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NETL PlaysKey Rolein Fossll Energy
Supply, Ddlivery, and Use Technologies
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Natural Gas
The Fudl of Choice

Abundant supplies
Affordable cost

Growing demand

Reliable

Environmentally sound
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Abundant Supplies
Vast Untapped Domestic Resource (Tcf)
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Produced to Date:
889 Tcf

Readily Available Reserve:
177 Tcf

Technically Recoverable
Resource:
1612 Tcf

“Unrecoverable”
Gas-in-Place:
Probably > 20,000 Tcf

Data derived frominformation from Energy Information
Administration and the National Petroleum Council
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Methane Hydrates
A Future Source of Clean Burning Fud...?
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Mallik Resear ch Wdll

« First dedicated
hydrate test well in
permafrost

e Drilled in 1998 in
Canada

« New production
test
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Total Domestic Production 2001
18.7 Tcf

Gas Shales
0.4

Coalbed Methane

1.3
@nshore

Conventioenal'/
@ther,
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EIA 1999 Annual Reserve Report

—TL Advanced Resources International Database
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New Technology

« Finding it
e Drilling it

 Producing it
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U.S. Gas Production Coming From More Hostile

Environments
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We're Draining Natural Gas Wells Quicker
Production Decline Curves

Production Bcfd

1970
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1980

1990

1997

ARl Annual gas production replacement in Gulf Coast Area

Vintiged by year of conpletion

After Potential Gas Committee 1998, data from PI/Dwight’s
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U.S. Drilling Rig Count vs. Gas Production
Production Lag Suggests Shrinking Gas Surplus
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ElA History - Natural Gas Monthly - January 2002,
Oil & Gas Split Rig Count - Baker Hughes
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Natural Gas
The Fudl of Choice

Abundant supplies
Affordable cost

Growing demand
Reliable

Environmentally sound
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Natural Gas Wellhead Prices
Spike Surpassed Mid-1980s Peak

4 - Deregulation

Constant 2000 $

Average Annual $ per Mcf

O \ \ \ \ \ \ \ \ \ \
1940 1960 1980 2000

Seminski, DOE/EIA NEMS Conference March 12, 2002
N—TL U.S DOE/EIA; Deutsche Bank estimates
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U.S. Natural Gas Prices 1990-2002
Unprecedented Volatility in 2000-2001

24++++1“++H*

1990 1994 1998 2002 YTD

$ MMBtu

Seminski, Deutsche Bank, DOE/EIA NEMS Conference March 12, 2002
N—TL Nymex; Bloomberg; Deutsche Bank (YTD March)
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Lower 48 Gas Wellhead Prices

Natural Gas Prices
Projections Change With Assumptions

History Projections  Slow Technoloay
S 7 High Economic Growth
Carbon Reduction
e More Nuclear Closings
O 4-
|_
L Reference
o 37
©
8 2 - Rapid Technology
o Low Economic Growth
S New Sources:
& 14 Alaska / LNG
o)

1970 1980 1990 2000 2010 2020

—TL Annual Energy Outlook 2002, Figure 72
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Natural Gas
The Fudl of Choice

Abundant supplies
Affordable cost

Growing demand
Reliable

Environmentally sound
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Natural Gas Provides 1/4 of Energy Needs

1999 Energy Consumption
United States World

97 QBtu / yr 382 QBtu / yr

World data from International Energy Outlook 2002 (March 2002)
—TL U.S data from Annual Energy Outlook 2000 (December 2001)
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Natural Gas Will Continue To Be Important

2020 Energy Consumption
United States World
131 QBtu / yr 612 QBtu / yr

"Nuclear \ 5%

8%

> 50% Increase > 90% Increase
In Gas Demand In Gas Demand
World data from International Energy Outlook 2002 (March 2002)
ETL U.S data from Annual Energy Outlook 2000 (December 2001)
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U.S. Natural Gas Consumption by Sector

1990-2020

= 15 History Projections
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|n 2020, 1/3 gas used to generate electricity

NETL EIA - AEO 2002
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355 GW Capacity Additions
Almost 90% Fueled by Natural Gas

120 - Natural Gas
Coal
— Renewables
80 -
= L
O
40 - Natural Gas Prices:
$2.64 / Mcf in 2002
$3.94 / Mcf in 2020
0 - L

2000-2005 2006-2010 2011-2015 2016-2020
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DOE-EIA Annual Energy Outlook, 2002
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Gas-Fired Distributed Power Generation

Fuel Cell / Turbine Hybrids

e
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Small Turbines

Microturbines
=TL .

11111111111111111



Distributed Generation
Widespread Adoption Could Further Increase Demand

Why DG?

« Customer choice

Siting flexibility
Reliability

Less capital investment risk

Reduced transmission and
distribution investment
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Emissions Reduction Proposals
Electric Power Plants

Clear Skies
Initiative

2008 / 2010

Pollutant

Baseline

Cap

2018 Cap

2007 Cap

SO,

8.9 million
tons/yr

4.5 million
tons/yr

3.0 million
tons/yr

2.2 million
tons/yr

NO

X

4.0 million
tons/yr

2.1 million
tons/yr

1.7 million
tons/yr

1.5 million
tons/yr

Mercury
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26 tons/yr

15 tons/yr
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CC Gas TurbinesHave Lowest COE
New Baseload Electric Plant Costs
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Gas Coal Hydro  Wind Nuclear Solar Solar PV
CCGT Thermal

Seminski, Deutsche Bank, DOE/EIA NEMS Conference March 12, 2002
ExxonMobil; Deutsche Bank
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New Coal Marginally Competitive with Gas

Cost of Electricity (Cents / kWh)

=TL

0) 1 2 3 4 5 6 7
Natural Gas Price ($/ MMBtu)

DOE Report #DE-AC-01-94FE62747, April 2001
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Gas Turbine Improvements Reduce Gas Consumption
Technology Infusion Into Existing Products

~2% of Today’s
Consumption of

Natural Gas
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_TL Westinghouse Power Corp. &, August 2001
-

11111111111111111



Natural Gas
The Fudl of Choice

Abundant supplies
Affordable cost

Growing demand
Reliable

Environmentally sound
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Imports Arelncreasing
U.S. Natural Gas Supply & Consumption

351 History Projections

Net Imports

257 Consumption;
- Imports Tcf
- . Eh
| Supply! 4- = 2000
15 i 3 1 m 2020
| 2-
| 1-
| Vi
5 1 i Pipeline LNG

1970 1980 1990 2000 2010 2020
N ET L EIA-AEO2002
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| nfrastructure | s Str essed

« Aging pipeline and distribution systems

« $8 billion /yr investment needed in new infrastructure
(NPC, 1999)

« Growth of distributed power will change infrastructure
requirements

g
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Natural Gas
The Fudl of Choice

Abundant supplies
Affordable cost

Growing demand
Reliable

Environmentally sound
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Technology Reducing Environmental | mpact
Natural Gas & Oil Supply

Dy ilidmy o s i d

Barels of wiates groalussd b
1063 BOE nf rasarva 2dditians .

wr Pt i Baivel & pivehen) s

Fewer wells to add Lower drilling waste Lower produced
same level of reserves volume water volumes

U % 9% 97 98 9

Smaller footprints Greater protection of Reduced air pollutants
unique and sensitive and greenhouse gas

v environments emissions
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Government Lands Often
~ “Environmentally Sensitive”’

State - % [ Indian Res

I State Parks " A I TVA

1 Wildlife Refuges \w Military

| State Forests a B Reclamation
Other State ’ B Other Fed

B Alaska State
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Natural Gas Reserves Subject to Access Restrictions
U.S. Lower 48

137~

TCF 31
21 TCF

TCF

24
TCF

* Approximately 29 Tcf of the Rockies Gas Resources Are Closed
to Development and 108 Tcf Are Available With Restrictions
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Sharp Reductionsto Stabilize CO, Concentrations
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Wigley, T.M.L., Richels, R,, and
—TL Edmonds, J.A. Nature 379, 240-243 (1996)
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Presidents Bush’s Climate Change I nitiative

Reduce Greenhouse Gas Emission | ntensity
by 18% Over Next Decade

190
= ~— ] No Improvement (183 Tons in 2002)
O 180 1 A
E A ~ <Current Efforts

A ~ 14%

% 170 A e (1420) National Goal
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per Million $ GDP, 2001 Dollars

N—TL White House Clear Skies Initiative Factsheet
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A Scenario for U.S. Electric Generation

1990-2050
Oil
6.000 | B Renewables
’ 1 Gas
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ETL Electric Power Research Institute
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National Energy Policy

Increasing America’s domestic energy supplies

Protecting America’s environment

Ensuring a comprehensive delivery system

Enhancing national energy security

NEaﬂnnal
nergy
]:’ulicgj:,!r

_T g White House photo: Paul Morse
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Policy Tools

« R&D funding

« Tax codes

 Price supports

« Portfolio standards/mandates
e Direct purchases

« Subsidies

« Consumer education

« Financing
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NETL'sFY 2002 Natural Gas Budget
$137 Million

Hydrates $10M Exploration &
Production $21M

Gas Turbines

Stationary Fuel $19M

Cells $54M

Infrastructure
$10M

Buildings (EE Programs)
$23M
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Draft OMB Scoring Criteria
Applied R&D I nvestments

« Market barriers to private sector investment
« Best “tool” is Federal R&D
« Multi-year R&D plan exists

- Competitive merit-based activity / peer reviews ===

« Industry involvement plilliatusaict
« Performance indicators
« Off ramps

« Technological risk

e Clear public benefit

« Dollar value of public benefits

- ldentified by President as high priority
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Energy Bill Comparison
Provisions | mpacting Natural Gas

Arctic National Wildlife Refuge
Alaska natural gas pipeline
Energy production on public lands
Hydraulic fracturing

Great Lakes drilling ban

Pipeline safety legislation

Oil & gas marginal well production
Coal bed methane

Renewable portfolio standard

HR.4 S.517

v
v
v

v
v

v
v
v

v
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Balancing Technology and Policy

Policies &
Regulations

Technology
Development
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Technology Enables Both
Affordable Energy for
Economic Development

and Environmental
Protection




