulfuric acid mixture, into the MINI operating at 180-190F,
roughly 30 psig and 74 Hz. The exit of the MINI should go directly into a jacketed or insulated
plug-flow style vessel, able to maintain temperature of 180F and pressures suitable to inhibit
boiling of methanol, to allow for a residence time of at least 15 minutes. The mixture can then be
cooled slightly and placed into another vessel to settle and decant the methanol/water/acid layer
that will likely form on top. In this way, the acid will leave with the aqueous methanol which can
be refined into purified methanol and low-pH water for use in wastewater treatment. The
esterified oil will then be suitable for transesterification….potentially in a Standard RASP!

Figure 2. FFA% over time after reaction in RASP

7) Canola oil quality data from experiments and testing (certificate of analyses for
pre and post refined oil)

Canola from sources including Susquehanna Mills, The Biltmore Estate, Catawba EcoComplex,
Wake Forest University Yadkinville site, AgStrong-Solio, and My Essential Canola RBD oils
were tested. The oils is primary interest were the raw, unrefined oils from the Biltmore Estate
and the EcoComplex. The Biltmore oil showed a calcium value of 10.6 ppm, magnesium value
of <1ppm, and a phosphorous value of 7.3ppm. Conversion directly to biodiesel does not
remove any significant levels of these three metals whereby the raw oil runs significant risk of
failing the ASTM specs for finished biodiesel (5ppm for combined calcium and magnesium).
The phosphorous content of the Biltmore oil was less than 10ppm the ASTM specification for
finished biodiesel. This “ultra-degummed” oil produced by the cold extrusion method with Kern
Kraft presses appears to be adequate as a biodiesel feedstock.

8) Preliminary results from acid esterification testing at RASP facility.

In conjunction with Michael Sobol of RASP technologies, preliminary testing of the RASP for
acid-esterification was performed. The goal of this testing was to look at the factors that control
the RASP’s ability to lower free fatty acid values and therefore make the incoming oil feedstock
of higher quality to a biodiesel producer. Three runs or trials were performed for acid
esterification as well as two runs using biodiesel as a co-solvent. The report generated by RASP
is presented in section 6.

9) Results on quality and consistency across various feedstocks.

Analytic results from soybean and canola thus far have shown the cold pressed oil from KK40
extruders produces a high quality raw oil suitable for food and fuel applications. For food usage
both soy and canola oil exhibit smoke points from 320-355F, making them suited for light
frying. The raw canola ranked highest on both tasting events indicating the potential for
development as a niche oil. The primary problem for usage as a biodiesel feedstock is the high
calcium values found in the raw oil. Results from transesterified raw canola biodiesel are
pending which will help inform the effective reduction metals through the fuel reaction process.

10) Photos from install at Catawba County and preliminary start-up status.

The RASP was installed August 18, 2014 at the EcoComplex Biodiesel Facility. Wiring was
complete and the unit was testing with water to ensure that everything was working properly.
Photos are presented in Appendix 4.

11) Completed web presence at:
http://energy.appstate.edu

http://appropriatetec.appstate.edu/research-reports-articles

12) Completed Final Reports: Progress, Financial, and Technical

Description of Other Project Related Activities

Shortly after the original start of this project a relationship was developed with AgStrong, a
commercial scale crush and refining plant in northeast GA. Blue Ridge Biofuels is currently
working with AgStrong to distribute regionally grown non-gmo canola oil to restaurants it
already services. This spin-off partnership directly addresses the goals of F3 (farm to food to
fuel) while shortening the supply chain for local and regionally sourced oilseed and promoting
canola as a viable crop for Western North Carolina. Additionally, we have partnered with RASP
Technologies, a start-up company based out of Asheville that is designed a continuous processor
capable of multiple applications included vegetable oil refining. RASP has been working with

raw soybean oil crushed at the EcoComplex to develop both degumming and bleaching steps
with cavitation.

A) Report of taste test results, fryer use test results and quantity of oil used by
restaurants.

The first taste test was held on October 14th, 2013. This was intended as a precursor to the
larger event planned at Blue Ridge Food Ventures (BRFV) the following month. This tasting
used canola oil in various stages of refinement from bench top procedures following
recommendations from a literature review. A small group of experts (local area chefs) were
brought in for the tasting which was facilitated by TJ Robinson, a professional olive oil taster
and friend of the project. A list of the oils tasted and results summary are found in Appendix 5.
The second taste event was held on November 11, 2013 at Blue Ridge Food Ventures. Results
are found in Appendix 6.

B) Type and quantity of unrefined oil, quantity of refined oil, quantity of bottled oil

Accomplishments: In September 2013, 4760lbs of Biltmore Estate Canola seed was delivered to
the Catawba County EcoComplex Crush Facility. It was pressed to produce protein meal and oil
in early October. Samples of the meal were provided to Bent Creek Institute for testing.
Biltmore did not have any interest in using the meal, therefore it was added to the EcoComplex
compost facility. The extracted oil was filter pressed and pumped to Blue Ridge Biofuels
Degumming skid (installed in September 2013) where it degummed per the standard operating
procedure developed by ASU for this piece of equipment (Appendix 7). A summary of Biltmore
Estate canola processed at the EcoComplex seed is below in Table 1. The final oil fraction of
this sample was 22% while the meal fraction was 75%. The oil fraction percentage was lower
than that typically observed for canola (between 25-28%) and may be attributed to moisture loss,
foots loss, and operator inexperience with canola seed and the appropriate equipment set-up
including back pressure, jet size, and press temperature.
Table 3 Summary of Biltmore Estate Canola Seed
Starting Seed
Seed Moisture content
Oil produced
Oil wt.
Moisture loss (during pressing)
Moisture weight
Foots/gums loss
Foots/gums weight
Meal wt.

4760
9.5%
140
1050
2%
95.2
2.5%
26.3
3589

lbs
gallons
lbs
lbs
lbs
lbs

The 140 gallons of canola were degummed using a 2% by volume de-ionized water. Samples of
raw and degummed canola oil were taken for analysis. The canola oil was then bleached in the

degumming tank by adding neutral bleaching clays and passing the oil mixture through a filter
press. A procedure developed by Appalachian State University for bleaching with neutral clays
is found in Appendix 7. Samples were taken after bleaching for lab analysis.
Currently the Crush Facility is processing soybeans grown on-site at the EcoComplex which
were harvested in November 2013. One 200 gallon batch of soybean oil has been degummed
(using the 2% water method) and samples have been taken.
Problems/Delays: One problem occurred during the Biltmore Estate Canola processing as a
result from sample removal from the starting volume (15 gallons for lab testing and tasting
events). The volume reduction changed the oil level in the degumming tank where the cooling
heat exchanger was left exposed above the oil level. Therefore the oil did not cool properly and
may have incurred effects related to oxidation and formation of free fatty acids. This was the
first use of the degummer and with any initial test operational issues are common. We learned
that the tank must be completely full to perform all unit operations correctly.

Appendix 1: RASP Schematic and Transesterification Process Flow

RASP 3.4 Model Schematic

Biodiesel Process Flow from US Patent Office-US8636634

Appendix 2:
Vegetable Oil Test
Matrix -

Research
Questions:
1. How does temperature, holding all other variables constant
affect phosphorous level of degummed oil?
Which method(s) of degumming reduces phosphorous below
10ppm (ASTM limit for biodiesel)?
2. How do acid activated clays compare with neutral clays in their ability to
lower trace metals and phosphorous content?
3. How effective is carbon filtration on sensory evaluation? Does it have a
significant impact on other properties?

Bleaching (3)

Degumming (2)

Sam
ple
ID

1 (temp
from
literature)

2
(median
temp)

3 (cold
process
es, at
ambien
t temp)

1 x

TESTIN
G
(propert
y no.)

Acid
Activated
Clays

7,8,9,10
,11

x

2 x

Neu
tral
Cla
ys

x

3

x

4

x

7,8,9,10
,11

x
x

5

x

6

x

7,8,9,10
,11

x
x

TESTING
(property no.)

3, 5, 6, 7, 8,
9, 10, 11
3, 5, 6, 7, 8,
9, 10, 11
3, 5, 6, 7, 8,
9, 10, 11
3, 5, 6, 7, 8,
9, 10, 11
3, 5, 6, 7, 8,
9, 10, 11
3, 5, 6, 7, 8,
9, 10, 11

Carbo
nFiltere
d (4)

x
x
x
x
x
x

TESTING
(property no.)

All
All
All
All
All
All

Appendix
3: Test
Matrix

SAMPLE NUMBERING:

1

2

3

4

5

6

Susquehanna Mills Raw Canola Oil
Property

Method

Equipment

Lab

Units

Property
No.

Sample
Raw
Vol
SUSMILLCanola
(mL)
(1)

1 FFA

AOCS Ca 5a-40,
as Oleic Acid

Titration

ASU

%

5

2 Moisture

AOCS Ca 2e-84

KF, S. Brae

AB
Tech/ASU

ppm

5

Color
3 (lovibond)

AOCS Cc 13b45, 5¼ cell

Color strips

4
5
6
7

AOCS Cd 8b-90
ASTM 4951
ASTM 4951
ASTM 4951

Yellow,
Red

Titration
ICP (2)
ICP (2)
ICP(2)

Barrow
Agee
Barrow
Agee
ASU
ASU
ASU

AOCS Cd-12b-92

Rancimat

AB Tech

hours

10

9 Smoke Point
10 Appearance

AOCS Cc 9a-48
Observation

hot plate
n/a

ASU-BA

°F

10
50

11 Sulfur

XRF

AB Tech

ppm

Peroxide Value
Calcium
Magnesium
Phosphorous

Oxidative
8 stability

meq/kg
ppm
ppm
ppm

1a

1b

1c

2b

2c

0.911

0.877

27.9 BDL BDL
1.8
0.5
0.5
11.5
2.2
2.1

7
0.8
4.6

8.2
0.7
4.4

4.55

3.3

2.5

0.88 0.968 0.953 0.948

250
250
10

35
4.4
13.8
4.2

2.9

5.35

4.1
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7

8

9

10

Biltmore Canola Oil

Raw (1)

11

12

Bleached (4)

1.315

1.421

1.389

680

700

580

FAME
B15

Raw
Canola

0.314

2.715

14

15

16

17

18

19

Ecomplex Soy

WFU

Degummed
(3)

13

Raw

22

AgStrong

RBD
Canola

RBD
Soy

Degummed

Raw Oil
seed
radish

Raw
Sunflower

B10

B12

B13

B14

Solio
Canola

1.192

1.033

0.668

1.43

0.24

0.45

0.26

0.128

1.083

70Y,5.5R

13.9

5Y,.5R

29.8
10

7

2.1

0.7

7.3

9.4

5.1

0.93

5.2

4.85

4.8

8.55

<1

21

0.049

0.087

400

70Y, 4.8R
10.6

20

BDL

16
2.7

355, BA
=350

10.9

<0.1

6.1
<1

5.2
<1

5

5.1

3.3

3.65

2.5

1.6

1.7

4.5

BDL

BDL

BDL

BDL

BDL

BDL

BDL

1.3

2.1

BDL

BDL

BDL

BDL

BDL

BDL

BDL

3.4

7.4

BDL

BDL

BDL

0.85

13.2

1.48

8.35

BA=330,245

2.3

5Y,0.5R

3.3

3.5

2.6

390

1.8

0.9

4.4
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23

24

EVOO

25

AgStrong2

26

EC-Soy
(100)

EC-Soy
(200)`

27

28

29

30

31

EC-Soy
(300)

Bilt
Canola
(100)

Bilt
Canola
(200)

Bilt
Canola
(300)

AgStrong
FAME w/
degummed
Raw
Catawba
Canola
Oil
(2012)

0.514

RBD Spectrum
Canola

1.5 ≤0.05%
≤0.1%
35Y,
4.8R

70Y,0.9R
20.7
BDL
BDL

BDL
2.8

2.1
0.6 bdl
2.5

3.7

3.6
2.4
7.7

2.3
0.6
11

1.2
0.7
15.6

2.4
0.7
19.8

1.3 BDL
0.7 BDL
16.5

11.8

≤10Y, 1.0 R
(deodorized
8 ~zero)
39
5.5
20.7
9.5 Hrs
220 to 230 ºC
340 (428-446F)
Clear

Appendix 4: Photos of RASP Installation

Appendix 5: Summary from October 14th, 2013 Canola Tasting
F3 Team:

Ron Townley, Melita Kyriakou, Woody Eaton, Jeremy Ferrell , Matt Rudolf
Tasters:
•
•
•
•

Joe Scully (Corner Kitchen)
Rosetta (Rosetta's Kitchen)
Peter Pollay (Posana)
TJ Robinson (Fresh Pressed Olive Oil)

Oils (from less flavor & color to more):
1
2
3
4
5
6
7
8

High temp degummed, acid bleached, carbon filtered
Degummed high temp, neutral bleached, carbon filtered
Degummed high temp, Acid activated bleached
Degummed high temp, neutral bleached
Degummed high temp
Degummed high temp
Susquehanna Mills raw canola
Biltmore raw canola

Results:
The oils were discussed in two lots based on their application. Oils 1-4 were considered the refined oil, clear,
and quite bland. These oils would be suited for cooking, frying, and applications where a neutral flavor is
desired. Of this lot, sample #4 (high temperature degummed and neutral bleached) was the most popular, with
#2 following close behind.
The second lot was the darker color more flavorful and less processed oils. These oils would be used for
dipping, in a vinaigrettes and dressing, and applications were a stronger flavor is desired. Oil #8 was the most
popular (Biltmore raw oil) following by #7 (Susquehanna raw oil).
To conclude, there are two distinct applications (cooking and frying vs. cold) that influence the amount of
processing necessary. While markets for fryer oil are well understood, the smaller market for a full-flavor
non-refined (boutique) canola oil needs further study.

Next Steps:
The next steps are to prepare for the November 18th event with the WNC oil samples that include: raw,
degummed, degummed-neutral bleached, and potentially degummed-neutral bleached-caustic stripped.
Tasting at Mojo

Appendix 6 Results from 11-18-13 Oil Tasting Event at Blue Ridge Food Ventures
Canola Oil Samples

Oil 1: Agstong (Solio)

Oil 2: Susquehanna Mills
Oil 3: Raw WNC Canola, pressed at EcoComplex
Oil 4: Cisco Canola

Room Temp "Salad Oils" Ranking
Agstrong (Solio)
12

Susquehanna Mills

Raw WNC Canola oil

Cisco Canola

11
9
7

6
3

3

4

3

2

1st

2nd

Oil 6: FRYER OIL: Agstrong Solio

Fryer Oils Ranking
8
6
4
2
0
2nd
Cisco

2

3rd

Oil 5: FRYER OIL: Cisco

1st

3

Agstrong Solio

4

3

3

3

4th

Appendix 6 cont.
Oil Comments
Oil 1 comments: light, clean, yummy!, good though not as good as #3, mild smooth and light buttery flavor,
slightly fishy taste, bland and neutral, neutral, light salty, light almost flavorless, very light- would go well in a
dressing or cooking, ok-bland, nondescript, very delicate, most traditional frying oil flavor, a bit greasy-doesn't
have much interest as dipping oil-but very clean and buttery, versatile
Oil 2 Comments: nice salad oil, taste is milder than #1, very bland but not flavorless perhaps a good
intermediate?, nothing special, bland greasy not for dipping but maybe for baking, heavy oil taste, nothing
special, not much taste, more flavor unusual slight green color, med weight salty, green vegetable flavor
pleasant but distinct, fruity, plain, mild ok, bland, nice but I prefer a stronger taste-maybe it's from eating all
that Spanish Olive oil, nice color, a bit of the EVOO, but of a stinky flavor-mustard flavor
Oil 3 Comments: love the nutty flavor, fall salads, great color, nutty taste, strong flavor, very distinctive nutty
flavor, deeper almost smoky, reminds me of flax flavor-less pleasurable and more intense, color is a plus, more
live olive/flax oil, acidic, greasy aftertaste, pleasing for salad and finishing, strong flavor nutty nice color,
good color, nutty salty, liked the flavor though not appropriate for all uses, woody slightly bitter aftertaste,
most flavorful-best alone or as a garnish! too strong for dressing, nutty, delicious, awesome, this oil could be
marketed as an unrefined salad oil not for cooking, rich robust flavor that holds up well, love the color, rich
tastes like a seed
Oil 4 Comments: clean, clear, frying, fairly flavorless, the salad just tastes salty with the oil adding very little
flavor, no taste, nutty/buttery, no taste, neutral, rich, very light no aftertaste, light almost flavorless, little
greasy mouth feel, ok, bland, nondescript, flavorful, slightly fishy, clean flavor,
__________________________________________________________________________
Oil 5 (Fryer) comments: frying added sweetness, essentially flavorless, tastes good!, tastes greasy would be
usable but 2nd choice, no flavor, texture difference, same taste as #6, flat neutral good, couldn't detect a
difference, identical, less greasy- good mouth feel, can taste the potato better, ok nondescript, both oils were
very comparable-hard to tell much difference, uninspiring
Oil 6 (Fryer) comments: light and crisp, essentially flavorless, tastes good! barely discernible difference,
better/less flavor altering of the two, I would pick based on sustainability and local-based, flat neutral, good ,
best flavor, ok nondescript, overall richer and more flavor

Appendix 6 cont.
Photos from Event:

Fry party comparing locally produced canola and conventional canola oil.

Melita Kyriakou of Blue Ridge Biofuels stands next to the tasting options of the 4 room temperature canola oils.

Cold oil tasting options on salad greens and sourdough bread.

Scott Hamilton of AdvantageWest explains the F3 concept and how the project stands to benefit both local agriculture and local
biodiesel producers.

Appendix 7. Degumming
Water Degumming Procedure:
Oil Type
Canola
140
Oil Volume
20.7
Phosphorous
content
Phospholipid
0.0653
0.0914196
DI water
0.346023
DI water
2.8
DI water 2% of oil

gallons
ppm
%
gallons
liters
gallons

from lab result
calculated

Water Degumming Steps (adapted from Practical Guide to Vegetable Oil Processing, Gupta, p.35)
1. Determine percent of phospholipids in the crude oil by checking PPM phosphorous.
2. Heat oil to 140-150F (60-65C)
3. Add De-ionized water to oil, equal to percent phospholipids. .
4. Mix oil and water gently for 30-40 minutes. Hydrated gum separates and agglomerates. Turn off heat.
5. Settle for 24 hours.
6. Drain gums
7. Water degummed oil contains 0.4-0.8% moisture. Heat oil to 185- 190F and pull vacuum to dry.
8. Dried oil should be less than 0.05% or 500ppm
9. Cool oil to < 130F before storage
Bleaching with Neutral Clays
Filter Pre-Coating with diatomaceous earth
D.E. dose
0.5 %
Oil volume
140 gallons
Oil weight
1050 lbs
D.E. required
5.25 lbs
Bleaching vacuum dried oil
Oil volume
Oil weight
Clay wt as percent of oil wt.

140 gallons
1050 lbs
0.5% OR LESS

Bleaching clay

5.25 pounds

Notes:
Incoming oil quality: Phosphorous: 5 ppm max, Soap: < 100 ppm, Moisture: < 0.1% (1000 ppm). Important to
use the minimal amount of clay. Bleaching clay absorbs .35lbs oil for every pound of clay added. Successful
bleaching will result in all metals < 0.5ppm.
Bleaching Steps:
1. Heat oil to 212-230F under vacuum
2. Introduce bleaching class via vacuum line
3. Mix for 30-45 minutes (20 min may be sufficient)
4. Cool oil to 130 under vacuum
5. Pump through pre-coated filter press to surge tank.

