A Hydrogen Economy - Is it a Panacea?
What Do We Know About H, and the Environment?
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U.S. RELIESHEAVILY ON OIL AND GAS FOR POWER



USOIL DEMAND, JANUARY 2002: About 18.5 million barrels per
day, = 777 million gallons. If lined up in 1-gallon cans, they would
encircletheearth at the equator almost 6 times (about 147,000 miles
of cans) — every day. 55-60% of US consumption isimported at a cost
of $50 billion+ per year, amounting to the lar gest single element of our

trade deficit.
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FOR SUSTAINABLE HYDROGEN ECONOMY
HYDROGEN = ELECTRICITY ...... SO0 you need...
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« WE CAN'T OPEN UNTIL WE DECIDE WHICH FAT CATS
AND POLITICIANS GET FILTHY RICH ARST LY
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Proton Exchange Membrane
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Catalyst
(Red)

How Hydrogen would work —
Motor Vehicles

Chemistry of A Fuel Cell
Anode side:
2H, => 4H* + 4e- Cathode
side:
O, +4H* + 4e- => 2H,0
Net reaction:
2H, + O, => 2H,0
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PROBLEMSWITH HY DROGEN

DIFFUSIONAL LOSS TO ATMOSPHERE

REACTION WITH METALS-METAL
EMBRITTLEMENT

SAFETY ISSUES—-NOT MUCH DIFFERENT THAN
GASOLINE...

STORAGE OF SIGNIFICANT FUEL LEVELS
HYDROGEN —IT'SA GAS!
METAL HYDRIDES-WEIGHT (BORON HYDRIDES?)



HYDROGEN -ATMOSPHERIC EFFECTS
TROPOSPHERE

H,+OH > H,0+H (REDUCTION OF OH ?)
H+ O, > HO,

HO, + NO = NO, + OH > SUNLIGHT-> OZONE
HO, + HO, > H,0, > SO, > H,S0,
STRATOSPHERE

5-10YR HALF-LIVEWITH OH - SOURCE OF
WATER IN STRATOSPHERE? -
AMPLIFICATION OF OZONE DEPLETION



NATURAL SOURCES

OXIDATION OF METHANE

FORMALDEHY DE
H,CO + SUNLIGHT = H, + COAND H + HCO

MOLECULAR HYDROGEN IS APPROX. 0.5 PPM
CURRENTLY

INDICATIONS OF INCREASE IN THE
ATMOSPHERE?



CSIR0 Monthly Mean Flask Data - Cape Ferguson, Ausiralia
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| SOPRENE

Oxidation Products—> Formaldehyde

Background Formaldehyde = 0.5 ppb from
methane oxidation

Formaldehyde in Deciduous Forests - 10-50 ppb
In 1982!

Wintertime - 3 ppb

Other VOC oxidations will give Formaldehyde!



Soils magjor sink... 70%7?
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So what does that do to the microbes?




ELECTRIC VEHICLES... Batteries— Lithium polymers?

300 miles on acharge? Need to go to higher Voltage systems.



FOR SUSTAINABLE ELECTRIC VEHICLES
ELECTRICITY ...... So you need...




| have focused on the Motor Vehicle energy
sources..but...similar conclusions arise from other analyses..

Qur demand for The burning of coal Larbon dicxide
enerqgy requires the praduces carbon emissions worsen the
burning of coal. dioxide emissions, greenhouse effect.
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A greater need For air Global warming 1éads The greenhouse
conditioning increases to 2 greater need for effect causes global
our dernand for energy. air conditioning. Warming.
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CURRENT CAPACITY and EQUIPMENT ISOLD







HYDROGEN AND FUEL CELLS
TRANSISTION TO ELECTRIC VEHICLES

STILL NEED ELECTRICITY
NUCLEAR

SOLAR

WIND

HYDRO
GROWING POPULATIONS WORLDWIDE AND GROWING

DEMAND FOR HIGH QUALITY —HIGH TECHNOLOGY LIFE!

NEED GOOD SCIENCE AND PLANNING —AND
IMPLEMENTATION



ALL ENERGY SOURCESHAVE THEIR PROBLEMS
SOME MORE THAN OTHERS

NEED TO THINK CRADLE TO GRAVE
ALSO NEED TO LOOK AT ALL OF THEIMPACTS

IMPORTANT FOR THE NEXT GENERATION OF SCIENTISTS
TO GET A BETTER HANDLE ON HOW THE EARTH SYSTEM
REALLY WORKS—-AT ALL LEVELS..

CHEMISTS - PHY SICISTS - BIOLOGISTS - ECOLOGISTS, ETC..



AND EVEN THEN WHEN WE THINK WE HAVE THE
ANSWER... ITSIMPORTANT TO REMEMBER THAT WE ARE
ONLY HUMAN AND LIMITED BY OUR ABILITY TO MAKE
OBSERVATIONS AND INTERPRET THEM CORRECTLY'!

BLIND MEN AND
THE ELEPHANT?

SO HAVE FUN LEARNING
THISSUMMER!




