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FESC RDD&D OPPORTUNITIES 

NG & HFCEV VEHICLES & INFRASTRUCTURE  
 Å HOW FAR CAN  WE GO? HOW DO WE GET THERE QUICKLY?  

2 



Fig. 2 When CO2 dissolves in seawater, it reacts with water to form carbonic acid, which then 
dissociates to bicarbonate, carbonate, and hydrogen ions.

B Hönisch et al. Science 2012;335:1058-1063
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Fact ς CO2 Č 310 ppmv to 400+ ppmv 
30% increase in my lifetime 
The rate of change is accelerating! 



400+ ppmv: What is the Tipping Point? 

ÅLt// нлмо ά9ȄǘǊŜƳŜƭȅ [ƛƪŜƭȅέ 

 

Å Low Carbon Motor Fuels Can 
be Used to Save Money AND 
Reduce GHG Emissions NOW 

 

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

 

Å Hydrogen FCEVs Promise 50+% 
Reduction  TOMORROW 

 



Climate Physics for Dummies 

Q = Energy Flow (Tea or Earth) 

Qin  =  Qout  +  QStorage 

if Qin > Qout, then 

QStorage = Hot Tea or Climate 
Chaos 



Why am I Here? ς Start in1965  

ÅBS ς USMMA 

ïKings Point 

ÅUS Navy 

ÅLamont Earth Science 
Institute 

ÅMS - Columbia 
University 

ÅHarbor Branch 
Oceanographic Institute 



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

Å New York Harbor 
SS Alva Cape & 
Texaco Massachusetts 
 
Å Lands End 
SS Torrey Canyon 
 
Å Mississippi River 
SS African Star and Oil Barges 
 
Å Offshore Yucatan Oil Rig Blowout 

 
Å Superfund Sites 
Å LUST Fiascos 
Å Exxon Valdez 
Å Deepwater Horizon 

 



45+ Year Consulting Career 

Environmental Science 
Å Physical Oceanography 

Å Meteorology 

Å Water Quality 

Å Hydrology 

Å Groundwater 

Å Ecology 

Å Air Quality 

Å Toxicology 

Å Wastewater & Sludge Treatment 

Å Solid Waste Management 

Å Air Pollution Control 

Å Facility Remediation (Clean-Up) 

Å Pollution Prevention 

 

Energy Engineering 
Å Bunker C - Marine Steam Boilers 

Å Marine C.I. Diesels 

Å Offshore Oil 

Å Oil Refining & Terminals 

Å LNG Carriers & Terminals 

Å Landfill Methane 

Å Nuclear Electricity 

Å Coal Electricity 

Å Natural Gas Comb. Turbines 

Å Animal Waste to Methane 

Å Battery Electric Vehicles 

Å Plug-In Hybrid EVs 

Å PEM & SOX Fuel Cells 

Å Micro-Turbines 

Å Gasoline S. I. Engines 

Å CNG & LNG Vehicles 

Å Hydrogen Vehicles 

 



Science-Based Policy 
Å1968 NEPA 

Å1970 Clean Air Act 

Å1972 Clean Water Act 

Å1976 Resource Conservation Act (RCRA) 

Å1980 CERCLA ς aka Superfund Act 

Å1986 Toxic Substances Act 

Å1986 Safe Drinking Water Act 

Å1988 Alternative Fuel Act 



These Laws & Policies Empowered 
Industry and Consumers to Solve 

Serious Air, Water and Waste 
Pollution Challenges 

and 
Create JOBS! JOBS! JOBS! 

  



Pollution Prevention Act of 1990 
(Hydrocarbons were Exempted by Congress) 





Direct Macro-Economic Cost 

of Oil Addiction 

$ >1 Billion per Day 
 

 

$365 Billion per Year 
 

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



Econ 101 -- Fuel Diversity Empowers 
Consumer Choice 

Å Liquid Petroleum-Based Fuels 

  Ethanol Blends 

  Biodiesel Blends 

Å Efficient Electric Drives 

Advanced Batteries 

Super Capacitors 

Fuel Cells 

ÅGaseous Fuels 

  LPG 

  Natural Gas ς LNG & CNG 

  Hydrogen 

 

 





Natural Gas & Electric Motor Fuels are: 

ÅMuch Cheaper Than Oil 

ÅAbundant Domestic Supply ς More Secure 

ÅReadily Available ς Local Utility 

ÅEquivalent Vehicle Performance 

ÅLower Operating Costs ς Save More $$$ 

ÅReliable, Safe and Affordable 

ÅLƴ hǘƘŜǊ ²ƻǊŘǎ ΧΦ 

 



Low Carbon Electric & Natural Gas 
 Motor Fuels 

are 
 Less Expensive 

(to the Consumer & the Macro-Economy than) 
 

Any Other Motor Fuel 

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



Low Carbon Fuel Infrastructure 

LNG & CNG 
Support 
Storage 

Production 
Distribution  

 

LNG Ship Bunkering 

Port Drayage 
Long Haul Trucking 
LNG & CNG Fueling 

Warehouse 
Local Utility Support 

CNG Fueling 

Rail LNG 
 Storage 
  Fueling 

Fuel Sales 

Fuel Sales 

Fuel Sales 

Fuel 
Sales 

  

e.g. Demand  
Management 

LNG Shipments / 
Exports 



Energy Policy Act of 1992 

ÅDefined Alternative Fuels (including 

Hydrogen) 

ÅEstablished AFV Fleet Purchase 

Mandates with Implementation Plan 

ÅSet Goal of 1,000,000 AFVs by 2000 

 

ÅEstablished Clean Cities Coalitions ï an 

AFV Advocacy Program 

 

 



Leverage Industry Resources  

DOE Clean Cities Organizations 


