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Natural Gas Processing
Program Drivers

Federal Government Role:
» Ensure reliable supply of pipeline quality natural gas
» Provide science and technology leadership

» Demonstrate advanced utilization technologies for methane being vented from coal
mines to address environmental concerns

Develop advanced technology for economic conversion of remote gas to easily

transportable and clean liquids - liquified natural gas, petrochemicals, fuels

Challenge: Convert unmarketable low-quality and remote gas resources into value-added products
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41% of Lower - 48 gas reserves
do not meet pipeline specifications
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Remote locations refer to Alaska and
Deep Offshore Gulf of Mexico
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Why Gas-to Liquids?

« GTL option allows use, and extends
life, of existing Trans-Alaska oil
pipeline -- leading to additional
North Slope oil production

« Advanced GTL technologies will
allow remote and deep gas to be
converted to transportable liquid
fuels and petrochemicals

« Diesel fuels made with gas-to-
liquids technology have
environmental and efficiency
benefits over petroleum-derived
diesel
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Gasto Liquids

| mpact of Technology

Advanced gas-to-liquids (GTL) technologies will allow
conversion
of remote gas to transportable fuels and petrochemicals

Advances in separation technologies promise
25+% cost reduction breakthroughs for GTL
conversion (from current technology $26-28/bbl to
$18 - 22/bbl)

Small-scale technologies of both LNG manufacture
and GTL conversion can meet space and size
limitations of remote offshore platforms and isolated,
small gas deposits
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Program Strategy

« Establish U.S. lead in Gas-to-Liquids Conversion
Technologies for fuels and chemicals

« Develop government/industry partnerships to
stimulate deployment of technical commercial plants
for mitigation of technology and market risks

« Partner with other NETL Product lines (Coal
Transportation Fuels, Advanced Fuels) and other
DOE offices (Energy Efficiency, Office of
Transportation Technology) in an effort to leverage
program funding
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Program Benefits

Enhanced utilization of on/offshore natural gas
resources (1200 Tcf)

Monetization of 100 Tcf of stranded gas resources in
Alaska

Continued operation of TAP transporting both
petroleum and gas-derived fuels for at least 25 years

Continued operation will result in recovery of an
additional 1 billion barrels of petroleum

Increase of domestic natural gas production by 1 Tcf
per year for each 172 million barrels of fuel produced
(Btu exchange basis)
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Emissions Performance of Fischer-Tropsch (F-T)
Diesel Fuels|s Superior to Petroleum Diesel Fuels

Emissions Reduction Relative to
Low Sulfur Petroleum Diesel

Hydrocarbons  41-46%

CcO 45-47%
NOx 9%
Particulates 27-32%

Emissions Reduction Relative to
Low Sulfur/Low Aromatics
Petroleum Diesel

Hydrocarbons  25-31%

CO 34-38%
NOx 5%

Particulates 23-29%

*Ranges based on three fuels, i.e., summer, winter, and California
ﬁformulations, produced from natural gas and coal feedstocks.
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Natural Gas Conversion Processes

Liquefied Natural Gas (LNG)

Diesel, Hydrogen, Ethers,
Methanol, Gasoline, Jet Fuel
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Gasoline, Aromatics
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DOE Gas-to-Liquids Program

Liquidsfrom Fossil Fuels
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'L Gasto Liquids Program

Direct Conversion

Physical Conversion

Indirect Conversion

Economic/Process
Analysis

Hydrogen Transport
Membrane Research
LBL

Thermoacoustic Liquefaction
LANL

ITM Membrane Development

APCI

Alaskan Economic
Assessment
INEEL

Electrochemical Conversion

Thermoacoustic

Electroceramic Membrane

Fue Trends Assessment

UOK Liquefaction Prototype Reactor K&M
Cryenco BPAmoco, UAK
Plasma Quench Research Fischer Tropsch Emission Assessment
INEEL Catalyst Development BRSC
CAER

Induction Coupled TAPS Transportation GTL Plant Design

Plasma Reforming UAK Bechtel
(TCC)

In-House NETL Research

Engine Emission Research
NETL

GTL Market Assessment
Mitretek

CANMET Consortium
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Bridge fuel -- gas will play a significant role in the 21st
century transition to a post-fossil economy

Cleaner burning fossil fuel -- lower sulfur, particulates,
NO,; with lower capital
Investments required

As an energy source, natural gas offers part of the
solution to global efforts to reduce greenhouse gas
emissions -- up to 50% less CO, than coal and
20-30% less than ol

Domestic resource base needs to expand.:

— Advanced exploration and recovery technology
— New sources of gas (deep zones and methane hydrates)
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Environmental Quality Drivers for Ultra-Clean Transportation Fuels

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
\
“E” UCTF® UCTFI?
EPATIERII
Light Duty Vehicle
Regulations Introduced
- Implementation Begins 2004
- Full Implementation 2007 InESeAmELEtzilc!n EPAFHFR !
Gasoline 80 ppm S cap Begins Iy
Fuel 30 ppm S avg
- 0.05 gm NOx
-0.01gm PM } Fuel Neutral
Vehicle
Emission
EPA EPA On-Road Standards
TIER I Diesel Regulation —
Technology Technology 0.01 gm NOx
Review Review 0.001 gm PM
0-10 ppm S
EPA On-Road Diesel
Regulations Introduced
: EPA On-Road
- Full Implementation 2007 Diesel Regulations
15 ppm S cap Implemented
(public comment period)

Notes:

1 The Enhanced Ultra-Clean Transportation Fuels Initiative supports the Nation’s movement to accelerate Clean Air Act

Requirements as they relate to the domestic transportation industry.

2 nitial industry assumption. UCTF “Initiative” based on industry assumption that ultra-low sulfur diesel fuel requirement,
if promulgated, will not go into effect until 2010 timeframe. “Initiative” targets developing and deploying advanced technologies
capable of favorably impacting domestic fuel production and expected environmental standards for time period 2010 and beyond.

3 EPA acceleration. EPA proposes 15ppm diesel fuel sulfur requirement with full implementation by 2007. “Enhanced Initiative”
speeds up schedule for technology development; assists in meeting EPA accelerated diesel fuel sulfur and vehicle emission
requirements; thoroughly investigates multiple domestic feedstock options; and provides technology required to achieve future
and more restrictive emission standards for time period 2010 and beyond.
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The Challenges Facing Us. ..
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Transportation Now UsesMore Oil Than Is
Produced Domestically

Petroleum Consumption
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Sourge: Transportation Energy Data Book: Edition 18, DOE/ORNL-6941, September 1998,

aridIELA ﬁgiual Energy Outlook 1999, DOE/EIA-0383(99), December 1998
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Ultra-Clean Fuelsfor the 21st Century
The Domestic Supply Per spective
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Ultra-Clean Fuelsfor the 21st Century
Goals

« Produce ultra-clean petroleum fuels from domestic and imported crude

« Produce ultra-clean fuels from alternative hydrocarbon feedstocks
(natural gas, petroleum coke, refinery bottoms, coal, waste materials,
biomass) that are equal to or better than current petroleum fuels

« Ensure fuel/engine/emission control combinations that meet future
vehicle emission standards

Per spectiveis global, Nation’s goal for cleaner environment aswell as
industry’sdesirefor an expanded resour ce base ar e served
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Proposed Ultra-Clean
Transportation Fuel Products

Ultra low sulfur, increased octane gasoline
Ultra low sulfur, high cetane diesel
On-board reformer fuel (hydrogen fuel cells)
Fuel additives and blending components
Ultra low sulfur lubricants

Ultra clean jet fuel
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Benefits

« More Jobs

e Cleaner Environment

« Lower Greenhouse Gas Emissions

« Expanded, More Diversified
Fuel Resources

« Stronger, More Competitive
U.S. Energy Industry

=TL —————
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GTL Program Goal and Direction

« Extend/expand/validate public database on GTL processes,
products, and economics to aid in the inevitable private and
public decision making necessary to best utilize our remote
natural gas resources -- ANS, offshore

« Current Program Activity focus on process elements of
established, but as yet non-commercial FT technology -- require
Incentives

« The program emphasis will continue, but may well be
supplemented by fresh looks at how GTL technology can support
attainment of new motor fuel performance demands that seem on
the horizon

-
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Office of Fossil Energy
National Energy Technology L aboratory
Major Fossil Energy Technology Areas

Oil and Natural Gas Supply

Central Power Generation
(Vision 21)

Distributed Power Generation

Transportation Fuels

-
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TheU-CTF Program Plan

FE Supporting
Activities

Supporting Science and
Enabling Technologies
* Remote Gas Conversion
* Biodesulfurization
* Low Emission Fuels
+ Coproduction
* Extractive Processes
+ C1 Chemistry
* H, Storage

U-CTF Program

The
Initiative

The

— Enhanced

Initiative

EE Biofuels

Biofuels Production
Biodiesel

Ethanol Conversion
Feedstock Development
Biomass Production

Supporting Activities

EE Supporting

Activities

APBF-DEC

Fuels for Fuel Cells

Ad Hoc Auto Energy

ARCO EC Diesel

DVECSE

Combustion Diagnostics

Combustion Kinetics

DOE Base
Programs

21st Century Truck
PNGV

Vehicle / Engine
Development Programs

Qil Processing
NG Processing

Transportation Fuels &
Chemicals

Advanced Fuels
Research

Biofuels
Hydrogen

Fuels Utilization




Our Perspective Through 2020

« Fossil fuels will continue to be the preferred option for
transportation needs

« Urban and regional environmental pollution concerns will
continue to intensify

« Demand for liquid transportation fuels will continue to grow, and
because of environmental concerns, the demand for ultra-clean
fuels will significantly increase

« Global climate change will continue to be an issue, requiring high
end-use efficiencies in all applications including transportation
(with possible sequestration)

« Thus, public investment in transportation fuels will focus on the
use, with any needed modification, of existing infrastructure to
accommodate environmental, efficiency, and economic goals

-
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Transportation Fuels Program

Commercial and Military Applications
e Supply and Delivery of Clean Transportation Fuels

e Land, Air, and Sea Applications
» Policy Support and RD&D

Fossil Energy Supply:

Energy Security,
Affordability, Acceptability

— Enhancing Domestic
Resources

- Petroleum

- Natural Gas

« Coal: mining (IOF) and
processing

— Environmental Issues

Ultra-Clean Fuels for the
Existing Transportation
Infrastructure

— Advanced petroleum
processing

— Natural gas to liquids
— Coal fuels and chemicals
— Additives and lubricants

« Delivery System Reliability

- Increasing complexity of
products into distribution
system

- Hydrogen
distribution/transportation

- Integrity of existing systems

e Future Fuels: New Fuel/
Transportation System
Infrastructure

- Hydrogen
- Biofuels
- Novel fuels

system reliability
%NETL
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Ultra-Clean Fuels...a key piece of the complex
and dynamic puzze...

A

Transportation Industry
Autos, Heavy Vehicles, Aircraft
Coastal Marine Vessels
Engines (diesel, gasoline, jet)
Fuel Cells
Emission Controls

Fuel Industry
Resource Owners
Technology Developers
Refinery Equipment Suppliers
A&E Firms

u\l\m “”\IHIHIHM |||||H|||

y 4
The U.S. Department of Energy’s Ultra-Clean
Fuels Program...partnering in the identification
and development of advanced fuels for today’s
and tomorrow’s transportation vehicles

-
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Transportation

Ultra-Clean Transportation Fuels
...diverse feedstocks -- common products....

x 100%
% B Other Fossil Fuels
0
s 80% (Nat.Gas, etc.)
i
§ 60%
B Petroleum
40%
20%
B Renewables
0% -f=
Current , 2015 _ »
Developing Advanced Major Transition to Fuel
‘ Petroleum Based Fuels i Blends and Neat

and Blends > Alternative Fuels
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Technology Integration
21st Century Ultra-Clean Transportation Systems

Integration

A
System Requirements

* Ultra-low emissions

* High performance

* Long-term durability

o Low toxicity

« Affordability

L_____J
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Strategic Partners

DOD Partners

N=TL

Army
TACOM
NAC

Air Force
WPAFB
AFRL

I
: Navy :
! I
! I

1 Defense Logistics
' Agency

Military
Applications

FE
Ultra-Clean

Transportation Fuels

DOE Partners

EERE/OTT
APBF, OHVT,
OAAT, Biofuels

EERE / OPT
Hydrogen

NREL

State Partners

Commercial
Applications
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