An Oil Crisis is Probably Imminent
Prepared by Kirk R. Berge
Februaryl3, 2008

1.0 Introduction

Several studies anduchdata available on the internet indicate that there is a strong
likelihood that the world is about to enter an era whebetbmescarce anail prices
increase signi@iantly. Well over half of all oilproduced in the worlés used as
transportation fuel Oil is the primay source of transportation fuler almost all forms of
transportationi cars, trucks, trains, ships and aafir It is also essential for a wide range
of petrochemical products that we use every day.oil crisiswill have a profound
effect on the developeahd developingvorld economies. Nt only will transportation
fuel costs increasdramatically butthe cost of all goods and servicespmendent on
transportation wilkise dramatically.This problem is further complicated in that
development andxploitation of potential alternative fuels should not exacerbate
pollution andthe global warmingproblem

Thisreportidentifies and summarizegveralprevious studieand government reports

It also presentand discussesvailable data anthe results of h e a additooat 6 s
analysis of the available dat®8ased on this data and analysis the authmJvasthat

this problem is real and that the era of very expensive oil may have already started.

Thisreportalso identifies and discussgstentialalternative transportation fuel sources.
TheU.S.Gowvernment and private industapparently recognizedtarting in the Reagan
administrationthat anoil crisis will occurin the foreseeable futueand hae provided
researchunding for many alternative fugl While some of the research is proving
fruitful, it appears that there are no néanm altenaives to oitbased fuels that can
immediatelystep in andalleviate the problem. &ither the Governmemor the presfias
publicizedthis as a major issue

The objective of thiseportis to alert people to the probability of an imminent oil crisis.
This will allow them to make their own decisions regarding the likelihood of such a crisis
and to plan for how best to cope with the issue.

2.0  Oil Availability in the Future

The worldwide amount of oil consumed in 2006 was 29.8 billion barrels. To putthis i
perspectivethis amount of oilvould fill a container whose basedse mile by one mile
and whose height jsist overone ancdneeight miles.

Total cumulativehistoricalworld oil production reachedver1,030 Billion barrelsin
2006. Pojected denandfor oil is predicted to increase at the rateabbut two percent
peryear into the foreseeable future. See Figuaerid fTlerongrld Oil Supply
Scenario® r e f le TheW.8 ensumedpproximately ondourth of world oil



productionor appraimately 7.5 billion barrels in 2007U.S. oil consumptions still
increasing every year amgveloping nationgrimarily China and Indiahave
significantlyincreasedheir consumptiomn recent yearsl.S.gasoline consumption
increased steadily atrate of about 2 billion gallons per yeduring the period from 1986
through 2004 See figure which is based on data from reference 2.

Figure 1 - World Oil Consumption History and Projected Demand
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Figure 2 - U. S Gasoline Consumption vs. Year
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Oilwasr el ati vely cheap t hrSeegbr8fwomiBRRost of t he
Statistical Review of World Energy 200 R&ference3. Pricesstarted increasing
dramatically after the Yom Kippur war in 1970. Whengoites hit $90 per barrel (2006



dollars)in 1979consumption washarplyreducel due to shortages and hegtprices
This apparentlycaused oil prices to decrease over the next decade where they remained
relatively low until 2002
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During the period from 1986 throu@®03the price of gasolinaveraged about $1.50 per
gallon and stayed waier $2.00 per gallon (2007 dollars). See figure 4 from reference 4.
This encouraged many people to purchase SUVs andmabemileage vehicles. Oil
prices have sharply increed since 2003, reaching over $1@0 barrel inJanuary 2008

Figure 4 Regular Gasoline Price In Today's Dollars (1/115/07)
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Referencd, A BP Statistical R e mdludew ssavids oRpiead| d
shees listing the proveail reservesproduction and consumptiarf each countryfrom

1980 througt2006. Proved reseves of oil are theuantities that geolagal and

engineering informatiomdicates with reasonable certainty can be recovered in the future
from known eservoirs under existirgconomic ad operating conditionsThe reserves

at the end of 200tbtaled 1,208 billion barrelsor 1,317 billion barels whenCanadian tar
sandsare included The accuracy of these figures is uncertain since many of them are

Energ

provided by the countryith no independergxpertanalysis

Tablel presents the reserves, production emasumption rates of the top ab
producing countries in 2@ All twelve OPEC countries are included in this group.
Each of these countries produ@deasibonequarterbillion barrelsin 2006. These
countries have 95 percent of the world total reserves.

Table 1 - Top 25 Oil Producing Countries in 2006 (in years of production remaining order)

Resrves | Production [ Consumption | Production/ Years of Last Year
Country Billion Billion Billion Consumption Production of
BBL BBL/Year BBL/Year Remaining * | Production *
United Kingdom 3.870 0.597 0.650 0.9 6.5 2012.5
Argentina 1.972 0.261 0.161 1.6 7.5 2013.5
Norway 8.499 1.014 0.079 12.8 8.4 2014.4
Mexico 12.908 1.344 0.720 1.9 9.6 2015.6
Indonesia ** 4.301 0.391 0.376 1.0 11.0 2017.0
USA 29.922 2.508 7.515 0.3 11.9 2017.9
China 16.271 1.345 2.718 0.5 12.1 2018.1
Canada 17.093 1.148 0.811 1.4 14.9 2020.9
Malaysia 4.200 0.273 0.182 1.5 15.4 2021.4
Algeria ** 12.270 0.732 0.095 7.7 16.8 2022.8
Angola ** 9.035 0.514 0.017 30.2 17.6 2023.6
Brazil 12.182 0.660 0.765 0.9 18.5 2024.5
India 5.693 0.294 0.940 0.3 19.3 2025.3
Oman 5.572 0.271 0.022 12.4 20.5 2026.5
Russian Federation 79.540 3.566 0.998 3.6 22.3 2028.3
Qatar ** 15.207 0.413 0.040 10.3 36.8 2042.8
Nigeria ** 36.220 0.898 0.011 84.8 40.3 2046.3
Libya ** 41.464 0.670 0.087 7.7 61.9 2067.9
Saudi Arabia ** 264.251 3.963 0.732 5.4 66.7 2072.7
Kazakhstan 39.828 0.520 0.081 6.5 76.5 2082.5
Venezuela ** 80.012 1.031 0.206 5.0 77.6 2083.6
Iran ** 137.490 1.585 0.609 2.6 86.7 2092.7
United Arab Emirates ** 97.800 1.084 0.149 7.3 90.2 2096.2
Kuwait ** 101.500 0.987 0.100 9.8 102.8 2108.8
Irag ** 115.000 0.730 0.138 5.3 157.6 2163.6
Totals 1152.100 26.800 18.202

* Assumes production level remains constant until reserves are exhausted (also = R/P)
* OPEC Country

Looking at Table 1 it can be seen that the OPEC countries export far more oil than they
consumeand are therefore primarily motivated by money. Since most of the OPEC
countries are awash with casWth current produaebn rates and recent oil pricabey
areprobably not very motivated to significantly increase production which will cause
them to use up their reserves more rapidly. The UAE is an outstanding example of an
OPEC country that does not seem to be able to spend its current oil income fast enough.



Figure5s hows the results of the authoroés anal ys
country based on data from refere@ceThe analysis computed theserves / production

ratio (R/P) for each country and assumed that this would be the number otlyatitise

country would be able to keep producing at the 2006 rate. The data was then sorted in
decreasing years of production remaining order and then the total world oil production

per year was computed. Breakouts for the top 25 producing countridseaD&®EC

countries were also computed.

The large production countries that run out of oil by 2015 include UK and Norway

(North Sea), USA, Mexico, China and Canada. Most of the OPEC countries do not run

out of oil until 2042 or laterProduction contibutions from the nottop 25 countries

were3.6 billion barrels in 2006 and decreasdess than 1 billion barrels in 2028

beyond. Roduction will start declining rapidly in 2012 and declsteeply in 2018. The

total production of all but the OPEs@untries will be less than 2.5 billion barrels in 2030

and beyond. The red shaded area represents
The large drop in 2073 is when Saudi Arabia runs out.

Figure 5 - World Oil Production per Year if No New Qil is Found
(Assumes 2006 production rate in each country until
start of 2007 reserves are expended)
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This data is not a realistic detaileecast of the future since those countries that are past

their peak production will gradually reduce production, rather than maintain the 2006

production level and then suddenly cease production. Also, it is inevitable that additional

oil will be discowered and that estimates of oil in existing fields will be increased. The

data do show, however, that OPEC will <contrao
too distant future and that we can expect significant production decreases over the next

15years.



In early 200G@he M. King Hubbert CentePetroleum Engineering Departmeafithe
Colorado Shool of Mines published a studiyVorld Oil Supplyi Production, Rserves,
and EOR, @5 Rasfstady, dased on estimated 1998 oil reserves, prdjacte
increased oil production through the year 2010 andepsiecline starting then. The
decline was based on when various producing countries would run out of oil at their
current productiomates. See Figui@
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Referace 6. The presentation focusmdwhen conventional oil production will peak

and the effect of diffemt estimates of the world conventiondltase. This study uses
USGSestimates that the world ultimate total oil recovery will be 2,248 billion barrels

(low), 3,003 billion barrels (mean or expected) or 3,896 (high). The low estimate has

already beeexceeded since the world consumption to date and the estimated reserves at

the start of 2007 total about 2,347 Dbillion
is estimated that an additional 656 billion barrels will be added to the ultimate mgcove

amount in the future.

Figure7, from this studyshowstwo production vs. time scenaridspthof whichassume
ultimatetotal amount of oifecoverywill be 3,003 Billionbarrels One scenario assumes

that production will increase at the rate ofeé2qent per year until 2016 and then decline

at the rate of 2 percent per year thereafter. The second scenario assumes that production
will increase at the rate of 2 percent per year until 2037 and then decline with a Reserves
/ Production (R/P) ratio ofdlL R/P is a rough estimate péars of production remaining.

The area under both curvistal consumptionis identical.



Figure 7
Annual Production Scenarios with 2 Percent Growth Rates and

Different Decline Methods

|[05GS Estimates of Ulimate Recovery |

2037 —History
a0 1 CHHEDATS R SEDBLY ‘I{ Mean wi 2% Growth and
b BRE A 2% Decline
E Lot (95 %) 2,248 3 i - Mean w 2% Growth and
:’:*“] TiMean (expected valug) 3,003 2016 F % 10 R/P Ratio Decline
z High (5 %) 3,805 I : | I
= /\ A 2% Growth
=il / + | & 10 R/P Ratio Decline — |
==] A .
s \"
S L 2% Growth E
& & 2% Decline \\
10 “\
-\\
0 B el
1900 1925 1950 1975 2000 2025 2050 2075 2100 2125
Hote: U.5. wvolumes wemre addedto the USGS foreign volumesto obtan world totals.
The EIA report authorsodé rational &hefor
reason for settin®/P equal to 10 is based on the United Stiat@sr 48experience.The
R/ P ratio was around 12 in the 19406s
around 8 in thel9706s and 19806s and

world R/P 0of10 seems a reasonable assumption to reflect a mature state of world oil
production, as it does for the United Staies.

This may not be a good rationale sincelth8. has, for the past several yedysen an oll
produer that also needed to impait. Higher production reduced the amount oftbdt
needed to be imported. There was, therefore, a high priority for producing as much as
possible as soon as possible. This is not the case for countries that produce more than

they consume.

Figure8 from Rekrences shows thdJ.S.lower 48 oil reserves and production vs. year.
The production decline is a gradual constant slope over many years. Nobe that t
hdwi

reserves seem to stay flat anden increase during tlearlyl 9 8 0 6 s .

oil finds and improvedecovery ratefrom existing oil fields The reserves would have

been depleted by 1981 if no additional oil vaalsled to the reserves after 197@ an

productionremainedas shown

Figure 9, from referencé shows a growing gap between worthnoil discovery and
production. Fortunately, this is not the whole story. The world oil reserves grew from
667 billion barrels in 1980 to 1,208 billion barrels in 2006, a total of 541 billion barrels.

During this same period 627 billion barrels werawdtaneously produced.

st

109
bee

du e



Figure 8

Lower 48 Crude Oil Reserves & Production, 1945-2000
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Figure 10 - World Oil Production and
Oil Added to the Reserves (1980 to 2006)

- Production = Added to reserves

140

CE p—

D g II \v \

é 28 AN L ,AV// AN
B |

1980 1985 1990 1995 2000 2005 2010

An oil crisis will begin the year after oil productidmased on availabilityhas peaked.

From that point on there will be a growing gap between demand and consumption. The
Hubble study estimated that this peak would occur in 2010. The two EIA estimates
shown in Figure7 indicate that it may occur in 2016 or 2037.

Referenc8i s an article AExxon Mobile takes the ¢
anot her 25 year s 0 Thiwuakitle dsdussaewitenhndbgyythat2sO 0 7 .
expandng the petrteum resource base a function of many truly novel sciemtifand

engineering development®ne of the greatest constraints on future oil production,

according to Exxon Mobil, is the politth act t hat much of the worl d
[ i mi txplaratidnand productionEx x onés position i s:

AA peak in petroleum |iquids producti on,
limitations, is unlikely in the next 25 years. Predictions of an imminent peak

based on [the methodology developed by Shell Oil €olagist M. King

Hubbert] in 1956 do not adequately account for resource growth from application

of new technology, knowledge and capability, which combine to increase

recovery, open new producing areas and lower economic thresholds.

ASuppl i es ndnoo@PEOdCIENTDes agaslated liquids and

unconventional resources are growing. Furthermore, nations with the largest

remaining resources produce under kbaign restraints not envisioned in

Hubbertds method. The ul t imayagswdifrgmeak i n pe
factors other than resource | imitations. 0

Exxon Mobil forecasts an increase in demand for petroleundiguom about 85
million barrels per day31 billion Barrels per year) in 2006 to 115 million barrels per day
(42 billion barrels peyear)in 2030, or average growth demand of about 438 million



barrelsper year. Worldwide, over the next 25 years, the ability of the petroleum industry

to meet this demand will depend, in great
to petroleunt e s o u rTbiglatter derm includes ensuring that the oil industry has

access to drill in areas not previously explored or exploited, such as geographically or
politically isolated areas, as well as areas of deep water or extreme climate, that require
the development of new technology.

Two U.S.areas that are now off limits to oil exploration HreArctic National Wildlife
Refuge (ANWR)in Alaskaand the Eastern Gulf of Mexico off the Florida coast. ANWR

is expected to contain approximately 10ibill barrels obil reserves. See refererize

Even if ANWR is opened for production, the anticipated 10 billion barrels would increase
world reserves by less than one percent. The Eastern Gulf of Mefitioe Florida

coast is off-limits for oil exploration by Federal law until at least 2022.

me

Referenc&st at es t hat fSever al not abl e scienti st s

most notably Colin Campbell and the Association for the Study of Peak Oil and Gas
(ASPO). ASPO'2005model suggests thaegular' oil peaked in 2004. If heavy oil,
deepwater, polar and natural gas liquids are considered, the oil peak ¢tek e

around 2011p.rees emitgsurAesPO06s Oi | and Gas producd

future profiles based on an analysexformed in 200%vhich shows oil production
declining after 2010.

In the past several years study of when oil will peak has been receiving idcrease
attention ASPO hadocused attention on this issue and continues to gather and analyze
oil production, onsumption and reserves data. They use this data to refine their
estimates of when oil will peak. They also hold annual conferences and have a web site
dedicated to this subjechttp://www.peakoil.net/

ASPOOGs | atest peak osultofi3diffeeeatanedels, are dhavea e d o n

in figure 12. This figure depictbé¢ average forecast fpeak crude oil plublatural Gas
Liquids (NGL), which are considered to be equivalent to traditionalediching a
production plateau around 81--#/million barrels per day (29.6-#.5 billion barrels per
year)with a decline after 2010 1 year.

Referencel0, Pegaking of World Oil ProductiorRecent Forecastso  d_yHirdeh,
published in February 2007, documents predictadnghen oil production Wl peak by
numerous experts and organizatioitfeir range of estimates extends from late yasir
to an apparent denial that it will ever happéfany experts forecast ththe peak will
occur by2010 or2012. Another group believes the peak year lvabetween 2015 and
2020. Cambridge Energy &earch Associates, IlT€CERA) a leading advisor to
international energy companies, governments, financial itistig and technology
providers forecastghat oil production will not peak until after 203@PEC denies that
oil productionwill ever peak.
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ASPD: OIL & GAS PRODUCTION PROFILES _
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Referencel 1,the DOE/AIE AnnualinternationalEnergy Outlookdocumentreleased in
May 2007indicates thaoil production will steadily increase at least thghit2030 (see
figure 13) The AIE reference case (most likely estimate) projectsutfatdomestic oil
production will be approximately 2 billion barrels per year through 2030aBdbil
imports will increase steadily from 2005 to 203tustained hig world oil priceswill

11



support a substantial increase in +@REC liquids production. Ne®PEC production in
2030 is projected to be 12 million barrels per day higher than in 2004, representing 35
percent of the increase in total world production ovel0# total. The estimates of
production increases are based on current proved reserves and abgwatimtry
assessment of ultimately recoverable petroleum, as well as the potential for
unconventional liquids productian.Documentation oflata and argsis supportinghis
assertion does not seem to be available on the Internet.

Figure 13 - DOE/EIA World Conventional Oil
Production Forecast

< 40 AP}

> —

§ 30 T

3 20 \.,-/7/ —— OPEC
5 " — Total
m = —

5 10 ——

@ 0

1980 1990 2000 2010 2020 2030

The DOE report forecasts thaetprice of ol will moderate fromFebruary 200Tevelsto

about $50 per barrel in 20bfore rising to $59 per barrel in 20@&D05 dollarg [The

per barrelprice ofoil reached$100in January 200§ The reference case projections for
average U.S. motor gasoline prices follow the same trend, rising from $1.95 per gallon in
2014 to $2.15 in 2030See Figure 14In the highprice case, with the price of imported
crude oil projected to rise to more than $100 per barrel in 2030, the average price of U.S.
motor gasoline follows the higher price path of world oil prices, increasing from $2.61
per gallon in 2014 to a high of $3.22005 dollarsper gallon in 2030[The average

price ofgaswas $3.11per gallonin theU.S.in November 2007.]

Reference 12 is @ShortTerm Energy Outloakpublished by DOE on November 6,

2007. This document does not revise the May 2007 EIA fetecdt states thalapal

oil markets will likely remain stretched, as world oil demand has continued to grow much
faster than oil supply outside of the Organization of the Petroleum Exporting Countries
(OPEC), putting pressure on OPEC and inventoriésitige the gap. Additional

fundamental factors contributing to price volatility include ongoing geopolitical risks,
Organiation for Economic Cmperation and Developmer@®ECD) inventory tightness,

and worldwide refining bottlenecks. As a consequecrtgle oil prices are expected to
remain high and volatileTotal U.S. petroleum consumption is expected to increase by

0.5 percent in 2007 and 1.0 percent in 2008, despite the higher oil and petroleum product

12



prices. Continued economic growth and coldesrage temperatures this winter than last
winter combine to push demand higher.

Figure 14 Acverage LLS. efedi vered prices
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Reference 13 Wiiy Are Oil Prices So Highi¥is a supplement to the above document
This document providesomeanswes to this question.The EIA believs that the

following supply and demand fundamentals are the main drivers behind recent oil price
movements:

fiStrong world economic gwth driving growth in oil use Global oil
consumption rose by 1.1 million barrels per day in 2006, and is projeatisé to
by 1.1 million barrels per day in 2007 and 1.5 million barrels per day in2008.

fiModerate norfOPECsupply growth Non-OPEC production increased by 0.2

million barrels pedayin 2006, and is projected to rise by 0.6 and 0.9 million

barrels pedayin 2007 and 2008, respectively. NQPEC production growth

remains concentrated in a few areas and it has faced some downward revisions to
expectations due to delays in projects and growing production declines in some
nonOPEC nations, especially Mexichet United Kingdom, and Norway.

FOPEC member sdé pr &ationgorising @BCDdneeatorissiandn s

relatively weak prices late last year, OPEC announced plans to cut production in
November 2006 and February 2007 by 1.2 and 0.5 million bbl/dectgely.

Al t hough OPEC membersé actual producti on
amounts, the cuts reversed the slide in world oil prices. In response to rising

prices and falling OECD inventories, OPEC recently announced plans to raise

production ly 0.5 millionbarrels per dapeginning in November 2007. However,
OPECOGs announcement has not yet dampened

13



unlikely that these higher volumes will be enough to halt the downward trend in
commercial inventories over the rieseveral months.

ALow OPEC spare production capacieyl A6s out |l ook for conti nt
consumptiorand moderate ne®PEC production growth suggests that OPEC

me mb enude production will average about 31.5 milliwerrels per dain

2008, an ineaseof about 500,000arrels per dafrom fourth quarter 2007

levels. Under this scenariaorld surplus production capacity will remain fairly

low at around 2 to &illion barrels per day.

fiOrganization for Economic Cooperation and Development (OE@GE@ntory
tightness, Worldwide refining bottlenecké/hile OECD commercial inventories

were 150 million barrels above their 5 year average at the end of September 2006,
EIA projects that OECD commercial stocks will be about 10 million barrels

below the 5year average by the end of this year. Even with a moderate increase
in OPEC output beginning in the fourth quarter of 2007, EIA projects that
inventories will continue to decline relative to the average in the first quarter of
2008, and will move towardhe lower end of the 5 year range through 2608.

AEXxcess capacity in the refining industry has been shrinking as refined
product demand has growhow excess refining capacity leaves less of a buffer
for periods when the supply and demand balance becamussially tighto

fiONngoing geopolitical risks and concerns about supply availabitiack of
political stability continues to threaten production in several OPEC nations,
including Iraq, Nigeria, Venezuela, and Ir@an.

Only onenew oil fieldwasdiscovered in 2000ff the coast oRio de Janeirg Brazil. It

is estimated to contain between 5 and 8 billion barrels ofSsk reference 14The new
Brazilian fieldis under 7,060 feet of water, almost 10,000 feet of sand and rocks, and
then another 600-foot thick layer of salt. Getting the oil out will be a formidable
challenge. It will take years because the petroleum is so deep under the earth's surface,
meaning any impact on oil prices probably won't come soon.

3.0 Potential Substitutes for Oil Diged Transportation Fuels

In 2006 ninetysix percent ofJ.S.transportation fuels were derived from oil and sixty
nine percent ob).S. oil was used to make transportation fuels. See refefénce

Table2 from reference 6 presents a breakdown of téferent petroleum products and
the amount used in different sectors of th&.in 2003.

Possible substitute transportation fuels include natural gas, shale oil and tar sands,
biofuels (ethanol and biodiesetpal, hydrogen, and electricity. Figuk®, from

reference 11, shows the history ané. DOE forecast to 2030 for tiveorldwide

production of all of these fuels except the last two. Each of these potential alternate fuels

14



is discussed below. Other alternative energy sources sucitlear paer, solar power,
wind power, wave power, etc. che used to generagdectricity, but are not directly
suitable as fuels for modern transportation.

Detailed Consumption of Petroleum in the U.S.
by Fuel Type and Sector - 2003
Table 2 (Thousand of barrels per day)

Residential |Commercial | Industrial | Transportation | Electric Total
Power

Motor Gasoline - 20 159 8,665 - 8,844
Distillate Fuel Qil 421 236 603 2,455 51 3,766
LPG 429 76 1,648 10 - 2,163
Kerosene/Jet Fuel 27 9 7 1,608 - 1,651
Residual - 30 87 250 291 658
Asphalt & Road Oil - - 513 - - 513
Petroleum Coke - - 398 - 61 459
Lubricants - - 78 73 - 151
Aviation Gas - - - 18 - 18
Other Petroleum - - 1,435 - - 1,435
Total | 877| 371 4,928 13,079] 403 19,658

Distillate fuel oil includes diesel and heating fuel

Figure 15 World Unconventional Liquids
Production in the Reference Case,
1980-2030

Million Barrels Oil Equivalent per Day

History Projections

10 | Bl Other

Bl Gas-to-Liquids

Bl Coal-to-Liquids
ElBiofuels

Hl Uitra-Heavy Crudes
4 -| HMCanadian Oil Sands

1980 1990 2000 2004 2010 2015 2020 2025 2030

Note: “Other” includes shale oils and other unidentified
sources of unconventional liquid fuels.
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Practical exploitation of a substitute fuel requires my that huge quantities of that fuel

be generated, but that vehicles be made to efficiently use that fuel and appropriate
production and distribution infrastructures be implementgadduce and transpdtiis

fuel to the consumers in an efficient mann&he production and distribution

infrastructures for oil based fuels have evolved over many decades at great expense. The
cost of developing equivalent infrastructures for new fuel types may be huge and may
take many years to put in place.

Another pimary consideration is that the substitute fuel be-poltuting and that it does
not exacerbate global warngin

Transportation fuel users, for the purposes of this report, fall into two major categories.
The first category includes personally ownedtliekes like cars, SUVs and light trucks.
These vehicles have relatively small fuel tanks and generally make relatively short trips,
many of which are discretionary. The second category includes heavy trucks, trains,
planes and ships. These vehicles makgnon-discretionarytrips and have very large

fuel tanks. Some alternative fuels are only applicable to the first category of fuel users
and are impractical for the second category.

3.1 Natural Gas

Natural gas has long been considered an altemnatelfor the transportation sector.
Natural gas has been used to ferakllvehicles since the 1930'sThere arever130,000
Natural Gas Vehicle@NGVs) on the road in the U, 8nd more than 2.5 thon NGVs
worldwide. The transportation sector acesi for 3 percent of all natural gas used in the
United StatesTechnology has improved to allow for a proliferation of natural gas
vehicles, particularly for fuel intensive vehicle fleets, such as taxicabs and public buses.
Severaldisadvantages of NG\fwevent their masproduction, includingiimited range,

trunk space, higher initial cost, and lack of refueling infrastructB8ee Reference 17.

Natural gas can be made into three forms. One is the lowpressure fornusel for
homecooking and heatig. It comes from the underground pipe from the gas company.
Another form is compressed natural gas (CNG). This form is compressed into high
pressure fuel cylindergypically 3,000 to 4000 pounds per square in¢b)power a car

or truck. It comes from sp&l CNG fuel stations. The third form is liquefied natural gas
(LNG). LNG is made by refrigerating natural gas to condense it into aligbe liquid
form is muchdense than natural gas or CNQ.iquefied natural gas is made by
refrigerating natural gato minus 270 degrees Fahrenlieitondense it into a liquid. The
liquefaction process removes most of the water vapor, butane, propane, and other trace
gases, that are usually included in ordinary natural gas. The resulting LNG is usually
more than 98 grcent pure methane.

Most natural gas vehiclessecompressed natural gas (CNG). This compressed gas is

stored in similar fashion to a car's gasoline tank, attached to the rear, top, or undercarriage
of the vehicle in a tube shaped storage tank. A CN&dan be filled in a similar
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manner, and in a similar amount of time, to a gasoline t@me can even refuel at home
using low pressure natural gas and a compreseveral vehicles are available today
(such as the Honda Civic CGahd theFord Crown Vctorig) that operate on compressed
natural gas.Some run on natural gas only and others can run on natural gas or gasoline

Natural gasupplies roughly 20 percent of U.S. energy demand. It has been plentiful at
realprices of roughly $2/Mcfthousand chic feet)for almost two decades. Over the past
10 years, naturaas has become the fuel of choice for new electric power generation
plants andat presentyirtually all new electric power generation plants use natural gas.

Part of the attractiveness wditural gas was resource estimates for the U.SCandda
that promised growing supply at reasonable prices for the foreségiainée That
optimism turns out to have been misplaced, and the U.S. i€xjpeviencing supply
constraints and high naturagprices. Supply difficultiesre almost certain for at least
the remainder of the decad8ee reference 16.

As recently as 2001, a number of credible groups were optimistic about the ready
availability of natural gas in North America. For example:

IN1999 the National Petroleum Council
increase from 19 trillion cubic feet (Tcf) in 1998 to 25 Tcf in 2010 and could
approach 27 Tcf in 2015¢. | mp o frams3 f r
Tcfin1998toalmosdt Tcf in 2010. 0

stat

om Ca

I n 2001 Cambridge Energy Resehoundm Associ a

North American gas supply has begun and is expectedriaimgained at least
through 2005. In total, we expect a combination ofli&#er-48 activity, growth
in Caradian supply, and growth in LNG importsadd 8.9%villion cubic feetper
day of production by 2005. 0

The U. S. Energy Departmentdos Energy
projected that U.S. natural gas production would grow continuouslydrienel
of 19.4 Td¢ in 1998 to 27.1 Tcf in 2020.

The current natural gas supply outlook haanged dramatically. Among thodeat
believe the situation has changed for the worse are the following:

CERA now finds that fAThe NosetfohtheAmer i
longest period of sustained high prices in its history, even adjustimfladron.

Di sappointing drilling r es wlthokforée ha
North American supply downrepesedt é Th
additional dsappointing supply news, painting a more constramettire for
continental supply. Gas production in the United States (exclddasika) now
appears to be in permanent decline, and modest gaFemnizdian supply will not
overcometheU8 ownt ur n. o

\
e
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Raynond James & Associates finds that ANat
drop despite a 20 percent increase in U.S. ngilictivity since April 2003U.S.
natural gas productans headi ng firmly downwar dséo

ALehman nowyear}®.eodustiotd dedline by 4% following &%

decline in 2003. ¢é. Domestic paumcducti on i
feet a day by 2008 from 46.8 in 2003 and 52.1 in 1998. After a 4Basfall in
2003, Canadian importsareen dr opping. . . 0

TheNational Retroleum Council (NPC), an eithdustrial associatigmow

contends that ACurrent hfundamental slgfei,s pr i ces
the supply and demand balance. North Americaasing to a period in its

history in which it will no longer be defeliant inmeeting its growing natural gas

needs; production from traditional U.S.ad@dnadi an basins has pl al

Natural gas would be a prime candidate as an alternate to oil produced fuels except for
the fact that it is becoming in short supplbhis basically eliminates natural gas as a
viable alternative to oil based fuels. It also does not bode well foutinesfof electricity
generation or the price of natural gas for home heating and cooking.

3.2 Qil Shalaand Tar Sands

Oil shaleand &r sandgie at opposite ends of the oil lifecycl@il shalesare a precursor
to oil that hasot yet beemuried deep enough for keroggolid bituminous materials
to be converted into useful hydrocarboiisr sands areear the end of the oil cycle
having been degraded beyond their prime by slow chemdaations.

3.2.1 Qil Shale

Oil shalewas formed millions of years ago by deposition of silt and organic debris on
lake beds and sea bottoms. Over long periods of time, heat and pressuremiethier
materials into oil shale in a process similar to the process that forms oil; however, the
heat and pressure were not as great. Oil shale generally contains enough oil that it will
burn without any additional processing, and it is known as "thethatkburns".

A conservative estimate of the worldwide oil shale resource is more than 2.5 trillion
barrelsof oil equivalent, with roughly 2 trillion barrels located in the United States
While oil shale is found in many places worldwide, by Fer lagest depositare found

in the United States in the Green River Formation, which covers portions of Colorado,
Utah, and Wyoming. Estimates of the within the Green RiveFormation range from

1.2 to 1.8 trillion barrelsNot all of these resourcese ecoverable. #n a moderate
estimate of 800 billion barrels of recoverable oil from oil shale in the Green River
Formation is three times greater than the proven oil reserves of Saudi Asakia.
reference 18.
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More than 70% of the total oil shale acreagthe Green River Formation, including the
richest and thickest oil shale deposits, is under federally owned and managed lands. Thus,
the federal government directly controls access to the most commercially attractive
portions of the oil shale resourbase.

Oil shale can be mined and processed to generateabiksimilar to oil pumped from
conventional oil wells. Etracting oil from oil shale is more complex than conventional
oil recovery and currently is more expensiviéhe oil substances in ahale are solid and
cannot be pumped directly out of the groufithe oil shale must first be minédsing the
roomandpillar method or surface mining) and theeated to 45650°C in theabsence
of oxygen(a process called retorting).h& resuling liquid must then be separated and
collected. See reference 19

An experimental processider development by the Shell Oil Compamerred to as
ATher mal | y GtoCodversion imvoé/es heatingthe oil shate 650700°F
for two to four yess, © enable kerogen conversiaile it is still underground, and then
pumping the resulting liquid to the surfacgee reference 20.

While oil shale has been used as fuel and as a source of oil in small quantities for many

years, few countries currentlyqatuce oil from oil shale on a significant commercial

level. Many countries do not have significant oil shale resources, but in those countries

that do havesignificant oil shale resourcése oil shale industry has nd¢veloped

because historicallthe cat of oil derived from oil shalgurrently greater than $60 per

barrel)has been significantly higher than conventional pumpedh. el | 6 s exper i me
Aln Situdo process may be considerably | ess e

Relatively high prices for conventional oiltine 1970s and 1980s stimulated interest and
some development of better oil shale technology, but oil prices eventually fell, and major
research and development activities largely ceabtate recently, prices for crude oll

have again risen to levels thmatly make oil shalbased oil production commercially

viable, and both governments and industry are interested in pursuing the development of
oil shale as an alternative to conventional oil.

3.2.2 Tar Sands

Tar sands is a common name of what are marpguly called bituminous sands, but also
commonly referred to as oil sands or (in Venezuela) ¢eay oil. They are a mixture

of sand or clay, water, armtumeni anextremely heavy crude oil. The use of the word
tar to describe these deposits is anoiser, since tar is a mamade substance produced
by the destructive distillation of organic material. Although it appears similar, the
material in tar sands is a naturafigcurring, extremely heavy form of crude oil in which
the lighter frations of theoil have been losaind the remaining fractions have been
partially biodegraded by bacterids a result, the term "oil sands" is technically more
accurate.About two tons of tar sands are required to produce one barrel of oil.
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Most of the world's oil (rare than 5 trillion barrels) is in the form of tar sands, although it
is not all recoverableWhile tar sands are found in many places worldwide, the largest
deposits in the world are found in Canada (Alberta) and Venezuela, which each have
about onehird of the world's total tar sands resources, and much of the rest is found in
various countries in the Middle Eastanada's northern forest contains at least 174

billion barrels of recoverable heavy oil, equivalent to frears' supply for the planet.
Venezuela has perhaps even more in the Orinoco Bale. In the United States, tar

sands resources are primarily concentrated in Eastern Utah, mostly on public lands. The
in-place tar sands oil resources in Utah are estimated at 12 to 20 billion.barrels

Conventional crude oil is easily extracted from the ground by drilling wells into the
formations, into which light or medium density oil flowsden natural reservoir
pressures. 8r sand deposits must be strip mined or made to flow into producingbyells
in situ techniques which reduce the oils viscosity using steam and/or solvents. These
processes use a great deal of water and require large amounts of energy.

The heavy crude oil or crude bitumen extracted from these deposits is a viscous, solid or
sanisolid form of oil that does not easily flow at normal ambient temperatures and
pressures, making it difficult and expensive to process into gasoline, diesel fuel, and other
products. Despite the difficulty and cost, oil sands are now being nmrigahad on a

vast scale to extract the oil, which is then converted into synthetic oil or refined directly
into petroleum products by specialized refineries.

As a result of the development of these reserves, most Canadian oil production in the 21st
century is fom oil sands or heavy oil deposits, and Canada is now the largest single
supplier of oil and refined products to the United States. Venezuelan production is also
very large, but due to political problems its oil production has been declining since the
stat of the 21st century.

Northern AlbertaCanad& oil sandgproduction was about one million barrels per day in
2004. Production is expected toh& million barrels per day (0.8 billion barrels per
year) by 2015.

Tar sands production is very hard de £nvironmenandcontributes talobal warming.

Extracting the bitumen (crude oil) from the thick and sticky mix of clay, sand and water

is no easy feat and for every barrel of oil extracted, somewhere between two and four

anda-half times as much watés needed to thiout the mixture and separate the

bitumen from the sand. To obtain this staggevialgme of water, whole streams and

rivers in the region have been drained and diverkdst of this wateends up

contaminated with acids, mercury artier toxins. This wastewater has left Northern

Al berta studded with toxic dumping pool s, be
the tar sands being blamed for Western Canad
pumped into the Athabascav@i have increased cancer ratksvnstream, particularly

among First Nationfindian) communitiesddependent upon the waterwaigvery barrel

of synthetic oil produced releas&88 pounds of carbon dioxigguivalent into the
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atmospherethree times as muclabon overall as conventionally produced gasoline.
See reference 21.

It costs about $25 a barrel to produce crude from C&adaands.By comparison, it
can cost as little as about $5 a barrel to produce crude in the Middle East and $15 in the
deepwaters of the Gulf of Mexico.

3.3 Biofuels
Two popular biofuels are ethanol and biodiesel.

3.3.1 Ethanol

Ethanol, also known as ethyl alcohol or grain alcohol, can be used either as an alternative
fuel or as an additive to gasoline.

Pure, 100% étanol is not generally used as a motor fuel; instead, a percentage of ethanol
is combined with unleaded gasoliday amount of ethanol can be combined with
gasoline put the most common blends are E10 and E85. See reference 22.

E10 is 10% ethanol ar?D% unleaded gasolind=10 is approved for use in any
make or model of vehicle sold in the U.S. Many automakers recommend its use
because of its high performance ahelnrburning characteristics. Today about
46% of Americ& gasoline contairsome etharlpmost as this E10 blend.

E85is 85% ethanol and 15% unleaded gasoliB85 is an alternative fuel for use

in flexible fuel vehicles (FFVs). There are currently more than 6 million FFVs on
America's roads today, and automakers are rolling out moreyeachin

conjunction with more flexible fuel vehicles, more E85 pumps are being installed
across the caury. When E85 is not avaliée, these FFVs can operate on straight
gasoline or any ethanol blend up to 85%.

The production of ethanol in the U.S. mefeasing rapidly. Figure 16 shows that ethanol
production increased from 1.7 billion gallons in 1999 to over 4.3 billion gallons in 2006.
Ethanol production is in 2007 estimated to be approximately 6.5 billion gallons.

Figure 16 - U. S. Biofuel Production
= Ethanol = Biodiesel
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Taxpayers provide ethanol prackrs with a $0.51 per gallon tax credit (subsidy). This

subsidyi s cal |l ed t hendlVoRExanedeag iTcaxt@®redi to (VEET
effect through December 31, 2010. Total ethanbisidies aractuallyhigher. A2006

report by the Internatiohénstitute for Sustainable Development estimated that if one

took into account state renewable fuel tax breaks and direct agricuitbsadies the

total ethanol subsidig actually$1.05 to $1.38 per gallon of ethan&ee reference3

Ethanolandcorn producers wergiven over $6.825billion in subsidiedor ethanol

produced in 2007The U.S. has a tariff &4 cents per galloan imported ethanol

Ethanol is manufactured using a fermenting process in a manner similar to the way
moonshine is créad. The energy content of gasoline is about 116,000 British Thermal
Units BTUs) or 121megajoules (MJper gallon. The energy content of ethanol is about
76,000BTUs or 80.4 MJ per gallon. If a vehicle gets 30 miles per gallon using gasoline
it shouldalso get about 29.0 miles per gallon using E10 and about 21.2 miles per gallon
using E85

Most U.S. ethanol is currently produced using cdiorn and other starches and sugars

are only a small fraction of biomass that can be used to make etavalnced

Bioethanol Technology allows fuel ethanol to be made fretlosic (plant fiber)
biomasssuch as agricultural forestry residues, industrial waste, material in municipal

solid waste, trees, and grass€llulose and hemicellulose, the two main cormgrds of
plants- and the ones that give plants their structtaee also made of sugars, but those
sugars are tied together in long chains. Advanced bioethanol technology can break those
chains down into their component sugars and then ferment thenkéoatieanol. This
technology turns ordinary lowalue plant materials such as corn stalks, sawdust, or

waste paper into fuel ethanol.

Ethanol is controversial in that some experts claim that it takes more energy to produce
ethanol from corn than the retait energy content of the ethanol produced. Also,
according to thérgonne National Lalbhe consumptiorof 10% ethanol blends reduces
greenhouse gas emissions byl®®6 compared to conventional gasolinglany other
experts have published papers coniclgdhatethanol production and consumption
significantly increase pollution and greenhouse gas emissions relative to the production
and consumption of conventional gasoline.

Ethanol Production Energy Requirements

The ethanol lobby claimhat theres a 30 percent net gain BirUs from ethanoimade
from corn. This infers that it requiré8,462BTUs or 93 MJto produce each gallon of
ethanol

In 22004 reporthe U.S. Department of Agricultureported that the energgtio for
ethanol productiorsil.67. See Reference 24.
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The U.S. Department of Energy apparently does not seem to have a documented position
on the issue of how much energy is needed to produce a gallon of ethanol, at least on the
internet.

Reference 25 and many other articlestminternet cite a report by David Pimentel and
Tad Patzek. Thesientists calculated all the fuel inputs for ethanol produdtivom

the diesel fuel for the tractor planting the corn, to the fertilizer put in the field, to the
energy needed at the pessing plard and found that ethanol is a net enelgger.
According to their calculation®om ethanol requires 29% more fossil enexgproduce
thanthe ethanol containsIn comparison, a gallon of gasoline contains about 116,000
BTUs per gallon. Buinaking that gallon of gésfrom drilling the well, to transportation,
through refining requires around 22,0@TUs.

Reference 26 is a study by Argonne National Laboratory that concludesithaticanol
requires 26% less fossil energyproduce than thenergy content of the ethanol,
cellulosic ethanol requires 90% less fossil engemdsoybearbased biodiesel requires
69% less fossil energy than biodiesel contaiis review of Pimentel/Patzek reveals that
they made pessimistic assumptions Aad dublecounted certain energy costs without
detailed elaboration.

Many other researchers have published reports that provide a wide range of estimates of
the amount of energy needed to produce ethanol.

A very informative reporbn theamount ofenergy neeed to produce ethanol is
Referenc7fi Et hanol : A L ostully bAthddla ldaboratory rErergy

and the EnvironmentThis study recognizes that the energy inputs to produce ethanol
from corn include: griculturalenergy use (@n seedproducion; nitrogen,phosphate,
andpotash fertilizer production and applicatidime production and application

herbicide andnsecticide production and applicatidarm machinery fossil fuel
consumptiopand &irm electricity consumptigncorn tansport(diesel fuel consumption
assuming aoundtrip from the farm andorn storage station to the ethanol processing
plant semitrailertruck capacity; smitrailer truck loaded and unloaded engine

efficiency) and ethanolrpcessingnatural gas and electricity engyutilized by the
ethanolprocessing plant to convert camethanol. The report recognizes that there is
muchvariability found within the agricultural sector, where seasonal effects, soil
characteristics, and geographic locations significantly emiberequired energy related
inputs such as fertilizer application and yield as well as technological variabTiitg.

energy required to produce a gallon of ethanol will vary from-$tastate and even from
farm-to-farm within each state. This is theason why different researchers arrive at
different estimates of the energy needed to produce a gallon of ethanol. The MIT report
uses a Monte Carlo analyses methodology and presents results in terms of distributions
instead of single values.

TheMITrgport notes t hat fthanbl scenlarmvwepresents thaecurfekte r ne |l )

best practice case foorn kernel ethanol production, sintmva has the highest crop
yields for the lowesagricultural inputs.The mean (average) Net Energy Value (NEV) to
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required produce ethanol fr oMEVC&mergyik er nel s i
one unitof fuel - Energy needed to produce one wififuel.] This is equivalent to an

energyout to energyn ratio (Eout/Ein) of 1.22. The highest efficiency dvaf percent

of the farms in lowa have a corn kernel ethanol NEV of approximately 11.0 or more

(Eout/Ein = 1.89) and the lowest efficiency emedf percent of the farms in lowa have an

ethanol NEV of approximateh2.0 or less (Eout/Ein =0.91).

TheMITr eport goes kepelementohtbetcan ethanal eneryadebate

focuses on the allocation of ener@yd greenhouse gamissions between corn ethanol

production, and the byproduct dridibtillers grain with solubles (DGS) used for

livestockfeed During thefermentation processes, starch from the kernel is converted to

ethanol while theemainingmass is used to produce DDGS20% to 40% ceproduct

credit range haleenused to account for thidJsing a 20% cgproduct credit nearly

doubles the lowa Coritke r nel ) Et hanol 6s NNENV lviatleure. & r om 3.
( Eout / Ei rpproxiniatelp 0% of the BDGS can lgasified to produce all of

the facilityds process sdomsamedtopavidedltle of t he
f ac i Itean andedectricity needs using combined hadtpower ®oing this would

raise the lowa corn aver age Nlovghdtotbzingt 5. 4 MJ/ |
the energy content of DDG8ovides significant fossil energy agdeenhouse gas

savings, eanomic drivers such as the DD@#%rket price and natural gas prices are

likely to determine the role that DDGS plays dsel in the corn ethanol production

systemo

The MIT report shows that cogrown in Georgia, a traditionally nesorn producing

stae, instead of lowa, results im averagdNEV tha decreased from a positive 3VB)/L

(in lowa)to a negative 7.6 MJ/(Eout/Ein = 0.74)and resulted in 47% increase in

Green House Gg§&HG) emissions.This isdue toincreased fertilizemputs and

irrigationand lower corn yieldsThe very best Georgia farms have and Eout/Ein = 1.74

or more and the very poorest farms have an Eout/Ein = 0.48 or less. Any time that
Eou/Ein is less than 1.0 it means that more energy is needed to produce the ethanol than
is contained in the ethanol produced.

Most U.S. ethanol is now made from céarnels. As additional farm land is used to
produce corn for ethanol, the amount of energy and pollution per gallon of ethanol
produced will increase due to the decreasedifgrif the land. The best farm land in the
country is now being used to grow corn for ethanol.

The MIT study also reporthat making ethanol from cellulosic sources such as
switchgrassrather than corn, hdar greater potential to reduce fossil Bjyeuse and
greenhouse gas emissioridaking ethanol from corstover gtalksand leaves)other
agricultural wastes and wild grasses would consume less energy, but the technology for
converting them to ethanol may not be economically viable for anaotieeoif so years
Average Eout/Ein ratios for producing ethanol from lowa corn stalks = 5.89, Alabama
swithchgrass = 20.1, and lowa swithchgrass = 19.1).
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Reference T&hestusteg® hteliiate kfdo n o
the potentl to dramatically expand the resource base for producing biofuels in the
future. So far, however, the costs of producing liquid fuels from cellulosic biomass are
not competitive with petroleurderived fuels, even with the recent rise in petroleum

costs. \arious government and indussponsored efforts are under way to lower the

costs of making liquid fuel from cellulosic biomass by improving the conversion
technologies.The economic competitiveness of biofuels and the development of the
conversion pathwgs, will depend on the future price of petroleum. Since these
conversion technologies are close to being viable, their deployment is important so that
operators can streamline new facilities. Government incentives such as loan guarantees
and guaranteed migats for new cellulosic biofuel production facilities can play an
important role in the early stagesofth@e cond gener ati on

If it takes58,462BTUS to produce each gallon of ethanol (using Eout/Ein = 1.3 as
claimed by the ethanol industri)en6.5billion gallons of ethanol requires 3.28 billion
equivalentgallonsof gasoline to produce aryields the equivalent energy 4.26 billion
gallons of gasoline. This &snet gain 0884 millionequivalent gallons of gasoline.
Assuming the sulidy for this was $1.05 per gallon of ethanol produced, or $6.825 billion
total, the subsidy per net equivalent gallon of gasoline displaced from the produced
ethanol was $6.94 per gallo@ne barrel of oil contains 5.8 million BTUs of energy.

984 milliongallons of gasoline contains the same equivaditis of energy as 19.7

million barrels of oil, which is approximately ¥ of one percent of the 7.5 billion barrels
of oil consumed by the U.S. in 2007. This is also equivalent to taxpayers purchasing oil
at$346 per barrel and then giving it to ethanol producers to sell back to us at roughly $3

per gallon.

Ethanol yield (gallons/acre) for sugar cane under good tropical congd@éismns Braziljs
double that focorn in the U.S. @&ar cane ethanol isv@n times more energy efficient.
Its net energyproduction costexpressed asout/Ein = 9.0while corn ethanol has an
Eout/Ein = 1.3assuming that the ethanol lobby figure is corje&ee reference 29.

Ethanol Production Greenhouse Gas GeneratimhPollution

The reference 27 MIT report concludes that greenhouse gas (GHG) resulting from
ethanol production is highly dependentsmasonal effects, saharacteristics, and
geographic locationand the technology used to produce the ethanol. Tlogtre
concludes that avera@HG emissions (gCO2equvalent/MJ)for the following ethanol
production scenarios, relative to the production and consumption of gasoline, are:

lowa Corn (Kernel) Ethanol

lowa Corn(Kernel) Ethanol w/ 20% coproducredits
Georgia Corn (Kernel) Ethanol

lowa Corn (Kernel) Ethanol plUSDGS

lowa Corn Stover Ethanol

Alabama Switchgrass Ethanol

lowa Switchgrass Ethanol
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Rising ethanol production has added fertilizersaturated dead zone in the Gulf of

Mexico, and researchers say they expect the 75808remile patch to keep pace with
demand.The zone of oxygedepleted water was discovered in 1985 and has been
growing steadily since therNitrogenbased fertilizer, running off fields in Corn Belt

states into the Mississippi River, is considered the prime culprit. The zone this year
(2007)is the thirdlargest on record, after 2002 and 20@&tcording to U.S. EPA

estimates, up to 210 million poundisnitrogen fertilizer enter the Gulf of Mexico per

year. Scientists said they expected the tonnage to increase with corn acreage, especially
since corn absorbs less nitrogen per acre than other crops like soybean and alfalfa. U.S.
farmers planted more th&3 million acres of corm 2007, the most since 1944.
Environmentalists are warning the gulf could reach a tipping point where it is unable to
maintain stability. AThe ecosystem might
i mpact ed, 0 dothe Nbw Qtieandaser Gulf Restoration Networlgee

reference 30.

Reference 31 is a Los Angeles Times article abeatstudies publisheBebruary 74n
the journal SciencefiOne analysis found that clearing forests and grasslands to grow the
crops eleases vast amounts of carbon into the-dar more than the carbon spared from

the atmosphere by burning biofuels instead of gasoline. The second study

converting existing farmlanish the U.Sfrom food to biofuel cropscreases greenhse

gas emissions as food production is teluifto other parts of the world whichresulting

in the destruction of more forests and grasslands to make way for farmiBEme$tudy

found that clearing an Indonesian peatland rain forest to make wayitdualb

plantation-- a conversion that is occurring rapidly to satisfy Europe's rising demand for
biodiesel-- releases so much carbon that a net reduction in emissions would not begin for
423 years.Cutting down a tropical rain forest in Brazil to groeybeans for biodiesel
increasesarbonemissions foB19 year

Energy Independence and Security Act of 2007

TheEnergy Independence and Security Act of 2Q@8&sed bZongress and signed by
President Bush in December 2007, requires U.S. producti®® loilion gallons of
biofuels by 2022. See reference 32.

The2007Energy Act required biofuel production quantities per year are defined in Table
3. Renewable biofuel includesdiuels made from corn starciidvanced biofued

excludes mfuels maddrom corn starch.Cellulosic biofue$ are limited to those made

from any cellulose, hemicellulose lignin that is derived from renewable biomass
Biomassbased diesel excludesbiesel made from corn starch. Advanced and
cellulosicbiofuel productiorwill slowly phase in starting in 2009 and 2010, respectively.
Also, 15 billion gallons of corn kernel ethanol will still be permitted to be produced in
2022. The reference 27 MIT study shows that corn kernel ethanol production will result
in relativelylow Eout/Ein ratios, compared with advanced agitutosicbiofuel

production.
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Table 3 - Billion of Gallons of Biofuel Production per Year

Year Renewable Biofuel | Advanced Biofuel | Cellulosic Biofuel Biomass-based diesel
2006 4.00 0 0 0

2007 4,70 0 0 0

2008 9.00 0 0 0

2009 11.10 0.60 0 0.50
2010 12.95 0.95 0.10 0.65
2011 13.95 1.35 0.25 0.80
2012 15.20 2.00 0.50 1.00
2013 16.55 2.75 1.00 to be defined
2014 18.15 3.75 1.75 to be defined
2015 20.50 5.50 3.00 to be defined
2016 22.25 7.25 4.25 to be defined
2017 24.00 9.00 5.50 to be defined
2018 26.00 11.00 7.00 to be defined
2019 28.00 13.00 8.50 to be defined
2020 30.00 15.00 10.50 to be defined
2021 33.00 18.00 13.50 to be defined
2022 36.00 21.00 16.00 to be defined

The 2007 Energy Act does not define oil displacement goals or even require that the
equivalent amount of oil displaced per year by the biofuels program be reported.

Evenif it takes NO energy to produce 36 billion gallons of ethanol in 2022 the energy
equivalent amount of oil displaced would be 472 million barrels of oil or 6.3 percent of
2007 U.S. oil consumption. More likely the energy equivalent oil displacemen2i 20
will be 5 percent or less of the 2007 U.S oil consumption. This will come at the possible
cost of ruining thenorthern coast of théulf of Mexico and releasing huge amounts of
greenhouse gases into the atmosphefeagsproduction is shiéd to otheparts of the

world.

3.3.2 Biodiesel

Biodiesel is made by transforming animal fat or vegetablesiilg an alcohol like

methanol and a chemical process that separates glycerine and methyl esters (biodiesel)
from fats or vegetable oilsGlycerine is ued in many common products includisoap

and is highly marketable Biodieselcan be directly substituted for diesel either as neat
fuel (B1M) or as an oxygenate additive, typically 20B2Q). Biodiesel can be used in

the pure form, or blended in angnaunt with diesel fuel for use in compression ignition
engines.Biodiesel significantly lowers polluting engine emissions, particularly hydro
carbons, carbon monoxide, and nitrous oxid&sy standard diesel engine will operate

well on biodiesel.See réerence 33.

In Europe, the largest producer and user of biodiesel, the fuel is usually made from
rapeseed (canola) oiln the United States, the second largest producer and user of
biodiesel, the fuel is usually made from soybean oil or recycled rastagneaseOnly
250million gallons of biodiesel was consumed in the United Stat2606. U.S.
Biodiesel production is predicted to double in 2007.
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The energy content of diesel is about 138,BU0W0s per gallon(A gallon ofdiesel has

19.3 percent m@ energy content than a gallon of gasolinéh)e energy content of

biodiesel is about 130,0@TrUs per gallon. If a vehicle gets 30 miles per gallon using
diesel it should expect to get about 29.6 miles per gallon using B20 and about 28.2 miles
per gallan using B100.

The cost of biodiesel is higher than diesel fuel. Pure biodiesel sells for about $1.50 to
$2.00 per gallon before taxes. Fuel taxes will add approximately $0.50 per gallon. A mix

of 20% biodiesel and 80% diesel will cost abouislt® 20%more per gallon over the

cost of 100% diesel.The U.S. Department of Energy (DOE) and Agriculture (USDA)

have major research and development programs under way to reduce the cost of biodiesel
production. These agencies have jointly funded research tifydeigh oil content crops

with diesel market potential. DOE programs include tergn research for productiari

algal strains with high lipid content and development of biodiesel conversion

technologies using algal lipids and higher plant ad8se réerence 34.

U.S. producers receivetax credi{subsidy)of $1.00 per gallon of biodiesptoduced
from virgin oil. The virgin oil can be obtained froamimal fats or oilseeds. Producers of
biodiesel fronrecycled cooking oil are granted a tax credi$0f50per gallon. This is in
addition to othesubsidies provided to farmers for growing the cragsd to produce the
biodiesel

3.4 Hydrogen

There is an inexhaustible supply of hydrogen
the most abundantezhent in the universe. As a fuel, it burns cleanly without

contributing to pollution or global warming. If hydrogen could be made to be a practical

fuel it would be ideafor small vehicle useBecause of this, much government and

industry research hascently been focused on overcoming hydrogen related problems.

Hydrogen powered vehicles can use internal combustion engines, similar to gasoline
engines, or fuel cells, which directly convert hydrogen into electricity, which then powers
an electric rotor. A fuel cell is alevice that converts energy from chemical reactions
directly into electrical energy. The simplest fuel cell ‘burns' hydrogen in a flameless
chemical reaction to produce electricity. In order to 'burn' the hydrogen a fuel cellaneeds
source of oxygen and this is usually obtained from air. The onpyréjuct from this

type of fuel cell is water Fuel cells are more efficient than internal combustion engines.
Hydrogen internal combustion engines are a mature technology. BMW ahdasdbr

have prototype hydrogen powered vehicles that use internal combustion etfgiaks.

cells need much improvement before they can be used practically in hydrogen powered
vehicles. Chrysletr Ford, GM, Honda, and Toyota each have prototype hydrogecéll

cars.

Almost all of the hydrogen produced in the U.S. today is by steam reforming of natural
gas Other production methods, include biological water splitphgtcelectrochemical
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water splitting, reforming of biomass and wastes, solar tHewatzr splitting and
renewable electrolysisSee referencg. None of these methods are currently able to
facilitate cost competitive production of enough hydrogen to significantly replace oil.

Hydrogen has many advantages as a fuel for vehicleg, llngtdisadvantage is that it is
difficult to store. This is because at normal temperatures hydrogen is Rajastial

solutiors to this problem ar® strongly compress the hydrogenliquefy it. Large

amounts of energy are eded for thig an estinated 20 tal0 per cent of the energy

content of the fuel.One kilogram (2.2 pounds) of hydrogen contains about the same
energy as one gallon of gasoline. The volume of one kilogram of liquid hydrogen is 0.5
cubic feet. Liquid hydrogen has a temperatfred34.5 degrees Fahrenheit. The volume

of one kilogram of gaseous hydrogen at 10,000 pounds per square inch (PSI) pressure is
1.18 cubic feet. The volume of one gallon of gasoline is 0.134 cubic feet. A two cubic
foot tank will hold about 15 gallond gasoline (weighing about 47 pounds). A 7.5 cubic
foot tank is required to hold 15 kilograms (weighing 33 pounds) of liquid hydrogen. A
17.7 cubic foot tank is required to hold 15 kilograms of gaseous hydrogen at 10,000 PSI.
Tanks designed to hold hyatyen at extremely high pressu@satliquid hydrogen
temperatures are heavy and expensive.

Another alternative for storing hydrogen is in the form of a hydrietal hydrides are
chemical compounds formed when hydrogen gas reacts with metals. Shaseful

metal hydrides react near room temperature at pressures a few times thagathe

earth's atmosphere. Metal hydridestheesafest way to store flammable hydrogen gas
Typical metal hydrides are powders whose particles are only a fewnthliof a meter
(microns) acrossCurrently available hydrides are not able to absorb or release hydrogen
fast enough for practical use in vehicles. Also, they can only absorb about 4 percent of
their weight in hydrogen.

In 2002 thel.S. Department of Bergy launched FreedomCA#R: partnership with
automakers to advance hitgrhnology research needed to produce practical, affordable
hydrogen fuel cell vehicles that American consumers will want to buy and drive.

In his 2003 State of the Union AddreBsesident Bush announced a $1.2 billion
Hydrogen Fuel Initiative to reverse America's growing dependence on foreign oil by
developing the technology needed for commercially viable hydrpgerered fuel

cellsd a way to power cars, trucks, homes, and busasethat produces no pollution and
no greenhouse gases. Through partnerships with the private sector, the President's
Hydrogen Fuel Initiative seeks to develop hydrogen, fuel cell, and infrastructure
technologies needed to make it practical and-efisttive for large numbers of
Americans to choose to use fuel cell védsdoy 2020.

Reference36 is the home page for thé S.Hydrogen Program. It is an excellent web

site that contains vision documents, roadmaps, program technology plans and annual
progres reports on each of the technology projects sponsored by the Hydrogen Program.
In reviewing the 2006 progress reports it appears that much progress is being made, but it
is not obvious that all of the critical program objectives will be achieved inttnreake
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fuel cell vehicles a practical alternative to gasoline and diesel vehicles by [906&0that
in Figure 15 DOE does not include hydrogen as a significant potential unconventional
fuel, even by 2030.

35 Coal

World proven coal reserves at thied of 2006 totaled 909 trillion tonnes (metric tons

which equal 2,200 pounds each) of coal, of which 479 trillion tonnes are anthracite (hard)
and bituminous and 430 trillion tonnes are-pithminous and lignite. This is an energy
equivalent of 3,470 ilfion barrels of oil. Ninety percent of the coal reserves are in nine
countries: U.S.(27%), Russia (17%), China (13%), India (10%), Australia (9%), South
Africa (5%), Ukraine (4%), Kazakhstan (3%) and Pol&#). See reference 3

Anthracite is cobwith the highest carbon content, between 86 and 98 percent, and a heat
value of nearly 15,00BTUs-perpound. It is most frequently associated with home

heating Bituminous coal has a carbon content ranging from 45 to 86 percent carbon and
a heat valuef 10,500 to 15,508TUs-perpound. It is the most plentifulérm of coal in
theU.S.andis used primarily to generate electricity and make coke for the steel industry.
Sub-bituminous coal has a 35 4& percent carbon content and a heat value between
8,300 and 13,00BTUs-perpound. This coal generally has a lower sulfur content than
other types, which makes it attractive for use because it is cleaner bulngrgte,

sometimes called brown co@,a geologically young coal which has the lowesboa

content, 2835 percent, and a heat value ranging betwie@00 and 8,308TUs-per

pound. tis mainly used for electric power generation.

World coal production in 2006 was 6.2 trillion tonnes with an R/P ratio of 147 years.
U.S.coal production wa 1.05 trillion tonnes with an R/P ratio of 234 years. See
reference 3.

Coal fired power plants produce 52 percent otJaB. electricity. Coalis the lowestcost
fossil source for electricity generation.

Coalfired power plants spe®9% of total US. sulfur dioxide pollution and 18% attal
nitrous oxides every yearTheyare also the largest polluter of toxic mercury podiati
largest cormibutor of hazardous air toxicsglease laout 50% of particle pollution and
release over 40% of total U.8arbon dioxide emissions, a primentributor to global
warming. See referen@. The environmental edtts ofmining include water pollution
and land disturbances well as the release of another greenhgasemethanevhich is
entrainedn the co&

The key to making coal power plants a raamtributor to global warming is carbon
capture and sequestrati@CS) This process captures the carbon dioxide and
sequesters it by pumping it underground in a manner that does not allow it back to the
suiface. There are three carbon sequestration experiments underway at this time
Norway,CanadandAlgeria. TheU.S.DOE has an experiment underway called
FutureGen FutureGen is an initiative to build the world's first integrated sequestration
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and hydogen production resedr@ower plant. The ten year $1.5 billiproject started
in 2003,is intended to create the world's first zemissions fossil fuel plant. When
operational, the prototype will be the cleanest fossil fuel fired power plant in thek wo

Reference8 A" The Fut wr a sofanCealcel |l ent report that
study performed byrainterdisciplinary MIT faculty grougvho examined the role of coal

in a world where constraints on carbon dioxide emissions are adoptetptte global

climate changeThey conclude that carbon capture and sequestration is technically
feasible but that further study is needed to determine the economically best ways to do
this. They do not believe that the thaeegoingsequestration pjects are adequate to
determine the information needed to determine safe sequestration procedures. They also
offered constructive critique of the FutureGen project, pointing out deficiencies and
recommending remedies. They have many detailed techmdaids and

recommendations that lay out a program of research and demonstration projects leading
to practical implementation of coal power plants with minimal pollution and CO2 release
into the atmosphere. Even if these recommendations are followedtakeilmany years
before significant results are achieved.

Gasoline, diesel fuel, methanol, and other chemiatsbe produced from coal. South
Africa hasproducel gasoline and diesel fuel from cdal many years During World
War 1l Germangroducel gasoline and diesel from caghce theycould notimport oil
from the Middle East.

German researchers Franz Fischer and Hans Tropsch pioneered the process of producing
synthetic fuel from coal and gas in 1928ee refegnce 3. Steam and oxygen are

passed over coke at high temperatures and pressures; hydrogen and carbon monoxide are
produced and themeassembled into liquid fuel$Sulfur and other pollutants such ash

and mercury are removed hd sufur can be sold as a byprodudt.hydrogen isneeded

for fuel cells, these plants can also provideTihe gasoline and diesel produced are high

grade and clean, meetitlieii c | diaems el 0 r e q WiSrHeweeenthes of t he
process is resource intensive.

Sasol , t Ingestsymheticugl®modlcawas founded in 1950 with the original
FischerTropsch (FT) technologies for synthesizing fuel and enhanced it from there.
Sasol has a co#b-fuel plant in South Africa, which produces 150,000 barrels of oil a
day. Sasolis building two cal-to-liquid plants in China The two projects, in the Ning
Xia and Shaan Xi provinceare expected to cost about $3 billiesch and to have a
combined annual production of 60 milliemnnesor 450 million barrel®f oil. The
resultant fuel would cosbaut $15 to $20 per barrel to produdgghina currently needs
to import 100million tonnes of oil a year and is keen to reduce its reliance on the Middle
East. See referencé0. Neither of these projects will use carbon capture and
sequestrationSasolis also developing plans for a third coal to fuel plant in China and
one in India.

Earlier this year two pieces of legislation were introduogdongress to facilitate coal
to-liquid fuel processing in the.S: Thefi C ote-lliquid Fuel Promotion Act ;2007
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sponsored by Senators Bunning and Obanmad Go#tHte-Liquid Fuel Energy Act of

2000 sponsored by Senator Bunning. A hearing
2007 bythe HousBci ence & Technology Committeeds Sub
Environment The hearing had expert testimony that addressed the advantages and
disadvantages of coal to liquid productiofhe witnesses agreed on two things: that

conventional CTL processes carry a very heavy carbon dioxide burden and that the

industry wil require federal support if it is to develop.

The proponents for CTL pointed @CSprocesses to ameliorate the carbon buradeh a

using a coabiomass mixturghat could bring the lifecycle emissions below that of

conventional petroleum dieseDpponats highlighted the problems with reliance on

CCS; argued that rough parity or slightly better CO2 emissions compared with petroleum
fuels doesnodot address the issue of reducing
pointed to better uses of ceauchas the production of electricity for plig hybrids via

an integrated gasification combined cycle (IGCC) process with (3e8.referencél.

TheEnergy Independence and Security Act of 200tainsprovisions for$240 million
funding in each of thgears 2008 through 201@r large scalearbon capture and
sequestration researcBee referenc@2.

Reference 8 the MITA T h e F ut unepmrtincludesGo appeadirnnthe subject
of using coal to produce liquid transportation fuel. They esérniat with$70 billionin
capital investment and about 250 million tons of coal per (g&apercent of currerd.S.
production) theJ.S. could produce abow.475 billion barrels of liquid fuel per year
without pollution or carbon dioxide release to #tmosphereThis is after carbon
capture and sequestration technology has matured.

3.6 Electricity

Electricity is used to power public transportation systems in major cities including the
MTA in New York City, the CTA in Chicago, BART in San Francistetro in

Washington DC, and the Metro in Paris to name a few. These systems use what is
referred to as tethered electricity since the cars are directly connected to electrified rails
or wires.

Electricity can also be used as a fuel in small vehiclés electricity is stored in
batteries and the batteries operate an electric motor. Electric motor@tasreent
efficiency in terms of converting the potential of electrical energy into mechanical
energy. This compares to gasoline internal combgngines having a 35 percent or
less efficiency in terms of converting the potential energy of gasoline into mechanical
energy.

Battery technology is the limiting factor for using electricity as a transportation fuel.
Typical leadacid batteries getbout 60 wathours to the kilogram. Nickel metal hydride
batteries, used to power hybrid vehicle, get up to 120 heatts to the kilogram. Still
further advanced lithiuaAon batteries are approaching 200 wadtrs to the kilogram.
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Small lithiumion batteries are used to power many electronic devices, including laptop
computers, cell phones and camcorders. In the past they have had safety problems which
caused fires. They are presently not suitédnl@ise in vehicles.

Severalautomobile companiesurrently manufacture and sell hybrid vehicles, including
Ford, Honda, Nissan and Toyota. Hybrid vehicles use both an internal combustion
engine and electric motors. The only source of external energy put into the vehicle is
gasoline or diesel fuel. Hiticity is generated by the eleictmotors, acting as
generatorsn braking the vehicleand by the internal combustion engine powering a
generator. Electricity is stored in nickel metal hydride batteries which then power the
motors either by themselves in conjunction with the internal combustion engine to
propel the vehicle. Hybrid vehidget higher mileage, thus lowering gasoline
consumption. Hybrid vehicles typically cost about $5,000 more than gasoline engine
only vehicles in the same clasBhe extra cost is amortized through lower fuel
consumption, with a typical break even point of around five years.

Plugin hybrid vehiclesalso use both an internal combustion engine and an electric
motor. External energy is put into the vehicle as gasair diesel and by electricity
obtained by plugging in to a normal wall socket. Electricity can also be obtained by
braking as in pure hybrid vehicle®lugin hybrids can use the internal combustion
engine to both propel the vehicle, in conjunctiortwiite motor, and to chargjee

battery or only to charge the battery. If the internal combustion engine is used only to
charge the battery then it can be much smaller than if used for propulsion.

Electric only vehicles use only an electric motor foygulsion and batteries which are
charged using electricity obtained by plugging in to a normal wall socket.

Practical plugin hybrid and electrionly vehicles suitable as alternatives to internal
combustion only and hybrid vehicles are not yet commiér@sailable due to the lack
of a practical battery.

Battery characteristics needed for successful-pidgybrid and electrionly vehicle use
include: low cost, safety, wide temperature operating range, long battery life, high
number of charge and disarge cycles, rapid charge and discharge,rateshigh energy
storage capacity to weighatios. Many companies are spending significant efforts and
funding to develop lithiumon batteries with these characteristics. It is expected that
lithium-ion batteries suitable for use in phig hybrids and electric only vehicles will
soon be available and that practical and affordable-iplinybrids and electric vehicles
become commercially available in the next few years.

There have been several recent kit@@ughs that are encouraging for the development
of practical plugin vehicle batteries.

Stanford Universityesearchers have found a way to use silicon nanowires to

significantly boost the power of rechargeable lithilon batteries. The new
version,developed through research led by Yi Cui, assistant professor of
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materials science and engineering, produces 10 times the amount ragislextt
existing lithiumion batteries. The new battery uses nanowire anodde lithium

is stored in a forest diny silicon nanowires, each with a diameter -tineusandth

the thickness of a sheet of paper. The nanowires inéiditair times their normal

size as they soak up lithium. But, unlike other silicon shapes, they do not fracture.
See referencé2.

ExxonMobil Chemical and its Japanese affiliate, Tonen Chemical Corporation,
are developing a prototype microporous film for lithiion battery (LIB)

separators that it expects will dramatically improve lithimm battery power and
safety performance in hylokelectric vehicle (HEV) applicationsThe film offers

the potential to reduce the size and weight of HEV batteries, according to
ExxonMobil Chemical, thereby contributing to HEV system cost reduction and to
improvements in design flexibility and durabjli See referencé3.

GM plans to introduce an advanced hybrid vehicle called the Chevrolet Volt to the U.S.

by as early as 2010. The Chevrolet Volt, unveiled to the press on 7 January 2007 at
Detroitds North Amer i can stlevetseriemhgbrid conceptl Aut o
car shown by a major manufacturer. Its-llt€r, 3-cylinder turbocharged engine runs an

onboard 5%kilowatt generator that recharges aki®watthour lithiumion battery made

of80fourvol t cell s. TheibattOér yipackods GMOBME ar
weight for the pack is 180 kilograms (400 pounds). The company also wants the battery

to last at least 10 years, through 4,000-@idcharge cycles. The battery pack would

charge in less than 6.5 hours, power ak®@0electric motor delivering 320 newton

meters of peak torque, and go 64 km (40 miles) welakttric mode on battery charge

alone. The 1jallon gasoline tank would add an additional 965 km (600 miles) to that

range. AWe dondt hicaTory Pasawhta the vehicke linp direcktor. y et , 0
He confirmed that the vehicle sh#&wn in Detro

In January 200General Motors Corp. announced it awarded advanced battery
development contracts to two suppliers to desigeh test lithiurAon batteries for use in

the Saturn Vue Green Line phig hybrid SUV. A GM spokesman said thafhanks to

critical relationships with the U.S. government, collaborative research with Ford and
DaimlerChrysler under the United States Adlved Battery Consortium (USABC),

significant progress hdseen made in battery researcht & lot of testing and

development is still needed. Together, with our suppliers, we intend to address the issues
relating to thermal management, storage capae&itharge times, driving range and cost
reduction.” The two test batteries, one from Cobasysl23Systems and the other from
Johnson Controls Saft, will be evaluated in prototype Saturn Vue Green Line-plug
hybrids beginning later this year. While batte lithiumtion batteries, the chemistry

differs significantly. The suppliers also use unique methods in the design and assembling
of the battery packsSee referencébs.

One huge advantage that plghybrid and all electric cars have is that the stinacture

to support them is already in place. All that is needed to fuel these vehicles is access to a
120 volt power outlet.
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