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ABSTRACT
This scoping study inventories renewable energy alternatives and assesses their impact on the
Southwest region’s transportation sector. Biofuel transportation requirements and
domestic/international supply chains are illustrated. A variety of potential solutions are
described, including technologies currently commercially available and those still in a research
phase. However, biofuels constitute the focus of this research given the current level of
development and potential to impact the Southwest in the near term. Ethanol is the biofuel most
widely marketed at the present time and therefore commands the bulk of this narrative.
The world’s primary producers of ethanol are Brazil and the United States. These two nations
employ different methods to manufacture the fuel from separate crops. Brazil utilizes sugarcane
whereas the United States employs corn. A four parameter comparison focusing on the energy
budget, carbon emissions reduction, land use, and production costs of each biofuel type strongly
suggests Brazil’s fuel is superior to the American derivative. Case studies illustrate how ethanol
would reach Texas markets depending on whether the biofuel originated in American corn fields
or the Brazilian cerrado.
Additional discussion cites Texas’ limited ability to grow existing commercial biofuels locally.
However, the Southwest region holds greater promise as a producer of next-generation
alternatives still undergoing laboratory evaluation.
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EXECUTIVE SUMMARY
Introduction
“America is addicted to oil.”1 President George W. Bush uttered this stark assessment of the
United States’ energy dependence during his 2006 State of the Union Address. American
reliance on fossil fuels, particularly petroleum for the country’s transportation needs, has been the
subject of much heated debate so far this decade. Heavy investment in oil has three well
documented risks. In order to safeguard its energy security, the United States must engage in
geopolitical conflicts common in the world’s primary petroleum producing regions, namely the
Middle East. The environmental consequences of an oil dependent energy infrastructure must
also be weighed. A growing body of evidence indicates the greenhouse gas emissions produced
from oil combustion are contributing to global warming. The consequences of heating the
world’s atmosphere have only begun to become apparent and climate change issues will likely
plague human civilization for decades or centuries to come. Furthermore, the supply of fossil
fuels is finite whereas worldwide demand for energy reserves continues to grow raising concern
that the price of traditional fuels, namely petroleum, will continue to escalate.
In response to the twenty-first century energy crisis, studies conducted on national, state, and
local levels have attempted to identify potential alternatives to America’s fossil fuel-based
economy. Biofuels have garnered much popularity in recent years as an agricultural supplement
to the United States’ petroleum-based transportation sector. The concept of growing fuel has
several purported advantages. With regard to oil’s deficiencies, a biofuel alternative would
decrease American reliance on the Persian Gulf region. Furthermore, the carbon emissions
lifecycle of biofuels suggests greenhouse gas emissions could also be curbed. However, it is
important not to embrace new technologies without first understanding the underlying
characteristics of the particular energy alternatives.
Contents
This scoping study inventoried renewable energy alternatives and assessed their impact on the
Southwest region’s transportation sector. A variety of potential solutions are described,
including technologies currently commercially available and those still in a research phase.
Bioenergy, namely transportation biofuels, became the focus of this research given their current
level of development and potential to impact the Southwest in the near term. Ethanol is the
biofuel most widely marketed at the present time2 and therefore commands the bulk of this
narrative.
The world’s primary producers of ethanol are Brazil and the United States. These two nations
employ different methods to manufacture the fuel from separate crops. Brazil utilizes sugarcane
whereas the United States employs corn. A four parameter comparison focusing on the energy
budget, carbon emissions reduction, land use, and production costs of each ethanol type strongly
suggests Brazil’s fuel is superior to the American derivative. Case studies illustrate how ethanol
vii

would reach Texas markets depending on whether the biofuel originated in American corn fields
or the Brazilian cerrado.
Findings
An approximate economic analysis supports the Southwest region developing an international
supply chain with Brazilian sugarcane ethanol producers at the expense of growing ties with the
domestic corn ethanol industry. Texas transportation planners could earmark money saved on
biofuel imports to upgrade existing fuel retail infrastructure. The prohibitive costs associated
with retrofitting a diverse array of distribution centers to handle biofuels is a “last mile” problem
that must be resolved if a renewable fuels industry is to take root in the Southwest.
Despite all the media attention bioenergy has garnered, the impact that biofuels are expected to
have on reduced petroleum consumption is minor. Oil currently fuels 96% of the United States’
transportation sector. A portfolio solution incorporating alternatives like bioenergy, hybrid
vehicle technology, improved efficiency, and restyled community planning is the only way to
transition from the current, unstable fossil fuel energy profile. In addition to marketing biofuels,
funding technologies five to ten years away from commercialization should also be prioritized.
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CHAPTER 1. TRENDS IN U.S. ENERGY CONSUMPTION
In October 2006 the United States surpassed a population of 300 million individuals solidifying
its status as the third-most populous country behind China and India. More noteworthy, the
United States is the only western, industrialized nation whose population continues to rise
substantially. Mirroring this national trend, the population of Texas grew steadily from 20.9
million to 23.9 million people between 2000 and 2007, securing it as the second most populous
state in the Union. To sustain an ever-growing population and the world’s largest economy, with
a 2006 gross domestic product of $13.13 trillion, the U.S. remains the globe’s largest energy
consumer.3 Both the American power grid, which accounts for roughly 60% of the nation’s
energy needs, and transportation sector, constituting the remaining 40% of total energy demand,
remain heavily reliant on fossil fuels as they have been for much of the twentieth century.
In 2006, domestic electricity production totaled 4.065 trillion kilowatt-hours (kWh). A
breakdown of electricity production by source and illustrated in Figure 1 is as follows: 49.0%
from coal, 20.0% from natural gas, 19.4% from nuclear energy, 7.0% from hydroelectricity, and
1.6% from petroleum. The remaining 3.1% is supplied by alternative energies ranging from solar
and wind power to ocean wave energy.4 Notwithstanding all of their positive publicity, these
renewable energy sources currently account for a small fraction of overall American energy
usage.

Figure 1 – United States Electricity Production Sources
Source: Energy Information Administration5
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Electricity consumption within the United States falls short of the production benchmark. In
2006 both commercial and residential consumption totaled 3.799 trillion kWh. In this instance
“commercial” comprised all industrial and agricultural activities requiring power. The balance of
approximately 262 billion kWh was lost due to power grid inefficiencies or otherwise
unaccounted for.6 Electricity imports and exports also factor into the American production and
consumption budget. In 2006, the U.S. imported 42.7 billion kWh and exported 24.3 billion
kWh. Canada was responsible for the vast majority of this trade, accounting for 41.5 billion
kWh of U.S. imports while receiving 23.4 billion kWh of exported electricity. To a lesser extent
Mexico is an electrical trading partner, providing the U.S., particularly Southern California, 1.1
billion kWh while receiving 866 million kWh.7
In addition to its 20.0% contribution to total U.S. electricity production, natural gas, namely
methane, fuels a niche winter heating market in the north-central and northeastern United States.
The importance of natural gas in both electricity generation and heating requires elaboration of
the natural gas budget. In 2006 domestic natural gas production totaled 23.6 trillion cubic feet.8
Like the electricity demand, 2006 natural gas consumption of 21.7 trillion cubic feet (cf) also
lags behind production.9 The United States has significantly more foreign trading partners in
natural gas than electricity. The U.S. imports and exports natural gas in two fashions: via
pipeline or ocean tanker. In the latter case, the natural gas is liquefied prior to shipment to or
from the U.S. As for piping natural gas into the American market, Canada accounted for 99.6%
of the 3.6 trillion cubic feet of natural gas received via pipeline in 2006. Another 583.5 billion
cubic feet of liquefied natural gas (LNG) were imported via tanker in 2006, of which Trinidad
and Egypt jointly supplied 87.2%.10 Compared to imports, American natural gas exports are an
order of magnitude less amounting to 724.0 billion cubic feet in 2006. The U.S. shipped 341.1
billion cf and 322.0 billion cf via pipeline to Canada and Mexico, respectively. Additionally,
tankers transported 60.8 billion cf of LNG via tanker to Japan.11
Petroleum is of utmost necessity to the United States’ transportation sector. Although oil
accounts for a meager 1.6% of American power generation, the U.S. Department of Energy’s
Energy Efficiency and Renewable Energy Program reports petroleum was responsible for 95.9%
of all transportation fuel in 2006, with 2.2% natural gas, 1.6% renewable energies, and 0.3%
electricity accounting for the remaining 4.1% as illustrated in Figure 2.12 Although the biofuel
market has grown substantially in the last five years, renewable energy’s share of the
transportation fuel market remains miniscule compared to petroleum.
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Figure 2 – United States Transportation Fuel Sources
Adapted from: Energy Information Administration13

A review of relevant U.S. petroleum statistics underscores why policy makers are advocating that
America’s energy security requires a change in the status quo. In 2006, domestic petroleum
reserves produced 1.862 billion barrels of oil.14 In comparison, the United States imported 3.693
billion barrels of oil. Oil imports are roughly double the American domestic supply.
Approximately 1.746 billion barrels or 47.3% of oil imports originated from countries having
membership in the Organization of Petroleum Exporting Countries (OPEC). Further, 788
million barrels or 21.3 % of imported oil came from the volatile Persian Gulf region.15 The
timed required to refine crude oil degrades the usefulness of comparing petroleum production
and consumption within a given year. Refinery lag times can cause oil extracted during one year
to be used in the next. However, American consumption of petroleum products per year
essentially equals production given the U.S. only exported a mere 9 million barrels in 2006.16
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CHAPTER 2. OIL A VOLATILE SOURCE OF FUTURE ENERGY NEEDS
The American transportation sector’s overwhelming reliance on petroleum presents a host of
serious issues that will require resolution over the coming decade. Oil’s risks fall into three
general categories: climactic/environmental, demand exceeding supply, and geopolitical security.
Significant debate in recent years has focused on how significantly the burning of fossil fuels
contributes to global warming. In 2007 the United Nations Framework Convention on Climate
Change (UNFCCC) published its fourth in a series of reports that make a case that carbon
dioxide (CO2) and other greenhouse gases (GHG), contribute to the warming of the earth. Rising
levels of CO2 in the atmosphere and increasing temperature have spurred many nations to
consider policies that curb emissions as a way of lessening further release of anthropogenic
carbon into the air. The transportation of people and freight through the burning of petroleum in
traditional catalytic converter engines represent a major source of GHG emissions and one that
the UNFCCC argues is difficult to control.17
The Kyoto Protocol of 1997 represented the first global accord designed to reduce the annual
amount of greenhouse gases emitted to the atmosphere. The United Nations Framework
Convention on Climate Change (UNFCCC) designated countries of the world either Annex I or
Non-Annex I nations through the Kyoto Agreement. Annex I nations are the developed world,
namely Europe, North America, Japan, and Australia. The industrializing countries in Latin
America, Africa, and Asia constitute the bulk of Non-Annex I nations. The Kyoto Protocol
establishes different requirements on Annex I versus Non-Annex I countries. On average Annex
I states are required to reduce their emissions five percent below their respective 1990 levels
during the first commitment period (2008-2012) or face emissions penalties. In contrast NonAnnex I countries only have to report their respective emissions.18
The United States is the last Annex I country to sign but not ratify the Kyoto Protocol.19 Citing
flawed science, negative economic impacts, and a strong opposition to the exemptions given to
developing nations, particularly India and China, President George W. Bush declared that the
U.S. would work outside the protocol to decrease greenhouse gas emissions by making voluntary
reductions in GHG intensity.20 Kyoto critics within the U.S. have argued that not only would the
accord negatively affect the economies of Annex I nations but its failure to curtail third world
emissions would mean that increased GHGs from Non-Annex I nations would likely dwarf any
GHG reductions by Annex I states. When the agreement came into force in February 2005,
thirty-six Annex I countries had signed and ratified the document; Australia and the United
States had signed but not ratified the document.21 Australia has since ratified the protocol. The
United States’ decision not to ratify Kyoto almost a decade ago implies the U.S. need not comply
with mandatory international agreements dictating reductions in net greenhouse gas emissions
during the Kyoto Phase I period, 2008-2012. Despite the United States’ reluctance not to adhere
to the terms and conditions of the original Kyoto Protocol, the U.S. has begun to move toward
compulsory carbon reduction. Signs include a more proactive American delegation helping to
draft Kyoto Phase II guidelines at the December 2007 UN Climate Conference in Bali, Indonesia,
as well as agreements like the Regional Greenhouse Gas Initiative (RGGI), an accord among
northeastern states to cut carbon emissions. Energy sector participants suspect the next
5

presidential administration may have the moral capital to institute carbon reduction schemes,
such as a cap-and-trade system.
While fossil fuel combustion has negative environmental consequences, the depletion of easily
accessible oil reserves worldwide may be the underlying factor that eventually mandates
transition to an alternative fuel economy. The rampant economic growth of the People’s
Republic of China (PRC) over the past twenty years largely explains the significant price increase
of not just petroleum but most raw materials since 2000. During the first decade of the twentyfirst century, the PRC has adopted a strategy of sustaining economic growth at all costs to stave
off prospects of social revolt. Perhaps the mightiest challenge China must overcome concerns
resource security. As of 2007, the PRC boasted the fourth-largest economy in terms of nominal
gross domestic product, behind that of the United States, Japan, and Germany. The amount of
energy required to spur continued growth is enormous. Despite its expansive land area, China
does not have a wealth of fossil fuels to support its huge population of 1.3 billion people.
China’s oil and natural gas deposits in per capita terms (i.e., barrels of oil produced domestically
per person) amount to only 8.3% and 4.1% of global averages, respectively.22 Until 1993,
China’s domestic reserves had been sufficient to fuel its economy. However, the PRC’s rapid
economic expansion during the following decade caused China to surpass Japan as the world’s
second-largest oil consumer in 2003. In that year, total Chinese petrol consumption equated to
5.56 million barrels per day (mbd). More importantly, the PRC imported approximately twothirds of this amount, totaling 3.4 mbd as of April 2004. Analysts forecast oil imports to grow to
approximately 8.8 mbd by 2020.23
China and other developing nations are increasingly competing with the United States for a finite
petroleum supply. The majority of the world’s crude oil is derived from the sedimentation of
algae that thrived in ancient seas during periods of excessive global warming between 90 and 150
million years ago.24 These reserves will eventually be depleted given rates of petroleum
extraction far exceed the millions of years required for the geologic transition from organic
matter to oil. “Peak oil” is the point in time when the maximum rate of global petroleum
production is reached, after which the rate of production enters its terminal decline. If global
consumption is not mitigated before the peak, an energy crisis may develop because the
availability of conventional oil will drop and prices will rise, perhaps dramatically. M. King
Hubbert first used the theory in 1956 to accurately predict that U.S. oil production would peak
between 1965 and 1970. His model, now called Hubbert peak theory, has since been used to
predict the peak petroleum production of many other countries, and has also proved useful in
other limited-resource production domains. According to the Hubbert model, the production rate
of a limited resource will follow a roughly symmetrical bell-shaped curve based on the limits of
exploitability and market pressures. Currently, much debate concerns when the world’s peak oil
will occur. Optimistic longer-term projections cite the 2020s or 2030s, while more dire forecasts
point to the 2010 to 2015 timeframe.25
The post-peak oil period generally features both declining revenues for private industry, as well
as a shrinking of tax income for municipality, state, and national governments that have come to
rely on the region’s commodities. The Lone Star State particularly understands the hardships that
6

can ensue following peak oil. Beginning with the discovery of oil at Spindletop in 1901,
technological improvements enabled Texas to increase its oil production for nearly three-quarters
of a century as shown in Figure 3. However, after peaking in 1972 at 1.26 billion barrels
annually, oil output steadily declined due to an exhaustion of crude deposits.26 By 2006, oil
production had plummeted 73% to less than 341 million barrels.27 Declining oil production
equates to reduced oil industry contributions to the Texas economy. Indeed, Texas’ reliance on
petroleum production and sales as its primary tax revenue stream forced the state government to
weather several years of severe economic downturn in the early 1980s.28 Alternative fuel
proponents advocate Texas investment in renewable energies would benefit the state
economically given the existing petroleum cash flow is tied to oil output, which will continue to
shrink in the coming years.
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Figure 3 – Annual Oil Production in Texas (in Thousands of Barrels)
Adapted from: Railroad Commission of Texas29

Although peak oil may be several years to decades away, petroleum needs force the United States
to already become embroiled in the more volatile regions of the globe, namely the Middle East.
With over one-fifth of U.S. supplies coming from the Persian Gulf region and traveling by tanker
through the critically narrow, thirty-five mile wide Strait of Hormuz between Iran and Oman, any
act of aggression towards an oil installation has the potential to inflate petroleum prices on
7

international commodities markets. For example, a pirate-initiated rocket attack on a Japanese
oil tanker off the coast of Yemen on April 21, 2008 caused crude oil futures to spike to a record
$117.40 per barrel and the price of regular, unleaded gasoline to rise to $3.50 per gallon in the
United States.30 The growing risk of maintaining transportation sector reliance on oil
incentivizes a migration to clean, alternative fuels within the United States. Texas’ energy
tradition suggests the state can develop a leadership role in more sustainable fuels analogous to
the Lone Star State’s connection to oil and gas.

8

CHAPTER 3. FEDERAL POLICIES TO REDUCE PETROLEUM
CONSUMPTION
The risks associated with continued reliance on fossil fuels have spurred numerous federal
policies aimed at reducing demand of these non-renewable resources. Legislation has promoted
a variety of solutions, from enhanced fuel economy to solar power tax credits. Desired economic
impacts differ depending on whether a given policy targets producers or consumers. Producer
credits or subsidies intend to reduce the upstream costs associated with manufacturing more
efficient vehicle engines or synthesizing new, alternative fuels. In contrast, consumer tax breaks
help shield customers from higher downstream prices generally associated with newer types of
technology.31 Given the scope of this report, those policies encouraging alternative fuel
development within the transportation sector are emphasized.
The Energy Policy Act of 2005 established the Alternative Motor Vehicle Credit which provides
a tax credit to taxpayers who buy qualified hybrid vehicles and certain energy efficient vehicles
within a specified timeframe. The standards have changed over recent years, with the credit
amounts decreasing as more hybrids are produced and purchased. As of November 8, 2007, the
buyer of an eligible vehicle could receive up to $3,150. Restrictions on this tax break include the
vehicle must be in service after December 31, 2005; the vehicle must be purchased by December
31, 2010; only the primary owner of the vehicle can claim this credit; and the vehicle must be
used primarily within the United States.32 The amount of the credit varies, based on the make
and model of the vehicle. The new qualified hybrid motor vehicle credit begins to phase out in
the second calendar quarter after the calendar quarter in which at least 60,000 of the
manufacturer’s qualifying passenger automobiles and light trucks have been sold.33
Publicly, the United States federal government is promoting research and development of
hydrogen fuel technologies, even if commercial use of hydrogen fuel may be years away.34 The
entire Title XIII of the 2005 Energy Act is devoted to hydrogen. Emphasis is placed on
development of national laboratories, academic institutions, and private industry exclusively
devoted to innovation and industrial growth of hydrogen as a fuel source. The two federal
agencies charged with advancing hydrogen research are the U.S. Department of Energy (DOE)
and the U.S. Department of Transportation (DOT). The Energy Act established a Hydrogen and
Fuel Cell Technical Task Force charged with determining the short-term steps necessary to
develop commercial hydrogen transportation infrastructure, including delivery pipelines and
fueling stations, by 2030.35
More than four years into the latest period of high oil prices, the majority of legislation seeking to
reduce the transportation sector’s fossil fuel dependence has focused on biofuel development.
Biofuels, which include ethanol and biodiesel, substitute geologic hydrocarbons with energy
derived from plant matter. Fuel ethanol is produced from the fermentation and distillation of
simple sugars whereas biodiesel is derived from vegetable oil, grease, and other organic solvents.
From a national perspective, recent ethanol interest has primarily targeted six policy categories:
alcohol fuel tax incentives, the renewable fuel standard, specialized or “boutique” fuels, ethanol
9

imports through Caribbean Basin Initiative (CBI) countries, flex-fuel vehicles, and the
significance of biofuels in the Farm Bill reauthorization Congress is currently considering.36
The energy crises of 1973 and 1979 helped to spur the development of the corn ethanol industry,
centered in the Midwestern states of Illinois, Iowa, Minnesota, and Nebraska. However, with the
collapse of world oil prices in 1986, petroleum remained dominant among transportation fuels
and corn ethanol output grew modestly for the remainder of the twentieth century. Prior to the
current period of high oil prices, which commenced in 2003, domestic corn ethanol production in
2002 totaled 2.5 billion gallons, less than 3% by volume of motor vehicle gasoline supplies in the
United States.37 Before the Energy Policy Act of 2005, most federal ethanol programs
popularized this biofuel for emissions reasons. The Volumetric Ethanol Excise Tax Credit
(VEETC) provides a tax credit of up to 51 cents per gallon for “ethanol blended with petroleum
up to 10%” to help areas meet local air standards as directed by the Clean Air Act of 1990.38
Automobiles currently manufactured in the U.S. market are capable of running on a mixture of
90% petroleum and 10% ethanol, known as E10.39 The goal is to “increase the oxygenation of
gasoline,” thereby reducing emissions from combustion.40 Ethanol demand rose significantly in
2006 when twenty-seven states, including California and New York, replaced synthetic methyl
tert-butyl ether (MTBE) with ethanol as an oxygenate fuel additive.41
Section 932 of the 2005 Energy Policy Act created a biofuels program to encourage the
transportation sector to use biofuels and reduce consumption of oil as a carbon-intensive fossil
fuel. The Energy Policy Act of 2005 mandated use of ethanol and other biofuels by establishing
a renewable fuel standard (RFS). The RFS required the use of at least 4.0 billion gallons of
renewable fuel in 2006, rising to 7.5 billion gallons in 2012.42 Reinvigorated by new federal
government incentives, the corn ethanol industry exceeded the mandate during the next two
years, synthesizing 4.8 billion gallons of fuel in 2006.43 To further promote biofuel development,
the Energy Independence and Security Act of 2007, signed by President Bush on December 19,
2007, increased the RFS, calling for 9.0 billion gallons of renewable fuel in 2008, steadily rising
to 36 billion gallons by 2022 as reflected in Table 1. Perhaps more significant was the 2007
renewable fuel standard’s declaration that only a percentage of the required biofuel would come
from the traditional corn variety. Critics of corn ethanol, a “first generation” biofuel, had argued
synthesis of this alternative fuel is energy neutral or even energy negative, meaning energy
required to produce ethanol exceeds the energy gained through its use. The 2007 Energy
Security Act declared by 2022 60% of the mandated biofuel would be of the second generation
variety.44 Much of the initiative focuses on the research and development of so-called “secondgeneration” biofuels. This category includes biodiesel (a cleaner, organic equivalent of higher
mileage diesel fuel) and ethanol derived from cellulosic biomass such as switchgrass and other
plant varieties that require less water and fewer soil nutrients. Laboratory tests suggest secondgeneration biofuels are decidedly energy positive and lower in net carbon emissions compared to
corn ethanol, though cellulosic ethanol has yet to be commercially processed within the U.S.45
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Table 1 – Expanded Renewable Fuel Standard Requirements

Year
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Previous RFS
(billion
gallons)
4.0
4.7
5.4
6.1
6.8
7.4
7.5
b
7.6
b
7.7
b
7.8
b
7.9
b
8.1
b
8.2
b
8.3
b
8.4
b
8.5
b
8.6

Expanded
RFS (billion
gallons)

Advanced Biofuel
Mandate (billion
a
gallons)

9.0
11.1
12.95
13.95
15.2
16.55
18.15
20.5
22.25
24.0
26.0
28.0
30.0
33.0
36.0

0.6
0.95
1.35
2.0
2.75
3.75
5.5
7.25
9.0
11.0
13.0
15.0
18.0
21.0

a. The advanced biofuel mandate is a subset of the expanded RFS.
The difference between the expanded RFS and advanced
biofuel mandate, 15 billion gallons in 2015 onward, is an
effective cap on corn ethanol.
b. Estimate

Adapted from: Congressional Research Service46

The relatively high financial price of developing corn ethanol further weakens this domestic fuel
industry. Ethanol prices in other countries, namely Brazil, are significantly lower than in the
United States due to lower production costs. In terms of international competition, the United
States exerts a protectionist policy. The U.S. offsets its domestic ethanol tax incentives by
subjecting ethanol imports to a 2.5% ad valorem tariff. In December 2006, Congress further
regulated the market by adding a $0.54 per gallon duty on all imports, which has since curtailed
significant expansion of the overseas biofuel trade. President Bush recently extended the ethanol
import duty through December 31, 2008. In essence, a loophole does exist since ethanol trade
with the Caribbean Basin Initiative (CBI) countries of Costa Rica, Jamaica, and El Salvador
enjoys duty-free status. Non-CBI nations like Brazil can take advantage of this opportunity if
fuel originating within their borders undergoes dehydration, the final production step required to
make ethanol usable as motor fuel, in a CBI state prior to shipment to the U.S.47
11

In addition to federal guidelines advocating the use of E10 and other fuel combinations, different
states have passed varying resolutions that subject gasoline suppliers to different fuel quality
thresholds in adjacent states and even within separate geographic regions of the same state. For
example, a Minnesota state law stipulates all gas sold within its boundaries will include 20%
ethanol by 2013, while the blend threshold remains 10% in the neighboring Dakotas.48 As of
January 1, 2008, biodiesel blends containing more than 5% biodiesel with traditional diesel
cannot be sold within Texas’ non-attainment regions of Dallas-Ft. Worth and Houston, unless the
blend contains an additive to reduce nitrous oxide (NOx) emissions.49 A downside to different
formulations, referred to as “boutique” fuels, is nearby suppliers may not be able to overcome a
fuel disruption in an area if the gasoline requirements significantly differ between the two
regions. Congress has investigated whether various standards can be harmonized to reduce the
quantity of gasoline formulations. To prevent the situation from becoming more acute, the
Energy Policy Act of 2005 authorized the U.S. Environmental Protection Agency (EPA) to cap
the number of state fuel blend programs from exceeding fifteen, the quantity as of September 1,
2004.50
Automobile fuel standards in the U.S., known as Corporate Average Fuel Economy (CAFE)
Standards, were enacted by the Energy Policy and Conservation Act (EPCA) of 1975. CAFE
standards were originally conceived to reduce energy consumption. However, higher CAFE
standards equating to reduced vehicle GHG emissions proved a subsequent benefit. The EPA
and the National Highway Traffic Safety Administration (NHTSA) oversee the standards for
light trucks and cars and determine the average fuel economy. Currently, the standard for
passenger cars in the U.S. is 27.5 miles per gallon (mpg). This has been at the same level for
over two decades. Standards for light trucks were recently tightened for vehicles made between
2005 and 2007, from 20.7 mpg to 22.2 mpg.51 On December 19, 2007, President Bush signed
legislation that would increase CAFE standards to an average of 35 mpg by 2020. New
passenger cars are not subject to the updated standards until the 2011 models. Light trucks must
average 24 mpg by 2011. Sport utility vehicles and passenger vans, currently not covered under
the CAFE standards, will be subject to the new rules for the first time in 2011.52 Specifically, by
2011, manufacturers will be required to meet new fuel efficiency standards based on the vehicles
size or “footprint”, which is equal to the wheelbase times the track width. Vehicles with larger
footprints will be required to meet higher targets and vice versa.53
EPCA and subsequent amendments provide manufacturing incentives for alternative fuel
automobiles, including flex-fuel vehicles (FFV), which can operate on a mixture of ethanol and
gasoline up to 85% ethanol, known as E85. A manufacturer, such as General Motors or Ford,
earns credits toward meeting CAFE standards with each alternative fuel vehicle produced.54 As a
result, the popularity of flex-fuel vehicles has grown markedly in recent years with 2007
estimates of approximately six million FFVs on American roads, primarily in the Midwest.
Domestic auto makers anticipate increasing their numbers of FFVs to ten million by 2010 and
having flex-fuel cars constitute 50% of their production lines by 2015.55 Critics of FFVs
complain that car companies receive credits for flex-fuel vehicles even though these dual fuel
vehicles typically operate solely on gasoline due to the limited availability of E85 and other
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biofuel blends. The Energy Information Administration (EIA) supports these claims citing only
about 2% of dual fuel vehicles currently use E85 on a regular basis. Motor companies contend
the FFV CAFE incentives are necessary for the production of flex-fuel vehicles and that
alternative fuel infrastructure will grow to meet the FFV demand over the coming decade. 56
The 2008 Farm Bill Reauthorization, currently being debated by the 110th Congress as of May
2008, will likely expand and extend certain provisions associated with the development of
cellulosic energy production in an attempt to transition from the older corn ethanol technology.
In a related bioenergy program, the U.S. Department of Energy is subsidizing construction of
biorefineries nationwide, providing up to $100 million for a single refinery that manufactures
transportation fuel substitutes for petroleum-based feedstock products.57
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CHAPTER 4. STATE PETROLEUM REDUCTION TRANSPORT
POLICIES
Policies by Region
Compared to the federal government, state energy policies differ markedly from each other as no
umbrella organizations or mechanisms exist to standardize such mandates. States in the same
geographic region tend to adopt similar approaches. Two climate compacts, the Regional
Greenhouse Gas Initiative (RGGI) and the Western States Climate Initiative (WCI) represent two
cooperative agreements designed to reduce carbon dioxide emissions (CO2) in ten northeastern
states and seven western states, respectively. To date, RGGI has concentrated most of its efforts
in developing a multi-state carbon dioxide cap-and-trade program that includes a market-based
emissions trading system. In this scenario, various industry sectors would be assigned maximum
allowable CO2 emissions limits. If a given company within a sector exceeds its allotted
emissions quota, it would have to purchase credits from other companies operating below their
limits. Additionally, businesses that generate carbon offsets or engage in activities that lower
CO2 levels more than business as usual operations could sell credits in this market.58 WCI is also
moving towards a cap-and-trade solution but is still assessing how to accurately quantify its
emissions.59 Debate continues as to whether corn ethanol production accurately generates a net
reduction in fossil fuel use. However, ethanol derived from other existing sources like sugarcane
and anticipated sources like switchgrass is significantly less carbon intensive, suggesting secondgeneration biofuel producers could benefit from economic conditions imposed by RGGI and
WCI.60
In contrast to the east and west coast states, which are focusing on climate initiatives that will
impact the energy sector, states primarily in the Midwest and South are offering financial
incentives associated with the production and sale of biofuels. Eight states – California, Hawaii,
Iowa, Louisiana, Minnesota, Missouri, Montana, and Washington have enacted renewable fuel
standards more stringent than those of the federal government.61 Instead of simply mandating a
particular volume of ethanol or biodiesel produced, states like Minnesota have stipulated that all
fuel sold within their boundaries will contain a given percentage of biofuel, generally greater than
or equal to 10%.62 Fourteen states – Alaska, Connecticut, Hawaii, Idaho, Illinois, Indiana, Iowa,
Kansas, Maine, Missouri, Minnesota, North Dakota, Oklahoma, and South Dakota provide
retailer incentives for ethanol blends, namely E85. Twenty-one states – Hawaii, Illinois, Indiana,
Kansas, Maine, Maryland, Minnesota, Mississippi, Missouri, Montana, Nebraska, New York,
North Dakota, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakota, Tennessee,
Virginia, and Wyoming provide ethanol producers various enticements ranging from tax breaks
to loan assistance.63
Texas Policies
The State of Texas, unlike the RGGI and WCI states, has not established policies regarding
global warming or the mitigation of greenhouse gases despite the fact Texas is the largest state
source of greenhouse gases in the United States. Indeed, the Lone Star State emits more carbon
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dioxide than many countries, including Canada and the United Kingdom.64 As of 2007, Texas’
sole venture toward mitigation of GHG emissions in state transportation was a research and
development plan still under investigation. The idea behind the research involves distance-based
vehicle insurance, where car insurance payments would be based on the mileage that people drive
versus a fixed rate determined by liability risks alone. In theory, increased insurance costs would
discourage travel, thereby decreasing gasoline consumption and GHG emissions.65
With its traditional adherence to free market principles, Texas state government has been
reluctant to embrace the tax credits and subsidies favoring producers, which are offered by other
states as a way to court the biofuel industry. From a consumer standpoint, the state does exempt
the biofuel portion of a diesel fuel blend from the fuel use tax. For example, biodiesel blends
with diesel such as B20 (20% biodiesel) enjoy a reduction of 20% of the tax on a normal gallon
of regular diesel fuel.66
Two attempts by the state legislature to increase the attractiveness of Texas as a location for
biofuel companies are noteworthy. In response to the Energy Policy Act of 2005, the 77th State
Legislature directed the State Energy Conservation Office (SECO) to accelerate the development
of hydrogen fuel cells within Texas. Hydrogen fuel cells are electrochemical conversion devices
that combine the elements hydrogen and oxygen into molecular water and in the process generate
electricity. SECO’s efforts created the Fuel Cell Initiative Advisory Committee (FCIAC) to
further investigate the feasibility of hydrogen fuel. This initiative also included efforts to
convince the U.S. Department of Energy to build one of two national biofuel research centers in
Texas.67 As of April 2008, the Energy Department had agreed to contract with Oak Ridge
National Laboratory in Tennessee; the Great Lakes Bioenergy Research Center, led by the
University of Wisconsin-Madison and Michigan State University; and the Lawrence Berkeley
National Laboratory in California.68
Texas currently has one codified biofuel tax incentive program, but stopped funding the initiative
in October 2007. The Texas biofuels incentive provided a subsidy of $0.20 per gallon for Texas
biofuel producers. In order to participate in the program, producers were required to send $0.035
per gallon to Texas state government to ensure producers were not just profiteering off the
subsidy, but were instead assisting in the long term development of a renewable biomass energy
industry within Texas. This legislation resulted in a net gain of $0.165 per gallon for Texas
biofuel companies. The Texas Department of Agriculture was the agency most involved in the
evolution of the biofuels incentive. Ironically, administration of the subsidy was originally
placed in the Governor’s office under the Tourism Department. A bill passed during the 2005
legislative session moved the incentive program to the Agriculture Department, which had
expressed enthusiasm toward developing and promoting biofuels. The biofuels incentive
convinced a number of companies to proceed with plans to build biodiesel plants within Texas.
Considering this subsidy was only funded for two years, the legislation did not factor as
significantly with ethanol producers’ strategic plans given the longer time horizons associated
with ethanol plant development. The economies of scale explain why biodiesel developers were
more numerous in Texas than ethanol manufacturers. An average ethanol plant can generate a
16

fuel volume of 50 to 100 mega-gallons per year,69 which is several orders of magnitude greater
than a typical biodiesel refinery’s annual capacity, generally around 8 mega-gallons.70
The Texas biofuel incentive’s source of funding largely determined its fate. Originally, money
for the biofuels program was to come from “undesignated” funds within the general fund. If
monies existed in the general fund that had not been earmarked for other ventures, those financial
resources could be applied to the biofuels incentive up to predetermined limits. The program
was authorized during the 2003 legislative session. Representative David Swinford of Amarillo,
Texas was the primary proponent of the Texas biofuels incentive in the state legislature. The
structuring of the program (i.e., writing of the rules) occurred early in the 2005-06 biennium,
prior to the 2007 legislative session. Certain individuals believed it would be better to specify
biofuel program funds via a budget line item incorporated into the Department of Agriculture’s
budget. The biofuels program became higher profile when viewed as a budget earmark for the
Department of Agriculture. As a new item, the biofuels incentive increased Agriculture’s
prospective budget by millions of dollars fomenting critics to claim it was an unnecessary
expense. Funding for the biofuels program became a victim of budget balancing efforts during
summer and fall 2007. The increased attention garnered by the biofuels program as a potential
budget item during the 2007 legislative session likely contributed to the incentive losing its
popular support. The program was never “repealed” by a vote of the Texas state legislature. A
handful of legislators in committee decided to cut the program’s funding. However, the
unfunded program still exists and monies could be reinstated at a later date.71
Cutting off funding to the biofuels incentive may have jeopardized the Texas biofuels business
climate for the longer term. Companies are not as willing to conduct operations in a state that
appears capricious in its financial support of a particular industry. Biodiesel companies that had
set up operations in Texas, when the incentive was actively funded and are now hurting because
the subsidies have stopped, are less likely to conduct future biofuels transactions within the Lone
Star State.72
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CHAPTER 5. OVERVIEW OF TRANSPORT SOLUTIONS FOR
PETROLEUM REDUCTION
Transitioning from a transportation sector fueled 96% by petroleum requires a portfolio solution.
Currently, no alternative fuel or technology is sufficiently affordable or efficient to supplant oil
on a one-for-one basis. A multi-faceted approach concentrating on demand management, vehicle
technology innovation, and sustainable fuel generation may result in a post-2050 transport profile
decidedly more heterogeneous than the monolithic, petroleum-car model of today.73 Various
studies, including an action plan developed by the University of Tennessee, stipulate renewable
sources can provide 25% of the United States’ energy needs by 2025 if intensive research and
development efforts are made within the following four arenas: increasing renewable energy
production; expanding the size of alternative energy markets; adhering to more stringent demand
management and smart growth strategies; as well as increasing energy efficiency and
productivity.74 Energy solutions within these categories will be elaborated as they relate to
transportation and specifically the Southwest Region.
Renewable Energy Production
The three sources of renewable energy for the transportation sector currently receiving the most
attention are biofuels, plug-in hybrid-electric technology, and hydrogen. Of these potential
solutions, economics and technological limitations suggest biofuels hold the most short-term
promise, whereas hydrogen fuel will likely not be commercially available until mid-century.
Biofuel is the generic term applied to any solvent derived from organic matter that produces
energy when combusted. Ethanol and biodiesel constitute the two primary biofuels commercially
available.75 Ethanol, also known as ethyl alcohol C2H5OH, is a clear and colorless liquid that can
be readily produced by fermentation of simple sugars obtained directly from natural glucose (i.e.,
sugarcane) or converted from starch crops. In North America, the sugar for ethanol production is
generally isolated from enzymatic hydrolysis of starch-containing crops, like corn or wheat.
Although corn ethanol is an established industry in the American Midwest, the intermediate
processing step required to convert corn starch to sugar makes fuel from corn less cost effective,
less environmentally sustainable, and less energy efficient than ethanol techniques practiced in
foreign markets like Brazil (see Chapter 6). Compared to traditional gasoline, ethanol is a cleanburning fuel because of its high oxygen content or high octane rating. Indeed, ethanol’s elevated
octane rating explains why the fuel first achieved popularity as a gasoline additive designed to
improve emission quality of combustion engines. Since the abolition of methyl tert-butyl ether in
most regions of the United States, ethanol blended up to 10% with conventional gasoline, known
as E10, has become commonplace. Traditionally, ethanol-gasoline combinations higher than
10% ethanol have required special engine retrofits and therefore have not been commercially
viable within the U.S. The growing popularity of flex-fuel vehicles may signal a growing market
for higher concentration ethanol blends, including 85% ethanol and 15% gasoline or E85.76
Biodiesel synthesis is accomplished by combining organically derived oils with an alcohol
solvent, generally ethanol or methanol, in the presence of a catalyst to generate ethyl or methyl
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ester. A wide array of oils and fatty acids, including soybean oils and vegetable oil wastes (i.e.,
grease), can generate biodiesel. Once produced, biodiesel is blended with traditional diesel fuel
in mixtures analogous to ethanol-gasoline combinations Typical blends commercially available
in certain regions include B5, 5% biodiesel and 95% traditional diesel, as well as B20, 20%
biodiesel and 80% regular diesel. Certain studies suggest regular diesel engines can operate on
higher biodiesel blends when compared to regular combustion engines and ethanol
concentrations. As a result, B20 is the commercially available biodiesel equivalent of E10. To
date, the biodiesel scale of production is about an order of magnitude less than ethanol synthesis.
Biodiesel’s limited availability is due in part to a more complex production sequence that
generally requires ethanol as an input. Additionally, supply and demand dictate diesel and
biodiesel are available in limited quantities due to diesel vehicles accounting for only 10% of
vehicles on American roads today.77
Prior to petroleum achieving preeminence as the transportation fuel of choice early in the
twentieth century, electric cars competed with their gasoline counterparts for market share. In
1990, electric vehicle technology attempted to stage a comeback in California as a solution to
that state’s smog ridden freeway corridors. The debut of the General Motors EV1 sedan in
several California and Arizona metropolitan areas was heralded with much fanfare only to be
discontinued just over a decade later. Although debate over the demise of this latest electric
vehicle alternative continues, one significant drawback to the electric cars of the 1990s was
inadequate battery technology. Lead-acid batteries installed in the first models and subsequent
nickel-metal hydride power sources in later years could only power trips up to seventy miles
between charges. Motor companies assumed Americans accustomed to a longer distance car
culture would not accept such limitations to their driving mobility.78
During the first decade of the twenty-first century, plug-in hybrid-electric vehicles (PHEVs)
represent the most viable application of electricity to the transportation sector. PHEVs combine
a small internal combustion engine with an electric motor similar to hybrid vehicles currently
commercially available, like the Toyota Prius. However, unlike conventional hybrid cars that
charge their batteries with kinetic energy and power generated by their own internal combustion
engines, plug-in hybrids utilize extension chords that can connect to conventional, 120-volt
electrical outlets. By connecting directly to the power grid, PHEVs can realize significant
reductions in gasoline consumption with peer-reviewed studies suggesting mileages of 80 to 160
miles per gallon (mpg), depending on city versus highway driving, are entirely feasible.
Equipped with more powerful lithium batteries than conventional hybrid cars, PHEVs can rely on
battery power alone to travel the first twenty miles. On longer trips, PHEVs would switch
between their battery and internal combustion engines in a similar manner as conventional
hybrids but utilize battery power a greater percentage of the time.79
Ironically, the fuel which has received the most publicity on a national level during the last
several years is also the alternative facing the most distant commercially viable time horizon. In
2003, President Bush began the push for hydrogen research and design by unveiling his $1.2
billion Hydrogen Fuel Initiative. Two years later, hydrogen commanded its own section, Title
XIII, of the 2005 Energy Act. The technological difficulty and safety issues associated with
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generating and transporting hydrogen are manifold. Hydrogen boils at -423.17 degrees
Fahrenheit, which means in order to handle the fuel as a liquid, hydrogen must be kept at
extremely low temperatures or extremely high pressures.80 Rough cost estimates suggest a liquid
hydrogen fueled vehicle would cost $1 million ruling out hydrogen car mass production for the
foreseeable future. The pressurization and cooling costs may decrease if hydrogen is transported
in its gaseous state.81 However, the Hindenburg and other catastrophes exemplify the flammable
nature of the gas and pose significant safety road blocks to developing hydrogen prototypes on a
larger scale.
Renewable Energy Market Expansion
In order for alternative fuels to increase their market share both nationally and within Texas, the
renewable energy market must undergo a significant expansion. In terms of ethanol and
biodiesel, growing the market entails increasing the availability of biofuels beyond the Corn Belt
states of the Midwest. During the first half of 2007, U.S. ethanol production totaled
approximately 3 billion gallons, nearly one-third higher than the first half of 2006. As of
September 1, 2007, 128 ethanol plants with a total annual capacity of 6.78 billion gallons were
operating, and an additional 85 plants were planned or under construction. However, Figure 4
illustrates approximately 90% of production capacity is concentrated in an eight-state region
encompassing Iowa, Nebraska, Illinois Minnesota, South Dakota, Indiana, Kansas, and
Wisconsin. This crescent shaped area is geographically removed from population centers on the
Atlantic, Gulf, and Pacific Coasts82 accounting for roughly 80% of the country’s 304 million
residents.83 Ethanol transport limitations, which will be further discussed in Chapter 7,
necessitate the majority of ethanol be sold within one hundred miles of its production site. Of the
85 ethanol plants forecast to come on-line during the next couple years, Figure 4 depicts four
production sites will be located in the Texas Panhandle. The ethanol industry in Texas is
centered in the state’s panhandle, near the cities of Amarillo and Lubbock, where water
availability is relatively scarce. Chapter 12 will elaborate how the geographic orientation of
Texas’ ethanol production may pose environmental risks to the long-term sustainability of the
water table in the Lone Star State’s western regions.
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Figure 4 – U.S. Ethanol Biorefineries and Population Distribution
Source: U.S. Department of Agriculture84

Similarly, biodiesel production and consumption are not collocated, though the problem is not as
acute as it is for ethanol. Despite biodiesel synthesis from a wide variety of organic oils and
greases, the ethanol ingredient has meant this biofuel is also largely concentrated in the American
Midwest. Figure 5 illustrates that of the approximately 2,100 biodiesel distribution centers in the
United States as of May 2006, 1,800 or about 86% are concentrated in the Midwest. The map
suggests greater availability of biodiesel within Texas, particularly along the Interstate 35
corridor, which may partly be due to the Texas biofuel incentive discussed in Chapter 4.
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Figure 5 – U.S. Biodiesel Distribution Locations
Source: Gulf Hydrocarbon85

Studies suggest the American biofuels market will grow, if the geographic separation between
producers and consumers of ethanol and biodiesel can be resolved. One solution to this supply
and demand problem incorporates increased international trade of biofuels. Brazil is the world’s
largest ethanol producer, synthesizing 17 billion liters or 4.5 billion gallons of the biofuel during
the first six months of 2007. Like the United States, the origins of Brazil’s modern ethanol
industry stem from the 1970s energy crises. However, since its inception in 1975, Brazil’s
Proalcool program received greater financial backing from the country’s government during the
last quarter of the twentieth century. Public sector intervention on behalf of ethanol early on
essentially gave Brazil’s Proalcool industry a twenty-year head start when compared to the U.S.
corn ethanol sector, which floundered during the cheap oil period of the 1980s and 1990s. By the
late 1990s, Brazil’s ethanol industry had sufficiently grown to compete with petroleum on the
open market without significant government subsidies. Ethanol is much more prevalent in Brazil
than the United States, resulting in flex-fuel vehicles comprising a much larger market share in
this South American country when compared to the United States. In 2006, only three years after
the first dual-fuel models were introduced in Brazil, flex-fuel vehicles accounted for 78% of sales
nationwide. Brazil already manufactures more ethanol than the United States, but plans to
significantly increase production, reaching 40 billion liters or 10.6 billion gallons annually by
2012, to help meet burgeoning overseas demand. 86 Chapter 6 discusses the Brazilian sugarcane
ethanol industry more in-depth and highlights how servicing coastal U.S. markets, like Houston,
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with Brazilian imports is a less expensive alternative than delivering corn ethanol via rail or truck
from the Midwest.
As previously discussed, plug-in hybrid-electric vehicles constitute the electric grid’s greatest
potential contribution to the transportation sector. Although the next generation of PHEVs can
operate over much longer distances than the EV1 electric cars of the 1990s, the primary PHEV
target demographic will likely remain drivers who conduct shorter trips within metropolitan
areas. Therefore, policies enacted by cities and municipalities encouraging ownership of plug-in
hybrid-electric vehicles may yield better results than resolutions enacted on a state or national
level. The city of Austin is currently leading efforts in Texas to make PHEV technology more
commonplace. Austin Energy, the city’s electricity provider, currently offers electric vehicle
rebates between $50 and $250. Additionally, Austin Energy is heavily advertising public vehicle
plug-in stations to increase public awareness and popularize plug-in hybrids. One scenario
involves developing a portable, plug-in “kiosk” at The University of Texas at Austin for bikes,
scooters, and mopeds that can be moved around to different points on campus to increase
awareness. A variation to this alternative involves powering this kiosk with solar photo-voltaic
cells.87
Despite expanded coverage of hydrogen as a clean, renewable fuel, this alternative must
overcome significant technological barriers before becoming commercially viable. However,
development of a carbon capture and storage (CCS) industry may facilitate at least the production
of hydrogen gas. Over the last five years, the U.S. Department of Energy along with a number of
academic institutions, including The University of Texas at Austin, have explored the idea of
sequestering carbon dioxide generated from coal combustion in geologic formations within the
Earth’s crust. Hydrogen gas, which can be cooled or compressed to yield liquid hydrogen fuel, is
a byproduct of separating GHG pollutants from factory coal emissions.88 Although FutureGen, a
DOE initiative to build the world’s first zero-emissions coal power plant incorporating CCS
technology stalled in early 2008, the economic incentive will exist to develop a CCS industry if
carbon dioxide markets are mandated and carbon prices reach $70 to $80 per ton. The University
of Texas’ Bureau of Economic Geology (BEG) maintains that geologic salt dome formations
common along the Texas Gulf Cost would make the state a logical benefactor of carbon
sequestration investment.89 An expanding CCS industry within Texas would increase the
availability of hydrogen locally. However, problems with hydrogen fuel transport, distribution,
and individual vehicle use would still need to be overcome.
Demand Management and Smart Growth Approaches
Research and development into alternative fuels is necessary to reduce the U.S. transportation
sector’s dependence on petroleum. However, demand side modifications emphasizing a
reduction in motor vehicle reliance will complement renewable fuel initiatives. A prevalence of
inexpensive gasoline during the latter half of the twentieth century served as a primary factor
spurring the post-World War II baby boom and explosive growth of suburbs across the country.
Ironically, if the development patterns of most urban areas during the late nineteenth and early
twentieth centuries still predominated nationwide, the U.S. would face a much smaller energy
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crisis with respect to its transportation sector. Electric streetcars were commonplace in most
Northeast and Midwest cities, like New York City and Chicago, in 1900. Even the early suburbs,
like Philadelphia’s Main Line communities developed around established commuter train lines
linking these neighborhoods with downtown business districts.
In general, most Texas metropolitan regions acquired their large populations during the
American migration to Sunbelt States beginning in the 1950s and 1960s.90 This time period
coincided with the heyday of the large tract community heavily reliant on the automobile for
transportation. Sprawling infrastructure and development built so extensively around motor
vehicles impedes any modal shift toward greater mass transit. However, the Lone Star State has
witnessed limited progress in this arena over the last twenty-five years. The Dallas Area Rapid
Transit or DART is the state’s largest transit agency both in terms of area served, 700 square
miles, and ridership, approximately 200,000 daily passengers. The system incorporates 45 miles
of light rail transit, 130 bus routes, and 75 freeway miles of high occupancy vehicle (HOV) lanes.
Since its 1983 inception, DART has grown to connect thirteen cities in the Dallas metropolitan
area including Dallas, Garland, Irving, Plano, and Richardson.91 The problems encountered
during the development of DART and other late-twentieth century commuter rail systems,
including Atlanta’s MARTA system, hinged on trying to connect expansive development
originally built for automobile freeway access. Light rail construction is expensive, generally
costing approximately $35 million per mile but reaching values as high as $180 million per mile
depending on the amount of tunneling and trestle work involved. Given tight annual budgets,
other Texas cities are considering limited commuter systems that service a particular urban
corridor. For example, Austin is scheduled to open a light rail line connecting the downtown
district with the northwest suburb of Leander during the second half of 2008.92 Rising
construction costs combined with zoning and environmental impact issues will likely curtail light
rail’s ability to mitigate traffic congestion inherent with suburban sprawl common to many Texas
regions.
A more cost effective approach may be for municipalities to encourage van and carpooling
through the designation of HOV lanes and construction of commuter parking lots. Another mass
transit alternative is gaining popularity as a cleaner, more sustainable commuting option.
Vehicular buses have traditionally been reliant on gasoline and diesel fuel like their smaller
automobile counterparts. Recent initiatives in Dallas-Ft. Worth and Houston to retrofit buses to
run on cleaner burning liquefied natural gas (LNG) and similar efforts in Austin to retrofit the
city’s fleet to use compressed natural gas (CNG) may lessen this transportation mode’s
petroleum dependence.93 These vehicular strategies, which utilize existing highway
infrastructure to discourage solitary motorist commutes, may achieve greater oil reduction results
in Texas compared to building expensive, new rail transport systems.
Planning trends emerging at the beginning of the twenty-first century are reminiscent of
development patterns nearly a century old. “Mixed use development” encourages construction of
residential and business dwellings in close proximity to one another. Modeled after early
twentieth century town centers, first floor store fronts with condominiums on upper levels
exemplify this schema. These developments, often in close proximity to mass transit, promote
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walking, biking, and other non-vehicular forms of transportation. This “new urbanism” has
gained popularity, particularly among the young professional and young retiree demographics in
older metropolitan regions of the East and West Coasts. Within Texas, notable mixed use
neighborhoods include Dallas’s Mockingbird Station and Austin’s City Hall complex. In the
latter case study, the city of Austin architect anticipates high rise condominiums attracting over
20,000 new residents to the downtown district between 2008 and 2010.94
Increased Energy Efficiency and Productivity
Development of renewable fuels, alternative vehicle technologies, and mixed use, higher-density
development are gradual processes requiring at least a decade to implement. Given petroleum’s
current 96% market share of U.S. transportation, oil will remain the dominant fuel for the next
twenty-five years. Taking into account both the power grid and transportation sectors, the
greatest opportunity for reduced fossil fuel consumption in the short term involves improvements
in energy efficiency. The energy intensity of the economy, or quantity of energy necessary to
generate a dollar of gross domestic product, fell 45% between 1973 and 2004. If energy intensity
had remained constant over this thirty-one year period, domestic energy use would be 90%
greater than current levels. In the United States, efficiency practices saved an estimated 60
quadrillion British Thermal Units (BTUs) in 2004.95
Energy efficiency has traditionally yielded greater results in the power sector through such
programs as the EPA’s Energy Star Program, which reduced electricity usage by four percent in
2005, saving consumers $12 billion in reduced energy costs and avoided emissions equivalent to
approximately 23 million cars.96 However, improvement of CAFE mileage standards looks to
achieve impressive results within the transportation sector. For example, it is anticipated the
establishment of the higher light truck corporate average fuel economy standards discussed in
Chapter 3, raising average mileage from 20.7 to 22.2 mpg, will save 5 billion gallons in gasoline
between 2004 and 2010.97 Higher energy prices may also reverse the fifteen year trend from
lighter, smaller cars to heavier, larger sport utility vehicles and trucks. A transition between
established fuel types may also yield energy savings. For example, Honda Motor Company has
announced plans to launch a new diesel Accord sedan in 2009 that is expected to have mileage
rates exceeding 50 miles per gallon.98
The most viable methodology to follow in the early twenty-first century is a portfolio approach to
offsetting petroleum’s dominance of the transportation sector. Given the scope of this study, the
remaining chapters will emphasize alternative fuels with particular attention paid to the benefits
and drawbacks of the burgeoning biofuels industry.
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CHAPTER 6. CHARACTERISTICS OF DOMESTIC VERSUS
INTERNATIONAL BIOFUELS
Biofuels, notably ethanol and biodiesel, constitute the alternative fuels most capable of
facilitating a reduction in petroleum consumption within the U.S. transportation sector during the
next five to ten years. Citing the energy intensity of biofuel production and the potential
deleterious impacts to land and water resources, biofuel critics maintain that the characteristics of
the fuel synthesis process should disqualify these biomass-derived energy sources as a partial
solution to America’s oil addiction. However, subsequent analysis reflects the origin of a
particular biofuel largely determines its characteristics, both positive and negative. Currently,
ethanol dominates the alternative fuel market and the world’s most prolific ethanol producers are
Brazil followed by the United States. Although both countries’ production quantities are similar,
the two nations derive their fuels from different sources. Brazilian and American ethanol are
synthesized from sugarcane and corn, respectively. The remainder of this chapter assesses why
the Brazilian sugarcane ethanol model represents a more efficient and sustainable approach to
biofuel production.
Ethanol is the biofuel currently most ready for commercialization.99 A three parameter
comparison focusing on the energy budget, carbon emissions reduction, and land use of each
ethanol type strongly suggests Brazil’s fuel is technologically a better alternative compared to the
American derivative.
Energy Return on Investment
Energy return on investment, lifecycle greenhouse gas emissions, land use, and production costs
constitute four primary ways for assessing whether sugarcane or corn-derived ethanol possess
greater utility. In recent years, ethanol advocates and critics have greatly politicized the energy
return on investment (rE). Numerous published papers, primarily focusing on corn ethanol, have
cited the requisite energy to produce a given quantity of the biofuel ranges from a significant net
gain to a minor net loss. An objective approach to describing these energy budgets first requires
definition of the relevant terminology.
The energy return on investment is the ratio of thermal energy per liter of ethanol, Eout, shown to
be a constant 23.6 mega-Joules or 5,640.4 kilocalories per liter, to the amount of nonrenewable
energy required for fuel synthesis, Ein,nonrenewable. Mathematically, rE = Eout / Ein,nonrenewable. The
energy return on investment ratio is an ideal non-unit specific mechanism for comparing
Brazilian sugarcane and U.S. corn ethanol energies, which tend to be in kcal and MJ,
respectively. Nonrenewable energy includes energy allocations from all fossil fuels, plus any
nuclear power input required to develop the ethanol product. Energy requirements include fuel
used to power agriculture machinery used to tend corn and sugarcane crops, energy needed to
synthesize fertilizer and pesticides applied to the crops, fuel necessary for harvesting the crops
and transporting them to biorefineries, as well as electricity needed to power the ethanol plants.
Inadequate clarification of nonrenewable fuel sources is one primary reason why different studies
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report variable returns on investment for ethanol. For example, some authors exclude nuclear
energy from the calculation believing this fuel is an alternative or renewable source of fuel.100
Energy return on investment is a key indicator of how well a biofuel transfers its nonrenewable
inputs into renewable energy. The larger the value of rE, the more efficient the energy
conversion. A value of 1 represents a threshold value for the energy return ratio. rE < 1 implies
more energy is required to synthesize a fuel than the fuel releases. Such “energy intensive” or
“energy negative” biofuels yield no commercial benefit since direct use of fossil fuels has lower
associated energy requirements. An rE > 1, signals the energy conversion process has managed to
accentuate the biofuel’s nonrenewable investment with its renewable energy value. Only
alternative fuels harboring energy returns on investment greater than 1 are industrially viable
given the energy output exceeds the input.101
United States corn ethanol production grew explosively during the first five years of the twentyfirst century. Between 2000 and 2004, corn ethanol synthesis more than doubled from 6.2 to 13
billion liters or 1.6 to 3.4 billion gallons. Corn ethanol has represented the logical domestic
counter to more expensive gasoline because a limited infrastructure already exists for this
alternative fuel. Current domestic production of corn ethanol originated as a potential solution to
the 1970s energy crises. By the late 1980s, technology for manufacturing corn ethanol was
assumed mature and fuel studies published in 1990 or later describe contemporary, industrialscale production. In 2006, Hammerschlag inventoried six key studies published post 1990,
which reported corn ethanol’s energy return on investment or a related variant. The six
investigations subdivided the nonrenewable energy input into two categories 1) fuel and
electricity, and 2) upstream energy. Fuel and electricity comprises fossil fuels utilized by the
farmer, transporter, or manufacturing plant. Upstream energy refers to inputs used by commodity
suppliers, such as fertilizer manufacturers, collaborating with the farmer or plant operator. All
six studies identified energy-intensive nitrogen fertilizer as the largest contributor to upstream
energy. Table 2 provides the total fuel and electricity plus the total upstream energy for the six
studies. These values are added together to obtain the gross energy input. Each investigation
also reported a “coproduct energy input.” Most ethanol plants manufacture coproducts along
with ethanol that effectively utilize a portion of the waste generated during fuel synthesis, such as
corn stover. Energy earmarked for coproduct production is deducted from gross energy input to
yield the net energy input for ethanol, Ein,nonrenew. The energy return on investment is tabulated by
dividing the heating value of ethanol, Eout, by the net energy input. Five of the six investigations
reported rE values between 1.29 and 1.65, suggesting a positive return on energy investment for
corn ethanol. However, the Pimentel & Patzek analysis yielded rE = 0.84. This endeavor’s
conclusion of corn ethanol’s inefficiency stemmed from several conservative assumptions other
studies failed to consider, most notably an electricity-intensive manufacturing process. The five
other investigations attributed a greater portion of the biorefinery power requirements coming
from natural gas or petroleum versus more inefficient coal.102 As of 2006, coal provided 49.0
percent of domestic electricity production, more than twice as much as the second largest
contributor, natural gas, at 20.0 percent.103 Prescribing a greater proportion of ethanol plant
power to coal may not be as conservative as realistic. Overall, an energy return on investment
28

Table 2 – Results of Corn Ethanol Studies

Milling technology:
Agriculture
fuel
electricity
Feedstock transport
Industrial process
fuel
electricity
Ethanol distribution
Total fuel and electricity*

Lorenz
Pimentel
Marland &
&
Shapouri
&
Kim &
Turhollow
Morris Graboski
et al.
Patzek
Dale
1991
1995
2002
2002
2005
2005
all values in MJ per liter ethanol unless otherwise noted
Fuel and electricity
2.0
0.7
2.2
2.7
2.0
0.8
0.2
2.0
0.5
0.6
0.5
0.1
0.4
0.5
0.6
1.5
0.5
10.5
3.5

10.9
3.2

11.8
10.0
2.9
3.6
0.4
0.4
18.4
17.9
Upstream energy

16.1

17.1

4.2
0.3

3.6
0.3
0.9

2.6
0.2
0.3

2.3
0.4
0.1

Other nonagriculture
Total upstream energy*

4.5

4.9

3.2

Gross energy input**
Coproduct energy input

20.6
-2.3

22.0
-7.7

Net energy input
(Ein,nonrenew)***
Ethanol heating value (Eout)

18.3

11.7
5.3
21.0

12.5
2.2
0.6
16.8

Agriculture
fertilizer
biocides
other

Energy return on
investment, rE = Eout /
Ein,nonrenew

2.0
0.4
0.1

2.8

4.7
1.3
3.1
0.1
9.2

21.6
-4.5

20.7
-3.7

30.2
-2.0

19.3
-4.8

14.3

17.1

17.0

28.2

14.5

23.6

23.6

23.6

23.6

23.6

23.6

1.29

1.65

1.38

1.39

0.84

1.63

Notes:
* Sums may not match due to rounding error
**Gross energy input = Fuel and electricity + Upstream energy
***Net energy input = Gross energy + Coproduct energy "credit"
Adapted from: Environmental Science and Technology104
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2.5

assessment of corn ethanol production shows the biofuel to be energy neutral to marginally
positive.
Figure 6 shows inherent differences in the ethanol manufacturing process for corn versus
sugarcane that lead the sugarcane derivative to have a higher return on investment, rE.
Processing Brazilian sugarcane yields glucose, a sugar-containing solution or syrup that can be
directly fermented by yeast to yield ethanol. In contrast, starch feedstocks like corn must
undergo a preceding step involving starch-to-sugar conversion. The starch macromolecules are
first decomposed to simpler, smaller glucose units through a chemical process called hydrolysis.
During hydrolysis, starch feedstocks are ground and mixed with water to produce a mash
consisting of 15 to 20% starch. This mixture is then heated to boiling and treated with two
enzymes. The first enzyme, amylase, hydrolyzes the starch to short-chain molecules while the
second catalyst, pullulanase or glucoamylase, converts the short chains to glucose, C6H12O6,
through a sequence known as saccharification. The “grain conversion to sugar” step significantly
increases the energy requirements of ethanol derived from corn and other grains. Following
these additional steps required to refine corn, Figure 6 illustrates the remaining glucose to ethanol
conversion for corn and sugarcane is identical.105

Figure 6 – Ethanol Synthesis from Sugar and Grain Sources
Source: Handbook of Alternative Fuel Technology106
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Complementing the simplified chemical sequence necessary to convert sugarcane to ethanol, the
Brazilian Proalcool industry holds one additional energy advantage over American corn ethanol
production. The commercial processing of sugarcane generates bagasse, a fibrous pulp
byproduct of the plant. Since the early 1990s, bagasse has largely replaced fossil fuel oil in the
production of industrial heat and electricity in Brazil’s sugar mills and distilleries. A
comprehensive 2004 study undertaken by the Secretary of the Environment of Sao Paulo state,
Brazil, indicated bagasse usage saved as much as 6.1 kilograms fuel oil per metric ton of
sugarcane. De Carvalho Macedo, Leal, and da Silva report the more direct sugarcane to ethanol
synthesis coupled with sugarcane distilleries powered by bagasse rather than fossil fuel derived
electricity result in sugarcane ethanol exhibiting an energy return on investment between 8.3 and
10.2 (see Table 3). The lower rE value of 8.3 assumes values of energy and material consumption
common throughout the Brazilian sugarcane sector in 2004. rE = 10.2 was achieved
incorporating a “best values” approach. Best values constitute utilizing sustainable agriculture
practices and modern distillery technology to minimize both material and energy consumption.
A best values approach is more expensive than prevailing industrial practices. The best values
methodology approximates the level of improvement the Brazilian ethanol industry can hope to
attain during the next decade. In terms of energy lifecycle, Brazilian sugarcane ethanol is
superior to the corn variety by nearly an order of magnitude.107
Table 3 – Results of Sugarcane Ethanol Studies
Activity

Energy consumption
Scenario 1* (kcal/TC)

Scenario 2** (kcal/TC)

Input

Input

Output

Output

Agriculture

48208

45861

Factory

11800

9510

Ethanol produced
Surplus bagasse
Total

60008

rE = Output / Input

459100

490100

40300

75600

499400
8.3

55371

565700
10.2

Notes:
* Scenario 1:

Average values of energy, material consumption

** Scenario 2:

“Best values” currently practiced in the sugarcane sector

kcal / TC =

kilocalories / metric ton of sugarcane

Adapted from: Secretariat of the Environment, State of Sao Paulo, Brazil108
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Lifecycle Greenhouse Gas Emissions
Differences in ethanol generation from corn versus sugarcane that lead to a marked variation in
energy return on investment, rE, similarly affect the associated greenhouse gas (GHG) emissions.
Ethanol’s carbon footprint only encompasses GHGs released through fossil fuels utilized in crop
cultivation or fuel manufacture. Carbon released through ethanol combustion in engines is
negated since scientific consensus exists that this newly freed carbon dioxide was previously
sequestered in plants during photosynthesis. Hammerschlag argues that fossil fuels’ carbon
dioxide intensity, or CO2 emissions per unit energy, fluctuates within a limited range. Worded
differently, the greater the quantity of whatever fossil fuel required to synthesize a type of
ethanol, the larger the ethanol’s associated GHG emissions.109
Dividing the output energy by the nonrenewable fossil fuel input, a fuel’s energy return on
investment is inversely proportional to its carbon footprint. Extending this logic, Brazilian
sugarcane ethanol, harboring rE values nearly ten times larger than corn ethanol, will have
associated greenhouse gas emissions roughly one-tenth as large as corn ethanol. Once again, the
simpler, more exothermic conversion of sugarcane to ethanol combined with the innovative use
of bagasse as renewable energy for alcohol distilleries implies sugarcane ethanol has a smaller
carbon footprint and is more environmentally sustainable than corn ethanol.
Although corn ethanol falls significantly short of its sugarcane counterpart in terms of energy
budget and residual carbon footprint, this starch biofuel’s advantages over traditional gasoline
should be noted. Assessing corn ethanol’s utility, using the six investigations conducted between
1991 and 2005, Hammerschlag highlighted industrial inefficiencies associated with refining
gasoline from crude oil cause petroleum to have an energy return on investment less than one.
Prevailing literature agrees a rE equal to 0.76 sufficiently approximates gasoline. Even Pimentel
& Patzek’s conservative investigation, yielding a corn ethanol rE equal to 0.84, exceeds the
petroleum parameter.
Land Use
Land utilization is perhaps the variable that most starkly portrays corn as an inferior substitute for
sugarcane in terms of ethanol generation. This metric is subdivided into acreage and water
requirements. Chapter 8 examines the Brazilian sugarcane ethanol supply chain highlighting
how the state of Sao Paulo is uniquely situated to support the majority of Brazil’s ethanol
industry. In 2006, Brazil produced 17 billion liters of ethanol utilizing only 5.7 percent of its
land available for sugarcane cultivation. Expansion into arable savannah in south-central regions
of the country will make annual ethanol production quotas around 40 billion liters readily
attainable in the next three to five years. Despite its subtropical climate, irrigation is and will
continue to be critical to Brazil’s ethanol sector accounting for a quarter to three-quarters of the
sugarcane’s water demands.
The acreage and water requirements of corn used for ethanol synthesis differ from sugarcane.
Overall, sugarcane is a denser, more compact crop than corn. One hectare yields approximately
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85,000 kilograms of sugarcane, which can produce 7,080 liters or 1,870 gallons of ethanol.
However, the same area only supports 10,000 kilograms of corn, which translates to
approximately 3,570 liters or just 943 gallons of ethanol. For corn ethanol to compete with
sugarcane ethanol liter-for-liter, corn must be planted over an area nearly twice as large as
sugarcane.110 Unlike Brazil’s sugarcane regions, the U.S. Corn Belt cannot support such a drastic
increase in corn acreage earmarked for ethanol. Table 4 illustrates, as of 2006, the four states
primarily comprising the Corn Belt--Iowa, Illinois, Minnesota, and Nebraska--already devoted at
least fifty percent of their available acreage to corn. The Center for Agricultural and Rural
Development at Iowa State University predicts future increases in corn acreage will likely come
from altering the corn-soy bean crop rotation ratio. Currently, most farmers alternate planting
corn and soybeans year-to-year given wholesale prices of the two crops have traditionally been
commensurate. Moving to a three-year crop rotation cycle, in light of the cost of corn exceeding
$6.00 per bushel, will certainly decrease the supply and therefore increase the price of
soybeans.111 The significance of both corn and soybeans to the American food chain has been
the focus of much recent criticism of corn ethanol. Significant expansion of corn agriculture to
meet burgeoning domestic ethanol demand will likely elevate food prices, at least in the short
term. The Brazilian sugarcane agronomy’s ability to develop fallow land boasts fewer negative
repercussions.
Table 4 – Corn versus Soybean Acreage

Adapted from: Iowa Agricultural Review112
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While corn is a much less water intensive crop than sugarcane, the U.S. Upper Midwest is
decidedly dryer than Southeast Brazil. The North Dakota State University Agriculture and
University Extension cites most American varieties of corn require 18 to 22 inches or 460 to 560
mm of water during a given growing season to optimize crop yield.113 The National Oceanic and
Atmospheric Administration indicates on average Iowa, at the heart of the Corn Belt, should
expect 34 inches or 860 mm of precipitation annually. However, rainfall variation year-to-year
can be significant with the state receiving as little as 12 inches or 310 mm of precipitation during
drought conditions.114 The Upper Great Plains can generally support current levels of corn
production. However, hydrologists contend if the ethanol industry were to significantly enlarge
the amount of land dedicated to corn, the increased water demands due both to crop cultivation
and ethanol plant manufacture may jeopardize the longevity of the region’s groundwater table.
For example, in the western reaches of the Corn Belt, such as Nebraska, intensive agriculture is
drawing down the Ogallala Aquifer at levels exceeding the replacement rate by several orders of
magnitude. The same worries extend southward into the Texas Panhandle, which is the Lone
Star State’s primary ethanol producing region. If the Ogallala, the world’s largest freshwater
aquifer, were depleted, then agriculture throughout the American Great Plains would suffer.115
In terms of energy life cycle, climate change impact, and land-use intensity, Brazilian sugarcane
ethanol has a competitive advantage over the U.S. corn variety. However, a holistic market
characterization of both biofuels must look beyond agriculture production dissimilarities and
assess the logistical requirements of transporting and distributing each alternative fuel. Chapter 7
will describe the infrastructure limitations of biofuel transport within the United States. The
prevailing modal inefficiency of the ethanol industry both limits growth of the biofuel sector and
leaves open the possibility of a collaborative partnership between corn and sugarcane ethanol,
which is discussed further in the Chapter 8 case studies.
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CHAPTER 7. BIOFUEL TRANSPORT REQUIREMENTS
Chapter 6 explained the energy and resource requirements for biofuel synthesis at biorefineries.
Once fuels like ethanol and biodiesel are produced, these liquids must still be transported to
distribution centers. Transportation is typically the third-largest expense to an ethanol producer,
behind feedstock and production energy costs. Chapter 5 illustrated the geographical separation
between the majority of biorefineries in the Midwest and 80% of the U.S. population living along
the East, Gulf, and Pacific Coasts. Alternative fuels must be cost effective and relatively
abundant in order to provide a viable alternative to gasoline. A reliable biofuel transportation
infrastructure is critical for supply to meet demand. The following discussion of transportation
requirements will emphasize ethanol, although biodiesel (which utilizes ethanol) is governed by
similar parameters.
Within the United States, three transportation modes--truck, railroad, and barge--predominantly
handle ethanol shipments. To avoid costly long-haul distances, most ethanol biorefineries are
located within fifty miles of corn growing farms. This close proximity between field and factory
popularizes trucks as the mode of choice for transporting corn to ethanol plants. Between 2000
and 2004, trucks accounted for 67%, rail comprised 30%, and barges only 2% of corn modal
share. However, trucks carried 98% of corn delivered to ethanol biorefineries for processing.
Generally speaking, transport cost advantages shift from trucks to rail to barges as both the bulk
quantity of the good and the haul distance increases. Short-haul distances less than fifty miles
particularly favor trucks as evidenced by their dominance of the corn field-to-ethanol plant
market. Although more expensive per mile, trucks provide greater flexibility to move ethanol
according to market forces. In certain instances, the increased responsiveness afforded by trucks
reduces storage needs at ethanol plants, which may partially offset the higher trucking fuel
costs.116
Figure 7 illustrates longer-haul distances and larger fuel quantities make freight railroad the
mode of choice for transporting newly manufactured ethanol from biorefineries to distribution
centers, where blending with gasoline generally occurs. In 2005, rail shipped approximately 2.9
billion gallons or 60% of refined ethanol, trucks were responsible for an estimated 1.5 billion
gallons or 30%, and barges accounted for the remaining 500 million gallons or 10% of ethanol
shipments. For comparison purposes, ethanol is generally delivered in 630,000-gallon tanker
barges, which are equivalent to 80 7,875-gallon railcars or 300 2,100-gallon tanker trailers.117
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Figure 7 – Percent of U.S. Ethanol Production Moved by Mode, 2005
Adapted from: U.S. Department of Agriculture118

Ethanol is shipped in standard rail tank cars approved for flammable liquids, namely DOT 111A
or AAR T108 rail cars. As of January 1, 2007, 41,000 rail tank cars approved for ethanol
transport were in use. Leasing companies or shippers, not rail carriers, own the vast majority of
rail tank cars. In terms of trucks, standard gasoline tanker trucks or DOT MC306 Bulk Fuel
Haulers ship ethanol from ethanol plants to blending terminals. The current fleet size of the
independently operated tank trucks is approximately 10,000. Tanker truck fleets owned by
petroleum companies are not included in this total. Barges account for an estimated 10% of
ethanol shipments. The primary terminals served by barge include: Chicago, Illinois; New
Orleans, Louisiana; Houston, Texas; and Albany, New York. Ethanol is generally transported in
10,000 to 15,000 barrel tank barges equivalent to 420,000 to 630,000 gallons. However, the
number of ethanol plants near a river facility is relatively small. As the ethanol industry matures,
the barge modal share may increase. For example, construction of an ethanol terminal on the
Mississippi River at Sauget, Illinois is anticipated to finish in June 2008, which would increase
Midwest barge ethanol capacity by 16.6 million gallons.119
Truck, rail, and barge modes used to ship ethanol are all currently operating at or near capacity.
Total rail freight is forecast to increase from 1,879 million tons in 2002 to 3,525 million tons by
2035, a growth of almost 88%.120 The Federal Highway Administration (FHWA) anticipates
truck freight nearly doubling between 2002 and 2020, with driver shortages forecast to climb to
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219,000 by 2015.121 The area of operability for barges is decidedly smaller, when compared to
trucks or railroads, due to the limited extent of navigable waterways and could not necessarily
substitute for a deficiency in truck or railroad capacity.
Limited excess transportation capacity heightens the sensitivity of infrastructure to disruptions in
transportation demand and distribution patterns. Escalating domestic ethanol production
required to meet the revised 2007 renewable fuel standards prescribing 15 billion gallons of corn
ethanol in 2015, have the potential to impact rail network performance, highway congestion, and
barge traffic. As ethanol synthesis ramps up, the following particular concerns should be
anticipated –
• Uncertainty regarding the demand from and location of distribution markets that blend
ethanol.
• Modal shifts among truck, rail, and barge in terms of transporting corn, ethanol, and
ethanol by-products, such as distillers’ grains.
• Heightened transportation demand for agricultural inputs, especially additional fertilizer
for increased corn acreage.122
Transportation shifts are expected to continue over the next several years as commodity prices
adjust to sustained ethanol production. Between 2005 and 2008, the price per bushel of corn rose
from below $4.00 to above $6.00, largely due to elevated demand from the corn ethanol industry.
However, during the same time period, inadequate corn ethanol transport created localized
surpluses of the biofuel in the Midwest eventually dropping the fuel’s price below $2.00 per
gallon during the summer of 2007. Increased ethanol production could lead major cornproducing states to actually become corn-deficient, mandating the sourcing of corn from other
states and raising the transportation distances for the feedstock thereby placing further pressure
on the transport sector. Corn prices are expected to vary among Midwest locations to balance the
demand among domestic feedlots, ethanol plants, and corn exports. As an example, corn demand
at ethanol plants may strengthen commodity prices in close proximity to the ethanol-producing
areas compared to corn prices in regions where the grain is primarily exported. The sugarcane
ethanol market creates smaller regional distortions in the price of raw sugar because the
simplified glucose-to-alcohol sequence allows sugarcane plants to switch back and forth between
processed sugar and ethanol production depending on which commodity commands the higher
price at the given time. The result is that the prices of refined sugar and sugarcane ethanol are
less likely to decouple compared to the costs of corn and its biofuel derivative.
In terms of transporting petroleum, pipelines are considered to be the safest and most costefficient transport mode. However, characteristics of the existing corn ethanol industry currently
prevent pipelines from dominating this sector. While centered in the Midwest, the ethanol
industry is relatively dispersed compared to the large, aggregated oil refinery complexes in the
Texas and Louisiana coastal regions. Building pipeline infrastructure over hundreds of miles to
connect ethanol biorefineries in neighboring corn-producing states is not currently economically
feasible. A more significant technological limitation that must be overcome concerns ethanol’s
corrosive nature and tendency to attract water in traditional oil pipelines. Current research
conducted by the Association of Oil Pipe Lines (AOPL) and the American Petroleum Institute
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(API) focuses on the attributes of ethanol-gasoline blends and what percentage of ethanol would
still allow pipeline transport. Preliminary findings are scheduled for publication during the latter
half of 2008. If ethanol-petroleum blends are determined to be pipeline compliant, pipeline
transport could alleviate some of the burden currently centered on the railroad industry.123
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CHAPTER 8. DOMESTIC AND INTERNATIONAL BIOFUEL SUPPLY
CHAINS
Chapters 6 and 7 described the characteristics of ethanol synthesized both domestically and
overseas, as well as biofuel transportation limitations within the United States. One trend that
emerges is Brazilian sugarcane ethanol production boasts technological advantages compared to
Midwest corn ethanol synthesis. Given the United States’ burgeoning biofuel demand, as
articulated in the expanded 2007 renewable fuel standards, future American need will require
ethanol from multiple sources. The corn ethanol industry, which manufactured an estimated 6
billion gallons in 2007, will need to increase production 250% to attain the corn ethanol quota of
15 billion gallons by 2015. Also in 2015, the 2007 RFS dictates 5.5 billion gallons coming from
biofuels not derived from corn, which increases to a staggering 21 billion gallons just seven years
later in 2022.124 These ambitious targets suggest increasing U.S. biofuel imports will not
supplant the corn ethanol industry, but actually make RFS attainment more feasible. Corn
ethanol alone cannot satisfy the renewable fuel standard legislation.
A growing body of knowledge suggests an appropriate strategy to grow the biofuels industry
from a regional Midwest enterprise to a true national market is to target different geographical
regions of the United States with different ethanol sources. Corn ethanol would gradually
expand service to interior portions of the country, including the Midwest, Great Plains, and
possibly Intermountain West. Imported sugarcane ethanol could better reach deepwater marine
ports on the Atlantic, Gulf, and even Pacific Oceans via tanker thereby exposing 80% of the
American populace living in coastal regions to biofuels.125 Investigation of both domestic and
international biofuel supply chains is necessary to gain a better understanding of the cost and
infrastructure requirements associated with moving a quantity of fuel from its production source
to distribution locations. Texas enjoys a unique geographic orientation as both a Great Plains
and Gulf Coast state. Two case studies describing shipment of corn ethanol from Iowa and
transport of sugarcane ethanol from Sao Paulo, Brazil to Texas markets will attempt to determine
whether the Lone Star State is more economically served by domestic or overseas biofuel
sources.
Iowa, United States – Corn Ethanol Cultivation and Production
Ethanol production in the Midwestern state of Iowa is the largest in the nation. Figure 8
demonstrates Iowa’s annual ethanol production capacity had climbed to roughly 1.5 billion
gallons per year by 2007. Iowa’s ethanol volume is roughly 30% of total U.S. ethanol output,
which reached an estimated 4.75 billion gallons in 2007 as shown by Figure 9.126 Iowa ethanol
manufacture provides an accurate case study for the entire corn ethanol market because Iowa
accounts for such a large proportion of total U.S. corn ethanol output. In 2007, Iowa boasted
twice the ethanol capacity of Nebraska, the second-largest state supplier of the biofuel.127
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Figure 8 – Iowa Ethanol Production 1978 to 2007 (in Millions of Gallons)
Source: Iowa Corn Promotion Board128

Figure 9 – U.S. Ethanol Production 1980 to 2007 (in Millions of Gallons)
Source: Iowa Corn Promotion Board129
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Ethanol production from biomass requires sugar fermentation. Two different types of
biorefineries process the corn grain to remove the sugar. The type of sugar extraction method
practiced depends on the kind of corn ethanol plant. Wet mills soak the corn, whereas dry mills
crush the grain. Additional chemical treatments are applied to isolate the sugar, which is then
fermented, and the resulting mix is distilled and purified to obtain anhydrous ethanol. Major
byproducts from the ethanol production process include dried distillers’ grains and solubles
(DDGS), which can be used as animal feed. On a smaller scale, corn gluten meal, gluten feed,
corn oil, CO2, and sweeteners are also byproducts of the ethanol production process common
throughout the Midwest. Corn-to-ethanol extraction and distillation procedures are chemically
intensive. As of 2007, the combined costs of nitrogen-rich fertilizers, like urea, irrigation,
harvesting, trucking corn bushels to biorefineries, and ethanol plant synthesis suggested
producers would pay approximately $650 to convert one acre of corn into ethanol. One gallon of
ethanol would cost $1.70 to produce.130 These costs do not include the expansive ethanol supply
chain required to transport the biofuel from ethanol mills to distribution centers.
Domestic Ethanol Infrastructure
Ethanol transactions are either direct sales to customers or movement of the fuel to a strategic
distribution location. Direct consumer purchasing generally occurs at the biorefinery. Therefore,
the well-to-wheels price analysis for this category is approximately equivalent to the production
costs, about $1.70 per gallon of ethanol. Transportation of corn ethanol to distribution centers,
where the biofuel is generally blended with gasoline, applies to the vast majority of ethanol
synthesized. Movement of the product can be arranged by the customer, supplier, or a third
party, referred to as the marketer in the petroleum industry. Marketers keep ethanol supply
disruptions to a minimum by collectively moving large volumes of the biofuel produced at
several smaller ethanol plants. Rail delivery operations will be elaborated since railroads
represent the primary transportation mode of ethanol to market.
The least expensive method for moving ethanol via rail is utilizing unit trains, 85 to 100 ethanol
tanker cars, from origin to destination. Unit trains boast several advantages, including a higher
asset utilization rate and lower inventory carrying costs. Compared to single-car shipments of
ethanol, which have an average 12 turns per year, the mean annual utilization rate for unit trains
is 30 turns, indicating unit trains are used nearly three times as much as their single-car
counterparts.131
Rail tariffs for unit trains are typically lower than single- and multiple-car ethanol shipments.
This scoping study relied on the fee schedule provided by the Burlington Northern Santa Fe
Railway (BNSF) to transport ethanol volumes from the Midwest to Texas and other southwest
destinations. BNSF routes the majority of its intermodal traffic along its Southern
Transcontinental (Transcon) route. This rail line extending east from California through Texas
and eventually terminating at Chicago, Illinois has 2,203 miles of double-tracked lines. BNSF
anticipates completing its double tracking of the last 51 miles of single track by summer 2008,
which would remove this bottleneck from the company’s Transcon operations.132
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BNSF’s ethanol service features several important attributes. The railway company only
provides rail services for the ethanol industry. BNSF trucks do not ship ethanol. The Burlington
Northern Santa Fe does not provide the rail tanker cars. Ethanol tank cars are independently
owned or leased by the biofuel producers. Large, commercial ethanol producers that the BNSF
routinely contracts with include Archer Daniels Midland Company (ADM) and Cargill. Given
separate tanker car ownership, the ethanol suppliers are responsible for packing or filling the
tankers. As an industry standard, 30,000-gallon tanker cars, approximately 60 feet in length, are
normally used to each transport 29,400 gallons of ethanol. The 600-gallon volume differential is
a factor of safety against damage to a car’s steel frame caused by excessive vapor pressures.
Once the cars are fully loaded, the Burlington Northern Santa Fe transports the tankers but does
not perform in-transit safety or stability checks. One factor why BNSF does not provide
specialty handling for ethanol is the lack of government incentives. Traditionally, government
ethanol subsidies only benefit the ethanol producer or blender, not the biofuel transporter. The
rail carrier as well as its competitors, such as Union Pacific (UP), charge flat shipping rates per
rail tank car to move ethanol from its source to destination. All rates are public. These shipping
rates fall into three service categories. Single car service has a variable cost. Figure 10
illustrates the cost of transporting a single ethanol car from either southeast or southwest Iowa to
a destination in New Mexico or Texas ranges between $4,300 and $5,000. For a full unit train
consisting of at least 95 cars, also known as an Ethanol Express, Figure 11 indicates that a
discount of approximately $1,400 per tanker car is levied so single cars from southwest Iowa to
Fort Worth, Texas, previously costing $4,325, now only cost $2,925. Often times, ethanol
producers have more than one tanker to ship but cannot amass enough cars to meet the
requirements of an entire unit train. In these situations, the BNSF offers an additional option
entitled gathered train service. Gathered trains allow up to two or three ethanol shippers or plants
to split a 95-car unit train. Since the Burlington Northern Santa Fe must complete more coupling
for a gathered train than a unit train but significantly less connecting than required for individual
tanker cars, the $900 discount per car is commensurate. Gathered train service reduces the
individual tanker charge between southeast Iowa and Fort Worth form $4,425 to $3,525.133 Both
Figures 11 and 12 indicate that transport distance and costs are directly proportional no matter
the flat discount. Shipments to Illinois and Minnesota are generally about $1,000 per car less
while tankers to Watson, California are each charged roughly $1,000 more than cars bound for
Fort Worth.
Table 5 – Burlington Northern Santa Fe Single Car Ethanol Rates
Single car rates effective - October 1, 2007
TX
FROM

IA

NM

Ft Worth,
TX

Gulf
(0370)

El Paso,
TX

Southwest
IA (0080)

$4,750

$4,325

$4,725

$4,975

Southeast
IA (0090)

$4,850

$4,425

$4,825

$5,075

Adapted from: BNSF Railway134
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Table 6 – Burlington Northern Santa Fe Ethanol Unit Train Rates
Unit Trains
New unit train rates effective October 1, 2007
(see unit train guidelines - rates are for 95 car ethanol trains)
originating at 1 plant - origins must be approved by BNSF operations
TO
FROM

IA

IL

MN

Watson,
CA

Ft Worth,
TX

Southwest
IA (0080)

$2,100

$2,200

$3,900

$2,925

Southeast
IA (0090)

$2,000

$2,100

$4,000

$3,025

Adapted from: BNSF Railway135

Table 7 – Burlington Northern Santa Fe Ethanol Gathered Train Rates
Gathered Trains
New Gathered train rates effective - October 1, 2007
(see unit train guidelines - rates are for 95 car ethanol trains)
originating at 2 or 3 plants - origins must be approved by BNSF operations
TO
FROM

IA

IL

MN

Watson,
CA

Ft Worth,
TX

Southwest
IA (0080)

$2,500

$2,600

$4,400

$3,425

Southeast
IA (0090)

$2,400

$2,500

$4,500

$3,525

Adapted from: BNSF Railway136

Despite the preferential cost given unit and gathered trains, the majority of ethanol has continued
to be shipped under single car rates through spring 2008. Two important reasons largely account
for the continued popularity of individual car service. Electing gathered or unit train service
severely limits the destinations to which producers can ship ethanol. Fort Worth is the only
destination in the Southwest region that has facilities large enough to accommodate 95-car trains
comprised entirely of ethanol tankers. Along with Fort Worth in Texas, Houston, San Antonio,
and El Paso are directly served by BNSF’s single-car ethanol service. The company does not rail
ethanol directly to Dallas or Austin. Additionally, the domestic ethanol industry has not yet
grown sufficiently to a point where the majority of producers can synthesize the biofuel on a
large enough scale to warrant unit or even gathered train service. Although efforts to consolidate
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are underway, the corn ethanol landscape remains defined by independently owned biorefineries.
In the scope of overall rail transportation, ethanol deliveries currently only account for less than
one percent of all rail shipments. Over the last six years, the volume of ethanol rail transport has
grown significantly. In 2001, out of 8 million total rail car deliveries, ethanol comprised 11,000
tankers or approximately 0.14%. In 2006, the number had grown to approximately 35,000
tankers out of 10.5 million rail cars total, or roughly 0.33%.137
During 2007, the Burlington Northern Santa Fe moved approximately 223 million gallons of
ethanol through its three-tiered biofuel service platform.138 Ethanol origin locations are dictated
by where ethanol plants exist, primarily the Midwest. Common destination points coincide with
areas featuring ethanol blending mandates. On the destination end, a lack of blending station
infrastructure is currently curtailing expansion of the ethanol market. Rail destinations tend to be
bottlenecks in the ethanol supply chain. As a general rule, BNSF trains do not deliver ethanol to
oil refineries. Traditionally, most petroleum refineries were not built with rail access since oil
and gas traditionally have been delivered via pipeline. Instead, BNSF rails ethanol to outgoing
terminals and the biofuel is splash blended with gasoline already in tanker trucks. Ethanol unit
trains comprised of 95 cars must be able to unload within 24 hours for Burlington Northern Santa
Fe to agree to transport inventory to a given terminal destination. As of spring 2008, larger depot
terminals are coming on-line. The BNSF and Shell developed the first large depot to unload
ethanol unit trains in the Los Angeles Basin in response to California’s burgeoning ethanol
demand. The BNSF is also currently building a similar facility in Fort Worth. The CSX and
Norfolk Southern, competing rail carriers, service several shipping centers in the eastern United
States, including Albany, New York; Providence, Rhode Island; and Baltimore, Maryland.139
Considering cost comparisons will be made between railroading domestic corn ethanol from
Iowa and shipping sugarcane ethanol from Sao Paulo, Brazil, a common destination point would
facilitate evaluation. Houston is the largest and most logical Texas port to receive Brazilian
imports. Therefore, a price of $4,800 per 29,400 gallons of ethanol will approximate the
transportation costs between Iowa and Texas. Considering the majority of ethanol shipments are
single car deliveries, $4,800 estimates a single tanker originating somewhere in Iowa and
terminating along the Texas Gulf Coast. This amount translates to one gallon of corn ethanol
costing $1.86, where $1.70 is due to production costs and $0.16 is due to transport pricing.
Sao Paulo State, Brazil – Sugarcane Cultivation
Figures 13 and 14 show the State of Sao Paulo, which occupies an area of approximately 927,286
square kilometers in Southeast Brazil. Sao Paulo factors heavily into Brazil’s agriculture and
economic interests. Some 10.2 billion liters or 60 percent of Brazil’s ethanol are produced in Sao
Paulo state, primarily in the state’s western regions of Campinas, Riberao Preto, and Bauru.140
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Figure 10 – Map of Brazil
Source: Destination360141
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Figure 11 – Map of Sao Paulo State, Brazil
Source: Brazil Travel142

Sao Paulo’s commercial sugarcane growing regions are located on the eastern periphery of the
Planalto Central, Brazil’s expansive central plateau, and average approximately 1,000 meters or
3,280 feet in elevation.143 This altitude explains why, despite its low latitude, Sao Paulo enjoys a
relatively temperate climate featuring a temperature range normally between 12 and 27 oC or 54
and 82 oF.144
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Along with its marked geographical concentration in Sao Paulo state, the Brazilian sugarcane
industry has increasingly become dominated by large agribusiness since the inception of Brazil’s
Proalcool ethanol program in 1975. Traditionally, minifundio and latifundio production have
characterized the sugar sector. Minifundio refers to any rural establishment less than 50 hectares
while latifundios are properties greater than 50 hectares. The Brazilian agriculture census of
1970 reported 82.5 percent of all sugarcane workers farmed minifundio-sized plots of land.145
However, once the government began to subsidize ethanol production in the late 1970s,
minifundio consolidation commenced with latifundio owners acquiring more than 75 percent of
all sugarcane production capacity by 2000. While latifundio operations are increasingly
mechanized, labor intensive sugarcane activities such as harvesting still rely on migrant workers
from Northeast Brazil.146 As Brazil’s Proalcool industry matured latifundios forged popular
partnerships with usineiros, individuals or companies who controlled the industrial apparatuses,
namely the ethanol mills. Highly centralized farming and plant production resulted in the
sugarcane ethanol agribusiness that employed more than 1 million workers and produced 17
billion liters of ethanol in 2006.147
Critics of sugarcane agribusiness claim the agriculture-industrial complex forces small
minifundio farmers to tend marginal, hilly lands having slopes greater than 12 percent.
Sugarcane sector proponents maintain large agricultural conglomerates are the only mechanism
for ensuring that ethanol production keeps pace with mushrooming domestic and international
demand. Furthermore, Brazil’s vast tracts of fallow land available for sugarcane expansion
refute arguments that sector growth will negatively impact other crop production or fragile
ecosystems. As of 2006, sugarcane fields constituted 5.7 million hectares in a country of 850
million hectares. Approximately 100 million hectares of dormant agricultural or pasture lands
are available for industry expansion in south-central Brazil, more than one thousand miles
removed from the fragile Amazon rainforest.148
One sugarcane crop yields five to six cuts or harvests over the same number of years.
Considering the lifespan of sugarcane is five to six times that of an annual crop, such as corn,
both latifundio and minifundio sugarcane farmers must take precautions not to degrade the soil,
which would otherwise curtail the longevity of their investment. Soil conservation is highly
dependent on field layout. Individual sugarcane farmers have the most control over crop
management and practices factors. Generally, the soil erosion hazard is greatest during the bare
or fallow period. Best practices should restrict bare fields to dates when high intensity rainfall
events are unlikely. The driest period in Southeast Brazil occurs during the winter season from
June to September.149 Come harvest time workers in Sao Paulo traditionally burned the
sugarcane to facilitate its removal with machetes. However, since 2000, field burning practices
have declined in Sao Paulo due to increased air pollution regulations and greater mechanization
of harvest operations.150
After soil readiness, the amount of water received dictates the success of any sugarcane crop.
Sugarcane is one of the most moisture intensive of commercial crops with most varieties in the
Sao Paulo state region requiring upwards of 1800 mm or 71 inches of water over the course of a
growth cycle. Sugarcane’s moisture demands, more than its sensitivity to cold temperatures,
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restrict United States cane production to Florida, the Louisiana Delta, and Hawaii. Much of
Brazil lies within temperate-wet or tropical-wet biomes explaining why the nation already is the
world’s largest sugarcane producer and can offer significantly more land to sugarcane cultivation.
However, even the State of Sao Paulo, which enjoys approximately 1350 mm or 53 inches of
rain annually, primarily during the summer months of December through March, cannot support
entirely rain fed cane crops. Irrigation in sugarcane fields typically accounts for 25-75 percent of
the sugarcane’s water demand. In Sao Paulo, surface water irrigation concerns generally warrant
planting rows of cane 1.5 meters or 4.9 feet apart on cambered beds 6 to 7 meters or 20 to 23 feet
wide (Figure 15). Designing sugarcane fields in a cambered or raised fashion minimizes
interaction effects between irrigation and groundwater that could lead to oversaturation of the
cane’s root system. Over irrigating a sugarcane field will raise the groundwater table to within
the root zone potentially exposing the plant to root rot. Irrigation and drainage are clearly
interrelated. Surveys conducted by the International Commission on Irrigation and Drainage
(ICID) indicate furrow irrigation is the preferred sugarcane water dispersal mechanism both
globally and in Sao Paulo state. This irrigation system relies solely on gravity instead of external,
expensive power sources. Furrow irrigation is also versatile, adaptable to different field contours
and boundaries.151

Figure 12 – Typical Dimensions of Sugarcane Cambered Bed
Source: Sugarcane Agriculture152

Sugarcane Ethanol Synthesis
Widespread implementation of the land preparation and irrigation practices previously described
result in a 7 to 8-month growth cycle, yielding approximately 85,000 kilograms sugarcane per
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hectare in Sao Paulo state, Brazil. Both the monetary expense and emissions associated with
transporting harvested sugarcane to ethanol plants affect the alternative fuel’s lifecycle costs and
energy footprint, respectively. Therefore, viable crop fields tend to be within 20 kilometers of 12
miles of one of Brazil’s 335 sugar-ethanol plants.153 Once at a mill, the first step in ethanol
production requires separation of the sugarcane crop into molasses syrup and bagasse, sugarcane
stalk biomass. Burning the bagasse stalks powers the sugar-ethanol plants and releases into the
atmosphere carbon dioxide equivalent in amount to the CO2 consumed by the sugarcane via
photosynthesis during its growth cycle. Therefore, operation of the sugar-ethanol mills is carbon
neutral. The ethanol plants dilute the molasses syrup byproduct with water. Yeasts of the
saccharomyces genus primarily facilitate industrial fermentation. Lastly, distillation processes
separate the ethanol, generally having concentrations of 95 percent, from the water solvent. The
chemical equation summarizing the synthesis of sugarcane ethanol is given below.

Figure 6 in Chapter 6 provides a flowchart illustrating steps in the industrial process, which is
identical to corn following the starch-to-glucose preparatory sequence necessary for ethanol
derived from grain.154
Steady refinements to sugar-ethanol production practices have lead to significant increases in the
efficiency of Brazil’s Proalcool Program over the past decade. In 2007, 48 kilograms of
sugarcane synthesized 4 liters or one gallon of ethanol. At a more industrial scale, one sugarcane
hectare accounted for 7,080 liters or 1,870 gallons of the biofuel.155 Total sugarcane ethanol
lifecycle energy estimates are more variable with the Latin Business Chronicle reporting in May
2007 that production of one liter of Brazilian sugarcane ethanol requires 6.4 mega-Joules (MJ) or
1,518 kilocalories (kcal) of energy. Regardless of the absolute total energy requirement,
transportation of the biomass material from its source to the conversion site must be
minimized.156 This transportation factor plays a critical role determining the infrastructure
associated with Brazil’s ethanol industry.
Brazil’s Ethanol Export Infrastructure
An important factor facilitating the evolution of Brazil’s Proalcool program over the last thirty
years concerns the centralization of operations. Compared to the United States, Brazil is less
politically opposed to nationalized industry. Despite the market disadvantages characterizing
state-run businesses, strong backing from Brasilia enabled the sugarcane industry to afford the
large expenditures required to develop an ethanol infrastructure. In contrast, prevailing
American free-market principles during the last quarter of the twentieth century precluded
development of a commensurate corn ethanol distribution network.
Petrobras, Brazil’s state-run oil company, oversees the country’s ethanol operations and is well
positioned logistically for international commerce. Traditionally, Petrobras has specialized in
crude oil production, petroleum product development, and natural gas generation. Since 2005,
when the company initiated ethanol shipments of approximately 6.6 million gallons per month to
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Venezuela, Petrobras has been intent on participating in the renewable fuels export market.
Petrobras is now considered the world’s largest ethanol marketer, transforming Brazil’s
Proalcool from a program domestic in scope and security minded in focus to an international
revenue source. As of 2007, the company utilized twenty tank farm terminals, twenty-four
marine terminals, 10,000 kilometers or roughly 6,200 miles of pipeline, and a tanker fleet
numbering fifty-one with a collective tanker capacity of 10 million cubic meters or 353 million
cubic feet.157
Due to ethanol’s corrosive nature, discussed in Chapter 7, railroad trains, trucks, or barges have
handled transport of the biofuel from biorefineries to distribution terminals. However, in
October 2006, Petrobras announced plans to build an 800-mile long pipeline to exclusively carry
ethanol. Figure 13 illustrates the pipeline originating in the municipality of Senador Canedo in
Goias state, north of Sao Paulo, extending to the Paulinia refinery and terminal, in Sao Paulo, and
terminating at the Atlantic port of Sao Sebastiao, approximately 130 miles east of Sao Paulo.
Petrobras Transpetro, the transportation logistics side of the company, has earmarked $235
million to link interior sugarcane regions with deepwater marine ports via pipeline by the end of
2009. Subsequent phases of the project, totaling $1.1 billion by 2012, would expand ethanol
transport capacity to 475.5 million gallons annually and help decrease railroad and highway
congestion in the southeast portion of the country.158 Brazil’s ethanol export capacity,
significantly enhanced by Petrobras’s new pipeline infrastructure, should reach 7 billion liters or
1.85 billion gallons by 2012.159

50

Figure 13 – Planned Petrobras Ethanol Pipeline
Source: Agriculture in Brazil160

Sao Paulo State, which currently supports over 60% of Brazil’s sugarcane ethanol production,
also boasts two deepwater ports on the Atlantic Ocean. Santos and Sao Sebastiao each can
handle tankers up to 300,000 deadweight tonnage (dwt). Modifications to the Port of Sao
Sebastiao over the next two years will allow supertanker access. Typical supertankers can carry
as much as 84 million gallons of ethanol. The logistics of international ethanol transport via
supertanker can be approximated by existing petroleum tanker shipments. The Santos, Sao
Paulo, Brazil to Houston, Texas, United States itinerary is serviced by a number of container
lines including Maersk Sealand, Hapag-Lloyd, and Hamburg Sud. Typical transit times vary
between 15 and 24 days depending on the number of intermediate stops in the Caribbean Basin,
including Port-of-Spain, Trinidad and Tobago and Kingston, Jamaica, and other Gulf of Mexico
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ports, including New Orleans.161 Figure 14 illustrates the sea lanes utilized for ethanol transport
between the State of Sao Paulo and the State of Texas.
Stops at Kingston, Jamaica are of strategic significance considering the status of Caribbean Basin
Initiative (CBI) nations, of which Jamaica is one. A comparison of production costs between
Brazilian sugarcane and United States corn ethanol will show the Latin American derivative to
be more competitive. However, the Chapter 3 federal ethanol policy overview stipulated the
United States levies a protectionist tariff on Brazilian ethanol imports. The loophole allowing
the CBI countries of Costa Rica, Jamaica, and El Salvador to enjoy duty-free status when it
comes to exporting ethanol to the United States can also apply to Brazilian ethanol if Petrobras
postpones dehydration, the final production step required to make ethanol usable as motor fuel,
until the Jamaica stopover.162
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Figure 14 – Sao Paulo to Texas Shipping Routes
Adapted from: Ocean Schedules163
Upon arrival in Texas, Petrobras can take advantage of the multimodal facilities offered by the
Port of Houston. The second busiest United States port, in terms of total tonnage, the Port of
Houston is a 25-mile-long complex of diversified public and private facilities located just a few
hours’ sailing time from the Gulf of Mexico. The Port of Houston Authority collaborates with
more than 150 private industrial companies along the Houston Ship Channel. In terms of direct
rail and truck access, the Turning Basin Terminal would be a competitive alternative to handle
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Brazilian ethanol imports. This multipurpose complex is located eight miles from downtown
Houston at the navigational head of the Houston Ship Channel, approximately 50 miles from the
Gulf of Mexico. The banks along this section of the channel are lined for 2.5 miles downstream,
with an alternating arrangement of open wharves and docks backed by transit sheds and
warehouses. The Turning Basin is particularly suited for direct discharge and direct loading
operations, including handling of fuel ethanol. Each year, some 2,800 containerized ship and
barge calls are recorded at the Turning Basin Terminal's 37 docks making the facilities sufficient
for supporting Brazil ethanol trade, as ethanol volumes increase toward the 1.0 billion gallon
target.164
Direct discharge and loading are possible at this terminal, using either rail cars or trucks. Berths
are assigned on a first-come, first-served basis, rather than preferential berthing, and the average
turnaround time for a ship at the terminal is two to three days. Every wharf at the Turning Basin,
except Wharves 1 through 4, is served by rail. Two railroads serve Houston and provide service
to all points in the United States. The Burlington Northern Santa Fe (BNSF) and Union Pacific
railroads are members of the Port Terminal Railroad Association, which provides switching
service to all Turning Basin docks. Once the sugarcane ethanol is loaded onto BNSF trains, the
same rate and fee schedules would apply to this Brazilian biofuel as the corn ethanol described
earlier. In terms of vehicular ethanol transport, more than 100 truck lines serve the Turning
Basin, which is located just five miles from Interstates 10 and 610, the two major freeways that
run east-west and north-south through the greater Houston metropolitan region, respectively.165
Once inserted into the United States transportation system, both domestic corn ethanol and
foreign sugarcane ethanol are subject to the same modal constraints and financial expenditures.
However, the following cost analysis illustrates the savings incurred by Brazilian sugarcane
ethanol operations compared to the Midwest corn ethanol industry make the foreign biofuel more
price competitive, even after factoring in containerized shipping prices. Since the Port of
Houston represents the Lone Star State’s primary maritime gateway, Brazilian supplied ethanol
would be more affordable to the Texas consumer since it would need to be railroaded or trucked
a shorter distance compared to Iowa’s corn alternative. A protectionist excise tariff is the
primary economic driver enabling technologically inferior corn ethanol to remain less expensive
than its sugarcane counterpart in the Texas market.
Production Costs
Existing U.S. policy regarding ethanol production prevents Brazilian sugarcane ethanol
manufacturers from competing with their American counterparts on an even playing field.
Analysis will first emphasize the agriculture and industrial expenses associated with fuel
production in both countries. A discussion of the subsidies and tariffs currently in place that
favor American corn ethanol will follow. A comparative analysis conducted by the University of
Minnesota in 2006 revealed each liter of Brazilian ethanol costs approximately $0.28. This sum
includes both crop cultivation and refinery synthesis. In contrast, one liter of American corn
ethanol runs about $0.45 considering both agriculture and industrial inputs. The study made
several assumptions. First, prior to cultivation, soils were arable not requiring expensive
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fertilizers to replenish nutrients. Both types of crops benefited from furrow or gravity drainage
instead of more elaborate mechanisms, which would raise the commodity price. Finally, harvests
were transported a maximum of 20 kilometers or 12.5 miles to limit transportation expenses and
emissions.166 The disparity in ethanol prices was attributed to three primary factors. The going
wage in Brazil is decidedly less than in the United States. The sugarcane ethanol industry
benefits from a surplus of inexpensive labor. In 2006, Brazil’s per capita gross domestic product
was estimated at $8,800 versus a U.S. value of $44,000. Furthermore, Brazil suffers from
chronically high unemployment near 10 percent.167 The simplified conversion of sugarcane to
ethanol compared with corn, requiring the intermediate step of decomposing starch into glucose,
translates into cheaper Brazilian production methods. Finally, using bagasse to power sugarcane
ethanol plants not only reduces ethanol’s carbon footprint, but allows Brazilians to avoid paying
market prices to purchase electricity from the grid.
The costs of transporting ethanol from Brazil to the U.S. were tabulated to estimate truly
equivalent well-to-wheels prices of United States versus Brazilian ethanol for the American
consumer. The Petrobras pipeline, supplemented by a truck or railroad network, would connect
Sao Paulo state’s sugarcane ethanol refineries with the Brazilian ports of Santos and Sao
Sebastiao. Sao Paulo’s sugarcane regions are generally less than 200 kilometers or 125 miles
from the coast and linking highways or railroad lines already exist to a large extent. Ocean
tankers could then transport the biofuel to American ports within three weeks. Comparable
intermodal transport systems suggest an additional cost of $0.05 per liter or $0.19 per gallon
should be applied to the Brazilian ethanol. Therefore, in a competitive market, Brazilian
sugarcane ethanol shipped to Houston would cost $0.33 per liter or $1.25 per gallon, where $1.06
is due to production costs in Brazil and $0.19 is attributed to tanker transport. The Brazilian
ethanol price tag of $1.25 per gallon compares quite favorably to the domestic corn alternative,
which at $1.86 per gallon is $0.61 per gallon more expensive, as discussed earlier. 168
Although the above costs are sufficient to illustrate Brazilian ethanol’s economic advantage, the
theoretical price motorists would pay at the pump would be more. Chapter 9 discusses additional
infrastructure upgrades required for greater biofuel exposure within the United States
independent of whether the fuel originates in the Corn Belt or overseas. Additional costs
incurred by storage facility or fuel station retrofits would likely be passed onto the consumer
unless significant government subsidies offset these expenses.
United States Protectionist Ethanol Policies
The ethanol industry is not solely governed by market and environmental concerns. Instead, the
ethanol debate is highly politicized. The agriculture lobby is quite influential in the United States
and has received subsidies from the U.S. federal government to manufacture corn ethanol since
the first energy crises in the 1970s. In 2006, ethanol subsidies totaled $7.0 billion. Given 4.9
billion gallons or 18.5 billion liters of ethanol were produced in the United States that year,
ethanol manufacturers received $0.38 for each liter of ethanol synthesized. Ethanol advocates,
particularly U.S. corn growers, have repeatedly charged ethanol production must be subsidized to
compete with gasoline. However, a 2006 study conducted at Purdue University underscored that
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once the price of crude oil exceeds $70 per barrel, ethanol production is profitable with no
subsidy.169
Despite this analysis, Congress has continued to draft legislation benefiting domestic corn
ethanol. In December 2006, in an attempt to close a loophole where all ethanol was subsidized
no matter what its country of origin, both Houses passed the Secondary Offset Tariff, which
applied a $0.54 per gallon or $0.14 per liter charge on all ethanol imported into the United States.
This tariff currently extends through January 1, 2009. Congress along with the American
Coalition for Ethanol claimed a victory for the average American, whose taxpayer dollars would
not be inadvertently invested in foreign ethanol production. Consumer advocates countered
stating this protectionist measure specifically targets Brazilian competition, allowing domestic
ethanol producers to charge more for an inferior product. Indeed, a per liter cost comparison
between U.S. corn ethanol and Brazilian sugarcane ethanol does suggest lawmakers did use
Brazil’s ethanol production costs and anticipated transport expenses to the U.S. when
determining the tariff amount. A $0.14 per liter tariff applied to Brazilian sugarcane ethanol at
$0.33 per liter would raise the imported fuel’s price to $0.47 per liter, $0.02 higher than the $0.45
per liter domestic corn ethanol cost at the end of 2006. 170
It is noteworthy to mention, since the passage of the Offset Tariff eighteen months ago,
escalating transportation costs due to rising fuel prices have once again made imported ethanol
economically attractive to Texas. The higher ethanol rates that the Burlington Northern Santa Fe
railway and its competitors started to charge in October 2007 have increased the cost of corn
ethanol shipped from Iowa to Houston by $0.04 per liter. Even with the $0.14 per liter tariff, the
$0.47 per liter price tag for Brazilian ethanol beats the $0.49 per liter revised 2008 price of corn
ethanol.171
Domestic and International Ethanol: A Complementary Relationship
A review of the energy return on investment, lifecycle greenhouse gas emissions, land use
ramifications, and production costs of both Brazilian sugarcane ethanol and United States corn
ethanol strongly suggests the Brazilian derivative is the more viable biofuel. Benefited by a
government mandated program more than thirty years ago, the Proalcool industry invested in a
technology more efficient, more environmentally sustainable, and more economical than its
American counterpart. Initially subsidized, the Brazilian government phased out its financial
support of sugarcane ethanol during the fiscal year 1998-99. Today, Proalcool’s price is marketdriven and competitive with gasoline.172
Frustrated by an unfair American biofuels market, Brazil has recently taken steps to gain
increased access to the United States ethanol sector. In July 2007, Brazil formally filed a plea at
the World Trade Organization (WTO), accusing the United States of distributing subsidies to its
domestic farmers between 1999 and 2005 that violated WTO regulations.173 Observers expect
Brazil to utilize multilateral channels like the WTO to underscore United States hypocrisy
concerning ethanol in light of traditional American championing of free markets.
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If the United States were to lower its tariffs on Brazilian ethanol, the sugarcane fuel would not
necessarily collapse the domestic corn ethanol industry. Chapter 7 elaborates why U.S. corn
ethanol faces a significant infrastructure problem. Ethanol manufacture is centered in the
American Midwest, geographically removed from the most populous coastal regions of the
country. Chemical dissimilarities between ethanol and petroleum prevent ethanol from being
routed through traditional oil pipelines necessitating expensive overland fuel transport via
railroad or truck. Critics have cited the inability of corn ethanol production to be collocated with
primary fuel demand as limiting the effectiveness of new automotive technology, such as flexfuel vehicles, outside the U.S. Midwest.174 As previously discussed, Brazil sugarcane ethanol
could more cheaply reach United States coastal population centers via ocean tanker leaving the
domestic corn derivative to primarily service interior portions of the United States. U.S. ethanol
policy represents the primary obstacle to sugarcane ethanol achieving greater exposure in
American fuel markets.
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CHAPTER 9. ADDITIONAL INFRASTRUCTURE NEEDS AND THE
SOUTHWEST REGION
Biofuels represent an area of significant growth for both the national and Texas economies. Prior
chapters have discussed different types of alternative energy sources located both domestically
and abroad, as well as the transportation requirements to route these fuels to market destinations.
Simply railroading or shipping biodiesel or ethanol to a metropolitan area like Houston, Texas
does not complete the supply chain. At this juncture, the developing renewable energy industry
faces the “last mile problem” or how to ensure these fuels are both convenient and relatively
inexpensive to the consumer to warrant a market shift from traditional petroleum. At first
glance, routing alternative fuels several miles from a city’s central repository to local fueling
stations in the community may seem a trivial issue compared to the costs of energy production
and large scale transport over hundreds or thousands of miles between Iowa and Texas or Brazil
and Texas, respectively. However, unlike biofuel production and corridor transport, which tend
to be arterial and centralized, decentralization characterizes the service station network within
urban areas such as Dallas-Fort Worth or Albuquerque, New Mexico. As will be shown, the
costs of either retrofitting existing pumps or installing new machinery to support biofuels at gas
stations are often prohibitive compared to the economic gain associated with alternative fuels.
This infrastructure dilemma currently encountered by the energy sector is quite analogous to the
scenario facing telecommunications and utility companies in the latter 1990s and early 2000s.
Ten years ago, local governments and corporations partnered to build ambitious fiber optic cable
networks that would significantly expand Internet access throughout the United States. However,
the costs of branching off corridor lines to connect individual households soon overwhelmed
many municipalities. Today, different degrees of Internet connection often coincide with
socioeconomic boundaries throughout the country, such as affluent suburban regions gaining
broadband access long before impoverished inner city neighborhoods.
According to the Renewable Fuels Association (RFA), approximately 90% of ethanol production
capacity is located in the states of Iowa, Nebraska, Illinois, Minnesota, South Dakota, Indiana,
Kansas, and Wisconsin. During the summer of 2007, the U.S. Department of Energy took a
census of public alternative fuel dispensaries, specifically targeting the availability of E85 as a
benchmark for biofuel commercial availability; 1,193 service stations marketing E85 were
counted, which represents approximately 0.7% of the estimated 169,000 gasoline retail outlets
nationwide.175 Moreover, Figure 15 illustrates that the eight Midwestern states listed above
collectively accounted for 764 of these stations, or approximately 64% of total E85 retail
capacity. Minnesota alone boasted over 300 ethanol outlets. In comparison, the Southwest
region has a dearth of stations dispensing ethanol. As of April 2008, Texas counted 27
commercially operating stations, whereas Arkansas, Louisiana, New Mexico, and Oklahoma
each claimed four or fewer public stations.176
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Figure 15 – E85 Fueling Station Locations as of April 2008
Source: Alternative Fuels & Advanced Vehicles Data Center177

As discussed in Chapter 5 and shown in Figure 16, the distribution of biodiesel stations
nationwide, normally selling B20, is not as localized to the Midwest as E85. However, it is
prudent to recall B20 is more analogous to E10 since most diesel engines manufactured in the
last twenty years can utilize diesel blends up to 20% biodiesel as later model gasoline engines
can run on 10% ethanol and 90% petroleum mixtures. Therefore, comparing availability of
100% biodiesel or B100 to that of E85 is more appropriate in terms of establishing the
commercialization of true biofuel alternatives. Since diesel vehicles are approximately one-tenth
as popular as their gasoline counterparts in the United States, the number of B100 stations should
be significantly smaller than E85 outlets. Indeed, spring 2008 estimates suggest only 350 to 400
retail locations across the U.S. market B100. However, due to pure biodiesel’s physical
properties more of these B100 retailers are found in more southerly, temperate latitudes instead
of the colder Midwest. Due to its high organic content, 100% biodiesel freezes at approximately
32 oF or 0 oC, which is significantly higher than the subzero melting points of traditional
petroleum and diesel. Brutally cold winters characterize the Midwest and therefore make this
region less suitable for B100. Due partly to its recently suspended biofuels incentive and warmer
climate, Texas is relatively prominent when it comes to B100 sales. As of May 2008, the Lone
Star State boasted 10 stores selling pure biodiesel. In contrast, Arkansas, Louisiana, New
Mexico, and Oklahoma had three, three, one, and zero stations, respectively.178
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Figure 16 – Biodiesel Station Locations as of May 2008
(Subset of Stores Sell B100)
Source: National Biodiesel Board179

Neither E10 nor B20 require significant retrofits to fuel dispensary units traditionally providing
gasoline and diesel, respectively. Therefore, once the biofuel corridor transport problems
discussed in Chapters 7 and 8 are resolved, last-mile infrastructure issues will not impede
national availability of these low biofuel blends. The same cannot be said for renewable fuel
alternatives like E85 and B100. In terms of ethanol, dispensing E85 will require use of certified
vapor recovery systems to limit release of noxious, poisonous fumes at service stations.
Currently, there are no certified vapor recovery systems for dispensing E85. Vapor recovery
equipment makers have expressed concern about the risk of investing large resources to develop
certified E85 dispensing equipment when the demand for E85 remains uncertain. Once more,
this relates to the lack of flex-fuel vehicles to support a significant increase in biofuel production
and availability already referenced several times in this report. The familiar “chicken or the egg”
mentality is stalling both increased manufacturing of dual-fuel automobiles and availability of
alternative fuels. Recent developments may suggest a positive turn of events. General Motors
(GM) and Ford have recently promoted partnerships with various oil companies, ethanol
producers, and state agencies to demonstrate the use of E-85 and expand the availability of E85
retail outlets nationwide. For example, Ford has partnered with Verasun in the Midwest while
GM and Chevron have teamed up in the state of California. Time will tell if these ventures
significantly grow the market. Dual-fuel vehicle production is essential to the expansion of the
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U.S. biofuel market because traditional automobiles cannot utilize high percentage blends of
ethanol or biodiesel.180
In addition to vehicle engine biofuel compatibility, there also are potential issues associated with
using fuel storage tanks and pumps that have not been specially designed to withstand the
corrosive and hygroscopic properties associated with ethanol. E85 has significantly different
chemical properties than gasoline and lower biofuel blends like E10, which make E85 corrosive
to gasoline station equipment. According to the U.S. Department of Energy, when high
concentrations of ethanol come into contact with aluminum fuel tanks, the metal casing may
dissolve in the fuel. Ethanol blends containing high aluminum contents may subsequently
damage engine parts and result in poor vehicle driveability. This fuel distribution equipment can
be modified or replaced to allow the storage and dispensing of E85. However, such
modifications would require significant changes to the existing underground storage tank (UST)
infrastructure nationwide. Underground fiberglass tanks constructed after 1992 that meet
standards imposed by the Environmental Protection Agency (EPA) may store E85. However,
pre-1992 storage devices may be unable to handle the increased vapor pressures associated with
ethanol. Retrofitting a gasoline station to host E85 depends on the age of the system and the
market for the fuel. A March 2008 study commissioned by the National Renewable Energy Lab
(NREL) estimated the median price for modifying a UST system with dispenser to handle E85
would be approximately $15,000. Assuming this figure, increasing biofuel service coverage to
just half, or 84,500, of the estimated 169,000 U.S. gasoline retailers would total $1.27 billion.181
Federal government intervention would be necessary to accomplish such an expensive, large
scale conversion.
Biofuels hold promise as a partial solution to the United States’ existing overreliance on
petroleum. However, Chapters 7, 8, and 9 have illustrated the numerous production and
transport deficiencies that must be overcome to develop a national biofuels market. Currently,
the Midwest Corn Belt is the only region of the United States that has a semblance of the
facilities and infrastructure required to sustain a renewable transport fuels economy. This
geographic area’s advantages, particularly the concentration of end-user biofuel retail facilities,
are not a manifestation of the current energy woes affecting the U.S. The corn ethanol industry
developed gradually from the 1970s energy crises and took three decades to mature.
Furthermore, Chapters 6 and 8 highlight the energy lifecycle, climactic impact, land use, and
financial reasons why Midwest corn ethanol may not be a suitable model for the Southwest and
other regions of the U.S. to follow. The deepwater marine ports of Houston and New Orleans
have the potential to provide the Southwest region access to Brazilian sugarcane ethanol, a more
sustainable, higher quality renewable energy source. Less expensive biofuel imports would also
provide greater financial incentive to make costly retrofits to retail and distribution infrastructure
throughout the five-state region. Exposure and affordability represent critical metrics that must
be satisfied in order to grow a bioenergy market within Texas and the rest of the Southwest.
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CHAPTER 10. LOCAL RENEWABLE ENERGY PRODUCTION WITHIN
THE SOUTHWEST
The majority of this scoping study has focused on the feasibility of transporting renewable fuels
to Texas and the Southwest region from established biofuel production zones in both the
Midwestern United States and Sao Paulo state, Brazil. A related discussion concerns the
Southwest’s ability to produce clean, renewable energies locally thus negating the need for costly
fuel transport over long distances. The subsequent discussion will evaluate the region’s capacity
to generate alternative transport energy that is currently commercially available as well as options
that are still in a research and development phase.
The Southwest, particularly Texas, has well documented advantages in terms of renewable power
generation. Figures 17 and 18 show Texas’ solar and wind energy characteristics, respectively.
Generally speaking, prevailing weather patterns cause both solar and wind potential to increase
going east to west across the Southwest region with the desert areas near El Paso and the high
plains of eastern New Mexico and the Texas Panhandle featuring some of the windiest and
sunniest locations in the nation.182 Legislative mandates, including the Texas Renewable
Portfolio Standard (RPS) passed in 1999, have incentivized utilities in the Lone Star State to
harness these clean resources, particularly wind. In 2006, Texas surpassed California as the state
with the largest amount of electricity derived from wind energy.183 However, from a
transportation fuel perspective, Texas and New Mexico’s wealth of wind and sunshine is not as
beneficial.

Figure 17 – Texas Solar Energy Potential

Source: Jackson School of Geosciences, UT-Austin184
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Figure 18 – Texas Wind Energy Potential

Source: Jackson School of Geosciences, UT-Austin 185

Chapter 5 discussed alternative energy solutions for the transport sector and distinguished
existing commercial solutions, such as biofuels, from potential future alternatives, including
plug-in hybrid-electric vehicles (PHEVs). From a biofuel perspective, the Southwest region is
not a prime candidate for the cultivation of existing bioenergy crops common to the United
States, namely corn for ethanol. Aside from literature questioning the energy gain from and
greenhouse gas emissions associated with corn ethanol synthesis, the intensive resource
requirements to sustain a corn ethanol industry largely disqualifies all but the eastern portions of
the southwest region, namely Louisiana. Chapter 6 indicated most American varieties of corn
require 18 to 22 inches of precipitation per year.186 This amount of moisture often exceeds the
year-to-year rainfall variation experienced by Texas agricultural towns like Amarillo and
Lubbock, which boast average precipitations of 19.0187 and 18.0 inches,188 respectively.
Unfortunately, Texas’ primary corn ethanol producing regions are located in the state’s semiarid
Panhandle. Pumping groundwater from wells is a common practice in regions where rainfall
fails to meet agricultural demands during a given season. The drawdown of the Ogallala Aquifer
in the Texas Panhandle already presents a worrisome trend at current levels of corn ethanol
production. The anticipated opening of four new, hydraulically intensive ethanol plants in this
region during the coming two years will further strain precarious water reserves.189
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Until the autumn of 2007, biodiesel producers perceived Texas as a friendly place to do business.
The state’s biofuel incentive, originally passed by the state legislature in 2003 had succeeded in
increasing annual biodiesel synthesis within the Lone Star State from 120 million gallons in 2005
to 280 million gallons by 2007. Although the state’s net return to producers of $0.165 per gallon
manufactured biodiesel was generous, it was by no means unusual compared to similar laws
enacted by Midwest and Southeast states, including Tennessee. By refusing to continue funding
the biofuels incentive last October, the legislature sent conflicting messages to the renewable
energy industry. While the Office of Governor Rick Perry has continued to voice support for
bioenergy, the removal of funding for the incentive has clouded the financial outlook of many
Texas biodiesel firms. The growth in biodiesel production has plateaued and companies have
indicated their willingness to relocate out of state to take advantage of other state’s more
profitable economic climates. Agriculturally, Texas is better suited for biodiesel than ethanol
production. However, politically, the state may have impeded its chances of significantly
growing this industry.190
Much of this scoping study has discussed the merits of sugarcane ethanol production over the
corn derivative. Although water requirements disqualify the majority of the Southwest region
from large-scale sugarcane agriculture, limited areas in the south and east have the resources to
grow sufficient sugarcane to support a boutique fuel industry that could provide energy
independence on a local level. Within the contiguous United States, South Florida is the primary
sugarcane agriculture zone. However, according to the National Agricultural Statistics Service,
Louisiana ranks second in both sugarcane acreage and production. Louisiana sugarcane
production is centered in Iberia Parish, which had a 2005 net production of 1,260,000 net tons.
However, commercial farms cover twenty-one parishes in the state’s south-central lowlands. The
Upper Texas Gulf Coast in the vicinity of the Sabine River has a climate and soil profile similar
to Louisiana’s deltaic region and could offer an area for sugarcane expansion if this biofuel
industry were to prosper domestically.191
While prospects for a first-generation biofuel renaissance in the Southwest region may look
mediocre, Texas and neighboring states hold significantly more promise for transportation fuel
technologies several years away from commercialization. The abundance of wind and solar
power generation in New Mexico and West Texas has the potential to fuel plug-in hybrid-electric
vehicle re-charge stations. Austin Energy, the power provider for the city of Austin, is currently
leading the way developing electric vehicle infrastructure. However, technological obstacles
remain including more efficient methods for efficiently transporting the clean energy hundreds of
miles from generation facilities in the west to population centers in the east. More importantly,
battery capacity needs refinement in order to store solar and wind energy. At the moment wind
and solar are real-time energy sources implying electricity can be generated and utilized when the
wind is blowing or the sun is shining but not during other intervals.192
Complementing clean, electricity generation is the role second-generation, cellulosic ethanol may
play in a developing Southwest region alternative transport energy economy. Cellulosic ethanol,
also called lignocellulosic ethanol, is a type of biofuel produced from the structural material
comprising much of a plant’s mass. Corn stover, switchgrass, miscanthus and woodchips are
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some of the more popular cellulosic materials for ethanol production. Once synthesized,
cellulosic ethanol is chemically identical to traditional forms of ethanol, including corn starch
and sugar. However, cellulosic fuel production does not have some of the detrimental
characteristics of first-generation ethanol. Most importantly, cellulosic ethanol synthesis would
not compete with human or animal feedstock production. Although commercial production of
cellulosic ethanol remains five to ten years away, preliminary research suggests various grass
species including switch grass, miscanthus, and mustard seed, which can all grow under meager
water and fertilizer conditions throughout the Texas prairie, would be worthwhile cellulosic
energy crops. Cellulosic ethanol commercialization has the potential to open up vast tracts of
fallow land in West Texas, which would fuel regional economic growth and help solve the
United States’ transportation energy crisis.193
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CHAPTER 11. UNINTENDED CONSEQUENCES OF ALTERNATIVE
ENERGY DEVELOPMENT
Beginning in 2003, the United States entered an energy crisis that may require the general public
to fundamentally change long-held attitudes and customs. The second half of the twentieth
century proved to be a period of economic plenty for the U.S. During the majority of this time,
ample supplies of inexpensive raw materials fueled the American dream for a growing middle
class. Unlike the relatively short-lived energy crises of 1973 and 1979, this current period of
higher fuel prices and demand exceeding supply does not seem to be an aberrant span of time to
be followed by a return to copious amounts of cheap energy. The world today is much more
interconnected than thirty years ago and the rapidly industrializing economies of India and China
demand access to the same resources Western powers have long taken for granted. The United
States harbors roughly five percent of the world’s population, but currently consumes twenty-five
percent of its energy. Given the finite supply of fossil fuels, particularly petroleum, continued
American energy consumption at this level is unsustainable.
Biofuels, namely ethanol and biodiesel, represent the alternative transportation fuels most
commercially available at the present time. Earlier chapters outlined reasons why these
renewable fuels constitute only a partial offset to oil, which currently fuels 96% of the U.S.
transportation sector. In 2007, the United States consumed 141.8 billion gallons of oil for
transportation purposes.194 If the updated 2007 renewable fuel standards are met, then in 2022,
36 billion gallons of biofuel will be consumed. Optimistically assuming one gallon of biofuel
offsets one gallon of gasoline, and improvements in vehicle performance and mileage allow the
volume of fuel consumed to remain constant, RFS attainment implies biofuels will comprise
25.4% of transport fuel consumed in fourteen years. This figure may actually be inflated
considering ethanol has approximately two-thirds the energy content of gasoline.195
Although biofuels may have a relatively minor impact on the oil-driven transport sector, a rapidly
expanding bioenergy industry may have negative economic and environmental impacts. A
growing consensus of economists and policymakers believe the rapid acceleration in Midwest
corn ethanol production since 2004 is inflating the cost of food, particularly grains. Since the
1970s, the inflationary rate for food has remained a relatively constant 2.0 to 2.5%. However, the
average rate of inflation for food staples abruptly rose to 5% in 2007 with economists predicting
high inflation of 5 to 7% continuing through 2009.196 Over 15% of corn now planted in the U.S.,
the world’s most prolific corn producer, goes to ethanol production leading to potential shortfalls
in human and animal feedstock. As a result, the commodity price of corn has been flirting with a
record $6.00 per bushel during spring 2008. A University of Illinois study calculated with the
Volumetric Ethanol Excise Tax Credit (VEETC) subsidy of $0.51 a gallon, or $1.43 per bushel
of corn, $50 per barrel oil makes it profitable to convert corn into ethanol as long as the grain
price remains below $4.00 a bushel. If oil climbs to $100 a barrel, distillers can pay more than
$7.00 a bushel for corn and still break even. If oil climbs to $140, distillers are willing to pay
$10 a bushel for corn.197 This relationship suggests ethanol production will continue driving
corn prices higher. Rising food costs negatively impact consumers’ budgets in the U.S. and other
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industrialized nations, but pose a humanitarian crisis in developing countries, like Mexico, where
corn constitutes the primary dietary staple.
The intensive water and fertilizer requirements of ethanol and biodiesel previously mentioned in
this scoping report represent additional negative repercussions. Higher levels of domestic
ethanol production lead to a greater degree of continuous corn planting, resulting in a greater
need for weed control, more insect problems, and additional nitrogen fertilizer and insecticide
use. Agricultural runoff from fields has lead to overnitrification of streams and rivers in the
Midwest further damaging already stressed ecosystems. Nutrient runoff can also contaminate
reservoirs requiring more thorough and more expensive water purification treatments. For
example, the U.S. Environmental Protection Agency (EPA) classifies atrazine, an herbicide used
almost exclusively on corn, as a possible carcinogen. Atrazine is frequently found in drinking
water supplies in the upper Midwest. The U.S. Geological Survey (USGS) reports that nationally,
atrazine is found about 5 times more frequently in drinking water than MTBE, the additive that
ethanol largely replaced nationwide in 2006.198
Environmental hazards associated with corn ethanol production are not localized to the Midwest.
Additional corn production in western Nebraska and the Texas Panhandle is further stressing
groundwater resources throughout the high plains. Most notably, drawdown of the Ogallala
Aquifer in Nebraska and Texas is occurring 25% faster than natural groundwater recharge. The
Ogallala, which is between 300 to 400 feet thick in Nebraska but only about 100 feet thick in
Texas, is declining at an average rate of 1.74 feet per year throughout its 174,000 square-mile
area.199
Many scientists worry increased fertilizer runoff from intensive corn farming in Iowa, Nebraska,
Illinois, and neighboring states washes down the Missouri and Mississippi Rivers into the Gulf of
Mexico to exacerbate the 6,000 to 7,000 square-mile dead zone off the Louisiana and upper
Texas coasts shown in Figure 19. Within this region, high concentrations of nutrients,
particularly nitrogen and phosphorus, lead to algal blooms, causing the dissolved oxygen content
of the water to drop to less than 2 parts per million during overnight hours. Little to no aquatic
life can survive under these anaerobic conditions.200 This dead zone has negatively impacted
western Gulf fisheries over the past twenty years.
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Figure 19 – The Gulf of Mexico Dead Zone

Source: Microbial Life Educational Resources201

The Brazilian sugarcane ethanol industry has decided advantages over corn ethanol production.
Sugarcane agriculture does have its negative ramifications, though these detrimental impacts are
not as severe as those attributed to corn. Critics contend significant increases in sugarcane
ethanol production will also elevate world sugar prices analogous to corn ethanol’s impact on
grain. However, unlike other commodities, sugar is still trading below its peak price of $0.19 per
pound reached in early 2006. A glut of sugar on the world market actually caused prices to halve
to $0.09 per pound in mid 2007. Analysts maintain sugar’s rebound to approximately $0.14 per
pound in early 2008 was more a reflection of broad rallies across the commodities sector, largely
driven by escalating oil and grain prices, instead of direct impact by sugarcane ethanol.202
Like corn, sugarcane cultivation is resource intensive, particularly requiring significant volumes
of water. However, southeast Brazil’s wet, temperate climate largely satisfies water worries.
Critics unfamiliar with Brazil’s sugarcane industry incorrectly assume the expanding agriculture
is cutting down the Amazon rainforest. The Brazilian states of Sao Paulo and Mato Grosso,
which comprise nearly 75% of sugarcane production, are at least 1,500 miles removed from the
Amazon Basin. As Chapter 6 described, southern Brazil has 190 million hectares of savannah or
fallow pastures available to support increased sugarcane planting.203 The most urgent problem
Brazil’s sugarcane producers must address is the supposed inhumane working conditions
characterizing sugarcane plantations.204 Although Brazil’s lower wage rates compared to the
U.S. represent one reason why sugarcane ethanol synthesis is less expensive than corn ethanol,
accusations of slave or indentured labor cannot be tolerated if sugarcane ethanol is to sustain
international legitimacy.
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Unwanted ancillary effects associated with plug-in hybrid-electric vehicles and secondgeneration biofuels, like cellulosic ethanol, may be significant. However, these technologies
remain in research and development and, aside from their current prohibitive costs, limited
literature exists documenting the unintended drawbacks of these alternatives.
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CHAPTER 12. RECOMMENDATIONS FOR FUTURE RESEARCH
Two general trends became apparent as this scoping study evolved. First, United States corn
ethanol production possesses definite disadvantages that should limit further expansion of this
domestic bioenergy industry. Second, Brazilian sugarcane ethanol synthesis harbors distinct
advantages and should be considered a biofuel import alternative for the U.S. This report
sufficiently develops the rationale for both arguments. However, the supply-chain narratives
contained in Chapter 8 lack price data that would enable a true cost comparison between the
domestic and international alternatives. Specifically, during the course of the study, it proved
difficult to ascertain specific costs and time durations associated with transporting sugarcane
ethanol from Brazilian biorefineries to ports, shipping the fuel overseas to Texas, and then
unloading the commodity and transferring it to ground transportation at the port. Interviewing
responsible parties within the Brazil supply chain would likely close these data gaps. Person-toperson contact greatly enhanced the data collection process. For example, interviewing the
Burlington Northern Santa Fe representative clarified many of the railroad logistics regarding
domestic ethanol transport. In certain cases, contact information for Brazilian officials has been
identified but language barriers and other obstacles have so far prevented significant knowledge
transfer. Establishing contacts at the Port of Houston would also facilitate understanding the
cargo rules and rates that apply to intermodal transfer of foreign commodities.
An intriguing research focus that developed during the course of this study was the role Mexico
would play in an expanding Latin American biofuels market. On January 1, 2008, the U.S. tariff
imposed on all Mexican sugar imports expired under terms of the North American Free Trade
Agreement (NAFTA).205 Dropping this trade barrier has the potential to create a loop hole.
Increased quantities of Brazilian sugar or even sugarcane ethanol could reach the U.S. market
and not be subject to the $0.54 per gallon offset tariff if Mexico is used as an intermediate stop in
the supply chain, much like the Caribbean Basin Initiative countries. Only four months have
passed since repeal of the tariff and more time is required to determine if an influx of Mexican
sugar imports is in fact occurring.
Other valuable transportation fuel alternatives are in the research and development phase, but the
renewable fuels that will have the greatest economic impact in the next three to five years are
first-generation biofuels. Developing a more accurate biofuel supply chain cost analysis would
aid Texas and the rest of the Southwest region in prioritizing infrastructure improvements that
would enhance their transportation sector’s sustainability in the near term.

71

72

ENDNOTES

1

George W. Bush. President of the United States. State of the Union Address, Washington,
D.C., January 31, 2006.
2

G. A. Deluga, J.R. Salge, L.D. Schmidt, and X.E. Verykios. “Renewable Hydrogen from
Ethanol by Autothermal Reforming.” Science. 2004. Online. Available:
http://www.sciencemag.org/cgi/content/full/303/5660/993?ck=nck. Accessed November 29,
2007.
3

U.S. Census Bureau, U.S. Census Bureau. Online. Available: http://www.census.gov/.
Accessed : November 8, 2007.
4

U.S. Electric Power Industry Net Generation, Energy Information Administration. Online.
Available : http://www.eia.doe.gov/cneaf/electricity/epa/figes1.html. Accessed : November 8,
2007.

5

U.S. Electric Power Industry Net Generation, Energy Information Administration. Online.
Available : http://www.eia.doe.gov/cneaf/electricity/epa/figes1.html. Accessed : November 8,
2007.

6

Supply and Disposition of Electricity, Energy Information Administration. Online. Available :
http://www.eia.doe.gov/cneaf/electricity/epa/epates2.html. Accessed : November 8, 2007.

7

Electric Power Industry - U.S. Electricity Imports from and Electricity Exports to Canada and
Mexico, Energy Information Administration. Online. Available :
http://www.eia.doe.gov/cneaf/electricity/epa/epat6p3.html. Accessed : November 8, 2007.
8

Natural Gas Gross Withdrawls and Production, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/ng/ng_prod_sum_dcu_NU.S._a.htm. Accessed :
November 8, 2007.
9

Natural Gas Consumption by End Use, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/ng/ng_cons_sum_dcu_nU.S._a.htm. Accessed :
November 8, 2007.
10

U.S. Natural Gas Imports by Country, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/ng/ng_move_impc_s1_a.htm. Accessed : November 8,
2007.
11

U.S. Natural Gas Exports by Country, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/ng/ng_move_expc_s1_m.htm. Accessed : November 8,
2007.
73

12

U.S. Department of Energy, Energy Information Administration, Monthly Energy Review,
(Washington, D.C., March 2007), pp. 27, 29, 31, 33, and 35.
13

U.S. Department of Energy, Energy Information Administration, Monthly Energy Review,
(Washington, D.C., March 2007), pp. 27, 29, 31, 33, and 35.
14

U.S. Crude Oil Supply and Disposition, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/pet/pet_sum_crdsnd_adc_mbbl_a.htm. Accessed :
November 8, 2007.
15

U.S. Imports by Country of Origin - Crude Oil, Energy Information Administration. Online.
Available :
http://tonto.eia.doe.gov/dnav/pet/pet_move_impcU.S._a2_nU.S._epc0_im0_mbbl_a.htm.
Accessed : November 8, 2007.

16

U.S. Crude Oil Supply and Disposition, Energy Information Administration. Online.
Available : http://tonto.eia.doe.gov/dnav/pet/pet_sum_crdsnd_adc_mbbl_a.htm. Accessed :
November 8, 2007.
17

United Nations Framework Convention on Climate Change. Window on Kyoto Protocol.
Online. Available: http://unfccc.int/kyoto_protocol/items/2830.php. Accessed: February 15,
2008.

18

“Projected Greenhouse Gas Emissions,” in U.S. Climate Action Report 2006: Fourth National
Communication of the United States of America under the United Nations Framework
Convention on Climate Change (Washington, D.C.), pp. 60-61.

19

United Nations Framework Convention on Climate Change. Window on Kyoto Protocol.
Online. Available: http://unfccc.int/kyoto_protocol/items/2830.php. Accessed: November 14,
2007.

20

The White House, Window on June 2001 News and Policies. Online. Available:
http://www.whitehoU.S.e.gov/news/releases/2001/06/20010611-2.html. Accessed on November
14, 2007.
21

Shankar Vedantam, “Kyoto Treaty Takes Effect Today: Impact on Global Warming may be
Largely Symbolic,” The Washington Post (February 16, 2005), p. A-4.
22

Zheng Bijian, “China’s ‘Peaceful Rise’ to Great-Power Status,” Foreign Affairs Vol. 11, Iss. 5
(2005): 18-24.
23

Mokhzani Zubir, “The Strategic Value of the Strait of Malacca,” Centre for Maritime Security
and Diplomacy – Maritime Institute of Malaysia (MIMA), 2004. Online. Available:
http://www.mima.gov.my/mima/htmls/papers/pdf/mokhzani/strategic-value.pdf. Accessed
November 15, 2007.
74

24

Colin J. Campbell, “Understanding Peak Oil,” Association for the Study of Peak Oil and Gas,
2007. Online. Available: http://www.peakoil.net/about-peak-oil. Accessed April 21, 2008.
25

Class presentation by Richard Kyle, PhD, Professor at the Jackson School of Geosciences, The
University of Texas at Austin, Austin, Texas, October 4, 2007.
26

“Creating a Carbon Capture and Storage Industry in Texas” (Policy Research Project Report,
Lyndon B. Johnson School of Public Affairs, The University of Texas at Austin, 2006), p. 7.
27

Railroad Commission of Texas, Oil Production and Well Counts (1935-2006). Online.
Available: http://www.rrc.state.tx.U.S./divisions/og/statistics/production/ogisopwc.html.
Accessed: April 24, 2008.

28

Interview with John Heleman, Chief Revenue Estimator, Comptroller of Public Accounts,
State of Texas, Austin, Texas, April 1, 2008.

29

Railroad Commission of Texas, Oil Production and Well Counts (1935-2006). Online.
Available: http://www.rrc.state.tx.us/divisions/og/statistics/production/ogisopwc.html.
Accessed : April 25, 2008.

30

“Attacks in Middle East and Nigeria Send Oil to Record,” The New York Times, April 21,
2008. Online. Available: http://www.nytimes.com/aponline/bU.S.iness/AP-OilPrices.html?_r=1&scp=1&sq=Japanese+tanker+oil+prices&st=nyt&oref=slogin. Accessed April
21, 2008.
31

Diana Farrell, Scott Nyquist, and Matthew Rogers, “Curbing the Growth of Global Energy
Demand,” The McKinsey Quarterly (July 2007), pp. p. 10.
32

Internal Revenue Service, United States Department of the Treasury, Window on Summary of
the Credit for Qualified Hybrid Vehicles. Online. Available:
http://www.irs.gov/newsroom/article/0,,id=157557,00.html. Accessed: January 23, 2007.
33

Internal Revenue Service, United States Department of the Treasury, Window on Summary of
the Credit for Qualified Hybrid Vehicles. Online. Available:
http://www.irs.gov/newsroom/article/0,,id=157557,00.html. Accessed: January 23, 2007.
34

Interview with Fred Blood, Alternative Energy Coordinator, Austin Energy, Austin, Texas,
December 10, 2007.
35

U.S. Congress, Energy Policy Act of 2005, Public Law 109-58, 109th Congress (2007).

36

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 18.

75

37

U.S. Department of Agriculture, Ethanol Expansion in the United States: How Will the
Agricultural Sector Adjust?, by Paul C. Westcott (Washington, D.C., May 2007), pp. 2-3.
38

Cutting Transport CO2 Emissions: What Progress? (Paris, France: Organization for Economic
Cooperation and Development, 2007), p. 164.
39

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 5.
40

Cutting Transport CO2 Emissions: What Progress? ? (Paris, France: Organization for
Economic Cooperation and Development, 2007) p. 164.
41

U.S. Department of Agriculture, U.S. Ethanol Industry: Market Drivers, Limitations, and
Emerging Technologies, (Washington, D.C., 2007), pp. 5-6.

42

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 18.
43

U.S. Department of Agriculture, U.S. Ethanol Industry: Market Drivers, Limitations, and
Emerging Technologies, (Washington, D.C., 2007), pp. 1.

44

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 19.
45

Sunggyu Lee. Handbook of Alternative Fuel Technology (New York: CRC Press, 2007).

46

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 19.
47

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 22.
48

U.S. Department of Agriculture, U.S. Ethanol Industry: Market Drivers, Limitations, and
Emerging Technologies, (Washington, D.C., 2007), p. 6.

49

Interview with Russel E. Smith, Executive Director, Texas Renewable Energy Industries
Association, Austin, Texas, February 8, 2008.
50

U.S. Environmental Protection Agency, Boutique Fuels Task Force. Online. Available:
http://epa.gov/OMS/boutique-task-force.htm. Accessed: April 25, 2008.

51

National Highway Traffic Safety Administration, Window on Laws/Regulations/Guidance.
Online. Available:
http://www.nhtsa.dot.gov/portal/site/nhtsa/menuitem.43ac99aefa80569eea57529cdba046a0/.
Accessed: October 29, 2007.
76

52

Council on Foreign Relations. Vehicle Fuel Economy. Online. Available:
http://www.cfr.org/publication/12488/vehicle_fuel_economy.html. Accessed: January 23, 2007.
53

National Highway Traffic Safety Administration. Laws/Regulations/Guidance. Online.
Available:
http://www.nhtsa.dot.gov/portal/site/nhtsa/menuitem.43ac99aefa80569eea57529cdba046a0/.
Accessed March 17, 2008.
54

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 23.
55

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 5.
56

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 23.
57

U.S. Congress, Energy Policy Act of 2005, Public Law 109-58, 109th Congress (2007).

58

Regional Greenhouse Gas Initiative (RGGI), About RGGI. Online. Available:
http://www.rggi.org/about.htm. Accessed: April 24, 2008.
59

The Western Climate Initiative (WCI), Greenhouse Gas Reduction Goal Statement. Online.
Available: http://westernclimateinitiative.org/Media_Room.cfm. Accessed: April 24, 2008.
60

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1745 – 1749.
61

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 5.
62

U.S. Department of Agriculture, U.S. Ethanol Industry: Market Drivers, Limitations, and
Emerging Technologies, (Washington, D.C., 2007), p. 6.

63

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 5.
64

State Carbon Dioxide Emissions by Fuel, Energy Information Administration. Online.
Available : http://www.eia.doe.gov/environment.html. Accessed : December 5, 2007.

65

Cutting Transport CO2 Emissions: What Progress? (Paris, France: Organization for Economic
Cooperation and Development, 2007), p. 170.
66

Interview with Russel E. Smith, Executive Director, Texas Renewable Energy Industries
Association, Austin, Texas, February 8, 2008.
77

67

State Energy Conservation Office, Texas Fuel Cell Initiative. Online. Available:
http://www.seco.cpa.state.tx.U.S./zzz_feulcell-initiative/fciachome.htm. Accessed: December
10, 2007.
68

U.S. Department of Energy, Bioenergy Research Centers: An Overview of the Science,
(Washington, D.C., February 2008), p. 3.
69

Renewable Fuels Association, Ethanol Biorefinery Locations. Online. Available:
http://www.ethanolrfa.org/industry/locations/. Accessed: April 25, 2008.
70

Energy Information Administration, Biodiesel Performance, Costs, and Use. Online.
Available: http://www.eia.doe.gov/oiaf/analysispaper/biodiesel/. Accessed: April 25, 2008.
71

Interview with Russel E. Smith, Executive Director, Texas Renewable Energy Industries
Association, Austin, Texas, February 8, 2008.
72

Interview with Russel E. Smith, Executive Director, Texas Renewable Energy Industries
Association, Austin, Texas, February 8, 2008.
73

Class presentation by Richard Kyle, PhD, Professor at the Jackson School of Geosciences, The
University of Texas at Austin, Austin, Texas, October 4, 2007.
74

25x’25 Action Plan, Charting America’s Energy Future (Lutherville, MD, February 2007), p.

4.
75

Iowa State University: Bioeconomy Institute, Glossary of Biorenewables Terms. Online.
Available: http://www.biorenew.iastate.edu/resources/glossary-of-biorenewables-terms.html.
Accessed: April 28, 2008.
76

Sunggyu Lee, Handbook of Alternative Fuel Technology (New York: CRC Press, 2007), p.
323-324.
77

U.S. Biodiesel Market. Presentation by Jess Hewitt, Gulf Hydrocarbon, Houston, Texas,
December 4, 2006.

78

Who Killed the Electric Car? DVD. Directed by Chris Paine. 2006; Los Angeles, CA: Sony
Pictures Home Entertainment.
79

Joseph Romm and Peter Fox-Penner, Plugging into the Grid (Washington, D.C.: Progressive
Policy Institute, March 2007), p. 1.
80

Environmental Chemistry, Hydrogen. Online. Available:
http://environmentalchemistry.com/yogi/periodic/H.html. Accessed: April 28, 2008.
81

Joseph Romm and Peter Fox-Penner, Plugging into the Grid (Washington, D.C.: Progressive
Policy Institute, March 2007), p. 4-5.
78

82

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 6.
83

U.S. Census Bureau, U.S. Census Bureau. Online. Available: http://www.census.gov/.
Accessed : May 3, 2008.
84

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 6.
85

U.S. Biodiesel Market. Presentation by Jess Hewitt, Gulf Hydrocarbon, Houston, Texas,
December 4, 2006.

86

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential,” Latin Business
Chronicle, May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 3, 2007.
87

Interview with Fred B. Blood, Sustainability Officer, Austin Energy, Austin, Texas, December
10, 2007.
88

“Creating a Carbon Capture and Storage Industry in Texas” (Policy Research Project Report,
Lyndon B. Johnson School of Public Affairs, The University of Texas at Austin, 2006), pp. 2526.
89

Interview with Susan D. Hovorka, Senior Research Scientist, Bureau of Economic Geology,
Jackson School of Geosciences, The University of Texas at Austin, Austin, Texas, January 18,
2008.
90

U.S. Census Bureau Texas State Profile, U.S. Census Bureau. Online. Available:
http://factfinder.census.gov/servlet/SAFFPopulation?_event=Search&_name=&_state=04000US
48&_county=&_cityTown=&_zip=&_sse=on&_lang=en&pctxt=fph. Accessed : April 30, 2008.

91

Dallas Area Rapid Transit (DART), Agency Overview. Online. Available:
http://www.dart.org/about/dartoverviewapr08.pdf. Accessed: April 30, 2008.
92

LightRailNow! Light Rail Progress, Austin: Rail Referendum Passes. Online. Available:
http://www.lightrailnow.org/news/n_railvote2004-win.htm#AUS_20041103. Accessed: April
30, 2008.
93

Interview with Fred B. Blood, Sustainability Officer, Austin Energy, Austin, Texas, December
10, 2007.
94

Interview with Antoine Predock, City of Austin Architect, Austin, Texas, January 26, 2008.

95

American Council for an Energy Efficiency Economy (ACEEE), America’s Energy
Straitjacket, April 2006.
79

96

EPA Energy Star. “EPA Voluntary Programs Cut Emissions and Save Consumers Billions”.
October 25, 2006. Online. Available:
http://yosemite.epa.gov/opa/admpress.nsf/a8f952395381d3968525701c005e65b5/1ab92f962593
8e8f8525721200546413!OpenDocument. Accessed: April 30, 2008.
97

Energy Information Administration, Analysis of Corporate Average Fuel Economy (CAFE)
Standards for Light Trucks and Increased Alternative Fuel Use, March 2002. Online.
Available: http://www.eia.doe.gov/oiaf/servicerpt/CAFE/cases.html. Accessed: April 30, 2008.
98

Honda Motor Company. Worldwide Diesel. Online. Available:
http://world.honda.com/Diesel/. Accessed: April 30, 2008.
99

G. A. Deluga, J.R. Salge, L.D. Schmidt, and X.E. Verykios. “Renewable Hydrogen from
Ethanol by Autothermal Reforming.” Science. 2004. Online. Available:
http://www.sciencemag.org/cgi/content/full/303/5660/993?ck=nck. Accessed November 29,
2007.
100

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1744.
101

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1744.
102

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1744.
103

U.S. Electric Power Industry Net Generation, Energy Information Administration. Online.
Available : http://www.eia.doe.gov/cneaf/electricity/epa/figes1.html. Accessed : November 8,
2007.
104

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1746.
105

Sunggyu Lee. Handbook of Alternative Fuel Technology (New York: CRC Press, 2007), p.
329.

106

Sunggyu Lee. Handbook of Alternative Fuel Technology (New York: CRC Press, 2007), p.
347.

107

Isaias De Carvalho Macedo, Manoel Leal, and Joao Da Silva. “Assessment of Greenhouse
Gas Emissions in the Production and Use of Fuel Ethanol in Brazil.” (Sao Paulo, Brazil:
80

Secretariat of the Environment, State of Sao Paulo, Brazil, 2004), p. 16. Online. Available:
http://www.unica.com.br/i_pages/files/gee3.pdf. Accessed November 23, 2007.
108

Isaias De Carvalho Macedo, Manoel Leal, and Joao Da Silva. “Assessment of Greenhouse
Gas Emissions in the Production and Use of Fuel Ethanol in Brazil.” (Sao Paulo, Brazil:
Secretariat of the Environment, State of Sao Paulo, Brazil, 2004), p. 16. Online. Available:
http://www.unica.com.br/i_pages/files/gee3.pdf. Accessed November 23, 2007.
109

Roel Hammerschlag, “Ethanol’s Energy Return on Investment: A Survey of the Literature
1990 – Present,” Environmental Science & Technology, vol. 40, no. 6 (February 8, 2006), pp.
1749.
110

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
111

Chad Hart. “Feeding the Ethanol Boom: Where will the Corn Come From?” Iowa
Agricultural Review. Fall 2006. Online. Available:
http://www.card.iastate.edu/iowa_ag_review/fall_06/article2.aspx. Accessed November 26,
2007.
112

Chad Hart. “Feeding the Ethanol Boom: Where will the Corn Come From?” Iowa
Agricultural Review. Fall 2006. Online. Available:
http://www.card.iastate.edu/iowa_ag_review/fall_06/article2.aspx. Accessed November 26,
2007.
113

North Dakota State University (NDSU). “Corn Production Guide: Irrigation Management.”
1997. Online. Available: http://www.ag.ndsu.edu/pubs/plantsci/rowcrops/a1130-8.htm.
Accessed November 26, 2007.
114

National Oceanic and Atmospheric Administration. “Climate of Iowa.” 2006. Online.
Available: http://www.crh.noaa.gov/images/dvn/downloads/Clim_IA_01.pdf. Accessed
November 26, 2007.
115

Class Presentation by Charles Groat, PhD, Energy and Earth Resources Program Director,
The Jackson School of Geosciences, The University of Texas at Austin, Austin, Texas,
November 13, 2007.

116

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 6.
117

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 6.

81

118

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 6.
119

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), pp. 13,
15-16.
120

U.S. Department of Transportation, Freight Analysis Framework, Federal Highway
Administration, Office of Freight Management and Operations (Washington, D.C., 2006).

121

Federal Highway Administration, The U.S. Truck Driver Shortage: Analysis and Forecasts,
(Washington, D.C., May 2005).
122

U.S. Department of Transportation, Freight Analysis Framework, Federal Highway
Administration, Office of Freight Management and Operations (Washington, D.C., 2002 and
2006).

123

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 16.
124

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 19.

125

U.S. Census Bureau, U.S. Census Bureau. Online. Available: http://www.census.gov/.
Accessed : May 3, 2008.
126

“Ethanol Production Information.” Iowa Corn Promotion Board. January 2008. Online.
Available: http://www.iowacorn.org/ethanol/ethanol_6.html#4. Accessed May 7, 2008.
127

“Ethanol Production by State.” Nebraska Government Website. March 18, 2008. Online.
Available: http://www.neo.ne.gov/statshtml/121.htm. Accessed May 7, 2008.

128

“Ethanol Production Information.” Iowa Corn Promotion Board. January 2008. Online.
Available: http://www.iowacorn.org/ethanol/ethanol_6.html#4. Accessed May 7, 2008.
129

“Ethanol Production Information.” Iowa Corn Promotion Board. January 2008. Online.
Available: http://www.iowacorn.org/ethanol/ethanol_6.html#4. Accessed May 7, 2008.
130

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
131

U.S. Department of Agriculture, Expansion of U.S. Corn-based Ethanol from the Agricultural
Transportation Perspective, by Marina Denicoff (Washington, D.C., September 2007), p. 16.
82

132

“2006 Panhandle Subdivision Double-Track Projects Completed.” BNSF Railway. 2006.
Online. Available: http://www.bnsf.com/employees/communications/bnsf_today/2006/11/200611-10-b.html. Accessed May 7, 2008.
133

Phone interview with Angela Caddell, Ethanol Logistics Coordinator, Burlington Northern
Santa Fe Railroad, Fort Worth, Texas, January 25, 2008.

134

“October 2007 Ethanol Rate Adjustment.” BNSF Railway. August 23, 2007. Online.
Available: http://www.bnsf.com/markets/agricultural/ag_news/year2007/pricing07/p08-2307a.html. Accessed May 7, 2008.

135

“October 2007 Ethanol Rate Adjustment.” BNSF Railway. August 23, 2007. Online.
Available: http://www.bnsf.com/markets/agricultural/ag_news/year2007/pricing07/p08-2307a.html. Accessed May 7, 2008.

136

“October 2007 Ethanol Rate Adjustment.” BNSF Railway. August 23, 2007. Online.
Available: http://www.bnsf.com/markets/agricultural/ag_news/year2007/pricing07/p08-2307a.html. Accessed May 7, 2008.

137

Phone interview with Angela Caddell, Ethanol Logistics Coordinator, Burlington Northern
Santa Fe Railroad, Fort Worth, Texas, January 25, 2008.

138

Anduin K. McElroy. “Moving Biodiesel.” Biodiesel Magazine. February 2008. Online.
Available: http://www.biodieselmagazine.com/article.jsp?article_id=2049&q=&page=1.
Accessed January 30, 2008.

139

Phone interview with Angela Caddell, Ethanol Logistics Coordinator, Burlington Northern
Santa Fe Railroad, Fort Worth, Texas, January 25, 2008.

140

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
141

Destination360. “Brazil Map.” 2007. Online. Available:
http://www.destination360.com/south-america/brazil/brazil-map.php. Accessed November 28,
2007.
142

Brazil Travel. “Map of Sao Paulo, Brazil.” 2006. Online. Available: http://www.vbrazil.com/tourism/sao-paulo/map-sao-paulo.html. Accessed November 28, 2007.

143

Rex A. Hudson, ed. “Brazil: A Country Study.” GPO for the Library of Congress. 1997.
Online. Available: http://countrystudies.us/brazil/. Accessed November 4, 2007.
144

Center for Weather Forecasts and Climate Studies (CPTEC). 2007. Online. Available:
http://www.cptec.inpe.br/. Accessed November 5, 2007.
83

145

F. Joseph Demetrius. Brazil’s National Alcohol Program – Technology and Development in
an Authoritarian Regime. (New York: Praeger Publishers, 1990), p. 29.
146

R.D. Ellis and R.E. Merry. “Sugarcane Agriculture.” Sugarcane, ed. Glyn L. James.
(Boston: Blackwell Publishing, 2004), pp. 101-124.

147

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
148

Emma Marris. “Sugarcane and Ethanol: Drink the Best and Drive the Rest.” December 2006.
Nature. Vol. 7, pp. 670-672.

149

R.D. Ellis and R.E. Merry. “Sugarcane Agriculture.” Sugarcane, ed. Glyn L. James.
(Boston: Blackwell Publishing, 2004), pp. 101-124.

150

Emma Marris. “Sugarcane and Ethanol: Drink the Best and Drive the Rest.” December 2006.
Nature. Vol. 7, pp. 670-672.

151

R.D. Ellis and R.E. Merry. “Sugarcane Agriculture.” Sugarcane, ed. Glyn L. James.
(Boston: Blackwell Publishing, 2004), pp. 101-124.

152

R.D. Ellis and R.E. Merry. “Sugarcane Agriculture.” Sugarcane, ed. Glyn L. James.
(Boston: Blackwell Publishing, 2004), p. 104.

153

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
154

Sunggyu Lee. Handbook of Alternative Fuel Technology (New York: CRC Press, 2007), pp.
346-348.

155

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential.” Latin Business
Chronicle. May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 5, 2007.
156

Sunggyu Lee. Handbook of Alternative Fuel Technology (New York: CRC Press, 2007), pp.
346-348.

157

Marcelino Guedes Gomes. “Logistics for the Insertion of Fuel Ethanol Produced in Brazil
into the Global Market.” Petrobras Transpetro. 2007. Online. Available:
www.transpetro.com.br. Accessed April 1, 2008.

84

158

“Ethanol Pipeline from Goias to Sao Paulo.” Agriculture in Brazil. 2007. Online.
Available: http://www.brazilintl.com/states/goias/ag_go/sugarcane_go/article_pipeline.htm.
Accessed May 5, 2008.

159

“Ethanol Investment Overview.” Brazil Agrilogic. February 28, 2008. Online. Available:
http://www.brazilintl.com/agbusiness/investing/bal/sugarcane/sugarcane.htm. Accessed May 5,
2008.
160

“Ethanol Pipeline from Goias to Sao Paulo.” Agriculture in Brazil. 2007. Online.
Available: http://www.brazilintl.com/states/goias/ag_go/sugarcane_go/article_pipeline.htm.
Accessed May 5, 2008.

161

“Santos, Sao Paulo, Brazil to Houston, Texas, United States.” Ocean Schedules. May 2008.
Online. Available: http://www.oceanschedules.com/schedules/schedule-search.do. Accessed
May 6, 2008.
162

Congressional Research Service, Fuel Ethanol: Background and Public Policy Issues, by Brent
D. Yacobucci (Washington, D.C., March 27, 2008), p. 22.

163

“Santos, Sao Paulo, Brazil to Houston, Texas, United States.” Ocean Schedules. May 2008.
Online. Available: http://www.oceanschedules.com/schedules/schedule-search.do. Accessed
May 6, 2008.
164

“Turning Basin Terminal Maritime Operations.” The Port of Houston Authority. 2006.
Online. Available: http://www.portofhouston.com/maritime/general_cargo/turningbasin.html.
Accessed May 6, 2008.

165

Phone interview with Angela Caddell, Ethanol Logistics Coordinator, Burlington Northern
Santa Fe Railroad, Fort Worth, Texas, January 25, 2008.

166

Eric Rund, PhD. “Energy Policy and Bio-fuels production in Brazil How do we Compare?”
University of Minnesota. January 2007. Online. Available:
http://www.soybeans.umn.edu/pdfs/2007/soybeanconferences/presentations/Biofuels_Rund_107.pdf. Accessed November 24, 2007.
167

Central Intelligence Agency (CIA). “Brazil.” CIA – The World Factbook. 2007. Online.
Available: https://www.cia.gov/library/publications/the-world-factbook/geos/br.html. Accessed
November 5, 2007.
168

Eric Rund, PhD. “Energy Policy and Bio-fuels production in Brazil How do we Compare?”
University of Minnesota. January 2007. Online. Available:
http://www.soybeans.umn.edu/pdfs/2007/soybeanconferences/presentations/Biofuels_Rund_107.pdf. Accessed November 24, 2007.

85

169

Wally Tyner, PhD. “U.S. Energy Situation, Ethanol, and Energy Policy.” Purdue University.
2006. Online. Available: www.agriculture.purdue.edu/arp/documents/corngrowersTyner.ppt.
Accessed November 26, 2007.
170

American Coalition for Ethanol (ACE). “Secondary Offset Tariff.” 2007. Online.
Available: http://www.ethanol.org/index.php?id=78&parentid=26. Accessed November 26,
2007.

171

“October 2007 Ethanol Rate Adjustment.” BNSF Railway. August 23, 2007. Online.
Available: http://www.bnsf.com/markets/agricultural/ag_news/year2007/pricing07/p08-2307a.html. Accessed May 7, 2008.

172

Eric Rund, PhD. “Energy Policy and Bio-fuels production in Brazil How do we Compare?”
University of Minnesota. January 2007. Online. Available:
http://www.soybeans.umn.edu/pdfs/2007/soybeanconferences/presentations/Biofuels_Rund_107.pdf. Accessed November 24, 2007.
173

DTN Ethanol Center. “Brazil Grills U.S. on Ethanol Subsidies.” August 22, 2007. Online.
Available: http://www.dtnethanolcenter.com/index.cfm?show=10&mid=65&pid=13. Accessed
November 26, 2007.
174

Transportation Research Board. “Expansion of U.S. Corn-Based Ethanol from the
Agricultural Transportation Perspective.” 2007. Online. Available:
http://www.ams.usda.gov/tmd/TSB/EthanolTransportationBackgrounder09-17-07.pdf. Accessed
November 29, 2007.
175

“Ethanol Fact Sheet.” American Petroleum Institute. July 24, 2007. Online. Available:
http://www.api.org/aboutoilgas/otherfuels/upload/Ethanol_Fact_Sheet_07_24_07.pdf. Accessed
May 8, 2008.

176

“E85 Fueling Station Locations.” U.S. Department of Energy: Alternative Fuels & Advanced
Vehicles Data Center. April 15, 2008. Online. Available:
http://www.eere.energy.gov/afdc/ethanol/ethanol_locations.html. Accessed May 8, 2008.
177

“E85 Fueling Station Locations.” U.S. Department of Energy: Alternative Fuels & Advanced
Vehicles Data Center. April 15, 2008. Online. Available:
http://www.eere.energy.gov/afdc/ethanol/ethanol_locations.html. Accessed May 8, 2008.
178

“Retail Fueling Sites.” Biodiesel: The Official Site of the National Biodiesel Board. May
2008. Online. Available: http://www.biodiesel.org/buyingbiodiesel/retailfuelingsites/. Accessed
May 8, 2008.
179

“Retail Fueling Sites.” Biodiesel: The Official Site of the National Biodiesel Board. May
2008. Online. Available: http://www.biodiesel.org/buyingbiodiesel/retailfuelingsites/. Accessed
May 8, 2008.
86

180

“Ethanol Fact Sheet.” American Petroleum Institute. July 24, 2007. Online. Available:
http://www.api.org/aboutoilgas/otherfuels/upload/Ethanol_Fact_Sheet_07_24_07.pdf. Accessed
May 8, 2008.

181

“Cost of Adding E85 Fueling Capability to Existing Gasoline Stations: NREL Survey and
Literature Search.” National Renewable Energy Laboratory. March 2008. Available:
http://www.eere.energy.gov/afdc/pdfs/42390.pdf. Accessed May 8, 2008.
182

Class presentation by Richard Kyle, PhD, Professor at the Jackson School of Geosciences,
The University of Texas at Austin, Austin, Texas, October 4, 2007.
183

“Texas Renewable Portfolio Standard.” Texas State Energy Conservation Office (SECO).
2007. Online. Available: http://www.seco.cpa.state.tx.us/re_rps-portfolio.htm. Accessed May
8, 2008.
184

Class presentation by Richard Kyle, PhD, Professor at the Jackson School of Geosciences,
The University of Texas at Austin, Austin, Texas, October 4, 2007.

185

Class presentation by Richard Kyle, PhD, Professor at the Jackson School of Geosciences,
The University of Texas at Austin, Austin, Texas, October 4, 2007.

186

North Dakota State University (NDSU). “Corn Production Guide: Irrigation Management.”
1997. Online. Available: http://www.ag.ndsu.edu/pubs/plantsci/rowcrops/a1130-8.htm.
Accessed November 26, 2007.
187

“Climate for Amarillo, Texas.” rssWeather.com. 2007. Online. Available:
http://www.rssweather.com/climate/Texas/Amarillo/. Accessed May 8, 2008.
188

“Climate for Lubbock, Texas.” rssWeather.com. 2007. Online. Available:
http://www.rssweather.com/climate/Texas/Lubbock/. Accessed May 8, 2008.

189

Class Presentation by Charles Groat, PhD, Energy and Earth Resources Program Director,
The Jackson School of Geosciences, The University of Texas at Austin, Austin, Texas,
November 13, 2007.

190

Interview with Russel E. Smith, Executive Director, Texas Renewable Energy Industries
Association, Austin, Texas, February 8, 2008.

191

“2005 Louisiana Sugarcane Parish Estimates.” National Agricultural Statistics Service. June
2006. Online. Available:
http://www.nass.usda.gov/Statistics_by_State/Louisiana/Publications/Parish_Estimates/Sugarcan
e05.pdf. Accessed May 8, 2008.

192

Interview with Fred Blood, Alternative Energy Coordinator, Austin Energy, Austin, Texas,
December 10, 2007.
87

193

“Cellulosic Ethanol.” Texas State Energy Conservation Office (SECO). 2007. Online.
Available: http://www.seco.cpa.state.tx.us/re_ethanol_cellulosic.htm. Accessed May 8, 2008.

194

“Basic Petroleum Statistics.” Energy Information Administration. July 2007. Online.
Available: http://www.eia.doe.gov/neic/quickfacts/quickoil.html. Accessed May 8, 2008.

195

“Ethanol Fact Sheet.” American Petroleum Institute. July 24, 2007. Online. Available:
http://www.api.org/aboutoilgas/otherfuels/upload/Ethanol_Fact_Sheet_07_24_07.pdf. Accessed
May 8, 2008.

196

“Consumer Price Index Summary.” United States Department of Labor: Bureau of Labor
Statistics. April 16, 2008. Online. Available: http://www.bls.gov/news.release/cpi.nr0.htm.
Accessed May 9, 2008.
197

Lester R. Brown. “Insights: Why Ethanol Production will Drive World Food Prices even
Higher in 2008.” Environment News Service. January 25, 2008. Online. Available:
http://www.ens-newswire.com/ens/jan2008/2008-01-25-insbro.asp. Accessed May 9, 2008.

198

“Ethanol Fact Sheet.” American Petroleum Institute. July 24, 2007. Online. Available:
http://www.api.org/aboutoilgas/otherfuels/upload/Ethanol_Fact_Sheet_07_24_07.pdf. Accessed
May 8, 2008.

199

“Ogallala Aquifer.” North Plains Groundwater Conservation District. 2007. Online.
Available: http://www.npwd.org/new_page_2.htm. Accessed May 9, 2008.

200

Monica Bruckner. “The Gulf of Mexico Dead Zone.” Microbial Life Educational Resources.
May 6, 2008. Online. Available: http://serc.carleton.edu/microbelife/topics/deadzone/.
Accessed May 9, 2008.

201

Monica Bruckner. “The Gulf of Mexico Dead Zone.” Microbial Life Educational Resources.
May 6, 2008. Online. Available: http://serc.carleton.edu/microbelife/topics/deadzone/.
Accessed May 9, 2008.

202

Michael Byrnes. “Sugar Finally gets in on the Commodities Boom.” International Herald
Tribune. February 24, 2008. Online. Available:
http://www.iht.com/articles/2008/02/24/business/rtrinvest25.php. Accessed May 9, 2008.

203

Thomas Rideg and Michael Smith. “Brazil’s Ethanol: Big Potential,” Latin Business
Chronicle, May 14, 2007. Online. Available:
http://www.latinbusinesschronicle.com/app/article.aspx?id=1214. Accessed November 3, 2007.
204

“Renewable Energy Technologies in Developing Countries: Lessons from Mauritius, China,
and Brazil.” United Nations University – Institute of Advanced Studies. July 2006. Online.
Available: http://www.ias.unu.edu/binaries2/Renewables2006.pdf. Accessed January 20, 2008.
88

205

Bob Moser. “Ethanol: A Strategy for Survival.” The Daily Advertiser. November 2, 2007.
Online. Available:
http://www.theadvertiser.com/apps/pbcs.dll/article?AID=/20071102/NEWS01/711020342/1002.
Accessed May 9, 2008.

89

