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FESC RDD&D OPPORTUNITIES
NG & HFCEV VEHIC&HESFRASTRUCTUR

A HOW FAR CAN WE GO? HOW DO WE GET THERE QUICKLY?

Lower Operating Reduced Greenhouse
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Fig. 2 When CO2 dissolves in seawater, it reacts with water to form carbonic acid, which then
dissociates to bicarbonate, carbonate, and hydrogen ions.
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Factc CO2C 310ppmvto 400+ppmv
30% increasan my lifetime
The rate of change mccelerating!
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400+ppmv. What Is the Tipping Point?
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A Low Carbon Motor Fuels Can
be Used to Save Money AND
Reduce GHG Emissidv®W
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Source . NOAA http://www.cop.noaa. _level_rise.htm

A Natural Gas & Electric Vehicles
Can Reduce GHG Emissions
20+%TODAY

A Hydrogen FCEVs Promie+%
ReductionTOMORROW




Climate Physics for Dummies

Q —Energy Flow (

ea or Earth)
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Why am | Here? Start in1965

A BSc USMMA
i Kings Point
A US Navy

A Lamont Earth Science S
Institute

A MS- Columbia
University

A Harbor Branch . |'l —=
Oceanographic Institute-- i |




My Early Career was Linked to Oil Pollution
Either Making It or Cleanina It Up

A New York Harbor
SS Alva Cape &
Texaco Massachusetts

A Lands End
SS Torrey Canyon

A Mississippi River
SS African Star and Oil Barges

A Offshore Yucatan Oil Rig Blowout

Superfund Sites
LUST Fiascos
Exxon Valdez
Deepwater Horizon

To T I I



45+ Year Consulting Career

Environmental Science

To o o Bo Po Do Do Do Do Do Do Do Do

Physical Oceanography
Meteorology

Water Quality

Hydrology

Groundwater

Ecology

Air Quality

Toxicology

Wastewater & Sludge Treatment
Solid Waste Management
Air Pollution Control

Facility Remediation (Cledup)
Pollution Prevention

Energy Engineering

To o T T T To Do Do Do Do Bo Io Io Io Do Do Do

Bunker G Marine Steam Boilers
Marine C.I. Diesels

Offshore Ol

Oil Refining & Terminals
LNG Carriers & Terminals
Landfill Methane

Nuclear Electricity

Coal Electricity

Natural Gas Comb. Turbines
Animal Waste to Methane
Battery Electric Vehicles
Plugin Hybrid EVs

PEM & SOX Fuel Cells
Micro-Turbines

Gasoline S. I. Engines

CNG & LNG Vehicles
Hydrogen Vehicles



ScienceBased Policy

A 1968 NEPA

A 1970 Clean Air Act

A 1972 Clean Water Act

A 1976 Resource Conservation Act (RCRA)
A 1980 CERClgtaka Superfund Act

A 1986 Toxic Substances Act

A 1986 Safe Drinking Water Act

A 1988 Alternative Fuel Act



TheselLaws & PolicieEmpowered
Industry and Consumergo Solve
Serious Air, Water and Waste
Pollution Challenges
and
Create JOBS! JOBS! JOBS!



Pollution Prevention Act of 1990

(Hydrocarbons were Exempted by Congress)

The average car produces its own weight in CO2
emissions each year.



Infroducing...

Low-profile impact-resistant design - GPS navigation system (standard) - Infrared vision system (standard)
Computer-controlied ride stabilization (standard) - Air-conditioning and NBC overpressure system (standard)
120mm main gun armament (standard) - Optional colors: Desert Tan or Traditional Olive Drab

City/Hwy MPG ...don't even go there. Payment plans available for up to 3000 months / 8.5% APR

CHRYSLER
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Direct Macro-Economic Cost
of Oil Addiction

$ >1 Billion per Day

$365 Billion per Year

(10-Year Cost is $3.65 Trillion, Stiglitz)



Econ 10%- Fuel Diversity Empowers
Consumer Choice

A Liquid PetroleumBased Fuel:
Ethanol Blends
Biodiesel Blends

A Efficient Electric Drives
Advanced Batteries
Super Capacitors
Fuel Cells

A Gaseous Fuels
LPG
Natural Gast LNG & CNo
Hydrogen

LIQUID FUELS



Parallel Paths to Renewable Energy

_INCREASING USE OF RENEWABLE ENERGIES
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Natural Gas & Electric Motor Fuels are

A Much CheapefThan Oil

A Abundant Domestic SupptyMore Secure
A Readily Available Local Utility

A Equivalent Vehicle Performance

A Lower Operating CostsSave More $$$
A Reliable, Safe and Affordable
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Low Carbon Electric & Natural Gas
Motor Fuels
are
Less Expensive

(to the Consumer & the MacrBconomy than)

Any Other Motor Fuel

AND WILL BE FOMANY, MANY YEARS
(AEO2011 Early Release Overview)



Low Carbon Fuel Infrastructure

LNGShip Bunkering

Fuel Sales

¥

NIV ™

LNG Shipments /

Warehouse
Exports LNG & CN e.g. Demand

Local Utility Support
Support CNG Fueling
Storage

Production
Distribution

Port Drayage | Rail LNG
Long Haul Trucking =l B Storage
LNG & CNG Fueling RS Ui B Fueling



Energy Policy Act of 1992

A Defined Alternative Fuels (including
Hydrogen)

A Established AFV Fleet Purchase
Mandates with Implementation Plan

A Set Goal of 1,000,000 AFVs by 2000

A Established Clean Cities Coalitions 1 an
AFV Advocacy Program



Leverage Industry Resources

DOE Clean Cities Organizations



