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T LOESIHIGOEISISUpply ~85% of All Energy
= " Aspnsiipieninithe U.S. and World

USA 2008 Energy Consumption: World 2008 Energy Consumption:
100 Quads 500 Quads
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BRI EAK Oil? (2006 Prediction)
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|Figure 4.23 In 2010, the first time in history, a 100 000 tons deadweight tanker passed the Northern Sea Route.
SCF Baltica carried 70 000 tons of gas condensate from Murmansk to China. Nuclear icebreakers Rossiya,
Taymir and 50 Let Pobedy piloted the tanker through ice on her way from Novaya Zemlya to Cape Dezhnev.
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20 Kilometers
offshore In
Pechora Sea
Operates
year-round at
85 million

barrels / year

O Ruslan Bolshakov



* EIA raised Canada's proven oil reserves to 180 billion bbls
from 4.9 billion bbls, thanks to inclusion of the oll sands -
also known as tar sands - now considered recoverable with

» The U.S. agency estimates SaudilAralkias
reserves at 264 hillion & l)l)l:* The EIA r)I'DJP‘f* el

Could produce 2.2 anilGRNIAITEISERCaNIN A2 2
gelpplekzigleRWitphigie etifrpitiSvEl af zigeatis 700,000 ofcl, wriicr

o dlieaey e RESERISHNOIERIEIRAN O UTiROTROL NS
atitotieaf &, prilllier) o/l



“‘Canada
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change
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landscape™
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Aenersiasses U.S. in Auto Sales
-

US vs China Auto Sales
Cctober 20056 - October 2011
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Phina and India Oil Demand

Million Barrels per Da
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China Oil Production, Net Imports and Consumption [+400 kb/d pa] mb/d
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China’s claimed
territorial waters
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Electricity generation by fuel in China B Geothermal/
Million GWh solar/wind

2.5 Comb. renew.

In 2010 & 2011 & waste
. =0 I Hydro
Chlna B Nuclear

Commissioned B Gas

New Coal | M oil
Power Plants at Coal/peat
the rate of 1/wk B

1975 1980 1985 1990 1995 2000 2005

lﬁ/ Source: IEA Energy Statistics, Statistics on the Web:
' Electricity generation by fuel, Feople's Republic of China © OBCDYIEA, 2009
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Is Sending Wyoming Coal to China Smart Economics?

Coal originating from the Powder River Basin in Wyoming anc
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IBWRINENERGY, Consumption 1990-2035
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Source: U.5. Energy Information Administration, International Energy Outlook 2011




AIWELERISTA Small Part

Figure 2.1
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» 48% of total water withdrawals (39% of freshwater w/drawal)

» Withdrawal: 0.2-42.5 gal/kWh Consumption: 0.1-0.8 gal/k\WWh




INWERVAIEISSECTON Uses a Lot of Energy

* Energy Is used to produce, move, heat and treat water

- ~ 3% of U.S. electricity for water/wastewater plants
- ~10%+ including end-use (heating, etc.)

» Largest energy. user in most municipalitiesi(=505%0);
— most WWTPs

> Califerniaiisian extremeexampie




- WEERIuuiction, Treatment and

istrioution Releo|iifsSR=l=ge)Y

Source/Treatment Type Energy Use [KWh/Mgal]

Surface Water

Groundwater

Brackish Grour




» Growth/Production * Processing/Refining

— ~780 LH20/ Lfuel for irrigated corn in the US - 1-3 LH20O/ Lfuel for

- 15 to 260 LH20/ km for corn ethanol petroleum :
(withdrawals)

— 3 to 146 LH20O/ km for corn ethanol
(consumption)

- ~510 LH20/




m Historic US Fuel
Ethanol Production

" Projected US Fuel
Ethanol Production

1980 1985 1990 1995 2000 2005 2010 2015 2020

TRenewable Fuels Association, Historic U.S. Fuel Ethanol Production,
2 Renewable Fuels Association, RFS Schedule under the Energy Independence and Security Act of 2007




B ENVIBYang Towards More
~AVEIETEIRIENSIVE Energy

* Nuclear power, Solar CSP
— Note: also choosing water-lean energy forms

l.e. Solar PV, wind, natural gas

» Future transportation fuels are especially thirsty,

— Unconventional fossil fuels



ROWERGeneration Trends & Risk

Build O&M Fuel External Total
$/MW $/MW $/MW $ $
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U.S. Residential Electricity Price
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U! Lawrence Livermore

Estimated U.S. Energy Use in 2008: ~99.2 Quads National Laboratory

Net Electricity
imports

o8 Flectricity
Ceneration
19,97 Rejected
Energy
Sror

8,

Residential

Commercial
8.58

Industrial
23.94

Frans-
portation
27.86




B, SSERVHEDOES It All Mean

Fossil Fuel Supply is Finite and Demand Is Growing

Global Oil Production Has Probably Peaked, Demand Has Not
Global Coal Use is Increasing Rapidly (China & India .
Shale Gas Offers Hope But May: be Outstrippediby Demand
The “Rest of the World™ isiBullding Pewers PIantSieaBUyinoNears
The “Rest of the World istindustrialiZngrsaBuiicing




U.S. Enere)y Canlisitingleiifels

USA 2008 Energy Consumption: World 2008 Energy Consumption:
100 Quads 500 Quads

W Petroleum 6%

¥ Coal

® Natural Gas
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™ Renewables

Source: EIA
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