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I n t ro d u c t i o n

Am ong the iss u es any world summ it con ce rned with sustai n able developme nt is ob l i g ed to con-

front is the role of ene rgy in human we lfare. If ene rgy reso urces and their tran s f o rmation into im-

p o r tant “downstream” co mm o d ities like tran s p o rtation fuels and electricity are expe n sive re la-

tive to per cap ita inco me, or if ene rgy suppl ies are scarce and ene rgy infrastructure is insufficie nt,

people are less well off. Such ci rcum stan ces are a special burden for the worl d ’s poorer co u ntries .

A lth o u gh hist o rical ly, reso urce scarcity has invariab ly been overco me, si gn ifican t ly highe r- cost

e ne rgy could co m pl icate the mome ntum to ward a healthy econ o m ic fu ture .

But ene rgy co mmands atte ntion not me re ly beca use of its impl ications for econ o m ic and so-

cial developme nt. Many of the worl d ’s envi ron me ntal problems are uniquely connected with the

p ro duction and use of ene rgy reso urces: pol l u tants from fossil fuel co m b ustion, ecol o g ical dam-

age from hy droe l ectric dams, and unsolv ed problems asso ciated with the nucl ear fuel cy cle, to

n ame just a few ob vio us exam pl es. Thus, matte rs of ene rgy cost, econ o m ic gro w th, and env i ron-

me ntal inte g rity to g ether con stitu te a critical dime n sion of sustai n ab il ity.

To convey a gene ral se n se of whe re we are and whe re we may be heading over the ne xt se v-

e ral deca d es, I f i rst sk etch out high l i ghts of the curre nt ene rgy situ ation and des cri be how th i n gs

have evolv ed si n ce the 1992 Un ited Nations Confe re n ce on Envi ron me nt and De v e l opme nt

( UN CED) in Rio. I then dis cuss the pros pective role of re ne wable ene rgy reso urces and the out-

l o ok for enhan ced use of natural gas — two so urces that could lead to a better natural envi ron me nt.

A lth o u gh r e ne wab l es, as the name suggests, addition al ly pro m ise an es cape from the ene rgy

s carcity con u n drum, natural gas and other fossil fuels may have more staying power than so me

people b e l ie v e .

World Energy Ten Years after Rio

A snapsh ot of the world ene rgy sc e ne a decade after the 1992 Rio confe re n ce re v eals a num be r

of high l i ghts :

■ C o mme rcial mark ets for pri mary ene rgy so urces are still hea vily wei ghted to ward fossil fu-

els (with atte n dant emissions of gree n h o use gases and other pol l u tants): coal has a 22% share ;

o il, 40%; natural gas, 23%; nucl ear power and hy droe l ectricity, 7% ea ch; and non hy dro re ne w-

ab l es, 1%. The last fi g ure does not include the pe rsist e nt ly high vol ume of non mark et fu e l w o o d

and farm resi du es used in nume ro us developing co u ntries. Esti mates of such non co mme rcial en-

e rgy use are not very re l iable, but acco rding to ro u gh cal cu lations by the Inte rn ation al Ene rgy

Ag e n cy (IEA), they average around 25% of aggre gate ene rgy con s um p tion and nearly 75% of

h o use h old ene rgy use in developing co u ntries. But an important qual ifier atta ches to t h ose num-

be rs: not only are such non mark et so urces used inefficie nt ly; their expl o itation contri b u tes to ero-

sion and loss of so il fe rtil ity.

■ Ene rgy con s um p tion conti n u es to be ce nte red pred o m i n ant ly in industrial re g ions. Given the

o il - p ro ducing role of the Middle East, Africa, In d onesia, and Ve nezu e la, ene rgy pro duction is more

e q u al l y div  i d ed —  w ith developing and industrial c  o u ntries e  a c h acc  o u nting for about half. That

asymmetry, es pecial ly as it re lates to oil, fre q u e nt ly adds an eleme nt of pol itical stress to pure ly

mark et fa cto rs. Within the pro ducing gro u p, Russia is rap i d ly re- e me rging as a con se q u e ntial playe r.
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■ Of the total am o u nt of pri mary ene rgy reso urces dep l o yed, major portions go into electricity

g e ne ration and into tran s p o rtation. Refl ecting a stea dy 30 - year rise, these uses now acco u nt for

40% and 25%, res pectiv e ly.

■ The world oil price (in 1999 dol lars) has late ly avera g ed about $25 per barre l .

■ Per cap ita ene rgy con s um p tion varies si gn ifican t ly around the worl d. Near the head of the list,

the Un ited States con s umes 354 mil l ion British the rmal units (Btus). Weste rn Europe uses 170

m il l ion Btus per cap ita; Japan, 172; the co u ntries co m p rising the former Soviet Un ion and East-

e rn Europe, 122; China, 25; In d ia, 12; and developing parts of the world as a wh ole, 26 .

■ N ot surp risi n gly, per cap ita ene rgy con s um p tion tends to tra ck per cap ita inco me, with de-

v e l oping co u ntries averaging one- se v e nth the inco me level of industrial co u ntries and one- ei ghth

their per cap ita en e rgy use. But for se v e ral reason s — i n dustrial structure, ince ntiv es to con se rv e

e ne rgy, and (conv e rse ly) subs i d ies enco uraging con s um p tion — the two indicato rs fre q u e nt ly di-

v e rge, as is cl ear from f i g ures on “ene rgy int e n sity,” ene rgy use per $1 of gross domestic pro duct

(GDP). If th is ratio is set at 100 for the Un ited States, we find that the former Soviet Un ion an d

E aste rn Europe have an ene rgy inte n sity of 181; Can a da, 119; Japan, 63; China, 95; In d ia, 89 ;

and the nations (larg e ly industrial) making up the Organ isation for Econ o m ic Co-ope ration an d

De v e l opme nt (OECD), 83. For the world as a wh ole, the index stands at around 90 .

Does that picture differ mark ed ly from ci rcum stan ces pre vailing ten years ago? Notwith-

standing so me notable techn ol o g ical impro v e me nts affecting incre me ntal ene rgy use—for ex-

am ple, a power plant coming on line to day pro duces electricity with vast ly greater efficie n cy than

one that started ope ration in 1992 — the ene rgy “system” sh o ws a substantial degree of ine r tia .

In part, that arises from the long life of many ene rgy- using assets, such as buil d i n gs. Low ann u al

turnover limits the opp o rtu n ity to intro duce inn o vations with pe rvasive near- te rm impa ct.

The te n - year co m parison al so depends on the indicato rs being co m pared. The overall share of

f ossil fuels re mains larg e ly unchan g ed, alth o u gh the prop o r tion ate importan ce of coal has de-

cl i ned, of f set by so me what higher shares for oil and natural gas .

E p iso d es of pol itical and econ o m ic turm o il have ca used so me sharp swi n gs in oil prices but

no dis ce rnible trend away from the low- to mid-$20 s - pe r- barrel range. To the exte nt that price is

a mea s ure of em e rging scarcity—  n ever mind the legit i mate debate about the fu ture imp l i cations of

i n c reasing geo g r ap h i c co n ce ntration of oil supply — th is r e lative sta  b il i ty co m p o r ts with ev  i d e n c e

re garding the worl d ’s oil rese rv es: from 1990 to 2000, the world pro duced and used so me 266

tri l l i on barrels of oil, yet pro v e d res e rv e s w e r e 5% higher in 2000 than in 1990, le  a v ing the ratio

of rese rv es to pro duction larg e ly unchan g ed at around 40. At least for the prese nt, the ref o re, oil

d is co v e ries and developme nt more than match deman d.

If not as rap i d ly as would have happe ned under a rising price re g i me and, arg u ab ly, more proa c-

tive con se r vation pol icie s —  s ay, with res p ect to U.S. aut  o m o tive tran s p o r tation —  e ne rgy int e n s ity

has te n d ed to diminish in all pri n ci pal re g ions. Th is is a developme nt to wh ich reduced subsi d ies

and mar k et - driven efficie n cy pote ntials no doubt contri b u ted. The rise in efficie n cy varies with

l o cal ci rcum stan ces but in gene ral, a continuing reduction in ene rgy use r e lative to econ o m ic out-

put seems high ly probable. Russia ’s ab il ity to ref o rm its histo rical ly wasteful ene rgy use patte rn s ,

the lega cy of its Commu n ist past, is just one case in point. (One should, howe v e r, reco gn ize that

the co u ntry’s econ o m ic modern ization, including techn ol o g ical ly impro v ed petrol e um dril l i n g
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and pro duction, could s t i m u l a t e e ne rgy use if it reduces ene rgy costs.) In other re g ions, ran g i n g

from Easte rn Europe to China, structural chan g es in the ene rgy sector and pricing ref o rms are

si m ilarly impelling more efficie nt ene rgy us e .

The rece nt sl o wing of world pop u lation gro w th is of more than pe ri phe ral int e rest in an en-

e rgy conte x t, for it can mean less press ure on ene rgy suppl ies and costs. The latest “med i um” UN

p rojections, iss u ed in 2000, show world pop u lation rising from 6.06 bil l ion in 2000 to 9.32 bil-

l ion in 2050 — so me 1.5 bi l l ion less than what was projected just four years earl ie r. Lo ok ed at in

an other way, the “low” 2050 projection iss u ed in 2000 conf o rms to the med i um projection of

1996. Reductions like these are due in large part to stri ki n gly lower birth rates in a num ber of

p op u l o us developing co u ntries. As a res u lt, wor l dwide pop u lation gro w th over the n e xt 50 years

is curre nt ly projected to grow at an average ann u al rate of 0.86%, in contrast to the 1.77% rate

during 1950–2000. Of co urse, reduced pop u lation press ure might al so s t i m u l a t e e ne rgy deman d ,

to the exte nt that lower fe r til ity may lift per cap ita inco me. But pro of of an inv e rse tr a d eoff be-

tween pop u lation gro w th and per cap ita inco me gro w th re mains elusive des p ite many years of

stu dy.

For now, access to af f o rdable ene rgy in many low- i n co me re g ions re mains forb i d d i n gly lim-

ited, and that situ ation poses two major chal l e n g es over the coming deca d es, during wh ich the

bulk of ene rgy gro w th is likely to occur in th ose poorer areas. The fi rst is to ensure an impro v e-

me nt in real inco me that mak es ene rgy af f o rdable. Nume ro us an alysts and research gro u ps ha v e

d e v e l oped alte rn ative projections and sce n arios of inco me gro w th for to day’s developing co u n-

tries; their ef f o r ts suggest an ann u al rate of around 2.2% as a reason able mid-range projection of

per cap ita GDP gro w th. Th is rate would yield a level of per cap ita GDP of app roxi mate ly $10 , 600

( $ 1999) by 2050—a solid if not wh ol ly satis f ying gain in living stan dards (per cap ita GDP in in-

dustrial co u ntries is t o d a y around $22 , 000). The di s parity in per cap ita GDP for developing co u n-

tries would thus sh rink from one- se v e nth that of industrial co u ntries to day to pe rhaps one - f o urth

by 2050. Allowing for reduced pop u lation gro w th and impro v ed efficie n cy of ene rgy use, deman d

for ene rgy, th o u gh sl o wing, will al m ost sure ly continue to grow (see box . )

The second challenge is to recon cile that increased ene rgy demand with the kind of envi ron-

me ntal impe rativ es that both rich and poor have reason to embra ce. Two pro m ising directions are

g reater rol es for re ne wab l es and for natural gas .

Renewable Energy: Promise and Pro s p e c t s

N on hy dro re ne wable ene rgy re mains by and large a small fra ction of the ene rgy mix around the

w o rl d. Conv e ntion al hy droe l ectricity has gene ral ly been excl u d ed from the re ne wable ene rgy cat-

e g o ry. Even th o u gh a techn ol o g ical ly mature ene rgy system able to pro duce power at nominal ly

low cost, new hy drop o wer fa cil ities are increasi n gly vie wed as inimical to a wh ole host of so cial

val u es: stream fl o w, eco l o gy, tr i bal lands, and pop u lation set t l e me nts. Th ose val u es may fi g ure

l ess decisiv e ly in so me developing co u ntries — con sider China’s Th ree Go rg es Dam on the Yan gt ze

Riv e r — whe re the hy dro pote ntial is large, but even ene rgy- sh o rt developing co u ntries have be-

co me se n sitive to such con si d e ration s .

N otwithstanding so me impressive pro g ress, re ne wable ene rgy systems, such as wind and so-

lar powe r, are hob b l ed by the same con stra i nts on mark et pe netration fa cing both developing an d

a dvan ced co u ntries: the techn ol o g ical pro g ress and cost advanta g es enjoyed by co m peting con-
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v e ntion al systems. IEA projections that show non hy dro re ne wable ene rgy gro wing at a rate of

2.8% per year worl dwide over the ne x t two deca d es are scarce ly breathtaki n g .

All se rio us stu d ies of re ne wable ene rgy’s fu ture must disti n g u ish between techn ical pote ntial s

and real istic econ o m ic pros pects. With res pect to techn ical possi b il ities, the rece nt IEA stu dy

p u ts it we l l :

... renewable energy has the technical potential to meet large portions of the world’s energy demand. Bioen -

e rgy has the technical potential to cover a much larger share of the world’s energy needs in all sectors and

applications: heat, power, and transport. The world’s supply of wind, solar, and geothermal power can the -

o retically meet current global electricity demand many times over.

G eo g raph ic variab il ity, howe v e r, is an important con si d e ration. Sunny re g ions are ob vio usly

i d eal for solar systems, coastal areas and plains for wind powe r, vol can ic basins for geothe rmal

e ne rgy, and forested and agricu ltural lands for bio mass appl ication s .

Even whe re the overall econ o m ics look fa v o rable, substantial cap ital re q u i re me nts for re-

ne wable power systems create a special burden for developing econ o m ies, with their ch ron ic sh o r t-

age of inv est me nt funds. Alth o u gh the modu larity of so me re ne wable instal lations can help spre a d

the up-front costs over ti me, raising the need ed inv est me nt cap ital re mains a challenge that dims

the outlook for re ne wable ene rgy in the developing worl d.

It is not me re ly the ma gn itude of cap ital re q u i re me nts. A Wo rld Bank re p o r t points out,

[ c ] o m m e rcial banks in developing countries can be an important constituent in the sustainable ‘mix’

of supporting infrastru c t u re for renewable energ y. But these potential partners are risk averse, and

t h e re f o re re q u i re specialized training, persuasion, and risk sharing to equip them to support re -

newable energy development. Greater financial sophistication is needed to enhance energy serv i c e ,

choice, and access in rural areas. Capital markets should be capable of providing a broader base

of financial re s o u rces that respond to the needs of rural electricity services markets.... Appro p r i -

ate legal infrastru c t u re and enforcement mechanisms are also essential if renewable energy busi -

nesses are to thrive. Legal mechanisms must protect the viability of credit, businesses, and fore i g n

investment, and safeguard the rights of all players in the market. An effective, fair legal framework

lowers risks and their associated costs for every o n e .

W hat are so me specific con si d e rations re garding ea ch of the major re ne wable ene rgy so urces ?

■ W he re the reso urce (including both wind speed and land) is ab u n dant, wind power is the most

cost co m petitive with conv e ntion al ly gene rated electricity. The IEA antici pates that the nar-

ro wing gap will allow an ann u al wind power gro w th rate exceeding 10% over the ne x t se v e ral

d eca d es, with China and other parts of Asia particu larly well positioned. Wind power project

an alyses, howe v e r, must inco rp o rate the phe n o me n on of inte rm itt e n cy (at least until electricity

sto rage beco mes an af f o rdable and pra ctical real ity — so mething that appears to be a rather dis-

tant pros pect). If that fa ct necessitates, as off set, increased system rese rve margins, the econ o m ic

balan ce of advantage for wind beco mes more question ab l e .

■ In trop ical zones, whe re many of the worl d ’s developing nations lie, s o l a r ra d iation (“insola-

tion”) per unit of land surfa ce is typ ical ly higher than in te m pe rate r e g ions. For exam ple, the ra-

d iation - land ratio is about 80% higher in Ri yadh or Brasil ia than in Tokyo or Dresden. High in-

solation is an important fa ctor governing the viab il ity of solar ph oto v oltaic and solar the rmal

e ne rgy, the former being the more likely appl ication, es pecial ly in developing co u ntries .
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■ C o m petition from lowe r- cost conv e ntion al power pro duction, notab ly by co m b i ned - cy cl e

gas / steam turb i ne (CCGT) systems, will continue to slow mark et pe netration by solar powe r, even

with falling costs. (As with pros pects for other re ne wab l es, une x pected ly steep price increases

for natural gas would work to solar’s advantage, howe v e r.) To the exte nt that solar power gai n s

mark et share, it will likely be as part of electrification projects in isolated rural areas wh ose con-

nection to a distant power grid would be unacce p tab ly cos t ly. As such areas enjoy increased in-

te g ration into a nation ’s electricity grid that advantage may subside, th o u gh other dece ntra l ized

p o wer systems may beco me indepe n d e nt ly be neficial .

■ E x pl o itable g e o t h e rm a l reso urces exist in re lativ e ly few parts of the worl d. Only six co u n-

tries (the Ph il i pp i nes, New Zealand, Ice land, Costa Rica, El Salva d o r, and Kenya) derive more

than 5% of their nation al electricity output from geothe rmal rese rv o i rs. In ab sol u te te rms, the

Un ited States pro duces the most geothe rmal electricity, but th is so urce is just 0.4% of the co u n-

try’s electric power output. Wo rl dwide, the share is an incon se q u e ntial 0.3%. As with wind powe r

and solar ph oto v oltaics, developme nt of geothe rmal systems is cap ital int e n sive, with exp l o ration

and drilling costs a major part of re q u i red inv est me nt outlays. Alth o u gh identif ying geothe rmal

rese rv o i rs is less specu lative than pros pecting for petrol e um, success in finding and extra cting an

econ o m ical ly sufficie nt vol ume is not ass ured. Gene ral ly speaking, th o u gh, co u ntries with high -

q u al ity reso urces appear capable of sustai ned pro duction at gene rating costs of about 4 ce nts pe r

kil o watt hour—a price that bodes well for th is re ne wab l e .

■ B i o m a s s (or “bioe ne rgy”) reso urces could contri b u te to meeting pri mary ene rgy needs. Tw o

p ro m i ne nt exam pl es are forest pro ducts (including wastes from pulp and paper mills), used to pro-

vide direct heat or as a boiler fuel to gene rate electricity; and grain- or other plant - based pro d-

ucts, conv e r tible into liquid fuels for tran s p o rtation. Bio mass may not possess the envi ron me n-

tal v i r t u es of wind or sola r  —  fuelwood c o m b u stion, after all, emits pol l u t ants, int e n s ive c u l tivation

of ene rgy crops can ca use erosion, and indoor wood burning is wi d e ly re gard ed as a public health

me n a ce. Neverthe l ess, bio mass offe rs so me attra ctive features. In particu lar, using forest pro d-

ucts for power gene ration inv olv es an unco m pl icated co m b ustion techn ol o gy; costs probab ly not

far out of line with conv e ntion al systems; and when feed sto ck pro duction is purs u ed in a sus-

tai n ab l e- yield app roa ch, a CO 2- ne u tral way of meeting ene rgy re q u i re me nts .

Prese nt - day vol umes of co mme rcial bioe ne rgy are small, and much of that depends on subsi-

d ies. For exam ple, after Bra zil subsi d ized an ethan ol pro g ram be g i nning in the mid-1980s, sal es

of cars fu e l ed only by ethan ol grew to 96% of the new auto m ob ile mark et. As that pro g ram wound

down and was then eliminated in 1999, the share rap i d ly app roa ched ze ro. A state- of - the- art wood-

fu e l ed district heating plant near Graz, Austria, had half of its inv est me nt cost co v e red by a grant

from the European Un ion, with addition al subsi d ies from the nation al and pro vi n cial govern me nts .

The re are many such exam pl es .

In an aly zing the econ o m ics of forest - based ene rgy bio mass, Roger Sed j o, of Reso urces for the

Fu ture, has co m pared the use of fuelwood for power pro duction with the use of the same ti m be r

for making wood pro ducts. He finds that in so me developing co u ntries, the cost of wood fro m

plantations is below the levels need ed to be co m petitive with natural gas or coal. He ca u tion s ,

h o we v e r, that th is very ci rcum stan ce could prompt industrial wood pro duce rs to outbid electric

g e ne rato rs for the bio mass reso urce. Two possi b il ities could enhan ce fuelwood pros pects. Fi rst,
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fuelwood gene ration typ ical ly suffe rs from scale disecon o m ies co m pared with industrial wood

e nte rp rises, but if that disa dvantage could be off set by impro v ed co m b ustion efficie n cy in con-

v e r ting bio mass to electricity, the fuelwood electricity op tion could be econ o m ical ly more at-

tra ctive. Second, limited cofi ring with coal in conv e ntion al gene rating plants could create at least

a niche mark et for bioe ne rgy. And if a Btu of ene rgy from sustai n ab ly grown wood can re pla ce a

B tu of ene rgy from coal, the reduction in CO 2 e m issions would make a contri b u tion to deal i n g

with gl obal warm i n g .

The overall con cl usion from the IEA assess me nt of re ne wab l es is that only wind me rits a pre-

se nt - day cost esti mate of “re lativ e ly low”; costs of the other major conte n d e rs are chara cte rized

as “high” or “very high.” Yet every re ne wable techn ol o gy could ach ieve s i gn ificant cost reduc-

tion by 2020—even solar ph oto v oltaic systems, wh ose curre nt very high cost could, acco rding to

the IEA, fall by 30% to 50 % .

A fi n al point to keep in mind when cal cu lating the econ o m ic balan ce of advantage am ong en-

e rgy systems unders co res the importan ce of a matter al rea dy raised: the exte nt to wh ich the pres-

e n ce (or ab se n ce) of subsi d ies and envi ron me ntal pol icies shape the co m petitive outco me. Whe re

coal co m b ustion is not charg ed or othe rwise re g u lated for CO 2 e m issions, coal - based electricity

will be cheaper than othe rwise. Whe re wind power receiv es a sizable pro duction tax cred it or

other subsi dy, its econ o m ic attra ctiv e ness is si m ilarly enhan ced or exa g g e rated. In the Un ited

States, at least, pe n al izing fossil fuel co m b ustion acco rding to its envi ron me ntal impa cts wh il e

reducing subsi d ization of wind power would still leave the latter sh o rt of co m petitive parity.

W h ile unre m itting subsi d ization of re ne wab l es the ref o re does no fa v o rs to sustai n able devel-

opme nt, it is al so true that the re is no cl earcut way of reck oning the value of fossil - fuel exte rn al-

ities to be charg ed; esti mating the damage from cl i mate change, after all, is no si m ple matte r. Nor,

h o we v e r, can one confi d e nt ly decry all subsi d ies. Go v e rn me nt has an undeniable role in supp o r t-

ing basic research for re ne wable and other ene rgy systems wh ose lengthy developme ntal gesta-

tion may dis co urage private inv esto rs, even th o u gh the ulti mate pay off to so ciety could be si g-

n ificant. In sh o r t, helping re ne wab l es to sustain their techn ol o g ical mome ntum without trying to

meet targ eted ene rgy mark et outc o mes by crossing the line from basic R&D to co mme rcial ac-

tivism seems like con structive public pol icy.

Natural Gas

Am ong fossil fuels, expl o itable coal deposits are so ab u n dant that declining output, when it oc-

curs, is much more likely to be due to envi ron me ntal rather than scarcity fa cto rs. Ai d ed by such

e x pl o rato ry breakth ro u ghs as “3-D seis m ic” and enhan ced pro duction capab il ities t h ro u gh dee p -

sea and horiz ontal drilling, developme nt of oil rese rv es and oil pro duction, as shown earl ie r, ha v e

kept pa ce with ea ch othe r.

These rece nt techn ol o g ical advan ces apply to natural gas as well. And as with oil, the natural

gas pro v ed rese rv e / p ro duction ratio has re mai ned stable (at around 60 years in both 1990 an d

2000) even as large quantities of the reso urce have been pro duced. But unlike oil—w  h o se exp l o -

ration and pro duction has by now occurred over a re lati v e ly wide swath of the earth’s sur-

fa ce  —  n a tural gas is, geol o g i ca l l y speaking, a “young” reso u rce that cont  i n u e s to r  e w ard wor  l d -

wide expl o ration with many dis co v e ries. And as the least pol l u ting fossil fuel, natural gas has
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beco me the focus of wi d es p read int e rest in an alyses and pol icy di s co urse about likely and desi r-

able ene rgy paths in coming years .

Pro v ed rese rv es of natural gas curre nt ly stand at app roxi mate ly 5304 tril l ion cu b ic feet worl d-

wide, equival e nt in heat value to about 885 bil l ion barrels of oil. Ass uming a 50% probab il ity of

fu ture expl o rato ry success, the U.S. Geol o g ical Survey (USGS) esti mates an other 700 - b il l ion -

barrel oil equival e nt in dis co v e rable and reco v e rable natural gas. The geo g raph ic distri b u tion of

known and pote ntial gas basins is wide, with si gn ificant con ce ntrations in parts of the former So-

viet Un ion, the north west she lf of Austral ia, of f sh o re Norway, and the Middle East. A geop ol it-

ical ob se rvation of pe rhaps so me importan ce is that, co m pared with oil, prop o r tion ate ly far

g reater portions of pro v ed and pote ntial rese rv es lie outside the Middle East.

Uti l ization of gas can pro ceed in th ree ways: at or near the we l l head, tran s p o r ted to distant

mark ets in liquefied form by tan k e r, and moved by pipe l i ne. The fi rst type of use has been co m-

m on in the petrol e um - p ro ducing Persian Gu lf co u ntries, whe re gas was often a by- p ro duct of oil

e xtra ction and not easily mark etable. What was not rei n jected to ma i ntain rese rvoir press ure was

used local ly in power gene ration, desal i n ation, and a few ene rgy- i nte n sive ope rations, such as a l u-

m i n um sm e lting. Shipme n t of liquefied natural gas (LNG) has increased stea d i l y —  J apan, for ex-

a  m ple, recei  v es s i gn i ficant suppl ies from Br  u nei—but the cost of liquef  a c tion, specia  l ized tan k e r

tran s p o r t, and re- gasification mak es th is a cost ly prop osition, curre nt ly more suited to pre m i um

usage or dictated by local ci rcum stan ces that mil itate agai n st alte rn ative fuels on envi ron me ntal

or econ o m ic grounds. That le a v es pipe l i ne tran s m ission as the pri n ci pal way to deliver gas. US G S

est i mates of gas reso urces suggest that much of the pros pecti v e ly large gas rese rv es can, in fa ct,

rea ch mark et via pip e l i ne tran s m ission, th o u gh Austral ia and the Middle East are larg e ly depe n-

d e nt on LNG sh i pme nt.

In sum, natural gas seems al m ost ce r tain to increase its worl dwide ene rgy share over the ne x t

20 years. The IEA projects an average ann u al gro w th rate of 2.7%, and the U.S. De part me nt of

Ene rgy pred icts 3.2% gro w th, but in either case, the increase is more than 40% greater than that

f o reseen for oil. Neither agency ventures specific esti mates of the real prices at wh ich these sup-

pl ies will be pro duced and deliv e red in diffe re nt mark ets th ro u ghout the world, nor do they pre-

d ict how gas prices might vary with world oil prices. But their dis cussion suggests an underlyi n g

j u d gme nt that prices will re main fai rly level over the ne xt two deca d es — and a stable natural gas

p rice would not make the mark et pe netration by re ne wab l es any easie r.

Wrap-Up Observ a t i o n s

Th is dis cussion pro m p ts five con cluding th o u ghts :

1 . The per cap ita ene rgy con s um p tion gap between the ha v es and the ha v e- n ots of the world is un-

l i k e ly to es cape atte ntion at the Johannes b urg Wo rld Summ it. But the broader prob l e m — of wh ich

e ne rgy is one co m p one nt — is the per cap ita inco me gap. Ene rgy, in the form of electricity to ru n

m oto rs, fuel for tran s p o rt, and hu n dreds of other appl ications, is critical for boosting a nation ’s pro-

ductivity and sti mu lating its econ o m ic gro w th. In turn, that very gro w th pe rm its people to pur-

chase the hous e h old necessities and creature co mf o rts asso ciated with increased ene rgy usage. So

it is no co i n ci d e n ce that per cap ita inco me of developing co u ntries avera g es one- se v e nth the level

of industrial co u ntries, and the c o rres p onding ratio for per cap ita ene rgy use is a cl ose one- ei ghth .
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2 . N otwithstanding th is broad inte rconnection between inco me and ene rgy, falling ene rgy use

per unit of econ o m ic output has eme rg ed as a dist i n ct and wi d es p read gl obal tre n d. During the

1990s, worl dwide ene rgy con s um p tion per dol lar of GDP decl i ned at the rate of 1.7% ann u al ly.

A lth o u gh the co m plex of fa cto rs that will dete rm i ne fu ture ene rgy-GDP re lation sh i ps precl u d e

p recise forecasts, a conti n u ation of that trend seems likely, as ene rgy- sa ving opp o r tu n ities are ex-

pl o ited and structural chan g es (es pecial ly in mature industrial econ o m ies) take hol d. And even

th o u gh total ene rgy con s um p tion is likely to continue gro wing for deca d es, the rate of gro w th is

l i k e ly to dece l e rate. Such an outco me is desi rable on econ o m ic and envi ron me ntal grounds. Ex-

pe n d itures not need ed for ene rgy can be directed to other we lfare- e n han cing goods and s e rvices .

S l o wer ene rgy gro w th al so means a lighter envi ron me ntal burden, even apart from the be nefits of

a more be n i gn ene rgy mix.

3 . The slowdown in ene rgy demand gro w th will al so occur beca use of a parallel slowdown, al-

rea dy appare nt, in world pop u lation gro w th. The esti mated ann u al rate of pop u lation increase over

the ne x t half ce ntury will be half that reco rd ed over the past 50 years (see box . )

4 . Two paths to ward impro ving the envi ron me nt, des p ite the ine vitable increase in total ene rgy

use, inv olve the use of natural gas and of re ne wable reso urces. In creased mark et share of natural

gas seems the more real istic neare r- te rm pros pect. Re ne wable reso urces (am ong wh ich wind powe r

appears cl osest to econ o m ic viab il ity) still trail conv e ntion al ene rgy systems in cost co m peti-

tiv e ness and techn ol o g ical maturity. Une x pected price increases for fossil fu e l s — es pecial ly nat-

ural gas — could improve the outlook for re ne wab l es, howe v e r, as could stricter re g u lations on en-

e rgy- re lated pol l u tion, such as coal co m b ustion and dirtier forms of urban tran s p o r t.

5 . S u ppl ies of fossil fuels do not appear to be limiting fa cto rs over the ne x t se v e ral deca d es. Over

a longer ti me horiz on, diminishing rese rv es of oil and gas could boost mark et pe netration of re-

ne wab l es, th o u gh scarcity could al so help sustain rol es for coal and nucl ear powe r. A 1998 stu dy

u n d e r taken by the Inte rn ation al In stitu te for Appl ied Systems An alysis and the Wo rld En e rgy

C o u n cil arg u ed for the cred i b il ity of that very sce n ario. Thus envi ron me ntal and pol itical con-

si d e rations may dete rm i ne how the ene rgy mix ulti mate ly so rts itse lf out.

L o n g - Te rm Energy Tre n d s

The chart on the fol l o wing page sh o ws the major fa cto rs contr i b u ting to lon g - te rm histo rical an d

p ossible fu ture trends in gl obal ene rgy con s um p tion: pop u lation, per cap ita GDP, and ene rgy pe r

u n it of GDP.

If the projected trends prove true, the forces driving total ene rgy gro w th will differ in th ree

i m p o r tant res pects from the past: pop u lation press ure will be a prop o r tion ate ly less important

fa ctor; per cap ita inco me gro w th will be more important; and diminishing ene rgy inte n sit y — that

is, falling ene rgy use per unit of econ o m ic output—will be critical. As the chart indicates, worl d-

wide ene rgy inte n sity is projected to fall at a rate of about 1.2% ann u al ly, in contrast to lon g - te rm

past expe rie n ce of little change. Note that the 50 - year reco rd inc l u d es the pe riod of post - Wo rl d

War II recon struction and econ o m ical ly wasteful ene rgy use in Commu n ist co u ntries. As the mai n

te xt points out, in the most rece nt decade the ene rgy-GDP ratio fell th ro u ghout most of the worl d.
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