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Bottlenecks, Drought, and Oil
Price Spikes: Impact on U.S.
Ethanol and Agricultural Sectors

Simla Tokgoz, Amani Elobeid, Jacinto Fabiosa,
Dermot J. Hayes, Bruce A. Babcock, Tun-Hsiang
(Edward) Yu, Fengxia Dong, and Chad E. Hart

We project U.S. ethanol production and its impact on planted acreage, crop prices, livestock
production, trade, and retail food costs. The projections are made using a multicommodity,
multicountry, and a partial equilibrium model. Results indicate that expanded U.S. ethanol
production will cause long-run crop prices to increase. In response to higher feed costs,
livestock farmgate prices increase enough to cover the feed cost increases. If crude oil
prices increase, the U.S. ethanol sector expands. Results of a 1988-type drought scenario
combined with a large mandate for ethanol consumption show higher crop prices, a drop
in livestock production, and higher food prices.

The recent emergence of biofuels as important agricultural commodities has
generated interest in their likely impact on U.S. and world agriculture.
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2 Review of Agricultural Economics

Questions such as how large the ethanol and biodiesel sectors will become and
how much they will affect traditional agricultural markets have increased in im-
portance as the biofuels sector has grown. The large run-up in corn prices will
have important impacts on the U.S. livestock sector, which will eventually filter
down to the consumer. Recognition of these impacts has created interest in the
effect of biofuels on the livestock sector and on wholesale and retail food prices.

The emergence of biofuels in the United States has been largely driven by tax
incentives, federal and state mandates, and the progressive elimination of MTBE
(methyl tertiary butyl ether) as an additive in many states. The 2005 Energy Policy
Act, which introduced the Renewable Fuel Standard (RFS) (EIA), initiated policies
targeting an increased reliance on biorenewable sources of motor fuel (gasoline
and diesel). Combined with persistently high crude oil prices, the biofuels sector
has taken center stage in discussions about U.S. reliance on fossil fuels and on
how biofuels can help meet environmental goals.

The growing biofuels industry has led to an expanding number of studies on
ethanol and other biofuel markets. Koizumi and Yanagishima were among the
first to establish an international ethanol model and examine the implications
of a change in the compulsory ethanol-gasoline blend ratio in Brazil on world
ethanol and sugar markets. Gallagher et al. look at the competitive position of
Brazilian ethanol produced from sugar processing as compared to U.S. ethanol
produced from corn under the assumption of no tariffs in the ethanol market.
English et al. analyze the impacts on the U.S. agricultural sector of achieving the
goal of the 25 ×25 group, which is to obtain 25% of the U.S. projected energy needs
from renewable energy sources in the year 2025. The renewable energy sources
include ethanol from traditional crops and from cellulosic sources, biodiesel, and
wind. The authors use POLYSYS (a computer simulation model of U.S. agricul-
ture), which provides annual estimates of changes in land use resulting from
the demand generated by bioenergy industries. However, their study does not
incorporate impacts of the changes in the U.S. agricultural sector on interna-
tional agricultural markets and the resulting adjustments on world prices since
the POLYSYS model does not cover world agricultural markets.

Few papers fully endogenize the prices of feedstocks used in ethanol produc-
tion, that is, sugarcane and corn. Most studies have tended to hold these constant
(Gallagher et al.; Koizumi and Yanagishima). The study by Ferris and Joshi is
an exception. Recent papers (Elobeid and Tokgoz; Tokgoz and Elobeid) have en-
dogenized these prices by using a large set of multimarket agricultural models.
The prices are derived through an equilibrium mechanism that equates excess
supply to excess demand in each market. These studies incorporate linkages be-
tween an international ethanol model, an international sugar model, and a U.S.
crops model. Contrary to Ferris and Joshi’s work, which takes ethanol projec-
tions provided by the U.S. Department of Energy as given, the studies by Elobeid
and Tokgoz provide projections for ethanol production and consumption in the
United States based on the latest market conditions and policy settings.

The general objective of this study is to provide an estimate of how large the U.S.
biofuels sector could become and to assess the likely impact of this sector on crop
markets, trade, and on wholesale and retail livestock markets. Specifically, we run
two scenarios that examine the impacts of a higher world crude oil price and a
widespread short crop in the United States. To this end, this study uses a broad
set of U.S. and international agricultural sector models, which allows the impact
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Bottlenecks, Drought, and Oil Price Spikes 3

of the expansion of the ethanol sector to be captured in multiple markets. This
large framework allows prices in the ethanol, crops, livestock, and dairy sectors
to be endogenized, not only in the United States but also in world markets. It
also captures the full response of world agricultural markets to this boom in the
ethanol sector. This aspect is crucial, since the United States is a major player in
world agricultural commodity markets, as a producer and a trade partner.

A baseline for U.S. and world agricultural markets is first established and then
two scenario analyses are conducted. The ethanol sector has become integrated
into the agricultural sector, and hence this increases the agricultural sector’s sus-
ceptibility to volatility from the energy markets. Therefore, analyzing the link
between the energy and the ethanol markets is vital. Thus, a scenario with higher
crude oil prices but with constrained demand for ethanol is included. With the
emergence of biofuels, crude oil prices have a much more direct impact on the U.S.
agricultural sector compared to the prebiofuels era when it mostly affected the
cost of production. The composition of the U.S. vehicle fleet affects the final im-
pact from a change in the crude oil price. Because the ethanol sector has emerged
as a viable competitor to the livestock and dairy markets for procurement of corn,
it is crucial to understand the competition between these sectors. So the second
scenario is a short-crop scenario that mimics the 1988 U.S. drought. This scenario
is run with an ethanol mandate in place, similar to the renewable fuels standard,
which places a lower boundary on the ethanol consumption in the United States.

In the following pages, we first describe the U.S. ethanol market and the com-
ponents of this market that affected our modeling structure and assumptions. The
methodology, which includes an explanation of the concept of long-run equilib-
rium, and the model calibration and data used in the study are then presented.
The baseline results are outlined, followed by discussions of the two scenarios. We
also present reasons why cellulosic ethanol and biodiesel production are currently
not feasible in the United States. The final section presents the conclusions.

U.S. Ethanol Sector
The U.S. ethanol industry has experienced tremendous growth over the past

five years. Ethanol production has increased from less than 2 billion gallons in 2000
to nearly 5 billion gallons in 2006. Based on current construction in the industry,
ethanol production capacity will more than double in the next few years. The sharp
rise in ethanol production translates directly into increased use of corn for ethanol
production. In 2006, 17% of the U.S. corn crop went to ethanol production. This
is roughly the same amount of corn the United States exports to other countries.
Only corn usage for livestock feed exceeds the corn demand from ethanol. The
growth in the ethanol industry has also created a ready supply of a substitute
feed for livestock from ethanol coproducts, such as distillers grains (DGs) and
gluten feeds. The subsequent discussion highlights the approach used here for
two major market areas, ethanol demand and the DG market.

Ethanol Demand Structure
Previous studies, such as Elobeid et al., have assumed that the U.S. ethanol

industry could sell all of its production on the U.S. market at its retail energy
value. Because the amount of ethanol that was projected to be produced was
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4 Review of Agricultural Economics

much greater than that needed for a nationwide E-10 blend, this meant that as
much as 50% of the ethanol was projected to be consumed via E-85 blends.

For this study, a careful analysis of the number and location of existing and
new flex-fuel vehicles (FFVs) was included. E-85 demand is considered to be
responsive to the price of ethanol relative to its energy value. The analysis shows
that the projected number of FFVs in key midwestern states (where ethanol would
be the least expensive relative to gasoline) severely limits the aggregate amount
of ethanol that could be consumed by U.S. FFVs.

The E-85 market faces some development issues. It will only pay for gas stations
to install E-85 tanks and pumps when there are enough consumers demanding E-
85 fuel for their vehicles. For consumers to purchase FFVs or convert existing cars
to run on E-85, E-85 must be available from enough retail outlets and ethanol must
sell at or below its energy value relative to gasoline to spur consumer demand. But
if ethanol sells at such a discount, it does not pay to build new ethanol plants. We
refer to this problem as the “E-85 bottleneck.” The models, and the assumptions
embedded in them, are constructed to account for the E-85 bottleneck.

Prior to 2009, production capacity in the model is based on industry data on
plants under expansion and construction (RFA). From 2009 onward, net profit
margins drive the decision of ethanol producers to expand ethanol production
capacity. Thus, the model mimics the decision faced by investors who are consid-
ering investment in new ethanol facilities during the projection period.

Distillers Grains Market
The expansion of the U.S. ethanol sector has affected the U.S. livestock and

dairy sectors in two dimensions. The first is through the competition for corn
as feedstock, by increasing the price of corn and diverting corn away from the
livestock and dairy sectors. The second is through the production of coproducts,
DGs, and gluten feed that can be substituted for corn and soybean meal in livestock
feed rations. In this study, the DG market is modeled in detail, incorporating
rations of ruminant animals. DGs primarily replace corn with modest impacts on
soybean meal requirements. With a large U.S. and international market for DGs
in ruminant feed, the DG price reflects its feed value in ruminant rations as a
replacement for corn. This means that DG prices will track corn prices.

The inclusion of DGs in the model produces some profound effects. For exam-
ple, Elobeid et al. assume that the impact of higher feed costs would be lower for
beef producers than for hog and poultry producers because DGs can more readily
be included in ruminant rations than in hog and poultry rations. Instead, because
DG prices track corn prices, the impact on cattle feed is as great as the impact on
hog feed. With more expensive DGs, world poultry and swine producers continue
to purchase corn and soybean meal and thus soybean prices increase rather than
decrease. This increase in soybean prices causes South American soybean acres
to increase substantially as the United States reduces its soybean production.

Methodology

Defining Long-Run Equilibrium
One of the contributions of this study to the ethanol literature is to capture in

the models the impact of entry and exit behavior of economic agents in ethanol
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Bottlenecks, Drought, and Oil Price Spikes 5

production. The study utilizes long-run equilibrium conditions to help us under-
stand the eventual impact of the biofuels sector on agriculture. When a market
is at a long-run equilibrium, no group of producers has an incentive to change
its behavior. For example, if the ethanol industry is in equilibrium, then there is
no incentive to build new ethanol plants and there is no incentive to shut down
existing plants. In this study, capacity of the ethanol sector depends on the net
profit margins for ethanol plants. Expansion comes to a halt when the net profit
margins reach zero.

The same concept is applied to the U.S. livestock and dairy sectors. In response
to increased demand for corn by the ethanol sector, feed prices increase. The
models are constrained so that the increased costs will lead to a reduction in
supply and subsequent output price increases that return net profits to normal
levels that are just sufficient to keep livestock and dairy producers in business. This
constraint was imposed on the baseline projections as well as on our analysis of
the higher crude oil scenario. The model results that fully reflect these adjustments
are referred to as the “long-run equilibrium,” which is achieved in the last year
of the baseline and scenario projections.

Price transmission of higher feed costs to other countries is imposed. However,
full feed price transmission is not imposed in countries where trade barriers exist.
The effect of this assumption is that the United States does not lose a significant
amount of competitive advantage in international meat markets when U.S. corn
and soybean meal prices increase. High U.S. feed prices cause high international
feed prices, and the U.S. meat industry continues to have a cost advantage in
meat production. Without this assumption, most of the adjustment of the livestock
sector would be achieved through dramatic reductions in U.S. net exports, a result
that assumes that the rest of the world somehow gains a competitive edge over
U.S. livestock producers.

Model Calibration and Data
Broad models of the world agricultural economy are employed in this study

to evaluate the likely impact of biofuels growth on agricultural markets.1 The
structure used is a modeling system that contains models of supply and demand
for important temperate agricultural products in all major producing and con-
suming countries in these markets. The underlying modeling approach relies and
expands upon a recently created biofuels model that extends an already estab-
lished multimarket model of world agriculture and food markets.

The individual agricultural sector models used are partial equilibrium, econo-
metric, nonspatial policy models. That is, all other sectors of the economy outside
of the relevant commodities are considered as given. Parameters in the model are
directly estimated, surveyed from the literature, or obtained from consensus of
expert opinion. Country sources and destinations of trade are not monitored. The
models strive to capture policy instruments that influence the incentives faced
by economic agents. This includes domestic policies (for example, price support)
and border policies (e.g., duties, tariff rate quotas, export subsidies). Other policies
that are difficult to represent quantitatively, such as environmental regulations,
are accounted for exogenously.

In general, data for supply and utilization of agricultural commodities were
obtained from the F.O. Lichts Online Database; the Food and Agricultural
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6 Review of Agricultural Economics

Organization (FAO) of the United Nations (FAOSTAT Online); and the Produc-
tion, Supply and Distribution View (PS&D) of the U.S. Department of Agriculture
(USDA). Macroeconomic data were gathered from various sources, including the
International Monetary Fund and Global Insight.

The baseline is set up using U.S. and international commodity models calibrated
on 2006 historical data (2006–7 marketing year data for crops models). The pro-
jections cover the period between 2007 and 2016 (2007–8 and 2016–17 marketing
year). The two scenarios are then analyzed relative to these baseline projections.
The first scenario is a higher crude oil price scenario with an assumption of bot-
tleneck in the U.S. ethanol demand. The second one is a drought scenario in the
U.S. crops sector, with an ethanol mandate imposed on ethanol consumption.

For any crude oil price, we calculate the price of unleaded gasoline through a
price transmission mechanism. This price impacts ethanol demand and, together
with the capacity of the ethanol industry, determines the price of ethanol (fully
adjusted for the $0.51-per-gallon tax credit that gasoline blenders receive) and the
incentive to invest in additional ethanol production capacity. Ethanol production
determines the demand for corn. Investment in new ethanol plants will take
place if the market price of corn allows a prospective plant to cover all the costs of
owning and operating an ethanol plant. Long-run equilibrium prices for ethanol,
crops, and livestock are achieved when there is no incentive to construct new
plants, no incentive to expand or contract livestock and dairy production, and all
crop markets clear.

For the baseline and the scenarios, crop price increases caused by expansion
of ethanol production are sustained throughout the projection period. Thus, the
livestock industry is assumed to adjust production levels to maintain profitability.
Crop price increases caused by a short crop are temporary so that the livestock
industry only makes short-run production adjustments as needed. Thus, the live-
stock price increases caused by a temporary shock will be lower than those caused
by a permanent shock will.

The relative profitability of producing ethanol from corn, corn stover, and
switchgrass grown in the Corn Belt was examined. Because ethanol from corn
is the only one of these three sources to generate positive returns given current
production cost estimates, it is the only one that we include in our baseline and
scenarios. This is not to say that other sources of ethanol from cellulose may not
prove cost-effective in the future.

Baseline Projections

Energy Markets in the Baseline
The modeling system used relies on U.S. refiners’ acquisition cost of crude oil.

This price is typically lower than the U.S. light sweet crude price that is traded
on futures markets (NYMEX). The price difference between the two price series
has averaged approximately $6.75 per barrel.2 We subtract $6.75 from NYMEX
crude oil price futures to obtain the crude oil price projections for this analysis.
This basis results from the lower quality of crude typically imported into the
Gulf of Mexico and transportation costs. At the time of modeling, futures prices
were available through December 2012. To extend the price series to 2016, the end
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Bottlenecks, Drought, and Oil Price Spikes 7

of the projection period, crude oil price changes are calculated from projections
provided by Global Insight and then applied to the futures price series.

The ethanol price is solved in the model after taking into account the amount of
ethanol that is produced and consumed. The ethanol price data include the $0.51-
per-gallon blender’s credit. In the baseline, the projected expansion in ethanol
production drives down ethanol prices below the price of gasoline, where they
remain throughout the projection period. The reason why ethanol prices fall sig-
nificantly below the price of gasoline is that we assume that consumers are rational
and realize that ethanol has lower energy value than gasoline so that an E-10 blend
will have to sell for less than gasoline at increased production levels. Thus, the
price of ethanol must fall so that blenders will choose to include it in their blends
and consumers will choose to use the blended fuels.

By the end of the projection period, the wholesale price of ethanol is $1.58 per
gallon (table 1). When we subtract the blender’s credit, the effective price for
the blenders is $1.07 per gallon. The end-of-period wholesale price of gasoline is
$1.80 per gallon. This means that ethanol is selling at about $0.13 per gallon below
its energy value of $1.20 per gallon. These results indicate that ethanol demand
becomes the limiting factor to the growth of the ethanol sector. As production
increases, the price of ethanol has to fall relative to its energy value to entice gas
stations and consumers to purchase the product.

In terms of profit margins for the ethanol plants, in the baseline the plants
cover their variable costs, but they do not cover their full costs for most of the
period. We assume that the long-run equilibrium is achieved in 2016, such that
investors are indifferent between building and not building a new ethanol plant.
This indifference occurs because the ethanol industry stops growing in response
to earlier negative earnings. Higher corn yields eventually allow the price of corn
to fall so that this equilibrium condition is achieved.

Corn and Soybean Markets in the Baseline
As mentioned earlier, ethanol production continues to grow until the plants that

are currently under production have come online in early 2009. Then, the capacity
growth dramatically slows as ethanol prices fall below their energy value. At this
point, the size of the ethanol industry is slightly less than 14 billion gallons and
the annual corn grind is slightly in excess of 5 billion bushels. This relatively large
quantity of corn for ethanol is obtained by shifting U.S. crop acreage from other
crops to corn and by reducing U.S. corn exports and corn fed to livestock. The drop
in U.S. soybean production is offset by increased South American production. As
corn yields grow toward the end of the projection period, markets are eventually
able to adjust to this corn grind, and market prices begin to revert to more normal
levels.

Distillers Grains in the Baseline
As it became clear that the ethanol industry was experiencing a period of rapid

growth that would in turn provide a large supply of DGs, it also became clear
that livestock feeders would find a way to incorporate this product into their
feed rations. The results indicate that U.S. and world ruminant demand is strong
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Bottlenecks, Drought, and Oil Price Spikes 9

enough to cause the prices of DGs to track corn prices. This means that the cost
of rations that contain DGs instead of corn increase by almost as much as rations
that contain no DGs. In other words, the presence of large quantities of DGs
does not confer any particular benefit to any species. Faced with high DG prices,
nonruminant rations eventually revert to a corn and soybean meal diet, and this
helps maintain price strength in the soybean market.

The baseline projections show that the U.S. beef sector is by far the dominant
user of DGs. This result implicitly assumes that the DG product will be transported
from DG surplus areas in the Corn Belt to cattle feeding states such as Oklahoma
and Texas. The model assumes a maximum inclusion rate in pork and poultry
rations of 20% in 2007. For poultry the maximum inclusion rate rises to 25% over
time. Projected DG consumption never comes close to these maximum inclusion
rates and in fact falls off dramatically in the outer years. One key assumption made
was that changes in feed rations do not affect meat quality if actual inclusion rates
are less than maximum inclusion rates. If meat quality suffers then the demand for
DGs from cattle feeders would be lower than that assumed here. Lower demand
translates into a lower price and subsequently lower margins for ethanol plants
and a lower break-even price of corn. This lower corn price would then reduce
corn acreage.

In the baseline, DG prices lag behind corn prices in 2007 but they catch up in
later years. For every 17 pounds of DGs that must be sold on the market, about
56 pounds of corn must be taken off the market to produce the ethanol. The
ruminant animals that would have consumed these 56 pounds of corn utilize the
DG coproduct instead. It would take a major price reduction to make it worthwhile
to utilize this product in nonruminant rations, and this price discount does not
occur. The availability of DG supplies also opens up the possibility of DG exports,
and the results indicate DG trade will develop.

Scenarios and Results
The results of the two scenarios are presented relative to the baseline projections.

The first scenario, which is an increase in the crude oil prices by $10 per barrel
throughout the projection period, assumes that a bottleneck exists in the ethanol
sector. This means that there are not enough FFVs to absorb the additional ethanol
resulting from the ethanol expansion generated by the higher crude oil price. In
the second scenario, which is the short-crop or drought scenario, yield patterns
from the 1988 drought are used to reduce yields in barley, corn, soybeans, and
wheat in the 2012–13 marketing year. This shock is introduced in the middle of
the projection period to allow models to react to the shock and return to normal
levels before the projection period ends. The scenario also includes a high ethanol
mandate. Table 1 compares the long-run equilibrium results for the baseline and
the two scenarios for U.S. crops and livestock for major variables.3

Higher Crude Oil Price Scenario
In the first scenario, an increase in the price of crude oil by $10 per barrel results

in a 55% increase in ethanol production in 2016–17, which is defined as the long-
run equilibrium in supply (table 1).4 Ethanol produced from corn increases from
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14.4 billion gallons in the baseline to 22.4 billion gallons. The corn grind for ethanol
in the baseline scenario is approximately 5 billion bushels, which increases to 8.2
billion bushels under higher oil prices. The corn price increases by 20%, from $3.15
per bushel in the baseline to $3.78 per bushel in the scenario. U.S. corn, soybean,
and wheat exports decline between 12% and 30% (table 2).

Results for all the livestock species follow a similar pattern. Both feed prices
and livestock farm-gate prices increase dramatically. For example, an increase in
the corn price from $3.16 to $3.78 and a 5% increase in the soybean meal price
result in a 13.4% increase in the feed cost of producing pork and a 6.7% increase
in live hog prices. This relatively large live hog price change leads to a relatively
small increase of 1.5% in retail pork prices (table 3). In terms of the retail prices,
we assume that per-unit feed cost increases are passed through the meat supply
chain. Thus, as the ratio of feed cost to total value at each point in the supply chain
decreases, so does the percent change in meat retail prices.

Per capita pork consumption falls by 0.6% and pork exports fall by 6.2%. Total
pork production falls by 1.5%. The impact on the retail price is small because
none of the other costs associated with processing, transporting, and retailing
pork is impacted by ethanol. Per capita pork consumption does not respond
very strongly to a retail price increase because the prices of all livestock products
increase by similar amounts at the same time. Pork exports fall because worldwide
pork consumption falls slightly in response to higher pork prices and because the
United States loses a small part of its competitive position relative to the European
Union.

Exports of pork, broilers, and turkeys decline, but by a smaller percentage than
crop exports do. The reason for this difference is that world demand for U.S. meat
is largely unaffected by higher feed-grain prices because the rest of the world’s
livestock producers also face higher feed prices. Total world meat consumption
declines because of higher prices, but U.S. producers still would find it profitable
to supply world markets. The same situation applies to nonfat dry milk, which is
the main dairy product that the United States exports. Beef exports are projected
to increase because the price of beef relative to other meats declines.

Our results also provide projections for the biodiesel sector. These results are not
nearly as significant as for the ethanol sector. When crude oil prices increase, the
price of biodiesel also increases. However, an increase in crude oil prices dramati-
cally increases corn acres in the long run. The resulting reduction in soybean acres
drives up soybean oil prices and, by extension, the prices of other oils and fats.
This increase in soybean oil prices dampens the incentive to expand the biodiesel
sector.

Impact on Food Prices
The food price impacts from additional growth in the ethanol industry are

relatively small, about 1%. While the meat and dairy sectors see price increases
between 1% and 3%, the cereals and bakery sector experiences less than a 1%
increase in price. These impacts follow from the farmgate value embedded in
retail prices for food. Between 20% and 50% of the retail price for meat and dairy
products flows back to the farm. Thus, the impact of higher feed costs on the farm
can be seen in retail prices. For many cereal and bakery items, such as bread or
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corn flakes, much less than 10% of the retail price flows back to the farm. So farm
price changes have smaller effects on cereal and bakery retail prices.

This study evaluates the impacts of ethanol on food prices only from the direct
effects of higher feed costs on livestock. We do not measure food price increases
from high fructose corn sweeteners or the effects on fruit and vegetable supplies
from increased competition for land from corn. In addition, food price increases
are assumed to be set in perfectly competitive markets. This assumption implies
that higher feed prices travel through supply chains in fixed dollar amounts. If,
instead, higher feed prices move through in fixed percentage terms, then food
price increases would be greater than reported here.

Because world feed prices track U.S. feed prices, the rest of the world’s con-
sumers would also see higher food prices. To the extent that both feed and live-
stock markets are closely integrated in all countries, the food price increases re-
ported for the U.S. consumer would also be felt by the rest of the world. However,
consumers in the rest of the world tend to spend a lower proportion of their food
dollar on meat and dairy products relative to the U.S. consumer. Hence, the impact
of the increase in meat and dairy prices would tend to be less in these countries.
However, a higher proportion of income, especially in developing countries, is
spent on food so that higher food prices will tend to affect these consumers more.
In addition, many countries do not have free trade in either meat or feed grains,
so trade barriers would need to be accounted for to obtain a good estimate of the
impact of U.S. ethanol on world food prices.

Short Crop with Ethanol Mandate Scenario
A major concern of livestock feeders is that they will not be able to compete

with ethanol producers in a short-crop year caused by, for example, a widespread
drought in the Corn Belt. With a large ethanol industry competing with livestock
producers for corn, there is no doubt that corn prices would increase significantly
in a short-crop year. Economic theory and historical events in 1995 suggest that
corn prices would rise until operating margins of ethanol plants turn negative, at
which point plants would begin to shut down, thereby increasing the supply of
corn available to livestock feeders.

In this scenario, there is a short crop occurring in 2012–13, with ethanol plants
operating under a mandate of 14.7 billion gallons. Given the mandate, any re-
quired adjustment in demand would occur outside the ethanol industry, which
would continue to operate, covering the increased cost of corn by passing on
higher ethanol prices to blenders. U.S. regional yields of barley, corn, soybeans,
and wheat in 2012–13 were changed from their trend levels by the same percent-
ages that yields were observed to have changed from trend levels in 1988. The
year 1988 represents the most recent year of major drought in the U.S. Corn Belt.
Barley yields decrease by 29%, corn yields decline by about 25%, while soybean
yields fall by about 18%, and wheat yields fall by 11%.

The short crop causes corn and soybean prices to spike in the 2012–13 marketing
year. Corn prices rise 43.8% above baseline levels. Soybean prices rise by 22.2%
(table 2). Corn exports and stock levels both decrease by more than 60% in response
to a short crop. The large reduction in exports results from ethanol producers and
domestic livestock producers winning the competition with foreign buyers for
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U.S. corn. Corn exports from South America, China, and other countries increase
to fill part of the decline in U.S. corn exports. The amount of corn fed to U.S.
livestock declines by 16% (887 million bushels). This reduction is partly accounted
for by a drop in production and partly by an increase in the amount of wheat,
DGs, sorghum, and oats that is fed.

Ethanol trade increases moderately as the imported ethanol price inclusive of
the tariff and transportation cost remains higher than the U.S. price (table 1).
Under free ethanol trade, ethanol imports could play a bigger role in attenuating
the negative impact of short crops under an ethanol mandate as blenders could
source the ethanol more cheaply abroad. Most of the adjustments to the drought
occur in the year of the drought and the following year. In the long run, the sectors
return to baseline levels.

Production levels for the livestock sector adjust in the 2013 calendar year be-
cause of higher feed costs. Broiler production decreases the most, by about 2.66%,
with milk production adjusting the least, by 0.5% (table 3). The amount of adjust-
ment differs across these livestock products because of differences in feed rations,
reliance on exports, and the degree of competition each product faces. Wholesale
egg prices are projected to increase the most, by 11.5%, followed by wholesale
broiler prices, by about 10%. Prices and production levels are not affected by a
greater amount in this scenario, because livestock producers are assumed to view
the production shock as being temporary. Thus, they do not adjust herd size as
much as they would adjust to a permanent shock in feed prices.

Lack of Cellulosic Ethanol in the Scenarios
Cellulosic ethanol is not considered in this study. We assume that individuals

are self-interested and therefore will not invest unless there is an expectation of
making a positive return. We examine two forms of cellulosic ethanol that would
rely on feedstock from the Corn Belt, namely, corn stover and switchgrass. We
find that neither would be economically justifiable, even at the higher crude oil
and corn prices in the higher crude oil price scenario.5

Economic Feasibility of Stover-Based Ethanol
The National Renewable Energy Laboratory (NREL) provides detailed produc-

tion cost estimates for corn-stover-based ethanol (Aden et al.). We use the NREL
estimates for a plant that uses 2,000 tons of corn stover per day and produces
51 million gallons of ethanol per year. This plant has a 50-mile-radius draw area
for corn stover. We assume that the plant offers a plant-gate price that attracts
corn stover from the edge of this draw area.

In deviation from the NREL study, we compile different corn stover collection
costs that are provided by Iowa State University Extension for 1,265 pound bales
as follows: baling, $10.10; staging, $2.25; and hauling, $15.00 ($0.30 per mile for
50 miles).6 We exclude chopping charges of $8.00 per acre or $2.00 per bale because
it is uncertain as to what form the plant would prefer to receive the bales. In
addition, we use the NREL estimates of the required premium to farmers of $5.50
per bale and a lost fertilizer value of $4.00 per bale. The total cost per delivered dry
ton is $73.70. With an assumed conversion of 70 gallons per ton, the raw material
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Table 4. Costs of corn stover versus corn for ethanol

(Dollars per gallon of ethanol)

Corn Stover Corn

Raw material costs 1.1 1.2
Capital costs 0.6 0.2
Operating costs 0.4 0.5
Total 2.0 1.9

cost is $1.05 per gallon. We then use the capital cost of $197.4 million from the
NREL report amortized over ten years at 10% interest with annual payments of
$31.3 million to get a capital charge per gallon of $0.61. We use the variable costs
of $0.36 per gallon from the NREL report.

Table 4 compares the costs of stover to those for a corn-based ethanol plant
for a year in which corn is worth $4.50 per bushel delivered to the plant. We
assume that the corn-based ethanol plant could sell DGs at $150 per ton and use
the assumptions from the Elobeid et al. study for the fixed and variable costs for
the corn-based ethanol plant.

This analysis shows that it does not pay to produce ethanol with corn stover
when corn is $4.50 per bushel. In fact, only at a corn price of $4.80 per bushel is the
investor indifferent between a cellulosic ethanol plant and a corn-based ethanol
plant. This breakeven price would increase if we add the costs associated with
chopping straw or wrapping bales. It would fall if the investors were willing to
accept a lower rate of return or if a longer plant life were projected.

Economic Feasibility of Switchgrass-Based Ethanol
In addition to some of the disadvantages associated with baling and moving

corn stover, switchgrass in the Corn Belt must also compete against corn and
soybeans for land. Farmers will not be willing to plant switchgrass unless it offers
a net return comparable to that of corn. Babcock et al. calculated the price at which
farmers would consider changing to switchgrass as $110.00 per ton of switchgrass
from land with a yield of 4 tons per acre and $82.00 per ton for land with a yield
of 6 tons per acre. The maximum that ethanol plants can bid for the same tons is
about $37.00 per ton in years when ethanol is selling for $1.75 per gallon. Under
these conditions, switchgrass simply cannot offer farmers a market incentive that
offsets the advantages of growing corn.

A key insight is that there is no ethanol price that makes it worthwhile to
grow switchgrass because any ethanol price that allows ethanol plants to pay
more for switchgrass also allows them to pay more for corn. As long as farms
are responding to net returns in a rational manner and as long as ethanol
plants are paying their breakeven price for raw material, farmers will plant
corn as an energy crop. Switchgrass in the Corn Belt will make economic sense
only if it receives an additional subsidy that is not provided for corn-based
ethanol.
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The same logic that works against switchgrass also works against biodiesel.
The main crop for U.S. production of biodiesel is soybeans. Soybeans produce
fewer bushels per acre and less energy value per bushel than corn, so as long as
market forces are working, and in equilibrium, producers targeting energy crops
would choose corn over soybeans.

Conclusions
Over the last year, the U.S. agricultural sector has undergone significant changes

in response to higher energy prices and the accompanying ethanol and biodiesel
booms. Both corn acreage and prices have risen dramatically since mid 2006. The
ripple effect of these shifts is still flowing through the rest of the sector. This
study examines the long-run prospects for biofuel development and the effects
on agriculture using a multicommodity, multimarket set of models, incorporating
both U.S. and world agricultural responses to the growth in biofuels. Baseline
results show continued growth in biofuels, mainly dominated by U.S. ethanol.
The baseline projections show the U.S. ethanol industry doubling in size within
the next ten years. Corn prices are projected to remain above $3 per bushel and
corn planted acreage is projected to remain above 90 million acres.

Two scenarios are examined to show the responsiveness of the biofuel and
agricultural sectors to exogenous events. The first scenario looks at the impact of
higher crude oil prices. The higher oil prices raise the net returns to ethanol pro-
duction and promote additional growth in the ethanol industry. Long-run ethanol
production increases by 55% over baseline projections. The ethanol expansion in-
creases demand for corn, and corn acreage is projected to increase by 11% to over
100 million acres. Soybean and wheat areas decline by 6% each to offset some of
the corn acreage gains. Corn prices under the scenario are 20% higher than base-
line levels, increasing feed costs and leading to a reduction in meat production of
1% to 2%.

The second scenario examines the impact of a 1988-style drought under a re-
newable fuels mandate. The drought was placed in the middle of the projection
period. With corn, wheat, and soybean production off by between 11% and 23%,
prices rise by 44% for corn, 15% for wheat, and 22% for soybeans. In all three mar-
kets, U.S. exports drop significantly, with domestic uses falling less drastically.
For corn, both ethanol and feed use are reduced from baseline levels. However,
the renewable fuels mandate prevents ethanol production from dropping sub-
stantially. Livestock production is impacted, with broilers and beef having the
largest declines. The U.S. crop shortage provides a temporary opening for U.S.
trade competitors, especially in the grain and oilseed markets.

One of the main differences between the two scenarios is due to the persistence
of the shock to the biofuel and agricultural sectors. In the crude oil price shock
scenario, the change in crude oil price is permanent, whereas the short-crop sce-
nario is a temporary one-time shock to crop yields. This impacts the response of
the ethanol sector, as well as those of the livestock and crop sectors.

The results from the baseline and the two scenarios show that biofuels will
continue to impact the agricultural sector for years to come, and these impacts
will be felt throughout the world. As researchers and entrepreneurs around the
world push for new breakthroughs in biofuel and coproduct production and
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usage, it is likely that some of the assumptions made in this analysis will no longer
be pertinent. The outlook provided here depends on several assumptions. These
include the outlook for cellulosic ethanol development, the ability of livestock to
adapt to the use of biofuel coproducts in feed rations, the possible feedback of
ethanol production on gasoline prices and supplies, the ability of the U.S. ethanol
industry to move through supply and demand bottlenecks, and the crude oil
prices. At the time we began our analyses, crude oil prices, both nearby and fur-
ther out, were in the $60 per barrel range. So the $10 per barrel shock represented
a sizable price shock of over 15%. Although, the crude oil market has moved
strongly upward since then, the $10 per barrel shock still shows a compelling
story. Our results indicate that this size of a crude oil price shock would greatly
increase ethanol production and corn prices even with an ethanol demand bottle-
neck. The Energy Independence and Security Act that was signed in December
of 2007, after the analyses in this study were completed, would also impact our
results. The mandates in that Act require 15 billion gallons of corn-based ethanol
and 16 billion gallons of cellulosic ethanol. These mandates will likely put more
upward pressure on cropland prices and crop production costs than our study
indicates.
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Endnotes
1Because a large set of multicountry, multicommodity models are used, detailed description of

these models and elasticity values are available from the authors upon request.
2The average price difference depends on the time period used. Looking back to the beginning of

2003, the average price difference was lower, at approximately $5.00 per barrel.
3Detailed results for each scenario, each year, and for other countries are available from the authors.
4The year 2016/17 is the last year of the projection period, which is also the year in which long-run

equilibrium conditions hold for all relevant sectors.
5We do not analyze the viability of cellulosic feedstocks from other regions, such as wood chips

from the Southeast.
6The Aden et al. report calculates total costs associated with the baling and transportation of corn

stover at $62 per dry metric ton or $31 for a 1,265-pound bale of 15% moisture stover. The authors
assume that this cost will be reduced to $33 per dry metric ton in the future through “improved
collection.” However, we do not expect costs to fall dramatically since we believe that farmers and
agricultural equipment manufacturers have already squeezed costs from this system.

References
Aden, A., M. Ruth, K. Ibsen, J. Jechura, K. Neeves, J. Sheehan, B. Wallace, L. Montague, A. Slay-

ton, and J. Lukas. “Lignocellulosic Biomass to Ethanol Process Design and Economics Utilizing
Cocurrent Dilute Acid Prehydrolysis and Enzymatic Hydrolysis for Corn Stover.” Technical Re-
port NREL/TP-510-32438, National Renewable Energy Laboratory, Golden, CO, June 2002.

Babcock, B.A., P.W. Gassman, M.J. Jha, and C.L. Kling. “Adoption Subsidies and Environmental Im-
pacts of Alternative Energy Crops.” CARD Briefing Paper 07-BP 50, Center for Agricultural and
Rural Development, Iowa State University, March 2007.

Elobeid, A., and S. Tokgoz. “Removal of U.S. Ethanol Domestic and Trade Distortions: Impact on U.S.
and Brazilian Ethanol Markets.” CARD Working Paper 06-WP 427, Center for Agricultural and
Rural Development, Iowa State University, October 2006 (revised).



raec˙436 RAEC-xml.cls (1994/07/13 v1.2u Standard LaTeX document class) October 11, 2008 16:32

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Bottlenecks, Drought, and Oil Price Spikes 19

Elobeid, A., S. Tokgoz, D.J. Hayes, B.A. Babcock, and C.E. Hart. “The Long-Run Impact of Corn-
Based Ethanol on the Grain, Oilseed, and Livestock Sectors with Implications for Biotech Crops.”
AgBioForum 10, no. 1(2007):11–18.

Energy Information Administration (EIA). Annual Energy Outlook 2006 with Projections to 2030. Report:
DOE/EIA-0383, February 2006. Available at: http://www.eia.doe.gov/oiaf/aeo/ (accessed July
2006).

English, B.B., D.G. De La Torre Ugarte, K. Jensen, C. Hellwinckel, J. Menard, B. Wilson, R. Roberts,
and M. Walsh. “25% Renewable Energy for the United States by 2025: Agricultural and Economic
Impacts.” University of Tennessee Agricultural Analysis Policy Analysis Center, November 2006.
Available at: http://www.agpolicy.org/ppap/REPORT%2025&times;25.pdf

FAOSTAT. Online Database. Available at: http://faostat.fao.org/faostat/collections?subset=
agriculture Core data from the Food and Agriculture Organization of the United Nations
(accessed July 2006).

Ferris, J.N., and S.V. Joshi. “An Econometric Analysis of the Impact of the Expansion in the U.S.
Production of Ethanol from Maize and Biodiesel from Soybeans on Major Agricultural Variables,
2005–2015.” In Agriculture as a Producer and Consumer of Energy,J. Outlaw, K.J. Collins, and J.A.
Duffield, eds. Cambridge MA: CABI Publishing, 2005.

F.O. Lichts. Online Database, Licht Interactive Data. Available at: http://www.agra-
net.com/portal/puboptions.jsp?Option=menu&pubId=ag072 (accessed September 2007).

Gallagher, P., G. Schamel, H. Shapouri, and H. Brubaker. “The International Competitiveness of the
U.S. Corn-Ethanol Industry: A Comparison with Sugar-Ethanol Processing in Brazil.” Agribusiness
22, no. 1(2006):109–134.

Iowa State University Extension. “2006 Iowa Farm Custom Rate Survey.” Ag Decision Maker, File
A3–10, FM 1698. Prepared by W. Edwards and D. Smith, 2006.

Koizumi, T., and K. Yanagishima. “Impacts of Brazilian Ethanol Program on the World Ethanol
and Sugar Market: An Econometric Simulation Approach.” Japanese Journal of Rural Economy
7(2005):61–77.

Renewable Fuels Association (RFA). “U.S. Fuel Ethanol Industry Biorefineries and Production Capac-
ity.” Available at: http://www.ethanolrfa.org/industry/locations/ (accessed July 2007).

Tokgoz, S., and A. Elobeid. “An Analysis of the Link between Ethanol, Energy, and Crop Markets.”
CARD Working Paper 06-WP 435, Center for Agricultural and Rural Development, Iowa State
University, November 2006.

U.S. Department of Agriculture, Foreign Agricultural Service. Production, Supply and Distribution
Online. Available at: http://www.fas.usda.gov/psdonline/psdHome.aspx (accessed January
2007).




