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ABSTRACT

A simple model for programming the cost feasibil-
ity of processing a new. oilseed has been developed
that makes use of a programmable calculator. The
analysis of cost factors developed in the study pro-
vides a realistic measure of the economic feasibility of
an cilseed project. By comparing break-even cost-to-
make of a new oil with the market price of a competi-
tive oil, a quick indication of the probable success of
the project can be estimated. The method is illustrat-
ed with a comparison of Crambe abyssinica seed oil
and high erucic acid rapeseed oil.

INTRODUCTION

Detailed work on the design of a proposed project for
commercial development should include a feasibility sur-
vey. The survey examines the technical and physical process
factors involved and the existing and potential market con-
ditions for the particular product. Such a preliminary sur-
vey gives an estimate on the probable success of the project.

Research to provide the basis for new products and pro-
cesses from farm crops conducted at the Northern Regional
Research Center-generally include a cost estimate as an in-
tegral part of the investigations. These estimates, similar to
ones prepared by industrial firms, are usually quite long and
sophisticated and are intended to provide a realistic mea-
sure of the economic feasibility of the product or process.

As part of a new crops program to uncover oilseeds con-
taining unique oils suitable for industrial use, frequent cost
analyses need to be made in our engineering department.

Recently, we developed an approach for programming
the cost feasibility of processing a new oilseed that is
exceedingly rapid and simple. Furthermore, the approach
can be quickly outlined and put into a programmable cal-
culator that evaluates the interrelationship of variables and
determines cost feasibility of the project in a matter of
minutes.

PROGRAMMABLE DESIGN MODEL

Figure 1 shows an outline of the cost analysis that devel-
ops the delivered value of the new oil product and then
compares it to a competitive oil with an established market
price. If the new product oil can be delivered at less than
the competitive oil (allowing for a reasonable profit mar-
gin), then the new operation is profit oriented and should
have an advantage over the competition providing the new
product quality can meet the market demands.

The feasibility survey is based on the following relation-
ships:

(S¢ + Cp + Fg - M) 100

= C.0.C. = Cost of crude oil as cent/lb (I)

2000 Oy
where S, = Farm seed cost, $/ton seed farm basis
C, = Crushing or oil extraction cqgst, $/ton seed farm basis
Fg = Seed freight, $/ton seed farm basis
M, = Meal credit, $/ton seed farm basis

(calc. as % meal yietd X meal market price as $/ton)
100 is a conversion factor to cent/$ ton seed farm basis
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b seed farm basis/ton seed farm basis
1b crude oil/lb seed farm basis

Equation 2 establishes the cost of the refined oil includ-
ing freight paid by the oil crusher:

C.0.C.

+ R¢ + Fo = C.O.R. = cost of refined oil as cent/ib (II)
0.95

where constant 0.95 = b refined oil/lb crude oil is based on
a 5% refining loss and can be altered according to the fol-
lowing relationship:

100 - % refining loss

constant =
100

Refining cost as cent/lb refined oil

R, =
F, = Freight cost as cent/lb refined oil

Equations 1 and 2 are combined with the price of the
competitive oil, P, to give a gross margin, Equation 3.
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FIG. 1. Programmable cost analysis — use of competitive oil
pricing as an index.
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Program Code Listing
LOC - Code Key . Comments

L0C §Code§ Key EComments

00 52 | 2% 05 5

01 34 RCL Seed 21 54 =

02 00 0/ Cost 28 92 -

03 84 4 29 09 9

04 34 RCL\ Crushing 30 05 5

05 0 1) Cost 31 84+

06 84 + 32 34 RCL) Refining
07 34 RCL} Seed 33 06 6 Cost
08 02 2 ) Freight 4 84+

09 714 - 35 34 RCL} 0il
10 34 RCL} Meal 36 07 7J Freight
103 3 [ Credit 31 WU =

12 53 38 33 sm}Reﬁcﬂ:sl{ oil
13 54 - 39 08 8

4 52 | 0 4 to make
15 02 2 a1 34 ROL

16 00 0 42 08 8

17 64 «x 43 14 -

18 34 RCL} Cude 44 34 RCL}Cnmpetitive
19 04 4 Yield 45 09 9 0il Price
220 53 ) 46 94 =} bross
1 % = , 47 41 R/S :
2 3 sm}““c’ggt"" 6 o g M
2305 5 ] to make 49

24 41 RS

25 34 RCL Key to Abbreviations

RCL - Recall from Memory
R/S - Run/Stop
ST - Store in Memory

FIG. 2. Program coding form — oilseed project cost survey.

+ R + Fg - P = gross margin {Im
20 Oy, (0.95) co

Gross margin of the new oil product may be above (+) or
below (-) the competitive oil and adding in a profit number
as cent/Ib refined oil will yield a net margin.

Memory storage registers for the computer program are
as follows:

Memory

register Variable

0 S¢ = Farm seed cost, $/ton

1 Cr = Crushing cost, §/ton

2 Fg = Seed freight, $/ton

3 M = Meal credit, $/ton

4 Oy = Crude oil extraction yield, 1b/lb

] C.0.C = Crude oil cost-to-make, cent/flb

6 R¢ = Oil refining cost, cent/lb refined oil

7 Fy = Refined oil freight, cent/lb refined oil
8 C.O.R. = Cost of refined oil to make, delivered, cent/lb
9 Peo = Market price of competitive oil, cent/lb

The program coded listing is given in Figure 2.
The calculator used in our work was a Texas Instruments’
programmable model-SR-56.

DISCUSSION

The programmable model was structured to include
farm, transportation, oil extraction, and oil-refining costs.
Oil extraction may be based on any oil separation method,
for example, straight solvent extraction or prepress-solvent
extraction — two processes most universally applied in the
industry.
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Farm Seed Price

Physical, economic, and governmental factors all play an
important role in determining the price a farmer obtains for
his crop. Yields, production costs, cultural practices, risk
and uncertainty of new crops and returns of a competitive
crop all influence the price. Also, timing of a new crop with
respect to use of machinery and labor is important and
determines whether the new crop is supplementary, com-
plementary, or competitive to existing crops. Diverted acre-
age policies of Government also can open up opportunities
to new crops.

Crushing or Qil Extraction Costs

Crushing costs can be estimated from annual company
reports but will also vary with the tonnage of oilseed being
processed. Usually operating costs are given in terms of
cents-per-bushel of oilseed crushed, such as 25-50 cents per
bushel. For our cost program, this figure is converted to
$/ton farm seed.

Seed Freight
This figure will depend on existing freight rates and will

be influenced by bulk volume of the seed and distance to
the processor’s plant.

Meal Credits

Meal credit is calculated as the product of the meal value
(existing market price) and the percent yield of meal from
the oil extraction. For a new seed meal, M, its market value
will be determined partly from its protein content relative
to a competitive oilseed meal:

Market value (M) = market value(competitive oilseed)
% protein (M)
X

% protein (competitive oilseed)

Quality factors other than protein content will also affect
the meal’s value.

Oil Freight

As with seed freight, this figure will depend on existing
freight rates and is expressed in the calculation as cent/lb
refined oil.

Oil Refining Costs

In the oil refining step, costs are affected by factors that
increase the refining loss. For example, in refining with
caustic soda there is always a considerable amount of neu-
tral oil saponified by the alkali or entrained in the soap-
stock. This oil is recoverable only as a low grade material
and therefore represents a direct monetary loss to the re-
finer. Also, high refining losses are generally -attributed to
the presence of phosphatides. The refining cost is estimated
from experience -or from published data and is expressed as
cent/lb of refined oil.

SAMPLE PROBLEM

Cost Feasibility of Crambe abyssinica —
A High Erucic Acid Oilseed

Crambe abyssinica, a member of the family Cruciferae, is
an oilseed that is agronomically suited to early spring plant-
ing in many areas of the United States. Nonedible oil
markets would provide outlets for the oil in lubricants,
plastics, and chemicals (1-4), and the processed meal would
be a protein supplement for beef cattle feeds (5-7). Infor-
mation on compostion of the seed oil and meal (8) and on
processes for oil extraction and meal preparation (9-15)
have been published or are available from the Northern
Regional Research Center. Crambe oil contains 55-60%
erucic acid, on the average 17% more erucic acid than im-
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TABLE 1

Tabulated Results of Crambe Feasibility Study?

Price Refined Gross margin
rape- oil Price
Row Seed Crushing Seed Meal seed Crude oil cost-to differential

number costb cost freight credit oil  cost-to-make make over rapeseed oil®
$/ton $/ton $/ton $/ton ¢1b ¢Nb ¢/tb, + or -
1 100 25 0 66 25 9.5 13.0 -16.2
2 150 25 0 66 25 17.6 21.5 =7.7
3 200 25 0 66 25 25.6 30.0 +0.7
4 100 10 0 66 25 7.1 10.5 -18.8
S 150 10 0 66 25 15.2 19.0 -10.3
6 200 10 0 66 25 23.2 27.4 -1.8
7 250 10 0 66 25 31.3 25.9 +6.7
8 100 35 0 66 25 11.1 14.7 -14.5
9 150 35 0 66 25 19.2 23.2 -6.0
10 200 35 0 66 25 27.3 31.7 +2.4
11 150 10 40 66 25 21.6 25.8 -3.5
12 200 10 40 66 25 29.7 34.2 +5.0
13 200 10 40 66 30 29.7 34.2 -0.9
14 260 10 0 66 25 23.2 27.4 -1.8
15 200 10 0 80 25 21.0 25.1 -4.2
16 200 10 0 100 25 17.7 21.7 -7.6
17 200 30 20 66 25 29.7 34.2 +5.0
18 200 30 20 66 30 29.7 34,2 -0.9
19 200 30 20 66 35 29.7 34.2 -6.7
20 200 30 20 66 40 29.7 34.2 -12.6

aConstant values used for the following in all calculations: oil extraction yield = 0.31 ib/lb, oil refining cost =

2¢ 1b, oil freight = 1¢/ib.

bSeed cost conversion — 5¢/Ib = $100/ton; 7.5¢/lb = $150/ton; 10.0¢/1b = $200/ton; 12.5¢/1b = $250/ton,
€+ Figure favorable to rapeseed oil. - Figure favorable to crambe oil.

ported high erucic acid rapeseed oil (47-50%). Stated dif-
ferently, crambe oil can command a price premium of 1.17
over rapeseed oil, and the gross margin in a comparison of
crambe oil and high erucic rapeseed oil then is calculated as
in Equation 4.

(Sc + Cr + Fs - Mc)
———————+ R¢ + Fy - (1.17) (P¢o) = Gross margin =~ (IV)

20 Oy (0.95)

Table I gives the cost of crude (Equation I) and refined
(Equation 2) crambe oil, and, relative to high erucic acid
rapeseed oil, the gross margin (Equatiion 4) as a function of
selected cost inputs.

The eight cost factors (columns 2-9, Table I) are placed
into the memory registers of the calculator, which is pro-
grammed according to Figure 2, but slightly modified to
include the crambe oil/rapeseed oil erucic acid ratio of
1.17. Pressing the R/S key three times in succession gives
the data in columns 10, 11, and 12 of Table I. Any of the
variables can be changed in the appropriate memory regis-
ters and the program then rerun to show the effect of these
changes.

Comparison of data in rows 1-10 of Table I shows that
changing seed costs in the range from $100 > $250/ton has
a profound effect on changing the operation from profit-
oriented fo loss-oriented. On the other hand, decreases in
crushing costs ($35 —> $10/ton) have a smaller effect, but
do improve the profit picture.

Note that for data compiled in rows 1-10, we assumed
that the plant is located in the vicinity of the seed growing
area and that there is no seed freight. However, when the
plant is located further away and relatively high seed haul-
ing costs ($40/ton) are incurred, the price advantage over
rapeseed oil is changed by 6.8cent/Ib (row 5 vs. row 11).

The effect of increasing meal byproduct credit from $66
- $100/ton (rows 14-16) is appreciable, increasing the price
advantage over rapeseed oil from 1.8 to 7.6cent/lb. Where
the competitive price of rapeseed oil increases in the market
from 25-40cent/lb (rows 17-20), the opportunities change
very rapidly in favor of crambe oil.

In our examples, oil yield (O = 0.31), refining costs (R,

Refined Crambe Oil Cost, cents/Ib.

122 207 291 376 461
+30 T T T T T
+20} Rapeseed
. 0il
+H0} Price
¢/1b.
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Net Cost Inputs for Crude Crambe Oil (S, + F; + C,-M;] $/ton

FIG. 3. Parametric plot of gross margin and net cost inputs for
crude crambe oil as a function of selected rapeseed oil prices. Equa-
tion 4 is reduced to the form y = ax+b (see text) by setting Oy =
0.31, Rc = 2, Fo = 1, while S¢+Fs+Cy-Mc is varied and Peo in turm is
set equal to 25, 30, 35, and 40.

= 2), and oil freight (F, = 1) were kept constant as they are
not subject to wide variations. Thus, Equation 4 may be
reduced to the form y = ax+b where: y = gross margin;a =
1 + [(20) (0.31) (0.95)] = 0.1698; x = Sc+F+C,-M¢; b =
3-1.17 P¢,. Thus, in Figure 3, we parametrically relate gross
margin, net cost inputs for crude crambe oil
(Sc+Fs+C;-M,), and four selected rapeseed oil prices (Pco).
(Refined crambe oil costs associated with net cost inputs
are shown indexed across the top.) Note e.g., that a net cost
input of $154/ton of seed corresponds to a breakeven re-
fined crambe oil cost of ca. 29cent/lb when rapeseed oil is
priced at 25cent/lb. This same net cost input would provide
margins of ca. 6, 12, and 18cent/lb over rapeseed oil priced
at 30, 35, and 40cent/lb, respectively. In another example,
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breakeven net cost inputs can rise to $224/ton of seed if
rapeseed oil is 35cent/lb. Rapeseed oil prices have ranged
from ca. 18 to 38cent/lb over the last 5 years, during which
time limited quantities of crambe oil have been marketed at
18 to 42cent/lb.
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