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SUMMARY

Minnesotais
one of the
nation’'s
leading corn
producers.
Most ethanol is
produced from
corn.

sued an aggressive, multifaceted strategy to promote the production and use

of ethanol as an automotivefuel. Since the mid-1980s, Minnesota has devel -
oped asizable ethanol industry that, by October 1996, had the capacity to produce
about 92 million gallons of ethanol per year. Additional production facilitiesare
now in planning or under construction.

I n comparison to other midwestern corn-producing states, Minnesotahas pur -

This study, requested by the Legidative Audit Commission, addressesthe follow -
ing questions:

How much do Minnesota's ethanol programs cost?

Havethe programs succeeded in promaoting the establishment and
growth of an ethanol industry?

What arethe economic and environmental benefits of ethanol
production and use?

What arethemajor risksto thefuture viability of ethanol production
in Minnesota?

In carrying out this study, we interviewed officials in the Minnesota Department of
Agriculture (MDA) and other state agencies. We visited the six mgjor Minnesota
ethanol plantsin operation during the summer of 1996 and talked to managers
about their experiences in building and operating the plants. We aso reviewed the
national literature relating to environmental and economic issues of ethanol pro -
duction and examined other states’ ethanol programs.

ETHANOL PROGRAMS

Over 95 percent of ethanol in Minnesota and in the nation is produced from corn.
Minnesota is the nation’ s fourth leading corn producer, and like many major corn-
producing states Minnesota promotes the use of ethanol as an automotive fuel
through various activities. The state also operates afleet of about 270 flexible-
fuel vehiclesthat can use up to 85 percent ethanol mixed with gasoline.



The production
and use of
ethanol is
promoted
through
various state
incentives and
requirements.

ETHANOL PROGRAMS

Like some other states, Minnesota offers subsidized loans for development of etha -
nol production facilities. However, Minnesota goes beyond other statesin the

scope of its support of the ethanol industry. Minnesota currently providesa5 cent
per gallon tax credit, called the “blender’s credit, ” to distributors of “gasohol ”
(ethanol mixed with gasoline at a concentration of 7.7 to 10 percent 1), and it pays
asubsidy of 20 cents per gallon for ethanol produced in Minnesota. Minnesota

also requires the use of oxygenated gasoline year round in the Twin Cities area,

and statewide starting next October.

Ethanol production has also been promoted through several subsidized loan pro -
grams, including economic recovery grants administered by the Department of
Trade and Economic Development, and two programs administered by the Minne -
sota Department of Agriculture that provide loansto producers and to farmers who
wish to purchase shares in ethanol-producing cooperatives. The largest state |loans
are those to producers through the Ethanol Production Facility Loan Program;

this program provides low-interest [oans of up to $500,000 per plant.

PROGRAM COSTS

The producer payment program pays ethanol producers 20 cents per gallonupto a
maximum of $3 million per plant and a statewide limit of $30 million. Thepay -
ments last until 2000 in some cases, and, in others, 10 yearsfrom the start of pro -
duction or expansion of production. Infiscal year 1996, two plants reached the $3
million limit. Producer payments totaled $22.1 million in the three year period,
fiscal years 1994 through 1996. The Minnesota Department of Agricultureesti -
mates that annual producer payments will reach about $26 million in fiscal year
1990.

Asthe producer payment is expanded, the blender’ s credit is being phased ouit.

The blender’ s credit cost $61.2 million in foregone tax revenue in fiscal years

1994 through 1996, but will end in October 1997, and is projected to cost $8.7 mil -
lionin fiscal years 1997 through 1999.

The cost of the mandate to use oxygenated gasoline, which becomes a statewide
requirement in October 1997, will be borne by consumers paying higher prices at
the pump. The exact size of the premium is difficult to determine. Nevertheless:

We estimatethat theretail price of gasohol will exceed the price of
conventional gasoline by about 2 to 3 cents per gallon over the next
several years.

Our egtimate of the higher cost of gasohol considersretail pricesin October and
December 1996 and January 1997, and wholesale prices 1994 through 1996.

1 Thecreditis5 cents per gallon of pure ethanol, not per gallon of ethanol-gasoline mix.

2 Thefederad Clean Air Act requires the use of oxygenated gasoline in areas that are out of com pli-
ance with federal air quality standards. The Twin Cities Areais out of attainment with carbo n mon-
oxide standards and is required to use oxygenated gasoline from October through January. E thanol
isthe only oxygenate currently in use in Minnesota.



SUMMARY

Minnesota has
eight ethanol
plantswith a
production
capacity of
about 92
million gallons
per year.

Over this period, oxygentaed gasoline has generally cost at least 2 to 3 cents more
than nonoxygenated gasoline nationally, regionally, and in Minnesota, asfar asthe
numbers can be determined from available data.

Minnesotans use about 2 billion gallons of gasoline each year, so each penny of
additional priceisequa to $20 million in costs attributable to the oxygenated fuel
requirement. But since the Twin Cities area (about half the state’ s population) is
under afederal Clean Air Act requirement to use oxygenated gasoline from the
first of October through January each year, the cost of the state requirement is
only five-sixths of $20 million for each additiona penny that oxygenated fuel
costs. If wetakethisinto consideration, and if we split the difference between
two and three cents per gallon:

We estimate that the statewide requirement to use oxygenated gasoline
will cost consumer s about $42 million each year.

The programs just described were designed to promote the production of ethanol
in Minnesota, and the evidence suggests that:

Minnesota’'s ethanol industry has comeinto existence largely in
responseto Minnesota’s ethanol programs, especially the producer
payment. Very little production existed prior to 1987 when the
producer payment was enacted.

Asof September 1996, Minnesota had eight plants on line with a capacity of
about 92 million gallons per year. Oneplantisalarge “wet mill” that produces
about 30 million gallons of ethanol, but could produce alot moreiif it devoted
more of the corn it grinds to ethanol production. 3 There aretwo small plants of
around one million gallon capacity each. One produces ethanol from dairy whey,
the other from food processing waste. Thefiveremaining plantsare “dry mills”
of 8to 15 million gallon per year capacity. Severa plants are under construction
and additiona plants are being planned.

Thetotal capitalization of a 15 million gallon per year dry mill ethanol plant is
about $25 to $30 million. While the exact terms of each Minnesota project have
varied, the sale of common stock financed about 40 to 50 percent of the cost of the
four plants built between 1994 and 1996, and bank loans or other debt with aterm
of 7 to 10 yearsfinanced most of the remaining cost. All but one of Minnesota's
major ethanol plants are farmer-owned cooperatives where ownership of ashare

of common stock requires delivery of one bushel of corn to the plant each year. In
the case of each of the four dry mills, the plants received alow-interest Minnesota
ethanol facility production loan of $500,000, aswell asup to $1 millionintaxin -
crement financing.

Agriculture department officials, plant managers, and lenders all told us that the
role of the producer payment was critical to financing the production facilities,

3 Wet mills separate the germ from the remainder of the corn kernel and can refine corn il from
the germ aswell as ethanol and higher-value products from the starch content of the kernel. Dry
mills grind the entire corn kernel and are limited to the production of ethanol and Distillers Dried
Grain and Solubles (DDGS) an animal feed.

Xi



Xii

Ethanol plants
have a
significant local
and statewide
economic
impact.

ETHANOL PROGRAMS

becauseit provides a secure revenue stream for ten yearsthat is about equal to the
cost of congtructing the plant and starting production. A 15 million gallon plantre -
ceives $3 million per year (at 20 cents per gallon of ethanol production). Over ten
years this provides $30 million which, as we have seen, is enough money to build
the plant and capitalize the company. Banks have been willing to lend money for

7 10 10 yearsto finance about half the project costs. Under these terms bankers do
not have to assume that the plant will be profitable over the long run.

ECONOMIC BENEFITS

Mogt of the communities in which ethanol plants are located, and the surrounding
counties, are struggling with problems of limited economic diversity and declining
populations. We found:

Construction and operation of ethanol plantsare a boon to the
communitiesin which they arelocated, and ther e ar e significant
benefitsfor the state asa whole.

Ethanol plants improve the economic climate in small cities by providing new job
opportunities. Ethanol plants typically employ around 27 people and provide
good wages and benefits.

In addition to jobs and tax revenue, small cities receive other benefits from etha -
nol plants. Most citiesimproved their roads or utility infrastructure as a part of
ethanol plant development. All of the most recent plants have received tax incre -
ment financing, however, so local governments have subsidized these infrastruc -
ture improvements. Officialsin these cities hope that these improvements will
increase their ability to attract and retain other business ventures.

All but one of the mgjor ethanol plants have been organized asfarmer-owned co -
operatives. The benefits of the cooperative structure are two-fold. First, any prof -
its from ethanol production are distributed among the farmer-owners. Thisalows
farmersto participate in the profits from processing the raw commoditiesthey pro -
duce. Second, cooperatives may be better able to withstand periods of high corn
prices, making them more stable forcesin the community. Farmers can provide
corn a below market rates during such periods.

Unlike locd benefits, statewide impacts cannot be measured directly. Weesti -
mated the statewide economic impacts of ethanol production using a method
called “input-output analysis.” This method alows usto estimate theripple ef -
fectsthat are created in the economy by a project such as the expansion of the
ethanol industry in Minnesota.

In fiscal year 1997, the Department of Agriculture projectsthat the ethanol indus -
try will manufacture 99 million gallons of ethanol. Using along term average
price for ethanol of $1.30, this represents about $129 million in revenue. Weesti -
mate an additional $41 million in revenue will come from sales of animal feed
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byproducts, again assuming average prices. The department projects producer
payments will total $17 million in fisca year 1997. Thus, industry revenues for

fisca year 1997 are expected to total to $187 million.

Economic Impact of Ethanol Production

Ethanol production has an overall economic impact that is greater than the value

of plant revenues. Firmsthat supply goods and servicesto the plant, such ascorn

growers and trucking companies, receive benefits and local shopkeepers profit
from increased economic activity. Input-output analysis uses the economicrela -

tionships between industry sectorsin the overall economy to estimate the indirect

and induced effects, for example, in the transportation and retail sectors.

We estimate the annual statewide economic impact of ethanol production to be
$211 to $327 miillion, as shown in the accompanying table. The range of values
represent different assumptions about the value added per bushel of corn by etha -

nol production over the market price for the raw commodity.

We also estimated the economic costs of public subsidies using the input-output
method, in order to calculate net statewide impacts. Ethanol programs such asthe
producer payment and blender’ s credit have implications for the taxes paid by

Minnesotans, while oxygenated fuel requirementsin excess of federa require -

ments raise fuel prices for consumers.

Xiii

Economic Impact of Ethanol Production and Use

ANNUAL BENEFITS AND COSTS!

Ethanol Industry
Producer Payment
Blender’s Credit

Metro Area Summertime Use:

Higher Fuel Cost’
Lower Fuel Economy3
Total

ONE-TIME NET BENEFITS
Construction Impacts:

Output Impact Employment Personal Income
(Millions) Impact (Jobs) Impact (Millions)
$211 - 327 1,132-1,618 $37 - $51
(20) (314) (8)
@) (102) (©)
2 to 5 cents per gallon (16) - (39) (246) - (633) (6) - (15)
2.3t0 3.5 percent decrease  (24) - (36) (373) - (575) 9) - (14)
$109 - $260 (492) - 583 $(3)-25
1/2 Local Content 174 1,146 38
2/3 Local Content 232 1,537 50
3/4 Local Content 261 1,733 57

LAll benefits and costs are based on fiscal year 1997 projections, except as noted.

2Assumes 667 million gallons annual consumption.

Assumes 667 million gallons annual consumption and $1.30 per gallon fuel costs.
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Thepositive
impacts from
ethanol
production are
partly offset by
the costs of
ethanol
incentives and
requirements.
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Economic | mpact of Producer Payments

The Department of Agriculture projects producer paymentsto total $17 millionin
fiscal year 1997. We estimatethe “cost” of this public expenditure by calculating
theimpact of an equivalent increase in middle income household spending. Input-
output analysis uses data on past consumption patterns to estimate the economic
impact of a spending change.

If the producer payments were not made, and instead taxes on middle income
househol ds were reduced by an equivaent amount, the impact would be a$20 mil -
lion increase in statewide economic output, as shown in thetable. 1n other words,
paying the $17 million subsidy costs the state $20 million in consumer expendi -
ture impacts.

Economic | mpact of the Blender’s Credit

The impact of the blender’ s credit is a so estimated as the impact of an equivaent
increase in middle income household expenditures. The Department of Revenue
projectsthe value of credits for fiscal year 1997 to be $6 million. As shown in the
accompanying table, we estimate the total impact to be a cost of $7 million.

Economic I mpact of Year-Round Ethanol Use

Consumers also incur costs as aresult of the year-round oxygenated fuel require -
ment in the Twin Citiesarea. We assume that about 2 billion gallons of gasoline
are used in the state, and about one-half of that total isused in the Twin Cities
area. Federal law requires use of an oxygenate in four winter monthsin the Twin
Cities, so only two-thirds of the annual costs associated with use are attributable to
date policy.4 Thus, about 667 million gallons are to be affected in fisca year
1997. The effects of oxygenated fuel are measured in higher fuel prices and lower
fuel economy.

We estimate oxygenated fuel costs at 2 to 3 cents more than conventional gaso -
line, but other estimates put this premium at 5 to 6 cents or higher. Theimpact of
raising the price of this portion of gasoline by 2 cents per gdlon, and dternatively,
by 5 cents per gallon, are shown in the table. We estimate that year-round ethanol
use in the Twin Cities costs the state between $16 and $39 million annualy.

Furthermore, vehiclestravel fewer miles per gallon of oxygenated fuel ascom -
pared with conventiona gasoline. Thisresultsin 2.3 to 3.5 percent more gasoline
being consumed, and (assuming a price of $1.30 per gallon) an annual loss of $24
to $36 million in statewide economic impacts.

4 Starting in October, 1997, oxygenated gasoline will be required statewide, increasing the cost
factor to five-sixths.
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Economic | mpact of Ethanol Plant Construction

Congtruction of an industrial facility such as an ethanol plant has alarge, but short-
lived, impact on the state' s economy. The impact on the state’ s economy of con -
structing ethanol facilitiesis presented in the table. Thisimpact differsfrom the
annual estimates just presented in that it represents a one-time boost to the state’s
€conomy.

Plant records indicate that construction of adry milling ethanol production facility
costs roughly $2 per gallon of production capacity. Using thisfigure, the cost to
build the state’ s 99 million gallons of capacity was around $198 million. Assum -
ing two-thirds of thistotal supports Minnesota construction firms, the total one-
time output impact from facilities construction is estimated to be $232 million.
The table also shows estimates derived under the assumptions of one-half and
three-fourths local content of $174 million and $261 million, respectively.

o NetBendfits

Ethanol

production Adding up the benefits and costs discussed above:

generates

economic - Weedtimate the ethanol industry generates a net annual impact of
activity each between $109 and $260 million, statewide. In addition, we estimate a
year of $109 to one-time benefit of $174 to $261 million from plant construction.
$260 million.

Employment and Personal Income Impacts

Our estimates aso include the impacts of ethanol production on statewide employ -
ment and personal income. The sectors that gain employment directly fromin -
creased ethanol production are mostly manufacturing sectors. In general, these
sectors are highly mechanized and levels of output per worker are high. Hence, a
given change in output supports arelatively small number of jobs. In contrast, de -
creases in household spending due to the cost of ethanol programs affect workers
mainly in the retail sectors, where output per worker islower. Thusfor agiven
transfer of income from households to the ethanol industry, more retail jobs are

lost than there are jobs created in manufacturing. The net result dependson spe -
cific assumptions, but job impact estimates range from aloss of 492 jobsto again
of 583 jobs for fiscal year 1997.

The ethanol industry has a net positive impact on total state personal incomeun -

der al but the most unfavorable combination of assumptions. Estimates range
from anegative $3 million to a positive $25 million.

ENVIRONMENTAL BENEFITS

Ethanol is one of two oxygenates commonly used as a gasoline additive to control
carbon monoxide (CO) emissions during thewinter. The Twin Citiesareaisone
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of 39 areas across the nation out of compliance with federal standardsfor atmos -
pheric carbon monoxide. Insuch “non-attainment” areas, gasoline containing 2.7
percent oxygen (by weight) is required from October 1 to January 31 each year.

We examined the scientific literature on the benefits of wintertime use of oxygen -
ated gasoline. We asked whether ethanol use allowed Minnesota to meet federa
carbon monoxide standards, and to what extent there are positive environmental
benefits to summertime use of ethanol in Minnesota.

Wintertime Ethanol Use

From areview of scientific studies and interviews with state and federd pollution
control officias, we learned:

While atmospheric carbon monoxide has declined dramatically over
thelast 25 years, much of the decline occurred prior tothe sart of the
oxygenated fuel program in 1991.

By 1990, CO emissions nationally had declined to about 30 percent of their 1970
levels.

The effect of oxygenated gasoline was examined in arecent report of the National
Research Council (NRC). ® The NRC is an operating agency of the National Acad -
emy of Sciences which was established under acongressiona charter to advise the
federal government on scientific and technical matters. Although their adviceis

not infalible, the NRC appoints distinguished panelsto objectively assess scien -
tific sudiesin areas of concern to policy makers.

The NRC report, which reviewed hundreds of studies on the use of oxygenatesto
reduce wintertime carbon monaoxide, isfar more comprehensive and authoritative
than any review we could have conducted, and we relied heavily, but not exclu -
sively, on its conclusions about the environmental effects of oxygenated gasoline.
The NRC study concluded:

Most of the reduction in atmospheric CO in recent years hasbeen due
toimproved vehicle emissons equipment. The use of oxygenated
gasoline cannot belinked to a significant reduction in atmospheric
carbon monoxide. ®

The Nationa Research Council, reviewing other studies, concluded that little or
no reduction in ambient CO levelsis due to the use of oxygenated fuelsin newer
vehicles with properly operating emissions systems. The NRC reviewed studies

5 Nationa Research Council, Toxicological and Performance Aspects of Oxygenated Motor Vehi-
cle Fuels, Washington, D. C., National Academy Press, 1996.

6 Thefollowing are direct quotes from the report: ". . . the effects of oxygenated fuelson
reduction of ambient CO levels are small at best; in some locations, increases in ambient CO have
actually occurred.” ". . .themagjor problem isalack of thorough, statistically defensible analysis of
ambient data. . ." Nationa Research Council, 1996, 40.
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reaching divergent conclusions on the efficacy of oxygenated gasoline, and called
for more and better research on key questions.

Minnesota has not recorded any violations of United States Environmental Protec -
tion Agency (EPA) carbon monoxide regulations in recent years and, according to
the EPA, there have been few violations anywherein the country. EPA foresees
the time that wintertime oxygenate use will only berequired in afew problemar -
eas rather than the 39 metropolitan areasin which it is now required.

The Nationa Research Council was very critical of the lack of cold-wesather tests

of oxygenated gasolinein light of some studies that show big differencesintheef -
fectiveness of oxygenated gasoline in cold weather, and some studies that actually
show increased CO emissions at low temperatures. The EPA tests oxygenated
gasoline at 75 degrees, and this obvioudly limits the applicability of test resultsto
Minnesota wintertime conditions.

Summertime Ethanol Use

Minnesota now mandates year-round use of oxygenated gasoline at 2.7 percent
oxygen content in the Twin Cities area and will require oxygenated gasoline state -

Thereare wide starting in October 1997. We found:

Serious

concer ns about - Thereisaserious question in theliterature and among pollution
the adver se control officialsin Minnesota about the environmental benefits of
effects of using summertime use of ethanol in areas, such as Minnesota, that meset

ethanol in federal ozone standards.
war m-weather Ethanol raises the volatility of the fuel with which it is mixed, and summertime
months. use requires awaiver from the federal volatility standards that apply to the use of
gasoline mixed with methyl tertiary butyl ether (MTBE), the most commonly used
oxygenate across the country. Controlling the volatility of gasolineisimportant in
the summer, since gasoline is naturally more volatile at higher temperatures, and
gasoline contains harmful volatile organic compounds that cause human health
problems directly and also lead to ozone (smog) formation.

The Minnesota Pollution Control Agency (PCA) was concerned with summertime
pollution effects of ethanol and sponsored a consultant study which concluded that
summertime ethanol use is neither beneficial nor harmful. = Ethanol reducestail -
pipe emissions of CO and certain toxins, but increases the release through evapora -
tion of other harmful compounds. Based on areview of this study and interviews
with PCA and EPA, we conclude that:

7 The Minnesota Department of Agriculture referred us to a January 1997 consultant study sp on-
sored by the Oxygenated Fuels Association and the Renewable Fuels Association that purp ortsto
show a positive effect of oxygenated gasoline on atmospheric CO. (Systems Applications| nc.,
1997.) Thisstudy and othersin the future may cause the scientific consensusto change. Nev erthe-
less, we think the NRC report is curently the most independent, authoritative document available to
policy makers.

8 Whitten, Gary Z., Austin, Barbara S., and O’ Connor Karina, Ozone Impact of Year-Round Oxy-
Fuel Programin Minnesota, Systems Applications International, June 30, 1994.
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Ethanol
containsathird
less ener gy
than gasoline.
Use of ethanal
blendsreduces
fuel economy
2.3t035

per cent.
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The net environmental benefits of ethanol use are minimal or
non-existent in the summer.

OTHER ISSUES

Ethanol use has been viewed by some as the cause of avariety of engine perform -
ance problemsin automobiles, recreationa equipment, and various small engines.
We reviewed the best and most recent studies and conclude;

Thereisno substantial evidence of mechanical problemsin modern
engines from the use of 10 percent ethanol blends, although in some
cases, carburetted engines need minor modification for optimal
performance.

A galon of ethanol contains about 33 percent less energy than agallon of gaso -
line, and fuel economy directly reflects the energy content of fuel, so,

Thereisa 2.3to 3.5 percent drop in fuel economy when motor vehicles
arerun on ethanol blends.

The exact loss of mileage varies with the concentration of ethanol in the fuel and
the density of gasoline used which varies with the season. Ordinarily the drop in
fuel economy will not be noticed by drivers, becauseit is less than one mile per
gdlonin acar getting 25 miles per gallon, and isless than the tank-to-tank vari -
ation that occurs because of changing driving conditions. On a statewide basis,
however, a 2.3 percent reduction in fuel economy trandates to 46 million addi -
tional gallons of gasoline each year.

Advocates of ethanol use point out that ethanol substitutes for petroleum and does
not contribute to global warming. Advocates also point out that imported petro -
leum use carries hidden costsin the form of spending on military protection and
environmental cleanup of oil spills.

Indeed, while burning ethanol puts CO2 into the atmosphere, the corn or other
biomass from which ethanal is produced recently took this CO2 out of the atmos -
phere. On these grounds ethanol is preferable to fossil fuel; however, substantia
energy, much of it derived from fossil fuel, is used in growing corn and producing
and distributing ethanol. ° Also,

Ethanol consumesabout 7 percent of U. S. corn production and
contributes a very small amount, about one-tenth of 1 percent, to
United States ener gy consumption.

Thereis no realistic scenario under which ethanol produced from corn or other
grain can contribute much to independence from imported oil or contribute mean -

9 Studies suggest that the net energy value of ethanol is 24 percent, meaning that ethanol cont rib-
utes 24 percent more energy than is required for its production.
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Thefuture
profitability of
ethanol
production is
subject to
several risk
factors.
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ingfully to reduction in greenhouse gasses in the atmosphere. About 39 percent of
national energy needs are provided by petroleum. If ethanol were to contribute as
much as 1 percent of nationa energy needs, it would use about 70 percent of
United States corn production, and long before this happened food prices would
increase unacceptably. Under any redlistic ethanol scenario, oil importswill con -
tinue at substantial levels, so al the military and environmental costs associated
with petroleum will continue.

RISKSTO FUTURE VIABILITY

We have seen that there are sizable local and statewide economic benefitstoin -
creased ethanol production. However, we urge policy makersto consider severd
risks to the future of the industry in Minnesota. The projected economic benefits
of ethanol require an industry that can prosper under future conditions. The major
contingencies include:

Therisk that ethanol producerswill not be able to make money at
prevailing pricesfor corn and ethanal;

The possibility that Minnesota plantswill lose out in competition with
larger, moreéefficient producers,

The possibility that the federal gover nment will withdraw all or much
of itscurrent 54 cent per gallon tax credit for ethanal.

PROFITABILITY

The most fundamental question faced by any businessisits profitability under con -
ditions that will prevail in the future. The profitability of the ethanol industry de -
pends chiefly on prices for corn, ethanol, distillers grains, and on the future of

state and federal subsidiesto ethanol production.

We collected production cost data from all the major operating ethanol plantsin
Minnesota, al but one of which are dry mills. We aso reviewed published data
on the same type of ethanol factories asthe major dry mills currently operating in
Minnesota. These sources allowed usto gain an accurate understanding of the
economics of ethanol production and the range of pricesfor corn and ethanol un -
der which production will be profitable.

We estimate that variable costs of ethanol production, excluding corn, are 37 cents
per gallon and fixed costs are 29 cents. Variable costsinclude energy, water, sup -
plies and certain employee payroll costs; fixed costsinclude management, insur -
ance, depreciation and other expenses that do not vary with production. The price
of cornisthe biggest factor in determining the cost of ethanol, generally repre -
senting between one-half and two-thirds of total costs. Corn prices have varied
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include prices
for corn and
ethanol and
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state and
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widdly in thelast severd years, and per-gallon corn costs have ranged from 73
centsto $1.77. (About 2.6 gallons of ethanol can be produced from abushel of
corn.) Our analysis shows:

Minnesota’'s ethanol plantswill be profitable at long-term average
pricesfor corn and ethanol, assuming continued federal subsidies.

Average prices for corn and ethanol over the period 1988 through 1995 were about
$2.25 per bushel and $1.30 per gallon respectively. At these prices, we estimate
the net profit per gallon of ethanol production to be 40 cents. This correspondsto
areturn of about $1.00 per bushel of corn processed. At an ethanol price of $1.30
per gallon, the plants can break even with acorn price as high as $3.25 per bushel.
Our analysis also shows:

Profitable ethanol production was possible (with the producer
payment) at the pricesprevailing in 15 of the 24 months ending
October 1996. Without the producer payment ethanol production
would have been profitablein 7 of 24 months.

Pricesin the corn and ethanol markets have been volatile in recent years. We

looked at historical price datato reach conclusions about profitability under real-
world conditions. Much of 1995 saw moderate corn prices coupled with below av -
erage ethanol prices, and 1996 saw near-record high pricesfor both. Corn prices
were over $5.00 per bushel and peaked at $5.54 at the Chicago Board on July 12,
1996. The price of ethanol was also high during this period, around $1.60. At

corn and ethanol prices of $4.75 and $1.60 respectively, the estimated per gallon
profit is a negative 26 cents per gallon.

Aswe learned during our plant visits during the summer of 1996, plantswerelos -
ing money, dthough the ethanol co-ops’ ability to pay lessthan full market price
for corn (most try to make an initial payment of 80 percent of the market price)
helped them to keep the factories going.

FEDERAL AND STATE SUBSIDIES

Thefedera government pays ethanol distributors 54 cents per gallon of ethanol in
the form of ahighway tax credit. Minnesota paysa5 cent tax credit, and also
pays producers 20 cents per gallon of ethanol. Our production model, presented

in our full report, can be used to estimate the effect on ethanol plant profitability if
all or part of these subsidies are eliminated. The producer payment is scheduled to
be phased out by 2000 or ten years after the start of production. By itself,

Theloss of the producer payment meansthat profits will be reduced
20 cents per gallon.
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Without the producer payment, the per-gallon profit of 40 cents at long term prices
would be reduced to 20 cents. The “profit” of minus 26 cents during the high
price environment of 1996 would be reduced to a minus 46 cents per gallon.

The possible loss of the 54 cent federal tax credit has to be calculated another way.
Theloss of the credit has the same effect as reducing the price of ethanol by 54
cents per gdlon. If we do thisusing any redlistic price assumptions for corn and
ethanol, our model shows:

Theloss of the 54 cent federal subsidy would be catastrophic to the
ethanal industry, and Minnesota (and national) ethanol production
would declineto near zero. Ethanol plants cannot make money if the
price of the product declines by 54 centsunder any realistic price
assumptions.

Thefedera tax credit expiresin 2000 and a vote by Congress will be necessary to
renew it. The Minnesota ethanol producers we talked to cite the possible |oss of
the federal credit asthe biggest risk to their future profitability that they can see.
The nation’ s largest ethanol producer is Archer Daniels Midland whose four plants
have an annual production capacity totaling 750 million gallons per year, or half
the nation’ stotal production capacity. Archer Daniels Midland has recently paid a
$100 million fine for conspiring to fix the price of two productsit produces from
corn, and opposition to corporate subsidies, and to the ethanol subsidy, appearsto
be growing in Congress. Thisisnot to say wethink it islikely that the entire
credit will disappear. A reasonable speculation isthat it will be reduced. Minne -
sota policy makers need to consider the risks to further public investment in the
Minnesota ethanol industry under these circumstances.

COMPETITION

A key risk to the Minnesota ethanol industry which consists mainly of dry mills
under 15 million gallon capacity is:

Smaller plantshave higher average production coststhan larger
plants, and dry mills produce a narrower and less valuable mix of
productsthan do wet mills. The size and adaptability of wet mills may
enable them to be profitable under conditionswheredry mills cannot
survive.

The highly concentrated owner ship of ethanol production may also
poserisksfor Minnesota producers.

Minnesota producers face competition from large companies with large plants.

One of Archer Daniels Midland’ s plants produces twice as much ethanol asall
Minnesota producers put together. The top five companies produce nearly 75 per -
cent of the nation’s ethanol. This concentrated ownership meansthat large produc -
ers can set aprice for ethanol that smaller companies might have to take.
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Dry mills produce only ethanol and animal feed while wet mills can produceava -
riety of higher value productsincluding corn oil, corn syrup, high fructose corn
syrup and other products. An analysis prepared by the Minnesota Department of
Agriculture shows that dry mills can produce as much ethanol from abushel of

corn as wet mills, but that awet mill can add much more value to a bushd of corn
than adry mill. At April 1996 prices, MDA estimatesthat adry mill produces
products worth $5.12 from corn priced at $4.80. The wet mill can produce mixes
of products with values ranging from $5.04 (if they produce only ethanol and ani -
mal feed) to $8.42 if they maximize high fructose corn syrup production.

Thisillustration suggests that wet mills can be profitable under awider range of
market conditions than dry mills. When ethanol prices are low, corn syrup prices
could be high, for example. The advantage held by dry millsisthat they aresig -
nificantly cheaper to build, about $2 per million gallon capacity for a10to 15 mil -
lion gallon per year factory. A wet mill costs several times this amount.

According to our interviews with plant managers, Minnesota'sdry millsare not ef -
ficiently-sized in terms of staffing requirements. A substantial increasein produc -
tion in these mills would require little or no increase in employees. Minnesota's

cap on the producer payment at 15 million gallons of annua production may be
partly responsible for limiting the size of recently-built plants. Some plantsareat -
tempting to achieve greater economies of scale through cooperative marketing
agreements. An important issue iswhether Minnesota producers can compete

with larger dry mills and large wet millsin an environment where the large compa. -
nies can set the price for ethanol and could underprice Minnesota producers if

they needed or choseto do so.

Finally, there are other risksto the future of corn-based ethanol production. The
federal government, for example, isfunding amajor research effort on production

of ethanol from cellulose sources such as grasses and fast-growing trees. Commer -
cial application of thistechnology could threaten Minnesota's corn-based produc -
tion facilities. Minnesota sinvestment in ethanol is considerable compared to its
other economic development programs. Given the risksto future profitability dis -
cussed above, we think that:

Policy makers should consider whether so much of Minnesota'srural
economic development effort should go to oneindustry.

Minnesota's ethanol programs should not be based on the premise that profitable
ethanol production isasure bet. There are plausible scenarios for both success
and failure.
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Minnesota, one of the nation’ s leading corn producing states, exports most

of its corn as araw commodity. Although ethanol can be commercially
produced from various materias, over 95 percent of fuel ethanol production in the
nation and in Minnesota uses corn as the raw material.

E thanol production complements Minnesota s agricultural economy because

In 1995 Minnesota was the fourth largest corn producer among the states, with
6.70 million acres planted, and 6.15 million acres harvested. The value of the
corn harvested for grain in Minnesotawas $2.1 billion in 1995. Between 1988
and 1995, Minnesota produced an average of 655 million bushels annually. For
the same period, U. S. average annua production was 7.6 billion bushels. Thus,
during this eight-year period, Minnesota produced 8.6 percent of the nation’s corn.

In 1993, according to Minnesota Department of Agriculture estimates, about 62
percent of the corn grown for grain in Minnesota was exported out of the state asa
raw commodity. About 33 percent was fed to livestock and 5 percent was proc -
essed into other productsincluding ethanol. Itisagoa of economic development
policy to process a greater share of the state’ s agricultural products within the state
in order to add value to raw products and improve the state’ s economy, especially
therural economy. A bushd of corn converted into ethanol and co-products can
be sold for more than the corn itself, so ethanol production is one way to add value
to the grain that would otherwise be sold at alower price.

Minnesota has enacted a set of programs designed to promote the production and
use of ethanol. Minnesota s ethanol programs are based on the sound assumption
that the state as awhole, and the corn-growing regions of Minnesotain particular,
will benefit if aprofitable ethanol industry is established. Aswewill see, takento -
gether these programs represent alevel of effort that exceeds that of any other

state. These programs have succeeded in fostering the growth of ethanol produc -
tion capacity that has grown from almost nothing in the mid-1980s to 92 million
gdlons per year in 1996. The state has supported the industry through subsidized
loans, producer payments, tax credits, and arequirement to use oxygenated gaso -
line that will become a statewide, year-round mandatein 1997. Asaresult, Minne -
sota has a sizable investment in the future of the industry.

Ethanol subsidies are a controversia issue nationaly and in Minnesota, and ques -
tions have been raised about the benefits of ethanol use and the need for continued
taxpayer support. The Minnesota L egidature heard some testimony questioning



ETHANOL PROGRAMS

ethanol subsidieslast year, and the Legidative Audit Commission asked the Office
of the Legidative Auditor to carry out astudy that would look further into the
costs and benefits of the state’ s ethanol programs.

Thisreport asks:
What are Minnesota’'s ethanol programsand how much do they cost?

Towhat extent have the programs succeeded in promoting the
establishment and growth of ethanol production facilitiesin
Minnesota?

What arethe economic and environmental benefits of ethanol
production and use?

Areethanal plants profitableat current prices? At what futureprices
of corn and ethanol will the Minnesota ethanol industry be profitable?
Will continued state and federal subsidiesberequired for future
profitability?

What arethemajor risk factor s affecting the future viability of
ethanol production in Minnesota?

To answer these questions, we reviewed the history of Minnesota s ethanol pro -
grams and discussed the programs with officia s in the Minnesota Department of
Agriculture responsible for administering them. We aso visited six Minnesota
ethanol plants and talked to plant managers about their experience in building and
operating the facilities. We obtained production and financial datafrom each
plant in order to put together a composite picture of production costs. In many
cases we talked to public officials and others in the communities we visited who
wereinvolved in the effort to build or locate a plant in the community.

We reviewed the national literature and past Minnesota studies relating to theenvi -
ronmental and economic issues connected to ethanol use and production. Wein -
terviewed expertsin several state and federal agencies on various technical
guestions, and in order to carry out the economic analysis reported here, weob -
tained data and specialized software that allows an estimate of the direct andindi -
rect economic impact of an expanded ethanol industry.

Our report is organized in four chapters. Chapter 1 provides background informa -
tion on Minnesota s ethanol programs, including data on ethanol production and

the cost of each major program. Chapter 2 presents our analysis of the state and
local economic benefits of ethanol production. Chapter 3 presentsareview of sci -
entific findings on the environmental benefits of ethanol use, along with an exami
nation of studies of ethanol’ s effect on fuel economy and mechanical performance.
Chapter 4 isadiscussion of mgjor risksto the future profitability of the ethanol in -
dustry in Minnesota.
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in operation. Now, as Table1.12 shows, there are eight plants operating with ato -
tal capacity of 92 million gallons per year. Three more plants are under construc -
tion. One of these, the Minnesota Energy Plant in Buffalo Lake, is dueto start
operation in the fall of 1996. There are additional plantsin some stage of plan -
ning.

A case-by-case examination of the history of each major operating plant leads us

to conclude that the plants were built because of the state’ s ethanol programs, espe -
cially the producer payment. Below, we go over the history of each of the mgjor
plants to learn how Minnesota s programs aimed at encouraging ethanol produc -
tion influenced the decision to build the plant.

Minnesota Corn Processors

The Minnesota Corn Pracessors (MCP) plant in Marshall isawet mill that began
operating in 1982, producing various products including corn syrup and sweeten -
ers and began producing ethanol in 1987. MCP is organized as afarmer-owned
cooperative with about 5,000 shareholders, 4,000 of them in Minnesota. It oper -
ates ethanol plantsin Minnesota and Nebraska. According to plant managers, the
state of Minnesota approached M CP 1986 and asked the company to develop an
ethanol refining capacity, promising a producer payment of 20 cents per gallon as
an incentive.

The MCP plant in Marshall isalarge factory that grinds more corn than all the
other Minnesota ethanol plants put together. Ethanol is not its main product, but
the plant still produces about 32 million gallons per year, about twice as much
ethanol as any other plant, as Table 1.12 shows. This plant is expanding its corn-
grinding capacity and, when complete, it will grind 160 thousand bushels of corn
per day, or about 58.4 million bushels per year. In comparison, a 15 million gallon
dry mill grinds about 6 million bushels of corn each year. If the Marshall plant
converted al its corn starch to ethanal, it could produce about 146 million gallons
of ethanol per year. Thisleve of production would make it one of the nation’s
largest plants.

The producer payment reaches a maximum of $3 million per plant at 15 million
gdlons of annual production. MCP produces around twice this amount of ethanol
and has reached the maximum payment under Minnesota' s program. MCPre -
cently built an ethanol plant in Nebraska. Nebraska aso has a producer payment
of 20 cents per galon, and this may have been afactor in MCP sdecisontoex -
pand outside of Minnesota.

Recently Built Dry Mills

Four plants started up between 1994 and 1996 are dry millsof 10to 15 millionga -
lon per year capacity. These are the millsin Benson, Claremont, Winnebago, and
Winthrop. All of these are farmer-owned cooperatives. In these companies, each
share of common stock obligates the shareholder to deliver one bushel of cornto

the plant per year. Typically, the co-op member receives 80 percent of the prevail -
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Table 1.12: Minnesota Ethanol Plants Operating, Under Construction,
and Proposed, September 1996

FY 1996
Location Start Up Capacity Production
OPERATING
Chippewa Valley Ethanol Co. (CVEC) Benson 1996 15 2,459,240
Al-Corn Claremont 1996 10 1,043,148
Minnesota Corn Processors (MCP) Marshall 1987 32 29,610,255
Morris Ag Energy Morris 1990 7.5 6,347,166
Kraft Ethanol Melrose Early 1980s 1.5 1,482,869
Minnesota Clean Fuels Dundas 1992 1.2 805,188
Corn Plus Winnebago 1994 15 15,871,592
Heartland Corn Products Winthrop 1994 10 11,858,349
Total Operating 92.2 69,477,807
UNDER CONSTRUCTION
Minnesota Energy Buffalo Lake 1996 10 -
Central Minnesota Ethanol Cooperative Little Falls 1997 15 -
Ethanol 2000 Bingham Lake 1997 12.5 -
Total Under Construction 375
PROPOSED
RDO Park Rapids - 15 -
Exol-So. Central MN Agrifuels Co-op Albert Lea - 30 -
Cornerstone Luverne -- 15 --
Renewable Oxygenates, Inc. Madison - 15 -
Dawson Project Dawson -- 20 --
South East MN Ethanol Co-op (SEMEC) Preston - 10 -
Total Proposed 105
GRAND TOTAL 234.7

Source: Minnesota Department of Agriculture.

ing market price at the time of delivery and later receives an additional amount
and, potentially, a share of the profits. Typicaly the minimum initia investment is
5,000 shares. In some companies, non-farmers are allowed to purchase shares, but
they, too, have to supply corn each year.

Thetotal capitalization of a 15 million gallon per year ethanol plant is about $25

to $30 million. In a$30 million plant, roughly $8 million goes to construction,

$10 million to equipment, $6 million in engineering and design, and $6 millionin
working capitd for the start up of operations. While the exact terms of each Min -
nesota project are different, the sale of common stock financed about 40-50 per -
cent of the cost of building these four plants, and bank loans or other debt with a
term of 7 to 10 years financed most of the remaining cost. In the case of each of

the four dry mills built between 1994 and 1996, the plants received a Minnesota
ethanol facility production loan of $500,000 at 6 percent interest, and upto $1 mil -
lion in tax increment financing. 19

19 Benson, $1 million; Claremont, $657 thousand; Winnebago, $556 thousand, and Winthrop,
$525 thousand.
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The Morris Ag Energy plant in Morrisis owned by the Milsolv Corporation, an
ethanol marketing company headquartered in Milwaukee. Unlike al the other op -
erating plants discussed so far, the company is not a cooperative nor is Milsolv a
publicly-owned company. The Morris plant was moved to Minnesotafrom Illi - -
nois and began operationsin 1990. According to the plant’s general manager, Mil -
solv went into ethanol production to assure a steady supply of the product they

were marketing. Building on this marketing expertise, Morris Ag Energy markets
the ethanol for two other plants, CVEC in Benson and Al-Cornin Claremont. Ac -
cording to MDA, Morris has plans to expand production from about 6 millionga -
lonsinfisca year 1996 to 12 million in 1999, and morein future years.

Small Producers

Two of the plantslisted in Table 1.12 are small producers of about 1 millionga -
lons per year capacity. The Kraft plant in Melroseis an adjunct to acheesemak -
ing operation and uses dairy whey as afeedstock. The Minnesota Clean Fuels

Pant in Dundas uses starch that is awaste product of a Twin Cities food process -
ing operation. Together these plants account for about 2-3 percent of Minnesota
ethanol production. We did not visit these plants or study their financing or opera -
tions. The Kraft plant was in operation before the state ethanol incentiveswereen -
acted. The plant has plans to expand ultimately to about twice its current outpui,

and these plans may be related to the existence of state programs.

In summary, as of September 1996, the Minnesota ethanol industry consisted of
eight operating plants with atotal production capacity of about 92 million gallons
per year. All but one of the magjor plants (Morris Ag Energy) isafarmer-owned co -
operative. All the plants use corn as afeedstock except for two small plantswith a
combined capacity of lessthan 3 million gallons per year. One plant isawet mill
(MCP) with acorn-grinding capacity well in excess of all the others put together.
Ethanol production is an important part of their operation, but not the major part.
Five plants are medium sized (8-15 million gallons per year) dry millsthat have
comeinto existence since 1990. About five of the currently operating plants have
plansto significantly increase production, and as noted earlier, counting these
plans and projections of new plants coming on line, MDA forecasts that ethanol
production will increase from about 69 million gallonsin fiscal year 1996 to 159
million gallonsin 1999 and 178 million gallonsin 2001.

A key question about the Minnesota programs designed to promote the develop -
ment of an ethanol industry iswhether the industry would have come into exist -
ence or have these expansion plans without the state programs. We discussed the
history of each project with plant managers and in many cases we talked with lo -
ca officials who were involved in the process. Considering the four medium

sized dry mills and the wet mill in Marshall, we conclude that:

Theproducer payment wascritical to the construction of the ethanaol
industry in Minnesota and much less ethanol production would exist
in its absence.
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Agriculture department officias, plant managers, and lenders al pointed to the
crucia role of the producer payment in providing a secure revenue stream for ten
yearsthat is about equd to the cost of constructing the plant. A 15 million gallon
plant receives $3 million per year (at 20 cents per gallon of ethanol production)
Over ten years, this provides $30 million which, as we have seen, is enough
money to build the plant and capitalize the company.

Banks have been willing to lend money for 7 to 10 years to finance about half the
project costs. Under these terms, bankers do not have to assume that the plant will
be profitable. Infact, theloans are likely to be repaid even if the ethanol plant is
an economic failure since state requirements assure the continuation of local de -
mand for ethanol, state producer payments subsidize the cost of production, and
shareholder equity can cover operating lossesfor atime.

In our view it isnot a coincidence that all recently built ethanol plantsin Minne -
sotaare dry mills of under 15 million gallons per year capacity. Dry millsare
cheaper to construct than wet mills, and the size of the plants reflects the fact that
the producer payment islimited to 15 million gallons of production per plant each
yedr.

In quite afew cases among the successful projects we studied, it was not easy to
put together afinancing package, and project developers were required to cobble
together loans from diverse sources and to reduce plant capacity below what was
originaly planned for. In one case, the engineering firm that designed and built
the plant had to take a sizable ownership interest in the plant as well as on-going
operational respongbility. In other cases, higher-interest loans had to be obtained
to complete the financing package. 1n most caseslocal tax increment financing
was a key factor in the location of the plant.

FEDERAL ETHANOL PROGRAMSAND
REQUIREMENTS

One point needs to be kept in mind when looking at ethanol programsin Minne -
sota or other states.

Given the cost of production, little ethanol would be used as
automotive fuel without the 54 cents per gallon (of ethanol) federal
subsidy now in place.

The wholesale price of ethanol averaged $1.27 between 1987 and 1995. 2 The
wholesale price of unleaded regular gasoline was less than haf of thisprice (be -
tween 50 and 60 cents per gallon August 1995 to August 1996). In late summer
1996, ethanol prices were strong, around $1.60 per gallon. Unless mandated or
subsidized, little ethanol would be used as an automotive fuel at these prices. The
analysis reported in Chapter 4 of thisreport suggests quite strongly that Minne -

20 Computer Petroleum Corp. cited in MDA Economic Impact of the Ethanol Industry in Minne -
sota, May 1996.
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sota' s ethanol plants would go out of business without the 54 cent per gallonfed -
eral tax credit.

Thefedera government tax credit for ethanol of 54 cents per gallon of ethanol
brings the ethanal price to the point where it is more competitive with gasoline.
Subtracting 54 cents from $1.27 yields aprice of 73 cents for ethanol compared to
50-60 cents per gallon. Aswe have seen, ethanol still adds at least 2 to 3 cents per
gdlon to the cost of automotive fuel, but this has not met with alot of consumer
resstance. An issuefacing ethanol producers for the future and potentia ethanol
plant lenders now is that the federal tax credit may not be extended beyond 2000.

The federa government also mandates the use of oxygenated gasolinein 39 CO

_T he ethanol non-attainment areas and 9 ozone non-attainment areas. At 73 cents per gallon
industry with the 54 cent per gallon tax credit, ethanol is competitively priced as an oxygen
dependson the ate. The other oxygenate in widespread use, methyl tertiary butyl ether (MTBE),
federal tax costs around 79 cents per gallon on the gulf coast (August 1996 price), 83 cents
credit of 54 per galonin New York, and 87 centsin Los Angeles. MTBE is manufactured

from methanol produced from natural gas as a by-product of oil refining. Compar -
ing oxygenate costs in Minnesota means we have to add shipping costs since little
MTBE is produced here. It costs 15 to 20 cents per gallon to ship MTBE to the
midwest from the Gulf Coast.

centsper gallon.

A 15 percent mixture of MTBE in gasoline achieves the same level of oxygen asa
7.7 percent mixture of ethanol. So ethanol (with the 54 cent credit) is competitive
with MTBE in Minnesota, even at 1.60 per gallon. 2L Ethanol isthe oxygenate of
choice in Minnesota and other midwestern states where little MTBE is produced
and alot of ethanal is produced. It would be even more competitive a lower etha -
nol prices such asthe average 1987-95 wholesae price of $1.27. There are some
advantages to using MTBE over ethanol in the summer that could potentially af -
fect the competition between the two oxygenates, however. Thisissueisdis -
cussed in Chapter 3.

MTBE is cheaper to produce than ethanol, however, and is used more widely than
ethanol around the country, especialy in the vicinity of oil refineries. Asshown
elsawhere, very little ethanol ismixed in gasoline in Texas, New York, and Califor -
nia, states which nevertheless have large populationsliving in CO and ozone non-
attainment areas.

In summary, federd air quaity standards and a 54 cent per gallon ethanol tax

credit makeit possible for ethanol to compete with MTBE as an oxygenate and to
be added to gasoline without increasing the price of gasoline so much that thereis
significant consumer resistance. Ethanol could not be profitably produced in Min -
nesota without the federal subsidy, and loss of al or part of thissubsidy isthebig -
gest concern of many of the ethanol producers with whom we talked.

21 Atawholesale price of $1.60, the subsidized cost is 54 cents less, $1.06 per gallon. One gall on
of ethanol adds as much oxygen as 1.5 gallons of MTBE so MTBE at 79 cents with 15 cents ship -
ping equals 84 cents and this sum times 1.5 equals $1.26 compared to ethanol at $1.06.



