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Today's Agenda

* Some Definitions

e Current Energy Sources

» Alternative Energy Potential
* Reality Check



ENERGY
The Ability to Do Work

Kinds of Energy

e Heat (Thermal) e Electrical
e Light (Radiant) e Chemical
 Mechanical e Nuclear




Uses of Energy

e Transportation

e Heating/Cooling
e Cooking
 Lighting

Manufacturing
Communication
Entertainment
Etc, Etc, Etc




Non- Renewable Energy Sources
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Rerewsanle Energy SouUrces
(AYA " Alternzailve Ensrgy”)




Energy Sources in Califorrnia




The Callfornia Energy Ficilre
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30 years ries
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S, Ol Production

(Inclucling Alzskay

U,



World Energy Sourc




World O1l Proclucton




Sorne Worry anollt 2 Pear
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Discovery <lzes <
After Peay, Procduc

Results in Norrmel D
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Fluopert' s Preclictlon




Actual U.S, Ol Production



World O1l Proclucton




World OIl Supply

Heserve Additions ancd Product orn)

Ghawar
Kuwait
Siberia

Cantarell

North
Sea

Kazakhstan
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Mexico' s Cantarel] Fleld

A Clessic Example of 2 Depleting Resource




The Ading Glarnis....



Blgger Worry — I ncreasing Dernand
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Chinclizl
Our Newest Cornpetitor for Energy

> 2.3 oillion People

> Growing Corsurngiion

— Orly Flve berrels per persor

/

— Ermerding Middle Class

—. I— W aka)
o Aggress] eguyeb
— Forelgn Ollfields/Coritracts
— Forelgn Cornpenies
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rucle Ol Imports
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Incial s Solution: * Frugal” Engineering




A Thousand Barrels a Second...




Blg Picture for World Energy

Dernanc Growir In Ermerging Econormies
Energy — nesd 40-50% more py 2030
Capital Requirecd — $20-30 Trillion
Douoleine current annuzal investrnent level
Need every source of energy

Consiralrii — carpor ernisslons recuctions
Orly clear soluilon — Nzilral Ges

U?



Netural Gas— A Wnole Neyw Worldl?




“Old” Trinking on Supply — circa 2006




Mejor U.S. Shele Besins

We nzve elways Knowrn wrere trgy arel
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Arnezing Growin in Last T
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Huge Irnpact — 500 TO 1000 TCF
Potential in North Armerica?

1

ayetieville— 1.5 BCFPD and growing
> rlaynesville— 1.0 BCFPD anid growing
> Woodford — 200 MV et ocl ancd growing
> Marcellus— 200 MM ciod and growing
o Canecla- Florn River/Moriingy — 400 VIV cf ol

o

Fincing anc Developrnent Costs = $5-7 per mcf 77



World Supply o fS rericlec] Neilral Gesls
nuge — 6000 Tcf -+

Cziar, eic, LNG Invesirmenis—will they iip
ine scalesto aworld orice for nzilral gas?

& D Cost for Unconvernitionzl Gas —ire
ry 1s <t out

J
OlllGes Price Decoupling — arnezirg
onenorrn — progaoly snori-lived



Fezsl Poterntial -- Neaitu;







Flow Aol those Alternatlves to Fossl|

FLElS?




Current * Alternziive Energy” -- 6%

rlydroglectric —rlalf of Total Rernewanles




Ferneywan)

=rer

g




Wind Energy

sNearly 100,000 Mw
worlcwice

230% Incresse 1n 2008

sProjecied to more
trien couple in the
next two yeers




New, Larger
Turoines

> rligner
OLITOLUT per
Turoine



Wind Energy Chzllenges

Orlly Cerizirn Locetlons can Wory
Environrenial lssUes
Tranzporiztion and Distriouton

=reall Overall Irnpact 1n U.S, 1)
tne Near-Term



Solar Energy




Arezs witn Solar Poternitial



Excellent Energy Zaving Applicetions




Mejor Power Flant Proposzls



=olar Energy Chnallenges

.

Irrltecl Aress ywrere Solar 1s



Flycro



Flydropower inine U.S.

1Y% of U.S, Electric Generation, 75% of Total Rernewaole Energy

TOP HYDROPOWER PRODUCING STATES
2004 -
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Flydropower Criallenges

Lirnitec New =xpansion Locetions
Current Trencd — clestroy carns!

environrernial Chzllenges
— Wild Flvers
— Destruction of Fln rleoliar



Geotnermel
Eriergy




Geotnerrnal Power Plants

The Gaeyzersin California




Geotnermeal Potential 1n The U, S,

Largest Geotnerrnzl Producer inine World

2007

130%2

10042




Geotnermeal Crzllenges
> Lirnited Areasto Expard

o> Technologicel Challengesin Drilling

> Hesearcr in More Efficient Conversior
of Flest to Fower



rlydrogen Energy
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The rlydrogen Fuel Cell




Flydrogen Energy Crizllenges

—J

> Cost to Zepareat
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Low Arnournt of Energy per Volurrne



Eineanol




The Politlice
Energy Source

“By God, you oeiier
[1ie Etnanol —1t's

]H

Arnericean!




Craceing tne ¥ ernel — Power | ritensivel




Geaczoline Replacaerneants?

— Corn requires 29% rmore fossll energy
— Switcn Grass requlres 45% more fossll energy
— Wood Blornzss requires 57% more fossl] energy

1-1/2 ged O‘f einanol = 1 gal of gasoline

A)

Blociese
— Soypeans requlre 27% more fossll energy
— Sunflowers require 118% rmore fossl] energy
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Blomess Crallenges
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Fesenircr to acraeve Enert

Irnpzct on Food Frices
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Soering Farrnlarnc Prices
Fezl Cost to Consurmner -- Suosicies?

RealltyCheck Isthis really 2 Solution or
el Distrection?




Flow soout Alternzailve Energy
frorn Non-Renewable Sources?




CANADA

1.7 Trillion
Barrels
Of

rlezyy Ol



s — Nurmoer Two and Growing




Growing Ceangaclian Production
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Cenzclian Ol Sands Mining




rlezyy Oll Sancds Crigllenges

> Unicertaln =conormics
— rFluge Froni-End Capiial Costs
— Large Neiural Gas Needs

— Upgrading Costs



Oll Snele




Two Trillion Barrels intne U.S.

Apout Twicetne Currernt World' s O]l Feserves









Oll Snale Cnallenges

Creennotze Gas Ermlsslons
Surface Disiurparnce
Jrncertaln Econornics

— rluge Capital Cosis

— Large Neiural Gas Needs

— Upgrecling Cozts



Nuclear Poyer




Nuclesr Power 1ntne U.=.



Nuclear
POWeEr
Intne
Worldl



» Perception of Zafety |
o Radiozcilve Wesie Disposel

o ErvITonemernial — weiker Lssge



Bottorn Lineon Alternatlves

o Renewanles — Irmporiart to conilnue
resezirerl, OUt szl near-terrn Irmnpeac

> Nor-Rerneweanles — nuge goterilal to oe
(Jarre criznging source of energy



Florne of Thnose
Fesponsiolefor
=olving our
Netiorn's
Proplerms

545 | eadlers
for
200 million

oeople
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S. Energy Folicy = True C
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WhoisReally
Responsiblefor This
Tragedy?



“We newve found tne enermy encd neare Us’  rog




ﬂ)
()
S
Q) )

Our Fuiur

Wy len' i1t possiole?
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