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Open File 1798 is a reproduction of slides from an evolving presentation on energy
supply/demand issues which has been given at numerous venues in Canada and the
United States over the past 15 months. The current slide deck contains the latest forecasts
and historical energy information available through January 2004. Important new
information is anticipated from the U.S. Department of Energy’s Energy Information
Administration in May 2004, and from the B.P. Statistical Review of World Energy in
June 2004. A revised and updated version of this Open File which integrates this new
information will be made available in August of 2004.

Abstract

An analysis of world and North American energy production and consumption over the
past several decades indicates strong growth. Even with the growth of “zero emission”
nuclear and large hydro, hydrocarbons (oil, gas and coal) made up more than 85% of
world primary energy consumption in 2002, and are forecast to make up more than 85%
of a greatly expanded energy demand by 2025. Energy demand in the developing world
is forecast by the Energy Information Administration to grow by 94% through 2025,
when this region will account for nearly half of the world’s energy consumption. The
question is, are these forecast growth rates sustainable, given the magnitude and
distribution of the world’s remaining energy reserves, and what are some of the political
and social ramifications of maintaining this rate of consumption? Natural gas in North
America is of particular concern, as it is largely a Continental market (with the exception
of about 1% LNG at present) and demand, particularly for electricity generation, is
forecast to grow dramatically over the next two decades. This presentation focuses on the
“Big Picture” and how Canada fits into it, as well as what must be considered going
forward to assure a sustainable energy future.
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Foreword

Third party data and forecasts updated to 2004 where
possible are used throughout the following presentation

Interpretatlons and conclusmns drawn from these data




Points to be covered:

- Patterns of Energy Consumption and Production:
- History — what actually happened “Hindsight”
- Forecasts — always arguable and debatable:
-“economists vs. geologists”
-“geologists vs. geologists”
-“optimists vs. pessimists”
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Highest growth in 2002 = Asia Pacific 7.9%; Coal 6.9% (data from BP Statistical Review of World Energy, 2003)




Quadrillion Btu

World Energy Consumption 1990-2025 in Three
Economic Cases (USDOE EIA, 2003)
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Forecast Growth In World Energy Consumption, 2001-2025
(EIA, 2003, Reference Economic Case)
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Summary

- Hydrocarbons provided 87% of the world’s primary energy in
2002

- Forecasts suggest that more than 87% of a greatly expanded

OIL

- The largest source of energy in the world (37.4% of
primary energy consumption in 2002)




Cumulative Consumption as Percentage of Total Consumed

Cumulative Oil Consumption by the Human Race as a Percentage of
Total Consumption through Yearend 2003
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(Source of data: BP Statistical Review of World Energy, 2003)

Million Barrels per Day

World Oil Production and Consumption: 1965-2002
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World Oil Production and Consumption: 1965-2002
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World Conventional Oil Reserves: 1980-2002
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Billion Barrels

Oil Reserve Reporting in Selected OPEC Countries: 1980-2002
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World Discovery and Consumption Gap
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World, OPEC and Non-OPEC Oil Production: History and Forecasts
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Thousand Barrels per Day
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Published Estimates of Conventional World Oil Ultimate Recovery
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World Oil Production and Consumption Forecast 2001-2025
EIA Annual Energy Outlook 2004
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Post 1995 Estimates of the Time of Peak World Oil Production
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North American Oil Consumption and Movements: 1965-2002
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U.S.A. Oil Imports by Source in 2002
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Canada Scenarios of Oil Production Excluding Oil Sands (NEB, 2003)
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(data from National Energy Board, July, 2003)

Yes, But We’ve Got the
OIL SANDS — More QOil than Saudi Arabia!

- The Oil Sands cannot significantly offset declines in world production because of the lead
times and capital investment required. Massive expansions in the Oil Sands and Venezuelan Orinoco
cxtra-heavy oil belt could increase combined production from 1.2 million barrels per day at present to as
much as six million barrels per day by 2025, which is only 5% of EIA forecast World Demand in 2025.

- Oil from the oil sands is very energy intensive — Forecast four- to five-fold growth to 2025 will
require between 1.6 and 2.3 bef/day of natural gas, which is approximately equivalent to the planned
Fmaximum capacity of the MacKenzie Valley pipeline of 1.9 bef/day, or about one-fifth of forecast Canadian
domestic consumption.
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Energy Content in Recoverable Remaining Ultimate
Potential of Hydrocarbons in Alberta (in exajoules)
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Forecast World Non-Conventional Oil Production
(EIA Annual Energy Outlook, 2004)
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Canada Scenarios of Oil Production Including Oil Sands (NEB, 2003)
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- Natural Gas is difficult

GAS

- The third largest source of energy in the world after oil and coal (24.3% of
primary energy consumption in 2002)

- Largely landlocked when it comes to international trade, unlike oil and coal —
less than 6% of 2002 consumption was moved by Liquefied Natural Gas (LNG)

Billion cubic feet per Day

World Gas Production and Consumption: 1970-2002
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Trillion Cubic Feet

World Gas Reserves: 1980-2002
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Campbell's (2003) Forecast of World Oil and Gas Production
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North American Gas Production and Movements: 1986-2002
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North American Gas Reserve/Production Ratio: 1980 - 2002
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Marketable Gas in Canada Marketable Gas in Canada
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Canada’s Exploration Treadmill — more and more drilling
to find less and less gas
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NEB, July, 2003, Deliverability Scenarios from Existing Gas Sources
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Productivity Assumptions of NEB Scenarios for the
Western Canada Sedimentary Basin

* WCSB drilling rates will be sustained at the record levels of 2001
until 75% of the ultimate recoverable resource has been produced.

+ Initial productivity of new wells will remain at current levels Initial
productivity has declined from an average 700 mcf/day in 1997 to 350
mef/day in 2003 — this trend may continue in the future.

NEB, July, 2003, Deliverability Scenarios from Existing
and Proposed Conventional Gas Sources
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NEB, July, 2003, Deliverability Scenarios from Existing

and Proposed Conventional Gas Sources Including Coalbed Methane
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NEB, 2003, Canadian Domestic Natural Gas Demand
Scenarios by Sector, 2002-2025
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Trillion Cubic Feet/Year

U.S. Gas Consumption by Sector, 1986-2002

Consumption by Sector 1986-2002

30

U

28
2611

O Transportation

W Industrial

B Commercial
[JResidential

H Electric Power

0
1986

+113%

1989 1992 1995 1998 2001

Year

Consumption by Sector 1996-2002

30 @ Transportation
28 ’ B Industrial
B Commercial
26 ’ O Residential
' M Electric Power

Trillion Cubic Feet/Year

+46%

1996 1997 1998 1999 2000 2001 2002

Year

(data from Energy Information Administration, 2003)

25



U.S. Natural Gas Supply by Source (EIA Annual Energy Outlook,
2004, Reference Economic Case)
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(data from Energy Information Administration Annual Energy Outlook, 2004)

Number of Successful Gas Wells Drilled

The U.S. Gas Exploration Treadmill
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Canadian Shortfalls in Gas Supply Given Domestic Production Scenarios
and Forecast EIA (AEO 2004) Reference U.S. Import Requirements

" Supply Push Scenario 4 Techno-Vert Scenario
Requirement: Requirement:
Domestic Demand Domestic Demand

Plus Forecast
EIA Exports

Plus Forecast
EIA Exports

] -
< =
< 9
g g
<~ <~
= =
2001 2005 2009 2013 2017 2021 2025 2001 2005 2009 2013 2017 2021 2025
Year Year
Note: Forecast Canadian LNG Imports are (data from National Energy Board, July, 2003, and
Excluded from Domestic Production EIA Annual Energy Outlook, 2004)

U.S. Supply with Canadian Imports and Shortfalls Given NEB, 2003, Supply
Scenarios, EIA Production Growth Scenarios and EIA Reference Case Import Requirements

Supply Push Scenario Techno-Vert Scenario
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(data from Energy Information Administration Annual Energy Outlook, 2004, and
National Energy Board, July, 2003)
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U.S. Active Drilling Rig Count and Dry Gas Production 2000-2003
(2003 U.S.A. Decline Rate is now 28%)

Active Rigs 2000-2003
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(data from Baker-Hughes, 2004, and Energy Information Administration, 2003)

U.S. Supply with Canadian Imports and Shortfalls Assuming NEB, 2003, Canadian Supply
Scenarios, Flat Lower 48 Production and EIA Reference Case Import Requirements

Supply Push Scenario
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(data from Energy Information Administration Annual Energy Outlook, 2004, and
National Energy Board, July, 2003)

28



U.S. Supply with Canadian Imports and Shortfalls Assuming NEB, 2003, Canadian Supply
Scenarios, a 1% Decline in Lower 48 Production and EIA Reference Case Import Requirements

Supply Push Scenario Techno-Vert Scenario
35 357
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0 0
2001 2005 2009 2013 2017 2021 2025 2001 2005 2009 2013 2017 2021 2025
Year Year

(data from Energy Information Administration Annual Energy Outlook, 2004, and
National Energy Board, July, 2003)

FUTURE OUTLOOK:

- IMPLICATIONS — If supply and demand forecasts are to be
believed, there appear to be serious supply shortfalls in Continental
natural gas coming — Canada is unlikely to be able to fill the supply
gap

- SOLUTIONS - probably involve a portfolio of options:

e _LN a1 =
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LNG Logistics

OPERATING COSTS (FREEPORT, TEXAS"):

- Production = SUS .50-$1.00/mcf
- Liquefaction = 8US .80-81.00/mcf
- Shipping = SUS .50-81.45/mcf
- Receiving = SUS .24-$.40/mcf

-TOTAL =

SUS 2.04-53.85/mef
SCALEUP Vo.

MERICA S

COAL

- Two-thirds of the world’s remaining hydrocarbon energy
- 25.5% of the world’s primary energy consumption in 2002

- Used for electricity generation (more so than any other fuel),
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Million tonnes oil equivalent

World Coal Production and Consumption: 1981-2002

Production Consumption
2500 T World Consumption up
23% (1.1%/vear)

@ Asia Pacific
H Africa

B Middle East
OF.S.U.

[ Europe

W S. & C. America
@ North America

67%

0 |
1981 1985 1989 1993 1997 2001 1981 1985 1989 1993 1997 2001

Year Year

(data from BP Statistical Review of World Energy, 2003)

World Hydrocarbon Consumption in 2002
Versus Remaining Hydrocarbon Energy Reserves

Consumption in 2002 Remaining Reserves
by Energy Content

(data from BP Statistical Review of World Energy, 2002, and 2003)
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Exajoules

World Remaining Recoverable Hydrocarbon Reserves by Energy
Content (2001)
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US Dollars per Gigajoule

@
th
f

w
L

154
n
f

(8]
L

—
wn
|

—
|

0.5

Price of Hydrocarbons per Gigajoule in 2002
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ELECTRICITY

- Availability of reliable electricity defines our modern
civilization

- Electricity in essence cannot be stored in bulk — it must
- be generated on demand

Generation of Electricity: 1990-2002

World
20000
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(data from BP Statistical Review of World Energy, 2003)
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World Net Electricity Consumption 1990-2025 in

. Projections
Three Economic Cases (USDOE EIA, 2003)
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(data from Energy Information Administration International Energy Outlook, 2003)
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Forecast U.S. Electricity Generation by Fuel Type 2001-2025
(ETA Annual Energy Outlook, 2004, Reference Economic Case)
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(data from Energy Information Administration International Energy Outlook, 2004)

Canadian Electricity Generation Scenarios by Fuel, 2000-2025
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(data from National Energy Board, July, 2003)

33



Gigawatts

Canadian Electricity Generation Capacity Scenarios

by Fuel, 2002-2025
Supply Push Scenario
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(data from National Energy Board, July, 2003)

Implementation Times and Other Considerations
For New Electricity Infrastructure
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Implications for Sustainability - QIL

THERE IS A DISCONNECT BETWEEN WORLD OIL RESERVES AND FORECAST OIL
CONSUMPTION:

- World Qil Production could peak in the 2008-2012 timeframe (consensus) — even the
Optimist’s Reference Case says 2017 if peak symmetrical or 2038 if peak at 82% of Ulitimate
Recoverable Conventional Oil consumed.

- OPEC has most of what’s left and could become the dominant oil supplier before the end of
the decade, but will need to rapidly expand its production capacity which could be problematic.

Implications for Sustainability - GAS

THERE IS A DISCONNECT BETWEEN NORTH AMERICAN GAS
DELIVERABILITY AND FORECAST CONSUMPTION:

- Several existing producing areas in North America are in or near decline.

- Higher cost frontier and offshore conventional production and non-conventional
production from coalbed methane, tight gas and shale gas likely cannot forestall the
declines in conventional production for long and cannot provide for forecast aggressive
domestic demand and export growth, unless as-yet-unproven windfalls result from
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Implications for Sustainability - ELECTRI (_H Y

supply growth of 10+% (126 gigawatts) through 2007 of gas-fired gener
gigawatts of new gas-fired capacity was completed in 2002

- Electricity generation accounted for 25% of U.S. gas consumption in 20
2003) and is expected to account for 25% or more through 2025 (EIA, 2004)

,"f natyral gas

could jeopardize future ava
B! li L be se

b ed

- Forecast shortfalls in supply
secure electricity supply u

- The North America Electric Reliability Council (NERC, December, 20(;3) Sforecasts

ion - 57

02 (EI4,

ability of a

Implications for Sustainability - COAL

- Lowest cost hydrocarbon energy - cost is 7% to 26% that of gas and oil at $USS
$US30/bbl, but double the carbon footprint of gas with old technologies

expanded coal use:

- Higher Efficiency Generation new existing technologies can raise

- Two-thirds of World’s remaining hydrocarbon energy (90% of North America’s)

- New more efficient utilization technologies, with reduced GHG emissions, are the key to

/mcf and

mal
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100%

Traditional
80% renewables

60%

40%

20%

0%
1850 1900 1950 2000 2050 2100
World Primary Energy Shares - 1850 to 2100
Given Oil and Gas Supply Limitations
Source - World Coal Institute

The Last Piece ol the Energy
Sustainability Puzzle:
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There is a Great Inequity in Energy Consumption Worldwide

Primary Per Capita Energy Consumption of Selected Countries in 2001

World Population World Population

l ’ 14.4% of 48.4% of

Tonnes Oil Equivalent per Capita

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

Primary Energy Consumption by Economic Development: 1965-2001
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China's Energy Consumption 1990-2025 India's Energy Consumption 1990-2025

in Three Economic Cases in Three Economic Cases
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Energy Consumption, 1965-2000,
and EIA Reference Case Forecast to 2025
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The Way Forward

* Business as usual is not a sustainable option — the

ultimate resource potential of oil and gas is arguable but we are
definitely dealing with a finite resource - the implication of this is that
we are running out of the CHEAP OIL that fueled the rapid growth in
pel caplt‘l consumptlon and llfest\ le of the last centur

GAS availability in North America is highly

correlated with electricity reliability and cost -

replacement of declining low-cost conventional gas and meeting future
demand growth with higher cost conventional and non-conventional
supplies represents an E\ TREME CHALLENGE and, even if it is
doable, likely means much higher-cost electricity and higher costs for all
other gas uses. LNG imports f‘lce infrastructure Iimitations, siting and
Geopolltlml obstacles which will likely l|mit LNG’s ability to fill the

The Way Forward

The first step is to recognize the problem, and begin
making the changes and creating the infrastructure that will be
required for transit to a more sustainable energy future

The most cost-effective approach is energy conservation
- reduce consumption on all levels

A longer term vision is required than the lifespan of a

typical government — THERE IS NO SILVER BULLET — all
options must be objectively assessed and deployed as incremental
contributions to a solution

A sustainable energy future is not out of reach — but we
have to be thinking in the 10-20+ year timeframe to
develop the infrastructure for alternatives as well as
technologies and incentives to reduce consumption




THERE
HAVE BEEN NUMEROUS PREVIOUS
LONG-TERM ENERGY SUSTAINABILITY

The Best Laid Plans of Mice and Men...

1970: “Fusion Power within 30 years” — 2003: Commercial Fusion Power still decades
away or never

1974: Nixon’s Project Independence — “Hydrogen Fuelled Vehicles”, “Shift Away from
Foreign Oil”, “In the year 1980 the U.S. will not be dependent on any other country”
— 1980: Oil Imports at 6.89 million barrels per day or 40.3% of consumption; 2003:
Negligible Hydrogen Fuelled Vehicles; Oil Imports up by 95% to 61% of consumption
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The Best Laid Plans of Mice and Men...

1980: Carter pushed legislation with a goal to “derive 20% of energy from the sun by
2000” - 2003: .07% of U.S. Consumption achieved from the sun

Reagan White House mid 1980’s — “the ranges that any reasonable person is
considering include zero (imports) by 2000” - 2002: Imports at 12.01 million barrels
per day or 61% of consumption.

Bush Administration 2003 = “clgan, sqfe, renewable and commercially available

THE STAKES ARE EXTREMELY HIGH
AND
THE TRACK RECORD IS POOR
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This could be the Price of an Unsustainable Energy Future
(adapted from Hamblin,1970)
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