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This analysis provides a perspective on the economic potential for 
producing ethanol from Oregon produced agricultural products.    This 
involves answering questions regarding the cost and availahility of 
feedstocks3  the cost of production^ and the market for distillers' 
feed.    Potential producers and huyers} as well as corvsemed policy- 
mdkersy are facing decisions regarding the role that ethanol can 
play as a substitute for liquid fuels in Oregon.    Although the data 
are not adequate to answer all the questions relating to this issuea 
this assessment provides some reference for considering this new 
energy source. 

Data, methodology, and findings cited in this bulletin have been 
summarized from the OSU Agricultural Experiment Station research 
project "Economic and Policy Assessment of Ethanol Potential and 
Distillers' Feeds in Oregon." The information in its entirety 
will be available from the Department of Agricultural and Resource 
Economics as a Special Report. 



ECONOMICS OF PRODUCING ETHYL ALCOHOL 
FROM AGRICULTURAL PRODUCTS IN OREGON 

The energy future of the United States is uncertain as energy prices 

continue to rise in the face of an increased dependence on and questionable 

reliability of imported oil. Attention has been focused on domestic alter- 

natives for meeting U.S. energy demand. The  basic problem is one of find- 

ing substitutes for liquid fuel energy and establishing less dependence on 

imported oil. Most projections point to further increases, in world oil 

prices. How will the demand for energy, and liquid fuel in particular, be 

met? Conservation will help.  In addition, several liquid fuel alternatives 

are being considered. They are oil shale, coal liquids, vegetable oils, and 

alcohol from biomass. 

Ethyl alcohol is produced by fermenting grains and other agricultural 

products or residue, generally referred to as hiomass. The process is illus- 

trated in Figure 1.—  The "feedstock" is the input Qjrains or other forms 

of biomass) to the process which, consists of fermentation (conversion of 

sugars to alcohol), and distillation (refining the alcohol to a higher con- 

centration). The output of the process consists of joint products which, are 

produced in a fixed ratio for any given feedstock. For example, conversion 

of one bushel (60 pounds) of wheat results in roughly 20 pounds of 200 proof 

ethanol, 20 pounds of distillers' feed, and 20 pounds of carbon dioxide. The 

value of the distillers* feed co-product has important implications for the 

economic feasibility of this liquid fuel energy production process. 

— For a comprehensive review of ethyl alcohol production technology, read 
Small-Scale Fuel Alcohol Production, U.S. Department of Agriculture, March. 
1980. 
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The purpose here is to examine the economic potential for the produc- 

tion of ethanol using Oregon agricultural products. This involves answer- 

ing questions regarding the cost and availability of feedstocks, the cost 

of production, and the market for distillers' feed. Potential producers 

and buyers, as well as concerned policymakers, are facing decisions regard- 

ing the role that ethanol can play as a substitute for liquid fuels in Oregon. 

Availability of Feedstocks 

Available Oregon agricultural commodities, available with/reported or 

suspected potential as ethanol feedstocks, are listed in Table 1. Not all 

Oregon agricultural products are shown in Table 1, either because of unknown 

availability or a lack of research- to verify ethanol conversion rates. The 

maximum potential volume of ethyl alcohol from agricultural crops shown on 

this list is estimated at approximately 373 million gallons annual production. 

This is the maximum theoretical yield, but records of ejcisting alcohol produc- 

tion plants shows that conversion is more likely to reach- only 80 percent of 

the theoretical value. This would reduce the total to 298 million gallons. 

In 1978, Oregonians consumed approximately 1.62 billion gallons of gaso- 

line and diesel fuel. Thus, even if all the crops shown in Table 1 were con- 

verted to ethanol, only about 20 percent of this total fuel consumption could 

be met. Oregon agriculture in 1978 used 93.4 million gallons of gasoline and 

diesel fuel. Almost all the wheat production in Oregon would be used just to 

meet agricultural fuel demand. 

All the wheat, potatoes, barley, sugar beets, oats, and corn grown in the 

state could produce about 210 million gallons of ethanol (Table 1). Assuming 

80 percent efficiency, this figure would be approximately 168 million gallons 



Table 1.  Feedstock Inventory and Ethanol Conversion Potential for 
Selected Oregon Agricultural Commodities 

a/ 
Ethanol Output Potential- 

Reported 
Oregon 1975-79 Theoretical At Maximum At 80% of 
5 Yr. Ave„ Pro- Conversion Theoretical Theoretical 

Commodity duction Level b/ Rate c/ Conversion Conversion 

. (Units) (gal/unit) (mil.gal.) (mil.gal.) 

Wheat (bu) 55,037,200 2.6 143.1 114.5 
Potatoes (cwt) 26,533,800 1.4 37.2 29.7 
Barley (bu) 8,809,600 1.9 16.8 13.4 
Sugar Beets (ton) 275,400 20.0 5.5 4.4 
Oats (bu) 4,281,200 1.0 4.3 3.5 
Corn for Grain (bu) 1,010,700 2.6 2.6 2.1 

Subtotal 209.5 167.6 

Whey (ton) 192,420 8.3 1.6 1.3 
Straw (ton) 62,800 35.0 2.2 1.8 
Hay (ton) 2,463,800 30.0 73o9 59.1 
Fruits (ton) 322,100 11.5 3.7 3.0 
Crop Residue (tons) 2,332,015 35.0 81.6 65.3 

Subtotal 163.0 130.5 

TOTAL 372.5 298.1 

a/ — Output potential should not be routinely interpreted as economically or 
technologically efficient. 

— Production data obtained from the Extension Economic Information Office, 
Department of Agricultural and Resource Economics, Oregon State Univer- 
sity. 

c/ 
— Conversion rate estimates vary within individual commodity groups because 

*of variations in starch or sugar content. 
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per year. But it is highly unlikely that all commercial commodities listed 

above would be converted to ethanol production simply because they are already 

being produced for food and feed markets. A more realistic potential might be 

a 10 percent diversion of crops to ethanol production. This would meet about 

1 percent of gasoline and diesel fuel use in Oregon or less than 20 percent 

of the agricultural needs for liquid fuel. The conclusion is that ethanol 

production in Oregon will not substitute for a large portion of the liquid 

fuel demand; however, it may be one of several alternatives that must be 

pieced together to solve this energy puzzle„ 

Unused crops often have been cited as a potential feedstock to produce 

ethanol. As much as 25 percent of all fruits and vegetables are left in the 

field. When fruits and vegetables, including potatoes, are processed, approx- 

imately 10 percent is wasted. Oregon produces approximately 340 million pounds 

of whey per year as a byproduct of the dairy industry. This whey could produce 

approximately 1.6 million gallons of ethanol based on the conversions cited in 

Table 1.  Fruits and vegetables may account for approximately 3.7-million gal- 

lons, and potato waste approximately 7.5-million gallons, for a total of 12.8 

million gallons of ethanol. 

Although these crops may be considered waste, it is important to remember 

that nearly all of them are being utilized. They are not "free." For example, 

unused potatoes during 1980 had a feed value of approximately $18 per ton, and 

any ethanol plant planning to use potatoes must be prepared to bid them away 

from the livestock feed market. Also, it is important to remember that many 

unused crops are spread out across the state and may not be concentrated enough 

to support a commercial scale (1-million-gallon annual capacity and larger) 
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ethanol plant. Further, their production is seasonal, and varies from year 

to year. Other feedstocks would have to be available to produce ethanol on 

a continuous basis. 

Cellulose may have the largest ethanol production potential for Oregon. 

But an adequate large scale technology for cellulose conversion of feedstocks 

has not yet been developed. Cellulose residues and crops available from agri- 

culture in Oregon include grain and grass straw, and hay forages. 

There are several "energy crops" that could be produced in Oregon and used 

as feedstock for ethanol and distillers' feeds. Potential energy crops include 

alcohol potatoes, fodder beets, Jerusalem artichokes, forage sunflowers, and 

sweet sorghum. For these crops to substitute for presently grown agricultural 

crops, combined returns from sales of ethanol and distillers' feeds would have 

to exceed the returns from commercial crops used for food, feed, and fiber. 

Furthermore, high yielding energy crops, for commercial ethanol production are 

still in a development stage, and additional research is needed„ 

Ethanol Cost of Production Estimates 

Many studies indicate that the cost of ethanol decreases as the size of 

still increases. This point is illustrated by the budgets presented in Table 

2. Three stills are analyzed: a 20,000-gallon-per-year farm still; a one- 

21 
million-gallon-per-year cooperative still,— and a 50-million-gallon-per-year 

commercial still. 

Five feedstocks were analyzed for the production of ethanol and dis- 

tillers' feed in each of the stills. The feedstock assumed for this example 

2/ 
— The "cooperative" still concept calls for the provision of feedstock and 

possibly equity from a number of member-patrons, utilizing recognized 
cooperative business organization. 



Table 2.  Fixed, Operating, and Feedstock Costs as a Percentage of Total Costs by Still Size Using Wheat 

Farm Sti .11 Automated Farm Still 

% of 

Comra/Co-op Still 

% of 

Commercial Still 
Costs % of % of 

Cost/gal Total Cost/gal Total Cost/gal Total Cost/gal Total 
($/gal) (*) ($/gal) TO C$./gal) '(*) ($/gal) (%) 

Fixed Cost: 

Depreciation .22 5.5 .35 12.1 .15 5.1 .12 4.9 

Interest .11 2.8 .17 5.9 .08 2.7 .06 2.5 

Insurance, Taxes, 
and Permits .02 .5 .02 .7 .02 .7 .01 .4 

SUBTOTAL .35 8.8 .54 18.7 .25 8.5 .19 7.8 

Operating Costs: 

Labor 1.36 34.2 .08 2.8 .38 13.0 .08 3.3 

Energy .09 2.3 .09 3.1 .19 6.4 .07 2.9 

Electricity .02 .5 .02 .7 .01 .3 .01 .4 

Repair .09 2.3 .09 3.1 .06 2.0 .02 .8 

Miscellaneous .02 .5 .02 .7 .01 .3 .02 .8 

SUBTOTAL 1.58 39.8 .30 10.4 .65 22.0 .20 8.2 

Feedstock: 

Wheat 2.05 51.5 2.05 71.0 2.05 69.5 2.05 84.0 

TOTAL $3.98 100.0% $2.89 100.0% $2.95 100.0% $2.44 100.0% 
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is wheat, valued at farm-level prices. The cost of production estimates 

includes fixed costs, operating costs, and feedstock costs. The feedstock 

cost is a major portion of total cost, and increases as a portion of total 

cost from smaller to larger plant size. In Table 2, cost of production is 

stated in terms of ethanol cost per gallon. Net returns would he calculated 

by subtracting this cost from the returns from ethanol, distillers' feed, 

3/ and subsidies such as the fuel tax exemption»— 

The costs include capital and operating costs for drying the distillers' 

feed produced from various feedstocks. The costs assume that the plants are 

designed to handle different feedstocks at the same plant costs using batch 

fermentation. All alcohol processed is assumed to be 200 proof and denatured. 

Distillers' feeds are dried as a part of the process in all cases. 

Labor costs greatly influence the  farm still costs, as shown by a com- 

parison of the farm still and the "automated" farm still.  In the case of 

the automated still, an additional $25,000 was added to the original capital 

cost of $44,000, and operating costs were reduced. The yearly amortized costs 

were reduced from about $37,000 to $17,000. The net result is a lower total 

annual cost such that the automated farm still and the cooperative still are 

comparable in terms of total cost per gallon of ethanol produced. 

The economics of ethanol production are most sensitive to feedstock costs 

and ethanol yield per unit of feedstock. Cost figures in this study assume an 

80 percent yield efficiency.  Feedstock costs comprise approximately one-half 

of the total cost for the farm still and increase to 84 percent of the total 

cost of production for the commercial still.  The relative impact of changes 

3/ — Tax exemptions and other subsidies to ethanol production are not included 
in the budgets presented in Table 2. 
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in the various factors on the  cost of production depends on the si^ze of the 

still and whether it is automated. 

Economies of Size 

The four ethanol still budgets indicate there are decreasing costs asso- 

ciated with increasing size of plants up to 50 million gallons annual produc- 

tion. This does not imply, however, that all ethanol plants should be 5Q- 

million-gallon capacity. There may be a trade-off between economies of plant 

size and increasing feedstock, costs as feedstocks are transported greater and 

greater distances to meet the input requirements of the plant. If this is 

the case, the end result may be an optimal size plant much, less than the 50- 

million-galIon plant. 

Economic literature demonstrates economies, of size in production but 

there is some question as to when the economies of size are reached, and where 

costs of production may eventually increase with larger facilities. For exam- 

ple, the budget data indicate the 15,00Q-gallon farm still is clearly more 

expensive per gallon of ethanol production than the co-op still that produces 

approximately one million gallons- per year. However, plants producing between 

3 and 4 million gallons annually may he cost competitive with, the 5CL-million- 

gallon still.  If economies of scale are reached at the 4-million-galIon level, 

then the construction of plants might be dictated by feedstock availability in 

addition to economies of size. A smaller plant (jtor  ejcample, 4-mi.lli.on gal- 

lons) might be located in an area of limited biomass supply, and an area of 

concentrated biomass supply might support a 24 million-gallon plant, or a 

series of small plants, such as six 4 million-gallon capacity plants. 
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This implies that if economies of scale are realized at a plant size of 

4-inillion gallons, there is much more flexibility in the location of plants 

throughout Oregon. This flexibility could lead to a reduction in the cost 

of ethanol because transportation costs would be reduced by dispersing smaller 

plants throughout the feedstock supply areas. 

Markets for Distillers' Feeds 

Returns from both ethanol and distillers' feed production are necessary 

to cover the total cost of production. The price of ethanol varies from $1.60 

to $2 per gallon, supported by an established market demand.—  Estimating the 

value of distillers' feeds is a more difficult problem because no markets exist 

in Oregon. Midwestern markets do exist for distillers' dried grains and sol- 

ubles (DDGS) from com, priced about $140 per ton. Other research has esti- 

mated the value of DDGS com at $131 per ton, roughly equivalent to flaked 

com in livestock rations. The value of distillers' feed depends on its 

feeding qualities in livestock rations and the prices of substitute feeds 

available to meet those same feeding requirements. 

This study found that only about one-half of the variation in the Chicago 

price for DDGS was explained by variation in the price of soybean meal. Thus, 

it is difficult to consistently estimate the value of distillers' feeds on the 

basis of soybean meal prices. To estimate the market value of distillers' feed, 

a least cost computer program was employed to simulate the use of distillers' 

feed in a wide range of livestock feeds.  Soybean meal, com silage, com, bar- 

ley, hay and other feed supplements were offered in a ration at their current 

4/ — Established commercial markets for ethanol reflect demand for ethanol as 
a gasoline additive such as in gasohol, and in industrial uses such as 
solvent. 
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prices. Each distillers' feed (i.e., DDGS wheat), was then offered in the 

ration at varying price levels. At high distillers' feed values, the computer 

feed program would call for small amounts of the distillers' feed.  But as 

price dropped, typically it would include more and more of the distillers' 

feed in the ration until a feeding limitation was met„ 

Figures 2 and 3 indicate the demand for DDGS wheat and distillers' dried 

potatoes, respectively.—  These price-quantity relationships are derived from 

the linear programming feed analysis described previously. 

Given the price of substitute feeds, this ration analysis indicates that 

the demand for distillers' feed will be strong if priced between $50 and $100 

per ton. This finding suggests that at current prices (more than $130 per ton), 

little distillers* feed will be demanded by the livestock sectors.  If prices 

of substitute feeds remain constant (or increase), and the price of distillers' 

feed is dropped below $100, the demand for distillers' feed increases substan- 

tially. As much as 60 percent distillers' feed is used in the computer formu- 

lated feed ration at these lower prices, depending on the type of livestock. 

However, many nutritionists do not recommend feeding more than 25 percent dis- 

tillers* feed in most livestock rations because of limited experience with 

feeding distillers' feed products. Most feed trials have not fed more than 

30 percent distillers' feed. 

The demand for distillers' feed will depend on relative prices, avail- 

ability of substitutes, and domestic as well as export demand for distillers' 

feeds. This analysis included demand for distillers' feed in a beef feeder 

ration, a beef finishing ration, and a dairy ration. There may be potential 

— The estimated demand thus derived is the value of the marginal product of 
incremental usage of distillers' feeds. The irregular slope of the esti- 
mated demand reflects the changes in distillers' feed ration prescribed. 
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for use of distillers' feed in other livestock and poultry classes such as 

hogs, sheep, and chickens and turkeys. 

Tax Subsidies 

Tax subsidies for alcohol production are offered at both federal and 

state levels. At the federal level, alcohol-gasoline blends (gasohol) of 

10 percent or more alcohol qualify for exemption from the Federal Motor 

Fuels Excise TaXo This subsidy amounts to 4 cents per gallon of gasohol or 

40 cents per gallon of alcohol. There is also a tax credit which provides 

an equivalent subsidy. The credit is 40 cents per gallon of alcohol of at 

least 190 proof and 30 cents per gallon for alcohol between 150 and 190 

proof. This tax credit is reduced by the amount of federal excise tax 

exemption applicable to blended fuel. The credit assures a total subsidy 

of 40 cents per gallon of ethanol regardless of whether it is blended with 

gasoline. 

Alcohol production is also encouraged by a total federal investment tax 

credit of 20 percent for ethanol facilities. This includes a 10 percent 

energy investment tax credit on equipment that converts biomass to synthetic 

fuel, plus the regular 10 percent investment tax credit. 

Oregon does not exempt gasohol from state fuel taxes, unlike several other 

states. But Oregon encourages alcohol production by giving investment credits 

against state income taxes, property tax exemptions, state income tax exemp- 

tions, and by supporting a loan program. For more information on these pro- 

grams, contact the Oregon Department of Energy. 

State and federal tax exemptions and investment credits together may make 

alcohol plants appealing to investors who can benefit from the tax incentives. 
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The issues are not clear-cut and site-specific conditions are difficult to 

ascertain. 

The Economic Potential for Ethanol in Oregon 

The final step in assessing overall economic feasibility for ethanol pro- 

duction involves combining the previous findings concerning cost of production, 

feedstock availability, and the demand for ethanol and distillers' feeds. A 

linear programming computer model was developed to estimate annual breakeven 

costs per gallon of ethanol for three alternative still sizes: 3-million 

gallons, 15-million gallons, and 43-million gallons. 

Three feedstock alternatives were considered: cull potatoes, barley, and 

wheat. The quantities of the feedstock available were specified at the level 

currently produced in Oregon. These feedstocks were priced at current market 

values. 

The demand for distillers' feed was assumed to be limited by the numbers 

of livestock fed in the state. Distillers' feed prices in the ration were 

estimated as described earlier. Although the demand for ethanol was not 

restricted, the price was tested over a range from $1.50 a gallon to $2.60 

per gallon. 

The findings of this feasibility model are shown in Table 3. These 

figures illustrate the importance of distillers' feed credit in the overall 

feasibility of ethanol production. As a relatively cheaper feedstock, cull 

potatoes are the most economical; however, a single 3-million gallon ethanol 

plant could handle all the cull potatoes currently produced in Oregon. 

The larger 15- and 43-million gallon output levels as formulated in this 

model would be forced to draw upon the relatively higher cost barley and wheat 
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Table 3, Potential Ethanol Production in Oregon and Break-even Costs 
 per Gallon at Three Levels of Output  

Ethanol Production Level 

Low Moderate High 

Ethanol production (mil.galo) 3 15 43 

Feedstocks used: 

Cull potatoes (mil.cwt) 2.65 2.65 2.65 

Barley (mil.bu.) 0 7.93 5.16 

Wheat (mil„bu.) 0 0 15.43 

Value of distillers' feeds from 

Cull potatoes ($/ton) 144 144 88 

Barley ($/ton) — 164 93 

Wheat ($/ton) — — 140 

Break-even cost of producing 
ethanol ($/gal) $ 1.55 $ 1.80 $ 2.23 
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for feedstock. Despite a higher value of the distillers' feed, the initial 

feedstock costs for barley and wheat would push ethanol breakeven costs higher 

at successively larger output. 

At the moderate production level, the 15-million gallons of ethanol would 

be produced using cull potatoes and barley in this model. Almost all the barley 

produced in Oregon would be required in addition to all the cull potatoes. 

At the high production level, cull potatoes, barley, and wheat would be 

required. To implement this alternative would require that 28 percent of Ore- 

gon's average annual wheat crop would be converted to ethanol. Notice that 

the value of distillers' feeds varies with production output in liable 3, 

especially at the 43-million-gallon level. This is because supply—in terms 

of distillers' feed--is increased, but livestock feed demand, is unchanged. 

As a result, price declines as successively larger amounts of distillers' 

feed are marketed. 

In summary, the economic feasibility analysis indicates that a return of 

at least $1.50 per gallon of ethanol is necessary to economically produce 

ethanol, given feedstock prices and distillers' feed values. At the high level 

of ethanol production, (43 million gallons annually) approximately three percent 

of the annual gasoline consumption for Oregon could be achieved, but at a break- 

even cost considerably above current prices of unleaded gasoline. Furthermore, 

at this level of production, feedstock requirements would exhaust all the cull 

potatoes, most of the barley, and almost one-third of the wheat produced in 

Oregon. 

It must be recognized that the assumptions made to assess feasibility in 

the above example are restrictive regarding feedstock selection, still size, 

and product prices. These results, therefore, cannot be routinely generalized 
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for all other possible situations. However, the findings, do indicate that eco- 

nomic feasibility of ethanol production in Oregon may be presently constrained 

by the availability of low-valued feedstocks. 

Conclusion 

There is some economic potential for ethanol production in Oregon, parti- 

cularly in anticipation of higher liquid fuel prices. The short-run prospects 

appear most promising for utilizing agricultural by-products such as cull pota- 

toes. To achieve successively higher levels of ethanol output will require 

greater dependence on commercial crops. The higher valued commercial crops 

significantly increase feedstock costs and resulting break-even costs of 

ethanol. 


