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We must also chahge how we
power our automabiles.
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Evolution of Future Architectures

Grid Connected Electric
Autos & Driverless Freight?

42.7% Fuel Cell H2 Autos?
29.6%

Plug-In
Hybrids
ICE / Electric

Hybrids Efficiencies
— Natural Gas

Internal Combustion
Engine (ICE) Cars
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Changing the Consumer Experience

Photos of GM HyWire Concept Car




Dual-Mode Vehicles

environmentally friendly, point to point travel at high speed -

Sources: Ruf International



US Energy Consumption
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US Dependence on Imported Oll
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Future - Electric Transportation
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Annual Waste - $189 billion
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U.S. Employment and Major Petroleum
Supply Disruptions in OPEC Era

U.S. Employment (Millions)
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Impact of Congestion

Extreme
20%

Uncongested
33%
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Annual Waste - $64 billion

Source: TTI 2004 Urban Mobility Study




Transportation Safety Issues

= 41,000+ US
highway deaths
annually

3.2 million people
Injured In 2002
vehicle crashes

4.2 million crashes
causing property
damage only

Annual Waste - $230 billion

Source: US DOT, National Highway Traffic Safety Administration, Traffic Safety Facts 2001




Emissions from Combustion Engine
Exhaust ofi Roadway Vehicles

x 66% of all Carbon Monoxide

s 38% of all Nitrogen Oxides

s 26% of all Volatile Organic Compounds
s 30% of all Carbon Dioxide

Annual Waste - $17 billion




Annual Waste of Current Architecture
Energy Security $33 billion

Energy Monopoly $189 billion
Congestion $64 billion

Safety $230 billion

Emissions $17 billion

Total $533 billion




Current Path Is not Sustainable

$100 billion
ncertainty in

MET yield

un
=
o
-
=
1
)
=
=
=
o

Needs Existing Revenues

Source: Cambridge Systemartics based on FHWA and AASHTO data




Critical Infrastructure Protection
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TIME Magazine, Oct. 3, 2005




Simultaneous Objectives

s Better Energy Security

s Reduced Traffic Congestion

s Cleaner Environment

s Safer Operations

= Protected Critical Infrastructure




Simultaneous Objectives

Better Energy Security
Reduced Traffic Congestion
Cleaner Environment

Safer Operations

Protected Critical Infrastructure

s Continued Economic Growth
= Personal Mobility & Freedom
s Long Term Sustainability




New System Architecture

Electricity

The Future
Merging of Multiple

frastructur

Transportatlon
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Dual-Mode Vehicles

Dual Mode
Vehicle

Cables
Pipelines

Elevated
Electric
Guideway
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Sources: Ruf International and 2020 Engineering




Electric Guideway Features

Reduced headway between vehicles
(computer control)

Higher speeds (60mph urban, 130 mph
rural)

Higher throughput capacity
e 1 urban guideway = 8 conventional hwy lanes
e 1 rural guideway = 24 conventional hwy lanes

Reduced travel times
Travel time reliability

Faster turnover of “highway warehouse
Inventory” (reduced working capital —
petter economic efficiency)




Driverless Freight
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Faster Freight Deliveries for the
Same Operating Cost per 100 Ib-Mile

GF elec .08/kwh CT = Conventional Trucking
— GF elec $.16/kwh GF = Guideway Freight 195

- CT fuel $1.00/gal mpj-
= CT fuel $2.00/gal .
= CT fuel $3.00/gal
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A Vision to Enable




What was the impact of the
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Cost ofi Guideway: Infrastructure

Parallel 46,508 miles of Interstate
$40 million/mile urban (14,460 miles)
$15 million/mile rural (32,048 miles)
Total Cost = $1.059 trillion

Add 9870 miles urban expressways @ $40
million/mile = +$394.8 billion

Total w/urban expwys = $1.454 trillion




Cost ofi Guideway: Infrastructure

s Over 30 years — $48.5 billion/yr

s $89.57 net increase in annual
household transportation expense

s For doubled speed, no congestion, no
high speed accidents, no stress long
distance travel in personal vehicle on
demand




US Impact of Guideways

Impact  Available
Diversify fuel $55.3 $189 billion

Reduce accidents $37.9 $230 hillion

Eliminate congestion $18.7 $64 billion
Eliminate vehicle emissions $5.0 $17 billion
Boost national productivity $75.0 $75 billion

Other benefits - new technology s
exports, global sustainability, &
economic growth

?

Total Annual Value >$192 >$534 billion
30 Yr Cum Value >$5.76  >$16 trillion




Dual Mode Entrepreneurs Abound




Solutions Impacts

Impact on
Solution Fuel Congestion| Emissions

Hybrid vehicles less oll <— cleaner

Natural Gas vehicles replace oil — cleaner

Biomass vehicles replace oil < CO, balance

Hydrogen fuel cell vehicles | replace oil > H,O only

Dual mode freight replace oll minimize zero*

minimize,
and
Increase
travel speed

Dual mode vehicles replace oil

* from vehicle




Next Steps

Funding should be made available to study
stationary electric grid powered
transportation as an alternative
architecture for the future

A Sematech-eqguivalent public-private
partnership model for collaborative
development of the new architecture
should be established

Competition to develop dominant design In
new electrified architecture

Development of national standards
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Center for Energy, Environment, and Transportation Innovation

CEETI Mission: to ensure open collaboration in the
development of a 21st century transportation
system that improves energy security, safety,
emissions, personal mobility, and productivity.

CEETI Vision: to become the recognized center-of-
gravity for the electrified transportation
architecture; an innovative research and
development center dedicated to accelerating the
use of electrified transportation in the United States
and around the globe.
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Center for Energy, Environment, and Transportation Innovation

Thank You — Any Questions?

Texas A&M University
Contact: Jim Longbottom
Jlongbottom@tamu.edu
Website: www.CEETI.org
Office Tel 979-862-4034




Efficiency of Electric vs Hydregen with
Natural Gas as Primary Fuel

Hydrogen Carrier

Distribute Natural Gas 98

Reform Natural Gas 80

to make

Hydrogen

Compress Hydrogen .80

Convert Hydrogen to 60
Electricity in Fuel Cell

Consume Electricity

in Motor

Drive Train Efficiency

Energy Loss to heat 95

INn tires

29.6% Eff.
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Electric Carrier
56 ICCGT Electric Generation

.91 Electric Transmission

Transfer Power to
.98 . :
moving Vehicle

g0 Consume Electricity
in Motor

Magnetic Drag

42.7% Eff. -
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Useful Work moving People/Goods




