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  May 1, 2006 

Ethanol 
An Antidote for America’s Oil Addiction? 

➤ Ethanol demand is projected to increase from 4 billion 
gallons in 2006 to 8 billion gallons by 2012.  The powerful 
momentum behind this growth leads us to believe that 
ethanol could be a “game changer” in energy markets. 

➤ What does this mean for chemicals?  Our agriculture-
related companies stand to benefit, and our MTBE 
producers could get hurt. 

➤ In ag, Monsanto, DuPont, and Dow are likely to benefit as 
corn acreage used for ethanol could expand from 10 
million in 2006 to 18 million acres in 2012.  We also 
expect increased demand for yield-enhancing crop 
varieties that contain biotech traits.  

➤ MTBE producers Lyondell and Huntsman may be hurt as 
ethanol replaces MTBE as a fuel oxygenate.  The MTBE 
saga seems to have entered its final chapter. 

➤ We explore the technology and opportunities of the 
renewable fuels ethanol and biodiesel.  The U.S. ethanol 
opportunity is growing, but biodiesel is a ways off. 

➤ Brazil is the model, as we find it has made remarkable 
progress in its ethanol production and usage, with 20% of 
its entire transport fuel market coming from ethanol. 

➤ Monsanto (Buy/Medium Risk) remains our top pick among 
ag-related names. 
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Is ethanol the antidote for America’s “oil addiction?”  If not an 

antidote, at least it’s a “nicotine patch” to help kick the habit!   

In this report, we explore the ethanol opportunity and its impact on 

our universe.  Our conclusion:  An ethanol explosion would benefit 

ag-related companies Monsanto, DuPont, and, to a lesser extent, 

Dow through corn acreage expansion and possible use of new 

biotech technology to boost yields.  The relationship between 

ethanol and MTBE is like “the chicken and the egg.”  Initially, the 

ban on MTBE should accelerate growth of ethanol, and then 

popularity of ethanol could catalyze the much-delayed demise of 

MTBE, hurting producers like Lyondell and Huntsman. 

Ethanol demand is set to surge from 4 billion to 8 billion 
gallons. 
On the basis of the recent Energy bill mandate and our own analysis, we 
estimate that U.S. ethanol consumption is likely to surge from 4 billion gallons 
to 8 billion gallons over the period of 2006–12.  E85, the 85% ethanol blend, is 
already offered at 556 U.S. gas stations, mostly in corn-growing states.  An 
increasing number of car models are offering the ability to use an 
ethanol/traditional gasoline flexible fuel combination.  The powerful farm 
lobby and existing U.S. agricultural subsidies also seem likely to ensure ethanol 
growth.  There is also a huge build-out in ethanol capacity over the next few 
years, from 3.6 billion gallons to 6.4 billion.  Finally, the issue of national 
security over the dependence on Middle Eastern oil is likely to play a critical 
role in ethanol growth that should not be understated.  Currently, the U.S. 
imports roughly 6% of its gasoline usage.  About half of that could be replaced 
with ethanol, according to our economists. 

Brazil has “scored the first goal” in ethanol. 
Brazil stands out as a model for ethanol production and usage, with more than 
20% of its transport fuel market derived from ethanol, versus a global average 
of just 1%.  Brazilian ethanol is produced from sugarcane, which can be 
converted to ethanol for about $1 per gallon (30% more cheaply than ethanol 
from corn).  There is currently no ethanol trade between the U.S. and Brazil, 
but if U.S. trade restrictions change, there could clearly be U.S. import demand. 

Growth will affect the corn market and ag companies. 
The proposed ethanol growth would translate into roughly 10 million acres of 
corn being used for ethanol in 2006 rising to roughly 18 million acres in 2012, 
out of a total 83 million acres of planted corn.  We think this growth will arise 
from switching soybean acreage to corn and from increased yield as a result of 
new biotech technologies such as double and triple-stacked corn, as well as 
from corn with high starch content.   
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The beneficiaries include corn seed companies that have a 
strong biotech effort:  Monsanto, DuPont, and, to smaller 
extent, Dow Chemical. 
Monsanto (1M) remains our top pick in ag.  Monsanto has a high-lysine corn 
hybrid, which imparts a higher starch content that is then converted to ethanol.  
In addition, Monsanto’s prime focus is on yield-enhancing technologies to 
elevate corn production.  Products such as Roundup Ready Corn Root Worm 
traits boosted yields by as much as 30 bushels per acre during the Illinois 
drought last year.  DuPont has a high-starch hybrid that is already commercial, 
as well as two ethanol-related biotech traits in its R&D pipeline, although both 
are in their infancy.  One is in the early development phase (three to six years 
away), and the other is in discovery (six to 13 years away). 

MTBE and ethanol — the chicken or the egg? 
Currently, 20 states have imparted full or partial MTBE (methyl tertiary butyl 
ether) bans.  Initially we expect these states will phase out MTBE to accelerate 
the use of ethanol.  However, not all MTBE will be replaced specifically by 
ethanol, as companies like Lyondell and Huntsman are working on alternate 
products like ETBE (ethyl tertiary butyl ether) and iso-octene to replace 
MTBE.  As alternative fuels like ethanol become popular, however, we think 
they will accelerate the eventual demise of MTBE.  The MTBE saga has 
continued for much longer than we had anticipated, but now political and 
environmental momentum is gathering against it.  Commercially, some refiners 
such as Valero have already announced that they will stop using MTBE in 
reformulated gasoline. 
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What’s the Big Deal? 
Why have we been hearing so much about the increased usage of renewable fuels 
lately?  Both ethanol and biodiesel fuels are based on technology that has been 
around for decades.  In fact, the first Ford Model T was designed to run purely on 
ethanol!  So, why the increased focus on renewable fuels?  The year 2005 brought 
record-high energy prices (driven even higher by the hurricanes), along with an 
increased desire for the U.S. to become independent of international energy supplies.  
Accordingly, the passage of the Energy Bill brought a new focus to the use of 
gasoline alternatives. 

The Energy Bill, signed August 8, 2005, represents the first official commitment to 
expand the usage of renewable fuels such as ethanol and biodiesel in the United 
States.  The bill sets forth minimum requirements for ethanol and biodiesel usage 
through 2012.  It calls for a minimum of 4 billion gallons of renewable fuels to be 
used in 2006, and this increases to 7.5 billion gallons by 2012. 

Figure 1.  Gallons of Renewable Fuel Required by Energy Bill 

2004 3410
2005E 3900
2006E 4000
2007E 4700
2008E 5400 Implied CAGR = 10.3%
2009E 6100
2010E 6800
2011E 7400
2012E 7500  

Source:  Renewable Fuels Association and Citigroup Investment Research 

  

The Growth of Renewable Fuels 
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Figure 2.  Historical and Projected U.S. Fuel Ethanol Production 
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Source:  Renewable Fuels Association 

We believe that increased usage of renewable fuels has the potential to significantly 
change the energy landscape in the United States.  Also, international efforts are 
under way to meet greenhouse gas emissions standards required by the Kyoto 
Protocol.  This report explores the effects that such a shift could have on the 
chemical industry. 

Our conclusion:  Ethanol is a potential “game changer” in the energy market, while 
biodiesel remains in its infancy and is unlikely to have a major impact on chemical 
markets anytime soon.   

This has positive implications for our ag-exposed companies:  Monsanto, DuPont, 
and, to a lesser extent, Dow.  As ethanol partially replaces MTBE as a blending 
agent, we also see negative implications for MTBE producers Lyondell and 
Huntsman. 

Renewable Fuels — A Basic Overview 
Renewable fuels are simply alternative fuel sources that are derived from renewable 
resources.  The Energy Bill’s renewable fuels standard (RFS) requires a national 
minimum usage of renewable fuels by 2012.  Ethanol and biodiesel are the two 
most-talked-about types of renewable fuel. 

We think there is an important distinction to be made between alternative fuels 
(such as natural gas, propane, and hydrogen) and renewable fuels.  While all have 
drawn increased attention as alternatives to traditional gasoline, the recent Energy 
Bill’s mandate applies only to renewable fuels.  Furthermore, we believe that 
precisely because they are renewable, these products have a greater potential to 
transform energy markets over the long term than traditional alternative fuels. 
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More important for our universe is that ethanol can be derived from corn and that 
commercial biodiesel in the U.S. would likely be derived from soy.  Therefore, we 
also see the potential for a shift in U.S. agricultural markets.  A greater focus on crop 
yields could increase farmer demand for yield-enhancing products.  In addition, 
increased use of renewable fuels as gasoline-blending agents is likely to decrease 
demand for current blending agents, such as MTBE. 

In Figure 3, we present a summary matrix comparing key attributes of gasoline, 
diesel, and different types of alternative fuels.  Of these, we highlight ethanol and 
biodiesel, as we believe they have the greatest potential impact on our chemical 
universe. 
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Figure 3.  Alternative and Renewable Fuels Matrix 

Gasoline No. 2 Diesel Biodiesel
Compressed 
Natural Gas

Electricity Ethanol (E85) Hydrogen
Liquefied 

Natural Gas
Liquefied 

Petroleum Gas
Methanol (M85)

Octane Range 86 - 94 8 - 15 25 120+ NA 100 130+ 120+ 104 100

Primary Source Crude Oil Crude Oil

Soybean or 
rapeseed oil, 

waste cooking 
oil, animal fats

Underground 
reserves

Coal (nuclear, 
NG and 

hydroelectric 
resources can 
also be used)

Corn, other 
grains

Natural gas, 
methanol

Underground 
reserves

By-product of 
petroleum 

refining or NG 
processing

Natural gas, coal

Vehicles Available All
Most types of 

vehicle classes

Any that runs on 
traditional diesel -
no modifications 
necessary for up 

to 5% blends.  
Many engines 

compatible with 
20% blends

Most types of 
vehicle classes

Electric vehicles, 
some 

commercial 
trucks and buses

Some 
commercial 

trucks and buses 
- generally 
flexible fuel 

vehicles which 
can be fueled 

with E85, 
gasoline, or any 

combination.  
Passenger 
vehicle use 
increasing.

None for 
commercial sale, 

but some 
available for 

demonstration

Some 
commercial 

trucks and buses

Flexible light duty 
vehicles which 
can be fueled 

with propane or 
gasoline, some 

commercial 
trucks and buses

Some 
commercial 

buses

Environmental 
Impact

Produces 
harmful 

emissions

Produces 
harmful 

emissions

Reduces 
emissions of 

global warming 
gases; NOx 

emissions still 
present

Reduces ozone-
forming 

emissions; HC 
emissions still 

present

Zero tailpipe 
emissions, but 

power generation 
still causes 
emissions

25% reduction in 
ozone-forming 

emissions

Zero regulated 
emissions for 

fuel-cell powered 
vehicles; some 
NOx emissions 
for combustion 

engines

Reduces ozone-
forming 

emissions; HC 
emissions still 

present

60% reduction in 
ozone-forming 

emissions

40% reduction in 
ozone-forming 

emissions

Energy Security 
Impact

Uses imported 
oil; not energy 

secure

Uses imported 
oil; not energy 

secure

Domestically 
produced, but 
fossil energy 

inputs are similar 
to petroleum

Domestically 
produced

Primarily 
generated from 
coal, the U.S.'s 
most plentiful 

and price stable 
fossil fuel

Produced 
domestically 
from corn, an 

easily renewable 
resource

Can help reduce 
dependence on 

foreign oil if 
produced from 

renewable 
resources

Domestically 
produced

45% of today's 
LPG is derived 

from oil

Domestically 
produced from 

renewable 
resources

Availability All fueling 
stations

Many fueling 
stations

22 states 
currently have 

public biodiesel 
stations, but not 
widely available

1,100 stations 
nationwide, 

concentrated in 
California

Normal 
household 
electrical 

capacity needed 
for charging, but 
special hookups 

are required.  
Currently 600 

charging stations 
are available in 

CA and AZ.

550 stations 
available in 23 

states, but 
mostly 

concentrated in 
Midwest

Only a small 
number available 
nationwide, most 

for private use 
only

Only 35 stations 
publically 
available 

nationwide

Most accessible 
alternative fuel, 

with 3,300 
stations available

Qualifies as an 
alternative fuel, 

but not 
commonly used 

today

 
Source:  Alternative Fuels Data Center and Citigroup Investment Research 
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Is Anyone Actually Using Alternative Fuels? 
Most definitely!  Usage can be categorized into two groups:  renewable fuels as a 
blending agent and renewable fuels as a primary fuel source.  For both purposes, 
demand for renewable fuels is increasing. 

Ethanol 
The 4 billion gallons of ethanol in use today are nearly all used as a gasoline 
blending agent consisting of 10% ethanol and 90% gasoline (known as E10).  E10 is 
currently used in all types of vehicles at regular fueling stations.  The Energy Bill 
stipulations discussed above will directly result in increased demand for ethanol as a 
blending agent. 

In addition, we are hearing increased buzz about ethanol as a primary fuel source.  
As of 2003, the last year for which data is available, the National Ethanol Vehicle 
Coalition estimated that more than 2 million flexible fuel vehicles (FFVs) had been 
sold in the United States.  E85 vehicles (those that can run on 85% ethanol blends, 
traditional gasoline, or a combination) are now offered by the Big Three auto 
manufacturers, as well as by many international auto manufacturers.  Indeed, 2005 
was a year in which many of these vehicles started to become household names (see 
Figure 4).  E85 use is even more established among heavy-duty vehicles in private 
and government fleets, which have been operating with E85 for years. 

The fueling process for E85 vehicles is identical to that of traditional gasoline.  
There are currently 556 public E85 fueling stations available in the United States, 
primarily in the corn-growing Midwest.  E85 is typically sold at prices comparable 
to regular gasoline. 

Figure 4.  Ethanol (E85) Models — Light-Duty Vehicle Manufacturers 

Daimler Chrylser General Motors - Chevrolet
Dodge Caravan Avalanche
Dodge Durango Impala
Dodge Grand Caravan Monte Carlo
Dodge Ram Pickup Silverado
Dodge Stratus Suburban 

Ford Tahoe
Crown Victoria
F-150 General Motors - GMC
Grand Marquis Yukon
Lincoln Town Car Yukon XL
Taurus
Taurus Wagon  

Source:  Alternative Fuels Data Center 
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Biodiesel 
Although they are not as widely used as ethanol vehicles, vehicles that have 
successfully used biodiesel include school and transit buses, refuse haulers, military 
support vehicles, farm equipment, and national park maintenance vehicles.  High-
profile organizations such as the U.S. military and a variety of international airports 
are among those that have recently implemented biodiesel initiatives.  Biodiesel 
fueling of light-duty diesel vehicles is less common today.  

Some relatively minimal engine modifications are required to accommodate pure 
biodiesel fuels (known as B100).  Engine seals must be replaced with non-rubber 
products, and a fuel heating system may be necessary in colder weather.   Oil 
changes may be required more frequently, as well.  These engine modifications are 
not necessarily for biodiesel blends (such as B20, a blend of 20% biodiesel and 80% 
traditional diesel). 
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Impact on Chemicals 
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The analysis contained in this report assumes the increased penetration of ethanol, 
but that biodiesel remains a small product.  We expect two primary effects on our 
chemical universe: 

➤ Positive effect:  Ethanol growth drives demand for corn, which will in turn 
benefit Monsanto and DuPont, companies that produce corn seed and traits to 
enhance yields. 

➤ Negative effect:  The controversy surrounding MTBE could open the market for 
ethanol, and the production of ethanol could in turn accelerate the demise of 
MTBE.  Lyondell and Huntsman, with significant MTBE exposure, could be 
hurt. 

Positive Impact:  Monsanto and DuPont 
We expect the government-mandated growth in ethanol to be the main driver of 
increases in corn production over the next ten years.  This could come partially at 
the expense of soybean acres.  This growth should benefit the two-largest U.S. corn 
seed producers, DuPont (Pioneer) and Monsanto, by creating incremental corn 
acreage opportunities over time and by increasing demand for yield-enhancing 
products. 

Corn Acreage Should Dramatically Increase 
We attempt here to analyze the potential impact on the corn market from a potential 
surge in ethanol usage (see Figure 5).  The U.S. Department of Agriculture projects 
total U.S. corn acreage will hold generally steady, at about 83 million acres.  With 
ethanol use projected to skyrocket, we calculate that corn acres devoted to ethanol 
use are likely to increase from roughly 10 million in 2006 to 18 million by 2012, 
assuming constant yields.  Even if corn yields increase to 175 bushels per acre (up 
from 150 today), ethanol use would require that corn acreage increase to 15 million 
acres by that time.   

Some of the required acreage could come from substitution for current soy acreage. 
This would benefit Monsanto and DuPont as well, as corn biotech stacks carry 
higher gross margins than single trait soybeans (90% for a triple stick versus 80% 
for a single).  We believe this could represent a classic mix shift for DuPont and 
Monsanto toward higher-margin products.   

Our conclusion:  Incremental corn acreage results in greater demand for corn seed, 
benefiting Monsanto and DuPont. 

  

What It Means for Chemicals 
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Figure 5.  Corn for Ethanol Use as a Percentage of Total Corn Acreage 

2004 2005E 2006E 2007E 2008E 2009E 2010E 2011E 2012E
Ethanol production (mm gal) 3,410 3,900 4,000 4,700 5,400 6,100 6,800 7,400 7,500
Corn/Ethanol Conversion Factor 2.71 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80
Corn usage (mm bushels) 1,260 1,393 1,429 1,679 1,929 2,179 2,429 2,643 2,679

At Current Yield Levels
Assumed Yield (bushels/acre) 148 148 150 150 150 150 150 150 150
Ethanol Corn Acreage (millions) 8.51 9.41 9.52 11.19 12.86 14.52 16.19 17.62 17.86
Total US Corn Acreage 81 81 81 82 82 82 83 83 83
Ethanol % of US Corn Acreage 11% 12% 12% 14% 16% 18% 20% 21% 22%

At Enhanced Yield Levels
Assumed Yield (bushels/acre) 148 148 150 155 160 165 170 175 175
Ethanol Corn Acreage (millions) 8.51 9.41 9.52 10.83 12.05 13.20 14.29 15.10 15.31
Total US Corn Acreage 81 81 81 82 82 82 83 83 83
Ethanol % of US Corn Acreage 11% 12% 12% 13% 15% 16% 17% 18% 18%  

Source:  Citigroup Investment Research, U.S. Department of Agriculture (USDA), and Renewable Fuels Association 

Figure 6.  U.S. Corn Seed Market Share (including licensed acres) 

Monsanto, 49%

DuPont (Pioneer), 
33%

Syngenta, 14%

Dow (Mycogen), 4%

 
Source:  Phillips McDougall and Citigroup Investment Research 

Yield-Enhancing Technology 
With a finite amount of land available, as demand for corn grows, the benefits of 
yield-enhancing products become even more desirable.  Demand for such products 
has been increasing at rapid rates regardless (see Figure 7), and this is likely to 
increase their penetration even further.  Penetration levels today stand around 40%, 
and they could increase to as much as 90% over time.  Yield-enhancing products are 
the primary growth drivers of our ag companies, particularly Monsanto.   
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Figure 7.  Growth of Yield-Enhancing Products 

 
Source:  Phillips McDougall 

Monsanto’s corn root worm trait offered a yield advantage of 30 bushels per acre in 
drought conditions in Illinois during 2005, for example.  Also, Monsanto is the 
industry leader in high-yielding germ plasm, and we estimate that its yield advantage 
over competitor products was 10 bushels per acre in 2005 (up from 7 bushels in 
2004).  Competitors are working hard to catch up, however.  As a result, the clear 
trend is that overall yields are increasing.  As shown in Figure 8, the actual yields 
from the U.S. Department of Agriculture (USDA) have increased by nearly 20% 
over the last decade. 

Figure 8.  U.S. Corn Yields  

(bushels per acre) 

120

130

140

150

160

170

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005E

Actual Yields Trendline  
Source:  USDA and Citigroup Investment Research 
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The acceleration of ethanol demand represents the most immediate and direct 
impact on our companies, as it will simply increase the demand for yield-boosting 
products that are already commercial. 

High-Starch Hybrids and Pipeline Products 
Longer term, a greater hybrid seed and biotech trait opportunity may emerge.  Both 
DuPont and Monsanto currently produce hybrid seed designed to boost the starch 
content and improve the “fermentability” of the corn used, thus raising its value in 
the ethanol-production process.  We estimate that these hybrids increase ethanol 
corn yields by 2%–4% over yields for regular corn. 

Neither company currently has ethanol-related biotech traits on the market, but both 
have efforts under way:   

➤ DuPont has two traits in its R&D pipeline, although both are in their infancy.  
One is in the early development phase (three to six years away), and the other is 
in discovery (six to 13 years away). 

➤ Monsanto also recently announced an initiative through its Renessen joint 
venture (with Cargill) that will test new lysine corn-separation techniques in an 
attempt to maximize total corn value.  This project is also in its infancy. 

DuPont also has a bio-based research project under way in conjunction with the U.S. 
Department of Energy.  The project seeks to use the corn stalk to make ethanol.  
Fifty-percent of the fermentable material in a corn plant comes from the stalk.  The 
other 50% comes from the actual corn. 

Negative Impact:  Lyondell and Huntsman 
Among our chemical universe, Lyondell and Huntsman have significant exposure to 
MTBE markets, which we think could falter as usage of renewable fuels grows.  
With a 20% market share, Lyondell is the No. 1 producer of MTBE, and Huntsman 
follows close behind, with about a 15% market share.  Increased use of ethanol as a 
blending agent likely means that it will partially replace current MTBE use, 
shrinking an already-troubled market. 

A Rocky Legislative History 
MTBE has traditionally been used as a fuel oxygenate, in line with what was 
mandated by the federal government as part of the Clean Air Act of 1990.  Adding it 
to gasoline facilitates a cleaner-burning fuel.  Concern about its being a possible 
ground water contaminant, however, has led several states to ban its use beginning 
in early 2004.  This includes the largest users, California and New York.  Today, 20 
states have bans or strict limitations on MTBE usage.  The Energy Bill, passed in 
August, as mentioned above, calls for its gradual phaseout from the overall gasoline 
supply over the next four years.   

 



Ethanol – May 1, 2006 

16  

Figure 9.  State MTBE Bans 

 
Source:  Citigroup Investment Research and American Coalition for Ethanol 

Market Likely to Shrink Further 
The likelihood that ethanol (and other oxygenates) will replace MTBE as a blending 
agent creates a real risk for MTBE producers Huntsman and Lyondell.  MTBE has 
already decreased from 3% of the gasoline pool just a few years ago to just over 1% 
today.  This number is likely to shrink further, pulling demand for ethanol. 

Producer Alternatives 
In order to stave off the decline, we believe existing MTBE producers have the 
following options: 

➤ For a limited capital investment of less than $20 million, producers could 
convert MTBE production to production of a different oxygenate, such as ETBE 
(ethyl tertiary butyl ether), or to iso-octenes.  These products are similar 
oxygenate boosters for fuel and are deemed safer than MTBE, so they are 
unlikely to be subject to the same type of regulatory pressures.  Lyondell has 
indicated it is prepared to make this conversion if difficulties persist. 

➤ Exports of MTBE to Europe and Asia could increase, as these continents remain 
big users of the product.  Demand in South America is growing quickly as well.  
However, there have been movements (albeit small) to ban MTBE in those 
regions as well, such as in Germany.  This strategy is likely to create a “last man 
standing” scenario, in which some producers attempt to maximize the 
profitability of the product for as long as they can while other producers 
rationalize their own capacity. 

➤ Of course, producers could simply shut down MTBE capacity.  Given the 
limited capital investment required to convert capacity to another oxygenate, 
however, we think this scenario is unlikely. 
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An Overview 
Ethanol is a grain alcohol that can be burned cleanly as a high-octane fuel.  It is used 
as an oxygenate in gasoline formulations to create cleaner-burning, more efficient 
fuel.  In 2005, roughly 4 billion gallons of ethanol were produced in the United 
States as a gasoline additive. 

Typically, ethanol is blended with gasoline in a formulation consisting of 10% 
ethanol and 90% gasoline (known as E10).  This should make up the majority of 
increased demand resulting from the Energy Bill stipulations discussed in “The 
Growth of Renewable Fuels” above.  However, ethanol is increasingly being used in 
an E85 formulation (85% ethanol and 15% gasoline) for use in Flexible Fuel 
Vehicles (FFVs).  FFVs can run on E85, gasoline, or any combination of the two, 
and they are currently offered by most major automotive manufacturers.  We expect 
increased E85 usage to provide incremental opportunities to growth already 
expected from ethanol as a blending agent. 

Ethanol Production Process 
Ethanol can be produced through two corn processing methods:  wet corn milling 
and dry corn milling.  The main difference between the two is the initial treatment of 
the grain.  About 75% of ethanol production is done through the dry corn milling 
process, as dry corn mills are less expensive to construct.  Citigroup Investment 
Research Food Manufacturing analyst David Driscoll estimates the cost of a dry 
corn mill is $1,300 per bushel of corn, as compared with $3,100 per bushel for a wet 
corn mill.  However, wet corn mills produce high-fructose corn syrup as a co-
product. 

Dry Corn Milling 
According to the Renewable Fuels Association, in dry milling, the entire corn kernel 
or other starchy grain is first grounded into flour, which is referred to in the industry 
as “meal,” and it is then processed without separating out the various component 
parts of the grain.  The meal is slurried with water to form a “mash.”  Enzymes are 
added to the mash to convert the starch to dextrose, a simple sugar.  Ammonia is 
added for pH control and as a nutrient to the yeast. 

The mash is processed in a high-temperature cooker to reduce bacteria levels ahead 
of fermentation.  The mash is cooled and transferred to fermenters, to which yeast is 
added, and the conversion of sugar to ethanol and carbon dioxide (CO2) begins. 

The fermentation process generally takes about 40–50 hours.  The mash is agitated 
and kept cool to facilitate the activity of the yeast.  After fermentation, the resulting 
“beer” is transferred to distillation columns, in which the ethanol is separated from 
the remaining “stillage.”  The ethanol is concentrated to 190 proof using 
conventional distillation and then is dehydrated to approximately 200 proof in a 
molecular sieve system. 

  

All About Ethanol 
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The anhydrous ethanol is then blended with about 5% denaturant (such as natural 
gasoline) to render it undrinkable and thus not subject to beverage alcohol tax.  It is 
then ready for shipment to gasoline terminals or retailers. 

The stillage is sent through a centrifuge that separates the coarse grain from the 
solubles.  The solubles are then concentrated to about 30% solids by evaporation, 
resulting in Condensed Distillers Solubles (CDS) or “syrup.”  The coarse grain and 
the syrup are then dried together to produce dried distillers grains with solubles 
(DDGS), a high-quality, nutritious livestock feed.  The CO2 released during 
fermentation is captured and sold for use in carbonating soft drinks and beverages 
and in the manufacture of dry ice. 

Figure 10.  Dry Corn Milling Process 

 

 
Source:  Renewable Fuels Association 

Wet Corn Milling 
According to the Renewable Fuels Association, in wet milling, the grain is soaked, 
or “steeped,” in water and diluted sulfurous acid for 24–48 hours.  This steeping 
facilitates the separation of the grain into its many component parts. 

After steeping, the corn slurry is processed through a series of grinders to separate 
the corn germ.  The corn oil from the germ is extracted on-site or sold to crushers, 
which extract it from the germ.  The remaining fiber, gluten, and starch components 
are further segregated using centrifugal, screen, and hydroclonic separators. 

The steeping liquor is concentrated in an evaporator.  This concentrated product, 
heavy steep water, is co-dried with the fiber component and is then sold as corn 
gluten feed to the livestock industry.  Heavy steep water is also sold by itself as a 
feed ingredient and is used as a component in Ice Ban, an environmentally friendly 
alternative to salt for removing ice from roads. 

The gluten component (protein) is filtered and dried to produce the corn gluten meal 
co-product.  This product is highly sought after as a feed ingredient in poultry broiler 
operations. 



Ethanol – May 1, 2006 

20  

The starch and any remaining water from the mash can then be processed in one of 
three ways:  fermented into ethanol, dried and sold as dried or modified corn starch, 
or processed into corn syrup.  The fermentation process for ethanol is very similar to 
the dry mill process described above. 

Figure 11.  Wet Corn Milling Process 

 

 
Source:  Renewable Fuels Association 

It is important to realize that there is some debate among industry experts on the 
energy efficiency of ethanol.  Some constituents, apparently with interests in 
traditional oil, claim that when complete costs of production (fertilizer, farming 
process, ethanol distillation, etc.) are taken into account, ethanol actually requires 
more energy to produce than it creates.  Leading this argument is professor Tad 
Patzek at Berkeley.  Not surprisingly, pro-ethanol constituents provide different 
energy statistics, which indicate there is a net positive energy creation.  Without 
definitive data, it is difficult to draw a conclusion.  We think the reality of the 
situation is somewhere in between the two arguments. 

Implications for the Corn Market 
Impressive Demand Growth 
The amount of domestic ethanol production is expected to grow at a 10.3% CAGR 
through 2012, largely as a result of its increased use as an oxygenate in gasoline.  
Currently, the U.S. has the capacity to produce 3.6 billion gallons of ethanol, and an 
additional 2.8 billion gallons of capacity is under construction.  Figure 12 shows 
existing and projected ethanol production centered around corn-growing states.  We 
believe the rapid rate of supply expansion is supported by increasing demand levels. 
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Figure 12.  Ethanol Plant Locations 

 
Source:  Citigroup Investment Research and U.S. Department of Agriculture 

What Does It Mean for Corn? 
Given these double-digit growth rates, we think it is important to consider the 
impact on U.S. corn production.  Corn represents by far the biggest input cost in the 
production of ethanol, at roughly 30%.  One bushel of corn can produce 2.8 gallons 
of ethanol, in addition to 17 lbs. of co-products, primarily in the form of animal feed. 

The U.S. Department of Agriculture projects total U.S. corn acreage will hold 
generally steady, at roughly 83 million acres.  With ethanol use projected to 
skyrocket, however, we point to two possible scenarios:   

1 The percentage of total U.S. corn acreage earmarked for ethanol usage will grow 
from 11.6% today to 21.8% by 2012.  See Figure 14 below. 

2 Some portion of current U.S. soy acreage is substituted for corn acreage. 

Either scenario has potentially positive implications for our companies with ag 
exposure.  Ethanol demand will increase demand for corn yield-enhancing products, 
such as Monsanto’s Roundup Ready.  A shift to corn acreage over soy acreage 
would also enhance margins for the seed producers, as corn biotech stacks carry 
higher gross margins than single-trait soybeans (90% for a triple stack vs. 80% for a 
single trait). 
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Figure 13.  Historical and Projected U.S. Corn Acreage (Estimated for 2006 and Beyond) 

(millions of acres) 

 
Source:  USDA 

Quantifying the Corn Needed 
Our model quantifying additional corn needed is shown in Figure14.  We have 
analyzed ethanol’s impact on corn markets under two scenarios:  one in which corn 
yields remain steady at 150 bushels per acre, and another under which yields grow to 
175 bushels per acre by 2012.  We do not think this scenario is far-fetched, given a 
near-doubling in corn yields from 86 bushels per acre in 1975. 

In either case, the result is that ethanol commands a bigger piece of the corn pie.  
Note that this analysis assumes total corn acreage stays relatively flat through 2012.  
An alternative scenario is that current U.S. soy acreage is converted to corn acreage. 

Figure 14.  Corn for Ethanol Use as a Percentage of Total Corn Acreage 

2004 2005E 2006E 2007E 2008E 2009E 2010E 2011E 2012E
Ethanol production (mm gal) 3,410 3,900 4,000 4,700 5,400 6,100 6,800 7,400 7,500
Corn/Ethanol Conversion Factor 2.71 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80
Corn usage (mm bushels) 1,260 1,393 1,429 1,679 1,929 2,179 2,429 2,643 2,679

At Current Yield Levels
Assumed Yield (bushels/acre) 148 148 150 150 150 150 150 150 150
Ethanol Corn Acreage (millions) 8.51 9.41 9.52 11.19 12.86 14.52 16.19 17.62 17.86
Total US Corn Acreage 81 81 81 82 82 82 83 83 83
Ethanol % of US Corn Acreage 11% 12% 12% 14% 16% 18% 20% 21% 22%

At Enhanced Yield Levels
Assumed Yield (bushels/acre) 148 148 150 155 160 165 170 175 175
Ethanol Corn Acreage (millions) 8.51 9.41 9.52 10.83 12.05 13.20 14.29 15.10 15.31
Total US Corn Acreage 81 81 81 82 82 82 83 83 83
Ethanol % of US Corn Acreage 11% 12% 12% 13% 15% 16% 17% 18% 18%  

Source:  Citigroup Investment Research, USDA, and Renewable Fuels Association 
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International Ethanol Markets 
Global ethanol production is on the rise as well, reaching nearly 11 billion gallons in 
2004, the last year for which data are available.  Increased demand for fuel grade 
ethanol is driving the growth, accounting for 73% of global production (See Figure 
15). 

Figure 15.  Global Ethanol Production End Uses 

Fuel
73%

Beverage
17%

Industrial
10%

 
Source:  Renewable Fuels Association and Citigroup Investment Research 

Brazil and the United States have led the charge, together accounting for nearly 70% 
of global ethanol production.  However, many countries are increasingly turning to 
ethanol as a way to seek compliance with the Kyoto Protocol, which limits 
greenhouse gas emissions. 

Figure 16.  Global Ethanol Production by Country (2004) 

(in millions of gallons) 

Brazil 3989 Italy 40
U.S. 3535 Australia 33
China 964 Japan 31
India 462 Pakistan 26
France 219 Sweden 26
Russia 198 Philippines 22
South Africa 110 South Korea 22
U.K. 106 Guatemala 17
Saudi Arabia 79 Cuba 16
Spain 79 Ecuador 12
Thailand 74 Mexico 9
Germany 71 Nicaragua 8
Ukraine 66 Mauritius 6
Canada 61 Zimbabwe 6
Poland 53 Kenya 3
Indonesia 44 Swaziland 3
Argentina 42 Others 338

Total 10770  
Source:  Renewable Fuels Association and Citigroup Investment Research 
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Figure 17.  Selected Efforts to Meet Kyoto Provisions 

Brazil Requires 25% ethanol blends

European Union
2% biofuels target in 2005, increasing to 
5.75% by 2010

Saskatchewan, Canada
Requires 5% ethanol blends, increasing to 
7.5% by 2010

Manitoba, Canada
Requires 10% ethanol blends beginning in 
2005

Colombia
Requires 10% ethanol blends in large cities 
as of September 2005

Thailand
Requires all gasoline stations in Bangkok to 
sell 10% ethanol blends

China Requires ethanol blends in certain provinces

Argentina
Requires a move to 5% ethanol blends over 
the next five years  

Source:  Renewable Fuels Association and Citigroup Investment Research 

Brazil Scores the First Goal 
Brazil stands out as a model for ethanol production and usage, and it has now 
succeeded in converting more than 20% of its transport fuel market to ethanol, as 
compared with a global average of just 1%.  An impressive seven out of ten new cars 
sold in Brazil are flexible fuel vehicles. 

Brazilian ethanol is produced from sugarcane, which can be converted to ethanol for 
about $1 per gallon.  U.S. ethanol (produced from corn) costs 30% more than 
Brazil’s product because the corn starch must first be converted to sugar before 
being distilled into alcohol.  Brazil is uniquely positioned to grow sugar due to its 
heavy rainfall levels and access to cheap labor.  The U.S. Department of Energy 
estimates that it would take decades for the U.S. to bring production costs down to 
Brazilian levels. 

Despite this cost differential, there is currently no ethanol trade between the U.S. 
and Brazil, as a result of strict U.S. trade barriers.  Brazil currently exports $600 
million worth of ethanol to Japan and Sweden in order for those countries to meet 
their Kyoto Protocol emission standards.  This figure is expected to double to $1.3 
billion by 2010.  If U.S. trade restrictions change, there could also clearly be U.S. 
import demand. 

Not Just a U.S. Phenomenon 
The international support for alternative fuels gives us increased confidence that 
ethanol penetration as a gasoline additive is just beginning.  We believe that the data 
we have presented above represent a floor, rather than a ceiling, on ethanol’s 
production potential. 
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An Overview 
Biodiesel is a renewable fuel that can be manufactured from vegetable oils, animal 
fats, or recycled restaurant greases.  It is safe and biodegradable, and it reduces air 
pollutants such as particulates, carbon monoxide, hydrocarbons, and air toxins.  
Today, blends of 20% biodiesel with 80% petroleum diesel (known as B20) can 
generally be used in unmodified diesel engines.  Biodiesel can also be used in its 
pure form (B100), but such usage typically requires certain engine modifications.   

Biodiesel fuel can be made from new or used vegetable oils and animal fats.  Most 
biodiesel in use today is processed using fat or oil feedstock, most commonly 
recycled cooking grease.  The remainder of the industry uses a vegetable oils 
feedstock, primarily soy oil.  The soy industry has been a driving force behind 
biodiesel commercialization because of excess production capacity, product 
surpluses, and declining prices.  

Actual biodiesel in use today, at just 25 million gallons, is much less than that of 
ethanol (4 billion gallons).  Grassroots efforts to increase consumption of biodiesel 
have attracted nationwide attention recently, with events such as activist Josh 
Tickell’s “Veggie Van Voyage” featured by prominent new sources such as 
“Today,” CNN, and “Dateline.”  Biodiesel’s end market potential is narrower as 
well.  It is targeted specifically to current users of diesel.  However, like ethanol 
consumption, biodiesel consumption is expected to increase significantly over the 
next decade. 

Figure 18.  Biodiesel Production  

(millions of gallons) 
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Source:  National Biodiesel Board and Citigroup Investment Research 
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Biodiesel Benefits 
Biodiesel has many environmentally beneficial properties.  The main benefit of 
biodiesel is that it can be described as “carbon neutral.”  This means that the fuel 
produces no net output of carbon in the form of carbon dioxide (CO2).  Biodiesel is 
rapidly biodegradable and completely nontoxic, meaning spillages represent far less 
of a risk than traditional diesel spillages.  It also has a higher flash point than fossil 
diesel and so is safer in the event of a crash.  

Biodiesel Production Process 
Biodiesel can be produced from straight vegetable oil (commonly soy), animal 
oil/fats, and waste cooking oil.  The process used to convert these oils to biodiesel is 
called transesterification.  According to the U.K.’s Institute for Energy and the 
Environment, almost all biodiesel is produced using a process called base catalyzed 
transesterification, as it is the most economical process, requiring only low 
temperatures and pressures and producing a 98% conversion yield.  The 
transesterification process is the reaction of a triglyceride (fat/oil) with an alcohol to 
form esters and glycerol.  In most production, methanol or ethanol is the alcohol 
used.  The ester portion is simply the chemical name for biodiesel, and the glycerol 
is a by-product commonly used in soap and other cosmetics applications. 

Figure 19.  Biodiesel Production Process 

 

 
Source:  Institute for Energy and the Environment 

Production of biodiesel fuels is on the rise.  Forty-five plants are currently active in 
producing the fuel, and another 54 are under construction.  Consumption is primarily 
centered around the Midwest, but nationwide interest is prompting a surge in 
distribution to other parts of the country. 
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Figure 20.  Current and Proposed Biodiesel Production Plants 

 
Source:  National Biodiesel Board 

Commercial Viability 
Users of traditional diesel constitute the logical end market for biodiesel fuels:  farm 
equipment, marine and mining vehicles, and bus and truck fleets.  Farm vehicle use 
makes up the largest market for biodiesel today, with 30% of farmers using at least 
some biodiesel for their farm vehicle fuel requirements.  Admittedly, biodiesel is a 
product in its infancy, far behind even ethanol in its adoption. 

The main deterrent of more-widespread use of the fuel is commercial viability on a 
large scale.  Oil sourced straight from the agricultural industry (such as soy) 
represents by far the greatest potential source for biodiesel, but it is not being 
produced commercially simply because the raw oil is too expensive.  Instead, most 
of the biodiesel in use today is derived from recycled restaurant oils.  These oils are 
often considered worthless by restaurants, and they can typically be sourced for free 
or sourced already treated for a small price.  As a result, biodiesel usage tends to be 
clustered around small, regionalized markets.  Production is not yet developed 
enough to make the product commercially viable on a large scale.  However, we 
believe that the biodiesel market is one that bears watching.  Advances in biodiesel 
production have the potential to increase soy demand in a similar way that ethanol is 
increasing corn demand. 
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Valuation and Risks 

Dow Chemical (DOW-$40.61; 2M) 
Valuation 
Our $42 target price is derived based on a rounded average of our two valuation methodologies:  price/forward 
earnings and firm value/forward EBITDA. 
We estimate Dow’s earnings will peak in 2006 and believe the stock should no longer be valued off peak 
multiples.  Instead, we think DOW should be valued at a “hybrid” multiple between peak and normalized 
levels, as 2007 earnings are likely to be stronger than during a normalized year but weaker than peak levels.  
Over the last ten years, DOW has traded in a range of 10x–20x EPS, with an average of 15x (or 10x peak 
EPS).  We therefore apply a 12x hybrid multiple to Dow’s 2007 EPS, yielding a $40 target price. 
In addition, we value DOW based on an FV/EBITDA multiple, as it is less lumpy than P/E, which can often be 
negative for commodity chemical companies near the trough of the chemical cycle.  Over the last ten years, 
DOW has traded between 6x and 10x EBITDA on a normalized basis, with an average of 8x (or 6x peak 
EBITDA).  Applying an unchanged 7.0x multiple to our 2007 EBITDA estimate of $7.2 billion yields a target 
price of $44 (subtracting net debt of roughly $6.9 billion). 
Risks 
We rate Dow Chemical Medium Risk due to our expectations for strong free cash flow generation of roughly 
$5 billion over the next two years.  We expect the majority of the free cash flow to go toward paying down 
debt and about $1.1 billion to be used for share repurchase.  In addition, a recent favorable ruling in the 
landmark Kelly-Moore vs. Dow asbestos lawsuit should reduce some of Dow’s asbestos litigation risk.  Strong 
free cash flow and the favorable asbestos ruling should help offset the risks from potential ethylene capacity 
additions in the Middle-East, exposure to weather changes in its Ag business, and the commoditization of 
some of its products. 
Middle-East Capacity Additions:  Dow Chemical has significant commodity exposure due to its leading 
position in ethylene/polyethylene.  A large amount of ethylene capacity is slated to come on line in the Middle 
East and China from 2007 to 2010.  Additional capacity expansion announcements could put pressure on 
ethylene margins longer term.  Should slated capacity be canceled or postponed, the stock could outperform 
our expectations.   
Asbestos Litigation:  Dow is currently involved in asbestos litigation stemming from its Union Carbide 
acquisition.  The uncertainty related to asbestos litigation, the bankruptcy filings of many other companies 
involved in asbestos litigation, and the possibility of large jury awards could continue to weigh on Dow’s 
stock.  Dow’s management has indicated it is going to maintain its stance of aggressively defending itself, 
which we think is the right strategy in the long term.  In addition, the favorable ruling in the Kelly-Moore vs. 
Dow lawsuit bodes well for Dow. 
Weather Impacts:  Dow has invested in the Ag Chemical market, which is heavily dependent on weather; 
persistent rains or drought could have a negative impact on crop plantings and Ag chemical usage (such as 
herbicides).  By the same token, attractive weather patterns could have a positive impact on Ag chemical 
usage. 
Acceleration of Commoditization:  In Dow’s specialty portfolio (which makes up 50% of sales), there are 
several plastics, such as polyurethanes, that have been undergoing commoditization.  Therefore, these plastics 
have slowly seen their pricing and margins shrink over the cycle.  We feel that if the commoditization of these 
products increases, due to buyer power or oversupply, Dow’s earnings could be at risk.  If new developments 
delay commoditization, the stock could outperform our target price. 
If the impact on the company from any of these factors proves to be greater than we anticipate, the stock will 
likely have difficulty achieving our target price.  Likewise, if the impact proves to be less than we anticipate, 
the stock could outperform our target price.  
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DuPont (DD-$44.10; 1M) 
Valuation 
Our $49 target price is an average of our two valuation methodologies:  price/earnings and firm 
value/EBITDA. 
Price/Earnings:  We apply an unchanged 16x multiple to our 2007 EPS estimate of $3.12, which yields a $50 
target price.  This multiple is the average forward multiple at which DD has traded over the last ten years, and 
falls in the historical range of 10x–25x.  We feel DD should trade at its median versus above its median, given 
that our growth expectations are lower, but in line with its historical growth rate. 
FV/EBITDA:  DD’s historical FV/EBITDA trading range is 4x–16x, with an average of roughly 10.0x.  We 
feel DD should trade slightly below its historical average because of its struggles in agriculture.  We apply an 
unchanged 9x multiple to our estimated 2007 EBITDA of $5.7 billion.  This yields a $48 target price 
(including about $5.4 billion of net debt).   
Risks 
We rate DuPont Medium Risk.  Despite the company’s strong balance sheet (about $5 billion of cash), we 
believe litigation risks from PFOA (perfluorooctanoic acid) and lead paint contribute to a higher risk profile 
for the company.  We believe the most significant risks to the stock achieving our target price are as follows: 
Litigation Risk:  PFOA (perfluorooctanoic acid) is a processing aid used in the production of Teflon, but it is 
not found in the end product.  It has been detected in blood samples of people all over the globe.  To date, there 
is no definitive scientific evidence of health risks associated with PFOA exposure.  PFOA was been detected in 
the ground water surrounding the company’s West Virginia Teflon production site, prompting a class action 
suit by local residents.  This suit was settled in 2004, with DuPont agreeing to fund studies and water treatment 
facilities with a potential total cost of $300 million.  The Environmental Protection Agency (EPA) and the 
Department of Justice (DOJ) have since launched inquiries into the matter.  DuPont recently settled an inquiry 
into its failure to report certain findings on PFOA.  The settlement with the EPA cost $16.5 million but has no 
effect on the separate inquiries. 
DuPont has other sites that could be affected by PFOA, including its North Carolina PFOA, West Virginia 
Teflon, and New Jersey steam treatment sites.   
Of course, a positive resolution to this situation would remove a concern from DuPont. 
Exposure to Automotive Markets:  About 23% of DuPont’s sales are tied to the automotive industry, in which 
Ford and GM saw auto production decline by 4.7% in 2004.  Continuing declines in market share at Ford and 
GM could put pressure on OEM suppliers such as DuPont to lower pricing.  However, DuPont has begun to 
penetrate into other auto producers in order to mitigate this impact.  In addition, a successful emergence of the 
Big Three from this turbulent period would benefit DuPont. 
Agriculture Risks:  DuPont has invested heavily in seeds and ag-biotechnology through its $9.8 billion 
purchase of Pioneer Hybrid in 1999.  The ag business is heavily dependent on weather, and persistent rains or 
drought could have a negative impact on crop plantings (seed demand) or ag chemical usage (such as 
herbicides).  We also note that Pioneer has lost market share in corn to Monsanto over the last five years.  Plus, 
DuPont’s ag biotech efforts remain two to three years behind Monsanto’s, although DuPont has narrowed the 
gap recently.  Conversely, good weather and increased public acceptance of DuPont’s products would benefit 
the company. 
Timing of Economic Recovery:  DuPont is highly exposed to economically sensitive end markets like autos, 
housing, and construction.  The end markets have remained strong, but there is risk that they could suffer a 
setback when interest rates eventually rise.   
Natural Gas Prices:  Given the volatility of natural gas prices, it is conceivable that they could remain high, 
hurting the profitability of DuPont.  However, the industry has shown an ability to manage the high prices and 
volatility during the past winters.  In addition, the separation of INVISTA should reduce DuPont’s 
vulnerability to raw material spikes.  Fundamentally, a reversal in natural gas prices would benefit DuPont. 
Frequent One-Time Charges:  DuPont has taken many charges in the past as many of its acquisitions went 
sour.  The company also has frequently changed its segment reporting, rendering historical comparisons 
difficult.  Should the frequency of such actions slow, we believe DD shares would benefit. 
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If the impact on the company from the following factors proves to be greater than we anticipate, the stock will 
likely have difficulty achieving our target price.  However, should they be less than we anticipate, the stock 
could outperform our target price. 

Huntsman Corp. (HUN-$19.65; 2H) 
Valuation 
Our $20 target price is derived based on an average of our two valuation methodologies:  price/forward 
earnings and firm value/forward EBITDA. 
We estimate Huntsman’s earnings will peak in 2006 and believe the stock should no longer be valued off of 
peak multiples.  Instead, we believe commodity stocks should be valued at a “hybrid” multiple between peak 
and normalized levels, as 2007 earnings are likely to be stronger than during a normalized year but weaker 
than peak levels. 
We expect HUN’s valuation to be comparable to those of Dow, Lyondell Chemical, and NOVA Chemicals, 
but more similar to those of Lyondell and NOVA.  Huntsman’s business mix is similar to Dow’s 50% 
commodity/50% specialty mix.  Over the cycle, Dow has traded between 10x and 20x EPS (with a median of 
15x) and between 6x and 10x EV/EBITDA (with a median of 8x).  However, Huntsman tends to be a higher-
cost player than Dow in commodities, and the commodity segment is probably more in line with those of 
Lyondell or NOVA.  Huntsman’s 75% debt/capital ratio is also more similar to that of Lyondell.  Lyondell and 
NOVA have traded between 7x and 18x EPS (with a median of 13x), and between 5x and 9x EV/EBITDA 
(with a median of 7x).  We use a hybrid earnings multiple for Huntsman of 10x, in line with those of Lyondell 
and NOVA.  Our hybrid EV/EBITDA multiple is 6.0x, also in line with the multiple used for both Lyondell 
and NOVA. 
Price/Earnings:  We derive an $18 target price, derived by applying a 10.0x “hybrid” multiple to our 2007 
EPS estimate of $1.80, as mentioned above.   
FV/EBITDA:  In addition, we value HUN based on an EV/EBITDA multiple, as it is less lumpy than P/E, 
which can often be negative for commodity chemical companies near the trough of the chemical cycle.  
Applying a 6.0x multiple to our 2007 EBITDA estimate of $1,568 million derives a target price of $22 
(subtracting net debt of $4.3 billion). 
Risks 
We rate Huntsman High Risk due to its high leverage, raw material exposure, lack of dividend, prior financial 
reporting weakness, and potential increased costs stemming from the production of MTBE.  However, we 
think these risks are partially offset by the strong free cash flow the company is expected to generate as it 
heads for a cyclical peak, expected in 2006.   
High Leverage:  Huntsman has roughly $4.5 billion of debt on its balance sheet and has a debt/EBITDA ratio 
of roughly 3.0x.  During the downturn in 2001–03, Huntsman went through financial distress as the 
commodity cycle turned negative.  The company had to bring in investments from MatlinPatterson to shore up 
its balance sheet.  However, because the chemical industry has turned, we expect improved cash flow through 
the 2006 peak.   
The company has delineated that debt paydown is its No. 1 priority.  However, should the global economic 
recovery face a setback, that could result in lower-than-expected cash flow and weigh on the company’s ability 
to pay down debt after its IPO, increasing the risk of debt covenant violations and the stock not reaching our 
target price.  By the same token, a stronger-than-expected economy could result in the company outperforming 
our target price. 
Overhang from Private Equity Stake:  MatlinPatterson, following the IPO, controlled roughly 30% of the 
outstanding shares.  We view MatlinPatterson as a financial investor and believe it may look to trim its 
position following the recent expiration of its lock-up agreement.  Should it choose to liquidate shares, that 
could put short-term pressure on the stock price. 
Spike in Raw Material Costs:  Huntsman is exposed to oil and natural gas price volatility.  A sustained spike in 
the prices of these key raw materials for ethylene production would limit profitability.  In addition, shortages 
of raw materials could result in higher costs and/or potential reduced capability for Huntsman to produce 
products.  We estimate a $1 change in oil prices has roughly a $0.37 impact on earnings.  Raw material price 
increases (or decreases) could therefore result in the stock underperforming (or outperforming) our target price. 
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Past Auditing Concerns:  In early 2004, Huntsman’s auditors found “material weakness” in its internal 
controls, which has led to past restatements.  However, we think management has been proactive in addressing 
these concerns through focusing on its internal controls, as well as replacing personnel who were responsible 
for past errors.  No further problems have been discovered since October 2004.  
MTBE Phaseout:  Several states, including California, New York, and Connecticut, have phased out the use of 
MTBE in 2004 because of potential environmental risks.  Several states may ban the oxygenate in the future, 
and legislation has been introduced that would seek to ban MTBE nationwide by 2007.  Of course, the lack of 
a total ban would benefit Huntsman. 
Interest Rate Risk:  Roughly half of Huntsman’s debt is variable (about $2.2 billion).  Therefore, any 
inflationary pressures that lead to higher interest rates could have a negative effect on Huntsman’s earnings.  
We estimate that a 1% change in interest rates has about a $0.10 impact on EPS.  A pause in the Fed’s 
tightening would ease this concern.   
Acceleration of Commoditization:  In Huntsman’s specialty portfolio (which makes up 50% of sales), several 
plastics, such as polyurethanes, have been undergoing gradual commoditization.  Therefore, these plastics have 
slowly seen their pricing and margins shrink over the cycle.  We think that if the commoditization of these 
products increases, due to consolidation of buyers, Huntsman’s earnings could be at risk. 
Ethylene Recovery Setback:  Huntsman has significant commodity exposure due to its position in ethylene.  A 
large amount of global ethylene capacity, about 12%, came on line in 2001 and 2002.  While supply has been 
absorbed with the global economic recovery and a lack of new capacity additions, any setback in economic 
demand growth could limit the recovery and subsequent peak expected in 2006.  A delayed recovery could 
increase the risk of Huntsman’s credit rating.  Huntsman’s bonds are currently rated BB– by Standard & 
Poor’s. 
Cyclicality of Stock:  Earnings are very cyclical, and there have been periods that have included periods of 
negative earnings (from 2002 to 2004) and free cash flow.  Potential for negative earnings and cash flow in the 
future could result in violation of debt covenants, which could put the stock under pressure.  In addition, the 
company’s ability to obtain additional financing could be constrained.  However, our current forecasts call for 
strong earnings and free cash flow through 2007. 
If the impact on the company from any of these factors proves to be less than we anticipate, the stock could 
outperform our target.  Conversely, if the negative impact on the company from any of these factors proves to 
be greater than we anticipate, the stock could materially underperform our target price. 

Lyondell Chemical Co. (LYO-$24.10; 2H) 
Valuation 
Our $22 target price is based on an average of our two valuation methodologies:  price/forward earnings and 
firm value/forward EBITDA.   
We estimate Lyondell’s earnings will peak in 2006 and believe the stock should no longer be valued at peak 
multiples.  Instead, we believe LYO should be valued at a “hybrid” multiple between peak and normalized 
levels, as 2007 earnings are likely to be stronger than during a normalized year but weaker than peak levels.  
Over the last ten years, LYO has traded between 7x and 18x P/E, and an average of 13x (or 7x peak EPS levels 
and 13x normalized EPS).  We therefore apply a 10x hybrid multiple to Lyondell’s 2007 EPS.  Over the same 
time frame, on an EV/EBITDA basis, Lyondell has traded between 5x and 9x EV/EBITDA, with an average of 
7x (or 5x peak EBITDA and 7x normalized EBITDA).  We therefore apply a 6x hybrid multiple to Lyondell’s 
2007 EBITDA. 
P/E Valuation:  We derive a $21 target price, derived by applying a 10.0x multiple (unchanged) to our 2007 EPS 
estimate of $2.10. 
EV/EBITDA:  In addition, we value LYO based on an EV/EBITDA multiple, as it is less lumpy than P/E, 
which can often be negative for commodity chemical companies near the trough of the chemical cycle.  
Applying a 6.0x multiple (unchanged) to our 2007 EBITDA estimate of $2.0 billion derives a target price of 
$22 (subtracting net debt of $6 billion). 
Risks 
We rate Lyondell High Risk due to the following factors: 
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High Leverage:  Lyondell’s debt-to-capital ratio of 69% is one of the highest among its peers.  Lyondell has 
leveraged itself ahead of a recovery in the ethylene cycle.  Should the economic recovery in the U.S. face a 
setback, the high debt-to-capital ratio could weigh on the company.  Alternatively, greater-than-expected 
economic recovery could increase the company’s ability to pay down debt.  About $2.5 billion in debt is due 
by 2007. 
Ethylene Recovery Delayed:  Lyondell has significant commodity exposure due to its leading position in 
ethylene.  A large amount of capacity, roughly 12% of global capacity, came on line in 2001 and 2002.  
Oversupply is slowly getting absorbed, but any setback in economic demand growth could push back the 
ethylene recovery and potential peak.  A delayed recovery could increase the risk of Lyondell’s credit rating.  
Lyondell’s bonds are currently rated BB– by Standard & Poor’s.  Any downgrade could significantly increase 
the cost of borrowing in the future. 
MTBE Phaseout:  The phase-out of MTBE in California and other states could result in higher capex, in order  
to convert MTBE facilities toward other octane boosters.  Furthermore, there is a possible litigation risk for 
Lyondell from sites where MTBE has entered the water supply.  In the short term, Lyondell could benefit from 
competitors’ decisions to exit the MTBE market. 
Lead Paint:  Millennium has been named in a number of lawsuits involving lead paint.  There have been 
roughly 50 lawsuits brought against the lead paint industry since 1989.  Up until the recent Rhode Island 
decision in February 2006, the paint industry had never lost a case, as the lawsuits were either dismissed or 
voluntarily withdrawn by the plaintiffs.  However, in February, the state of Rhode Island found that several 
paint companies, including Millennium, can be held liable for compensatory damages arising as a result of lead 
paint usage.  Millennium believes that it is indemnified against potential lead paint liabilities, but that 
indemnification is currently under dispute.  We believe the history of decisions in Millennium’s favor gives the 
company a good chance of prevailing in future cases.  However, the recent Rhode Island decision against the 
paint companies could give an incentive for additional cases to be filed, resulting in future litigation expenses. 
Potential Share Dilution and Overhang:  The acquisition of Millennium increased the shares outstanding at 
Lyondell by roughly 63 million.  However, we would note that additional dilution could occur if the holders of 
options and convertible bonds issued by Millennium decide to convert, which could increase the dilution by 
roughly 17 million shares.  Should these shares be converted, that could result in a lower EPS estimates.   In 
addition, Occidental Petroleum holds roughly 41 million shares, or 20%, of Lyondell’s stock.  The three-year 
lock up expired in August 2004, and should Occidental sell, that could cause more volatility in the shares.  If 
Occidental does not reduce its stake, the shares could react more positively than expected. 
If the impact on the company from these factors proves to be greater than we anticipate, the stock could 
materially underperform our target price.  Likewise, if the impact proves to be less than we anticipate, the 
stock could outperform our target price 

Monsanto (MON-$83.40; 1M) 
Valuation 
Our target price is an average of our two valuation methodologies:  discounted cash flow and a sum-of-the-
parts analysis.   
We believe a simple price/forward earnings ratio does not capture the full potential of Monsanto’s R&D 
pipeline, especially when some of the products are going to be commercialized over the next three to five 
years.  Therefore, we utilize a discounted cash flow (DCF) approach. 
Discounted Cash Flow:  Given our perceived inadequacy of a traditional P/E in this situation, we use a ten-
year, two-stage DCF model to value Monsanto.  We have used our EBIT estimates through 2008, and then 
assumed an EBIT growth rate of 7%, eventually slowing down to 5%, our terminal growth rate.  We have 
recently raised our terminal growth rate from 3% due to the extended opportunity that we believe ethanol and 
stacked traits offer.  We are assuming a risk-free rate of 4.49%, an equity risk premium of 3.7%, and a beta of 
1.27.  Using these assumptions and deducting seasonally adjusted average net debt, we derive an equity value 
of $93 per share. 
Sum of the Parts:  We also utilize a sum-of-the-parts analysis, which we feel is justified given Monsanto’s two 
distinct businesses:  Seeds & Genomics (biotech) and Ag Productivity (crop protection chemicals).  We 
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estimate that roughly 70% of Monsanto’s 2007 earnings will come from the Seeds & Genomics division, while 
the remaining 30% will come from the Ag Productivity segment.  Our 2007 combined EPS estimate is $3.45. 
For Seeds & Genomics, we utilize a price-to-earnings-growth (PEG) ratio, a methodology used frequently in 
traditional biotech companies.  The agricultural biotech business is similar to that of human biotech companies 
in terms of patents, approval processes, and field trials.  The average targeted PEG ratio of the biotech universe 
followed by Citigroup Investment Research analyst Elise Wang is roughly 1.6x (unchanged).  Applying this 
PEG to Monsanto’s estimated long-term biotech earnings growth rate of 22%, we generate a 35x multiple for 
the Seeds & Genomics business.  Note that we have recently changed our growth rate from a near-term 
estimate of 24% to a longer-term estimate of 22% to adequately quantify the impact of ethanol demand, which 
we expect to be strong by the end of the decade.  Applying this multiple to our estimated 2007 Seeds & 
Genomics EPS of $2.42 (70% of combined EPS estimate) yields a value of $85 per share. 
On the Ag Productivity side, Monsanto’s main product, Roundup, is off patent around the world, and sales and 
earnings have flattened out.  We apply a P/E multiple of 12x (unchanged) for this business, which represents a 
discount to the recent average multiple of our specialty chemical universe (16x).  We apply this discount 
because of the lower margins and returns earned in the Roundup herbicide business.  Applying this multiple to 
our estimated 2007 Ag Productivity EPS of $1.04 (30% of combined 2007 EPS estimate) yields a value of $12 
per share. 
Our sum-of-the-parts target price is $97.   
The rounded average price of our two valuation methodologies is $95. 
Risks 
We rate Monsanto Medium Risk.  We believe the risks associated with the impact of weather on agricultural 
sales and the decline in Roundup sales are offset by the company’s strong balance sheet, strong research and 
development pipeline, and leadership position in agricultural biotechnology.  Despite these factors, the 
following risks remain: 
Weather Fluctuations:  Monsanto’s main end market is the agricultural market, which is significantly affected 
by weather conditions that can be unpredictable.   Persistent rains or drought could have a negative impact on 
crop plantings and ag chemical usage (such as herbicides).  Conversely, good weather and a strong agricultural 
season could fuel demand for higher-margin biotech products, a boon for Monsanto.   
Pace of Roundup Decline:  Monsanto’s flagship herbicide, Roundup, is off patent around the world.  Roundup 
represented 32% of sales in fiscal 2005 and 29% of EBIT.  Monsanto has been losing market share to generic 
competition in the lower-priced “burn-down” application.  The competition is also muscling in to its more 
profitable “over-the-top” franchise as well.  However, we believe Roundup’s decline has likely bottomed out at 
this point and should continue along at a steady state in pricing.  If the Roundup pricing decline eases or 
reverses, Monsanto would be well positioned to benefit. 
Regulatory Approval:  Monsanto’s agricultural biotech products have to undergo a similar approval process as 
new drugs.  New traits must be approved by the FDA (Food and Drug Administration) and the USDA.  Any 
failure to win such approvals for new products could result in a material loss of value.  Conversely, rapid 
approvals of new products would all Monsanto to bring its offerings to market faster. 
If the negative impact on the company from any of these factors proves to be greater than we anticipate, the s 
tock will likely have difficulty achieving our financial and target prices. 
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Citigroup Global Markets Inc. and/or its affiliates has a significant financial interest in relation to Dow Chemical, DuPont, Huntsman, 
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Risk ratings, which take into account both price volatility and fundamental criteria, are: Low (L), Medium (M), High (H), and Speculative 
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Within the past 5 years, Citigroup Global Markets Inc. or its affiliates has acted as manager or co manager of a public offering of fixed 
income securities of Dow Chemical, DuPont, Huntsman, Lyondell Chemical and Monsanto. 

Citigroup Global Markets Inc. or its affiliates holds a long position in any class of common equity securities of Dow Chemical, Huntsman 
and Monsanto. 

For securities recommended in the Product in which the Firm is not a market maker, the Firm is a liquidity provider in the issuers' 
financial instruments and may act as principal in connection with such transactions. The Firm is a regular issuer of traded financial 
instruments linked to securities that may have been recommended in the Product. The Firm regularly trades in the securities of the 
subject company(ies) discussed in the Product. The Firm may engage in securities transactions in a manner inconsistent with the 
Product and, with respect to securities covered by the Product, will buy or sell from customers on a principal basis. 

Securities recommended, offered, or sold by the Firm: (i) are not insured by the Federal Deposit Insurance Corporation; (ii) are not 
deposits or other obligations of any insured depository institution (including Citibank); and (iii) are subject to investment risks, including 
the possible loss of the principal amount invested. Although information has been obtained from and is based upon sources that the Firm 
believes to be reliable, we do not guarantee its accuracy and it may be incomplete and condensed. Note, however, that the Firm has 
taken all reasonable steps to determine the accuracy and completeness of the disclosures made in the Important Disclosures section of 
the Product. In producing Products, members of the Firm's research department may have received assistance from the subject 
company(ies) referred to in the Product. Any such assistance may have included access to sites owned, leased or otherwise operated or 
controlled by the issuers and meetings with management, employees or other parties associated with the subject company(ies). Firm 
policy prohibits research analysts from sending draft research to subject companies.  However, it should be presumed that the author of 
the Product has had discussions with the subject company to ensure factual accuracy prior to publication.  All opinions, projections and 
estimates constitute the judgment of the author as of the date of the Product and are subject to change without notice. Prices and 
availability of financial instruments also are subject to change without notice. Although Citigroup Investment Research does not set a 
predetermined frequency for publication, if the Product is a fundamental research report, it is the intention of Citigroup Investment 
Research to provide research coverage of the/those issuer(s) mentioned therein, including in response to news affecting this issuer, 
subject to applicable quiet periods and capacity constraints. The Product is for informational purposes only and is not intended as an 
offer or solicitation for the purchase or sale of a security. Any decision to purchase securities mentioned in the Product must take into 
account existing public information on such security or any registered prospectus. 
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computations. Investors who have received the Product from the Firm may be prohibited in certain states or other jurisdictions from 
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