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Introduction

« AFT is a Small R/D Organization Focused

on the Development of DME Fuel Systems
for Cars & Trucks

e IDA is a Trade Organization Promoting the
Development and Use of DME as an
Energy Alternative




Background

Global Urban Air Quality Rapidly Declining

Emissions From Mobile Sources Significant
Influence

Major Oil Shortages on the Horizon

Geo Political Problems Threaten Energy
Security

Global Warming Will Destroy Our Planet
Clean Alternative Energy Sources Needed
DME Can Mitigate These Problems




Urban Air Quality Deteriorating

Mexico City Beijing

Los Angles




Mobile Source Emissions A Major Problem

Particulate (PM2.5) Emissions

Heawy-Duty
Gasoline Vehicles ™" 2=
B

Motor vehicles are the main source
of nitrogen oxides in air

Heawy-Duty Diesel Vehicles
78%




Oil & World Politics: Energy Independence

e Bush: U.S. mustcut &« « =
dependence on
Mideast ol
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World Oil Supply & Demand

__Econamic Chaas

H Non OPEC —1 Proc Gain
EENGLs B OPEC Production
= Demand

Source: Michael Rodgers, PFC Energy




Transportation Fuel Dominates

U.S. Oil Demand by Sector, 1950-98

2/3 of All Oil Used for i
Transportation Y
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Global Warming: Significant Concern

Grinnell Gl, Giacher Ml
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The Greenhouse Effect
Some of the Infrared radiation passes

fhrowgh the atmosphere, and some is
E solar absorbed and re-emitted in all

direcions by greenhouse gas
sreflected by the o ine. The effect of this is to warm
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Clean Energy Alternatives Needed

o Criteria
— Abundant, Distributed Feed Stocks
— Low Exhaust Emissions Potential
— Environmentally Benign
— Cost Effective
— Low CO, Emissions Potential

e DME Can Meet These Criteria




DME Feed Stocks

o Stranded Natural Gas (Low Cost)
e Coal (Abundant, Widely Available)

e Biomass (Lowest Green House Gas
Emissions-CO, )
— Black Liquor, Woo
— Switch Grass %
— Other




‘0
G
O
£
=
G
=
C
©
ol
LL]
=
O
N
A<
Z




DME From Stranded Gas

Cost for Delivering DME vs Diesel (ex fuel taxes)

@ Station

@ Distribution

O Shipping/Terminal
O Manufacturing
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16 23 28
Brent Price, $/B

...DME is breakeven with diesel at $23/bbl Brent

Frovided by IDA for fustrative Purposes




DME in China

Shandong Jiutai Chemical Industry,
Linyl, Shandong

» 30,000 Tiyr. Decembsar 2003 start-up.

» 60,000 Tiyr. Conetruction started January
2004

“Plans i Increase production capacity to
300,000 Tiyr by end of 2005 then to 1
milllion Tiyr by 2003,

Luthianhua Group Ing, Luzhou,
Sichuan

» 10,000 Thy - Commearcial DME plant for
Tusl ugs - Auguest 2003 atart-up. Toyo
Enginesaring mathancl dehydration
tachnolagy.

= 110,000 Thy — with 2005 start-up

“In ihe next 5 - 10 years, China will

m&ht:tagmpﬂ.ptlﬂmdw
un

-Bagidee the units in Shandong and
Sichuan, dimetiyl ather unite with
dimarent capacities will also be put up In

Mingxts, Shanghal, Xinjlang and Shaan:l,

So. China Chemcal Reporter, May 26,
2004




DME From Coal
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Coal Utilisation - Gasification
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Sequestration of CO,
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DME Efficiency & CO, Emissions

Well-to-wheel analysis

Fossil Renewable
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Source: VOLVO




CO, Mitigation

Carbon Content and Fuel-Cycle GHG Emissions for
Alternative Fuels and Primary Energy Sources

Ap— Coal-based DME without CCS

Coal-based DME
’ with CCS

O Carbon Content of Fuel

B Fuel-Cyvele GHG Emissions
: Biomass-based

DME with CCS

Energy Carrier DME  Gasoline Dhesel Hydrogen @ DME DME

Primary Energy Source Coal CrudeOil Crude Oil Coal Biomass  Biomass

CO, Capture No No No Yes No Yes
and Storage?

Princalan Emaromeania inslifule




An Optimum Mix of Feed Stocks

» Coal w/CO, Sequestration Provides
Energy Security & Low Emissions

» Biomass Gives Lowest CO, But Supply Is
Limited

e Stranded Natural Gas Is Lowest Cost But
Least Secure (Off-Shore)

A Balanced Mix of Feed Stocks is Needed




DME Engine Technology

e DME- An Ideal Diesel Fuel

 No Major Engine Changes Needed
 New Fuel System Required
— Fuel Storage (Propane Technology)

— Fuel Injection...New Technology Needed
* Very Low Engine-Out Emissions Possible

 U.S. 2010 HDD Emissions Possible w/o
Particulate Filter or (possibly) NOx Trap

(SAE 2006-01-0053, Teng & McCandless)




Engine Technology Status

Production Feasible Fuel Injection System
Developed (Common Rail)

L ow Emissions Demonstrated

— Passenger Cars (U.S. Tier 2)
— HD Trucks Euro V

HD Volvo Truck Demonstrated
HD Volvo Truck Field Test In Process




DME Fueled Passenger Car Engine
U.S. Tier Il Emissions Capabilit
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Powertrain Technologies, Inc
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DI\/IE Fueled Volvo HD Engine




DME Fueled Volvo Truck




Volvo DME Truck Demonstration




Summary & Conclusions

DME is a Clean Diesel Fuel Replacement

Can Be Economically Produced From
Abundant Feed Stocks

Can Mitigate Global Warming & Provide
Energy Security

Engine Technology Proven-Production in
2010

DME Is an Imperative, Not an Alternative
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