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Utilization of Oilseed Crops for On-farm Energy Security
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Abstract: There has been considerable interest focused on the investment for the production of oilseed crops for
biodiesel. The advance research is needed to provide knowledge needed for the feasible way of adaptation of oilseed
crops for biodiesel. Among the various oilseed crops produced, sunflower is a prominent summer crop that can be used
to produce on-farm biodiesel for energy security. The objective of this paper is to estimate the overall economic benefits
of biodiesel production from sunflower under small scale settings. The economic viability on production of biodiesel and
its market opportunity to the farmers were investigated at its 3 different production stages namely; seed, oil and seed
meal, and biodiesel production. The study was based on three different on-farm biodiesel extraction scenarios. For
example, the seed press and biodiesel extractor can be operated at three different rates (low, medium and high).
Feedstock production, capital investment for biodiesel units and operations costs were considered for the analysis. To
calculate cost and revenue in annual equivalent terms, the present values of all costs and revenues over the useful life
was transformed into an equivalent annuity. Analysis shows that biodiesel production from sunflower production could
generate positive net returns under various scenarios. The analysis per volume basis showed that the production cost of
biodiesel from sunflower oil to producer was between $2.00 to $3.21/gal when revenue from seed meal was accounted.
The estimated break-even price of sunflower seed range from $0.18 to 0.26/kg depending upon sunflower yield. The
findings of this research further improve the understanding of growing sunflower as an oilseed crops and on-farm
processing of oil for local biodiesel production that could play vital role in improving farm income as well as sustainable

and independent energy for small farmers.
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INTRODUCTION

In recent years rapid growth in the production and
consumption of bioenergy has been witnessed for
powering combustion engines, industrial purposes and
other various fields. In the long-term one can expect, in
relevant areas, a shift from petroleum- and gas-based
raw materials to bio-based. World energy demand
continues to rise hence the most feasible way to meet
this growing demand is by using alternative fuels. One
such fuel that exhibits great potential is biofuel, in
particular biodiesel [1]. The term biofuel can refer to
liquid or gaseous fuels for the transport sector that are
predominantly produced from biomass [2]. Reasons for
using biofuels include energy security, environmental
concerns, foreign exchange savings, and
socioeconomic issues related to the rural sector [3].
There is a growing trend toward using modern
technologies and efficient bioenergy conversion with a
range of biofuels, which are becoming cost-wise
competitive with fossil fuels [4]. Biodiesel offers the
advantage of being able to be produced locally with
limited technical skills and requiring a modest capital
investment [5].

Sunflower (Helianthus annuus L.) has been gaining
popularity as a feedstock crop for biodiesel since it
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shares several positive agronomic features with other
common oil crops such as canola and soybean; yields
well in a variety of conditions, and can be grown easily
and profitably at both small farm and large field scales
[6]. Sunflower is an important agricultural crop choice
for US producers in the northern plains of the Dakotas
to the panhandle of Texas. Its seed contains high
amount of oil, for example under average yield
situation, sunflower produce 672.5 kg of oil per hectare,
considerably more than soybeans. There is a great
deal of interest from local growers for construction of
small processing facilities for sunflower biodiesel
production [7]. On-farm oilseed processing and
biodiesel production is often considered as a possible
strategy to mitigate the impact of rising fuel prices [8].
Momentum is gaining for raising oilseed crops like
sunflowers, canola, and soybeans to make biodiesel for
fuel and oilseed meal for livestock, in addition to being
sold as crops [9]. Presently, most U.S. based
commercial sunflower production is in the Great Plains
states of Colorado, Kansas, Minnesota, Nebraska,
North Dakota, South Dakota and Texas [10]. In 2013,
average U.S. yield of sunflower seed was 1544.5 kg/ha
[11]. Sunflower is adapted to Tennessee conditions,
even though its primary production is in the western
and upper Great Plain [12].

The feasibility of farm-scale biodiesel production
from oilseed crops has been investigated for oilseed-
producing regions [8] and processing oilseeds into
biodiesel is an emerging area of knowledge and
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Figure 1: Sunflower oil production in selected States [10].

experience. According to University of Vermont
Extension (UVM), production of oilseed crops is rare
and small-scale oilseed and on-farm biodiesel
production remain largely unproven concepts. Farmers
generally perceive that they have neither the necessary
equipment nor experience to raise these crops.
However, if farmers could grow and harvest oilseed
crops, press the seeds into vegetable oil and oilseed
meal, and process the oil into biodiesel, they could
independently produce both liquid biofuel and livestock
feed. Early experience with pressing oilseeds into
vegetable oil and meal has shown that on-farm oil and
meal production is technically feasible [13].

Production cost and returns are key concerns in
decision making in investment of on-farm biodiesel
production. Understanding the key economic issues
relating to biodiesel production can help potential
biodiesel producers make more informed decisions
[14]. The pattern of the price paid by farmers for diesel
fuel from 1998 to 2008 suggests that the price of diesel
fuel will continue to increase in coming years [15].
According to USDA statistics the price paid by farmers
for diesel fuel increased by 192% from April 2003 to
April 2008. Farm diesel prices have increased over
300% since the mid 1990’s and 100% in the last three

| -
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years [16]. According to Bachmann [17] most oil
processing in the U.S. is done on a large, industrial
scale using proprietary processes. But in recent years,
interest in farm-scale extraction technologies has
increased which might be the result of rise in fuel and
feed costs and increasing interest of producers in
making biodiesel and feed from oilseeds [18].

This study focused sunflower as a major feedstock
to be used for on-farm processing because it is one of
the important and common oilseed crops produced in
the southern planes in the U.S. Given the importance
and need for the growth of biofuel and bio-based
product market, it is hypothesized that sunflower as an
oilseed crop provide positive economic benefits and
energy security for farmers. The major objective of this
paper is to evaluate the economic feasibility of
producing biodiesel from sunflower under small-scale
setting.

METHODOLOGY

Economic Model

When overall plant cost estimation is required,
inspecting the individual cost per year is not adequate
because some operations are not performed regularly
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and uniformly year after year and therefore, annual
cost may differ over the life span of the project. From
an economic point of view, the overall approach is to
estimate the average annual cost and returns over the
entire economic life of the project, which allows direct
comparison among different scenarios. To calculate
cost and revenue in annual equivalent terms, the
present values of all costs and revenues over the
useful life of the crop is transformed into an equivalent
annuity [19]. As the project studies the economic
viability of production and processing of sunflower at
three different stages (production of seed, processing
into sunflower oil and seed meal, and processing oil
into biodiesel), benefit:cost model was adopted in
estimating annual equivalent cost and revenues.

Accordingly,
B/C = PVB/PVC (1)

Where, PVB = Present value of benefits and PVC =
Present value of cost.Similarly,

PVB = Y Benefits/ (1+r)' (2)
Where, r = Discount factor and ¢ = Time period.

PVC =3 Costs/ (1+r)’Where, r = Discount factor and ¢t =
Time period.

Accordingly, Annual Equivalent Cost (AEC) and
Annual Equivalent Revenue (AER) were estimated as:

AEC:LX';” (3)
1-(1+1)

AER:LXI;’7 (4)
1-(1+1)

In this analysis, I was assumed equal to 15 years
and i equal to average historical discount rate from
Federal Reserve. PVC and PVB are the present value
of cost and revenue respectively over the 15 year
period. Here the cost implies to the cost of production
of feedstock such as seed, fertilizer, machinery, and
processing costs such as seed press, biodiesel
processor and required chemicals.

PV=YFV x(1+i)" (5)

t=0

Information on farm level costs and returns for
sunflower production were obtained from secondary

data sources. Information were collected on the
quantity of crop output, inputs such as land area under
cultivation, labor and other inputs such as inorganic
fertilizer, and pesticides. Several production cost
estimation (i.e. machinery cost, interest, insurance
payment etc.) required economic engineering method.
Specific formulas were developed in estimating costs
for these categories. Data required for economic
engineering approach were gathered mainly from
secondary sources (i.e. enterprise budget from Texas,
Oklahoma, and Colorado). Accordingly, the cost of
production of sunflower was found to be $374/ha. The
baseline average yield for sunflower was assumed to
be 2,381 kg/ha. For the purpose of the baseline
scenarios seed, meal and oil prices were obtained from
authentic sources. Based on historical data USDA-
NASS [11], the market price of sunflower seed price
was taken as $500/mt. Based on information from
National Sunflower Association [7], the market price of
sunflower seed meal was taken as $202/mt. The
estimated sunflower oil price was $1.48/kg. The price
of biodiesel sold or value of biodiesel purchases
replaced with the on- farm production was assumed to
be $4.57/gal [20].

The study was based on three different on-farm
biodiesel production facilities. The seed press and
biodiesel extractor used were differentiated into three
categories on the basis of its operation speed/rates
(low, medium and high). Under low, medium and high
speed rate (also known as efficiency categories of
68.5%, 55.1% and 53.6% based on the amount of oil
can be extracted), the amount of seeds to be
processed were 0.96, 3.05 and 5.20 kg/ha.
Accordingly, the amount of biodiesel to be processed
were 139, 113 and 109.8 gallon/ha respectively for low,
medium and high efficiency rates. The breakeven price
of sunflower seed was estimated by dividing the total
cost of production by the total quantity of oilseed
produced. The breakeven price of sunflower oil
extracted was estimated by dividing the total cost of
production including processing of oil by the total
quantity of oil extracted from the oilseed press.

In this research, small scale biodiesel processing
unit with annual capacity of 1,500 gallons for the
production of biodiesel was considered. The capital
cost was based on market price of a common type of
biodiesel unit and variables costs for biodiesel
processing include chemical costs for methanol,
potassium hydroxide, fuel, labor, electricity and annual
repair and maintenance.
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Equipment costs primarily comprise capital costs for
seed press, biodiesel processor, methanol recovery
system and installation. The total equipment cost after
considering 25% US government subsidy on machinery
and equipment was taken into account. Seed pressing
and processing of sunflower oil to biodiesel requires
chemicals, electricity and labor. Costs of methanol and
potassium hydroxide were based on market prices.
Accordingly, estimated cost of methanol required to
process sunflower oil from a hectare of sunflower was
$89.42 (based on its market price $0.79/gal of
methanol). Similarly, cost for potassium hydroxide to
process a hectare of sunflower was of $32.45 (based
on its market price of $0.29/gal).

RESULTS AND DISCUSSION

Major products from sunflower include sunflower
seed, oil and/or processing of oil to biodiesel. Table 1
shows the details of sunflower seed production costs.
Accordingly total variable costs were $488.47/ha yr"
and the fixed costs were $25.01/ha yr"'. Although land
rent costs are part of fixed expenses, land rent was
excluded from the analysis assuming that farmers own
the land. Accordingly total feedstock production costs
was 513.5/ha yr'1. Among the category of variable
costs, fertilizer, herbicide, harvesting and seed cost
account the major expenses with $120.56, $76.34,
$66.60 and $59.43/ha yr' respectively.

Table 1: Sunflower Feedstock Production Cost
Cost of Feedstock Average Cost Annual Equivalent Cost
Seed $59.43 $43.30
Insecticide $17.46 $12.72
Herbicides $76.34 $55.62
Pesticides $26.81 $19.53
Fertilizers $120.56 $87.84
Appl. of pesticides $51.23 $37.32
Harvesting cost $66.60 $48.52
Hauling cost $10.59 $7.72
Labor $9.91 $7.22
Fuel $32.73 $23.84
Repair & maintenance $16.79 $12.23
Machinery and equipment $25.10 $18.29
Total $513.56 $374.15
Table 2: Processing Costs of Sunflower Seed to Biodiesel
Yield Scenario/ Medium Rate Processor
High Medium Low
Category
Average Annual Equivalent Average E(ﬁxl:c:Iaelnt Average Cost Annual Equivalent
Cost Cost Cost Cost Cost
Depreciation $87.25 $63.41 $74.05 $53.09 $61.68 $44.23
ﬁ‘;f;i‘ﬁ;g $38.24 $27.42 $32.45 $23.27 $27.03 $19.38
Methanol $105.36 $75.54 $89.42 $64.11 $74.49 $53.41
Electricity $84.77 $60.78 $71.94 $51.58 $59.93 $42.97
Labor $30.00 $21.51 $30.00 $21.51 $30.00 $21.51
Totalprocessing | g345.61 $247.80 $297.86 $213.56 $253.13 $181.49
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Table 3: Sunflower Oil, Biodiesel and Seed Meal Yield under Different Processing Speeds

Processing Speeds

Category
Low Rate Processor Medium Rate Processor High Rate Processor
Oil yield (gal/ha) 154.66 125.56 121.99
Biodiesel (gal/ha) 139.19 113.00 109.79
Meal yield (kg/ha) 1721.56 1858.26 1873.84

The processing costs include investment for
machinery and associated variable costs for chemicals,
electricity labor etc. The straight line method was used
to calculate depreciation on fixed assets. Table 2
shows the processing costs of biodiesel. The average
depreciation cost per year was $63.41 and $44.23 in
high and low yield categories respectively. Similar trend
was observed for the cost of chemicals and electricity.
Potassium hydroxide and Methanol were the chemicals
that were used in the processing of sunflower oil to
biodiesel. The cost of the labor accounted $30/ha
irrespective the different yield scenarios. After
calculating all the processing cost on different
headings, it was clear that the processing cost was
directly associated with the seed yield. The total
processing cost for the higher, medium and lower yield
was $247.80, $231.56 and $181.49/ha yr'
respectively.

Table 3 shows the yield of the sunflower oil,
biodiesel and seed meal (based on average sunflower
yield) on three different processing rates (low, medium

3000.00
2500.00
2000.00
1500.00
1000.00
500.00
0.00 e Ay
Hrs needed to process Meal yield(kg/ha)

seeds -

LRP 2467.76 1721.56

MRP 779.87 1858.26

HRP 457.07 1873.84

and high) For example amount of seed that can be
processed under the above different operating rates
were 0.96, 3.05 and 5.21 kg/ha respectively. According
to the analysis, the production of sunflower oil and
biodiesel was higher under lower rate processor and
lower in high rate processor. However, total yield of
seed meal was higher under high rate processor due to
higher amount of leftover oil in seed meal.

Production of sunflower seed meal is an important
by-product in oil/biodiesel production process. Figure 2
shows details of meal yield and associated revenue
from meal.

Table 4 shows the overall net return from biodiesel
production. The total revenue was estimated by
considering revenue from biodiesel as well as seed
meal. The estimated total revenue under medium rate
of processing was $785.98, $667.06 and $555.68/ha
yr'1 respectively for low, medium and high yield
scenarios. Similarly, net returns from biodiesel
production from sunflower was $169.96, $85.28 and

LRP
H MRP
EHRP

Revenue from meal/ha

Meal Price ($/ton)
$202.40

$202.40
$202.40

$383.29
$413.72
$417.19

Figure 2: Total seed meal and revenue under various processing rates.

Note: LRP: Low processing rate, MRP: Medium processing rate and HRP: High processing rate. Accordingly revenue from seed

meal ranges from $382 - $417/ha yr™".
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Table 4: Net Return from Biodiesel Production

Category Yield Scenario/ Medium Rate Processor
High Medium Low
Average Annual Average Annual Average Annual
Revenue Equivalent Revenue Equivalent Revenue Equivalent
Revenue Revenue Revenue
Biodiesel $608.74 $436.46 $516.64 $370.43 $430.37 $308.57
Seed meal $487.48 $349.52 $413.72 $296.64 $344.64 $247.10
Total revenue $1,096.22 $785.98 $930.37 $667.06 $775.01 $555.68
Net returns/ha yr" $237.05 $169.96 $118.94 $85.28 $8.32 $5.96
$7.00
$6.00 $5.84
$5.00 -
—t—TPC
o $4.00
2
% $3.00 $3.21 —l—Revenue from seed
[ <757 il meal
$2.00 $Z.00
$1.00
$0.00 T
Highyield Average yield Low yield

Yield

Figure 3: Net return from a gallon of biodiesel production to the producer.

$5.96/ha yr'. These findings are based on three
different yield scenarios (high, medium and low) which
were 2805, 2381 and 1983 kg/ha respectively.

As mentioned earlier, total production costs include
seed production costs and processing costs. The
estimated average sunflower seed production costs
were $374.15/ha yr'1. Similarly the estimated
processing cost to extract biodiesel from sunflower
seed were $213.56/ha yr'1 (under the scenario of
average sunflower vyield and medium rate of
processing). Total production cost per gallon of
biodiesel varies according with various yield scenarios.
Accordingly, total production cost per gallon of
biodiesel from high, average and low seed yield were
$4.63, $5.15 and $5.84 respectively. The revenue from
seed meal that can be obtained when producing a
gallon of biodiesel was $2.63. After considering the
revenue from seed meal, the net production costs of
producing a gallon of biodiesel to producer was ranged
$2.00 to $3.21 (Figure 3).

CONCLUSIONS

This study focused biodiesel production from
sunflower which is a popular summer oilseed crop in
the southern plains of the U.S. The major objective of
this paper was to evaluate the economic feasibility of
producing biodiesel from sunflower under small-scale
setting. The analysis showed the economic feasibility of
investment for small scale on-farm biodiesel unit.
Returns are sensitive to the farm level values (prices)
of biodiesel, seed meal and value placed on crop.
When revenue from the seed meal is considered, the
total production cost of producing biodiesel ranges from
was $2.00 - $3.21/gal. The finding from this study
reveals sunflower as an economically important
summer crop for small scale on-farm production of
biodiesel. The findings further improve the
understanding of growing oilseed crops and on-farm
processing of oil for local biodiesel production that
could play vital role in improving farm income as well
as sustainable and independent energy for farmers.
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