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Towards American Oil Independence Then and Now

Aug. 9, 2005

As expected, President Bush yesterday signed the comprehensive 1,724-page energy bill that
Congress passed late last month. The bill’'s various measures are expected to cost $12.3 billion over
the next 10 years—double the original estimate when the bill was initiated four years ago.

Supporters contend the plan will eventually help reduce the nation’s dependence on foreign oil.
But even they concede there will be little if any near-term impact on rising fuel costs. Crude oil prices hit
a record high of $64 a barrel yesterday and finished the day at $63.94, up about 3% due in part to
concerns about recent outages in the U.S. and the possibility of terrorist attacks in Saudi Arabia.
Source: AutoTech Daily

Level of oil dependence in 2004: 58%

January 1974

“Let this be our national goal: . .. the United States will not be dependent on any other country for
the energy we need to provide our jobs, to heat our homes, and to keep our transportation moving.”
“...we plan to spend $10 billion in Federal funds over the next 5 years. That is an enormous
amount. .. .private enterprise will be investing as much as $200 billion-- and in 10 years, $500 billion--
to develop the new resources, the new technology, the new capacity America will require for its energy
needs .” Project Independence, to be independent of foreign energy sources by 1980.

Source: Richard Nixon, State of the Union Address, January 1974

Level of oil dependence in 1972: 28% (35% in 1974)
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US Department of Energy Annual Budgets 2001 - 2006
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US DOE Lower 48 Oil Price Forecast (2003 dollars)
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World OIl Reserves by Country, as of January 1,
2004

Saudi Arabia
Canada

Iran

Iraq

UAE

Kuwait
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Qatar
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Brazil
Azerbaijan
Oman

Rest of World

World Total:
1,266 Billion Barrels

Current world oil consumption is 30.6 billion barrels a
year (972 barrels a second). Rate suggests 41.3 years
of global oil supply remain, BUT . .. .. What if China
grows?

=

| |
100 150 200 250 300

o
a1
o

Billion Barrels

Source: "Worldwide Look at Reserves and Production."Oil & Gas Journal,
Vol. 100, No. 49 (December 22, 2003), pp. 46-47.



Informing the consumer through content labeling 1

Every automobile sold in the U.S. must display one of these:




Informing the consumer through content labeling 2

Why not one of these on every gas pump?

(2004):

40.88% United States  (Alaska: 5.8%, Lower 48 states: 35.3%)

11.36% Persian Gulf  |ncludes Bahrain, Iran, Irag, Kuwait, Qatar, Saudi Arabia, and United Arab Emirates
7.65% Canada
7.57% Mexico

7.08% Saudi Arabia

6.14% Venezuela
5.10% Nigeria
3.10% Iraq
1.45% Angola
1.14% Kuwait

1.13% United Kingdom P ~
1.10% Ecuador /7
1.02% Algeria /
0.75% Russia |
0.68% Norway

0.67% Colombia \
0.67% Gabon ~

0.28% Argentina S =
0.24% Brazil -

0.23% Trinidad and Tobago 75~ - 1
0.16% Indonesia /—‘ \, 7
1.59% Other . ~_ _ . )

59 S ="



World oil prices in three cases,1970-2025
(2002 dollars per barrel)

M.D.L.

Source: U.S. Oil Market Outlook Through 2025, U.S.-Russia Oil Transportation and Markets Seminar, Department of Energy, September 2004



Figure 4. West Texas Intermediate Crude Oil Price
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1.3 Billion people just beginning to grow their oil
consumption AND competition for oil imports.

Source: Energy Information Agency, August 2005 China Country Analysis Brief

http://www.eia.doe.gov/emeu/cabs/china.html



Annual per capita consumption of oil - 2005
Oil consumption
Country Population (Barrels per person per year)
United States| 293 million 24.9
China| 1,300 million 1.98
World| 6,000 million 4.89

Sources:
Energy Information Agency, August 2005 China Country Analysis Brief
Energy Information Agency, January 2005 United States Country Analysis Brief



World Oil Price Chronology: 1970 - March 2005

http://www.eia.doe.gov/emeu/cabs/chron.html
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OPEC begins to assert power; raisestax rate & posted prices

OPEC begins nationalization process; raises prices in response to falling US dollar.
Negotiations for gradual transfer of ownership of western assetsin OPEC countries
Qil embargo begins (October 19-20, 1973)

OPEC freezes posted prices; US begins mandatory oil allocation

Qil embargo ends (March 18, 1974)

Saudisincrease tax rates and royalties

US crude ail entitlements program begins

OPEC announces 15% revenue increase effective October 1, 1975

Official Saudi Light price held constant for 1976

Iranian oil production hitsa 27-year low

OPEC decides on 14.5% price increase for 1979

Iranian revolution; Shah deposed

OPEC raises prices 14.5% on April 1, 1979

US phased price decontrol begins

OPEC raises prices 15%

Iran takes hostages; President Carter haltsimports from Iran; Iran cancels US contracts; Non-OPEC output hits 17.0 million b/d
Saudis raise marker crude price from 19%/bbl to 26%/bbl

Windfall Profits Tax enacted

Kuwait, Iran, and Libya production cuts drop OPEC oil production to 27 million b/d
Saudi Light raised to $28/bbl

Saudi Light raised to $34/bbl

First major fighting in Iran-lraq War

President Reagan abolishes remaining price and allocation controls

Spot prices dominate official OPEC prices

US boycotts Libyan crude; OPEC plans 18 million b/d output

Syriacuts off Iragi pipeline

Libya initiates discounts, Non-OPEC output reaches 20 million b/d; OPEC output drops to 15 million b/d
OPEC cuts prices by $5/bbl and agreesto 17.5 million b/d output

Norway, United Kingdom, and Nigeria cut prices

OPEC accord cuts Saudi Light price to $28/bbl

OPEC output fallsto 13.7 million b/d

Saudis link to spot price and begin to raise output

OPEC output reaches 18 million b/d

Wide use of netback pricing

Wide use of fixed prices

Wide use of formula pricing

OPEC/Non-OPEC meeting failure

OPEC production accord; Fulmar/Brent production outages in the North Sea
Exxon's Valdez tanker spills 11 million gallons of crude oil
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OPEC raises production ceiling to 19.5 million b/d

Iraq invades Kuwait

Operation Desert Storm begins; 17.3 million barrels of SPR crude oil salesis awarded

Persian Gulf war ends

Dissolution of Soviet Union; Last Kuwaiti oil fire is extinguished on November 6, 1991

UN sanctions threatened against Libya

Saudi Arabia agrees to support OPEC price increase

OPEC production reaches 25.3 million b/d, the highest in over a decade

Kuwait boosts production by 560,000 b/d in defiance of OPEC quota

Nigerian oil workers strike

Extremely cold weather in the US and Europe

U.S. launches cruise missile attacks into southern Iraq following an Iraqgi-supported invasion of Kurdish safe haven areas in northern Irag.

Iraq begins exporting oil under United Nations Security Council Resolution 986.

Pricesrise as Irag'srefusal to allow United Nations weapons inspectorsinto "sensitive" sites raises tensions in the oil-rich Middle East.

OPEC raisesits production ceiling by 2.5 million barrels per day to 27.5 million barrels per day. Thisisthe first increasein 4 years.

World oil supply increases by 2.25 million barrels per day in 1997, the largest annual increase since 1988.

Qil prices continue to plummet as increased production from Irag coincides with no growth in Asian oil demand due to the Asian economic crisis and
increases in world oil inventories following two unusually warm winters.

OPEC pledges additional production cuts for the third time since March 1998. Total pledged cuts amount to about 4.3 million barrels per day.

Qil pricestriple between January 1999 and September 2000 due to strong world oil demand, OPEC oil production cutbacks, and other factors, including
weather and low oil stock levels.

President Clinton authorizes the release of 30 million barrels of oil from the Strategic Petroleum Reserve (SPR) over 30 days to bolster oil supplies,
particularly heating oil in the Northeast.

Qil pricesfall due to weak world demand (largely as aresult of economic recession in the United States) and OPEC overproduction.

Qil prices decline sharply following the September 11, 2001 terrorist attacks on the United States, largely on increased fears of a sharper worldwide
economic downturn (and therefore sharply lower oil demand). Pricesthen increase on oil production cuts by OPEC and non-OPEC at the beginning of
2002, plus unrest in the Middle East and the possibility of renewed conflict with Irag.

OPEC oil production cuts, unrest in VVenezuela, and rising tension in the Middle East contribute to a significant increase in oil prices between January and
June.

A general strike in Venezuela, concern over a possible military conflict in Irag, and cold winter weather al contribute to a sharp declinein U.S. oil
inventories and cause oil prices to escalate further at the end of the year.

Continued unrest in Venezuela and oil traders' anticipation of imminent military action in Iraq causes prices to rise in January and February, 2003.
Military action commencesin Iraqg on March 19, 2003. Iragi oil fields are not destroyed as had been feared. Pricesfall.

OPEC delegates agree to lower the cartel’ s output ceiling by 1 million barrels per day, to 23.5 million barrels per day, effective April 2004.

OPEC agreesto raiseits crude oil production target by 500,000 barrels (2% of current OPEC production) by August 1—in an effort to moderate high
crude ail prices.

Hurricane lvan causes lasting damage to the energy infrastructure in the Gulf of Mexico and interrupts oil and natural gas suppliesto the United States.
U.S. Secretary of Energy Spencer Abraham agreesto release 1.7 million barrels of oil in the form of aloan from the Strategic Petroleum Reserve.
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Persian Gulf Oil Productive Capacity by
Country, 2001 and 2025
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Source: EIA, International Energy Outlook 2004
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Basic proton exchange membrane
(PEM) fuel cell mechanism

Reasonable cell voltage: .5- .8V

Hydrogen
side
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Basic unit cell of a fuel cell system

Also called a membrane-electrode assembly (MEA)

A

Catalyzed, porous carbon Proton Exchange
electrode \ / Membrane (PEM)

* One on each membrane « A sulfonated, perfluorinated
face (anode and cathode) polymer film
* Pt, Pd, Rh 6.7 1in + .001” - .020" thick

e .4 -6 mg/cm? for
hydrogen anode
« ~10 mg/cm2 for /O-ring seals

reformate anode

e ~10 mg/cm? for air Particul hi
cathode ¢ Particular to t’ IS _
manufacturer’s design.

» <.001” thick

«—225In———

Depending on design, this size MEA can produce 50 — 90 Watts (.07 - .12 HP)



Membrane Electrode Assembly Production

Perfluorinated -

polymer

membrane

w/Sulfonic acid Catalyzed
carbon
electrode

/ Courtesy: W. L. Gore & Associates, Inc.

Equivalent to: piston, valves, piston rings, spark plug, wrist pin, connecting rod,
cylinder, bearing, crank shaft for a 1/8 to 1/4 HP engine, manufactured on a roll!!!



Schematic diagram of a PEM fuel cell
with bipolar separator plates and gas flow fields

.001" - .010” — «

Flow field channels

Membrane electrode _
assembly (MEA) Bipolar s_eparator plate_s
(electronically conductive)



Schematic cut away of a PEM fuel cell stack

Stacking is necessary to add cell voltages

“Electrical PEM fuel cell stack
Current
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PEM Fuel Cell Stacks

5kW (6.7 HP) 85 kW (114 HP)
1992

13kW (17.5 HP) 2002
1995

Source: Ballard

10kW




What’s happened in the last ten years?

1993

Energy Partners’ Green Car

» Hydrogen fuel
e Three 5-kW PEM fuel cells

2003

Toyota Fuel Cell Hybrid Highlander

GM Hy-wire
» Hydrogen fuel
» 85-kW PEM fuel cell

... And several
dozen more
OEM fuel cell
vehicles.

GM HydroGen 3 (Opal Zafira)
* Liquid hydrogen fuel
» 85-kW PEM fuel cell




Evolution to commercial fuel cell vehicles
The direct ICE — ICE hybrid — fuel cell hybrid — direct fuel cell pathway

Toyota Lexus RX 400h SUV

| CE-dlectric
hybrid
e Fossll

Development of fuel
cell power systems at
entry level cost and

» Hydrogen

QS
3
Development of N
hybrid vehicle &
systems ™
— ©® Electricdrives
® Controls
®* Energy storage

|nternal combustion
engine mechanical
drivetrain
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Development of fuel
cell power systems
~ with power cost and
power density the

sameasan |CE

Fuel cell eectric direct drive
e Fossil
* Renewableliquid
» Hydrogen

GM Sequel

20257?



Market entry opportunities for fuel cells
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Retail product for first profitable PEM MEA

The size of a PEM fuel
cell needed for several
retail products that can
be produced, marketed
and sold within 2 years.



Micro Fuel Cell Potential Markets

Retail Products

0.001 0.01



Commercial fuel cells at the size extremes

1 Watt educational fuel cell
(~$250,000/kW)

South County Hospital, Wakefield, RI

200 kW PAFC fuel cell power plant
(~$4,000/kW)

Sold with negative margin, price needs
to be $1,500/kW

* Already hit price floor



The three most important words for
making a profit in fuel cells TODAY:

1. Packaging
2. Marketing

3. Distribution

If you do things right, everything else is ready.



Has the “Apple Computers” of the
fuel cell industry opened for
business yet?



Jadoo Power System’s NABII PEM Fuel Cell Power Package 1

Hot-swappable
hydrogen energy
cartridges

Energy cartridge
fill station

Fuel cell power pack

Your Price: $3,495.00
www.jadoopower.com Cata|Og Numbel’ 30'500110



