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Foreword

Interpretations, conclusions and views drawn from the
the data shown in the following analysis are strictly the




Points to be covered:

- The ENERGY SUSTAINABILITY DILEMMA:
- History — Where have we been and Where are we at?
- Forecasts - Where are we Going and how likely is it that
we’ll get there?

- Alternatives to Oil:
- Natural Gas — the clean burning miracle fuel
- Coal — natural gas’ dirty but abundant cousin

- Electricity:
- Some issues in keeping the lights on

- Some thoughts on the way forward: Why the ENERGY
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Highest growth in 2006 = Asia Pacific 4.9%; Coal 4.5% (data from BP Statistical Review of World Energy, 2007)




World Energy Consumption 1990-2030 in Three  pyyjections
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(History: BP Statistical Review of World Energy, 2007;
Forecast: Energy Information Administration International Energy Outlook, 2007)

Forecast Growth In World Energy Consumption, 2004-2030
(EIA, 2007, Reference Economic Case)
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(data from Energy Information Administration International Energy Outlook, May, 2007)




World Per Capita Annual Primary Energy
Consumption by Fuel 1850-2006
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(data from Arnulf Grubler, 1998; BP Statistical Review of World Energy, 2007; U.S. Bureau of Census, 2006)

World Population, Per Capita and Primary Energy
Consumption, 1850-2006, as a Percentage of 2006 Levels
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(data from Arnulf Grubler, 1998; BP Statistical Review of World Energy, 2007; U.S. Bureau of Census, 2006)




Cumulative OIL Consumption by the Human Race as a
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Quadrillion Btu

Forecast World Gas Consumption 2004-2030 o
in Three Economic Cases (EIA, 2007) Prol‘%‘ins
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(data from Energy Information Administration International Energy Outlook, May, 2007)
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World Natural Gas Reserve to Production Ratio in Years
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(C.J.Campbell, personal communication, September, 2006)




Billion barrels per year

Campell's 2006 Total Hydrocarbon Production and
Forecast 1930-2050
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North American Gas Production and Movements: 1985-2006
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North America Natural Gas Reserve to Production Ratio in Years
1990-2006

Years of Production at Current Rates.
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(data from BP Statistical Review of World Energy, 2007),

Canada’s Exploration Treadmill — more and more drilling
to find less and less gas
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Trillion cubic feet per Year

Annual Canadian Marketable Natural Gas Production
by Month January 1991 - May 2007
(12 month centered moving average)

Peaki Decline/
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(Source of data Statistics Canada, August, 2007)
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(Data from Alberta Energy and Ultilities Board (2006, 2007)
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The WCSB Treadmill:
Gas Rate Added per Foot Drilled down 12%/year
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The WCSB Treadmill:
Drilling Cost per Foot Drilled up 100% - 1999-2006
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The WCSB Treadmill:
Finding and Developing Cost up 21%/year
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Canadian Active Drilling Rig Count and Marketable Gas Production 2000-2007
(2005 Canadian Overall Decline Rate was 21%)
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National Energy Board Forecast for Canadian
Gas Deliverability 2007-2010 — Reference Case
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(data from National Energy Board, July, 2003)
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U.S. Gas Consumption by Sector, 1997-2006
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Number of Successful Gas Wells Drilled

The U.S. Gas Exploration Treadmill
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(data from U.S. Energy Information Administration, June, 2007)
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U.S. Annual Dry Gas Production Rate by Month January
1993 - May 2007 (centered 12 month moving average)
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U.S. Active Drilling Rig Count and Dry Gas Production 2000-2007
(2005 U.S. Overall Decline Rate was 32%)
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Active Rigs 2000-2007 (12-month moving average)
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U.S. Supply with Canadian Imports and Shortfalls Given NEB, 2003, Supply
Scenarios and EIA (2007) Reference Case Supply Scenario with
1.5% Yearly Decline in Lower 48 Production
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LNG Producers and Consumers in 2006
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FERC

Existing and Proposed
North American LNG

As of August

#

Terminals

Cancelled Terminals’s 26 |~/ k\wx,_\

LONSTRUCTED
A.Evarstt, MA: 1035 Bcfd (DOMAC - SUEZ LNG)
B. Cove Point, MD : L0 Bcfé {Dominion - Cove Paint LNG)
C.Elba Island, GA : 1.2 Bcfd (El Paso - Southern LNG) (5.835 bef/d)
D. Lake Charles, LA (Southern Union - Trunkling LNG)
E. Gulf of Mexico: 0.5 Befd .au% Gateway Energy Bridge - Excelerate Energy)
APPROVED BV FERC
Hackberry, LA L& Bcid{Camercn LNG - Samers Ensray)

xpress

ahamas : 0.84 Bcid (AES Oce
Bahamas : 0.83 8¢ (Cahpso Traceshal]”
Freeport, TX : fd_(Cheniers(Frasport LNG Dev.)

26 Befd (Sabine Pass Chenere LNG)
i, TX: 2.6 Bcfd (Chenisre LNG)
W TX: 11 Bokd [Vita Del Sol - ExanMiab)
Ai08 5 fd (Weaver's Cove Ensrgy/Hess LNG)

MI0H N N R G R s
-]

e ] "~ AT 0 Befd (Goldzn Pass - ExxonMaobil) (30.92 bef/d)
P Falfinds LNG, bl v "0, Corpus Christi, TX: 1,0 Befd (Ingleside Energy - Occidantal Energy Ventures)**
Hope Island LNG, ME o) 1. Logan Township, NJ : 1.2 8efd (Crown Langing LG - 8P)
Hultbolt Bay LNG; Eureka, CA_ = 12, Port Arthur, TX: 3.0 Befd (Semore Energy)
f . ;'5'5““;“1;3‘5“’5’\'/:91;‘C7;L Y f 13. Cove Point, MD : 0.8 Bcfd (Dominion) i
e i 2 14, Cameron, LA: 3.3 Befd (Creole Trail LNG - Cheniere LN
“‘é el - ¢ 15.5abine, LA: 1.4 Befd (Sabine Pass Cheniere LNG - Expa
NG e 5, 16. Freeport, TX: 2.5 Befd (Cheniere/Freeport LNG Dev. - Expansion)
s, FL 17. Hackberry, LA 1 0.85 Befd (Cameron LNG - Sempra Energy - Expansien)

Tijuana Eﬂergy Center, Tuuan

e
P%ar\ Cmssm Ao = A>
Southern Offshor Crysl Energ 25 8

Ba amas, Seafarer/El Paso *| |
Oﬂ ore Lnuswana Main Pass/McRarar
TConocoph T
Point Tupper, Anadarka S Xl

ifornia Offs yion, M%
Pascagoular MS-Gull L
Pascagoula, MS, cnewon/Tex f*‘
Oﬂshare Boston, MA, Neptune

[~

Offshore Califarpia. BHIP Billiton

6, 2007

Offshioe Bosion, W&Eﬂera{e G
utof Moco conmop% ”T

© FERC

U5 pinsline anproved: LNG terminal pending in Bshamas
Construction suspended

Office of Enerqgy Projects

() MARAD/USCG

18. Pascagoula, MS: 1.5 Bcfd (Gulf LNG Energy LLT)
19, Pascagoula, MS: 1.3 Befd (Bayou Casotte Energy LLC - ChevronTexaco)
APPROVED BY MARAD/COAST GUARD
20. glzrrthl'ellcan 1.5 Befd ’Ch;fl:n Texaca)
21. Offshore Louisiana : 1.0 Main Pass Mc MoRan Exp.)
22. Offshore Boston: 0.4 Befd | Ne(:ﬂuna LNG - . (3 8 bef/d)
23, Offshore Boston: 0.8 Befd Ne theast Gateway - Ex:eler ate Enargy)

ANADIAN A
24, St. John, NB: 1.0 Bcfd I:Lan,j:u rving Ofl/Repsol)
25, Kitimat, BC: 1.0 Befd (Kitmat LNG - Galveston LNG) g 5 bef/d)
26. Rivigre-du- Loup, QC: 0.5 Befd (Cacouna Energy - TransCanada/PetroCanzda)

MEXICAN APPROVED TERMINALS

27. Altamira, Tamulipas : 0.7 Befd {ShelliTotal/Mitsui 3
28. Baja California, M (Energia Costa Azul - Sempra Em(; )
29, Baja California, M Energy Costa Azul - Sempra Ensrgy
PROPOSED TO FERC

30. Long Beach, CA :

2 bef/d)
Expansion)

Befd, (MitsubishifConacd
31. LI Sound, NY: B' adwater Energy - Tra
32. Bradwood, OR: 1,0 Beid {Northem Star LNG - Northarn Star Natural Gas LLC)
33. Port Lavaca, TX: LD Bcf:l (uql'nun LNG - Gulf Coast LNG Partners)

34, Pleasant Point, ME : 2.0 Befd {Quoddy Bay, LLC)

ilF2s - Sound Ensrgy Selutions)
nsCanadalshell]

US Jurisdiction 33 Rebbinston. ME: 05 cid (Downsast LNG - Kestre\ Energy)  (11.1 bef/d)

36. Elba Island, GA: 0.9 Bcd (E] Paso - Souther

37. Baltimare, MD: 1.5 Bcfd (AES Sparrows Poin AES Corp)

38. Coos Bay, D Befd (Jordan Cove Energy Project)

39, Astoria, OR: 1.5 Befd (Orzgon LNG)

PROPOSED TO MARAD/COAST GUARD

4. foshore(alllornla 1,4 Bcfd, (Cleatwater Port LLC - NorthemStar NG LLC)
1. Gulf of Mexico: 1.4 Bcfd (Bienville Offshore Energy Terminal - TORP)

32 Offshare Flarsda: 15 5 {SUEZ Calypso - SUEZ LNG] g 7.6 bef/d)

43, Offshore California: 1.2 Beld (OceeriWay - Woodside Neturel Ga

44, Offshore Florida: 1.2 Bfd [Hoggh LNG - Port Colphin Energy)

Total = 64.455 bcf/d
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LNG Imports and Surplus Capacity 2000-2006
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World Coal Production and Consumption: 1981-2006
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Consumption has Increased by 29.6% since 2001 (data from BP Statistical Review of World Energy, 2007)
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World Hydrocarbon Consumption in 2006
Versus Remaining Hydrocarbon Energy Reserves

Consumption in 2006 Remaining Reserves
by Energy Content

By Energy Content

(data from BP Statistical Review of World Energy, 2007)
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Price of Hydrocarbons per Gigajoule in 2007
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~ One Forecast of Future

M toe World Coal Production (EWG, 2007)
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Production-Constrained Carbon Emissions vs IPCC Scenarios
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Simulated CO, Levels — Production-Constrained versus
Super Kyoto Rate-Constrained
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*  Predictions using the program MAGICC from Tom Wigley at the National Center for Atmospheric
Research in Boulder with a modified WRE profile

*  The Producer-Limited Profile gives a peak CO, concentration of 460ppm in 2070
»  The Super-Kyoto Profile gives a 440ppm peak (from Rutledge, Caltech, 2007)
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Forecast World Net Electricity Generation by Region
2004-2025 (EIA, 2007)
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(data from Energy Information Administration International Energy Outlook, May, 2007)
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(data from Energy Information Administration International Energy Outlook, May, 2007)
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Forecast U.S. Electricity Generation by Fuel 2004- '\g;‘::z‘

2030 (Reference Case EIA 2007) l

46% Growth 2004-2030 i

Terawatt Hours

(data from Energy Information Administration International Energy Outlook, May, 2007)

North American Generating Capacity Expansion
By Fuel (1998-2015)

1998-2005 - 236 Gwatts 2006-2015 — 95 Gwatts

O Gas

H Coal

H Nuclear
= Wind

B Other

Total Expansion 331 Gwatts or ~30%

(data from National Electricity Reliability Council, October, 2006)
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Coal’s Resurgence in U.S. Electric Power Generation
Proposed New Plants through 2020

124 Plants
73GW
$ 99 Billion

12GW  04GW
$168  $058B LEGEND
Undecided 2 1 Capacity (GW)
3$g 3(‘3\E,5V Investment (B - Billion $)
'7 ) . Number of Proposed Plants
(Source: American Coal Council, 2005)

WHAT ABOUT “CLEAN COAL"?

- Higher efficiency generation with new technologies can reduce
CO, emissions by 25% given existing technologies — more in
future, coupled with 99+9% reduction in particulates, 99% in SO,,
90% in NO, and 90% in mercury

- The most efficient current technology is ultrasupercritical
combustion at 43.5% - compared to 34% for a 60’s era subcritical

plant.

- Demark is a world leader in ultrasupercritical plants and utilizes
them in district-heating applications with combined efficiencies
exceeding 60% (which is better than combined-cycle gas).




WHAT ABOUT “NUCLEAR™?

Generation Capacity at Current Construction Levels and Levels

Required to Maintain and/or Increase Nuclear Capacity by 2025
Installed Capacity [GW]

New Capacity [GW/yr] 482 New 16\ Roaut
ew eactors

N\
5 0 B Construction start | forecast: 3 GWiyr assumed) — present frends 5 0 0
N Required Construction start to maintain constant capacity 346 New 1GW
Required Construction start to mest WEQ-2008 reference scenario
e Required Construction start to mest WEQ-2005 alternative policy scenario V' Reactors
40 - 400
ity
capac! 283 New 1GW
nsialted Reactors
30 /// 300
20 i - 200
Not realised! 57 New 1GW
<~ Reactors

1960 1870 1980 1990 2000 2010 2020 2030 Year

(adapted from Energy Watch Group, Paper EWG Series No. 1/2006, (2006); data from 1AEA, (2006))

WHAT ABOUT “NUCLEAR™?
The FUEL SUPPLY lIssue:

kt Uranium
Fuel demand for reactors
(%)
60 Ef
g
50 Reprocessed Weapons || | o
and other stockpiles §

Miger
Kazakhstan

Namibia

1950 1960 1970 1980 1990 2000 vear
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WHAT ABOUT “NUCLEAR”?
The FUEL SUPPLY Issue:

Worldwide Uranium Resource Utilization
sﬂ.

LWR Once Through

)
L=
i
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Inr_i:'t_:_g_l.'l:ed 2050
201 _sneculative Resources ___ __ Lot . FastReactors

Introduced 2030
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Known
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2040 2060 2100
Year

There is a Great Inequity in Energy Consumption Worldwide

Primary Per Capita Energy Consumption of Selected Countries in 2001

14.4% of r 48.4% of
» World Population World Population

Tonnes Oil Equivalent per Capita

(data from BP Statistical Review of World Energy, 2002, and United Nations World Database, 2002
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Per Capita Consumption — History and Forecast (1965-2030)

-
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(United States Bureau of Census, November, 2006;
BP Statistical Review of World Energy, 2006; EIA International Energy Outlook, June, 2006)

Total Consumption — History and Forecast (1965-2030)
Industrialized

Million Tons Oil Equivalent
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(BP Statistical Review of World Energy, 2006; EIA International Energy Outlook, June, 2006)
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Billions of People

World Population Increase 1950-2050

Total Popu

lation 2I'Z_:ercentage Increase

. Net Increase/Year

Year
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>5%/year

Millions of People Increase per Year
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601
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20

101

80 '/\
\

701

(70 million new

0 +————————
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(Us.

Bureau of Census, 2005; Hirsch, 2005;

Globe and Mail February 17, 2006; VVancouver Sun, July 22, 2006; National Post September 16, 2006)

Trends in Energy Investment for Food Production

(The Hydrocarbons We Eat)
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Summary

The five-fold expansion of global population since 1850 has been made
possible by non-renewable fuels, the consumption of which pervades all
aspects of society — food, transportation, communication etc.

The eight-fold expansion of global per capita energy consumption since
1850 has been entirely a result of consumption of non-renewable energy

Despite the hype, renewable energy technologies are EXTREMELY
UNLIKELY to be able to replace non-renewable energy in existing
energy demand forecasts — a sustainable future lies in radically reducing
and rethinking energy consumption

Natural gas is unfortunately, as with oil and coal an irreplaceable one-
time resource

North America is on an Exploration Treadmill with respect to
conventional gas and new supplies from unconventional sources are
only serving to slow the rates of decline

LNG will help offset these declines but North America will be in
competition with other countries who also see LNG as a solution

Summary

Research on new sources such as tight gas, shale gas, gas hydrates etc.
must continue but it would be a huge mistake to assume these sources
will be there as an excuse to perpetuate business-as-usual based on what
we know so far

Coal represents the most abundant remaining hydrocarbon resource in
North America and is forecast to be the largest source of generation by
far in both the World and the US through 2030 — but must utilize the
latest technologies preferably with heat capture and utilization

Even maintaining nuclear’s contribution to the World’s electricity
generation mix implies a major program of repowering,
decommissioning and replacing the aging nuclear fleet

The US (and later Canada) will become increasingly more vulnerable to
the vagaries of imported supplies, not just for oil and natural gas, but
for the products produced from them - petrochemicals, fertilizers etc.

There are some crucial decisions to be made with respect to the future
energy security of North America and the World - the future represents
a huge challenge and these decisions must be made objectively without
ruling out any incremental contribution to demand reduction or supply
- we will likely need them all

31



Despite the Proponents of Infinite Growth
and the Ability of the Markets and Technology
to Overcome all Obstacles there is One
Supreme Overriding Principle:

FINITE

The Only Question Is:
HOW WILL THIS TRANSITION OCCUR?

Thank you

Contact Coordinates:
Dave Hughes
dhughes @ nrcan.gc.ca
403 292-7117
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