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Sma11·-Sca1e Ethanol Production: Economics and Issues 

In the past two years~ the Corn Belt has been al ·ive w'ith H pro ... 

ducing ftH:'ls from agricultural products, Fermen wn and s n ion of 

grt1in (mainly corn) to yie'ld ethana·1 has attracted most of the attent·ion. 
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I. Production 

To simp·i Hy the analysis. only two sma.11 ethanol ( ) producticn 

options are considered. in detail fo this pap£~r. are defined ·in terms 

of output capacity and relationships to farms. The sma 1 ·1 on-farm 

would produce more than enough 

a 500 acre gr.a in 'farm, · The 

produce one mini gallons 

ethanol (1 000 ./yr.) to supply"fue-i for 

1.m1-s h:e c~>Op§!r~!:_fy~~ .. 2!:....£Q!!!!Jl:!!li t,z. sti 11 wou1 d 
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By comparison a 
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The on-farm and cooperative product ion uni require some degree 

ire1y of direct farmer invo'lvement. ur.H 'is run 
' farmer, nie cooperative or coimnmity units is run th !rlred labor and 

management but member farmers supp'!y grain feeclstocks o·i y to the pfant 

and oversee the cooperative. 

In genera 1, the on-· farm ('ipott1 ) sti n prototype represents a farmer who 

produces et'1a.no1 as part of tris f;:rrm op1;;ration. His equipment includes a 

cooker-fermenter. a distillation column, and storage tanks. It is housed in 
a.n existing bui1dfog. The HOH produced is 160-190 proof. It cannot be 

mixed with gasoline. Rather, is used in suitably modi ed engines on 
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must be used within 24- hours {somew.hat longer in cool li'Jeather) if spon 

·is to be avoided. 

The coopera.ti ve or community prototype is somewi1at comparab 1 e in 

function to a 1oca1 farm coopercitive. Its grain feedstock wmdd come from 

nearby member farmers, It mi9ht dispense EtOH to the members as we11 if ,, 
they have a. use for the pure ct"'" Most important1y, it is physica11y 

separate from farm operat "!<.ms. 

1,000,000 g1d lons; per yaar, 3 
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It is housed in i ilding. The EtOH is 

"dried" on~site or ., 1 
(ii • this final 

The stil. 'lage dHficu1t~ cost zardous step in produci 
by~· product is used ·1 n i wet state. To avoid excessive transportation of 
the bulky st fl 1 ~ about !? .• 600 

f"' f·• i 

OT reeoer e or 18,600 feeder pigs 
[USDA, 1980, Table VI-·9] be located close- to consume the 11 age, 

Three genera·! features of .!?'~ll sma·i 1 seal e EtOH are nd 

these prototypes: (1) Making fue·i-quality EtOH is not a simple matter. It 

takes time, knowledge~ and careft.d monitoring. Uro"! ess advanced (and ex ... 

pensive) automation and contr-0·1 equipment are lab1t~, direct labor and 

management are i ndi s. pens a tfl e ,. '?) ( ~~ It is unl ikely to be nancia·1·1y worth·-
while for sman E plants to dry their st·1 ·1 ·1 aqe i ?;'1 ... order market the 
s0lids in one or more of r dry forms, i 

\ the paper by Berger [1980] 

.!°Corn solids remaining in the sti11age contafo about 27 percent protein by 
weight'. 

2 ·Federal and most state fue1 excise"'tax. exempr~rnns are available only for 
ugasohol 11 mixtures of ethanol and. gaso"I frie, not pure ethanol [SERI, 1980~ 
App. A]. This is a considerable disincentive to use pure ethanol for 
fuel. 

'{ 

YThe modular unit manufactured by Agr1-Stills .• Sorinafield. IL 1s re-
presentative of this type of faci'l°i Each modu!{~ -is rated , .000 
gallons/year. T~'iO to four modtdes could be i ted to produce 500~000-
1,000.000 gallons/year. The output is rated at 90 proof. researchers 
at the University of Il1incl'.'is are current'l,y studying the perforrnance 
the Agri-Sti1ls unit. 
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The most sophisticat·ed of the recent ana1JlSes of this subjt~ct a 

to be the U.S. Department of A9ricu 1 study (prepared with the 

assistance of Development Pii;rnning and Research J\.ssocia 

hattan~ KS,) noted above. It "Is a ub1ue print 11 
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Ta.ble 1. Assumed Characteri sties of Two Small Ethano1 Production Units 

Characteri sties 

Plant 
Type 

Capacity 

Cost 

Life 

Working Capitai 

Capital Financing 

Debt/Equity Ratio (%/%) 

Finan. ce Charges on Debt, 
Equity (%, ~~} 

Op~rating Characteristics 

EtOl-l Production 

Conversion Ratio 

Stillage By-product 

Variable Inputs and Costs 

Labor 

On-Farm ( 11 Pot 11 ) 

Still with Wet Stillage --· - - ~- .. ~ 

Package ("off-the shelf") 
unit in existing building 

20 gals./hr. 
(160-190 proof) 

$25~000 

5 years 

50/50 

100 days/yr., 
8 hrs./day 
16,000 gals/yr 
( 160-: l 90 proof) . 

2.4 gals/bu 

21.4 ga1s./bu. corn 
· .· 16 lbs;, dry-matter 

/bu, corn 
Fed on farm to 1 ivestock 

0.05 hrs./gal. @ 
$3.00/hr. 

Sman Community Still 
_ with Wet S,ti1 lfillS?'..-

Custom-built unit in 
new bu i1 ding 

150 gals./hr. 
(200 proof) 

$1~200~000 

20 years 

$140~000 

50/50 

12, 14 

200 days/yr, . 
24 hrs/day 
l~000,000 gals/yr. 
{200 proof) 

2.5 gals/bu 

15.7 gals/bu. corn1 
16 lbs. dry-matter 

/bu. corn 
Fed to nearby livestock 

o. 01 hrs ./gal. @ 
$6. 00/hr .. 

Reflects internal recycling of some water. As a result, the wet by-product contains 
a hiqher percentage per unit weight of dry matter relative to by-·product .from the 
11 pot11 stfl1. · · 



Table 1. continued 

Characteristics 
') 

Process Heat Energy~ 

ectricity 

Supp 1 ·i es and Overhead 

Corn Feedstock 

Other 

Taxes and Insurance 

. Admfo·lstrative Cost 

43,000/BTU/gal. @ 
$ .. .., ,,, •;·1 0 '!i. a-ro: 

" ' ~) J. :). ,. p_, 

1-5; 5% 
t in 

'"fl 'I 3 .. ~H.tf 1)U. 

$1~000/yr. 

in yrs. 
Ecarip. 

. "' 
J 

61,, 000 
$2. -:q 

1!.V., .• 

0.5 KWh/ga1.@ 
D~ 05/KWh~ 

$0.09/gal. + [3% of 
Equip. Cost in yrs. 
1-5; of Equip. Cost 
in yrs. 6-] 

1)'? 7"/h· 4 .P•·•, ;; ;AJ • 

$4L 100/.yr. 

$30~. 000/yr, 

2)\ ~' l f.. ' h . ' ·- f l • ' l t' .. t f 1·\Ssurnes use or coa, - · 1 rea uo 1; er. Process or ary1 ng tne e ·. mmo i .. o pure orm 
more than offsets any ·fmprovenients h1 energy use between a "potoi strl 1 and more 
advanced equ·lpment in the sman community unit. 

rm gate price is the appropriate value for a farmer 1 s t alternative use of corn. 

eva.tors a.re appropriate for a cooperative 1 s best 
alternative use of corn. 
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Table 2. Production Cost Estimates for Two Small Ethuno1 Productfon Units [1979 · 
do11 ars]. 

Fixed Costs 

Capital Charges 

Taxes & .Insurance 

Administrative 

Operating Costs 

Feedstock . 

Labor 

Energy (heat & electrical) 

Supplies & Overhead 

TOTAL COST 

By-Product Credit 

NET COST 

1 

On-·Far-n1 11 Pot 11 

Still with Wet Stfllage 
, ...... -- .Ju>--

($/gal. 160-190 proof EtOH) 

$ 0.36 

0.06 

1.04 

0.15 

0.13 

0.14 ----
1.88 

{ o. 2_5.) ~-----
$ 1. 63 

Sma 11 . Commun i t.Y · 
Still wfth Wet St111aqe 
-··--· ,._.._.,..__.. __ ,..,. __ ,,_,,._~ .. ...;i;.;..,.~~~ 

($/gal. 200 proof EtOH) 

$ 0.17 

0.04 

0.03 

1.10 

0.06 

0.17 

_Q~J .. L_ 
1.69 

,.. 
(Q..!12.:. 

$ 1.26 

... Assumed to be fed to 11 low .. production 1 ivestock 11 and to have a feed value equiva-
1ent te hay, i.e. $74/ton: $74/2000 lbs~ dry matter x 161bs dry matter/bu. corn 
x l bu. corn/2.4 gals. EtOH::: $0.25/gal. EtOH. 

2.1\ssumed to be fed to 11 high-productionlf livestock with a feed va.1ue equivalent to 
dried distillers grains plus soluables (DDGS). The ODGS ar.a1ogue price of $153/ton 
was reduced to· $135/ton to reflect possib'!e transport cost for sti11age $135/2000 
1 bs dry matter x 16 1bs dry matter/bu. corn x 1 bu. corn/2. 5 gals. ~tOH = $0.43 gaL 
EtOH. Th·ls computation does not agree with that in the source. 

SOURCE: USDA. March 1980. Small-Scale Fuel Alcohol Production. 
-~--... ..... ----~ ..... -and VHI-5. 

Tables VI II-2 
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and used on-farm may ha.ve a value approaching $0.40/gal .. EtOH. The net 
unit production costs would be lower according'ly. 

While the on=farm sti11 1 s by-product cred'it may be understated, the 

community sti11 's credit may be overstated. Two things could 1 ower that 
credit: (1) the local market might have limited demand for the by·~product· 

or abundant supplies of high-·protein feeds; and (2) costs of transport fog 

the st ill age cmJ1 d further reduce the by-product credit. 6 

Fourth~ 1 abor co.sts per un'it of output may be understated in both 

cases; they almost certainly are understated for a sti11 using hired labor. 
It is un1ikely that labor can be attracted at an hourly wage~ including 

employer contributions to various benefits, of $6.00. A more 1'ike1y average 

hour1y labor b"lll might be in the $8.00 - $10.00 ra.nge~ which would add to 

the co1m1unity sti1Vs production cost. A much lower labor cost may be 
justified for a farmer-operator who is ab1e to tend the still in his or her 

slack time and who need not pa.y any additional fringe benefit costs due to 

the ethanol production activity. 

In support of higher ~abor cost3 a recent study [Jantzen and McKinnon, 
1980] of a 400,000 gal ./yer. EtOH plant in Colorado reported labor costs of. 

$0.20/gal. of 190 proof EtOH. ·. The labor cost might be sl ight1y higher 

yet for a plant equipped to bring ethanol to 200 proof. 

Fifth~ use of liquid fuels to provide process heat or to drive auto
mated equipment will greatly increase the energy cost. The Colorado piant 

noted abqve uses diesel fue1 for process heat and to load, mi11, and unload 
t~e grains from storage bins to the .:ooker. The operation incorporates ex-
tensive recycling of waste heat. Nevertheless, at $1.10/gaL of diesel fuel, 

the diesel fuel alone costs about $0.18/gal. of 190 proof EtOH. Electrical 

energy adds another $0.05/gal. The USDA [1980, Tab'le VIII-6] estimates that . 

6rt is estimated by the USDA [1980~ p. VI-19] that each one way distance of 
18 miles in the delivery trip reduces the by-product credit by 10 percent. 
One such trip was assumed and accounts for $15 reduction in the stil1age 
analogue price (see note 2 of Table 2). A more-distant market would 
further:.reduce the stillage credit. 
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Table 3. Sensitivity of Ethanol Production Finances to Cost~ Price, and 
Tax Factors. 

Fa, c to_r E f_ffil 

1. Costs of Production 
Production Yields 
Plant Capacity (Investment) 

Rate of Use 

feedstock Price 
Wage Rate 
Energy Price 
Debt-Equity Mix 
lnterest Rate 
Cost of Equity 

2. Output Prices 

Ethano1 1 

Still~ge By-product 

3. Taxes 

Excise Tax Break (Gasohol) 
Alcoho1 Tax Credit ' 

Investment Tax Credit 

Large 
Large 

large 
sman 
Medium 
Small 
Sma11 

Small 

Large 

Large 

Large 

Medium 
Medium 

1The price of fuel ethanol varies with the price o~ gasoline. 

SOURCE: :~Adapted from USDA. March 1980. 
duct ion. p. VIII - 17. · 

Small-Sea.le Fuel Alcohol· Pro--------
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plant producing a million gallons per year. Swfoe utilize wet sti11ag_e 

less efficiently than cattle and the resulting by-product credit is lower 
than for cattle (USDA~ 1980, Tab1e VI-6]. 12 

Ill. Possible Implications for Farm Organization 
and the Structure of Agriculture 

On-Farm Producti2Jl 

In general, ethanol produced on farms wi11 be very costly. Moreover, 

the impure ethanol produced in such a facility is not suited to mixing with 
gasoline, nor are most current engines .. adjusted to accept it. Hence, 

its uses are limited on most farms. As a feedstock for subsequent drying 
in an off-fann facility, it comes at high cost. 

Only in special cases can ethanol production on-farm be justified 

economically. An in<Hvidua1 who can fashion a sti11 inexpensively, who 

places little va1ue or. the time devoted to ethanol production, and who has 
access to cheap sources of process energy might be such a case. Such cir
cumstances hardly describe a large proportion of farms or farmers. Thus, 
it does not appear 1ike1y that many farmers will become involved with 

ethanol production on-farm. 

For those who do become involved, what changes must be made in their 
farm operations? A farmer averaging 140 bu./acre corn production wou1d 
need to devote 48 acres of corn to .produce 16,.000 'gallons of EtOH (at 
2.4 gals./bu.). This fact may influence the relative amounts of acreage 

devoted .to different crops. The farmer must also have access to stillage

consuming livestock. Animals may be present already~ or some arrangement 
might be worked out with neighbors who have livestock. From an economic 

··viewpoint, on-farm ethanol production provides no financial inducement to 
have animals on-farm where they wou1d not otherwise be. Hence, current on-

farm ethanol technologies will not prompt a widespread return to mixed 

crcp-1iv~stock operations. 

12As detenni ned by a linear programming ana 1ysi s of optimal feed rations~ 
6.3 ga11ons of stil1age per galfon of EtOH produced in a community still 
wou1d !'.!ave the following values for cattle and swine: calves {$0.42-
$0. 52), steers ($0.25), dai.ry cows ($0 .. 50), and swine ($0.38). 



-1 

Sman Coooera. ve or Communitv ts 
_,..,.,....,_ ____ ....... ,~t. ... , •••. ".,.,,_ __ ......., ... ~-- -.--~ .. _.....,.. __ ,.........,."...,...,,.....,~.~--.. U~ ...... m"~'~•""""'..,"'~·""'""" 

The economics are better for 'larger, sr:H~cia·H 

plants. In fact, economies of size are available up to the 
g "'·"'c· 1 "<:>:::.y· "'""')9'" 1-~~'°""""t..nf· "''" 1 1 'Yn".-''"' 1Q.HO ... 'T,"' 1'\1 f.> ~'""'::"/JI::<>.·,."'' i. )''h:;:1;;.1,nv ~ i;:di ~ 1_ "'' M·" ~ "'u!_ 

to dispose of sti Hage 1 oca·t and use 

are the factors wtn ch may create a niche in the 

p 1 o.nts. 

Such opportuni f.;s may exist~ but they are ·ike1y 

·ion 

numerous, 
The movll:l:nent 1e f·eed1 out heart Corr. Belt re-
duces the conveni s n 
must rea 1'ize i 

not 1i 

lots, Nor are 

arou 
it becomes 
it can 

withm.&t s 

with 

Where conID1tHYi ty or coopera ve uni 

ou tl e'bs 

prices 
available for 

on 

The 

corn 
farm 

rm 

Small ethanol producers 
c.a 1, so they are 

t 

can be 

es scattEmad 

usually associated 

d re1a 

di 

ing 



'l 
"""A 

1. Berger, Larry L. 1980. 

na-Champaign. Unpublished. 

2. Cochran, Pally. August 1979. 

Depa rtmerrt 

3. Coopera. ve 

January 1980, 

4~ Jantzen~ 

S. Meekhof ~ 

Division, Economics, Stati ics 
partrnent Agricu1 ture. 

6. P~ iri e J:::~nn~r.· August 16~ 1 

Fi:H'ff1ers,n Vol. 152~ no. 16, 

7. So'lar Energy Research fost'itute. 

Washin9ton~ D. C. SERI/SP~~151-519. 

Econonri cs 3 

ic(:~~ U.S. 

cal Bull 1n No. 522. 

Unco1 n. 

,June 1 Gasohol: 

~ 1L C.: Nat·~ona 1 Economics 

ict:, LL.S .. 

. 4 

Many 

Fuels from Fa.rms. -·--...-,,_,.-... _..._..---.....,....,..--.... ~ .... ,-. --~-

D.C.: U.S. Government ce .. 


