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The future of energy will be

= shaped by surprises...

9/11, off-oil imperative, energy vulnerability

Superefficient end-use — in ways that make big
savings cost less than small or no savings

Increasingly diverse, dispersed, renewable
electricity sources that cost less and make
large-scale failures impossible by design

An increasing shift of the key energy carrier
from electricity to hydrogen

The fusion of all four of these trends: supereffi-
cient direct-hydrogen fuel-cell cars that can be
plugged Iin as power stations when parked

Innovative, win-win, consensus-based policies g2




Surprise! Crude-olil prices, 1861—-2000
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The Brownian Random Walk of

World Real Oil Price, 1881-1993

Yo change, year Year-to-year percentage price
(-12,+25%) n-1ton :
i 1974\ 85— changes with a one-year lag
between the axes. If the price
65 — movements showed a trend,
' the ‘center of gravity’ would

favor a particular

gquadrant. All that
RechPASEl happened after
65 Sl 1973 s that
' ' volatility trebled,
changes stayed
perfectly random,
just as for any
other commodity.
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Market surprise: world crude-oil real price

vs. world oil consumption, 1970—-2002
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Since oll prices (and, it seems, public
policy reacting to it) are random, don’t
depend on them for anything important...

...such as energy security, prosperity,
and environmental quality.

Let’s be more purposeful.

That’s what technology
and leadership are for.




Annual US energy waste
= $3000Db (after saving $365b/Y since 1975)

e Fuel-to-incandescent light efficiency —3%
e Cars use <1% of fuel energy to move driver

US power plants’ waste heat
= 1.2" total Japanese energy use

No economy IS even a tenth as
energy-efficient as physics permits



3 U.S. energy/GDP already cut 42%5o,
) to very nearly the 1976 “soft path”

actual total consumptio 1975
2alalar=a

I




The modern “negawatt” (electric
end-use efficiency) potential is...

; a

Not incremental: not 10—-30% savings but ~60—-80+%

Not costly: returns are extremely high (many times
the marginal cost of capital) for retrofits, and capex
typically decreases for new construction

Not diminishing returns: often expanding returns
Not a tradeoff: service quality gets better

Not already done: even if you’'ve already “done energy
efficiency,” you can start right over again

Not dwindling: the “efficiency resource” is getting
bigger and cheaper faster than we’re using it up, and
faster than even the stunning progress in supply teck




X Negawatts cost less than megawatts:
. some recent building examples

2 Grow Rocky Mountain bananas with no furnace at —
44°C [/ —-47°F, 90% household electric saving

Comfort without air-conditioning at 46°C / +115°F

Both cost less to build; 90% a/c saving in a new
Bangkok house cost nothing extra

Big office buildings: 80—90% less energy, builds ~3—
5% cheaper and 6 months faster, with superior comfort
and market performance

75% energy savings retrofittable in a big Chicago office
tower, costs the same as routine 20-year renovation

97% a/c saving design for retrofitting a California office




Rocky Mountain Institute headquarters

? 2200 m high, nr Aspen
, 7 Frost possible 365 d/y

39-day continuous
midwinter cloud

Integrated design

?  Superinsulated (k-0.05
/ 0.14), superwindows
(k-0.47-0.7 center-of-
glass), ventilation heat
exchrs, 99% passive ht

"'{ %_. 2 95% daylit
'y ?  Efficient appliances
 Saved (1983 technology):

?  99% of space & water
htg energy, 50% H,0

& 7 —90% of home electric-

; ity (—=$5/month): av

load —~120 W/372 m?

». 7 10-month payback

aes (today, <0) ;

i ‘%’f 4 .
27 banana crops Withi= 5 38
no furnace at outdeor Y )
temperatures downto —44°C ¥
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PG&E ACT2 House

Davis, California

- Comfort without air condition-
Ing at +45°C, even in a 3-day
heat storm (later at 46°C too)
- Mature-market building cost
$1,800 lower

- Present-valued maintenance
cost $1,600 lower

- Design energy savings —82% &=
below California Title 24 (1992) ===
- Last 7 improvements justified
only by savings of energy plus
capital cost (last 1.5 t of a/c),
not of energy alone

- Saved 3/4 of wall wood

- Would make a terrific com-
bination w/ roof-integrated PVs

=
.




Old design mentality:
- always diminishing returns...

marginal
cost of
efficiency
improvement




New design mentality: expanding returns,
® “tunneling through the cost barrier”

I “tunneliing through
the cast barrier”. ..

marginal
cost of
efficiency
Iimprovement

-
cumulative resource savings
=1y e .10 &ven BIGGER and

cheaper energy savings




-3 a WO ways to tunnel through the
cost barrier

1. Multiple benefits from single expenditures

? Save energy and capital costs...10 benefits from
superwindows, 18 from efficient motors & lighting
ballasts,...

?  Throughout the design: e.g., RMI HQ’s arch has
12 functions, one cost

? Front end of Lotus Elise car has a 7-function part

2. Piggyback on retrofits being done anyway

? A 19,000-m? Chicago office could save 3/4 of
energy at the same cost as the normal 20-y
renovation — and greatly improve human and
market performance




4 wm Edwin Land

“People who seem to
have had a new idea

have often just stopped
having an old idea” EW®

»




% The nine dots problem




%

Standard nine dots solution




o

Better: use just three lines

But...how about just one line?

Concepts: Dr. Paul McCready
Art: Chris Lotspeich




origami
solution




geographer’s
solution




mechanical
engineer’s
solution




statistician's
solution &2




wide-line
solution




%

Edwin Land

Invention is
“... asudden
cessation of

stupidity”




Optimized industrial design

—= =" eRedesigning a standard (“opti-
' She—" mized”) industrial pumping
loop cut its power from 70.8 to
5.3 KW (—92%), cost less to
build, and worked better

e No new technologies — just
two changes in the design
mentality, yielding fat, short,
straight pipes rather than
skinny, long, crooked pipes

e Many other empirical
examples are in Natural Capi-
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R Industrial opportunities

Save half of motor-system electricity (3/8 of all in-
dustrial electricity), retrofit aftertax ROl 100-200%/y

Similar returns saving >50% of chip-fab HVAC power
Retrofit refinery, save >40%, —33% pretax ROI
Redesign supermarket, save 70—-90%, may cost less
New data center, save —90% of electricity, costs less

Redesign new chemical plant, save —3/4 of el., cut
construction time and cost by =10%

? Radical new process designs, like microfluidics
? Materials productivity (less stuff, last longer, reuse

more) lets less manufacturing deliver more service

Higher labor productivity (—6—16%), industrial
output/quality,...often worth more than saved energs




A California: policy works

Per-capita electricity consumption, 1960—-2000

Rest of U.S.
m——— California
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...then,in 1-2Q2001, customers undid the
previous 5-10 years’ demand growth




R, a Efficiency can work quickly
¢

In 1983—-85, 10 million people served by Southern California
Edison Company (then the #3 U.S. investor-owned utility) were
cutting its 10-years-ahead forecast peak load by 81/2% per year,
at —~1% of marginal supply cost

In 1990, New England Electric System got 90% of a small-
business retrofit pilot program’s market in 2 months

PG&E got 25% of its 1990 new-commercial-construction market in
3 months, raised its 1991 target, and got it all during 1-9 January

During 1979-85, U.S. GDP grew 16%o, oil use fell 15%, and
Persian Gulf oil imports fell 87%

The U.S. in 1996—99 cut its energy intensity 3.2%/y and its
electric intensity 1.6%/y despite record-low and falling prices

New delivery methods are even better — not just marketing
negawatts but making markets in negawatts, thus maximizing
competition in who saves and how




a Corporate leadership in
profitable climate protection

DuPont (worldwide), 2000-2010

O Revenue +6%/y, energy use at worst constant

O 1/10 of energy, 1/4 of feedstocks renewable
O 2010 greenhouse gas emissions = 1990 — 65%

STMicroelectronics (#3 in the world)
O Zero net carbon emissions by 2010 (1990 chips ~ 40)
O CO,/chip —92% profitable now, -98—99% soon
O Fabs build faster and cheaper, work better

BP: met 2010 CO, goal (1990 — 10%)
IN 2002 at a net cost of —US$0.65 billion

All in the name of shareholder value




Electricity supply:
the surprises are coming

o

~1880-1980: power stations costlier & less reliable
than the grid, so must be shared via the grid

~1980— : power stations cheaper & more reliable
than the grid, so really cheap and reliable supply
must be at/near customers, i.e., “distributed”

Central thermal power plants stopped getting more
efficient in the 1960s, bigger in the 1970s, cheaper
In the 1980s, and bought in the 1990s

New combined-cycle gas plants are generally
uneconomic, condensing plants even more so

But new distributed technologies grow rapidly




a New technologies are entering rapidly

Europe plans 22%-renewable electricity by 2010

Wind (30%/y) & photovoltaics (—26—42%/y) are the
world’s fastest-growing energy supply technologies

Global wind capacity 31 GW at end 2002, adding —7
GW/y (vs. nuclear’s 3.1 GW/y in '90s); it’'s 18% of
Denmark’s power today, sometimes >100% locally

103s microturbines shipped; 200-kWe phosphoric-
acid fuel cells costly ($2—4/W) but worthwhile

Next: cheap polymer fuel cells, cheap photovoltaics

PVs, esp. bldg-integrated, starting very fast “liftoff,”
can compete on many new U.S. houses 2003-05;
much progress; $0.05/kWh is plausible long-term &




Distributed generation
can compete

o

Industrial gas-turbine cogen/trigen delivers a few
MW, at —~$0.005—-0.02/kWh net (h — 0.90)

~26—29%-efficient 30—75-kW, natural-gas
microturbines shipping, often for cogen/trigen

A recent microturbine retrofit design would give a
1-y payback against $0.055/kWh utility power (h
~ 0.92) in a 150,000-m? office/lab complex

Windpower profitable in good sites (now edging
below $0.03/kWh + $0.017 subsidy (@ av. 5.6—6
m/s); practical potential ~1.5-4" global el. usage

But commodity ¢/kWh omits many impt. benefits




“Distributed benefits”
change the game

; a

Small Is Profitable: The Hidden Economic Benefits of
Making Electrical Resources the Right Size (RMI, 8/02)

o www.smallisprofitable.org

O One of The Economist’s top three business/economics books of 2002

Codifies and guantifies 207 “distributed benefits” that
collectively increase the economic value of decentral-
Ized generation by typically —~10" (but site-specific)

Four kinds: financial economics, electrical engineering,
miscellaneous, externalities

“Cleaner Energy, Greener Profits” (www.rmi.org,
2001) applies this approach specifically to fuel cells




Whence the order-of-magnitude
typical value increase?

o

Financial-economics benefits: often nearing —10°
renewables, —~3-5" others

Electrical-engineering benefits: normally ~2-3" ,
far more if the distribution grid is congested or if
premium power reliability or quality is required

Miscellaneous benefits: often around 2", more
with thermal integration

Externalities: indeterminate but may be
iImportant; not quantified here




U.S. energy intensity since 1975
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Data source: U.S. Energy Information Administration, Annual Energy Review

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Light-vehicle data from  id . and TEDB 22 (ORNL-6967), 2002, www-cta.ornl.gov/cta/data/index.html
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Light trucks dominate DOE-forecast

growth in U.S. transport oil demand

20 A

Millions of Barrels per Day

1970 1975 1980 1985 1990 1995 2000

US Qil Use for Transportation
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Off-road Rail

: Cars
I
1

Year
Source: Transportation Energy Data Book: Edition 22, September 2002,

% of 2000—25 growth in
U.S. oil consumption by:

transport all sectors
18 17
V4 /

2005 2010 2015 2020 2025

and EIA Annual Energy Outlook 2003, January 2003(Reference Case; cars & light trucks disaggregated by DOE)

Light trucks account for over half the forecast increase in
total U.S. oil usage — seven times as much as cars — due to

growing share, 2.3%/y traffic growth, and only +2.4 mpg




The next game-changer...from
Y e Hypercar, Inc.’s 13 years of vision

World Technology Award
Nissan Prize (1SATA)
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Hypercar, Inc.: supporting the
Industry’s transition

Mission: be the premier provider of lightweight,
efficient solutions that enable automakers to pro-
duce sustainable vehicles profitably for everyone

Reducing weight, at competitive cost, without com-
promising other attributes, is a key enabling techno-
logy for improving nearly all performance factors

Independent technology development and engineer-
Ing services firm with distinctive competence in
advanced composite structures and manufacturing

Not an automaker; powertrain- and fuel-neutral

Patent-pending “Body-in-black”™ solution promises
meeting all requirements competitively at volume

An internal development illustrates the potential... s=

\ .




4 " An encouraging example...

? At the Lockheed Martin Skunk Works®, engineer
David Taggart led a team that designed an
advanced tactical fighter-plane airframe...

made 95% of carbon-fiber composites

O

1/3 lighter than its 72%-metal predecessor
but 2/3 cheaper...

because it was designed for optimal manufacturing from
carbon, not from metal

? As VP Product Development and CTO of
Hypercar, Inc., he then did much the same for
cars — designing highly integrated cars around
a breakthrough composites manufacturing
technology (“Automotive Volume Advanced
Composite System”™ = AVACS™, pat. pend.) @

N

O O




An uncompromised, same-cost, 5 -efficiency midsize SUV

£ 2000 Hypercor, Inc

an illustrative, production-
costed, manufacturable
concept car developed for
a few million dollars in
eight months in 2000 by
Hypercar, Inc. (www.
hypercar.com) — on time,
on budget, with attributes
never before combined

INn a single vehicle

NI NI N

)

5 adults in comfort, up to 1.96 m? of cargo
hauls 460 kg up a 44% grade
857 kg (47% mass of Lexus RX300)

sim. head-on wall crash @ 56 km/h doesn”
damage passenger compartment

sim. head-on collision with car 2" its mass,
each @ 48 km/h, prevents serious injury

0—100 km/h in 8.3 seconds

2.38 L/100 km (99 mpg-equiv., 5° RX300)
530 km on 3.4 kg safely stored 345-bar H;
89 km/h on just normal a/c energy
zero-emission (hot water)

sporty, all-wheel digital traction
ultra-reliable, software-rich, flexible
wireless diagnostics/upgrades/tuneups
330-Mm warranty; no fatigue, dent, rust
competitive manufacturing cost expected

decisive mfg. advantages—=90% less
capital, space, assembly, parts count

initial production could ramp up —2007






o

. «i Ultimate public benefits of quintup-
‘ led light-vehicle fuel efficiency

? Oll savings: U.S. potential = 8 Mbbl/day = 1
Saudi Arabia = 42 Arctic National Wildlife Refuges
(if any there!); world potential = 1 nega-OPEC
(negamissions in the Gulf — Mission Unnecessary)

? Decouple driving from climate change and smog
O Profitably deal with —2/3 of the climate challenge

? Lead a fast transition to a hydrogen economy

O Can be profitable at each step; adoption already starting

? Parked cars (Eg@ﬁmaime can valuably
' in “power stati wheels”

- o .

“We’ll take two.”” — Automobile magazine



& Making cars ready for hydrogen

Standard fuel-cell
car: insert fuel cell In
near-normal, high-
tractive-load platform

Stack is too big and
costly, so must sell
many units at a loss
(or wait a long time)
to bring cost down

H, tanks are too big

to package, so need

onboard methanol or
gasoline reformer

Reformer hell

?

Direct-hydrogen fuel-cell
car: ultralight, ultra-low-
drag platform can use any
driveline and fuel, but is
peculiarly well suited to
direct-hydrogen fuel cell

Stack i1s small enough to
afford, even at early prices

Now-commercial H>-gas
tanks for normal range are
small enough to package

No reformer, high efficiency

Can produce cars as soon
as fuel cells are ready




\ ~ 89 km/h on same power as normal a/c, so
. ready now for direct hydrogen fuel cells

137-liter 5-ksi H, storage

35-kW (small enough to package)
load-leveling

batteries

35-kW fuel cell (small
enough to afford early)




4 wm efficiency pays

$ cost

Vehicle Fuel-cell Relative Range
power «w) | Type | output premium * (km)

Hypercar Revolution 35 hybrid |  100% N.A. 530
Toyota FCHV-4 90 hybrid | 257% + $ 5,500 250
Ford Focus FCV 85 hybrid | 243% + $ 5,000 320
GM HydroGen 111 94 FC 269% + $ 5,900 400
Hyundai Santa Fe FCV 75 FC 214% + $ 4,000 400
Honda FCX-V4 78 FC 223% + $ 4,300 300
140 400% + $ 10,500 150

Jeep Commander 2




Demonstrating hydrogen vs. gasoline safety

Side-by-side worst-case test of deliberate leakage of hydrogen (left: 1.54 kg = entire tank volume in ~100 s, 185
MJ) compared with a rather small leak of gasoline (right: 1.6-mm hole, 2.37 L, 74 MJ). The hydrogen flame is
visible because of sodium in particulates naturally present in the air. This test assumed a leak at the tank’s Pres-
sure Relief Device (yielding the fastest possible loss) and failure of the standard H, sensor, pressure-drop, and
flow-g@mparator shutoff devices. A hydrogen leak under a fuel-cell vehicle designed to standard protocols would
req failure of those three safety devices and of the fuel line. M.R. Swain, “Fuel Leak Simulation,” www.eren.doe.gov, 2002.

o
-

3s: |gn|t|on H2 @ 28 L/min’ gaso"ne @ 0.68 L/min 60 s: H2 flow SUbS|d|ng max 47°C on rear W|nd0W 19.4°C
on tray behind rear seat. Zooming in on gasoline car..

-
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- —_— | - ~
90 s: H, plume nearly stopped. 140 s: Gasoline-car interior alight. Tires later burst.



- a Rapid, profitable H, transition
: . (RMI, NHA paper, April 1999, www.rmi.org)

?  Put fuel cells first in buildings for co-/trigen + UPS

O Fuel with natural-gas reformers (or off-peak electrolyzers)
O Big market — buildings use 2/3 of U.S. electricity

? Meanwhile introduce H,>-ready Hypercars

O Fleets (return nightly to the depot for refueling)

O General market: start with customers who work in or near the
buildings that by then have fuel cells

> Use buildings’ hydrogen appliances for refueling
— Sized for peak building loads that seldom occur
> Sell kwWh and ancillary services to grid when parked

— Marginal investment in H, compression/fueling, grid
connection, & more durable fuel-cell stack is modest

> Earn back much/most of cost of car ownership
— U.S. full-fleet potential ~5—10 TW, ~6—12" grid cap. @




& Rapid, profitable H, transition (2)

Meanwhile, hydrogen appliances get cheaper,
SO put them outside buildings too
O At filling stations — a much better business than gasoline

> Use two ubiquitous, competitive retail commodities —
CH, and el. — and play them off against each other

> Use just the offpeak distribution capacity for gas and
electricity that is already built and paid for

> Mainly reformers: electrolyzers favored only at high
volume, small unit scale, and cheap offpeak kWh

> ~103 reformers @ US$6/GJ gas beat $0.24/L in $/km
Scaleable, modular, big economies of mass-production

As both hydrogen and direct-hydrogen fuel-cell vehicles
become widespread, bulk production and central distribu-
tion of hydrogen becomes practical and may be justified




& Rapid, profitable H, transition (3)

=2 proven, cost-effective, climate-safe methods

O Reform natural gas at the wellhead and reinject the CO,
> Reforming (—=5% of U.S. gas now) & reinjection are mature
> Potentially three profit streams: H,, +CH,, —C
> Strong industry interest (BP, Shell, Statoil), 200-y resource
O Electrolyze with climate-safe electricity

> Greatly improves ecs. of renewable electricity, bec. H,>-to-
wheels is ~2—3" more efficient than gasoline-to-wheels

— Even U.S. gasoline (US$0.33/L) is equivalent at the
wheels to US$0.09-0.14/kWh electricity with a proton
attached to each electron — so run dams in “Hydro-Gen”
mode, shipping compressed hydrogen instead of kWh (a
value-added product instead of the electron commodity)

— H, storage makes wind/PV power firm and dispatchable

Probably more: coal, oil, various renewables,...




Hydrogen-ready cars + integrated

A, ™ ith buildings = hydrogen transition

No technological breakthroughs required (e.g., onboard
reformers) — just durable and cheaper fuel cells

Can market fuel-cell cars as soon as durable fuel cells become
available, and can do so profitably many years earlier than
inefficient vehicles would allow

Meanwhile, engine or engine-hybrid Hypercar vehicles would
iImpress (e.g., —3.0-3.3 L/100 km midsize SUV)

No need for new liquid-fuel infrastructure (methanol, ultrapure
gasoline,...) nor for liguid hydrogen

Integrating mobile and stationary deployment makes the
transition profitable at each step (=10%/y real return)

It doesn’t matter whether durable stacks come first (favoring
buildings) or cheap stacks (favoring cars); whichever comes
first accelerates both markets




More profitable for hydrocarbon
owners too? Just try this quiz...

2 (H=C)> (H + C)?

? Is the hydrogen worth more with or without the
carbon?

? Is hydrogen plus negacarbon (which someone
may pay you not to put into the air) worth more
than hydrocarbon?

? Is a hydrocarbon worth more feeding a refinery or
a reformer?

? Should refineries become merchant H, plants?

(Left as an exercise for the reader. Then run, do not
walk, to the hydrogen economy.)




.}.

More hydrogen surprises (see

= RMI’s “20 Hydrogen Myths,” 6/03)

? >=>2/3 of fossil-fuel atoms burned today are H, —

?

ISsue iIs getting rid of the last 1/3 (carbon)

GM thinks US use of natural gas would be lower
with a miniature-gas-reformer H, transition,
because gas used to make H, would be more
than offset by gas saved in power plants, boil-
ers, furnaces, and making H, for gasoline

Sandy Thomas (www.h2gen.com) argues that
global capital investment in a gas-based H,
hydrogen fueling infrastructure over the next 40
y would be —$1 trillion less than for gasoline

O Upstream investments in gas are only —2/3 as capital-
intensive as those in oil

O The difference can more than pay for H, reforming/delivery




-\ - Global industry already makes
. much of the needed hydrogen

~50 MT/y total H, is ~1/4 as many Nm3/y as CH,

At 120 MJ/kg LHV, 50 MT/y H, (—37—45% used by
refineries) — if it all directly fueled 5h* light vehi-
cles instead — could displace two-thirds of all U.S.
gasoline (or all by —2010 at 6%/y H, growth)

*Hypercar®-class platform physics mean nominally “3h” if
Otto, “4h” hybrid or Diesel, “5h” (at least) if fuel-cell

If fueling 5h light and 2h heavy vehicles, 50 MT/y
H, could displace all U.S. highway-vehicle fuel

U.S. refineries use —~7 MT/y H, — enough, if so
used, to displace 1/4 of U.S. gasoline (2° Gulf
share) or 1/7 of U.S. highway-vehicle fuel

50 MT/y H, could be made by ND+SD windpower




?

o

New supply strategy for B.C.,

California, and the Pacific NW?

Import oil for
transportation

Heat with electricity and
BC gas

Electricity from hydro
and thermal (coal being
phased out, gas com-
bined-cycle phased in)

Minor renewables

Key energy carrier is
grid electricity

?

?

Import no oil

Fuel-cell vehicles,
buildings, most industries

Hydrogen as main energy
carrier, from gas, “Hydro-
Gen,” wind, and PVs

Minor direct gas use for
heat, mainly industrial

Minor central hydro-
electric supply, most elec-
tricity generated onsite

Intensive integrated superefficiency + distributed-
generation experiments are emerging: Iceland, NZ,

Yakushima, Vanuatu, Utsira,...Vancouver Island?




Layer upon endless layer of

*y efficiency In various forms...

Beyond Hypercars® (5—6" ): transport demand mgt;
mode-switching (Curitiba/Bogata/Lima bus, Cyber-
tran™, hybrid bikes...); vehicle-sharing (Stattauto,
ZIPcar, Lynn MA); mobility- or access-based busi-
ness models (mobility.ch...), land-use reforms

Beyond efficient aircraft (2—3" ): big operational gains
at airport & system levels; point-to-point in smaller
aircraft (hubless); Eclipse/Cirrus “air taxis”; mobility-
or access-based business models; virtual mobility

Total effect so far can reach or well exceed —10°

Plus possible changes in values or scorekeeping to
meet nonmaterial needs by nonmaterial means (Alan
Durning’s apt questions about great neighborhoods) =




A 1987—-88 RMI Analysis for Shell Found a Retrofit Potential to
Save —80% of U.S. Oil at Average Levelized Cost ~US$21/2/bbl...
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...but now every step is known to be bigger and cheaper!
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& Contingency: off-oil mobilization

2003 RMI analysis/synthesis is now underway
on a rapid, full, profitable off-oil roadmap

This RMI exercise, with a U.S. focus, will:

O update RMI's 1987—88 Shell supply curve for oil end-use
efficiency & CH, (but with two variants), + biofuels + H,

O analyze how much of the unbought overhang of oil savings
can be elicited by traditional plus ~15—-20 new policy
instruments (those not using price, tax, or de/regulation)

Expected to be more profitable for the country
and probably also for hydrocarbon companies

Ripe for global industry to consider, both as
contingency and as business opportunity




%_ W The Oil Endgame Is Starting

The chairs of 4 oil majors and 3 car majors have said so

The China-led hydrogen/Hypercar leapfrog in Shell’s
10/01 “Spirit of the Coming Age” scenario is clearly now
underway, with strong support from the highest levels

Oil will probably become uncompetitive even at low
prices before it becomes unavailable even at high prices

Geoffrey Ballard, Don Huberts, Sheikh Yamani: “The
Stone Age did not end because the world ran out of
stones, and the Oil Age will not end because the world
runs out of olil”

Like uranium already and coal increasingly, oil will
become not worth extracting — good mainly for holding
up the ground — because other ways to do the same

tasks are better and cheaper




A It’s time — we just need
N\ leadership, not management

“People and nations behave wisely —
once they have exhausted all other alternatives.”
— Churchill

“Sometimes one must do what is necessary.”
— Churchill

“We are the people we have been waiting for.”
— Hopi Elders
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About theauthor: A consultant experimental physicist educated at Harvard and Oxford, Mr. Lovins has
received an Oxford MA (by virtue of being a don), eight honorary doctorates, a MacArthur Fellowship,
the Heinz, Lindbergh, World Technology, and Heroes for the Planet Awards, the Happold Medal of the
UK Construction Industries Council, and the Nissan, Shingo, Mitchell, “ Alternative Nobel,” and Onassis
Prizes, held visiting academic chairs; briefed 17 heads of state; published 28 books and several hundred
papers; and consulted for scores of industries and governments worldwide, including oil majors since
1973, automakers since 1991, USDOE, and USDoD. He has advised Canada’ s Federal and Provincial
govern-ments and major energy firms for three decades. The Wall Street Journal’s Centennial |ssue
named him among 39 people in the world most likely to change the course of businessin the 1990s, and
Car magazine, the 22" most powerful person in the global automotive industry. His work focuses on
whole-system engineering; on transforming the car, energy, chemical, semiconductor, real-estate, and
other sectors toward advanced resource productivity, and on the emerging “natural capitalism.”

About Rocky Mountain Institute (www.rmi.org): Thisindependent, nonpartisan, market-oriented,
technophilic, entrepreneurial, nonprofit organization was cofounded in 1982 by Hunter Lovins and CEO
Amory Lovins. RMI fosters the efficient and restorative use of natural and human capital to create a
secure, prosperous, and life-sustaining world. The Institute’ s ~50 staff develop and apply imovative
solutions in business practice, energy, transportation, climate, water, agriculture, community economic
development, security, and green real-estate development. RMI’s ~US$7-million annual budget comes
roughly half each from programmatic enterprise earnings (mainly private-sector consultancy) and from
foundation grants and donations. Its work is summarized in the best-selling 1999 business book Natural
Capitalism (with Paul Hawken and L. Hunter Lovins, www.natcap.org).

About Hypercar, Inc. (www.hyper car.com): In 1999, Rocky Mountain Institute transferred its internal-
ly incubated technical activities on Hypercar vehiclesto this partly-owned second-stage technol ogy
development firm, its fourth for-profit spinoff. Funded by more than US$9 million of private equity
capital, Hypercar, Inc. supports the auto industry’ s transition toward the Hypercar concept developed at
RMI since 1991, focusing chiefly on integrated ultralight designs and manufacturing solutions. Mr.
Lovins chairs Hypercar’'s Board of Directors and holds minor equity optionsin the firm.



