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En’ergy in Transition

The era of cheap and convenient sources of energy
is coming to an end. A transition to more expensive
but less polluting sources must now be managed

s the foregoing articles make
Aflfar. civilization is not running
out of encrgy resources in an
absolute sense, nor is it running out
of technological options for mansform-
ing these resources into the partc-
ular forms that our parterns of energy
use reguire. We are, however, running
out of the cheap oil and narural gas
that powered much of the growth of
modern industrialized societies, out of
environmental capacity to absorb the
impacts of burning coal, and out of
public tolerance for the risks of nu-
clear fission. We seem lo be lacking
as well the commitment to make coal
cleaner and fission safer, the mon-
¢y and endurance needed to develop
long-term alternatives, the astuteness
o embrace energy efficiency on the
scale demanded and the consensus
needed to fashion any coherent strate-
£y at all.
* These deficiencies suggest that civi-
lizanon has entered a fundamental
transition in the nature of the energy-
socleny interaction without any collec-
tve recognition of the transition's char-
acter or its implications for human
well-being. The transition is from con-
venient but witimately scarce energy re-
sources 1o less comvenient but more
abundant ones, from a direct and posi-
ove connection between energy and
economic well-being to a complicated
and multidimensional one, and from
localized pockets of pollutdon and haz-
ard to impacts that are regional and
even global in scope.
The subject is also being trans-
formed from one of limited political
interest within natons to a focus of

STREET FAIR In New York Clry brings
together large oumbers of people from
a high-technology segment of the world
population of 53 billion. If the rest of
the world's people used energy at the
same rale as citizens of the U.S do,
global energy use in 1990 would be
more than four times as large as it is.

by John P. Holdren

major political contention berween
them. from an issue dominated by
decisions and concerns of the West-
ern world 10 one in which the prob-
lems and prospects of all regions are
inextncably linked, and from one of
concern o only a small group of tech-
nologists and managers to one where
the values and actions of every citi-
Zen matter.

nderstanding this transition re-
quires a look at the two-sided
connection between energy and

human well-being. Energy conmmbutes
posidvely 1o well-being by providing

_such consumer senices as hearing,

lighting and cooking as well as serving
as @ necessary input 1o economic pro-
duction. But the costs of energy—in-
cluding not only the money and oth-
er resources devoted to obtaining and
exploitng it but also the epvironmen-
tal and sociopolitical imparis—derract
from well-being.

For most of human history, the dom-
inant concerns about energy have cen-
tered on the benefit side of the ener-
gy-well-being equation. Inadequacy of
energy resources or (more often) of
the technologies and organizations for
harvesting. converting and distributng
those resources has meant insufficient
energy benefits and hence inconve-
nience, deprivation and constraints on
growth. Energy problems in this cate-
gory remain the principal preoccupa-
tion of the least developed countries,
where energy for basic human needs
is the main issue; they are also an im-
portant concern in the intermediate
and newly industrializing countries,
where the issue is energy for produc-
tion and growth.

Aside from having too little energy, It
is possible to suffer by paying toco
much for it. The price may be paid in
excessive diversion of capital, labor
and income from nonenergy needs
(thereby producing inflation and reduc-
ing lving standards), or it may be paid
in excessive environmental and soco-
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political impacts. For most of the past
100 years, however, the problems of
excessive energy costs have seemed
less threatening than the problems of
insufficient supply. Berween 1890 and
1570 the monetary costs of supplying
energy and the prices paid by con-
sumers stayed more or less constant
or declined, and the emvironmental and
sociopolidcal costs were regarded more
as local nuisances or temporany incon-
veniences than as pervasive and persis-
tent liabilities.

All this changed in the 1970's. The
oil-price shocks of 1973-1974 and
1979 doubled and then guadrupled
the real price of oil on the world mar-
ket. In 1973 oil constituted nearly halfl
of the world's annual use of indus-
tial energy forms (oil, namwral gas,
coal, nudear energy and hydropower
as opposed 1o the waditional energy
forms of fuelwood, crop wastes and
dung). Inevitably, the rise in oil pric-
es pulled the prices of the other in-
dustrial energy forms upward. The
results illustrate vividly the perils of
excessive monetary costs of energy:
worldwide recession, spiraling debt, a
punishing blow to the development

W & 2

JOHN P. HOLDREN is prolessor of en-
ergy and resources at the University of
California, Berkeley, where he is also act-
ing chair of the interdisciplinary grad-
uate degree program in energy and re-
sources. The program, which he helped
1o establish in 1973, oeats problems
of energy, resowrces, development and
security in terms of their technologi-
cal, emironmental, economic and socio-
political components. Holdren received
bachelor's and master's degrees in aero-
nautics and astronautics from the Mas-
sachusens Institute of Technology and
his Ph.D. in plasma physics from Stan-
ford University. In additon to his work
at Berkeley, he is chair of the executive
committee of the Pugwash Conferences
on Science and World Affairs. In 1981
Holdren received one of the first Mac-
Arthur Foundation prizes.

L]
|




|
I I
RAESIDENTIAL HEATING OiL o

1
L

DOMESTIC OIL (AT WELLHEAD)
) P,

1990 DOLLARS PER GIGAMULE
U_

\/\T&uﬂ MINE ENTRANC

o U P

1

BRI el iy rF
B T s I = 5
g 7 ,..—-PL'—‘E"—" ﬁ.

| . — .

£ R e
| | | !
| ! | | ! T NATURAL GAS (AT WELLHEAD)
3 ! ! .
._| I | ! | | |
2 |

@ e | |

1

. | | T e B e
1890 1500 1810 1520 18930 1840 1950 15450 18970 1980

1980

ENERGY COSTS In the U.S. over the past cenmury are charied, in constant U.5. dol-
lars. The fuel-price shocks of the 1970's were precipitated by the Organization of
Petroleumn Exporting Countries (OPEC) bul reflect an underlying reality: cheap (easi-
ly recoverable) oil and natural gas are already gone in most of the world. Although
fuel substdtution and conservation brought the price of oreC oil down in the early
1980°s, prices are not likely ever to reach their preshock lows. Electridry was less
affected by the price shocks because of the limited role of oil in generating electrici-
ry and the modest contribution of fuel costs 10 the total cost of supplying electriciry.

prospects of the oil-poor countries of
the Southern Hemisphere and the im-
position in the industrialized natons
of dispropordonate economic burdens
on the poor.

The early 1970's also marked a tran-
sition in coming to grips with the envi-
ronmental and sociopolidcal costs of
energy. Problems of air and water pol-
lution, many of them assoclated with
energy supply and use, were coming
to be recognized as pervasive threats
to human health, economic well-being
and environmental stability. Consdous-
ness of the secopolitcal costs of ener-
gy grew when overdependence on oil
from the Middle East created foreign-
policy dilemmas and even a chance
of war, and when India's detonation of
a nuclear bomb in 1974 emphasized
that spreading competence in nuclear
energy can provide weapons as well
as electricity.

The 1970's, then, represented a turn-
ing point. After decades of constan-
cy or decline in monetary costs—and
of relegation of emvironmental and
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sociopolitical costs to secondary sta-
fus—energy was seen to be getting cost-
lier in all respects. It began to be plau-
sible that excessive energy costs could
pose threats on a par with those of in-
sufficient supply. It also became possi-
ble to think that expanding some forms
of energy supply could create costs ex-
ceeding the benefits.

The crudial question at the beginning
of the 1990's is whether the trend that
began in the 1970's will prove to be
temporary or permanent. 1s the era
of cheap energy really over, or will a
combination of new resources, new
technologies and changing geopolitics
bring it back? One key determinant
of the answer is the staggering scale
of energy demand brought forth by
100 years of unprecedented population
growth, coupled with an egually re-
markable growth in per capita demand
for industrial energy forms. Supplying
energy at rates in the range of 10 tera-
warts (one terawatt is one billion wans),
first achieved in the late 1960, is an
enterprise of enormous scale. The way
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il was done in 1970 required the har
viesting, processing and combustion of
some three billion metric tons of coal
and ligrute, some |+ bilion barrels of
oil. more than a trillion cubic meters of
natural gas and perhaps nwo billion cu-
bic meters of fuelwocd. It entailled the
use of dirry coal as well as clean: un-
dersea oil as well as terrestnial; deep
gas as well as shallow; mediocre hvdre-
electric sites as well as good ones; and
deforestation as well as sustainable fu-
clwood hanvesting.

The greatest part of the past centu-
ny's growth in industrial energy forms
was supplied by oil and narural gas—
the most accessible, versatile, trans-
portable and inexpensive chemical fu-
els on the planet. The centuny's cumu-
lative consumption of some 200 tera-
walt-years of oil and gas represented
perhaps 20 percent of the ulrimatel
recoverable portion of the earth's en-
dowment of these fuels. If the cumula-
tive consumption of oil and gas connn-
ues 1o double every 13 to 20 years, as
it has done for a cenmury, the frutial
stick will be B0 percent depleted in an-
otaer 30 or 40 years.

Axcept for the huge pool of ol
bunderh‘mg the Middle East, the
cheapest oil and gas are alreadv
gone. The trends that once held costs
at bay against cumulative deplenon,
that is, new discoveries and economues
of scale in processing and transport,
have played themselves out. Even if
a few more giant oil fields are discov-
ered, they will make little difference
against consumption on today’s scale.
il and gas will have to come increas-
ingly, for most countries, from smaller
and more dispersed fields, from off-
shore and Arctic emvironments, from
deeper in the earth and from imports
whose reliability and affordability can-
not be guaranteed.

There are, as the preceding articles
have shown, a variery of other enerp
resources that are more abundant than
oil and gas. Coal, solar energy and fis-
sion and fusion fuels are the inost im-
portant ones. But they all require elab-
orate and expensive wansformadon
into elecmicity or liquid fuels in order
to meel socieny's needs. None has very
good prospects for delivering large
quantities of fuel at costs comparable
to those of oil and gas prior to 1973 or
large quanmnres of electridry at costs
comparable 1o those of the cheap coal-
fired and hydropower plants of the
1960's. It appears, then, that expen-
sive energy is a permanent condition,
cven without allowing for its environ-
mental costs.

The capacity of the emvironment to




abisoirh the cHlucnts and other impacis
wl energy wechnelogies is isell a hinie
resource, The fll"lufUU{ 15 manifesied in
e basic npes of ecnvaronmental costs
“Eiernal® costs are those imposcd
by emaronmental disruptions on so-
ey but not reflected in 1the mone-
fary accounts of the buvers and sellers
ul 1the cnerpy. “Intermalized” costs are
INCTEAsLs 10 moneltary costs imposcd
by measurcs, such as pollution-control
devices, aimed at reducing the exter-
nal costs.

Both npes of emvironmental costs
hasve been nising for sevieral reasons
birst, the declimng qualimy of fuel de-
pusits and cnoergyv-conversion sites 1o
whith socich must now turn mecans

structed and longer disiances must be
Traversed. dsecond, the growing magni-
ede of elfluents from energy systems
has led 10 saturanon of the emviron
ment's capacity o absorb such efflu-
cnts without disruption,

Third, the moncian costs of con-
trolling pollution 1end 1o increase winh
the percentage of pollutant removed.
The combinanon of higher energyv-use
rates, lower resource qualiny and an al-
recady stressed emvironment reguires
that an increasing percentage be re-
movied just to hold damagpes constant.
Conseguenth, internabized costs musi
nse. And fourth, growang public and
palincal concern Tor the emvironment
has lengthened the nme required for

quency of mid-project changes in de
sign and specifications, forcing coss
still further upward.

It is difficult 1o guantify

caontribution of all

the 1o1al
these factors 1o the

monetan costs of cnergy supply, in
part because factors not related 1o
the environment are often entwined
with environmental ones. For example,
construction delays have been caused
not just by regulalon constraints but
also by problems of engineering. man-
apement and qualine control. ey er-
theless, it seems likely that in the U5,
actual or anempted imernalization of
environmental tmpacts has increased
the monctary costs of supphing pe-

troleum products

by ar least 25 per

mure material must be moved or pro- siting. buldding and heensing energy cent duning the past 20 vears and the
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EMERGY SUPPLY accounts for a major share of human impact
on the global environment Most impacts can be characterized
as alierations to preindustrial flows or (o stocks of environ
mentally actdve substances ( natural baselines). The human dis
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ruption index is the magnitude of the human-generaied alter-
ation divided by the baseline. Impacts shown here, except oil
flows, all involve Mows to or stocks in the atmosphere. The
estimates are based on several sources and are approximate.
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coul ang nucivar power by 40 perceni
L Tre

:}L-;.pi_u- these expenditures, the re-
maimng uninternalized emvironmen-
tal costs have been substantial and in
many cascs are prowing. Those of
grealest concern are the risk of death
or disease as a result of cmissions
or accidents at energy facilities and
the impact of encrgy supplies on the
global ecosystem and on internation-
al relations.

The impacts of energy technologies
on public health and safery are difficulr
to pin down with much confidence.
In the case of air pollution from fossil
fuels, in which the dominant threat
to public health is thought 10 be par-
niculates formed from sulfur dioxdde
EITUSSIONS, a8 CONSsensus on [hE‘ num-
ber of deaths caused by exposure has
proved impossible. Widely differing es-
timates result from different assump-
tions about fuel composition, air-poliu-
tion control technology, power-plant
siting in relation to population distri-
bution, meteorological conditions af-
fecting sulfate formation and, above
all, the relation berween sulfate con-
centratons and discase

Large uncerrainnes also apply to the
health and safen impacts of nuclear
fission. In this case, differing estimates
result in part from differences among
sites and reactor npes, in part from
uncertaintics about emissions from
fuel-cvcle steps that are not yet fully
operanonal (especially fuel reprocess-
ing and management of uranium-mill
tallings) and in part from different as-
sumptions about the effects of expo-
sure to low-dose radiaton. The biggest
uncertainties, however, relate to the
probabilides and consequences of large
accidents at reactors, at reprocessing
plants and in the Tansport of wastes,

Altogether the ranges of estimated
hazards to public health from both
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WORALD POPULATION .
(BILLIONS)  Ble49:
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coal-fired ana nuclear-power planis are
su wide as to extend from neghgible
to substantial in comparnson with oth
er nsks to the population. There is
little basis, in these ranges. for pre
fernnp one of these energy sources
over the other. For both, the very size
of the uncenainty is itselfl a significant
liability,

Often neglected, but no less impor-
tant, is the public health menace from
rradinional fuels widelyv used for cook-
ing and water heating in the developing
world. Perhaps 80 percent of global ex-
posure to parriculate air pollution oc-
curs indoors in developing countries,
where the smoke from primitive stoves
is heavily laden with carcinogenic ben-
zopytene and other dangerous hydro-
carbons. A dispropornionate share of
this burden is borne. moreover, by
women (who do the cooking) and small
children (who are indoors with their
mothers).

The ecological threats posed by en-
ergyv supply are even harder to quan-
tifv than the threals 1o human health
and safery from effluents and acci-
dents. Severtheless, cnough is known
10 suggest they poriend oven larg:
er damage to human well-being. This
damage potential arises from the com-
binaton of two circumsiances.

First, civilizanon depends heavily on
senvices provided by ecological and
geophysical processes such as building
and ferulizing soil, regulating water
supply, controlling pests and patho-
gens and mainlaining a tolerable cli-
mate; yet it lacks the knowledge and
the resources 1o replace namure's ser-
vices with technology. Second, human
acuvities are now clearly capable of
disrupung globally the processes that
provide these senvices. Energy supply,
both industial and traditional, is re-
sponsible for a striking share of the en-
vironmental impacts of human activi-
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TRENDS in population and energy use per person account for the past ceniuny’'s
rapid growth of world energy demand. Industrial energy forms arc mainly coal, oil
and narural gas, with smaller contributions from hydropower and nuclear energy.
Traditional fuels are wood, crop wastes and dung. A terawalt is equal to a billion
tons of coal or five billion barrels of oil per vear. Data were compiled by the author.
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ny. Tne eevironmental raasition of (e
past 100 vears—drven abuve all by 3
20-fold increase wn fossil-fucl use and
augmented by a tnpling in the use of
traditional energy forms—has amount-
ed 1o no less than the emergence of
civilization as a global ecological and
geochermucal force.

Of all emvironmental problems, the
most threatening and in many re-
spects the most intractable is global cli-
mate change. Climate governs most of
the emvironmental processes on which
the well-being of 3.3 billion people cr-
icallv depends. And the greenhouse
gases most responsible for the danger
of rapid climate change come largely
from human endeavors too massive,
widespread and central to the func-
tioning of our societes to be easih
altered: carbon diosdde (CO,) from
deforestation and the combustion of
fossil fuels; methane from rice pad-
dies, cattle guts and the exploitation
of oil and natural gas; and nitrous ox-
ides from fuel combustion and fertiliz-
ET UseE.

The only other external energy cost
that might match the devastating um-
pict of global climate change is the
rick of causing or aggravaring large
scale militany conflict. One such threat
is the potential for conflict over access
to petroleum resources. The danger is
thought 1o have declined since the end
of the 1970's, but circumstances are
easily imagined in which it could re-
assert sell—particularly given the owr-
rent resurgence of U.S. dependence on
foreign oil. Another threat is the link
berween nuclear energy and the spread
of nuclear weapons. The issue 15 hardly
less complex and conmroversial than
the link berween carbon dioxdde and
climate; many analysts, including me,
think it is threatening indeed.

hat are the prospects for abat-

ing these impacts? Clearly, the

choices are to fix the present
energy sources or to replace them with
others having lower external costs.

As for fixing fossil fuels, it appears
that most of their emvironmental im-
pact (including the hazards of coal
mining and most of the ernissions re-
sponsible for health problems and acid
precipitation) could be substantially
abated at monetary costs aMountng 1o
additions of 30 percent or less to the
current U.S. costs of fossil fuels or elec-
tricity generaied from them. Still, a
massive investment in remofttiing or
replacing existing faciliies and equip-
ment would be needed, representing a
particular barrier in parts of the world
where capital is scarce and exasting fa-
cilities and equipment are far below
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current LS, standards. The carbon di-
tvade problem is much harder: replac-
mg coal with natural gas. which releas

* ¢5 less CO, per gigajoule, is at best

a short-lerm solution, and caphuring
and sequestering the CO, from coal
and ol would require revamping much
of the world's fuel-burning technology,
at hupe cost.

suclear encrgy is incomparably less
disruptinve cimatologically and ecolog-
ically than fossi fuels are, but its ex-
panded use is unlikely to be accepi-
ed unless a new genecration of reac
1ors with demonstrably improved safe-
n learures is developed, unless ra-
dipactive wastes can be shown to be
manageable in the real world and not
jus! on paper and unless the prolif-
cration issue is decisively resolved. |
believe the first two conditions could
be met, at least for nonbreeder reac-
tors,: without increasing the already
high ' costs of nuclear electricin by
mare than ancther 23 percent. ] think
the third can be accomplished only
by internationalizing a substantal part
of the nuclear-energy enterprise, an
approach blocked much more by po-
liical difficulties than by mopetary
costs. Fusion can, in principle, reduce
the safety, waste and proliferation haz-
ards of hssion, but it is not yet clear
how soon, by how much and at what
manelary cost,

Biomass energy, if replaced continu-
ously by new growth, avoids the prob-
lem of net CO» production, but the
costs of controlling the other environ-
mental impacts of cultivaton, harvest-
ing, comversion and combuston of bio-
mass will be substantial. Just bringing
the consequences of today's pattern
ol biomass energy use under control,
given its contribution to deforestation
and air-pollution problems, will require
huge investments of time and money.
The tripling or quinmpling of bjomass
supplics foreseen by some would be an
even more - formidable 12sk, fraught
with emvironmental as well as econom-
ic difficuldes.

The superabundant long-term option
whose external emvironmental costs
are most clearly controllable is direct
harnessing of sunlight, but it is now
the: most expensive of the long-term
options and may remain so, The deci-
sion 1o pay the monetary costs of solar
energy, if it is made, will represent the
ultimate internalization of the environ-
mental costs of the options that solar
energy would displace.

There is much reason to think, then,
that the energy circumstances of civ-
ilization is changing in fundamental
rather than superficial ways. The up-
ward trend in energy costs is solidly
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RELATIVE MAGKITUDES of some energy and noncnergy risks are shown for a
population of one million. Lost life expectancy is measured as the number of
deaths per year Uimes the number of years lost per death. Nonenergy data are
based on actual U.S. monality statistics {blue). Energy risks are calculated assum-
ing that all elecricity use (or household energy use in the developing world)
comes from the indicated source. Minimum { green) to intermediate (orange) to max-
imum (red) estimates of calculated risks are based on various assumptions about
siles, dose-response relations and accident probabilities (in the nuclear case).

entrenched, above all because of en-
vironmental factors. [t is guite plausi-
ble, in faci, given exisning cnerpy-sup-
plv svstems, end-use technologies and
end-use patierns, that most industrial-
ized nations are near or beyond the
point where further ecnergy growth wil)
create greater marginal costs than ben-
efits. "Full speed ahead” is no longer
a solution.

Instead we will need transitions tn
energy-supply svstems and patterns
of end use just to maintain current leyv-
els of well-being; without such transi-
tons, cumulative consumption of high-
grade resources and the diminished ca-
pacity of the environment to absorb
energy’'s impacts will lead 1o rising 1o-
tal costs even at constant rates of use.
Providing for economic growth with-
out emviroumental costs that under-
mine the gains will require even faster
transifions 1o |t:-1‘|"lmp&{1 CNErgy-sup-
ply technologies and higher end-use
efficiency.

Ithough the situation poses for-
midable challenges, it is likely
that the most advanced indus-

trialized nations are rich enough and
technologically capable enough 10 mas-
ter most of the problems. The richest
countries cowld, if they chose, live with
low or even negative energy growth by
milking increases in economic well-be-
ing from efficiency increases, and they
could pay considerably higher energy
prices to finance the rransition 1o envi-
ronmentally less disruptive energy-sup-
ply technologies. But so far there is lit-
tle sign of this actually happening. And
whether it could be managed in the

Soviet Union and Eastern Europe. even
in principle. without massive help from
the West is more problemaric.

Still more difficult is the situation in
the less developed countries (LDC 's).
They would like to industrialize the
way the rich did, on cheap cnergy, but
they see the prospects of doing so
undermined by high energy costs—
whether imposed by the world oil mar-
ket or by a transition to cleaner energy
options. An acuie shortage of capital
accentuates their tendency to choose
options that are cheapest in terms of
monetary costs, and they see the local
emvironmental impacts of cheap, dirny
energy as a necessary frade for meet-
ing basic human needs (with raditional
ENcrgy forms) and generating econom-
ic growth (with indusrrial ones).

Although the LDC share of world
energy use is modest today, the demo-
graphics and economic aspirations of
these countries represent a huge poten-
tial for energy growth. If this growth
matenalizes and comes mainly from
fossi fuels, as most of these countries
now anticipate, it will add remendous-
Iy to the atmospheric burdens of CO.
and other pollutants both locally and
globally. And while they resent and re-
sist the po-slow approach to energy
growth that global environmental wor-
ries have fostered in many industrial-
ized nations, the LDC"s are, ironically,
more vulnerable 1o global environmen:-
tal change: they have smaller food re-
serves, more marginal diets, poorer
health and more limited resources of
capital and infrastructure with which
to gdapt.

Global climate change could have pro-
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fnund conscguences for the nanons
ul the Southern Hemisphere: more
dry-svason droughts, more wel-season
flonds. more famine and discasc, per-
haps hundreds of millions of emviron-
mental refupees. Even if the North
suffered less from the direct efects
of climate change because of the great-
er capacitics of industrialized socict-
s 1o adapt, the world is too intercon-
nected by trade. finance. resource in-
terests. politics, porous borders and
possibilities for venting frustrations
rrulitanly.

ow should sociery respond (o

the changing and increasingly

alarming interaction behween
cnergy and human well-being? How
can the energy transition on which
ymalization has embarked, largely un-
aware, be steered consciously toward a
mure supportive and sustainable rela-
non among energy, the economy and
the environment ?

The first requirement is to develop
an improved and shared understand-
e ol where we are, where we are head-
vd and where we would like 10 go.
|hwere needs to be an extended pub-
ir and indeed international debare
vn the connections between energy
and well-being, supported by a great-
Iv expanded research effort to clarify
the evolving pattern of energy benefits
and costs. Of course, study and debate
will take time. Large uncertainties at-
iend many of the important issues,

POPULATION
[BILLIONS)

EMERGY PER PERSON
(KILOWATTS PER PERSON)

and some al these
Lo resohve.

Perhaps, with more information, the
situation will scem less threatening and
difficult than | have suppesied: on the
other hand, it could be even more
threaternung and difficult. In any case,
we face the dilemma of action versus
delay in an uncertain world: if we wair,
our knowledge will improve, but the ef-
fectiveness of our actions may shrink;
damage may become trreversible, dan-
gerous trends more entrenched, our
technologies and instituthions even hard-
er 1o stecr and reshape

The solution 10 the dilemma is a two-
pronged strategy consisting of “no re-
grels” and “insurance policy” elements.
No-regrels actions are those that pro-
vide leverage apainst the dangers we
fear but are bencficial even if the
dangers do not fullvy marerialize. In
conrtrasi, insurance-policy actions offer
high potential leverage against uncer-
tain dangers in exchanpe for only mod-
est imvestment, although some of that
investment may later tTurn oul 10 have
been unnecessary.

One cssential no-regrets program is
1o internalize and reduce the emi-
ronmental and sociopolitical costs of
exisring energy sources. Hiph prior-
ity should be given to abating emis-
sions of sulfur and nitrogen oxides
from fossil fuels and emissions of hy-
drocarbons and particles from fossil
fuels and traditional fucls alike. Tech-
nologies for controlling these emis-

will 1ake decades

TOTAL ENERGY
(TERAWATTS)

Teaal 53

2025

Total B2

ALTEANATE
SCENARIOS
FOR 2100

DEVELOPED
COUNTRIES

LESS DEVELOPED
COUNTRIES

WHOLE WORLD
CONVERGED

"OFTIMISTIC™ SCENARIO for world energy use in the mext century is based
on relatively low population growth, progress in energy efficiency and closing
the gap between rich and poor. The scenario assumes a high standard of living
can be achieved worldwide at an average rzte of energy use of about three
klowalls a person. Nonetheless, energy use in 2060 is double that of 1990,
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sions exst and will more than re-
pay thur costs by reducing damage
0 health, property and ecosysiems. An-
other part of the program should be a
carbon 1ax, the revenues from which
could be used 10 develop and finance
technologics for reducing fossil-fucl
dependence worldwide. More effort is
also needed to increase the safeny and
deerease the weapon-proliferation po-
tential of contemporary (nonbreeder)
nuclcar reactors, including the develop
ment of bener reactor designs and
placing the most vulnerable fuel-cycle
sieps under intermational control.

ncreasing the efficiency of energy

use (another no-regrets approach)

is the most effective way of all
to abate emvironmental impacts. Fossi
fuels and uranium saved through effi-
CIency generate no cmissions and cre-
ate no fission products or prolifera-
tion hazards. ( Efficiency, too, can have
emvironmental impacts, but thev are
vsually smaller, or can be made small-
er, than those of the energy sources
displaced.) Increased efficiency is also
the most cconomucal option in mone-
tary terms and the most rapidly ex-
pandable, and its ultimate potential is
both enormous and sustainable. The
main obstacle is educating the vast
numbers of individual energy con-
sumers, whose actions hold the kev
to many of the potential gains, and
then providing them with the capital
to take advantage of more efficient
technologies.

Also crucial to a sensible energy
strategy is the acceleration of research
and development on long-term ener-
gy alternanives: sunlight, wind, ocean
heat, and biomass; the geothermal en-
ergy that is ubiguitous in the earth’s
crust at great depth; fission breed-
er reactors; fusion; and advanced
approaches to energy efficiency. The
rescarch should emphasize not only
the attainment of economical ways to
harness these resources but also the
prospects for minimizing their emvi-
ronmental costs. Investing in such re-
search qualifies as an insurance ap-
proach in that we do not yet know
which of the options will be needed or
how soon. Some of the money will be
wasted, in the sense that some of the
options will never be exploited. But the
funding required to develop these al-
ternatives to the point that we can
choose intelligently berween them is
modest compared with the potental
costs of having too few choices.

Building East-West and North-South
cooperation on energy and emiron-
mental issucs, a nNo-Tegrets strategy
that will help no matter how the funare




unlolds, might begin with increased
CubpcTation on energy research, Such
allaburation could alleviate the world.
“wide funding sgueeze for such re-
search by climinating needless du-
phicanon, sharing diverse specialized
sirengths and dniding the costs of
larpe projects. (Until now nuclear fu-
sion has been the only area of energy
resvarch that has enjoyved major inter-
nalional cooperation.) It is especially
important that cooperation in energy
rescarch include North-South collab-
vrations on energy technologies de-
signed for application in developing
Countncs.

]nlfrn&[lﬂﬂﬁ] E'UEIPETE.[ICIJ'I on un-
derstanding and controlling the en-
vironmental impacts of energy supply
15 also extremely important, because
manv of the most threatening prob-
lems are precisely those that respect
no boundanes. Air and water pollution
from castern Europe and the Soviet
U'nion reach across Western Europe
and into the Arcoc, and the emviron-
mental impacts of energy supply in
China and India, locally debilitating
at todav's levels of energy use, could
become globally devastating at to-
murrow’s. But pleas from the rich
countries to solve global environmen-
tal problems through global energy re-
straint will fall on deaf cars in the least
developed and economically interme-
diate countries unless the first group
can find ways to help the last mwo
achivve increased economic well-being
and emvironmental protection at the
same [me.

oncerning carbon dioxide, the
best hope is that a no-regrets ap-
proach to energy efficiency—to-
pether with reforestanion and afforesta-
tion efforts that also fall in the no-re-
grets category—will be sufficient to
stabilize CO, emissions even as we
wail for the necessarily slower transi-
tion to emvironmentally, economically
and politically acceptable noncarbon-
based energy sources. But it would be
imprudent to assume that no-regrets
approaches will suffice. We need more
insurance, beyond the research advo-
cated above, 1o protect us against the
possibiliny that rapid and severe cli-
mate change might necessitate an ac-
celerated retreat from fossil fuels. We
nught to have a contingency plan—
carcfully researched, cooperatively de-
veloped and continuously updated--
for reducing global carbon emissions
a1 a rate of 20 percent per decade or
more if that proves necessary and if
the no-regrets strategies already in
place are not adegquate.
Mone of the preceding measures, nor
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FUNDING FOR ENERGY RESEARCH in the U.5. has declined sharply since 1980. The
bars represent federal budget authority for research, development and technology
demonstratons, in 1990 dollars. “Supporting” refers 1o research in basic energy
sciences. Federal energy research could be restored to its 1980 level by raising the
gasoline tax a mere three cents a gallon. Note also that the U.5. military spends
more than 100 tmes the total energy-research budget for ®insurance”™ against events
that are far less likely 10 occur than global changes demanding new energy optons.

all of them together, will be enough 10
save us from the folly of failing to sta-
bilize world population. The growth of
population aggravales even, TesQurce
problem, every environmental problem
and most social and political problems.
Short of catastrophe, world population
probably cannot be stabilized ar less
than nine billion people: without a ma-
jor effort to limit its growth, the num-
ber of human beings on the planet
could soar to 14 billion or more.
Supphving 5.3 billion people in 1990
with an average of 2.6 kilowatts per
person—a total of 13.7 terawans—is
severely straining the planet's techno-
logical, managerial and emvironmen-
tal resources, and crucial human needs
are going unmet. Let us suppose, op-
timistically, that remendous progress
in energy efficiency makes it possible
to provide an acceptable standard of
living at an average of three kilowatts
per person (hall the figure for West
Germany today). Then nine billion peo-
ple would use 27 terawatis and 14
billion would use 42; the lower ener-
gy-use figure is nwice today's, the high-
¢r one more than triple today's. Can
we expect o achiove cven the low-
er one at tolerable costs? As hard as
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controlling population growth may
be, it is likely to be easier than pro-
viding increasing numbers of people
with energy (and food and water and
muich elsel.

The foregoing prescriptions for tak-
ing positive control over the cnergy
transition constitute a demanding and
ambitous agenda for national and
international action. Little of it will
happen unless there is widespread con-
sensus about the narure of the prob-
lem, the size of the stakes and the
possibilinies for action. It is hoped that
the articles in this special issue of Sci-
entific American will make a contribu-
non toward that end.
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