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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 oilseed 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- 
raining 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 competit ion providing the new 
product quality can meet the market demands. 

The feasibility survey is based on the following relation- 
ship s : 

(S c + C  r + F  s - M c )  100 

2 0 0 0  Oy 
= C.O.C. = Cost  o f  c rude  oil as cen t / lb  (I) 

where S c = F a r m  seed cost,  S / ton  seed farm basis 
C r = Crushing or oil ex t r ac t i on  cQst, S / ton  seed farm basis 
F s = Seed freight ,  S / ton  seed f a r m  basis 
M c = Meal credit ,  S / ton  seed f a r m  basis 

(calc.  as % mea l  yie ld  X mea l  m a r k e t  price as S / ton)  
100 is a convers ion  f ac to r  to c e n t / $  t on  seed f a rm basis 

2000  = lb seed f a r m  basis/ton seed farm basis 
Oy = lb crude oil/lb seed farm basis 

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

C.O.C. 
- - + R  c + F o = C . O . R . = c o s t  o f  refined oil a scent [ lb  (II)  

0 .95 

where constant 0,95 = lb refined oil/lb crude oil is based on 
a 5% refining loss and can be altered according to the fol- 
lowing relationship: 

100 - % ref ining loss 
cons tan t  - 

100 

R c - Ref in ing  cost  as cen t / lb  ref ined  oil 
F o = Freight  cost  as cen t / lb  re f ined  oil 

Equations 1 and 2 are combined with the price of the 
competitive oil, Pco, to give a gross margin, Equation 3. 

+ Oil Refining Cost, C/lb. 

+ Oil Freight Cost, C/lb. 

Refined Oil a[,ce2-r,, [ Compet 
Cost-To-Make ] I N  T [ Oil er 

! _' Profit Oriented 
Gross Margin =(~) ~, 

L o s ~  

CompetitiVeprice ] 

a Exclusive of profits, packaging, and sales costs 
F I G .  1. P r o g r a m m a b l e  cost  analysis  - use o f  c o m p e t i t i v e  oil 

pr ic ing as an  index.  
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Program Code Listing 
LOC Code i Keyi Comments LOC Code Key Comments 
O0 52 f 26 05 5 
Ol 34 RCL\ Seed 27 54 + 
02 O0 o f  Cost 28 92 
03 84 + 29 09 9 
04 34 RCL'~ Crushing 30 05 5 
05 01 1 J Cost 31 84 + 
06 84 + 32 34 RCL'~ Refining 
07 34 RCL\ Seed 33 06 6 f  Cost 
08 02 2 f  Freight 34 84 + 
09 74 - 35 34 RCL~ Oil 
10 34 RCL\ Meal 36 07 7.I" Freight 
11 03 3 f  Credit 37 94 -- 
12 53 J 38 33 STO1Refined oil 

, ? cost 
13 54 --" 39 08 o j to make 
14 52 I 40 41 R/S 
15 02 2 41 34 RCL 
16 O0 0 42 08 8 
17 64 • 43 74 - 
18 34 R~L~> Crude oil 44 34 RCL'~Competitive 
19 04 Yield 45 09 9 J Oil Price 
20 53 I 46 94 ~.~. Gross 
21 94 = 47 41 RzjS Margin 
22 33 STo\Crude oil cost 48 42 RST 
23 05 5 f to make 49 
24 41 R/S 
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. 

(S c + C  r +  F s- Mc) 

20 Oy (0.95) 
+ Rc + Fo - Pco = gross margin (IIl) 

Gross margin of  the  new  oil p r o d u c t  m a y  be  above  (+) or  
be low (-) the  co tnpe t i t ive  oil and  add ing  in  a p ro f i t  n u m b e r  
as c e n t / l b  re f ined  oil will yield a net margin. 

M e m o r y  s torage  registers for  the  c o m p u t e r  p rog ram are 
as fol lows:  

Memory 
register 
0 S c 
1 C r 
2 F s 
3 M c 
4 Oy 
5 C.O.C. 
6 R c 
7 F o 
8 C.O.R. 
9 Pco 

Variable 
= Farm seed cost, S/ton 
= Crushing cost, S/ton 
= Seed freight, S/ton 
: Meal credit, S/ton 
-- Crude oil extraction yield, lbflb 
= Crude oil cost-to-make, centflb 
= Oil refining cost, centflb refined oil 
= Refined oil freight, cent/lb refined oil 
= Cost of refined oil to make, delivered, cent/Ib 
= Market price of competitive oil, cent/lb 

The  p rog ram coded  l ist ing is given in F igure  2. 
The  ca lcu la to r  used in our  w or kw as  a Texas  I n s t r u m e n t s '  

p r o g r a m m a b l e  model -SR-56 .  

DISCUSSION 

The  p r o g r a m m a b l e  mode l  was s t r u c t u r e d  to  i nc lude  
farm,  t r a n s p o r t a t i o n ,  oil ex t rac t ion ,  and  oi l-ref ining costs.  
Oil e x t r a c t i o n  m a y  be  based  on  any  oil s epa ra t i on  m e t h o d ,  
for  example ,  s t ra igh t  so lven t  e x t r a c t i o n  o r  prepress -so lvent  
e x t r a c t i o n  - two  processes  mos t  universa l ly  appl ied  in t he  
indus t ry .  

Farm Seed Price 
Physical ,  economic ,  and  g o v e r n m e n t a l  fac tors  all p lay an 

i m p o r t a n t  role  in  d e t e r m i n i n g  t he  price a f a rmer  ob ta ins  for  
his crop.  Yields, p r o d u c t i o n  costs,  cu l tu ra l  pract ices,  r isk 
and  u n c e r t a i n t y  of  new crops  and  r e tu rn s  of  a compe t i t i ve  
c rop  all i n f luence  the  price.  Also,  t iming  o f  a new  crop w i t h  
respect  to  use of  m a c h i n e r y  and  labor  is i m p o r t a n t  and  
de te rmines  w h e t h e r  the  new crop  is supp l emen ta ry ,  com-  
p l emen ta ry ,  or  compe t i t ive  to  exis t ing crops. Diver ted  acre- 
age policies of  G o v e r n m e n t  also can  o p e n  up  o p p o r t u n i t i e s  
to  new  crops. 

Crushing or Oil Extraction Costs 
Crushing  costs  can  be  e s t ima ted  f rom annua l  c o m p a n y  

repor t s  bu t  will also vary w i t h  the  t o n n a g e  of  oi lseed be ing  
processed.  Usual ly  ope ra t ing  costs  are given in t e rms  o f  
cen ts -per -bushe l  of  oilseed crushed,  such  as 25-50 cents  per  
bushel .  Fo r  ou r  cost  p rogram,  th is  figure is conve r t ed  to  
S / ton  farm seed. 

Seed Freight 
This  figure will depend  on  exis t ing f re ight  ra tes  and  will 

be  i n f luenced  by  b u l k  v o l u m e  o f  the  seed and  d is tance  to  
the  p rocessor ' s  p lan t .  

Meal Credits 
Meal credi t  is ca lcu la ted  as the  p r o d u c t  of  the  meal  value 

(exis t ing  m a r k e t  price)  and  t h e  p e r c e n t  yield of  meal  f rom 
the  oil ex t rac t ion .  F o r  a new  seed meal ,  M, i ts m a r k e t  value 
will be  d e t e r m i n e d  pa r t ly  f rom its p ro t e in  c o n t e n t  relat ive 
to  a compe t i t i ve  oilseed meal :  

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

X 
% protein (competitive oilseed) 

Qua l i ty  fac tors  o t h e r  t h a n  p r o t e i n  c o n t e n t  will also a f fec t  
the  meal ' s  value. 

Oil Freight 

As wi th  seed freight ,  th is  figure will d e p e n d  o n  exis t ing 
f re ight  ra tes  and  is expressed  in t he  ca lcu la t ion  as c e n t / l b  
re f ined  oil. 

Oil Refining Costs 
In  the  oil re f in ing  step,  costs  are a f fec ted  b y  fac tors  t h a t  

increase  the  re f in ing  loss. F o r  example ,  in  re f in ing  w i t h  
caust ic  soda t he re  is a lways a cons iderab le  a m o u n t  of  neu-  
tral  oil s apon i f i ed  b y  the  alkali  or  e n t r a i n e d  in the  soap- 
s tock.  This  oil is recoverab le  on ly  as a low grade mater ia l  
and  t he r e fo re  r ep resen t s  a d i rec t  m o n e t a r y  loss to  the  re- 
finer.  Also, h igh  re f in ing  losses are general ly  a t t r i b u t e d  to  
the  p resence  of  phospha t ides .  The  re f in ing  cost  is e s t ima ted  
f rom exper i ence  o r  f rom pub l i shed  da ta  and  is expressed as 
c e n t / l b  of  r e f ined  oil. 

SAMPLE PROBLEM 
Cost Feasibility of Crambe abyssinica - 

A High Erucic Acid Oilseed 
Crambe abyssinica, a m e m b e r  of  the  fami ly  Cruciferae,  is 

an  oilseed t h a t  is ag ronomica l ly  su i ted  to ear ly spr ing plant -  
hag in m a n y  areas of  the  U n i t e d  States.  Noned ib l e  oil 
ma rke t s  wou ld  p rov ide  ou t l e t s  for  the  oil in  lubr icants ,  
plastics,  and  chemica ls  (1-4),  and  t he  processed  mea l  wou ld  
be  a p r o t e i n  s u p p l e m e n t  for  bee f  ca t t le  feeds (5-7).  Infor-  
m a t i o n  on  c o m p e t i t i o n  of the  seed oil and  meal  (8)  and  on  
processes  for  oil e x t r a c t i o n  and  meal  p r e p a r a t i o n  (9-15)  
have b e e n  pub l i shed  or  are avai lable  f rom the  N o r t h e r n  
Regional  Research  Center .  C r a m b e  oil con t a in s  55-60% 
erucic acid, on  the  average 17% more  erucic acid t h a n  im- 
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Row Seed 
number cost b 

S/ton 

Price Ref ined  Gross marg in  
rape-  oil Price 

Crushing Seed Meal seed Crude  oil cost - to  dif ferent ia l  
cost freight credit oil cost-to-make make over rapeseed oil c 

S/ton S/ton S/ton r r C/lb. + 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~ 30.0 +0.7 
4 100 10 0 66 25 7.1 10.5 -18 .8  
5 150 10 0 66  25 15.2 19.O -10.3 
6 200  10 0 66 25 23.2 27 .4  -1~ 
7 250  10 0 66 25 31.3 25.9 +6.7 
8 100 35 0 66 25 11.1 14.7 -14o5 
9 150 35 0 66 25 19.2 23.2 -600 

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 
14 200  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 19.7 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 lb/lb, oil refining cost = 
2r fib, oil freight = lr 

bSeed cost conversion -- 5r = $100/ton; 7.5r = $150/ton; 10.0r = $200/ton; 12.5r = $250/ton. 
c+ Figure favorable to rapeseed oil. - Figure favorable to crambe oil. 

por ted  high erucic acid rapeseed oil (47-50%). Sta ted dif- 
ferently,  c rambe oil can command  a price p remium of 1.17 
over rapeseed oil, and the gross margin in a compar ison  of  
crambe oil and high erucic rapeseed oil then  is calculated as 
in Equa t ion  4. 

(S c + C r + F s - Mc) 
~- R c + F o - (1.17) (Pco) = Gross margin (IV) 

20 Oy (0.95) 

Table I gives the cost  of  crude (Equat ion  I) and refined 
(Equat ion  2) c rambe oil, and, relat ive to high erucic acid 
rapeseed oil, the  gross margin (Equat ion  4) as a func t ion  of  
selected cost  inputs.  

The eight cost factors (co lumns  2-9, Table  I) are placed 
into the  m e m o r y  registers of  the calculator,  which is pro- 
grammed according to Figure 2, bu t  slightly modi f ied  to 
include the  crambe oi l / rapeseed oil erucic acid ratio of  
1.17. Pressing the R/S  key three t imes in succession gives 
the data in columns 10, 11, and 12 o f  Table  I. A n y  of  the 
variables can be changed in the appropr ia te  m e m o r y  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 f rom $100--> $250 / ton  has 
a p ro found  effect  on changing the opera t ion  f rom profi t -  
or ien ted  to  loss-oriented. On the  o ther  hand, decreases in 
crushing costs ($35 -+ $10 / ton)  have a smaller effect ,  but  
do improve  the prof i t  picture.  

Note  that  for  data compi led  in rows 1-10, we assumed 
that  the plant is loca ted  in the vicini ty of  the seed growing 
area and that  t h e r e  is no seed freight.  However ,  when  the 
plant is located fur ther  away and relatively high seed haul- 
ing costs ($40 / ton )  are incurred,  the  price advantage over  
rapeseed oil is changed by  6 .8cent / lb  (row 5 vs. row 11). 

The effect  of  increasing meal  b y p r o d u c t  credit  f rom $66 
-> $100 / ton  (rows 14-16) is appreciable,  increasing the price 
advantage over  rapeseed oil f rom 1,8 to 7 .6cent / lb .  Where 
the compet i t ive  price of rapeseed oil increases in the marke t  
f rom 25-40cent / lb  (rows 17-20), the oppor tuni t ies  change 
very rapidly in favor o f  c rambe oil. 

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

+30 

+20 

~. +10 

o 

~ -10 

~ -20 

-30 

Refined Crarnbe Oil Cost, cents/lb. 
12.2 20.7 29.1 37.6 46.1 

I I I ! I 

?.1 , . , . , ,  
~ l u ~ .  Oil 

~ r  35 / Price 

Break Even Line . ~ j L x ( j o j , O j / - - _ _ , . ~  C/lb. 

I I I I I I I -40 
40 80 120 160 200 240 280 320 

Net Cost inputs for Crude Crambe Oil (Sc + Fs + Cr-Mc) S/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 = 
0.3t, Rc = 2, Fo = 1, while Sc+Fs+Cr-Mc is varied and Pco in turn is 
set equal to 25, 30, 35, and 40. 

= 2), and oil freight (F o = 1) were kept  cons tant  as they  are 
not  subject  to wide variations. Thus, Equa t ion  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+Fs+Cr-Me; b = 
3-1.17 Pco. Thus, in Figure 3, we parametr ical ly  relate gross 
m a r g i n ,  n e t  c o s t  i n p u t s  f o r  c r u d e  c r a m b e  oil 
(Sc+Fs+Cr-Mc), and four  selected rapeseed oil prices (Pco). 
(Ref ined crambe oil costs associated with  net  cost inputs  
are shown indexed  across the top.)  Note  e.g., that  a ne t  cost 
input  of  $154 / ton  of  seed corresponds to a breakeven re- 
fined crambe oil cost of  ca. 29cen t / 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 ano ther  example,  
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b reakeven  n e t  cos t  i n p u t s  can  rise to $ 2 2 4 / t o n  o f  seed if  
rapeseed  oil is 35cen t / l b .  Rapeseed  oil pr ices  have  ranged  
f rom ca. 18 to 3 8 cen t / l b  over the  last  5 years ,  dur ing  w h i c h  
t i m e  l imi ted  quan t i t i e s  of  c r a m b e  oil have  been  m a r k e t e d  at  
18 to  4 2 cen t / l b .  
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