
E
nergy is a modern
necessity. By harnessing
energy resources
beyond what
their own

muscles can generate,
humans have dramatically
extended and enriched their
domains. Draft animals, slaves, and
biomass have given way to fossil fuels
as the primary energy sources,
with nuclear and renewable
sources also entering the mix.

Illustratively, Fig. 1
shows the great growth and
changing mix of U.S. ener-
gy consumption by source
for the years 1635 to 2000.
Abundant energy has significantly
improved the quality of life in
many countries even as it has
spawned vexing environmental
problems ranging from global cli-
mate change to local water contam-
ination. 
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Political leaders have paid close
attention to available energy sup-
plies because of strong links
between growth in energy consump-
tion and the economy. The crucial
role of fossil fuels in supporting
mechanized warfare has further
sharpened the politicians’ focus.
The uneven distribution of fossil
fuel resources across the globe has
forced national leaders to treat ener-
gy as a strategic commodity. 

Energy security, therefore, has
been a common rationale for gov-
ernmental actions over the past cen-
tury. I use Yergin’s definition: “The
objective of energy security is to
assure adequate, reliable supplies of
energy at reasonable prices and in
ways that do not jeopardize major
national values and objectives” [2,
p. 111]. In this article, a brief exam-
ination of the histories of oil and
electricity confirms that unfettered
markets do not ensure adequate
energy security, that rationales for
governmental intervention have
evolved over time, and that econom-
ic and political interests have been
inextricably interlinked throughout. 

The energy security lens also has
significant implications in the cur-
rent policy debate over the “hydro-
gen economy.”

Brief History of Oil
Like many resource markets, the
market for petroleum suffers from
dramatic and persistent price
volatility. Demand is unresponsive
to price in the short run, yet growth
in supply is lumpy and capital-
intensive, and hence it is difficult to
balance demand and supply. Natural
equilibrium is unlikely, so both con-
sumers and producers seek external
interventions that improve price sta-
bility. When the oil era took off in
the late 19th century, “John D. Rock-
efeller’s original solution to the
problem of price volatility was to
establish a monopoly” [3, p. 2].

Gillespie and Henry [3, p. 3]
identify five successive oil regimes:
1) the Standard Oil monopoly, bro-
ken up in 1911; 2) the Texas Rail-

road Commission’s internationally
influential pro-rationing of produc-
tion, starting in the 1930s; 3) the
partly contemporaneous Seven Sis-
ters cartel consisting of Exxon,
Shell, British Petroleum, Mobil,

Chevron, Texaco, and Gulf, which
lasted into the 1970s; 4) the Organi-
zation of Petroleum Exporting
Counties (OPEC) that started in
1960 but became effective only
briefly during the 1970s-1980s; and
5) the Saudi-American regime
under whose twilight years we cur-
rently are living. 

Politicians helped create and pre-
serve these oil regimes at every turn
[3], [4]. Rockefeller depended on
compliant, laissez-faire legislators for
Standard Oil’s monopoly. The Texas
Railroad Commission, by 1935 an
elected body beholden to small inde-
pendent oil producers, was able to use
pro-rationing quotas to establish price
floors that also benefited the interna-
tional majors for over 40 years. The
Seven Sisters, although they relied on
an interlocking set of private con-
tracts to enforce stable market shares
and prices, also depended on British
and American governmental inter-
ventions to prevent producing coun-
tries from nationalizing their oil.
OPEC, conversely, depended on gov-
ernmental enforcement of national
production quotas. The Saudi-Ameri-
can regime depends on the Saudi
willingness to be a swing producer
and an American willingness to inter-
vene militarily in a politically unsta-
ble part of the world. 

Political interest in this economic
commodity is not merely cynical —
it is also prudent. In oil consuming
countries, “shocks —interruptions,
disruptions and manipulations of
supply — can lead to sudden, sharp
increases in prices and can impose
heavy economic and political costs”

[2, p. 122]. For example, two thirds
of U.S. oil consumption is currently
for transportation, and demand is
extremely inelastic because few
ready substitute fuels exist [5]. In oil
producing countries, petroleum sales

may represent the vast majority of
foreign exchange earnings, so a drop
in prices or quantities creates eco-
nomic and political chaos.

Table I summarizes recent oil
export and import dependence statis-
tics for selected countries. Over the
past century, the United States has
gone from being the world’s predom-
inant oil supplier to being its largest
importer. Much of the U.S. angst over
energy security in recent decades
comes from its change in status into a
significant net importer, as shown in
Fig. 2. Net imports grew from 0 to
11.2 million barrels per day between
1949 and 2003, with the nation
importing more than it produced
from 1994 onward [5], [6]. U.S. net
oil imports cost $122 billion in 2003
and represented 23% of the nation’s
trade deficit [7]. Japan and most
European countries have always
imported almost all of the oil they
consumed, and they have long since
adapted their economies and policies.
China became a net importer in 1993,
and imports grew to about 2 million
barrels per day by 2002 [8]. 

Oil Security
A number of changes to the global oil
marketplace since the severe shocks
of 1973 have made oil markets much
more secure and have allowed eco-
nomic rather than political factors to
govern most of the time. First, in
1975, importing countries created the
International Energy Agency (IEA),
which developed a deterrent oil sup-
ply allocation system for supply dis-
ruptions. Second and more important,
importing countries diversified away
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from Middle Eastern oil towards oil
elsewhere, and towards coal, natural
gas, and other fuels, while also great-
ly increasing their energy efficiency.
Third, importing countries developed
strategic petroleum reserves to carry
them through short-term supply dis-
ruptions. Fourth and arguably most
important, the IEA developed a
worldwide information system that
vastly increased the transparency of
the oil market and allowed it to adapt
quickly and accurately to changing
conditions [11].

Conditions have also changed
dramatically on the supply side since
1973. Although Middle Eastern
countries continue to hold the vast
majority of reserves, they currently
represent only 28% of global produc-
tion, down from 37% in 1973 [14].
Non-Middle eastern and non-OPEC
producers have ramped up produc-
tion and greatly diversified the geog-

raphy of oil supply. Although geo-
logical determinists correctly point
out that this is a short-term phenom-
enon [15], this “quick fix” is already
entering its fourth helpful decade. 

The history of oil shows that an
economic view of energy security
has predominated over the past cen-
tury, with two exceptions. Starting
in World War I with the advent of
oil-fueled warfare, and reaching its
peak in World War II, “oil not only
determined capabilities, but also
defined strategic objectives” [2, p.
113]. But then, ballistic missiles and
nuclear weapons developed during
the Cold War diminished oil’s mili-
tary importance [16, p. 114]. In
1990, the direct Iraqi military threat
to Kuwaiti and Saudi oil fields
brought the geopolitical view back
to the forefront temporarily. Even
this episode was mostly about who
would sell the oil, not whether it

would be sold. Producers are at best
interdependent with consumers in
the longer run because, as an Iran-
ian-born colleague observes, “we
cannot drink our oil” [17].

Energy security has rarely been
the sole driver of political and mil-
itary action. Before World War I,
Standard Oil, in pursuit of profits
and market power, persuaded a
beholden U.S. government to inter-
vene in the internal affairs of sever-
al Middle Eastern oil states. The
U.K. redrew the map of the Middle
East in the waning days of Empire
in part for administrative conve-
nience. France and the United
States intervened in oil-rich Viet
Nam in the 1950s and 1960s most-
ly to slow the spread of commu-
nism. In the 1960s, oilfields in
many countries were nationalized
to return control over these
resources to local decision makers.
Western responses to the Arab oil
embargo of 1973 were also a ges-
ture of solidarity with Israel. The
blockade of Iran in 1979 in part
reflected western disapproval of
hostage taking. The first Gulf war
in 1991 was a direct response to the
invasion of one sovereign nation by
another. The second Gulf war in
2003 was also about deposing a
dictator who had threatened to use
weapons of mass destruction. The
voluminous historical literature on
oil confirms, first, that the energy
security rationale is widely used,
and second, that other factors may
be equally important in driving
governmental actions. 

Fig. 1. U.S. energy consumption by source, 1635 – 2000 (Quadrillion BTU). Source: [1]
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Table I
Petroleum Balance of Trade for Selected Countries in 2001

Importers Exporters

Country Oil Imports  Country Oil Exports Oil as % 
as % of as % of of Export

Consumption Consumption Earnings

China 31 Canada 41 14
France 96 Iran 176 85
Germany 95 Nigeria 640 98
Haiti 100 Norway 3042 57
Iceland 100 Saudi Arabia 477 90
Japan 98 UK 45 8
Jordan 100 Venezuela 399 73
USA 55 Vietnam 111 20

Sources: [9-12]



Electricity
The electricity sector also explicitly
sought governmental involvement
during its development, and by the
1930s it was widely accorded public
utility status [18]. Electricity supply
is capital-intensive, storage is mini-
mal, transmission and distribution
are intrusive, and until recently
price signals have been weak. As a
remedy to under-financing in most
of the world, electricity has been
supplied by public enterprises or
regulated private enterprises that
have been granted monopoly fran-
chises [19]. Recent deregulatory
efforts have reduced but not elimi-
nated a governmental role [20].

Security concerns for electricity
have focused mostly on adequacy of
supply (is there enough capacity?)
and reliability of operations (are all
of the components functioning
properly?). In wartime, and recently
with the increase in terrorist threats,
security of the physical and infor-
mational infrastructures also has
received attention. 

The primary sources of electrical
energy are quite diverse, currently
including coal, oil, gas, biomass,
hydropower, nuclear, wind, geother-
mal, and solar. Each source has
strengths and weaknesses. Renew-
ables are the great hope of many, and
they represent the most rapidly
growing element of the electrical
energy mix. Unit costs have dropped
by an order of magnitude for wind
and solar since the 1970s, and wind
is now economically viable [21],
[22]. Enthusiasts argue that the dif-
fuse renewable resources and decen-
tralized locations of solar panels and
wind turbines makes such power
sources inherently more secure than
large, central station power plants —
the targets are dispersed. It remains
an open issue whether distributed
generation can be financed and oper-
ated as cost-effectively as central
station power plants. 

Nuclear power adds one more
dimension to the security picture.
It beneficially provides an alterna-
tive to fossil fuels, but imposes

nuclear weapons proliferation
risks as well as offering attractive
physical targets for saboteurs.
There is a strong case favoring
continued investment in nuclear
power innovations, but only if the
associated proliferation and secu-
rity risks can be resolved [23].

Concern over the physical secu-
rity of energy facilities needs to be
kept in perspective [24]-[26]. A
strategy of eliminating all large tar-
gets would mean eliminating
aspects of civilization we value
highly, such as our great cities and

monuments. Following September
11, 2001, advocates of sprawling
suburban land use patterns argued
that central cities should wither
away because they were not defend-
able. Abandoning all central station
power plants for the same reason
sounds equally nonsensical. 

U.S. Energy Policy Rationales
A scan of recent headlines can con-
firm that there are multiple ratio-
nales for governmental interven-
tion in the energy economy.
Concerns over air pollution, global
warming, energy prices, adequacy
and reliability of supplies, foreign
trade deficits of energy importing
nations, and military adventurism
get continual play, decade after
decade. To illustrate, following are
the objectives of a half-century of
U.S. federal energy policies as
paraphrased from the U.S. Depart-

ment of Energy’s history website
(other countries’ policies cover a
similar range) [27]:

August 30, 1954. President
Eisenhower signs the Atomic Ener-
gy Act of 1954, opening the way for
development of a civilian nuclear
power program.

July 6, 1962. President Kennedy
condones a test in Sedan, Nevada as
part of the Plowshare program
seeking to develop peaceful uses for
nuclear explosives.

January 1, 1969. President John-
son signs the National Environmen-
tal Policy Act.

November 7, 1973. President
Nixon launches Project Indepen-
dence, with the goal of achieving
energy self-sufficiency by 1980. 

December 22, 1975. President
Ford signs the Energy Policy and
Conservation Act, extending oil
price controls into 1979, mandating
automobile fuel economy standards,
and authorizing creation of a strate-
gic petroleum reserve.

April 20, 1977. President
Carter unveils the first National
Energy Plan for managing Ameri-
ca’s energy future.  

April 5, 1979. President Carter,
responding to growing energy

IEEE TECHNOLOGY AND SOCIETY MAGAZINE  |  SUMMER 2005 |  19

Fig. 2. U.S. petroleum overview: 1949 – 2000. Source: [5]
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shortages, announces gradual
decontrol of oil prices and propos-
es a windfall profits tax. Carter
subsequently announces a pro-
gram to increase the nation’s use
of solar energy, including a solar
development bank and increased
funds for solar energy research
and development. Soon thereafter,
President Carter proclaims a
national energy supply shortage
and establishes temperature
restrictions in nonresidential
buildings, and then declares ener-
gy to be the immediate test of gov-
ernment’s ability to unite the

Nation and proposes an $88 bil-
lion decade-long effort to enhance
production of synthetic fuels from
coal and shale oil reserves.

January 31, 1980. Following the
May release of Carter’s second
National Energy Plan, Energy Sec-
retary Duncan tells Congress that
DOE’s mission is to assure the
Nation’s orderly transition from an
economy dependent on oil to an
economy relying upon diversified
energy sources.

July 17, 1981. President Rea-
gan’s DOE releases third National
Energy Policy Plan. Plan’s free
market emphasis is intended to
reduce government regulations
and subsidies.

October 4, 1983. President Rea-
gan’s fourth National Energy Poli-
cy Plan emphasizes conservation,
decontrol of natural gas, research,
and nuclear licensing reform.

April 23, 1985. In his first major
policy speech of Reagan’s second
term, Secretary Herrington calls for
“energy strength” built upon exist-
ing “stability and security.”

March 26, 1986. DOE releases
fifth National Energy Policy Plan
stressing a continued goal of ade-
quate supply of energy available at
reasonable cost.

March 17, 1987. President Rea-
gan’s Energy Security Report out-
lines Nation’s increasing depen-
dence on foreign oil.

December 21, 1990. President
George H.W. Bush unveils his
National Energy Strategy, which
leads to the Energy Policy Act of
1992 that includes federal appli-

ance efficiency standards, plus elec-
tric and gas utility deregulation. 

April 1994. President Clinton
releases DOE’s first comprehensive
strategic plan, entitled “Fueling a
Competitive Economy,” which iden-
tifies five core mission areas: indus-
trial competitiveness, energy
resources, national security, envi-
ronmental quality, and science and
technology.” Lacking legislative
success, Clinton uses administrative
actions to continue electricity
deregulation and support conserva-
tion and renewables.

January 2001. President George
W. Bush asks a task force to “devel-
op a national energy policy
designed to help the private sector,
and, as necessary and appropriate,
State and local governments, pro-
mote dependable, affordable, and
environmentally sound production
and distribution of energy for the
future.” This controversial
“Cheney” plan, which emphasizes
supply-side strategies, is released
on May 17, 2001.

October 1, 2002. Bush Energy
Secretary Spencer Abraham revises

DOE’s mission following Septem-
ber 11, 2001: “we share a common
overarching mission: national
security.”

January 28, 2003. In his State of
the Union address, President Bush
says: “With a new national commit-
ment, our scientists and engineers
will overcome obstacles to taking
these (hydrogen fuel cell) cars from
laboratory to showroom, so that the
first car driven by a child born
today could be powered by hydro-
gen, and pollution-free.”

Over the decades, we see the
rationales for governmental action
shift. Eisenhower and Kennedy
both put government in the position
of technological leader of the civil-
ian energy economy. Johnson seeks
to curb energy sector pollution.
Nixon responds to the Arab oil
embargo with price and quantity
controls and an ambitious drive for
energy independence. Ford stays
this course. Carter returns much
control to the free market but
places governmental bets on con-
servation, renewables and synthetic
fossil fuels. Reagan further reduces
the governmental roles in the ener-
gy marketplace and in research.
Bush I imposes efficiency stan-
dards while continuing deregula-
tion and launching the Gulf War.
Clinton likewise continues to
deregulate while favoring demand-
side efficiency measures. Bush II
tilts heavily toward policies favor-
ing supply-side growth in fossil
fuels, and boosts fuel cell cars,
while invading Afghanistan and
Iraq. Playing out here are two inter-
twined debates. First, how should
responsibility for energy security
be allocated between the economic
and political spheres? Second,
which types of governmental inter-
vention are most appropriate? 

Some authors insist that the dis-
course is unfolding in only one
direction: governments that learned
to intervene aggressively during
World War II are now stepping back
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into more modest roles, and they are
learning to trust the marketplace
again [13], [28]. Others see pendu-
lums swinging back and forth
between consumer and producer
interests [29], [30], or between a
centralized “hard” energy path and a
decentralized “soft” path [31], [32]. 

Classical Rationales for
Governmental Action
Given the 20th century experience
with communism and fascism, a
reasonable starting point for 21st

century public policy might be Hip-
pocrates: “above all, do no harm”
[33, p.43]. Inspired by the 18th cen-
tury laissez faire advocate Adam
Smith, who wanted government to
be no more than a night watchman
for the economy, classical liberals
have argued that government should
serve only as rule maker and umpire
for the economic game [34]. 

Practical minimalists say that
government should only intervene
in the marketplace for three reasons:
to improve allocational efficiency,
distributional equity, and macro sta-
bility [35]. The efficiency rationale
is all about correcting market fail-
ures. In the energy sector, the most
important of these are monopoly
power (as enjoyed by electric utili-
ties, for example), externalities
(especially the environmental dam-
age caused by extracting and burn-
ing fossil fuels), and public goods
(providing things like national secu-
rity and basic research which the
unfettered marketplace under-pro-
vides). The equity rationale justifies
“lifeline” electricity and gas rates
and assistance to help low-income
families pay heating bills. The
macro stability rationale justifies
interventions to manage foreign
trade decifits, inflation, and the
economy-wide balance between
consumption and investment. 

Others see a larger role for gov-
ernment, and the evidence certainly
shows that governments frequently
act in order to enforce national
norms, pursue national objectives,
and cater to special interests [28],

[36]-[39]. For energy, the essential
tension is not merely whether it is
an economic issue to be managed in
the marketplace or a political issue
to be managed by government — it
is often, more subtly, whether a par-
ticular problem is an economic issue
to be managed by government. 

Actual governmental interven-
tions in the energy economy come
in many flavors, and they typically
address multiple objectives.
Indeed, the historical record shows
that security on its own has dictat-
ed only a few actions: establishing
strategic petroleum reserves,
increasing the diversity of sources
of energy supplies, and physically
protecting energy infrastructures
and supplies. Most energy policies
are determined at least as strongly
by the other objectives implicit
within Yergin’s definition: “to
assure adequate, reliable supplies
of energy at reasonable prices and
in ways that do not jeopardize
major national values and objec-
tives” [2, p. 111]. This begs a ques-
tion: do public policies make
unreasonable tradeoffs between
security and other objectives? 

The Special Role 
of Energy Carriers
Electricity is an energy carrier,
meaning that it transforms diverse
primary energy sources such as
coal and nuclear energy into a
clean, convenient, easy-to-deliver
form for final use. This carrier has
proved to be of immense value to
the macro-economy for allowing
the diversification of energy sup-
plies. In response to the oil price
spikes of the 1970s, the U.S. elec-
tricity sector, for example, diversi-
fied away from oil towards coal
and eventually natural gas to such
an extent that it is visible in the
multi-century graph in Fig. 1. It is
fair to say that electricity reversed
decline in the U.S. coal industry by
preventing oil and gas from com-
petitively displacing the dirty,
high-carbon fuel, and the nation
now burns far more coal than it did

at the height of the industrial revo-
lution. This substantial shift away
from oil was accelerated by a shift
towards an increased share for
electricity of end use consumption. 

Hydrogen is being proposed as
an energy carrier for mobile and
cogeneration applications, just as
electricity has served so successful-
ly an energy carrier for stationary
applications. Hydrogen is a clean-
burning gas that can be produced
from a variety of primary sources
and delivered to the point of use. In
particular, proponents of fuel cell
technology hope that hydrogen
emerges as a viable energy carrier
because other potential feedstocks
such as methanol require process-
ing before use [40]. Given that
transportation today depends
almost exclusively on petroleum-
based fuels, and viable substitutes
do not seem to be at hand, advo-
cates hope that hydrogen offers a
solution to oil import dependence. 

There is a high thermodynamic
cost in the near-term of using hydro-
gen as an energy carrier. Most cur-
rent U.S. hydrogen is produced by
reforming natural gas, although
some is also created by electrolyz-
ing water [41]. Both reforming and
electrolysis are relatively inefficient
processes with unappetizing theo-
retical engineering efficiency limits
[40]. One can argue that low engi-
neering efficiency only matters
when consuming non-renewable
fossil fuels, and it should not be a
concern when using abundant
renewable energy. However, if that
renewable energy can be more effi-
ciently converted to an alternative
energy carrier—electricity—then
turning it into hydrogen may not be
cost-competitive [42].

Electricity systems themselves
are not very energy-efficient. Fossil
fuel-fired power plants convert
only about 30-50% of the heating
value of the fuel into electricity;
then resistance losses within trans-
mission and distribution systems
impose an additional tax of about
10% [18]. Yet ubiquitous electricity
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systems demonstrate that we are
willing to sacrifice much thermo-
dynamic efficiency in exchange for
cleanliness and convenience at the
point of use. The same may some-
day be true for a hydrogen energy
carrier: this is the compelling logic
of economic efficiency, not engi-
neering efficiency. 

Some types of environmental
impacts — greenhouse gas emis-
sions, for example — tend to track
engineering efficiency very closely,
so that lower losses at any stage in
the system lead to lower emissions,
all else being equal [41]. Other
types of environmental impacts —
sulphur dioxide emissions, for
example — can be mitigated by
fuel substitution or flue gas scrub-
bing, and hence they do not closely
track engineering efficiency [43].
The most reliable and cost-effective
current multi-pollutant mitigation
strategies tend to include efficiency
improvements as a key element
[44]. However, single-pollutant
strategies such as carbon sequestra-
tion may have a future role [41].
Carbon sequestration systems now
under development could capture
carbon at a fossil fueled power
plant and deliver it to underground
cavities or the deep ocean for per-
manent storage, while adding
roughly 50% to the cost of the elec-
tricity so generated [45].

Energy carriers may also impose
security-environment tradeoffs pre-
cisely because they facilitate fuel
diversification. Just as electricity
has increased dirty coal usage, so a
hydrogen carrier could increase the
use of various fossil fuels. 

The Hydrogen Case
Current policy debate over the
“hydrogen economy” illustrates the
interplay of rationales for govern-
mental intervention in the energy
marketplace. Elements of the hydro-
gen vision include hydrogen-con-
suming fuel cells for mobile, station-
ary, and appliance uses; hydrogen
production technologies; and a vast
hydrogen delivery infrastructure. All

elements exist today but they do not
perform satisfactorily and are not yet
in widespread use. Competing
visions vie for attention: some advo-
cate a centralized solution involving
hydrogen produced by nuclear or
coal-fired power plants and deliv-
ered by continental networks of
hydrogen pipelines. Others advocate
a decentralized solution in which
hydrogen is produced by local
renewables or by natural gas that is
reformed at the point of end use. 

At a recent conference, a former
U.S. Congressional leader [46] list-
ed the anticipated benefits of mov-
ing toward a hydrogen economy:

■ improved access to unlimited
amounts of energy; 

■ geopolitical advantages to
consumer nations due to
increased energy indepen-
dence; 

■ distributed power, which
aligns with a megatrend
toward decentralization, cus-
tomization, and security (dis-
persed targets);

■ reduced environmental im-
pacts of transportation be-
cause hydrogen fuel cells
emit only water vapor; and

■ spurred creation of higher
quality products such as cars
that can double as power plants
or laptop computers with very
long-lasting power supplies.

The barriers to achieving a
hydrogen economy include:

■ Mostly negative public per-
ceptions of hydrogen (Hin-
denberg explosion, H-bomb,
hydrogen bubble at the Three
Mile Island nuclear accident);

■ Need for substantial invest-
ments in hydrogen research
and production technology;

■ Need for the creation of a
ubiquitous hydrogen delivery
infrastructure; and the

■ High cost of fuel cells and
hydrogen production tech-
nologies.

Skeptics [47]-[49] advocate
instead for higher efficiency vehicles
and appliances, and increased basic
research funding for new primary
energy sources such as photobiologi-
cally produced hydrogen. Some even
say that electricity is the only univer-
sal energy carrier needed in the near
term [42]. The skeptics have engi-
neering efficiency arguments on their
side, as Table II suggests. Whether
they also have economic arguments
on their side depends in part on how
we count benefits and costs. 

Many of the necessary technolo-
gies for a hydrogen transition are
immature and costly in comparison
with conventional fuels and prime
movers. Thus the current hydrogen
value proposition is extremely unat-
tractive for most energy users. A
variety of technology roadmap stud-
ies [40], [41], [50]-[52] suggest that
50% and greater cost reductions are
needed before hydrogen and fuel
cells can compete successfully in
the automotive market. 

The calculus changes dramati-
cally if security-related benefits
are included. Suppose that energy
security represented 50% of the
rationale for the American war on
Iraq in 2003-2004 (the spectrum
of views on this matter ranges
from 0 to 100%). A well-regarded
study of the likely costs of invad-
ing and occupying Iraq places the
costs to the United States in a
range from $99 billion to $1,924
billion over the decade following
the war [53]. Included are direct
military costs, occupation and
peacekeeping, reconstruction and
nation-building, humanitarian
assistance, impacts on oil markets,
and macroeconomic impacts.
Direct U.S. governmental expen-
ditures as of this writing exceed
$120 billion [54], suggesting that
$200 billion is a plausible central
estimate of the Iraq invasion’s
overall cost to the U.S. economy.
Fifty percent of that amount is
$100 billion. In comparison, the
United States has spent an average
of $21 billion annually on Persian
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Table II
Full System Efficiencies of Alternative Types of Cars

Efficiency of each
production stage

(1 – eff. factors shown
in table cells):

Type of Car:

Current technology
car with gasoline
fueled internal

combustion (30.6
miles/gallon) [58, 59]

Fuel cell car operated
on gaseous hydrogen
from methane steam

reformer [adapted
from [60]]

Fuel cell car operated
on gaseous hydrogen
from electrolysis via

coal-fired power plant
[adapted from [60]]

Fuel cell car operated
on gaseous hydrogen
from electrolysis via
wind farm [adapted

from [60]]

Electric car recharged
by coal-fired power
plant [adapted from

[60]]

Electric car recharged
by wind farm [60]

Hybrid electric car
with Diesel-fuelled

solid oxide fuel cell as
range extender [60]
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Gulf oil imports in recent years
[55], putting the cost of the war at
one half of the decadal cost of the
oil. If such a war happens roughly
once per decade, as it has recently,
a conservative markup of 50% on
Persian Gulf oil would be neces-
sary to internalize just the energy
security portion of the U.S. cost of
the Iraq war. Not included are
costs to other countries and loss of
life. On this basis, one can justify
billions of dollars annually in
expenditures on “expensive”
hydrogen technology that avoids
wartime costs. Of course, one
could equally well invest those
billions in energy efficiency,
renewable energy, or non-Persian
Gulf fossil fuel resources. 

Environmental costs and bene-
fits of a switch to hydrogen are
indeterminate, depending on
whether it is “dirty” or “clean”
hydrogen. Dirty hydrogen is pro-
duced from fossil fuels at a low
full system efficiency, and con-
tributes to global warming as well
as local environmental problems
associated with the extraction and
delivery of fossil fuels. Clean
hydrogen is produced from renew-
able sources at higher full system
efficiencies, and with fewer harm-
ful environmental impacts. The
only sure environmental benefits
come from avoided air pollution at
the point of use, the avoided direct
health costs of which alone are on
the order of $100 million annually
for a place like New Jersey, USA,
with a mostly suburban population
of about 8 million [56]. 

Rifkin harbors rather more sub-
versive hopes for hydrogen [57].
He argues that great human transi-
tions happen when a new energy
source (distributed renewable gen-
eration) becomes available in con-
junction with a new communica-
tion mechanism (the internet),
leading to a densification of
human exchange. By analogy, we
would need to reconfigure the
electric grid to allow peer-to-peer
energy flows. But since renew-

ables are intermittent energy
sources (no solar power at night,
no wind power when it’s calm),
we need an energy storage carrier:
hydrogen. Bottom up and top
down forces will interact uneasily
to make distributed generation
work. The current U.S. vision of
the hydrogen economy is central-
ized and fossil fuel based, whereas
the European vision is decentral-
ized and renewable. To promote
democracy we need to decentral-
ize control over energy and collec-
tively organize energy consumers.
Then, hopes Rifkin, the hydrogen
economy can promote a better
world by means of “reglobaliza-
tion from the bottom up.”

The potential importance of
hydrogen as an energy carrier can
be overstated, but it nevertheless
appears significant. Energy secu-
rity by means of oil import substi-
tution is the primary goal of cur-
rent OECD country hydrogen
policies, with environmental ben-
efits secondary. 

Energy Security
as a Policy Driver
Energy security persists as a policy
driver of great rhetorical and prac-
tical importance. Although the
world is not yet short of petroleum,
its concentration in a few political-
ly unstable areas already has pro-
found effects. The United States
has recently demonstrated its will-
ingness to spend a full year’s
worth of world oil industry rev-
enues on regime change in Iraq.
Governments could instead spend
similar amounts—perhaps just as
wastefully but with less loss of
human life—on the development
of energy efficiency technologies,
alternative domestic energy
sources and perhaps even new
energy carriers like hydrogen. 

For a century now, importing
nations have done whatever it
takes to ensure a continuing flow
of energy to fuel their economies.
The continuing troubled geopoli-
tics of oil confirms the salience of

the security rationale. Ensuring
access to oil and gas has been an
element of — but never the sole
justification for — many military
and diplomatic interventions in the
Middle East, and to a lesser extent
in Southeast Asia and Latin Amer-
ica [4], [16]. 

The security rationale tells govern-
ments to act, but doesn’t specify how.
There are lots of possible responses.
Balanced public policy should opti-
mize across security, economic, and
environmental criteria, and not maxi-
mize any one criterion. This is the
crux of current policy debates — is
there a way to achieve energy security
without jeopardizing other major
national values and objectives? One
solution, self-sufficiency, is an eco-
nomically costly strategy that also
deprives energy exporting nations of
needed trade opportunities. Another
solution, increasing the diversity of
energy supplies, is beneficial for
security and economic stability, but
not necessarily for the environment.
A related solution, supporting
hydrogen as an energy carrier, has
related weaknesses.

Policymakers will never find the
“sweet spot” that balances security,
economic, and environmental inter-
ests until there is more agreement
that these are all equally valid
national values and objectives.
Thus, the hydrogen economy solu-
tion will face vocal opposition until
public policy settles on the “clean”
(rather than “dirty”) hydrogen path-
way. Ideological debate over the
decentralization of energy produc-
tion likewise merely polarizes. We
would be better served by wider
experimentation that identifies prac-
tical and balanced solutions.
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