U.S. Energy Security Facts (for a typical year, 2000)

AMORY B. Lovins, CEO, Rocky MOUNTAIN INSTITUTE, 2 JUNE 2003, SUPPORTED BY
THE OVERBROOK FOUNDATION, THE J.M. KAPLAN FUND, AND THE COMPTON FOUNDATION

The United States has 4.6% of the world’s population, produces 21% of Gross World

Product, and uses 26%, produces 9%, but owns only 2-3% of world oil.

Half of U.S. oil usage is imported. One-fourth of oil usage comes from OPEC countries,
one-seventh from Arab OPEC countries, and one-eighth from Persian Gulf countries.

Of the 15% of net oil imports coming from Saudi Arabia, two-thirds relies on a single
processing plant and two terminals, all vulnerable to long-lasting sabotage or attack.
OPEC’s cartel power to keep oil prices above competitive levels is estimated to have cost
the U.S. economy about $4-14 trillion over the past 30 years — roughly a year’s GDP.
Net oil imports cost the U.S. $109 billion in 2000 and $2 trillion during 1975-2000.
Retail oil products cost Americans more than a quarter of a trillion dollars per year.
Transportation fuels cost as much as national defense, and drive demand for imported oil.
Light vehicles (cars and light trucks) use 70% of oil imports, or 2.9 times Gulf imports.
In peacetime, maintaining military forces earmarked for Gulf intervention costs around
$60 billion a year or $1.58 a gallon, paid through our taxes rather than at the pump. If that
mission were all motivated by the Gulf’s having two-thirds of world oil reserves (there
are other reasons too), the true cost of Persian Gulf oil would approach $100 per barrel.
Even in peacetime, the Pentagon is the world’s biggest buyer of refined oil products —
enough to drive each U.S. car coast-to-coast every 4 years. Fighting a Gulf war can use as
much oil as we import from Kuwait or Irag. The 1991 Gulf War’s net U.S. cost ($7
billion) was more than it would have cost to save as much oil as we got from the Gulf.
Almost unnoticed, since 1975 the U.S. has doubled the economic activity wrung from
each barrel of oil. Overall energy savings, worth about $365 billion in 2000 alone, are
effectively the nation’s biggest and fastest-growing major energy source — two-thirds
bigger than total oil use, and equivalent to 3 times oil imports or 12 times Gulf imports.
When we last paid attention, during 1977-85, GDP rose 27%, oil use fell 17%, net oil
imports fell 50%, and imports from the Persian Gulf fell 87%. OPEC lost half its market,
destroying its pricing power for a decade. If we’d repeated that 5.2% annual gain in oil
productivity starting in 1/2001, Persian Gulf imports could have been gone by 5/2003.
The key to the huge 1977-85 oil saving was Detroit’s 7.6-mpg-better cars, but then light-
vehicle efficiency stagnated through the 1990s. Displacing 2000 Persian Gulf imports
would take only another 3.25 mpg if saving gasoline saved as much crude oil as is used to
make it. Two decades ago, we gained 3.25 mpg every 21 months while improving safety,
peppiness, and emissions. If 27% of cars in 2000 were the popular 48-49-mpg hybrid-
electric models, or 15% were ultralight hybrid SUVSs, they could displace Gulf imports.

If the performance and weight of U.S. cars and light trucks had stayed constant since
1981, they’ d be 33% more efficient by now, saving Persian Gulf imports 2.5 times over.
Already-designed, uncompromised, cost-competitive, quintupled-efficiency cars that use
no oil but only hydrogen fuel cells, if used worldwide, could displace all OPEC’s output.
Giving the owner of an average 1990 car (23 mpg) a $4,900 rebate — 4 times trade-in
value — for scrapping it and replacing it with a new $21,000, 48-mpg, 5-seat compact
hybrid car would save enough gasoline to repay the rebate over its life at $1.25 a gallon.
Benefits could include cleaner air, a more stable climate, and negamissions in the Gulf.
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Energy insecurity takes many forms and complex causal routes, chiefly these ten:
Oil imports from unstable countries/regions (Persian Gulf; currently Venezuela, Nigeria)
Concentration of cheap oil resources, causing instability in and tension between nations
Being whipsawed by volatile world oil prices that also set or influence U.S. energy prices
Energy choices and market structures that expose customers to extreme price swings
Similar or greater import dependence for U.S. trading partners, allies, and other countries
Other countries’ using U.S. oil payments to buy destabilizing weapons or fund terrorism
Relying on U.S. and foreign energy infrastructure that’s easy to disrupt and hard to mend?
Indirect but major security threats, such as climate change and the spread of nuclear
weapons, created or exacerbated by the use or promotion of particular energy sources

9. Energy usage patterns and policies that perpetuate energy inefficiency, scarcity, inequity,

poverty, and unpayable debts in developing countries, thus breeding envy and hatred

10. Constraining and distorting international relations, compromising U.S. moral authority

Here we amplify only #1 and #7, but the same solutions can simultaneously address all ten.?
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Background: U.S. oil sources

Of all primary energy consumed in the U.S., 39% is oil, 24% natural gas, 23% coal, 8%
nuclear, and 7% renewables.”

The United States has less than 5% of the world’s population but produces 21% of Gross
World Product® using 25% of world primary energy consumption. It also uses 26% of
world oil, produces 9%, but owns only 2—3%.° Two-thirds of the world’s proven crude-
oil reserves are in the Middle East.

Of U.S. oil supply, 46% comes from domestic sources (one-sixth of it Alaskan) and 53%
from net imports, which are 24% of global oil trade and 89% of U.S. net energy imports.
Of U.S. net oil imports (i.e., imports minus exports), 52% comes from the Western Hemi-
sphere (16% Canada, 15% Venezuela, 10% Mexico, 6% Caribbean, 3% Colombia, 2%
Ecuador/Brazil/Argentina/Peru), 24% from the Persian Gulf, 9% from Nigeria, 7% from
Britain and Norway, 3% from Angola, and 5% from elsewhere.’

Half of net oil imports and 28% of oil consumption comes from the eleven countries of
the supply cartel OPEC® — a 31% lower share of net imports than OPEC’s peak share in




1977. Of the net OPEC imports, 52% comes from Arab countries: Saudi Arabia (15% of
net oil imports), Iraq (6%), Kuwait (2%), Algeria (2%), UAE (0.1%), and Qatar (0.1%).
Thus in round numbers, of U.S. oil use, one-half is imported, one-fourth is from OPEC,
one-seventh from Arab OPEC countries, and one-eighth from Persian Gulf countries.’
OPEC’s market power as a cartel, able to sell oil for more than its free-market price, is
estimated to have cost the U.S. economy about $4-14 trillion (1998 present value) in the
past 30 years, roughly the same as total payments on the National Debt during that time.*
Of the 15% of net imports or 63% of Gulf net imports coming from Saudi Arabia, two-
thirds relies on one processing plant and two terminals that could be lastingly disrupted.**
Net oil imports cost the U.S. $109 billion in 2000 — 29% of the then-record trade deficit
— and $2 trillion during 1975-2000 (an undiscounted 2000-$ total, not present-valued).
Retail oil products cost Americans more than one-quarter-trillion dollars per year.
Americans spent about as much in 2000 on transportation fuel ($285 billion'?) as on
national defense ($294 billion in FY2000"). This demand for light refined products,
especially gasoline, propels imports.

U.S. taxpayers subsidized oil supply in 1995 (the most recent year studied) by about
$16-35 billion more than oil excise taxes recovered for the Treasury.™
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Background: U.S. oil uses

U.S. oil is used 6% in buildings (two-thirds residential), 8% for industrial fuel, 17% for
industrial feedstocks such as asphalt and petrochemicals, and 68% for transportation,
which uses 27% of U.S. energy but 68% of U.S. oil.

U.S. transportation is 97% fueled by oil (the other 3% is almost all pipelines, powered by
electricity or natural-gas engines). Highway vehicles use 81% of transportation energy.
Only 2.5% of highway vehicles’ fuel comes from non-oil-based oxygenates (MTBE
mainly made from natural gas and ethanol mainly made from corn), 0.2% from all other
alternative fuels.'® “Dual-fueled” cars that can (but rarely do) use alternative fuels also
earn automakers credits for making more-efficient cars than they actually do, thus
increasing oil imports.*®

Of total petroleum product supplied, 43% is motor gasoline, 19% distillate fuel (two-
thirds of it to run diesel engines in vehicles), and 9% jet fuel.

The oil used in transportation goes 62.9% to light vehicles (36.5% cars plus 26.4% light
trucks such as vans, pickups, and SUVs), 5.3% to medium and 14.2% to heavy trucks,
0.6% to buses, 8.7% to aircraft, 5.7% to ships and boats, 2.1% to rail freight, 0.5% to
public transit'’, and 0.04% to passenger rail.'® Thus the 15.7 quadrillion BTUs of fuel
used in 2000 by light vehicles equals 70% of the 22.4 quadrillion BTUs of net oil
imports, or 2.9 times net imports from the Persian Gulf.

U.S. light vehicles use about as much as oil as is produced by Saudi Arabia, by far the
world’s largest oil exporter — or by Iraqg, Iran, and Kuwait put together.

Only 3% of all U.S. oil consumption makes electricity. Five-sixths of that usage is tarry
residual oil or coal-like petroleum coke — both otherwise almost useless byproducts of
refining. Only 0.4% of U.S. oil is distilled products made into electricity. Thus new
sources of electricity are irrelevant to oil — unless they’re cheap enough (which new
nuclear plants would not be) to make hydrogen that could displace oil as a vehicular fuel.
The latest federal government forecast™ projects 2001-25 increases of 105% in GDP,
43% in energy use, 47% in oil use, 77% in net oil imports, 21% in world real oil price (to



$26/bbl), and 43% in CO, emissions. Domestic oil output would fall by 9%, which would
be nearer 30% without a respite from new Alaskan oil from outside the Arctic National
Wildlife Refuge. These forecasts assume that new light vehicles will improve by only 2
mpg and their fleet by only 0.1 mpg during 2000-25, and each vehicle is driven 38%
more miles. The high-efficiency forecast variant assumes 4.6- and 2.1-mpg gains,
respectively, but with more driving, so projected gasoline use is only 7% lower.

Of the Department of Energy’s forecast increase in oil demand by highway vehicles
during 2000-02, 66% is for light trucks, 25% heavy trucks, and only 9% cars.

In model year 2002, the average fuel economy for cars and light trucks hit a 22-year low
(20.4 mpg, the worst since 19.2 mpg in 1980). Yet if their performance and weight had
stayed constant since 1981 (instead of increasing 93 percent in horsepower, 29 percent in
acceleration, and 24 percent in weight), their fuel economy would have improved 33
percent — enough to displace Persian Gulf imports 2.5 times over.

Oil accounts for the largest share (42%) of U.S. emissions of CO,, more than for coal
(37%) or natural gas (21%). Light vehicles emit one-fifth of all U.S. CO, — more than
the total emissions from any country except the U.S., China, and Russia, or about the
same as total emissions from Japan.?* The U.S. emits more CO, from burning oil than
any other country by far — more than Western Europe and Africa combined, or 2.7
times as much as China and India combined.?

The 1996 peacetime readiness cost of forces whose primary mission is intervention in the
Persian Gulf has been estimated at $6-64 billion/year, with a mean of $34b/y and the two
most authoritative budget-based estimates at $59b/y (Brookings) and $64b/y (Cato).** If
that intervention were related solely to oil and not to other interests, an oil-security-
related cost of (say) $60b/y would be equivalent to $66/bbl, equal to 2.5 times the 2000
landed price of Saudi crude or (if added to gasoline price with no markup) $1.58/gallon.
Paying oil-related military costs through taxes, not at the pump, is thus a big distortion.
Even in peacetime, the Pentagon is the world’s largest light-oil-products buyer — “nearly
100 million barrels of petroleum products each year...enough fuel to drive 1,000 cars
around the world 4,620 times....”? DoD is also the nation’s largest energy user — 80%
of federal government energy use or 0.8% of national energy use — much of it wasted by
inefficient land, sea, and air platforms that also compromise military effectiveness.?
Warfighting consumes a great deal of additional fuel. The Department of Energy
estimated in 1987 that fighting a war in the Persian Gulf may increase DoD’s oil use by
about as much as is imported from Kuwait or Irag.?’” Initial Air Force reports indicate that
combat and support aircraft in the Iraq War loaded at least 417 million pounds of jet fuel
in 30 days — enough to keep a Boeing 737-300 aloft for 11.9 years.?

U.S. energy efficiency: achievements

The U.S. in 2000 used 39% less primary energy per dollar of inflation-adjusted GDP than
in 1975. “Energy productivity” — GDP per unit of energy used — thus rose by 64%, due
mainly to smarter technologies, modestly (but more since 1996) to shifts in composition
of the economy, and only slightly to behavioral change. These savings brought U.S. ener-
gy use in 2002 to 3%, or 0.6% if adjusted to actual GDP, above the then-controversial
“soft energy path” graph published by the author in Foreign Affairs in autumn 1976.



If the U.S. had used as much energy per dollar of GDP as it used in 1975, its energy bills
in 1999, the most recent year for which expenditure data are available, would have been
$365 billion higher than they were (in 2000 $), equivalent to a tax of 3.85% of GDP.
Without the increased energy productivity achieved since 1975, energy consumption
would have grown during 1975-2000 by 253% more than it did.

The 1975-2000 gain in U.S. energy productivity had by 2000 effectively become a new
national energy source equivalent to 1.65 times total oil use, 2.8 times net oil imports, 4.2
times domestic crude oil output, or 11.6 times net imports from the Persian Gulf. (Recall
that all these “oil” figures include natural-gas liquids.) The energy productivity gain
provided two-fifths of all energy services in 2000, making it the nation’s biggest energy
“source,” and the fastest-growing except biofuels, solar cells, and windpower.

Rather than further developing this enormous “efficiency resource,” current federal
energy policy focuses almost entirely on subsidizing and increasing new energy supplies.
Yet the domestic oil industry has dwindling reserves®, falling output, and rising costs,
while the efficiency industry has expanding reserves, rising output, and falling costs.

U.S. oil efficiency: achievements

The U.S. in 2000 used 48% less oil per dollar of inflation-adjusted GDP than in 1975.
Putting it the other way around, “oil productivity” — GDP per barrel used — rose by
92.5% (and by 98% through 2002*°).

If the U.S. had used as much oil per dollar of GDP as it used in 1975, its oil bills in 1999,
the latest year for which expenditure data are available, would have been $88 billion (in
2000 $) higher than they actually were.

The last time the U.S. paid attention to saving oil, during 1977-85, GDP rose 27%, oil
use fell 17%, net oil imports fell 50% (by 4.28 million barrels a day — 72% greater than
U.S. imports from the Persian Gulf in 2000), and gross imports from the Persian Gulf fell
87%.% That saving took away from OPEC one-seventh of its market. The entire world oil
market shrank by one-tenth. OPEC’s market share was slashed from 52% to 30%, while
OPEC’s output fell by 48%, breaking its pricing power for a decade: the U.S. had more
flexibility to buy less oil than OPEC did to sell less oil. The U.S. created one-fourth of
that reduction by raising oil productivity 52% in eight years. If we’d achieved such rapid
oil savings starting in 2000, then Persian Gulf net imports (at the 2000 rate, which was
about 10% higher than in 2002) could have been displaced in 28 months.*

The most important part of the 1977-85 oil savings came from a 7.6-mpg improvement
in new domestically-made cars.** On average, each new car drove 1% fewer miles on
20% fewer gallons, achieving 96% of that efficiency from smarter design and only 4%
from smaller size.** In 2000, the light-vehicle fleet averaged 21.9 mpg for cars, 17.4 for
light trucks® — not much better than the 17.5 and 14.3 achieved in 1985 — while new
2000 light vehicles averaged 28.2 and 20.4 mpg®, respectively — values that have been
nearly stagnant for a decade. No effort has been made to repeat the stunning success of
using technology and policy to improve the fuel economy of the entire light-vehicle fleet
by 62% during 1975-84 while making vehicles safer, far cleaner, and no less peppy.

U.S. oil efficiency: further potential for solutions



A 3.25-mpg improvement in the 2000 U.S. light-vehicle fleet would have saved as much
oil as was imported net from the Persian Gulf (2.483 million bbl/d).*” During Model
Years 1979-85, a 3.25-mpg improvement was achieved, on average, every 32 months.®

N.B.: The 3.25-mpg figure assumes that saving 1 barrel of gasoline would save the 2.165 barrels of crude oil that the
average U.S. refinery used to make that barrel of gasoline in 2000.* This ratio could become invalid for very large
savings, depending on many factors including savings of other petroleum products — although, for comparison, the
ratio actually exceeded 3.0 during the rapid and larger gasoline savings achieved in 1977-85. Assuming barrel-for-
barrel equivalence, regardless of the complex realities of refinery yield, could correspondingly decrease crude oil
savings. Conversely, the fuel used or lost in delivering refinery gasoline to pumps isn’t counted here.

A 3.25-mpg improvement in the 2000 light-vehicle fleet would cut its gasoline usage by
14%. A 2001 National Academy of Sciences study found that light-vehicle improvements
have already cut gasoline consumption by 14%, yet that conventional further gains cost-
effective to the driver can nearly double the current fleet efficiency without harming safe-
ty or performance. Typical potential fuel savings range from about one-fifth for small
cars to one-third for midsize SUVs or nearly one-half for big pickup trucks. These
findings are technically and economically conservative, and don’t consider fuel cells or
ultralight construction.*

Displacing net oil imports equivalent to those from the Persian Gulf in 2000 would
require further oil savings eight percent smaller than the absolute reduction in oil
consumption that the U.S. achieved during 1977-85. This could be done by, for example,
making 26—27% of the 2000 car fleet as efficient as the popular 5-seat Honda Civic or
Toyota Prius hybrid cars, which are rated at 49 and 48 mpg, respectively. (The larger,
midsize, same-price 2004 Prius will be rated at about 55 mpg.)

Giving the owner of a typical 23-mpg 1990 car (the average for Model Year1990) a
$4,900 rebate — four times, or about $3,700 above, a typical trade-in value — for
scrapping it and replacing it with a new, $21,000, 48-mpg, compact, 5-seat hybrid car
(such as more than 100,000 Americans have already bought) would pay for itself just in
the $1.25-a-gallon gasoline®; any externalities avoided would be free benefits.

In 1987-88, RMI performed for Royal Dutch/Shell Group Planning an influential
analysis of how much oil the U.S. could have saved in 1986 by fully installing, wherever
they’d make sense, the best oil-saving techniques available or proven by 1987. The
result*, including using saved natural gas to displace oil in furnaces and boilers, was
equivalent to saving 80% of 1986 oil use at an average cost of $3.6/barrel (2000 $), or
about one-fifth of recent peacetime oil prices. Today’s efficiency potential is believed to
be considerably larger and cheaper because the technologies have improved by more than
the opportunities have been used up. The modern potential is being analyzed in an RMI
“off-oil” study to be published later in 2003. The new study will also include two forms
of substitution for oil not included in the study for Shell — biofuels and hydrogen.
However, just the 1987-88 study’s documented oil-saving potential would be about 54
times larger and 6 times cheaper than the oil that the U.S. Geological Survey considers
likely to be recoverable from the Arctic National Wildlife Refuge, or about 6 times
bigger and cheaper than 2000 Persian Gulf imports.* RMI believes the U.S. today has an
overall energy-efficiency potential, mostly in oil and electricity, exceeding $300 billion
per year — nearly as large as the recent peacetime military budget of $11,000 per second.
In the 1980s, at least eight automakers demonstrated compact or subcompact concept cars
ranging from 64 to about 121 mpg (Renault 4-seat 121 mpg Vesta I1, Volvo extra-safe 5-




seat 78 mpg LCP-2000 and Peugeot 4-seat ECO 2000 at no extra manufacturing cost, and
others).** Today, 5-seat hybrid-electric family cars (Honda Civic 49 mpg and Toyota
Prius 48 mpg) are selling briskly in the U.S., as is a 79-mpg 4-seat VW Lupo in Europe.
VW has even demonstrated a small 2-seat diesel-hybrid-electric city car at 238 mpg and
up to 74 mph®, although the 64-mpg hatchback Honda Insight gasoline hybrid now on
the U.S. market (and driven by the author) better fits the U.S. 2-seat segment.

The Big Three automakers have also tested midsize (Taurus-class) 72—80-mpg family
sedans.*® Honda and Toyota are test-marketing, at high initial prices, even more efficient
fuel-cell cars in the U.S. Six more automakers plan to do likwise over the next two years.
In 2000, a private startup company spun off from Rocky Mountain Institute (Hypercar,
Inc.) designed an uncompromised, cost-competitive, midsize SUV simulated to get the
equivalent of 99 mpg with a direct-hydrogen fuel cell, or estimated by the author to get
probably 70+ mpg with a gasoline-engine hybrid-electric powertrain.*” The fuel-cell
version of that Revolution concept SUV would use 82% less fuel than a similar Ford
Explorer, and would use no oil at all. A full global fleet of such efficient vehicles could
ultimately displace at least as much oil as OPEC sells.

If the hydrogen now used by U.S. refineries (much of it to make gasoline) were instead
fed into fuel-cell vehicles as efficient as that Revolution concept SUV, it would displace
one-fourth of al U.S. gasoline — twice as much as comes from Persian Gulf oil.*®

The potential cost-effective windpower in the Dakotas could make as much hydrogen as
the world now uses — enough, if used in efficient fuel-cell vehicles, to displace all oil
now used by U.S. highway vehicles.

In 1991, the Gulf War cost the U.S. (in 1991 $) $61 billion gross, or $7 billion net of
allies” contributions.*® Investing less than $7 billion (1991 $) in the cheapest available oil
savings could have displaced all 1990 or 2000 net imports from the Gulf.>® In 2002, net
imports from the Gulf are 15% larger than in 1990 (2.254 vs. gross Mbbl/d vs. 1.966), but
the efficiency potential is even larger and cheaper. The budget for the warfighting-
operations part of the Iraq war through June 2003 exceeds $53 billion ($30 billion
deployment + $5 billion/month®?), although more was at issue than just oil.

Don’t trade one security problem for another

Whether domestic fuels are more secure than imported fuels depends on the relative
vulnerabilities of their infrastructure to disruption by accident or malice. For example®,
over half of the 800-mile Trans-Alaskan Pipeline System (TAPS) is elevated and acces-
sible. This rapidly aging pipeline not only has worsening maintenance and operational
problems; it’s arguably the most brittle part of the entire U.S. energy infrastructure. Oil
from beneath the Arctic National Wildlife Refuge — where leasing was again rejected by
the Senate in March 2003 — would prolong dependence on TAPS for decades, and
double its oil throughput to more than now reaches U.S. refineries through the Strait of
Hormuz. Yet TAPS is even easier to disrupt and harder to mend than that famous Persian
Gulf chokepoint. TAPS has already been sabotaged, shot at over 50 times (punctured
once), and incompetently bombed twice (penetrated once). In 1999, a disgruntled
engineer seeking profits in the oil futures market was luckily caught before blowing up
three key sections with 14 sophisticated bombs; he was a bungling amateur compared to
al Qa‘eda. The original license requirement that the pipeline be able to restart after a
three-week interruption at —40° can’t be met and was recently changed to an unspecified



short interruption at +40°F. A longer hiatus, or in winter, could turn nine million barrels
of gooey oil into the world’s largest Chap Stick. Such fragile infrastructure hardly seems
a suitable centerpiece for what its advocates, soon after 9/11, oddly called the Homeland
Energy Security Bill. Real energy security requires, among other things, efficient use and
diverse, dispersed, increasingly renewable sources. These also happen to be the best buys
and are winning in the marketplace where allowed to compete.*®
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