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ABSTRACT
JEFFREY S. SOPLOP: Life After Oil: The American mséion From Our Favorite Fuel

(Under the direction of Chris Roush, Richard Cald dames R. Cox Jr.)

This three-chapter series of articles considersathg that rising oil prices have
created a new energy crisis in the United Statém drticles focus on differences
between the current crisis and previous oil shoakswell as the dichotomy of choices
that the crisis has created for the country: whethalevelop new fuel supplies, such as

biofuels, or to focus on oil conservation and édfcy.
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Introduction

When Henry Ford began production of his Model Toegbile in 1908, he
changed the future of American transportation. 8yrig the groundwork for the
development of the assembly line, Ford helped naakemobiles a product of mass
consumption rather than a trinket of the rich. WHibrd’s innovation contributed to
making automobiles ubiquitous in American sociétg,achievement also created
another ancillary effect: the rapid expansion ef ¢l industry to provide fuel for all
those new cars.

Ford halted production of the Model T in 1927 afteurning out more than 15
million of them since its inceptiohDuring that same period, sales of gasoline sugohss
those of kerosene and lighting diland to meet rising demand driven by the burgeoning
auto market, U.S. crude oil production grew by nitin 400 percerit.

But even with oil production booming, Ford remaingture about whether
gasoline was the best fuel for his vehicles. WinenModel T was first introduced, it had
an adjustable carburetor that allowed the veh&leih on gasoline, kerosene or even
alcohol? Ford, who grew up on a farm in rural Michigan,i&eéd making cars that could
run on alcohol, which was distilled from agriculiiproducts, would provide new
markets for American farmerdwith this vision in mind, Ford made the following

prediction toThe New York Timeas 1925: “The fuel of the future is going to cofnem



fruit, like that sumac out by the road, or from Egsp weeds, sawdust — almost anything.
There is fuel in every bit of vegetable matter e be fermented.”

Despite Ford’s hopes, oil dominates the global foatket a century after the
Model T’s introduction. Today products derived frenude oil, also called petroleum,
include gasoline and diesel for cars and trucke, du for ships and high-grade kerosene
for airplanes.

But oil is a finite natural resource, and the warldependence on it has created
immense problems. In recent years, global demandilfbas leapt, boosted by increased
need from large developing nations, such as Chmddradia. At the same time,
researchers and industry experts warn that thedigaull supply is limited and
production will eventually peak. Some contend thatready has. In response to these
shifts in supply and demand, along with geopoliticatability in some oil-producing
nations, such as Iran and Iraq, the price of aebafroil has skyrocketed. On just the
second day of 2008, oil marked a new record bijngi$100 per barrélSoon after, new
warnings were issued that expensive oil could oanomic growth in the United States
and the rest of the worftl.

With the price of oil climbing, U.S. policymakerave been searching for
solutions to the emerging fuel dilemma. A favoretlison of politicians is to encourage
the production of fuels made from agricultural pro, known as biofuels. This
validation of Ford’s prediction has, so far, foadisgostly on the distillation of alcohol
from corn, which yields a product called ethanalttBessed by the government’s
support, U.S. ethanol production more than doufr@ah 2002 to 2006, by which time

the country produced almost 5 billion gallons dfaetol annually.But even the sharp



increase in ethanol production is only a drop mftel-supply bucket, since the United
States consumes more than 140 billion gallons sélijze annually®

As biofuel production grows, the issue turns onthethat production can
expand quickly and affordably enough to supplaatuhS. oil addiction. And that
addiction shows no signs of abating. Although ddmoe&sl consumption has slowed in
recent years, it still continues growing despisgng oil prices. And while politicians
remain fixated with biofuels, noticeably absentirthe debate are serious policy options
embracing the conservation of oil.

This thesis will explore how the United Statesagibning to cope with a post-oll
world. The work focuses on the currently favoretiqees and technologies to deal with
the situation as well as those being dismissedcifiqaly, the dichotomy of finding new
fuel supplies versus conservation of resourceddsessed by analyzing ongoing market
mechanisms, technology development and policy tessas oil prices continue to

climb.

Literature Review

Because oil has a long and complex history aslastipply, understanding its
current predicament requires a thorough revievhefrelated academic, trade and
government literature. To grasp the issue, mudhefiterature can be divided into four
categories: how the economics of oil from a sugplg-demand perspective shed light on
the market mechanisms at work behind rising oitgsj how oil prices impact the U.S.

and global economies; what policy decisions aradanplemented in response to



expensive oil and what are the observed effectisasfe decisions; and how media
coverage of these issues has evolved. This literagview will analyze these topics and

demonstrate gaps that need to be filled in thearebeand the popular media’s coverage.

The era of scarce oil

While it's been easy to observe rising oil pricesig the last few years just by
going to a gas station, determining exactly how immore expensive oil will get is more
complicated. Only a few years ago it seemed likevould stay relatively cheap for years
to come. In 2002, Lounnas and Brennand wrote aoubibok for the Organization of
Petroleum Exporting Countries (OPEC), in which thegumed that oil would remain in
the lower price range of $22 to $28 per barrell@®L0M* Their assumptions quickly
turned out to be wrong. The world price of oil résenore than $36 per barrel by the end
of 2004 and continued to rise to almost $90 perebay the end of 200 After those
volatile and unexpected price jumps, an updated©@Eoutlook in 2006 refrained
from making further projections about the priceof-> While other predications have
been made, analyses from industry experts, schatarshe media indicate a consensus
that oil prices are expected to continue fluctugatipward and will remain high for the
foreseeable future.

Booming growth in the world economy drives the glotise in demand for oll
and its corresponding price increase. “Exceptigrgtiong and synchronized economic
growth, not experienced for almost three decadesight about a surge in demand,”
noted an OPEC repatt.That growth has happened most acutely in devedopértions.

From 1996 to 2006, demand for oil within the Orgation for Economic Co-operation



and Development (OECD), composed of nations witleligped economies, grew at the
modest pace of 7.4 percénBy contrast, during that same time period demanaif in
all non-OECD nations, most of which are considetegeloping nations, grew at the
much faster clip of 27.6 percefft.

Among developing nations, China and India in patéchave become
progressively thirstier for greater shares of thelel's oil supply’’ In 1996, China
consumed an average of 3.6 million barrels of erlgay, according to the U.S. Energy
Information Administration (EIA}2 A decade later, China’s consumption has more than
doubled, making it the second-largest oil-consunmagon in the world, using about 9
percent of the world’s total oil supply Similarly, India’s oil consumption has also risen
considerably in recent years, though not at shagplZhina’s. From 1996 to 2006,
India’s oil consumption increased by 49 percend, budia became the sixth-largest oil
consuming nation in the worfd.While China and India are leading the demand surge
the rest of the world is following suit. Based ese&arch by the EIA, total world oil
demand is projected to grow another 42 perceni®{ 2raising the question of whether
oil production can keep pace with demahd.

Even as demand for oil has increased, a plethood ekperts have asserted that
the world’s oil supply will soon peak and begindecline. The predominant theory
guiding this view is known as Hubbert's Peak Thearlgich was introduced by the
American geophysicist Marion King Hubbert in 195@\ccording to Hubbert, the
possible oil production of any country, or evenwwald, could be predicted with a
formula based on the rate of oil discovery, the atproduction and the cumulative

production total. Hubbert utilized these metricptedict that U.S. oil production would



peak sometime around 1970, and that world oil peidn would peak around 2068By
using the term “peak,” Hubbert did not mean thateserves would be exhausted, but
that the rate of oil production would have reachedaximum and, therefore, would start
to slowly decline. Half a century later, an ongodepate continues about the accuracy of
Hubbert’s predictions.

On one side of the peak oil controversy are thdse believe oil production has
already or will soon reach its maximum. Among tnisup, the direst prediction for the
future of oil was by Deffeyes, who utilized Hubbgrhodel and predicted world oil
production would peak in 2004 or 20¢f5A few years later, Deffeyes updated his
prediction to include a specific date when he sdigroduction had peaked: Dec. 16,
2005

Others have warned of an impending peak withotithgea specific date, such as

Zittel and Schindler, who noted:

[T]he question of the exact timing of peak oil is less ingrt than many
people think. There is sufficient certainty that world edguction is not going to
rise significantly anymore and that world oil productiaors will definitely start
to decline®

Similarly, Hirsch, et al., noted that a number xfperts and researchers have predicted an
oil production peak in the relatively near futuoet that:

Such projections are fraught with uncertainties because ofdada, political
and institutional self interest, and other complicating factdhe bottom line is
that no one knows with certainty when world oil prodactwill reach a peak, but
geologists have no doubt that it will hapgén.

With this in mind, the consensus indicates thatldvoil production has little room left to
grow and may already have reached its peak.
Despite pessimistic predictions that oil will squeak, other experts argue that

there is still plenty of oil left. At the forefromtf this group is Daniel Yergin, chairman of



Cambridge Energy Research Associates (CERA). Bhs of oil are not below ground,
such as in shortages of reserves, Yergin arguésbove ground in terms of political
dissonance, natural disasters and price volaffliBased on CERA’s estimates, global oil
reserves are approximately 3.74 trillion barredmost triple the amount estimated by
peak oil proponents.

While the evidence indicates the world has moressierves than the amount
endorsed by the peak oil theorists, much of tHigsdiarder to get at than conventional
oil reservoirs. New technologies, such as the stid@wding of oil reservoirs, allow more
oil to be extracted than was previously possilhlastextending the life of some oill
fields3° And oil can also be extracted from non-conventioesources, such as oil sands
and oil shale, which are both sources of crudearabeginning to be explored by major
oil companies’ But these methods are considerably more expetisavetraditional oil
pumping. So even if technology makes more oil recable and a peak is not as near as
some believe, the cost of recovery, and therefagtice of the oil, will remain elevated.

As a result, the era of expensive oil has begun.

Oil's economic impact

As one of the United States’ primary energy suplal significantly affects the
U.S. economy. Historically, this impact has beersnatearly demonstrated during times
of unexpected spikes in oil prices, or what ecomsteniefer to as oil shocks. Hamilton
noted that such shocks preceded nine out of theddssions after World War 1, and
that this relationship has been repeatedly confirasemore than a statistical

coincidence? A similar observation was made by Jones, et &g woncluded that



“post-shock recessionary movements of GDP are llagg&ibutable to the oil price
shocks.®?

But the ongoing oil dilemma is substantially diefat from past episodes of price
shocks. Current oil prices are driven by the combiaffect of rising global demand and
emerging constraints on production. So it is utjikbat oil prices will decrease in a
relatively short time, as in previous shocks sueldwaing the 1973 Arab-Israeli War or
the 1979 Iranian revolution.

Unfortunately, because shocks have been the notheipast, the body of
research considering the ramifications of long-térgh oil prices is sparse. However,
some researchers are making non-empirical projestidirsch, et al., asserted that
sustained high oil prices “will cause protractedreamic hardship in the United States
and the world * Likewise, Fenton described the impact on the dlebanomy of any
long-term high oil prices as seriotrsAnd Rogoff noted that even though the global
economy has proven somewhat resilient to highguraikes so far, at least some of that
resilience is an illusiof In particular, Rogoff stated that the United Statas deferred
the effects of higher oil prices by running up ghar current account deficit, meaning
that higher oil prices have resulted in greatendpegy on exports of foreign oil rather
than reduced domestic consumption, which could gpepgerious long-term problem for
the U.S. economy down the rodd.

Because of the lack of research into the econoffects of sustained high oil
prices, making specific predictions of how oil’sctiee will affect the U.S. economy is
virtually impossible. Still, the prevailing lessoofhistory and economics point to

several likely scenarios: The United States resloisly to higher oil prices and pays for



it with lower growth in gross domestic product (GD&lternative fuels are quickly
developed that can supplement oil’s increasingciyaor conservation methods are
implemented that significantly reduce national dedhéor oil. Whether any one of these
scenarios comes about, or whether some mix dopends largely on decisions of the

U.S. government.

Tough decisions: developing new fuels or embracingpnservation

Permanently higher oil prices present a novel sehallenges for U.S.
policymakers. Unlike oil shocks of the past, therent situation of sustained higher oil
prices isn't likely to be solved simply by loosegimonetary policy, which was
suggested by Bernanke, efaWhile a looser monetary policy could help encoerag
investment in new technologies, and so partialgvadte the problem, to prevent oil
from becoming a significant drag on U.S. econonmangh a more comprehensive
strategy will need to be developed and implementi¢hl the federal government’s
backing.

At this time, U.S. energy policy is primarily fo@dgon developing new fuel
supplies to supplement oil usage. The 2007 Econ®eport of the President reports a
goal to reduce gasoline consumption by 20 percéhirwa decade in the light-duty
vehicle sector, which is comprised of cars andtltgicks® “About three-fourths of this
goal will be met by greatly increasing and expagdhe Renewable Fuel Standard,” the
report states. “The new standard will mandate 1bgtercent of transportation fuels

come from alternative fuel$®



The original Renewable Fuel Standard (RFS) wastedac 2005 and required
gasoline blenders to use 7.5 billion gallons oekeable fuels such as ethanol by 2012,
with specific goals set incrementally each y&dn addition to passing the RFS,
Congress has also allocated a variety of subsidysapport programs to add incentives
for producing and blending renewable fu&l3hese programs have substantially boosted
production of renewable fuels, ethanol in particulla 2005, total U.S. ethanol
production was 3.9 billion gallorfé Less than two years later, ethanol production had
almost doubled. And with dozens of new plants aulyebeing built or expanded, U.S.
ethanol production capacity is projected to surgashillion gallons per year in 2038.
But even while ethanol production took off, manyics argue that ethanol is a poor
alternative to oil.

Perhaps the most heated controversy surroundirgeits the debate about
whether it truly is a renewable fuel. For a fueb®considered renewable, it must be
produced from a resource that can be replenishednaist yield more energy than is
required to produce it. In the United States, netisanol comes from corn, which can be
grown each year and so meets the first criteriart . vihether corn-based ethanol really
yields more energy than is required to produca fctor known as its energy balance,
remains a matter of intense debate.

Pimentel has consistently criticized the use ohdmaised ethanol as a fuel
source’® Pimentel’s research found that corn-based ethamoluction has a 29 percent
negative energy balance, meaning that 29 percerd erergy is required to produce
ethanol than it yield$> An even worse energy balance was recorded by IRatie

found that ethanol production had a 65 percenttheganergy balanc¥.The findings of
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Pimentel and Patzek have been contradicted sewaed, most notably by Shapouri, et
al., who found that corn-based ethanol producti&s bn average, a 34 percent positive
energy balanc® That positive energy balance value is also theemm®rsed by the U.S.
Department of Energ¥. Patzek responded to the findings of a positivegnbkalance,
arguing that the results violated “the fundamelaais of mass and energy
conservation>

Disagreement among researchers about the enemgyceabf ethanol production
stems from disagreement over the inputs requirgpider corn. In some locations, corn
crops require large amounts of fertilizer and attey water. So corn requires more
energy to produce in these locations, and the grimiance of ethanol made from that
corn is more likely to be negative. In other looa8, corn growth requires fewer inputs,
so the energy balance of ethanol is more likelyegositive. This makes the prospect of
determining a national energy balance for corn-th&kanol extremely difficult. But
based on the research, the national energy balancern-based ethanol is unlikely to be
much greater than neutral, and may even be negatilieating that it is not a high
guality renewable fuel.

Ethanol’s questionable energy balance isn’t thg oamplaint lodged by critics.
Some also contend that ethanol produced from cdialnwe up food prices, a matter
known as the food-versus-fuel issue. The underlpiggnise of this view suggests that
increasing ethanol production requires a greataresbf the U.S. corn crop, thus
elevating the price of corn. In addition, risingr@rices could have a ripple effect on

other foods as farmers switch fields to grow mamm@nd less of other crops.
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“In the United States, the growth of the biofualustry has triggered increases
not only in the prices of corn, oilseeds, and otirains but also in the prices of
seemingly unrelated crops and products,” observety® and Senau&rThey argued
that the ripples will spread, affecting other nai@round the world with rising food
prices. This would be a devastating problem for yr@ggveloping nations, where people
spend 50 to 80 percent of their budgets on féd@@thers, such as Rajagopal and
Zilberman and Msangi, et al., voiced concerns abwitmpact of biofuels on world food
prices> At this time, however, it is too soon to tell whet the boom in ethanol and
other biofuels will significantly affect domestic world food prices.

Although current U.S. policy is heavily focusedinareasing the production of
ethanol and other biofuels to supplement oil s@splconservation hasn’t been entirely
overlooked. The predominant policy vehicle for ceméng oil has been the Corporate
Average Fuel Economy (CAFE) standard. CAFE wasquhby Congress in 1975 and
mandates a minimum miles-per-gallon requiremenatdo manufacturers’ new lines of
cars and light truck¥’ At the end of 2007, President Bush signed intothefirst
revision to the CAFE standard since it was pasBke.revision raised mileage standards
by 40 percent for cars and light trucks to 35 milesgallon by 2026°

While raising CAFE standards is likely to have sampact on national oil
consumption, better mileage also makes gas relativieaper on a per-gallon basis. This
leads consumers to drive more miles than beforgaines in efficiency, thereby reducing
CAFE’s benefits. Greene, et al., dubbed this phesmam the “rebound effect” of the
CAFE standard® In a later study, Small and Van Dender found thatrebound effect

declined throughout the 1990s and early 200@ut, the authors note, the decline of the
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rebound effect during that time period was duehieap gas prices and rising income.
This meant consumers cared less about their vahiciel efficiency, because driving
was relatively inexpensive regardless. Now thapodes, and subsequently gas prices,
are so much higher, consumers are more likely amgé their behavior based on their
vehicles’ fuel efficiency. So raising the existiB§\FE standard might have a rebound
effect, whereby consumers drive more than theybdidre the higher standards took
effect. This rebound effect could mean that thesailings from CAFE will not be as high
as many politicians claim.

So while politicians hail the new CAFE standardsiasmportant victory for the
conservation of oil, the long-term benefits remamcertain. But the support and
enthusiasm of politicians has made one thing clHaey currently favor the development
of new fuel sources to the conservation of oil.sTjreference has vast implications for

the future of the United States.

A view of oil from the popular press

In addition to considering the fate of oil from theademic and policy
perspective, it is also important to understand Hmvmedia cover the apparent end of
the oil age. The media often function as interpeetiarough which current events are
synthesized and presented to the public. Therefevéewing the media’s interpretation
of oil provides insight into how the issue is befrmmed, as well as what gaps in
coverage exist.

Much of the media’s coverage of oil has, so facuged on narrow, temporal

events, such as oil’'s daily closing price in theifas market. To some degree, this type
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of narrow coverage is aligned with the daily nevgsgzamodel of presenting information
on a timely basis — there isn’t always room forsidaring broader trends. At the same
time, when the press presents an issue too naryrestlyout providing the necessary
scope, the story can be misleading. For exampemibdia covered the announcement by
the International Energy Agency that global demfamabil in 2008 would be slightly
higher than previously anticipatdtBut while attention was given to that relativeigal
adjustment in the demand estimate, and the imnmestiaiction of oil prices on the

futures market, the coverage failed to mention Hmwevised estimates would mean
total world oil demand had increased by more tHapdrcent in five years.

Although this limited style dominates news coverageral publications
produce more in-depth articles on the state ofSmme of the most comprehensive
coverage has come froiine New York Timewhich has regularly published articles on
oil and biofuel$? In one of the most notablmesarticles on rising oil prices, Mouawad
noted, “Unlike past oil shocks, which were causgdidden interruptions in exports
from the Middle East, this time prices have besmg steadily as demand for gasoline
grows in developed countrie$"'While this observation is accurate, the articlis fa
address rising prices from a supply standpoin& separat@imesarticle, Mouawad does
consider the supply side of the equation but disesighe peak oil theory. Instead, he
argues that technological advances will greatlyaexithe supply of off? Although new
technology developments are changing the methasls tasextract oil, dismissing the
possibility that the world oil supply will soon gdea a theory endorsed by many experts —

presents an inaccurate view of the issue.
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Not all publications view the peak oil issue thensavay. In an article fofhe
Christian Science MonitoiFrancis presented evidence from several indesgpgrts on
both sides of the issif&Writing for The GuardianSeager covered a recently released
German study saying that world oil production pebike2006°* The differing opinions
and coverage show the media have a difficult tinesiging the turbulent oil market from
either a supply or demand perspective. The covaksgeshows that opinions vary
among experts, and so achieving proper depth rgjdnrawing from a variety of sources.

Beyond oil, biofuels have also been heavily covdngthe media. Much of the
attention focuses on ethanol because of its rapidyztion growth. Birger wrote in
Fortunethat the frantic rush to grow more corn for etHgmwoduction could potentially
create a “dot-corn” bubbf&.If ethanol fails as a fuel, Birger wrote, farmanso invested
in new equipment and local ethanol plants will bet the most. Hagenbaugh wrote for
USA Todayabout how ethanol prompts farmers to grow more tloan ever before,
which, in turn, means growing fewer acres of ottreps®®

Along with its effects on farmers, ethanol’s potehimpact on food prices also
garners significant media attention. Martin wraie The New York Timas the food-
versus-fuel debate, noting that the impact of aethan prices at the grocery store isn’t
yet firmly established’ An article fromThe Economisargued that rising world food
prices are due in part to U.S. ethanol subsididsadso to rising incomes in developing
nations®® A similar conclusion was reached Bige Christian Science Monitowhich
also noted the U.N. Food and Agriculture Organaratias issued warnings about turning

too much food into fuet®
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Corn-based ethanol isn’t the only biofuel beingerad by the media. Several
other biofuels based on feed stocks other than @@ mlso starting to attract attention. A
number of news stories have focused on the reseatlkdevelopment of cellulosic
ethanol, which can be made from agricultural wastelucts such as corn husks, wood
chips and wheat stalks. Woodyard wrot&JtsA Todayabout several potential cellulosic
ethanol feed stocks and surveyed the processimgslaat are under construction to use
these feed stocks rather than cBtAlgae is also being considered as a potentialcgour
for biofuel production. Keefe reportedTine Atlanta Journal-Constitutiotinat Royal
Dutch Shell PLC, a large oil company, is buildingeéinery in Hawaii to test production
of biofuels from algaé' “Algae is promising as a biofuel because it grawickly, is
rich in vegetable oil and can be cultivated inwager, reducing the use of land and fresh
water,” Keefe noted

Although these potentially new biofuel feed stoaks being covered, discussion
of their viability and of other solutions to thd problem has been limited. This tendency
of the press to cover the developments withouteedoalizing them skews the
information available to the public about biofué¥any of the reported “breakthroughs”
will take years of research and development beforgributing to the fuel supply, if they
ever do. In addition, the media have covered tmseation aspect of oil supplies only
sparsely. Some articles have been written abobhtdogical developments that would
help conserve oil, such as plug-in hybrid vehickasich utilize both electric and internal
combustion engines. But these articles lack consdiziation and are few in comparison

to the expansive coverage of biofuels.
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Summary

While much has been written about oil and biofuelhe academic literature and
the popular media, few articles have consideredbtbader societal implications of
permanently expensive oil. What seems clear isviloald oil demand is expanding, and
supply is at best growing slowly or at worst fairbo a relapse to the relatively cheaper
oil prices of the past is unlikely. As expensiveésampact on the U.S. economy becomes
more pronounced, the public will look to policymekéor answers.

At the moment, the favored policy solution is tovelep new fuel supplies rather
than emphasize and enforce conservation. But wkaha inherent tradeoffs in such a
solution? Can new fuel types be developed and pextiquickly enough to supplement
oil and avoid severe economic and environmentaseguences? Why is conservation

being overlooked? This thesis seeks to begin amsgvdrese critical questions.

Methodology

This thesis project is comprised of a series adalprint articles. Each article
focuses on a different facet of how the declineibis affecting the United States energy
supply. The articles are designed to connect and fame overlap, but each article

covers a unique topic.

Human Sources
As is the custom in good journalism, human souperesided critical information

for the articles’ composition. Many of these sogreere interviewed by phone. But

17



some travel was also done to collect essentiallsléitathand. The information gathered
from these sources was synthesized, and opinions¥arious perspectives were sought.
Drawing from a wide variety of sources helped ptdeuvilepth to the articles and a
diverse array of ideas and comments. Researchembars of academia and industry
experts provided vital background information anderstanding of technically difficult
concepts. Members of non-profit foundations an@wo#dvocacy groups were
interviewed to capture the various competing irger¢hat are at stake. Finally, some
snapshots of ordinary people were used to prowneéedotal evidence as to how the oil

crisis affects U.S. citizens.

Documents and Research

Much of the information for this thesis came frootdments and research
papers. Government documents and reports from neargmental organizations
contain a wealth of data and other relevant inféionathat added depth to the piece.
Scholarly articles provided information about thtekt research and how existing data
were interpreted. Some documents and researcleartiat were used in this thesis have
already been discussed in the literature reviewaaadlso cited in different parts of the

articles.

Analysis
This thesis drew information not only from outshileman sources and documents
but also from personal analysis. This analysis $eduon interpreting the information

available from other sources and providing addege@nd depth to that information.
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While every attempt was made to keep this work asdul, it is important to recognize
that no article is ever perfectly objective becausauthor is able to write from a
perfectly objective point of view. Rather than atpd to hide this reality behind a false
pretense of objectivity, it is better to admit thia¢ author’s analysis shaped the final
product. The author sought to ensure that thisyarsalvas as transparent and well-

supported as possible.

Limitations

Like any project, this thesis had limitations. Tgrenary limitation for this project
was the sheer scope of the subject matter beingredvoil and the future of the U.S.
fuel supply. No series of articles, no matter hong or well-researched, could fully
cover this subject and investigate every importastorical event, policy concept,
economic impact or potential technological breaktigh. Nevertheless, this thesis
addressed what the author found to be the mosfismmt of these subjects and discussed
how they are changing the future of the U.S. enstgpply.

Other limitations on this project were time, moraey the author’s breadth of
knowledge. A project such as this could easily wd@rs of research and writing. The
time allotted for this thesis was less than threatms, a limit that undoubtedly affected
the final product. Additionally, to fully understauhe issues firsthand, extensive travel
would be required to interview sources in persowel as to directly observe the work
being done in the fields of biofuels and oil cons¢ion. But the funds for this project

were limited, and so the amount of travel was i&stl to the available budget.
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Chapter Breakdown

This thesis is broken down thematically into thchapters. A basic overview of

each chapter is given here:

1.

The Permanent Oil Crisis: This article considers oil’'s past, present andriiin
the United States. Historical narrative is usedawosider the role oil has played in the
past century of U.S. history. The ongoing challengieboth supply and demand in
the current oil market are summarized from thegmssve of current research and
the oil industry. This information is consideredradside policy decisions and

legislation.

A Harvest of Biofuels: This article considers the legislation and pditisupport
driving the current biofuel boom and the ramificas of this support. The impact of
the boom is addressed and discussed with a fochewrsuch government
intervention in the fuel market tends to createngns as well as losers. A firsthand
account of ethanol's impact on farmers providesdatal evidence about the
consequences of policy decisions. Effects of thmbare used to consider how the
biofuel market will grow, what the most promisingmtechnologies and feed stocks
are, and how long it might take for a robust bibfndustry to have a substantial

impact on the U.S. fuel supply.

Getting Plugged-in to Conservation:The final article discusses what the

potential savings from conserving oil are. It foesi®n one of the most promising
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new technologies being developed for oil conseovati the plug-in hybrid vehicle.
The status of the technology and its potential ichpa the U.S. fuel supply are
discussed, alongside a view of how the countryapubceed toward the

electrification of the transportation system.
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Chapter 1

The Permanent Qil Crisis

Joe Neuhof is frustrated with oil. It isn’t sky-higump prices at gas stations that
are bothering him; it's what high oil prices arardpto Western Colorado. “Basically,
you have the industrialization of one of the mastiful places in the country,” he says.

The beautiful place that Neuhof, a field directar the Colorado Environmental
Coaltion, worries about is the Roan Plateau. Latatéew miles northwest from the
town of Rifle, Colo., the plateau rises above tlodo€ado River valley and is home to
wildflower meadows, forest glades of juniper, firdaaspen trees, and some of the most
diverse wildlife in all of Colorado.

But the plateau also happens to sit on some lakghale deposits. Oil shale is a
type of sedimentary rock that contains a chemialéd kerogen, which, after it is
extracted, can be refined into crude oil. Althoeglkracting kerogen from oil shale is
akin to squeezing water from a rock, some majocaihpanies are still giving it a try.
And, despite the inefficiency of the process, rittg hard to understand why.

These days, heading to the gas station for afililsta costly experience. Gasoline
prices have more than doubled in just five yeaitbn§ up a 20-gallon tank now costs

more than $60, based on average U.S. pump pricesthanks to Americans’ love affair



with gas-guzzling SUVs, many people now find thelwein a financial pickle just
trying to keep their behemoth autos on the road.

Expensive oil is no novelty for Americans. Spike®il prices have occurred
sporadically during the past four decades and hbways subsided. So while drivers are
getting gouged at the pump now, expectations refmgimfor some relief in the near
future.

But recent predictions of declining oil prices hgearsistently proved optimistic
and wrong. The reason is the impetus behind theinggil crisis comes from different
sources than similar fluctuations in the past. Tiei& species of energy crisis is sending
both consumers and oil companies scrambling fartiswis.

Hurricane Katrina is often considered the tippirigpoint for oil’s dollar-per-
barrel ascension. But prices had already risen dmgrthan 50 percent in the two years
leading up to the storm. Katrina’'s decimation @& tulf Coast refineries may have
crimped the U.S. oil supply, causing a classicepsipike. But the storm’s effects on oil
supplies have long since subsided, and today’s piigles are the result of a gradual
climb rather than any sudden jolt.

“Historically, food and energy prices were veryattk,” says James Hamilton, a
professor at the University of California, San Qiend a researcher on oil's economics.
“If they went up one quarter, they were just aslifko go down the next. But that's not

an accurate statement of what we’ve seen thehees yyears.”
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Not your parents’ oil crisis

In the past, dramatic swings in oil supplies arndgs manifested themselves as an
unpredictable boom-and-bust pattern, which plagbednergy industry. In particular,
the 1970s stand out as a decade of volatile aikeprresulting from turbulent geopolitical
events.

The first major oil crisis began in 1973 and wascguitated by hostilities
between Israel and an alliance of Arab nationshat is now called the Yom Kippur
War. Although the fighting lasted only three wedkesy oil producers such as Saudi
Arabia and Kuwait utilized the “oil weapon” to aggiressure on supporters of Israel.

The methods of these oil-rich nations includedraesef embargos, production
cutbacks and price hikes, mostly targeted at thedrStates. “We want the consuming
countries to know how we feel, and | think they lbeginning to feel it,” said Kuwait's
Petroleum Minister, Abdel-Rahman Atiqi, after thesis began.

While the embargo’s tactics caused an immediate jumworld oil prices, the
actual drop in global oil supplies was relativelinor — only about 5.5 percent of world
oil consumption.

But even that small drop in oil supply was enougbause widespread energy
hysteria. After the embargo started in 1973, aites tripled in just a few months. Panic
resulted from uncertainty over how much oil wasialty available. “The figures we
have now are gobbledygook, and we don’t know if/tteereal or not,” bemoaned a New
York state official in early 1974. Without solidfarmation, neither oil companies nor

government officials felt the energy supply wasusec
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In the United States, lines formed at gas stat@@the government tried to
manage the predicament via price controls andmaiipsystems — actions that only
served to stoke the public’s fears. Although théarmgo by Arab nations quietly ended in
1974, global anxiety continued pushing up oil psiegen as supplies became more
available.

Europeans experienced the worst consequences ehéngy crisis. When the
turmoil began, Western Europe was heavily depenalewil-based energy supplies and
imported 80 percent of its oil from the Middle Easd North Africa.

Faced with supply shortages and price hikes, valilerEuropean nations started
experimenting with the first serious attempts teadep alternative energy supplies.
According toThe New York Timas 1973, these efforts included dabbling with such
“exotic” technologies as windmills, solar power agak derived from plants.

While the alternative energy projects never mademprogress during the crisis,
European nations also began imposing high taxesl éo curb domestic consumption.
These higher taxes remain in place today and hepttke price of oil in Europe much
higher than in the United States, says Olivier Blaard, a professor of economics at the
Massachusetts Institute of Technology. “Europeghbr oil taxes have clearly affected
the way things are produced on both sides of thenfic,” he says. “They also give the
European countries an economic tool that the Wb8silt have. If European
governments think prices will remain high, they eatually smooth the economic effect
by lowering their taxes.”

After remaining in place for decades, Europe’s bighil taxes have profoundly

affected their consumption level — the average pe@o now uses about 8 barrels of oil
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per year; the average American uses more thanr2élvaer year. In addition to
consuming less oil, European nations have alsot@é success in developing
alternative energy supplies, such as Germany, wiasha nation-wide solar program.

By contrast to Europe’s situation, the United Stateported only 5 percent of its
oil from the Middle East in 1973, and so was legiserable to the embargo. Although
President Nixon capitalized politically on the @iby calling for “energy independence,”
his rhetoric was “a public relations exercise, eatthan a serious response,” Leonardo
Maugeri notes in his book, “The Age of Oil.” Inde&dnerican oil consumption
remained mostly unfazed by the crisis.

But fears that the world’s oil supply was running oontinued to plague the
public mindset. Predictions of scarce oil aboundied.977, a dire report by the CIA
warned that “in the absence of greatly increasedggnconservation, projected world
demand for oil will approach productive capacitytbg early 1980s and substantially
exceed capacity by 1985.”

Other energy agencies fanned the flames by suppdtie CIA’s conclusion with
equally pessimistic oil demand forecasts. A dageckoning seemed just over the
horizon. The public’s fears came to a head in MifB the beginning of the Iranian
Revolution and, consequently, the world’s secoretoil crisis.

Due to pressure from Ayatollah Khomeini and hidlionils of revolutionary
followers, the Shah of Iran fled to Egypt in Jaryub®79. Before to the revolution, Iran
produced about 5.5 million barrels of crude oil gay, which amounted to 10 percent of
the world’s oil production. After the Shah’s depae, Iranian oil output fell precipitously

and came to a virtual halt before slowly rampingkbap.
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The supply disruption prompted by the Iranian Retioh, and the ensuing Iran-
Iraq War, caused another shock to oil prices. st of a barrel of crude oil went from
the inflation-adjusted price of $44 in 1978 to $79981.

Once again, the U.S. government attempted to imghém@rice controls, and
panicked drivers flooded gas stations. Gas linesdd across the country, similar to the
previous oil crisis. In an ironic twist, the gasds themselves begat more gas lines.
Thousands of idling motorists squandered loadslef about seven-tenths of a gallon an
hour — while they waited to fill their tanks. Byrse estimates, waiting motorists wasted
about 150,000 barrels a day during the spring anthger of 1979.

Although oil prices began descending in the ea®§0k, several years passed
before prices reached some semblance of stabgayaWhile other events, such as the
start of the Persian Gulf War in 1990, have alaesed leaps in oil prices, most other
spikes were relatively minor compared to the sha¢kbe 1970s. And after decades of
turbulence in oil supplies, the United States fesetbped a familiarity with volatile oil
prices.

But the ongoing elevation of oil prices is the tesfidifferent forces than
previous crises. Despite U.S.-led wars in Iraq Afghanistan, the rising price of oil is
being driven by surging demand rather than uncedapplies.

“In the present situation, there is no supply gisian particularly, but a demand
response caused mostly by China and India,” ecar®professor James Hamilton says.
China’s oil consumption has more than doubled énghst decade, propelling China to

the position of the second-largest oil-consumingonan the world. In that same time
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period, India’s thirst for oil also rose considdyalmaking it the world’s sixth-largest oil-
consuming nation.

While China and India are leading the demand suhgerest of the world isn’t far
behind. Projections from the U.S. Energy Informatikggency and the International
Energy Agency both conclude that by 2030 the waildldemand about 30 million more
barrels of oil per day than at present. Such ptsteall into question whether oll
production can keep pace with ballooning demand.

For the United States, demand-driven growth irpodes presents a different set
of challenges from previous price shocks. In th&,pance events calmed down, prices
fell. But the current demand-centered oil crisdidates sustained high oil prices rather
than temporary spikes. As that reality sinks ie, ¢l industry finds its dominance of the

U.S. energy market in a state of jeopardy.

Desperate times call for fuel from rocks

The oil situation has become so desperate that aoiep like Shell Oil Co. are
trying to develop cost-effective methods for squmegthe kerogen out of oil shale. The
process might seem wasteful, but it's going to hde before other energy sources can
really fill the energy void, says Tracy Boyd, commruations and sustainability manager
for Shell's exploration and production divisiont’slgoing to be a long time before
alternative and renewable energy sources reallyedato being,” Boyd says. “In the
meantime, something has to bridge the gap.”

That something, Boyd believes, could be oil shateaeted from rock formations

like those found in the Roan Plateau. The platemumithin a geological area known as
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the Green River Formation, which spreads acrogs p&Colorado, Utah and Wyoming.
The U.S. Geological Survey estimates that the faondolds more than 800 billion
barrels of viable oil supplies. “At our current smimption rate, that's 110 years of oil,”
Boyd says. “It's three times the size of Saudi Aa&boil reserves. It's just not so easy to
get at.”

The difficult and energy-intensive oil shale extraie process has undermined
previous efforts to develop the Green River Foraras resources. After World War I, a
Bureau of Mines program researched the potentiadifehale development but never
went further.

Renewed interest came about during the 1970sisé<rThe idea gained federal
backing when Congress created a synthetic fuetgrgno to encourage development of
unconventional fuel resources. In 1975, two reseascfrom Colorado State University,
LeRoy Carlson and Alexander Cringan, predicted ‘theth deposits of oil shale in
northwestern Colorado probably will be mined in tiear future.”

But when oil prices crashed in the 1980s, mostreffim develop oil shale were
dropped — until recently. In the U.S. Energy Pokat of 2005, oil shale was identified
as a strategically important domestic resourcethngt back into the energy world’s
limelight.

Previous attempts to recover oil shale involvedraiens similar to strip mining
combined with high-temperature processing, knowretsting, to separate the oil from
the rock. Because the mine-and-retort method hasegreconomically inefficient and

environmentally damaging, Shell is developing neehhology for extracting oil shale.
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The Shell method, called an in-situ conversion gss¢involves gradually heating
several thousand feet of shale formations undenrtbatearth’s surface to temperatures
around 700 degrees Fahrenheit. Over time, oil s¢gmfrom the rock formations and can
be pumped to the surface similar to traditionafield operations.

So far, Shell has tested its process on a 30-bfpdQtesting area and recovered
1,700 barrels of oil and gas. “The challenge not iscale the process up in a way that’s
cost effective and environmentally responsible,y@&says.

But the term “environmentally responsible” can mdéferent things to different
parties. And the environmental impact of oil shetéraction in an area that has already
experienced significant natural gas developmesithiply unknown, says Joe Neuhof of
the Colorado Environmental Coalition. “There’s ramnd way to gauge the cumulative
impact of what oil shale would look like on topwlhat’'s already happened with natural
gas,” he says.

Neuhof also remembers the negative impact thabitrehale busts of the 1970s
and 1980s had on the region. “There are bumpetestig/ou still see in the area that say,
‘The last one out of Grand Junction, turn the lgbif,” he says, referring to one nearby
town that was affected when previous oil shaleaetton efforts fizzled. “That’s how
much it affected the economy out here. That's heveee it was.”

But Boyd says that Shell started work on its odlshprocess when other
companies were giving up, so the company isn’tilagon halting its research despite
what oil prices do. “We're certainly not doing it endoing it because of what today’s

price of oil is,” he says. “The bigger issue is rgyesecurity, supply and demand.”
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Jesse Smith, an oil and gas contractor for neadsfig€kd County, Colorado,
agrees with Boyd’s assessment of the push fohalles “I don’t think what's going to
happen in the future is going to be driven by eoaigs,” Smith says. “It's going to be
driven by world politics.”

Further tests and research on Shell’'s processuarently under way. But even if
testing goes well, it will be many years before IBbegins processing oil shale
commercially. “We’re hoping that by the middle betnext decade we’ll be in a position
to make a decision about moving forward on theslagle project,” Boyd says.

So for all the drivers struggling under the burdéhigh gas prices, the hope of

oil shale’s boosting domestic energy supplies ertbar future remains remote.

Energy independence, one car at a time

With gas prices continuing to climb past recordhigsome ambitious motorists
are taking the notion of oil independence intortb@n hands. One emerging trend is for
owners of diesel vehicles to convert their camutoon used fryer grease.

Kevin Maass, the owner of KTM Auto in Plymouth, N.Heard about using
grease in diesel engines and decided to try rurtmmgar on it while at the supermarket.
“It was during the first fuel crunch that we wentd, and the price of oil went through
the roof,” Maass says. “l| was grocery shopping, sal that vegetable oil was on sale.
So | bought three gallons, poured it directly intg car and drove around for three weeks
on it.”

Many people who convert their vehicles to run ogage also put a switch on the

dashboard that allows them to alternate betweamraediesel fuel and grease power. In
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normal operation, it is easiest to start a car ingon diesel fuel for the first couple of
miles to let the grease warm up and reduces it®siy. Once warm, the car can be
shifted to grease mode with the flip of a switcindXhe grease gets about the same miles
per gallon as diesel fuel does.

After his initial experience with grease, Maass kear with some friends to
develop a basic conversion kit that allowed diese$ to run on grease. Nothing about
the conversion kid was specially made. “We didlibat of hardware store parts and
universal stuff,” he notes. Maass has also madeltres and parts list for the kit
available on his Web site: www.ktmauto.com.

After completing the design, Maass started offethmgkits to his customers
along with assistance in the conversion processlgteconverted several cars to run on
grease for his own use, but the concept proveapalar that he received purchase offers
immediately and sold the cars. “Every time | didoaversion, someone offered me good
money for the car,” he says.

Maass also helped establish a network of suppdg sitross the state so that other
grease users could have easy access to fuel. ‘@kelp out by picking up the oil from
restaurants and bringing it to these areas toiltgrted,” he says. The filtered grease is
available free for use in converted diesel carst kaar, Maass gave away 3,000 gallons
of grease.

Nationally, enough recycled vegetable oil and o#dwrces of grease are
available to provide fuel for about 1.7 billion lyais of biodiesel per year, according to
the U.S. Department of Energy. That much biofuelldalisplace about 5 percent of the

nation’s annual diesel fuel use.
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But Maass says that even though plenty of greaaeaidable for more people to
stop using oil, the government hasn’t been verpfaélHe contacted state authorities to
see what was required to legitimize his greaseilligion. In response, he was informed
that grease isn't a legal vehicle fuel, and evengug was a violation of New Hampshire
state law.

“I think the government needs to get on board araberage people to use
alternative fuels,” Maass says. “Right now, thaitx happening.”

Even if using grease fuel isn’t completely withietlaw, Maass still observes
plenty of enthusiasm from his customers. “A lopebple feel like the whole oil gig is so
corrupt that they don’t want to support it anymbdhes says. “They’re so tired of being
totally energy dependent on a country like Iraquy of the other Middle East
countries.”

And in the meantime, Maass says, “We’ve got torlgéardownsize. We have to
downsize vehicles. We have to downsize commuting.hate to downsize our waste.”

But history indicates that’s easier said than done.
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Chapter 2

A Harvest of Biofuels

At first glance, Byron Weathers of Yuma, Coloracksembles the quintessential
American farmer. A gray-haired, bespectacled masdofWeathers pauses from working
on his 1,500-acre corn farm to discuss the impagsimg fertilizer prices on his
business. “Those are the kinds of things that neggt out there that people don’t
understand,” he notes in a soft voice, tinged wiilVestern accent.

A corn farmer for more than 30 years, Weathersemalsired his share of tough
times. As his combine, a large machine that pldwsugh fields to thresh and clean corn
all at once, rolls over a patch of brown earth, Weses recalls one Christmas in the late
1980s when the price of corn was so low that hdri'dlihave enough money to buy
Christmas presents.” Faced with mounting finangiablems, Weathers considered
selling the same plot of land he’s now harvesting.

But before he went ahead with the sale, a locak lagineed to cut him a break. He
was able to hang onto his land. The next seasat narter of ground produced the
most money I've ever made in my life,” he says vatgrin. But many others farmers in

Yuma were less fortunate, he says. They lost theins after years of low corn prices.



These days, things have changed for Weathers aed @rn farmers across the
country. The shift isn’t due to any newfound lo¥ecorn but to a national sense of
urgency to develop new fuel supplies.

Without a doubt, the U.S. has fuel problems. Gitgs continue to hover above
$100 per barrel. The cost of a gallon of gasoliag tmore than doubled in just five years.
And rampant demand from rapidly developing natier@zhina and India in particular —
has helped plunge the country into a new oil crisis

Unlike crises of the past, the current oil dilenwilh potentially keep oil prices
high for many years to come. Faced with that ngatlite race is on to develop alternative
fuel supplies to supplement oil. But are thesengits making a difference?

Much of the current effort focuses on corn-basédml, the biofuel movement’s
poster child. In a 2005 energy policy speech, BeggiBush noted that most domestic
ethanol comes from corn, and “we're pretty goodualgoowing corn here in America.”
He was right. The United States grew 42 percettiefvorld’s corn supply in 2006, or
more than 11.1 billion bushels, according to th8.Grains Council. The next-largest
producer, China, grew less than half that amount.

To make use of so much corn, the president and I@esdpave enacted a variety
of programs to encourage ethanol production dutiedast few years. One well-known
program is the Volumetric Ethanol Excise Tax Credhich provides a tax credit of 51
cents per gallon to gasoline suppliers who blehdratl with gas. A variety of other
programs exist, such as loan guarantees, suppatrifall ethanol producers and the
renewable fuels standard, which requires that sengphnnually blend 36 billion gallons

of renewable fuels with gasoline by 2022.
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Buttressed by the government’s support, U.S. ethamooluction has almost
guadrupled since 2002. National production capdwaty surpassed 8 billion gallons
annually, and enough new plants are under congirut take that amount to 13 billion
gallons, according to the Renewable Fuels Assaocialfet even after such rapid
expansion, biofuels still make up only a small wortof the 140 billion gallons of

gasoline used in the U.S. each year.

Ethanol’s rural revolution

Although the financial support for biofuels is cargifrom Washington, D.C., the
real heart of the ethanol movement beats in thefiedds of rural America. And what is
happening in those cornfields is changing the nhithe U.S. fuel supply.

Before the ethanol boom, demand for corn remaitegddr most of the last half
century. And the price a bushel of corn fetchedh@market was often not enough for
farmers to earn a living. By the late 1990s, cartually cost more to produce per acre
nationally than it was worth. Corn farmers hemogddmoney and stayed in business
only because the government subsidized them gesigrou

Ethanol has changed that situation. Corn priceguished at around $2 per
bushel in 2005, when the government first begahipgsbiofuels. Just three years later,
a bushel of corn now fetches more than $5 on thea@b Board of Trade’s futures
market. Motivated by higher corn prices, farmen®as the country are scrambling to
grow more corn and cash in on the ethanol crazeséioe, that means sharpening their
business plans and trying innovative methods traekmore corn from the same amount

of land.
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Back in Colorado, harvesting time has arrived oratiers’ farm. It's a warm fall
day, but winter blows in early to the farm, whiats ®n the Rocky Mountains’ front-
range plateau, more than 4,000 feet above sea lkey&Veathers’ continues harvesting,
in the cab of his combine the dusty air smellsarhmeal with a hint of diesel fuel mixed
in, and Weathers nonchalantly discusses how farhaars promoted ethanol production
to vertically integrate their businesses and bdestand for corn. Now, he says, farmers
have lots of different markets for corn beyond gedting it for human and animal
consumption.

A flat-panel screen just above his head displayseatiand average data on
speed, moisture level and yield per acre — dateell@t comments from him on why
different patches of ground produce higher yieldmtothers. “Land is pretty tough to
find around here,” he says. “We're always tryirfgugh.” Because additional land is
hard to come by, the only way to produce more t®ta increase the yield, Weathers
says.

Several years ago he began using a differentgipirocess, called strip-tilling,
which has helped boost yields significantly. “Oet dollars per acre has jumped more
than any other change we've ever made,” he sayaldition to producing higher yields,
strip-tilling is also more environmentally friendligan the old process. While Weathers
says he’s skeptical about the effects of globalwiag, he’s prepared regardless. “If it
does turn out to be real, we’ll be well positioveith our strip-tilling to receive carbon
credits,” he says about the type of credits theegmwent might issue if a carbon-

emissions trading scheme were implemented.
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The better times for corn farmers that Weathers sadhe horizon wouldn’t be
possible without places like the local ethanol plarhich is only a few miles from
Weathers’ farm. The plant, which produces aroundn8lion gallons of ethanol
annually, is operated by Yuma Ethanol and wasestart 2005 by a local group of corn
farmers and cattle feeders, says Dave Kramer, coynpesident and general manager.
“It's a real good natural hedge for them,” Kramays “so if the price of corn goes down
they can make the return up in the ethanol plant.”

In Colorado, ethanol isn’t just helping out thercéarmers, Kramer says; it's also
supporting the cattle industry. “Without the ethigolants in eastern Colorado, the cattle
industry here wouldn’t be a viable business anyeayidre says. One coproduct from the
plant’s ethanol production is wet distiller's grajnwvhich cost less than corn and can be
used for cattle feed. Thanks to that profitablerodpct and the ready supply of local
cattle farms, the Yuma Ethanol plant continuesita profit even while other ethanol

plants struggle because of higher corn prices, i€rasays.

Farming for higher profits

The practice of local farmers starting a local atiglant isn’t new. Farmers have
been behind many of the new ethanol plants springmacross the country. One such
farmer is 55-year-old Dave Nelson of Belmond, loiNalson got involved with ethanol
in 1999 when he invested in the construction afcal ethanol plant by his local farmers’
cooperative.

Ethanol production in the United States that yeas till small, but demand

started growing a few years before when the gasaldditive methyl tertiary butyl ether,
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MTBE, was discovered in drinking water suppliesogsrthe country. After the
discovery, ethanol, which can be substituted foB#] received attention from refiners
as an alternative additive. When the groundwatetazoination from MTBE continued
to spread, the Environmental Protection Agencyardpd in 2000 and introduced
recommendations to phase out MTBE nationally. MT@lEout of favor, and “that’s
when ethanol really took off,” Nelson says.

Nelson’s plant began making ethanol in 2001, wittaanual production capacity
of 50 million gallons. Although he didn’t know it the time, ethanol was on the cusp of
a construction boom that has resulted in 78 neansthplants built in the U.S. since
then. Farmer-owned cooperatives such as Nelsoa'’szaponsible for the majority of the
new ethanol plants, according to the RenewablesFasdociation.

Not wanting to miss out, Nelson’s cooperative retbpgd the trend and took
action. “We were making pretty good money,” he s&$s we turned around and
expanded the plant in 2003 to produce 100 millialiogs a year.” Nelson describes the
plant’s history in a barn on the 5,000-acre farmiures with his younger brothers, Dennis
and Neil. An old radio, perched on a shelf behimd, iblares out an ad sponsored by
Monsanto, a large agricultural technology compatgut “ethanol man” and his exploits
for a better fuel supply.

Nelson chuckles at the ad and explains how afeee#pansion, ethanol’s
growing popularity motivated his cooperative td seh0 percent stake in the plant to
Global Ethanol, based in Minneapolis, Minn. “Farmare pretty good at running
things,” he says. “But when it gets to be a mullioni-dollar business, it's too much.”

Nelson was satisfied with the sale and thinks Ql&taanol brought better management
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and “all the bells and whistles” of a major corgama. Plus, he still gets a share of the
profits from ethanol sales, and the plant serveslasal market for some of the corn

grown on his farm.

Reuvisiting ethanol’s past

But even though the ongoing ethanol boom is gettiegty of hype, its addition
to the U.S. fuel supply isn’t really a new devel@mn During the 1970s and early 1980s,
volatile events in the Middle East, such as thebA#hembargo and the Iranian hostage
crisis, drove gas prices to record highs. Withsapplies short, worried consumers
formed lines at gas stations across the country.

In response to the crises, the U.S. governmennpatex to ration gasoline and
ended up exacerbating the problem. Prices contiskigabcketing.

So corn farmers stepped in with a solution: distiin into alcohol, blend it with
gasoline and fill ‘er up. The resulting fuel, matda as gasohol, typically consisted of 90
percent gasoline and 10 percent ethanol.

First introduced in 1974, gasohol five years lai@d migrated from a Midwestern
novelty to an exciting new product at East Coastgjations. New lines formed at gas
stations as people wanted to try running their oarall-natural, home-grown gasohol.

Yet despite farmers’ best efforts to market gasalsahe patriotic, all-American
alternative to foreign oil, criticism of the fugb@aunded. A 1978 New York Times article
noted, “Gasohol currently costs more to make thesoline and it depends on sizable tax

advantages to be competitive. Moreover, manufarguhie alcohol actually consumes
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more energy than the product saves.” These samenargs are also made against
ethanol today.

Unfazed, the industry grew, helped along by stroolgical support. In 1980, the
Carter administration announced a program intemaddwost ethanol production from
175 million gallons to more than 500 million galtoper year. Just enough “to displace a
little more than one day’s worth of oil importsyi article in Time magazine dryly noted.

America never resolved the gasohol controversyussa year after Carter’s
announcement oil prices started declining, andnethyaroducers struggled to turn a
profit. In an attempt to save the ethanol indudtrg,U.S. government offered a generous
subsidy of 60 cents per gallon of ethanol in 198% program failed, and by the end of
the next year less than half of the nation’s 168mercial ethanol plants remained in
business. Although the United States would contpreelucing small amounts of ethanol
for the next 15 years, the gasohol dream was deaudl-the hopes of corn farmers along

with it.

Reliving ethanol’s past

A quarter century after the demise of gasohol,idgiwn N.C. 55 to visit Charles
Alexander, a corn farmer from Stonewall, N.C., $déde traveling through a time warp.
Shabby homes line the roadside — their tin-roofsedi and paint peeling. Broken-down
cars litter the lawns. A variety of old butcher phpsingle-pump gas stations and small
grocery stores flit by.

In front of almost every shop in this town of 208ople, an American flag waves.

Patriotism runs deep in rural North Carolina. Aledtar says patriotic pride is one reason
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he, like many others, supports ethanol — an “Anagriwel” — with his wallet as well as
his words. “I would rather pay farmers insteadrafjl” he says.

Despite the dilapidated appearance of Stonewalb#imet rural towns across the
country, many farmers are feeling optimistic agster decades of depressed corn prices
forced them to live off government handouts.

“Ethanol, as a whole, has been darn good for fasrhenthuses Alexander, a
director of the National Corn Growers Associatior2000-2006. He has good reason to
celebrate. Until a year ago, farmers across thatcptiwere getting slaughtered on
corn,” he recollects in his slow, Southern drawlthdut a pause from surfing the
Internet for up-to-the-minute corn prices, Alexandptimistically chats about how
ethanol will get corn farmers off government sulesdor good. Scattered on the wall
behind his desk are half a dozen dusty plaqueaviards such as “Pamlico County Corn
Champion — 1997.”

Reinvigorated corn farmers like Alexander belidve éxtended profit drought is
over, thanks to ethanol. And it’'s about time, hgssdWe have just been struggling.
People just don't realize what farmers do to trguovive.”

Before the ethanol boom, corn farmers receivedididssbased on a safe price set
by the government. If farmers couldn’t sell thesrc for as much as the safe price, the
federal government paid them the difference, asiin Alexander hopes to avoid in the
future. “We're tired of farming on welfare,” he sayBut if support for ethanol dwindles,
he admits, “the government is going to have to gckland subsidize us like they have all

these years. It's a vicious cycle.”
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But subsidies are the last thing on Alexander’sdhmaw because ethanol
production has “created the best demand in the ehénkt | can remember in 39 years of
farming,” he says. Since its newfound popularitha@ol has claimed a greater share of
the U.S. corn harvest each year. According to tf& Department of Agriculture, 14
percent of the 2006 corn crop went to ethanol,raaumt expected to grow to 31 percent
during the next decade.

Even though ethanol has helped boost corn pricesdglthe last few years, corn
farmers might be celebrating prematurely. Outdiedornfields, many Americans have
reservations about ethanol’s viability as a fuglpy. Environmentalists argue that
ethanol yields little more energy than it consueegroduce. And they worry about
farmers plowing corn on currently unused land. Sikspvonder if ethanol can ever
replace enough foreign oil to make the effort watiiie. Still others blame ethanol for
the jump in corn prices and claim it’s driving ot costs and starving the poor.

In addition to these arguments, much of the curdemand for ethanol is due to
political intervention rather than grassroots supdbthat support were to disappear,
then so would the ethanol industry. And while tremds of farmers such as Dave Nelson
continue investing their newfound corn profits thanol plants, the boom has stalled.
The price of ethanol peaked in June 2006 at $4eB3allon. Since then, ethanol has
declined to below $2 per gallon.

One reason for ethanol’s decline lies in its disttion bottlenecks. At this time,
ethanol is transported by trucks or railroads, Wlioe more expensive than the pipelines

used for oil. While there is some discussion aloiitling ethanol pipelines, it won’t
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happen soon. In the meantime, all the new ethdaatghave driven production capacity
past demand.

Many farmers blame these issues on the oil compabid either way solutions
must be found for ethanol to continue its momentWhether the ethanol boom will turn
to bust, as it did in the 1980s, isn’t clear yait Brany ethanol plants already find it more
difficult to turn a profit now than just a few ysaago.

Nelson remains optimistic about ethanol’s long-terability as a fuel, but he
doesn’t expect it to make him or other farmers.ridhe prices of his farm’s inputs, such
as fertilizer, diesel fuel and land rent, havegalhe up considerably in the last year.
“Right now we’re doing fine because we’re workinfjaf last year’s inputs and getting
this year’s prices,” he says. But what comes reprobably more of what corn farmers
are all too familiar with — struggling to get by\e feel like we had a little cash for a

while,” he says, “but it's going to all go away.”

What comes after corn?

Despite the rapid expansion of corn-based ethamalyztion, the demands of the
Renewable Fuels Standard cannot be met by coreaays Gary Schmitz, external
affairs manager at the National Renewable Enerdpptaory. “We can maybe double
the amount we get from corn,” Schmitz says, “buytdoel that we need something else.
We don’t want to get into an issue of food versued.f

Some believe that the next step for biofuels walidellulosic ethanol. Unlike the
corn-derived form of ethanol, cellulosic ethanah ceme from a variety of different

feedstocks and is made through different proce€3ahilosic ethanol can be made from
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agricultural waste such as corn husks and stal&sdwhips and rice straw, or it can be
made from crops grown specifically for the purpasesh as switch grass.

The diverse array of potential feedstocks couldemadlulosic ethanol a superior
product, Schmitz says. “We believe that cellulegizanol will have economic and
environmental advantages over ethanol from corn.”

One of the greatest advantages of cellulosic ethaifidoe its flexibility across
geographical regions. “Every state in the natiolh dve an opportunity to start a
biofuels industry,” Schmitz says. “The industry Mdlok different everywhere based on
each region, the climate and the resources.”

With this type of regionally based biofuels ideanimd, the Department of
Energy in 2007 announced funding of up to $385iamilfor six cellulosic biofuel plants.
The plants will be located in a variety of areasoas the United States.

Each plant will use different processes and feettstbased on what is available
regionally. So a plant being built by the Broin Gmamies in Emmetsburg, lowa, will
produce ethanol using corn fibers, cobs and stalkde BlueFire Ethanol’s plant in
Southern California will run on “green waste” framearby landfill.

But even with a few plants going into productioelldosic ethanol is still a long
way from being commercially viable. “It's not going be simple,” Schmitz says. “There
are some technical hurdles that lay before us. IMtsat involves figuring out the
manufacturing processes, but the biggest problarass The plants going in now are
getting federal support because these are higblereintures than the industry would

undertake on its own.”
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And even if cellulosic ethanol does become commadlycviable, some farmers,
such as Charles Alexander, are skeptical thatlitveiable to compete with corn. “They

will keep trying other products,” Alexander saysut corn will continue to be the king.”

The next wave of biofuels

Although the promise of cellulosic ethanol appdarthe next big thing in
biofuels, several companies are already working/bat could be the next, next big
thing: making biofuels chemically identical to péum-based products. One downfall
of ethanol is that it will work only in limited quéties in most gasoline-powered cars. A
mix of 10 percent ethanol is the maximum that ncass can handle without suffering
mechanical issues. While flex-fuel vehicles arel $bhat can run on much higher
guantities of ethanol, not many are on the road-yatly about 4.4 million in the U.S.
out of more than 250 million total cars.

To solve this problem, OPX Biotechnologies and ptwmpanies are working on
processes to make copies of petroleum-based pduch as gasoline and jet fuel. The
tool OPX Biotechnologies plans to use to do this developed over the course of five
years at the University of Colorado at Boulder iy tompany’s founders, Mike Lynch
and Ryan Gill.

The key to the company’s success, says CEO RohedsCis developing
organisms that can take a variety of different ecks and turn them into the desired
product. While other companies have similar ggdaRBX Biotechnologies is trying a

different method. “Typical approaches haven't beery cost-effective because the
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organisms aren’t very efficient,” Chess says. “Vdgéthe technology to optimize the
process of finding efficient organisms 1,000 ta0®,@imes faster than our competitors.”

Chess won't go into details about exactly how leis\pany’s proprietary process
works, but he will give a basic overview. “We idénivhat each gene in the organism
does,” he says. “Then we determine which genes mak#erence, and we say, ‘Let’'s
modify those.”” This approach, Chess says, is likeng stuck in a forest and everyone
else is trying to find the right paths to get dut¥hat we're doing is buying the GPS
photo.”

Having such tight control over the genes of thegamisms will allow OPX
Biotechnologies to make its products from manyedéht feedstocks equally well.
“We’re going to be feedstock agnostics,” Chess sdysould be like we’d have
common modules and we’d optimize feedstock to feeetts That's the nice thing about
this tool. You can do that very quickly.”

So far OPX Biotechnologies, formed in June 2008, datten only to the point
where its organisms can make the desired prodlictsnext step will be to build a
prototype manufacturing plant, although Chess ispéculating about when this might
happen. “The key to success,” he says, “isn’'tfigsteloping the next generation of
biofuel processes but making them economic.”

With that in mind, the people concerned about timgiterm energy future of the
country should be concerned about there being femg-support for biofuels, and not
just high oil prices, says Schmitz of the NatioRahewable Energy Laboratory. “There
are significant amounts of U.S. financial resouigeisg to certain parts of the world that

have not historically aligned with U.S. interestse’ says. “The more we can turn to
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domestic sources of energy, and have those soofegergy provide environmental
benefits as well, the better for our country.”

If Schmitz and other supporters of biofuels arét;ignd the goals of the
Renewable Fuels Standard are realized, then at goimein the future biofuels will
make a major contribution to the national fuel duppor now, though, with a national
thirst for 140 billion gallons of gasoline annualbjofuels make up little more than a

drop in the bucket.
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Chapter 3

Getting Plugged in to Conservation

Driving into Charleston, S.C., with Jim Poch lo@ksl feels just like an ordinary
car ride. Gnarled oak trees hung with Spanish rosshe roadside, as Poch’s car
cruises through the downtown of this charming Sewutltity with its abundance of
historic houses and buildings.

The difference between this trip and any othelhnésamount of gas being used —
Poch’s car averaged 94 miles per gallon durindL8enile trip into Charleston. What's
his secret to such great fuel economy? Poch daviesyota Prius, which has been
converted into a plug-in hybrid vehicle. The corsien allows him to charge his car from
a normal electrical socket and then drive it farsklistances on pure electric energy.

On the dashboard of his Prius, Poch has a gre¢onbthiat he presses to switch
between pure electric mode and the Prius’s redwlarid mode, which combines a
gasoline-powered engine with the electric engirnehPs car also has an energy monitor
that provides real-time data on the car’s fuel eomynas he drives, a feature he greatly
enjoys. “It really makes you think about your fushge,” he says. “It’s like a sport,
trying to get the best mileage.”

These days, cars that get good fuel economy avabia commodities. Oil prices

continue to hit new highs on a seemingly weeklyidasd, as a result, the amount the



average consumer pays at the gas pump has jum&d3tb — more than double the price
of just five years ago, according to the Energpimfation Administration.

Higher gas prices have motivated U.S. drivers tsauething that hasn’t
happened in decades — get serious about their igege. The downward spiral in
national fuel economy, which had been decliningalonost two decades, finally ended in
2005, when Hurricane Katrina caused oil price spil@nce then, fuel economy has risen
as have sales of more efficient vehicles such bsdg. But even with the gains, national
fuel economy still remains below its peak in 198dGording to the Environmental
Protection Agency.

With the nation struggling under high oil priceslantorpid economy, Poch
believes that ultra-efficient vehicles such as glugybrids can help the U.S. kick its
expensive oil addiction. Driven by this belief,2006 Poch started a non-profit called the
Plug-in Hybrid Coalition of the Carolinas. “The oa# goal is to accelerate the adoption
of plug-in hybrids for environmental, economic arational security purposes,” Poch
says.

Poch launched his plug-in project when he was 2@ase he wanted to do
something he could be really passionate aboutistl gurfed the Internet,” he says. “One
of my interests was clean domestic energy, andndeoed why we are sending so much
money overseas to buy oil.”

After stumbling across the Web sites of some piubyibrid enthusiasts, Poch,
who formerly worked in sales for a healthcare comypaid some networking, made a
few cold calls and raised enough money to stamhbisprofit organization. His coalition

includes state representatives, mayors, other nofitgoand large energy companies such
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as Duke Energy and Progress Energy, that want patieof changes in energy usage in
the country.

In addition to recruiting partners for his coalitjd?och also went through the
process of converting his 2007 Toyota Prius inpdug-in hybrid. A company called
Hybrids Plus in Boulder, Colo., did the conversiajch cost Poch $24,000, although
he says that cheaper kits are available for ar&10d000. But Poch isn’t using his
organization to convince other drivers to modifgithregular hybrids into plug-ins.
“We’re not trying to get other folks to convert thears,” he says. “We want to create
consumer demand so that automakers will realizethigapublic wants this.”

Poch hopes that his efforts will spur automotivenofacturers to take plug-in
hybrids from an environmental niche product and mess production. “I'd like to see

this as a mainstream option that's available icats someday,” he says.

Driving out of the niche

Poch’s dream might not be too far from becomingjtyeéSeveral automakers are
currently developing plug-in hybrids, and at lears¢, General Motors Corp., said in
2007 that it will be the first to put a plug-in incommercial production.

The reason for the rush towards plug-in hybriddligabout oil, says Pete
Savagian, engineering director for hybrid poweingat GM. “You might have different
views on petroleum,” he says, “about how much és¢rand how long it will last.” But
what’s clear is that demand is going to rise, amd tvant to displace petroleum by

bringing on diverse sources of energy.”
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Savagian believes that the key to achieving divers¥gy sources is the
electrification of the automobile, because elettyrican be produced in many different
ways, including renewable energy technology. “Asetigoes, we’re going to need the
ability to use more and more energy that doesmiteefrom petroleum sources,” he says.
“We think electricity is the obvious candidate fmw to do that.”

For GM, the first part of accomplishing that gaate make its existing Saturn
Vue hybrid, which was just released in 2008, infiug-in hybrid similar to Poch’s
converted Prius. By doing this, Savagian estimgiatsthe plug-in version of the Vue
could achieve almost double the gas mileage aethdar hybrid model, which currently
gets about 32 miles per gallon on the highway.

But even after developing the plug-in hybrid tedbgy, achieving such
significant gains in fuel economy isn’t a sure thiDrivers’ habits must also be taken
into account. In an upcoming research paper for 8&national, a professional society
of mobility engineers, Savagian and several GMeaglles evaluated real-world data on
the driving habits of a sample of drivers from $wuh California.

Savagian’s team found that plug-in hybrids cantbed mostly on battery power
at low speeds and low power levels. “But when drilike a lot of people drive, the
engine is going to be coming on a lot,” Savagiars sAnd when the engine comes on,
gasoline is needed to run it. “So in terms of castgdy displacing petroleum, they’re not
going to do it,” he says.

So while plug-in hybrids might constitute a firges toward reducing national oil
dependence, Savagian believes the next part girtigression will be the production of

extended-range electric vehicles, or EREVs. Untikgy-in hybrids, which have a
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gasoline-powered engine that kicks in at higheedpeEREVSs run on pure electricity but
also have a gasoline engine that acts a generatam the batteries become depleted
below a certain level.

Having an onboard gasoline engine ready to rechthegyEREV'’s batteries solves
a major problem GM discovered when it tried to lguthe first fully electric vehicle, the
EV1, in the late 1990s, Savagian says. Many owniettse EV1 developed what
Savagian describes as a “range anxiety,” meangg\lere worried about running out of
battery power and getting stranded, since the EAdLdnly about a 100-mile range. This
anxiety made the EV1 inconvenient for many driv&ayagian says, but now “we’re
taking an electric vehicle and making it practié®ke learned what was impractical
before.”

GM has already developed a concept EREV, calle€tievy Volt, which it
unveiled at the Detroit Auto Show in 2007. Basedhmndriver-habits study, Savagian
expects that around 64 percent of Volt owners lmalable to end a typical day of driving
without ever having their gasoline engine come taalla

But even though the Volt shows a lot of promise, Gadn’t officially committed
to putting it into commercial-scale production yathough it does have an internal goal
of entering production by 2010. GM has committegroducing the Vue and hopes to
have it on the market by 2010 as well, but thaiedeg on a lot of factors, says Brian
Corbett, manager of GM’s hybrid communicationss*issuming we get everything
buttoned down and everything falls into place,’shgs. “And we don’t know if it will.”

Other carmakers are also in the race to put plugdmids on the road. Toyota

plans to begin production on a plug-in in 2010, aederal smaller companies are
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planning on producing high-end plug-in hybrids. BNl hopes to be the first to grab the
market with the Vue and the Volt. For a company steme have accused of killing the
electric car, receiving publicity for helping reseat the electric vehicle and winning the

plug-in race are tantalizing prizes.

How the government drives fuel economy

As carmakers and non-profits work to bring pludwirids into commercial
production, the U.S. government is also beginnmgromote oil conservation. In
January 2008, the Department of Energy announcedrion in funding for plug-in
hybrid research and development projects. It'datively small amount of funding
compared to the billions of dollars spent annutigupport biofuels production.

The real policy vehicle of the U.S. governmentddrconservation is the
Corporate Average Fuel Economy standard, or CAKkRgiess passed CAFE in 1975,
and the law mandates a minimum miles-per-gallonirement for auto manufacturers’
new lines of cars and light trucks. At the end @2, President Bush signed the first
revision to the CAFE standard since it was pasBke.revision raised mileage standards
by 40 percent for cars and light trucks to 35 mges gallon by 2020, which will be a
significant increase from the current national feebnomy of 20.2 miles per gallon.

The changes to the CAFE standard will help curkgtioevth in national oil
consumption, says David Greene, a senior reseaatii@ak Ridge National Laboratory
in Tennessee, home to a variety of energy resedrbkre will be savings in oil
consumption over what it would otherwise have be@neene says. “That will not mean

an absolute reduction in oil consumption but rathey little or slow growth.”
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Greene predicts that the CAFE standards will hegrain U.S. oil consumption
through about 2025. But in order to reduce the trgimoverall oil consumption, Greene
believes that complimentary policies are needeatiofition to CAFE.

One such complimentary strategy would be raisiegniotor fuel tax, which has a
current nationwide average of $.047 per gallomaalgh it varies by state. But raising the
tax properly requires a solid grasp on consumarging habits, Greene says. A research
paper presented by Greene and several colleagadsaatsportation and climate policy
conference in 2007 helps explain why understandamgumer response is important to
implementing higher gasoline taxes. Rather thamgagn a typical policy debate,
Greene and his colleagues attempted to evaluatsttiegion from the consumer’s
perspective. If the public at-large isn’t goinggtm along with an energy savings plan,
they asked, then what's the point? Uncertainty &hdure fuel prices makes it difficult
for loss-averse consumers to invest in fuel econatitty their next car purchase.

To help reduce this uncertainty and maximize natiéumel economy, Greene
says, both policies should be implemented togeth#rink there’s value to harmonizing
CAFE’s requirements on manufacturers with raisimgdasoline tax. It's definitely worth
sending the market the right signals.”

In addition to higher gas taxes, CAFE’s focus ors @nd light trucks isn’'t going
to be enough, Greene says. “We need to addresshtbeareas that we use oil in our
economy. It may be that we need to have fuel ecgrsiamdards for trucks, and aircrafts
and everything.”

Daniel Sperling, director of the Institute for Teortation Studies at the

University of California at Davis, agrees with Gneghat while CAFE was a good first
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step, the government needs to go further. “Thexdiage opportunity to make our
transportation system and vehicles more efficiam,says. “We’ve never regulated or
provided incentive for heavy-duty trucks, and teamething that merits attention.”
Ultimately, Sperling envisions government policyddmgher oil prices driving
the nation toward much greater efficiency in tlgportation system as a whole. And
one of the keys, he says, will be producing autdteshbhat can plug in to the electric

grid.

The smart-grid city

If plug-in hybrids and EREVs are the country’s bgstions for reducing oil
consumption, then the national electricity supplystbe ready to meet the additional
demands. At this time, the U.S. has enough off-gdegtricity production capacity to
charge 84 percent of the country’s 220 million &8 if everyone drove plug-in
hybrids, according to a study by the Departmerrdrgy. But the study assumes drivers
will primarily charge their cars during off-peakngs, such as at night while they sleep.

That assumption might be overly optimistic. So tegare for new demand from
plug-in hybrids and for the further deployment efiewable technologies, Xcel Energy is
implementing a smart grid electricity system in Blauw, Colo. “The system is expected
to allow customers more choices as to when, whadehaw they are going to use their
electricity,” says Ethnie Groves, a media relatimpesentative for Xcel.

Xcel's concept behind the smart grid is to add oeking abilities to the power
supply that will allow the system to auto balarsadf monitor and easily accept a diverse

array of energy supplies. Those features shoulglgirconnecting renewable energy

56



systems into the grid, Groves says, and will alKeel to better prepare for plug-in
hybrids by being capable of handling the typeseshdnd peaks that plug-ins might
create. “We recognize that’s kind of the wave ef filiture and the way things are going
right now,” she says.

Xcel expects to have the first phase of the syststalled in several homes by
August 2008 and will complete deployment to thererdity of 50,000 homes by the end
of 2009.

Boulder is an ideal location for the smart griddnese it has the right type of
residents to support it, says Kara Mertz, Bouldassistant to the city manager. “We
have a well-educated community and a number ofrenmientally conscious businesses
and people,” she says. “I think people will be &dito play with the technology to see
how they can maximize their benefits.”

Although the city is still considering what typespoojects to do with the smart
grid, Mertz says that Xcel can expect lots of restd to plug their hybrids into the
system once the cars are commercially availablee alkeady have the highest per-capita
purchases of Priuses of any county in the coungilyg’ says. “So I’'m sure we’ll have lots
of people buying plug-ins when they are on the mik

For Jim Poch — whose Prius was converted by Hylids, which is located in
Boulder — the smart grid is yet another exciting/mkevelopment to plug-in to. “Electrify
the transportation sector and make the power gy@lole of handling it and more

efficient,” he says. “It's the ultimate solution.”
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