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- The ENERGY SUSTAINABILITY DILEMMA:

Points to be covered:

- 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 
SUSTAINABILITY DILEMMA will likely trump 
CLIMATE CHANGE in terms of short- and medium-term 
socio-economic impact

- Forecasts - Where are we Going and how likely is it that 
we’ll get there?

- History – Where have we been and Where are we at?
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World Energy Consumption 1990-2030 in Three 
Economic Cases (EIA, 2007)
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57% increase in World
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Forecast World Gas Consumption 2004-2030
in Three Economic Cases (EIA, 2007)
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Annual Canadian Marketable Natural Gas Production 
by Month January 1991 - May 2007
(12 month centered moving average)
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WCSB Gas F&D Cost by Year
Gas-directed Capital / EUR Connected
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(modified from Flint, 2007)

The WCSB Treadmill:
Finding and Developing Cost up 21%/year 
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National Energy Board Forecast for Canadian
Gas Deliverability 2007-2010 – Reference Case

(from National Energy Board Reference Case, 2007)

Declines by 2009:
Low Case = 1.2 bcfd = 8%

Reference Case = 2.1 bcfd = 12%
High Case = 2.6 bcfd = 15%
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ConsumersTotal = 7.45 Tcf

LNG Producers and Consumers in 2006

(data from BP Statistical Review of World Energy, 2007)

Producers Consumers

(7.6 bcf/d)

(11.1 bcf/d)

(2.5 bcf/d)

(3.2 bcf/d)

(3.8 bcf/d)

(30.92 bcf/d)

(5.835 bcf/d)

Total = 64.455 bcf/d

s

Cancelled Terminals - 26
Cheniere LNG, Brownsville, TX
Cheniere LNG, Pinto Island, AL
Fairwinds LNG, Harpswell, ME

Hope Island LNG, ME
Humbolt Bay LNG, Eureka, CA
Mare Island LNG, Vallejo, CA

Navy Homeport LNG, Mobile, AL
NJ Energy Bridge, Belmar, NJ

Ormond Beach LNG, CA
Radio Island LNG, NC

Tampa LNG, Tampa, FL
Tijuana Energy Center, Tijuana, MX

Offshore Shell Gulf Landing, LA
-Pearl Crossing ExxonMobil, GOM

Southern Offshore Crystal Energy, CA
Bahamas, Seafarer/El Paso

Offshore Lousiana, Main Pass/McRoran
Long Beach, Mitsubishi/ConocoPhillips, CA

Point Tupper, Anadarko, NS
Baja California Offshore, Chevron, MX

Pascagoula, MS, Gulf LNG
Pascagoula, MS, Chevron/Texaco

Offshore Boston, MA, Neptune LNG
Offshore Boston, MA, Excelerate LNG

Gulf of Mexico, ConocoPhillips
Offshore California, BHP Billiton



18

0

500

1000

1500

2000

2500
B

ill
io

n 
C

ub
ic

 F
ee

t p
er

 Y
ea

r

2000 2001 2002 2003 2004 2005 2006

Year

Surplus
Australia
Malaysia
Indonesia
Brunei
UAE
Qatar
Oman
Egypt
Nigeria
Algeria
Trinidad

LNG Imports and Surplus Capacity 2000-2006

(data from Energy Information Administration September, 2007)

Gulf of Mexico
Excelerate Energy

Comes on Line

Lake Charles and Elba Island
Expansions Complete

82% 79% 81% 59% 49% 55% 70%

0

10

20

30

40

50

60

70

80

90

100

C
um

ul
at

iv
e 

C
on

su
m

pt
io

n 
as

 P
er

ce
nt

ag
e

of
 T

ot
al

 C
on

su
m

ed

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Cumulative COAL Consumption by the Human Race as a 
Percentage of Total Consumption through Yearend 2006

10% 1909

20% 1928

30% 1946

40% 1960

50% 1970

60% 1979

70% 1986

80% 1993

90% 2000

50% of the COAL
Consumed by the

Human Race
Used Since 197090% of the COAL

Consumed by the
Human Race

Used Since 1909

1116 B
illion barrels O

il
E

quivalent C
onsum

ed

(data from Arnulf Grubler, 1998; BP Statistical Review of World Energy, 2007)

Start <1850



19

0

500

1000

1500

2000

2500

3000

1981 1986 1991 1996 2001 2006
Year

Consumption

0

500

1000

1500

2000

2500

3000
M

ill
io

n 
to

nn
es

 o
il 

eq
ui

va
le

nt

1981 1986 1991 1996 2001 2006
Year

Production

Asia Pacific
Africa
Middle East
F.S.U.
Europe
S. & C. America
North America

World Coal Production and Consumption: 1981-2006

267%

89%

-52%

-32%

30%

(data from BP Statistical Review of World Energy, 2007)

248%

83%
-44%

-25%

44%

World Consumption up 
23%  (1.1%/year)

70% increase in Consumption
up 4.5% 2006 over 2005

Worldwide Coal
Consumption has Increased by 29.6% since 2001

66% increase in Production
up 5.6% 2006 over 2005

Forecast World Coal Consumption 2004-2030 in 
Three Economic Cases (EIA, 2007)

0
20
40
60
80

100
120
140
160
180
200
220
240

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

Year

Q
ua

dr
ill

io
n 

B
tu

High Economic Case
Reference Economic Case
Low Economic Case

+56%

+93%

+74%

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

Projections



20

Consumption in 2006

Oil
41%

Gas 
27%

Coal
32%

(data from BP Statistical Review of World Energy, 2007)
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45%
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(data from BP Statistical Review of World Energy, 2007)

57%

41%

World Consumption up 
23%  (1.1%/year)
43% increase in Consumption

up 2.2% 2006 over 2005
30% increase in Production

up 2.2% 2006 over 2005
Peak 1998

On a heat basis as a Per Cent of 
production:

USA is a Net Exporter = 4.7%
Canada is a Net Importer = -8.1%
Mexico is a Net Importer = -75.5%
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(from Energy Watch Group, March, 2007)

One Forecast of Future
World Coal Production (EWG, 2007)

Peak 2025
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• Hydrocarbons cumulative normal (ultimate 4.6Tboe, lms fit for mean 2018, sd 35 years)
• 2005 coal cumulative from the 2005 BGR Energy Resources Report (USGS for US)
• Coal cumulative normal (ultimate 2.6Tboe, lms fit for mean 2024, sd 48 years)
• The standard deviations of 35 and 48 years can be compared to time constants for temperature 

and sea level

1.6Tboe coal 
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3.0Tboe 
hydrocarbons 
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(from Rutledge, Caltech, 2007)
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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 CO2 concentration of 460ppm in 2070
• The Super-Kyoto Profile gives a 440ppm peak (from Rutledge, Caltech, 2007)

Simulated CO2 Levels – Production-Constrained versus
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Forecast World Net Electricity Generation by Region 
2004-2025 (EIA, 2007)

0

4000

8000

12000

16000

20000

24000

28000

32000

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

Year

T
er

aw
at

t-
ho

ur
s

OECD
Other Non-OECD
India
China

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

OECD +40%

Other
Non-OECD +114%

China +205%

India +170%

World 85% total
increase

2004-2030
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43%

Forecast World Electricity Generation by Fuel 
2004-2030 (Reference Case EIA 2007)
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(data from Energy Information Administration International Energy Outlook, May, 2007)

Market
Share

Oil 25.7%

Natural Gas +130%

Coal +103%

Hydro/Renewables +56%

Nuclear +38%
18.6%

15.8%

40.5%

19.5%
5.6%

15.7%

11.8%

44.5%

24.2%

3.8%

85% Growth 2004-2030
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Forecast U.S. Electricity Generation by Fuel 2004-
2030 (Reference Case EIA 2007)
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(data from Energy Information Administration International Energy Outlook, May, 2007)

Market
Share

Oil -12.3%

Natural Gas +31.7%

Coal +68.3%

Hydro/Renewables +41.1%

Nuclear +13.6%
9.3%

19.8%

49.8%

18%
3.1%

9%

15.5%

57.4%

16.2%

1.8%

46% Growth 2004-2030

Gas
Coal
Nuclear
Wind
Other

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

GAS

GAS

COAL

WIND

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

(data from National Electricity Reliability Council, October, 2006)

Total Expansion 331 Gwatts or ~30%
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(Source: American Coal Council, 2005)

Coal’s Resurgence in U.S. Electric Power Generation
Proposed New Plants through 2020

124 Plants
73GW

$ 99 Billion

- Higher efficiency generation with new technologies can reduce 
CO2 emissions by 25% given existing technologies – more in 
future, coupled with 99+% reduction in particulates, 99% in SOx, 
90% in NOx and 90% in mercury

WHAT ABOUT “CLEAN COAL”?

- If we burn coal we must do so utilizing the best technologies to 
minimize emissions coupled with a very aggressive conservation 
and efficiency program. 

- 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).
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Generation Capacity at Current Construction Levels and Levels 
Required to Maintain and/or Increase Nuclear Capacity by 2025

WHAT ABOUT “NUCLEAR”?

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

57 New 1GW
Reactors

283 New 1GW
Reactors

346 New 1GW
Reactors

482 New 1GW Reactors

The FUEL SUPPLY Issue:
WHAT ABOUT “NUCLEAR”?

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

Reprocessed Weapons
and other stockpiles

Shortfall 35%
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The FUEL SUPPLY Issue:
WHAT ABOUT “NUCLEAR”?

(from Busby, September 2007, Sanders Research, based on Nuclear Energy Agency “Redbook” (2006) - <$130kg/U))

Undiscovered 10.1 Mt

Discovered 4.7 Mt
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World Population
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(data from BP Statistical Review of World Energy, 2002, and United Nations World Database, 2002)

There is a Great Inequity in Energy Consumption Worldwide
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World Population Increase 1950-2050

Total Population Percentage Increase Net Increase/Year

Motor Vehicles
800 million

Motor Vehicles
(70 million new
Vehicles built

in 2005)

Motor Vehicles
>5%/year

(U.S.A.
240 million;
China 2006
34 million

+20% in 2005)

Trends in Energy Investment for Food Production
(The Hydrocarbons We Eat)
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• 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.

Summary

• 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

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

• 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

• 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. 

• 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

• 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
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ENERGY CONSUMPTION CANNOT 
EXCEED ENERGY SUPPLY

Despite the Proponents of Infinite Growth
and the Ability of the Markets and Technology

to Overcome all Obstacles there is One
Supreme Overriding Principle:

Therefore the reality of FINITE nonrenewable 
energy resources will force a transition to a 

sustainable energy future. 
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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