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Abstract

Camelina sativa oil is considered a promising feedstock for biodiesel production. Response Surface Methodology
(RSM) was used to optimize camelina biodiesel production by an alkali-catalyzed transesterification process.
The effects of independent factors (temperature, time, molar ratio of methanol/oil, and catalyst concentration)
on dependent variables (product yield and fatty acid methyl ester (FAME) yield), was investigated. Mathematical
regression models were developed for prediction of the biodiesel product yield and FAME yield. The camelina
biodiesel product yield (97%) and FAME yield (98.9%) were achieved at the optimal reaction conditions of 38.7°C
reaction temperature, 40 min reaction time, 7.7 molar ratio of methanol/oil, and 1.5 wt.% catalyst concentration.
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Introduction

Over past decades, the growth of the world population and
industrialization has led to an increasing consumption of petro-fuels,
resulting in a dramatic decline in petroleum reserves. The extensive use
of fossil fuels also caused severe atmospheric pollution and growing
concerns about global warming due to the emissions of greenhouse gases
[1]. From the socioeconomic point of view, the political environment in
the greatest oil-exporting region is unstable as well. These combined
factors are driving researchers and industrial practitioners to develop
renewable and sustainable fuel alternatives [2]. Biofuels have recently
attracted great interest as one of the promising substitutes for petro-
fuels. It has been estimated that biofuels will make up 80% of the overall
liquid fuels growth from 2010 and 2035 in the United States [3].

Biodieselis one of such biofuels thatis comparable to the conventional
petro-diesel and is compatible in various applications such as trucks and
automobiles, farm vehicles, and stationary power and heat generation
[4]. It is renewable, biodegradable, environmentally innocuous, and
relatively safe to handle due to its high flash point [5]. Biodiesel is
typically defined as a mixture of fatty acid alkyl esters obtained through
a transesterification process, in which triglycerides from vegetable
oils, animal fats, and even waste cooking oils react with alcohol in the
presence of a catalyst. Currently, more than 95% of biodiesel worldwide
is derived from edible vegetable oils such as soybean and canola oils [6].
However, this competes with the food and feed supply industry, raising
a heated debate about “Fuel vs. Food”. On the other hand, the cost of
feedstock accounts for 75-85% of total biodiesel production costs; thus,
the price of biodiesel is generally higher than that of petroleum diesel
[7]. This has been the major barrier to its commercialization on a large
scale. Therefore, it is important to develop non-edible and/or low-cost
oil crops that meet certain requirements, including low agricultural
inputs, high oil yield, and favorable fatty-acid compositions [8,9], to
increase the overall economic viability of biodiesel production.

Recent research has recognized camelina (Camelina sativa L.
Crantz), belonging to the Brassicaceae family and known as false flax
or gold-of-pleasure, as a promising and sustainable oilseed crop for
biodiesel production in North America [2,10,11]. Camelina seeds have
a fairly high oil content (35-43% on a dry matter basis) [12,13]. More
importantly, it requires low cultivation inputs, has a short growing

season, and is tolerant to drought, cool weather and insect pests [14,15].
However, there is limited research on the synthesis of camelina biodiesel
and the optimization of its production [16,17]. Many relevant studies
have focused on feedstocks such as soybean, canola, and sunflower,
etc. [18-20]. In particular, most of the studies on optimizing biodiesel
production used a stepwise method (changing one separate factor at
one time), which is not capable of assessing the interaction between
each factor in the transesterification process [21,22].

In this study, camelina oil was converted into biodiesel through
an alkali-catalyzed transesterification process, the effects of various
reaction parameters on the yield/quality of the resulting biodiesel were
investigated, and the optimal reaction conditions were obtained within
our experimental scope. Response Surface Methodology (RSM), a
powerful tool in the optimization of physical and chemical processes
[23,24], was employed to evaluate the effect of independent factors
on the reaction response and to determine the maximum reaction
response under the optimal reaction conditions. So far we have found
no such investigation reported. The outcomes from the present study
would offer helpful knowledge in the eventual scale-up process for
camelina biodiesel production.

Materials and Methods
Materials

Camelina oil used for biodiesel synthesis was cold pressed from
Camelina sativa L. Crantz CDI007 seeds grown in Canning, Nova
Scotia, Canada. Potassium hydroxide (>85%) in the form of pellet,
analytical grade methanol (>99%), calcium chloride anhydrous and
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hexane (>99%) were purchased from Fisher Scientific Ltd., Canada A
standard reference solution of camelina methyl esters (GLC 937, >99%)
was purchased from Nu-Chek Prep. Inc. USA.

Transesterification process

A typical camelina biodiesel synthesis was as follows: 50 g of
camelina oil was added to a 300 mL flask and placed in a water bath
at a set temperature. A pre-calculated amount of methanol solution
containing completely-dissolved KOH was added to the camelina oil.
The reaction was carried out with a constant 300 rpm agitation rate and
stopped once the preset time was reached. The reaction mixture was
transferred to a separatory funnel and allowed to stand for 30 min for
phase separation, and then the glycerol layer under the crude biodiesel
was drawn off. The crude biodiesel remaining in the separatory funnel
was washed by a few batches of distilled water until the water layer
became completely translucent. Camelina biodiesel (after the water
washing) was dried by adding calcium chloride and then centrifuged to
remove the water-saturated calcium chloride, giving purified biodiesel
for further analysis.

Product analysis

There are two ways to express the yield of biodiesel obtained from a
transesterification process: product yield and FAME yield. The product
yield shown in Equation (1) indicates the quantity of the biodiesel
produced with respect to the raw oil feed. The FAME yield in Equation
(2) is determined by the amount of FAME with respect to the resulting

biodiesel, which is an indicator of the quality of the biodiesel.

Product yield (%) == of biodiesel x 100%

mass of oil ey

mass of FAME

mass of biodiesel

x100% (2

FAME yield (%) =

The FAME yield was determined by using an Agilent 7890A Gas
Chromatography (GC) equipped with a flame ionization detector (FID)
and an Agilent DB-23 column (50%-Cyanopropyl-methylpolysiloxane;
30-m length x 0.25-mm internal diameter x 0.25 pm thickness; high
polarity). The carrier gas was helium and the oven temperature was
initially set at 190°C and then was increased to 250°C at a heating rate
of 40°C/min, remaining at 250°C for 3.5 min. Sample preparation for
GC was as follows: 25 mg of biodiesel was dissolved in 1 mL of hexane
solvent, and 1 pL of the sample solution was injected into the GC with a
split ratio of 40:1 for FAME identification and quantification. The fatty
acid methyl esters were identified by comparing their specific retention
times to those of a standard reference solution of camelina methyl
esters.

Experimental design

Central Composite Design (CCD), one of the most commonly
used response surface methodology designs, was applied in this
optimization study. The four independent variables were reaction
temperature (°C), reaction time (min), molar ratio of methanol/oil, and
catalyst concentration (wt.% with respect to oil). Three levels for each
variable were determined based on our preliminary experiments as
well as relevant research reported in the literature. The coded symbols,
ranges, and levels of the four independent variables are given in Table
1. The product yield and FAME vyield were selected as responses for
assessing the effect of each variable, interactions between variables

and optimizing experimental conditions. This three-level-four-factor
CCD design generated 31 experiment combinations, including 7 center
points, 8 axial points and 16 fact points. All of these combinations were
replicated twice. The experimental data thus obtained were analyzed
via Design Expert version 6.0.2 and then fitted to the following
second-order polynomial equation in Equation (3) [25,26]:

k k
V=B + X B+ DB+ Bk (3)
i=1 i=1

i <j=2

Whereyistheresponse, x, and x are the coded independent variables,
BB, is the constant intercept coefficient, 3, is the linear coefficient, B, is
the quadratic coeflicient, and ﬁi. is the interaction coefficient. A 95%
significance level was used for the analysis of variance (ANOVA) to
select the model terms. The three-dimensional response surface plots
were obtained as well (Table 1).

Results and Discussion

Regression model development and ANOVA analysis

In a transesterification process, the quantity and quality of the
resulting biodiesel are influenced by a number of variables, mainly
including the reaction temperature, reaction time, molar ratio of
methanol/oil, and catalyst concentration. Table 2 lists the complete
design matrix (31 experimental runs) and the corresponding response
data (product yield and FAME yield) based on these four independent
variables (temperature, time, molar ratio of methanol/oil, and catalyst
concentration). The experimental values were data obtained from
experiments, and the predicted values were generated from the
mathematical regression models. The quadratic regression model was
suggested by Design Expert for the two responses, and the following
regression models were developed:

The product yield regression model for the coded levels is expressed
in the below Equation (3):

Product yield = 96.02 + 1.12X + 1.15X, + 0.44X, + 1.39X - 0.86X,’ -

0.08X,”- 0.13X.” - 1.19X,* - 1.08X X, - 0.68X X, - 2.57X X, - 0.88X,X,
- 114X X, - 0.64X X,

The FAME vyield regression model for the coded levels is described
in the below Equation (4):

Yoo g = 97:33 + 170X, + 076X, + 111X, + 3.54X, - 1.05X* +

0.12X,’- 0.63X,’- 2.23X 2 - 0.10X,X, + 0.37X X, - 1.95X X, - 0.26X X, -
0.61X X, - 0.85X X,

Where reaction temperature: X1> reaction time: XZ, molar ratio of
methanol to oil: X, and catalyst concentration: X -

The coefficients of the regression model terms were determined by
the least squares method. The significance of the linear, quadratic, and
interaction model terms and their estimated coefficients are listed in
Table 3.

To examine how well the regression n models fitted the experimental
data, the Fisher F-test values (F-value), p-value, lack of fit, regression
coefficient R-square (R?), and adjusted R-square (Adj R?) were
evaluated by the analysis of variance (ANOVA) and are summarized in
Table 4. Generally, a well-fitted regression model indicates a successful
correlation between the response and independent variables [27].

As seen in Table 4, F values of 18.89 and 21.93 for the two models,
were both greater than 3.19, and the p-values were lower than 0.0001,
demonstrating the validity of the developed quadratic models.
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Variables Symbol code Levels
-1 0 1

Temperature (°C) X, 30 40 50

Time(min) X, 20 30 40

Methanol/oil molar ratio X, 6:1 8:1 10:1

Catalyst concentration (wt.%) X, 0.75 1.25 1.75

Table 1: Independent factors and levels used for the central composite design (face-centered).
Product yield (%) FAME yield (%)
No. X, X, X, X, Temp (°C) ;rr::‘ne) '\:;Iiir i:vt:%?t Exp. value Pr:::::;e" Exp. value Predicted value

1 0 0 0 -1 40 30 8 0.75 925 92.72 92.8 91.55
2 +1 -1 -1 -1 50 20 6 0.75 92.7 92.85 88.8 89.80
3 -1 -1 +1 -1 30 20 10 0.75 86.7 87.24 85.0 86.73
4 0 0 +1 40 30 1.75 95.5 95.50 97.7 98.63
5 0 0 0 0 40 30 8 1.25 95.3 96.02 97.8 97.33
6 0 +1 0 0 40 40 8 1.25 96.1 97.08 98.3 98.21
7 +1 +1 +1 +1 50 40 10 1.75 91.2 90.15 97.7 97.25
8 -1 -1 -1 -1 30 20 0.75 81.0 81.96 83.7 83.02
9 -1 +1 -1 +1 30 40 6 1.75 96.1 97.37 97.8 97.95
10 +1 -1 -1 +1 50 20 1.75 94.1 94.03 97.1 95.89
11 +1 +1 +1 -1 50 40 10 0.75 95.3 96.06 96.8 96.99
12 +1 -1 +1 +1 50 20 10 1.75 93.2 94.06 96.7 97.67
13 +1 0 0 0 50 30 8 1.25 94.7 96.27 96.8 97.98
14 -1 -1 -1 +1 30 20 1.75 94.2 93.42 95.9 96.92
15 +1 +1 -1 -1 50 40 0.75 97.4 97.01 92.8 92.86
16 +1 -1 +1 -1 50 20 10 0.75 96.8 95.42 96.3 94.97
17 0 0 0 0 40 30 8 1.25 95.5 96.02 98.1 97.33
18 -1 -1 +1 +1 30 20 10 1.75 95.8 96.16 98.5 97.24
19 0 0 0 0 40 30 8 1.25 96.3 96.02 98.9 97.33
20 +1 +1 -1 +1 50 40 6 1.75 94.2 93.66 97.0 96.51
21 -1 +1 +1 +1 30 40 10 1.75 96.7 96.57 97.0 97.22
22 0 0 0 0 40 30 8 1.25 96.7 96.02 96.6 97.33
23 0 0 -1 0 40 30 6 1.25 95.2 95.44 95.8 95.59
24 -1 +1 +1 -1 30 40 10 0.75 92.2 92.20 89.1 89.15
25 0 0 0 0 40 30 8 1.25 96.3 96.02 95.7 97.33
26 0 -1 0 40 20 8 1.25 95.6 94.79 97.0 96.69
27 0 0 +1 0 40 30 10 1.25 96.4 96.33 97.9 97.81
28 0 0 0 40 30 8 1.25 96.9 96.02 96.7 97.33
29 -1 0 0 0 30 30 8 1.25 95.5 94.04 96.1 94.58
30 -1 +1 -1 -1 30 40 6 0.75 91.3 90.45 86.2 86.49
31 0 0 0 0 40 30 8 1.25 95.6 96.02 96.5 97.33

Temp: temperature; Molar ratio: molar ratio of methanol to oil; Catalyst: catalyst concentration; min: minute.

Table 2: The central composite design (face-centered) of four independent factors and the corresponding experimental and predicted values of responses.

Alternatively, the lack of fit that compares the residual error to the pure
error is another good indication of the model validity. Generally, a
regression model exhibits lack of fit when it cannot adequately describe
the relationship between the dependent variable and the independent
factors. Therefore, a non-significant lack of fit is desirable. Here, the
lack of fit for product yield and FAME yield was 0.0520 >0.05 and
0.6010>0.05, respectively, indicating that the lack of fit of the two
regression models was not significant and the models fitted well to
the experimental data. As for the regression coeflicient R?, the closer
to 1 it is, the better the model fits the experimental data. Adj R* is
the adjusted version of R?and it is commonly used to represent the
strength of correlation between the predicted values determined by the

regression models and the actual values from the experimental runs
[28]. In our work, both the Adj R* values for the product yield (0.8981)
and the FAME yield (0.9071) implied a strong correlation between the
predicted data and the experimental data. Figure la and 1b further
depicted how well the observed values of the two responses fitted to
their corresponding predicted values against the regression line (with
the slope of 1).

Based on the above combined facts, it is concluded that the
quadratic regression models developed for both product yield and
FAME yield were valid and showed a satisfactory correlation between
the responses and the independent variables (Table 4 and Figure 1).
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Product yield (%) FAME yield (%)
Factor Coe.fficient Standard F-value P-value Coe_fficient Standard F-value P-value
estimated error estimated error
Intercept 96.02 0.31 97.33 0.37
Linear
X, 1.12 0.25 19.95 0.0004 1.70 0.30 33.02 <0.0001
X, 1.15 0.25 20.99 0.0003 0.76 0.30 6.62 0.0204
X, 0.44 0.25 3.16 0.0944 1.1 0.30 14.09 0.0017
X, 1.39 0.25 30.87 <0.0001 3.54 0.30 142.94 <0.0001
Quadratic
X2 -0.86 0.66 1.70 0.2103 -1.05 0.78 1.80 0.1981
X,? -0.08 0.66 0.01 0.9054 0.12 0.78 0.02 0.8769
Xz -0.13 0.66 0.04 0.8466 -0.63 0.78 0.65 0.4336
X2 -1.91 0.66 8.38 0.0105 -2.23 0.78 8.19 0.0113
Interaction
XX, -1.08 0.27 16.63 0.0009 -0.10 0.31 0.1 0.7501
XX, -0.68 0.27 6.49 0.0215 0.37 0.31 1.37 0.2595
XX, -2.57 0.27 93.76 <0.0001 -1.95 0.31 38.66 < 0.0001
XX, -0.88 0.27 11.09 0.0042 -0.26 0.31 0.69 0.4191
XX, -1.14 0.27 18.34 0.0006 -0.61 0.31 3.77 0.0701
XX, -0.64 0.27 5.76 0.0289 -0.85 0.31 7.28 0.0158
Table 3: The analysis of variance (ANOVA) and estimated regression coefficients for the product yield and the FAME yield models.
FM:::EL Prob>F Lack of fit R-Square Adj R-Square
Product yield 19.89 <0.0001 0.0521 0.9457 0.8981
FAME yield 21.93 <0.0001 0.3321 0.9505 0.9071

Table 4: The fit summary of the product yield and the FAME yield regression models.

Effect of process parameters and optimization

Effect of linear and quadratic model terms: It has been proven
that a positive model term coefficient reveals the synergistic effect while
a negative term implies the antagonistic effect in a transesterification
process [27]. As the linear regression coefficients of the reaction
temperature, reaction time, molar ratio of methanol/oil and catalyst
concentration as presented in Table 3, were positive, all of these four
independent factors exhibited the enhancement on the product yield
and FAME yield. As for the p-value of each model term, the lower it is,
the more significant the model term is to its regression model [17,29].
For this study, in the product yield regression model, only the molar ratio
of methanol/oil was a non-significant model term as its p-value of 0.094
was greater than 0.05. The order of the significance of its linear-model
terms was: catalyst concentration>time>temperature>molar ratio of
methanol to oil. For the FAME yield, the p-values of all four factors
were less than 0.05, implying their significant contributions to the yield
increase. The order of the significance of the linear terms in the FAME
yield regression model was: catalyst concentration>temperature>molar
ratio of methanol to oil>time. From these observations, it is obvious that
catalyst concentration was the primary determining factor impacting
both the camelina biodiesel product yield and the FAME yield. This is
in agreement with research conducted by Wu and Leung [17], in which
an orthogonal experimental design was used to optimize biodiesel
production from camelina oil. Bautista et al. [30] also reported that
KOH catalyst concentration was the most important factor for both the
product and FAME yields of biodiesel derived from used cooking oil.
As for the quadratic model terms, both the product yield and the FAME
yield were significantly influenced only by the square of the catalyst
concentration (X,*) and much less by other factors such as temperature,
time, and molar ratios of methanol/oil.

The interaction effect on the product yield: As seen from Table 3,
the p-values of all of the interaction terms in product yield regression
model were less than 0.05, indicating that the interaction between the
independent factors significantly influenced the camelina biodiesel
product yield within the experimental range. Their negative coefficients
resulted in the negative contributions to the product yield. The
interaction between the catalyst concentration and the temperature was
the most significant one among these six interaction terms, with the
lowest p-value <0.0001 and the highest estimated coeflicient of -2.57.
Figure 2 plotted the response, product yield, as a function of two factors
at one time while keeping the other two factors at a constant central
point level in a three-dimensional response surface with the contour
plot at the bottom.

Figure 2A plots the product yield as a function of the catalyst
concentration and temperature, and shows a strong interaction between
these two factors. It clearly shows that increasing catalyst concentration
atarelatively low temperature range (<40°C) led to a significant increase
in biodiesel product yield from approximately 88% to 96%. However,
when the reaction temperature was at a relatively high level, the
addition of catalyst over 1.25 wt.% resulted in a decline in the product
yield. Similar patterns were observed when increasing temperature at
relatively low or high catalyst concentrations. Therefore, a significant
interaction between catalyst concentration and temperature existed.

Figure 2B presents the interaction effect between the reaction time
and the catalyst concentration. Increasing the reaction time from 20
min to 40 min induced the product yield increment from 90% to 97%
when the catalyst concentration was at low levels. When the catalyst
concentration was increased to the range of 1.3 wt.% to 1.75 wt.%, the
product yield did not remarkably increase with the increased time.
Therefore, the catalyst concentration and the time interacted with each
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Figure 1: (a) Actual values vs. predicted values for product yield. (b) Actual values vs. predicted values for FAME yield.
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Figure 2: The response surface plot of the camelina biodiesel product yield at different levels of experimental factors. (A) catalyst concentration and temperature; (B)
catalyst concentration and time; (C) temperature and time; (D) time and molar ratio; (E) temperature and molar ratio; (F) catalyst and molar ratio.
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other during the transesterification process and generated a significantly
negative impact on the camelina biodiesel product yield (p-value of
0.0006; estimated coefficient of -1.14). This observation is consistent
with other studies [29], which also reported that the interaction between
the catalyst (NaOH) concentration and the reaction time significantly
decreased the product yield of biodiesel derived from cottonseed oil.
Comparable interaction patterns were observed as well from Figure
2C-2F. In this study, therefore, it is safe to draw the conclusion that
the product yield of camelina biodiesel was significantly impacted and
decreased by the interactions between experimental factors.

Interaction effect on the FAME yield: Unlike the product yield,
which was significantly affected by all of the six possible interactions
between the independent factors, FAME yield was remarkably
influenced only by two interactions, namely the interaction between
the catalyst concentration and the temperature (p-value<0.0001) and
the interaction between the catalyst concentration and the molar ratio
of methanol/oil (p-value of 0.0158<0.05). The interaction between
the catalyst concentration and the temperature impacted the FAME
yield negatively as shown in Figure 3A. Figure 3B illustrated the effect
resulting from the interaction between the catalyst and the molar ratio.
The FAME yield was continuously increased from 88% to 95% with the

(A)Time=30 min; Molar ratio=8:1

increase of the molar ratio in the range of low catalyst concentration.
When the catalyst concentration was relatively high (>1.25 wt.%),
increasing molar ratio of methanol/oil from 6:1 to 8:1 led to an increase
in the FAME yield, but a further increase of the molar ratio slightly
reduced the FAME yield.

Compared to Figure 3A and 3B, Figure 3C-3F showed very different
interaction patterns. For instance, Figure 3C exhibited a non-significant
interaction between the time and temperature. The FAME yield was
continuously raised by increasing time at any point of temperature
within the experimental scope. The increase in the temperature also
led to the FAME yield improvement when the reaction time was in
the range of 20 min to 40 min. Therefore, there was a weak interaction
between the time and temperature, and a negligibly negative effect of it
on the FAME yield.

Optimization of biodiesel yields based on the developed
models

Aiming to achieve the maximum camelina biodiesel product and
FAME yields, the optimal reaction conditions were determined by
Design Expert as follows: reaction temperature of 38.7°C, reaction time
of 40 min, molar ratio of methanol/oil of 7.7 and catalyst concentration

(B) Temperature=40°C; Time=30 min

SAME v,

o

K1: lempermiurel )

(E) Temperature=40°C; Catalyst=1.25 wt.%

Vialaty

(F) Temperature=40°C; Molar ratio=8:1

ZANE yiz 55

Figure 3: The response surface plot of the camelina biodiesel FAME yield at different levels of experimental factors. (A) catalyst concentration and temperature; (B)
catalyst concentration and molar ratio; (C) temperature and time; (D) temperature and molar ratio; (E) time and molar ratio; (F) catalyst concentration and time.
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Feedstock Tgrg)p ;I'r::lnne) Molar ratio c(?x:!,)::t
Rapeseed 65 120 6:1 KOH: 1.0
Sunflower 60 120 6:1 NaOH: 1.0

Canola 60 60 9:1 KOH: 1.0

UFO’ 60 20 71 NaOH: 1.1
Camelina 50 70 8:1 KOH: 1.0
Camelina 38.7 40 7.7:1 KOH: 1.5

Product yield

%) FAME yield (%) Reference
95-96 - [20]

97.1 - [31]
80-95 - [32]

88.8 - [21]
95.8 98.4 [17]

97 98.9 Current study

Note: UFO: Used Cooking Qil; Temp: Temperature; Molar ratio: molar ratio of methanol to oil; Catalyst: catalyst concentration. KOH: Potassium hydroxide; NaOH: Sodium

hydroxide.

Table 5: Comparison among various studies on alkali-catalyzed transesterification of different feedstock.

of 1.5 wt.% with respect to raw oil. The predicted camelina biodiesel
product yield and FAME yield were 97% and 98.9%, respectively.
Experiments were conducted in duplicate under such optimized
conditions. A good agreement between the experimental and model-
determined values was achieved, which further confirmed the accuracy
of the developed regression models.

Comparison between this study and studies reported in
literature

To the best of our knowledge, this study is the first one that
optimized alkali-catalyzed camelina biodiesel synthesis using response
surface methodology. It is worth to compare the result to results
reported in literature using other feedstock such as canola, sunflower
and used cooking oil [20,21,31,32] as well as alternative optimization
methodology [17]. As shown in Table 5, the optimal reaction condition
obtained from the present study resulted in relatively high product and
FAME yield with the lowest applied temperature and largest catalyst
consumption.

Conclusions

RSM was an effective tool to optimize the alkali-catalyzed
transesterification of camelina oil under different reaction conditions
(temperature, time, molar ratio of methanol/oil and catalyst
concentration). Mathematical regression models of the camelina
biodiesel product yield and FAME yield were developed. ANOVA
analysis verified the validity of the developed regression models,
and also demonstrated that the catalyst concentration was the most
significant factor for both product yield and FAME yield. The optimal
conditions were determined to be a reaction temperature of 38.7°C, 40
min of reaction time, 7.7 of molar ratio of methanol/oil, and 1.50 wt.%
of catalyst concentration. At such optimal conditions, the maximum
camelina biodiesel product yield of 97% and FAME yield of 98.9% were
achieved.
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