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World Summit on Sus tai n a ble Dev elopment (WSSD). The aim of WSSD is to

bring tog e ther gov e r n m e n t s, Un i ted Nations agencies and other key sta keh ol-

d e rs, including re p res e n tativ es of civil soc i e ty and the Sc i e n ti fic and Tec h n ol og i-

cal Co m m un i ty, to build upon the 1992 Un i ted Nations Co n fe re n ce on Envi ro n-

ment and Dev elopment (UN CED) and to enhan ce efforts tow ard the future of

s us tai n a ble dev elopment. The Se r i es includes a set of inte r - d i s c i pl i n ary re po r t s

focusing on major issues th at are rel ev ant to science for sus tai n a ble dev el o p-

ment. The Se r i es is meant to serve as a link be tw een the scienti fic co m m un i ty an d

d ec i s i o n - m a ke rs, but the re ports should also be us eful to all oth e rs inte res ted in

the co n tr i b ution of science to sus tai n a ble dev elopment. The Se r i es highlights th e

fun d am e n tal role science has pl ay ed and will pl ay in finding sol utions to the chal-

l e n g es of sus tai n a ble dev elopment. It exam i n es expe r i e n ces since UN CED an d

l ooks tow ards the future. It provi d es up-to - d ate know l edge, exam i n es les s o n s

l ear n ed, succes s es achiev ed, and diffi cu l ti es enco un te red; while also outl i n i n g

future res earch agendas and actions to enhan ce problem sol ving and good pra c-

ti ces in sus tai n a ble dev elopment. The Se r i es was made po s s i ble due to a gene-

ro us grant provi d ed by the David and Lucile Pa c kard Fo un d ati o n .

ICSU 

The Inte r n ational Co uncil for Sc i e n ce (ICSU) is a non- gov e r n m e n tal org an i-

s ation re p res e n ting the inte r n ational science co m m un i ty. The membe rsh i p

i n c l u d es bo th national science aca d e m i es (98 membe rs) and inte r n ati o n a l

s c i e n ti fic unions (26 membe rs). The co m b i n ed expe r tise from th ese two gro u p s

of scienti fic org an i s ations provi d es a wide spec tr um of scienti fic expe r ti s e

e n a bling ICSU to address major inte r n ational, inte rd i s c i pl i n ary issues, bey o n d

the sco pe of the indivi dual org an i s ations. ICSU  builds upon this scienti fic expe r-

tise in a num ber of ways. It initi ates, des i gns and co - o rd i n ates major inte r n ati o-

nal, inte rd i s c i pl i n ary res earch program m es, par ti cu l arly in the areas of globa l

e nvi ro n m e n tal change. It also es ta bl i sh es pol i cy and advi s o ry co m m i ttees to

a d d ress impo r tant matte rs of common co n cern to scienti s t s, such as edu cati o n

and ca pa c i ty building in science, access to data, or science in dev eloping co un-

tr i es. ICSU acts as a focus for the exc h ange of ideas, co m m un i cation of scienti-

fic info r m ation and dev elopment of scienti fic stan d ards and netw o r ks. Beca us e

I C SU is in co n tact with hun d reds of th o us ands of scientists worldwide, it is ofte n

ca l l ed upon to re p resent the world scienti fic co m m un i ty. 
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Preface

The Bureau of the Un i ted Nati o n ’s Commission on Sus-

tai n a ble Development (CSD) inv i ted ICSU, in col l a bo rati o n

w i th the World Co n s e rvation Union (IUCN), to coo rd i n ate

the par ti c i pation of the Sc i e n ti fic and Te c h n ol og i cal Co m-

m un i ty in the Mu l ti - S ta ke h older Dialogue on Sus tai n a bl e

En e rgy and Tran s port at its Ninth Session in April 2001.

Fol l owing exte n s ive co m m un i cations and co n s u l ta-

tions within the ICSU family and with ma ny other scienti-

fic institutions and individual scientists, ICSU was deligh-

ted to pl ay a key role in the col l e c tion, an a l ysis an d

sy n th esis of the wide range of us e ful material submitte d .

D r. Jon Mc Lin, working as an ICSU co n s u l tan t, prov i d e d

superb leadership and support in the complex task of pre-

paring the first draft text of the UN Report. ICSU worked

closely with the IUCN, and especially its principal contact

person and contributor, Dr. Richard Ottinger.

The World Fe d e ration of Engineering Org an i zati o n s

(WFEO) and the InterAcademy Panel (IAP) provided spe-

cial support and info r m ation from their global netwo r ks

and membership. 

I C SU wish es to express its since re th an ks to all those wh o

co n tr i b uted to the pre paration of our UN Re port and to

each of the membe rs of the Sc i e n ce Delegation at CSD-9.

I C SU is co m m i tted to co n ti n uing its leadership and col-

l a bo ration in the Sc i e n ti fic and Te c h n ol og i cal Co m m u-

n i ty on En e rgy and Tran s port issues and looks fo rward to

fol l owing up the final CSD-9 pro posals and decisions in

future .

Professor THOMAS ROSSWALL

Executive Director

ICSU
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The role of the scientific 
community 1

This pa pe r2 e xam i n es fo ur key To p i cs re l ated to a globa l

tran s i tion to sus tai n a ble energy and tran s port sys te m s .

Emphasis is put on the aspects related to science and techno-

logy. These aspects are important. For example, much of the

var i ation in energy sce n arios deve l o ped for the future is

accounted for by differences in the assumed rate and nature

of technological advance.

However, a successful transition to sustainability requires

more than scientific and technological knowledge. It requires

economic tools and sound public policies. Progress towards

s us tai n a b i l i ty has so far been limited more by inadequate

policies, and the political choices that underlie them, than by

constraints related to science and technology. Sustainability

m ay re q ui re even more fun d am e n tal soc i e tal adjus tm e n t s .3

Value sys tems need to minimize the present emph asis on

materials and energy and encourage their more efficient use

to introdu ce more sus tai n a ble co n s um p tion patte r n s .

Science and technology can help promo te such a transition,

but that will not be sufficient. There is no “technological fix”.

The social sciences have a major role to play in this respect.

Agenda 21 re cognised the impo r tan ce of the scienti fi c

and te c h n ol og i cal (S&T) co m m un i ty in achieving env i ro n-

ment and development objectives, especially through provi-

ding info r m ation to help decision-make rs fo r m u l ate an d

select appropriate policies. It emphasised the need for better

communication and co-operation between the S&T commu-

n i ty, decision-make rs and the general public. Steps in th at

d i re c tion we re ta ken at the ICSU/ UN ESCO World Co n fe-

rence on Science (Budapest, June 1999) and the Conference

of the Wo r l d ’s Sc i e n ti fic Aca d e m i es org an i zed by the Inte r-

A ca d e my Panel on Inte r n ational Issues (Tokyo, May 2000).

The participation of the S&T community for the first time in

the CSD process is a further response to that mandate. 

B e fo re addressing the spe c i fic agenda items on energy

and tran s po r t, the inte r n ational S&T co m m un i ty wish es to

call atte n tion to seve ral general issues th at war rant care fu l

consideration and action by CSD-9 and others.

The first concern is the downward trend in expenditure on

e n e rgy res e arch and development (ERD). From 1980-1999,

g overnment ERD spending in the member co un tr i es of th e

I n te r n ational En e rgy Agency, which acco unt for the bulk of

such expenditure worldwide, fell by over 50%. (Government

spending for all types of Research & Development (R&D) has

also been sta gn ant in many co un tr i es, but has not fallen so

sh ar pl y.) The drop in spending for R&D for re n ewa bl es an d

nuclear exceeded that average figure.4 Private ERD spending

also appears to have fallen, and most private ERD focuses on

a small num ber of (mainly deve l o ped) co un tr i es. Mo re ove r

there seems to have been a shift of emphasis in both govern-

ment and private ERD from basic, long-term res e arch to

1 . Pre pared jointly by the Inte r n ational Co uncil for Sc i e n ce and the Wo r l d

Conservation Union; the views and opinions expressed do not necessarily repre-

sent those of the United Nations.

2. The International Council for Science (ICSU) is comprised of 98 multidiscipli-

nary National Scientific Members (academies of science or scientific research

co uncils) and 26 inte r n ational, single-discipline Sc i e n ti fic Un i o n s, is a maj o r

i n te r n ational fo r um for the scienti fic co m m un i ty. The World Co n s e rvati o n

Society (IUCN) is the world’s largest conservation-related organization, bringing

together 76 states, 111 government agencies, 732 NGOs, 36 affiliates, and some

10,000 scientists and experts from 181co un tr i es in a wo r l dwide par tn e rsh i p.

Major co n tr i b utions to this pa per from the World Fe d e ration of En g i n e e r i n g

O rg an i zations (WFEO) and the Inte rA ca d e my Panel (IAP) on Inte r n ati o n a l

I s s u es are also grate fully acknowledged. These org an i zations have co n s u l te d

their membership in an effort to reflect a wide range of views from the natural,

social, engineering and medical sciences. However this paper does not represent

an official position or statement of these organizations.

3. Transition to Sust ainability in the 21st Century: The Contribu tion of Science

and Te c h n ol ogy, Statement of the Wo r l d ’s Sc i e n ti fic Aca d e m i es, May 2000,

h ttp : //i n te ra ca d e m i es . n e t /i n tra ca d / tokyo2 0 0 0 . n s f/a l l/s us tai n a b i l i ty _ s tate-

ment. See also statement of Science Council of Japan, Towards a Comprehensive

Solution to Problems in Education and the Environment based on a Recognition

of Human Dignity and Self-Worth, July 2000.

4. International Energy Agency, Energy Research and Dev. Database.

http://data.iea.org/iea/link_wds.asp.



lower-risk, nearer-term ERD projects. This is particularly wor-

ry i n g, since meeting the re du c tion co m m i tments for CO2

emissions envisaged in the Kyo to Pro tocol to the Un i te d

Nations Fram ework Co nve n tion on Cl i m ate Ch an g e

(UNFCCC) will in the longer term require substantial break-

throughs in energy technologies if the growth of developing

countries is to be accommodated. Basic research is not costly,

compared to interventions further downstream, such as the

buy-down of technologies to reduce their unit cost. Hence it

represents cheap insurance for the future. It is important not

to take a narrow view of the types of research that may prove

important for sustainable energy and transport. The results of

basic res e arch are un p re d i c ta ble, and us e ful findings may

come from un e x pe c ted sources. For exam ple, fields such as

atm o s pheric sciences, info r m ation te c h n ol ogy, mate r i a l s

s c i e n ce and biote c h n ol ogy may produ ce discove r i es th at

promote sustainability in energy and transport. Sole reliance

on the market is unlikely to produce the right level and type of

ERD since it is very difficult for individual firms to appropriate

the be n e fits of long-term, high-risk R&D, which th e re fo re

would tend to be undersupplied.5

Se co n d, a mas s ive effort is needed to stre n g then scienti-

fic and te c h n ol og i cal ca pa c i ty in developing and tran s i ti o n

co un tr i es. A criti cal mass of scienti fic and te c h n i cal sk i l l s

and infras tr u c ture (e.g. labo rato r i es, equi p m e n t, and sup-

po r ting insti tutions) is re q ui red for th ese co un tr i es to deve-

l o p, adapt and produ ce the te c h n ol og i es spe c i fic to th e i r

needs; to introdu ce those te c h n ol og i es effe c tively into th e

m ar ket; and to provide the needed mai n te n an ce on an on-

going bas i s .

Third, the full and open exchange of scientific and techno-

logical data and information is critical for research and edu-

cation. Access to such material is a basic re q ui rement fo r

meeting the challenges of sustainable development – inclu-

ding those re l ated to energy and tran s port. Attempts to res-

trict access to such data and information or to impose addi-

tional costs for access are multi plying. As atti tu d es an d

pol i c i es re g arding inte l l e c tual pro pe r ty rights evol ve, th e

importance of full and open access to data and information

is being un d e r - es ti m ate d, if not 4 ign o red. This re p resents a

s e r i o us risk to the scienti fic enterprise in general, and will

l i kely have par ti cu l arly negative co n s e q u e n ces for deve l o-

ping and transition countries.

A fo ur th issue co n cerns the eth i cs and res po n s i b i l i ty of

science and the scientific community. Effective responses to

science/policy issues, including those related to energy and

transport, require integrity and objectivity in the practice of

s c i e n ce. This principle was addressed at the World Co n fe-

re n ce on Sc i e n ce and elsewh e re but needs to be re i te rate d

and reinforced within the CSD process.

Finally, public understanding of energy and environment

issues remains weak. There is a need for public education in

these matters, directed both at the public at large and at the

pol i ti c i ans and civil servants who make and impl e m e n t

policy.

General proposals

• G ove r n m e n t s, scienti fic and inte r n ational org an i zati o n s,

in coo pe ration with the private sector and other bod i es as

a p p ro p r i ate, should make an inte r n ational as s essment of

the adequacy and effi ca cy of cur rent public and private

res e arch and development expe n d i ture on energy an d

tran s port. This as s essment should re commend: wh at leve l

of funding is needed; how any additional funding judged

n e ces s ary can be mob i l i ze d, from bo th public and private

s o urces; and wh at res e arch prioriti es should be. Co n s i d e-

ration should be given among other po s s i b i l i ti es to the UK

Royal Soc i e ty pro posal for the es ta bl i shment of an inte r-

n ational energy bank with its own res o urces, wh i c h

would allocate funds based on the re co m m e n d ations of

an inte r n ational co m m i ttee of scienti s t s, engineers an d

e co n o m i s t s .6

• G ove r n m e n t s, inte r n ational org an i zati o n s, major gro u p s

and oth e rs should co n duct a rev i ew of present ca pa c i ty -

building activities for science in developing and transition

countries (encompassing natural, social, engineering and

medical sciences) and take the actions recommended by

the review to strengthen and expand them. Consideration

should be given to the establishment of regional centres to
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5. Funding and priority pol i cy for energy and env i ronment res e arch, Key n o te

speech by H.J. Koch at ENEA Seminar on Scientific and Technological Research

and Deve l o p m e n t, Fras cati, Ita l y, October 1998, http : //w w w. i e a.o rg /n ew/

speeches/koch/1998/italy.htm.

6. Royal Society, Nuclear energy: The future climate, London, 1999.



promote the dissemination of information and the transfer

of technology related to energy and transport.

• G overnments and other org an i zati o n s, as appro p r i ate ,

take measures to provide full and open access to data and

information for scientific research and education, for envi-

ronment and development in general and for energy and

transportation in particular.

• The scientific community, with the support and coopera-

tion of other relevant bodies, should analyze and monitor

the ethical implications and means of regulation of scien-

tific work; foster public understanding and debates on the

ethical implications of scientific knowledge and its appli-

cation; and deve l o p, adopt, and ob s e rve cod es of eth i cs

and conduct related to science.

• The scientific community, together with governments and

others as appropriate, should carry out active information

and edu cation program m es on energy and env i ro n m e n t

i s s u es within their res pe c tive sph e res of res po n s i b i l i ty,

aimed at the general public and at those who make and

carry out policy.

Topic 1. Achieving equitable access 
to cleaner energy

Problem 

Some two billion pe o ple, mainly in the rural are as of

d eveloping co un tr i es, have no access to modern forms of

e n e rgy. This fi g ure is roughly the same as in 1970, as po p u-

l ation grow th in th ese are as has offset the achievement of

bringing electr i c i ty and other modern energ i es to over a bil-

lion pe o ple during this pe r i od. The lack of avai l a b i l i ty of

c l e an and co nvenient energy has serious co n s e q u e n ces fo r

h e a l th, the quality of life and the eco n o my. Re l i an ce on tra-

d i tional (un p rocessed) fuels and cooking meth ods results in

w i d es p read res p i rato ry illnes s es. The need to car ry fu e l

wood manually over eve r - gre ater distan ces is ti m e - co n s u-

m i n g, leads to mus cu l o ske l e tal probl e m s, and diverts labo r

from more produ c tive us es. It acce n tu ates the re l ated pro-

blems of defo res tation and soil erosion. It also helps pe r pe-

tu ate gender inequality as the burden falls mainly on

women and girls. The un avai l a b i l i ty of energy in rural are as

in the quan ti ty and forms needed for processing raw mate-

rials and other indus trial appl i cations limits th ese re g i o n s’

po te n tial for economic grow th. The res u l ting sh o r tage of

p rodu c tive empl oyment oppo r tun i ti es drives the sur pl us

po p u l ation to citi es, th us aggravating problems of ur ban i-

zati o n .

Most future po p u l ation grow th in developing co un tr i es

will in any event be in urban areas. Thus the challenge for the

future is not only to draw the rural poor into the mod e r n

energy economy; it is also to meet the energy needs of those

living in cities in developing countries, both those who do not

yet have access to modern forms of energy and the billions

who will be joining them in coming deca d es. Tog e ther th i s

has been called the 2+2 billion problem: meeting the energy

needs of those presently outside the modern system, and pro-

viding for the added population to be expected–virtually all

of which will be in the South, and in cities.

If the unmet energy needs of the South are met in the same

way as those of the North have been, there will result major

global and local environmental problems. It is therefore desi-

rable that the cleanest available energy sources be used that

are co n s i s tent with the urgent development needs of th es e

countries.

Solutions 

While the scale of this problem is vast in terms of the num-

ber of people and the land area affected, it is modest in terms

of the energy res o urces re q ui red. For exam ple the cook i n g

needs of the 2 billion people not served by modern fuels cor-

res pond to abo ut 1.3 pe rcent of global co m m e rcial energy

consumption or 3.0 percent of glo bal oil consumption.7 The

m ar ket can be expe c ted to fill only part of th ese needs – a

smaller part in rural than in urban areas – because of the low

incomes of those concerned and the high cost of building the

needed infras tr u c tures. He n ce pro perly des i gned gove r n-

ment interventions are also needed.
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7. World Energy Assessment, United Nations Development Programme, United

Nations Department of Economic and Social Affairs, and World Energy Council,

New Yo r k, 2000, p. 369. The cur rent pa per draws heavily on this ba c kgro un d

re port (here after re fe r red to as WEA) to which the scienti fic co m m un i ty made

substantial contributions and which is a sound and comprehensive review of the

present state of knowledge on «Energy and the challenge of sustainability».



Existing technologies, if effectively and more widely intro-

du ce d, could go far to sol ve the problem. For exam ple, th e

improved biomass stoves – primarily for cooking but also for

heating – developed and massively introduced in the last 20

or so years have resulted in significant improvements in terms

of reduced household and local air pollution, and of conve-

n i e n ce. Fam i l i ar fossil fuels such as charcoal, ke rosene an d

l i q u e fied pe trol e um gas (LPG) can pl ay a larger role to th e

extent that they are affordable and that the necessary infra-

s tr u c ture exists. Biomas s - d e r ived gas es – biog as res u l ti n g

from bacterial action on animal waste in the absence of oxy-

gen, and produ cer gas res u l ting from the chemical proces-

sing of crop res i du es – offer advan ta g es over un p roces s e d

biomass, and are increasingly being used for cooking in many

parts of the So uth. Their po te n tial for wider use, es pe c i a l l y

th at of produ cer gas, is co n s i d e ra ble. Rural electr i fi cati o n

continues to be essential for modern agriculture and for rural

industry, as well as improvements in living standards for rural

populations. The traditional centralized approach to electrifi-

cation gave 800 million people in rural areas access to elec-

tricity between 1970 and 1990, a high proportion of which

we re in Ch i n a. (China also has pro m o ted dece n tra l i ze d

e n e rgy, including a large micro - hyd ro program.) Al th o u g h

inadequate for the more sparsely populated regions and for

the poorest segments of the population, who cannot afford it,

national grids will continue to be extended. Efficiency in pro-

duction, distribution and end use is especially important for

centralized electricity.

The trend towards dece n tra l i zed (“distr i b uted”) electr i-

c i ty generation and distr i b ution sys tems – some new, some

tra d i tional – holds new po s s i b i l i ti es for rural co m m un i ti es .

This trend is not limited to rural are as or to developing co un-

tr i es. The principal te c h n ol og i es in ques tion are ph o tovol-

tai cs; small-scale wind tur b i n es; small scale hyd ro powe r ;

b i o power from produ cer gas; small (or “micro”) gas tur-

b i n es; geothermal; fuel cells; re c i p rocating engines; an d

hybrid co m b i n ations of the pre ceding to match th e

res o urces avai l a ble. Distr i b uted generation sys tems with

mini grids based on th ese energ i es avoid the high costs an d

i n ev i ta ble losses of co nve n tional transmission and distr i b u-

tion netwo r ks, and are be tter sui ted to re m o te and spars e l y

po p u l ated are as. They are re l atively clean, and th ey avo i d

the heavy mai n te n an ce and fuel tran s port demand an d

pol l ution of diesel. Another advan tage is th at th ey pe r m i t

l ocal ow n e rship and management and the depl oyment of

p r ivate ca p i tal. Their promise stems bo th from te c h n i ca l

p rogres s, and from insti tutional developments (dere g u l a-

tion) th at fa c i l i tate supplying locally generated electr i c i ty

i n to the gr i d s .8

The main ob s tacle to the more wides p read use of th es e

te c h n ol og i es has been cost. Access to electr i c i ty does not

n e ces s arily lead to co n s um p tion of electr i c i ty; the cost must be

be ara ble for local inco m es. Costs have been coming down. Fo r

r ural are as sus tai n a ble te c h n ol og i es can be more eco n o m i c

th an more co nve n tional ones if the avoided costs and losses of

transmission and distr i b ution are acco un ted for and if th e

e x ternal env i ro n m e n tal and social costs (the “exte r n a l i ti es”

cur re n tly not fa c to red into project costs) are pro perly included.

In view of the steep learning curves it is re as o n a ble to expe c t

th at as the scale on which th ese te c h n ol og i es are depl oye d

i n c re as es, fur ther sign i fi cant cost re du c tions may be expe c te d,

as for exam ple mob i l e te l e ph o n es and pe rsonal co m p ute rs .9

The ca p i tal cost of fuel ce l l s, pres e n tly be tween US$5,000 an d

U S $ 1 0 , 0 0 0 /kW, could drop to US$250/kW, to be come co m-

pe ti tive with cur rent gas tur b i n es .1 0 In the right circum s tan ces

p rodu cer gas is alre a dy more eco n o m i cal th an generati o n

from Impo r ted diesel fuel. Acce l e rated Res e arch Deve l o p m e n t

& Demonstration (RD&D) and “buy down” could acce l e rate

this process of cost re du c tion. The WEA co n tains (p. 376) a ve ry

us e ful ta ble pres e n ting some near-, medium-, and long-te r m

te c h n ol og i cal options for rural energy.

Proposals 

• Governments of developing countries, with the support of

bilateral and multilateral donors and of the scientific and

te c h n ol og i cal co m m un i ty, should pro m o te the deve l o p-

ment of co m pe ti tive and appro p r i ately re g u l ated energy

m ar ke t s, es pecially for po p u l ation segments cur re n tl y

w i th o ut access to co m m e rcial energy. En e rgy pol i c i es

should recognize the important roles to be played by both
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markets and private capital and, where market forces do

not res pond to needs, by government inte rve n ti o n s, such

as targeted subsidies or price incentives.

• G overnments in col l a bo ration with appro p r i ate par tn e rs

should make systematic assessments of renewable energy

res o urces avai l a ble to be ta p pe d, on a re g i o n - by - re g i o n

basis. Re l i a ble sol ar, rai n fall, wind and biomass res o urce

d ata should be col l e c ted and made publicly avai l a ble so

as to assist inves to rs in making decisions on re n ewa bl e

energy projects.

• Governments of industrial countries, in cooperation with

o ther appro p r i ate org an i zati o n s, should cre ate new an d

strengthen existing cooperative programmes with develo-

ping- and tran s i ti o n - co un try par tn e rs aimed at deve l o-

ping and putting into effect inte grated sys tems based on

re n ewa ble energy te c h n ol og i es (including energy effi-

c i e n cy) and their hybrids with fossil energy, to prov i d e

complete energy services for both urban and rural areas.

• Governments together with scientific bodies and the pri-

vate sector should promote international collaboration on

e n e rgy R&D on indus tr i a l - s cale biomass energy co nve r-

sion te c h n ol og i es, emph asizing those th at provide bo th

electricity and one or more co-products (heat, fluid fuels,

chemicals, food/feed/fiber).

• G overnments and inte r n ational org an i zati o n s, with input

and adv i ce from all re l evant sources, should make inte-

grated as s essments of the energy needs of deve l o p i n g

co un tr i es and identi fy options for meeting those needs,

taking into acco unt not only nar row economic crite r i a

b ut broader social co n s i d e rations such as empl oy m e n t

g e n e ration, gender as pects and health effects. Such

as s essments should re commend fi n ancing and re g u l a-

to ry ar rangements; identi fy insti tutional co n s traints an d

o p po r tun i ti es for re form and innovation; and pro po s e

s trate g i es to generate adequate local ca pa c i ty to des i gn ,

a d a p t, man ufa c ture, disseminate, ope rate and mai n tai n

re l evant energy te c h n ol og i es. Pr i o r i ty should be given to

p roviding energy in rural are as to meet the po p u l ati o n ’s

basic needs and to cre ate jobs and inco m e - e ar n i n g

o p po r tun i ti es, so as to allev i ate pove r ty and enhan ce th e

q u a l i ty of life .

Topic 2. Choices for producing, distributing 
and consuming energy

Problem 

Present energy sys tems fail to meet the needs of a sign i fi-

cant sh are of the wo r l d ’s po p u l ation, and tol e ran ce is dimini-

shing for the inequi ta ble patterns of energy use. Per ca p i ta

e n e rgy use in rich co un tr i es is now eight ti m es th at of the poo r.

Present patterns of energy use are not sus tai n a ble: th ey lead to

s e r i o us problems of air pol l ution at hous e h ol d, local, re g i o n a l

and global level. The most serious and intra c ta ble of th ese pro-

blems appe ars to be the higher co n ce n trations of gre e n h o us e

g as es, mainly CO2, in the atm o s ph e re, and the dete c ta ble cli-

m ate change th at is likely the result of those higher co n ce n tra-

tions. The Inte rg ove r n m e n tal Panel on Cl i m ate Ch ange (IPCC )

concluded as early as 1995 th at “the ba l an ce of the ev i d e n ce

s u g g ests a disce r n i ble hum an infl u e n ce on global climate . ”

The IPCC has been a us e ful mechanism for bringing science to

be ar on inte r n ational public pol i cy re l ated to this issue.

The trends are not favo ra ble. A co n ti n u ation of “bus i n ess as

usual” would result in sign i fi can tly higher levels of atm o s ph e r i c

CO2 (es ti m ated at 60% more by 2020), as the world eco n o my

grows and as the So uth incre as es its level of per ca p i ta an d

( g iven po p u l ation grow th) to tal energy co n s um p tion. The pol i-

ti cal and economic res ol ve to change the present co urse is not

a p parent. If it can be fo un d, co n s i d e ra ble time will be needed to

i n trodu ce new energy sys tems on the scale re q ui re d, given th e

sl ow tur n over of existing ca p i tal stoc k. Co n s i d e ra ble additi o n a l

time would be re q ui red be fo re re du ced car bon emissions fro m

n ew sys tems would have any impact on climate sta b i l i ty.

Solutions 

Env i ro n m e n tal effects are the product of po p u l ation size ,

co n s um p tion levels and patte r n s, and te c h n ol ogy. Te c h n ol og i es

and energy res o urces exist which in var i o us co m b i n ations co u l d

in time put world energy produ c tion and co n s um p tion on a

m o re sus tai n a ble path. However th ey are un l i kely to suffi ce in

the absence of steps bo th to limit and sta b i l i ze world po p u l ati o n

and to sh i ft co n s um p tion patterns towards those th at have

l ower energy- and mate r i a l s - i n te n s i ty.1 1
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Q u an ti fied sce n arios have been deve l o ped which es ti-

mate world energy production and use under various demo-

graphic, economic, technological and policy assumptions.12

Sce n arios for the tran s i tion to sus tai n a ble energy fo res e e

energy systems that permit continued economic growth but

that are cleaner and more efficient. Compared to the present,

these energy systems would use proportiona tely less oil and

coal, more na tural gas, renewables, and, under some scena-

r i o s, nuclear. Te c h n ol og i cal developments in th ese energ i es

are reviewed below.

The use of fuel cells based on H2 or hyd rogen-rich fu e l s

such as methane or methanol is likely to grow and should be

promoted. Like electricity, during its use H2 generates zero or

near-zero emissions of pollutants and CO2. In addition to this

intrinsic advantage, fuel cells can be used both for stationary

energy and for transport. In the long term it is desirable that

the H2 be produced through electrolysis of water using rene-

wa bl es. Pending the time when th at is co n s uming energy

economic, it can be produced from natural gas or other fossil

fuels, and that can be done cleanly if the associated CO2 is

re m oved and seques te red. It could also be produ ced fro m

electrolysis powered by nuclear-generated electricity.

A p p ro p r i ate pol i c i es to disco urage use of un s us tai n a bl e

e n e rg i es, and to enco urage th at of sus tai n a ble ones, are

essential. These include the elimination of subsidies for fossil

fuel use; full-cost pricing (taking into account “externalities”)

of all energy options; the targeted and prudent use of fiscal

measures and subsidies to encourage more sustainable pat-

terns of energy use; and stronger financial support for RD&D

on clean energy options.

One “best pl a us i ble” sce n ario sees the po s s i b i l i ty of a

future in which be tween 1990 and 2100 world energy use is

d o u bled; fossil car bon emissions are re du ced by more th an

h a l f; and bo th GD P/pe rson and energy us e /pe rson are

e q u a l i zed as be tween indus trial and developing co un tr i es .

In indus trial co un tr i es the pro j e c ted GD P/pe rson level is

m o re th an tr i pled over this pe r i od, while the energy

us e /pe rson is cut by more th an half. In developing co un-

tr i es, GD P/pe rson incre as es 25-fol d, and energy us e /pe rs o n

a bo ut th re e fol d .1 3

Options for stationary energy sources 

Fossil fuels 

Abo ut 80 pe rcent of world primary energy is still suppl i e d

from fossil fuels. They will co n tinue to acco unt for the bulk of

e n e rgy produ c tion for some deca d es, even if re n ewa bl es star t

to be vigoro usly pro m o ted. It is th us crucial to seize all oppo r-

tun i ti es for making fossil fuel co n s um p tion cleaner and les s

car bo n - i n te n s ive. Three trends are pre d o m i n ant in the use of

fossil fuels: (i) electr i c i ty generation is be coming more effi c i e n t

(55% for co m b i n e d - cycle gas tur b i n es and more th an 60% fo r

cog e n e ration, co m pared to 35-40% for clas s i cal ste am powe r

pl ants); (ii) energy generation is be coming clean e r, es pe c i a l l y

as a result of impl e m e n ting env i ro n m e n tal co n trols such as

flue gas tre atment and des u l fur i zation te c h n ol ogy; (iii) th e re is

a trend towards decar bo n i zation, due largely to a sh i ft fro m

coal to natural gas for power generati o n .1 4 T h e re is hope in th e

S&T co m m un i ty th at some fossil energy sys tems can be made

co m pati ble with a world of seve rely co n s trained gre e n h o us e

g as emissions.1 5 Po s s i b i l i ti es for doing this include:

• Fur ther gains in energy transmission and end-use effi-

ciency;

• Co n ti n uing the sh i ft from coal and oil to natural gas,

which generates some 50 percent less carbon per kWh of

produced energy and which is abundantly available, espe-

cially in unconventional form (e.g. clathrate hydrates in the

deep ocean);

• A reduction in flaring of natural gas;
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• I m p roving the effi c i e n cy of co nve rsion te c h n ol og i es,

th rough for exam ple re co urse to inte grated gas i fi cati o n

combined cycle te c h n ol og i es and to combined heat an d

power (cogeneration) technologies; 

• Sequestration of CO2 derived from carbonaceous fuels in

the deep oce an and in geol og i cal fo r m ations such as

hyd rocar bon res e rvo i rs, though this te c h n ol ogy sti l l

requires substantial research including on its environmen-

tal effect on ocean ecology; and, 

• Capturing methane from coalmines, which for example in

countries such as China and India could increase supplies

of clean energy while re ducing emissions of gre e n h o us e

gases. In these two countries, human-induced subsurface

coal fires generate very large quantities of CO2 emissions;

more could be done to control and extinguish them.

Several of these items relate to natural gas, whose relative

i m po r tan ce as a primary energy source is likely to grow fo r

several decades. Many things can be done through RD&D to

e x tend this res o urce and to use it more effi c i e n tly an d

cleanly.16

Nuclear 

Although attractive from the viewpoint of reducing green-

h o use gas es, nuclear has not incre ased its sh are of primary

e n e rgy as once expe c ted. Mo re over the present sh are will

decline over the next decade or two, as existing reactors will

be decommissioned fas ter th an new ones are coming into

service. The issues a re high costs, and concerns about safety,

was te disposal, pl ant deco m m i s s i o n i n g, we a pon prol i fe ra-

tion, and lack of expe r tise re q ui red for pl ant mai n te n an ce

and safety. The safety record of light water reactors (LWRs),

some 80 percent of the world’s power reactors, is good, as is

th at of CAN D U - type re a c to rs. Mo re over th e re have be e n

significant advances in the basic engineering of new nuclear

plants, in retrofitting improvements into older plants, and in

o pe rational pra c ti ce, proce dures and training. While bas i c

re a c tor des i gns have changed little, th e re are now un d e r

investigation or development several new reactor designs or

concepts that are radically different from those used to da te

and could be made significantly safer through incorporation

of pas s ive safe ty fe atures. These include high te m pe rature

helium reactors; advanced LWRs; and the accelerator-driven

fast reactor, or “energy amplifier”. France and Japan presently

are re p rocessing spent nuclear fuel for re - use in re a c to rs .

Re p rocessing is expe n s ive, howeve r, and produ ces pl uto-

nium, which poses the highest proliferation risks. Research is

needed to produce safer, more economic and proliferation-

res i s tant re p rocessing of nuclear fuels. Was te disposal is

among the most probl e m atic issues for nuclear powe r.

Improvements in sa fety and waste disposal to date have not

led to greater public acceptability for the nuclear option, and

scientific opinion is itself divided on the issue. Finally, there is

fusion, res e arch on which is being co n du c ted at a level of

a bo ut US$1billion per ye ar, and which if proven fe as i bl e

could provide abun d ant electr i cal energy with a smaller

active waste problem to manage. While it now seems nearly

certain that a machine could be built which would produce

more energy than it consumes, many problems remain to be

overcome before one could be realized. It seems unlikely that

fusion could make a sign i fi cant co n tr i b ution to the energy

needs of the world before, at the earliest, the second half of

the 21st century.17

Renewables 

All scenarios for reaching sustainability in energy use envi-

sage a sign i fi cant incre ase in the sh are of primary energy

from re n ewa ble sources –geothermal, wind, sol ar, biomas s,

hydro and marine. Energy efficiency can also be regarded as

a re n ewa ble te c h n ol ogy. Biomass was discussed above as

re g ards rural energy. Agr i cu l tural and fo res try res i du es, an d

n ew crops grown primarily for energy produ c tion, can also

p rovide indus tr i a l - s cale energy for electr i c i ty, tran s port an d

other uses. Marine energy is abundant and can be tapped in

var i o us ways: tidal bar ra g es, waves, ti d a l/m arine cur re n t s,

oce an thermal energy co nve rsion. If it could be expl o i te d

economically, it could provide huge amounts of clean electri-

c i ty. It po s es major engineering challenges, so in the near

term prospects seem limited. However, the various technolo-

g i es are an early stage of development and fur ther RD&D

could change that assessment.
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Some renewables provide intermittent electricity, e.g. solar

when the sun shines, wind power when the wind blows. These

pose the issue of energy storage. Storage possibilities include

batte r i es and co m p ressed ai r. Anoth e r, attra c tive meth od

would be to use the intermittent power to produce hydrogen

through electrolysis. The costs are high today, but the advan-

tages are so great as to merit priority research.

While re n ewa bl es are not with o ut env i ro n m e n tal co n s e-

q u e n ces, th ey are generally sign i fi can tly cleaner and more

sustainable than fossil fuels. They may also bring other bene-

fits such as saving fo re i gn exc h ange and generating loca l

j obs and income. In 1998 only 14 pe rcent of world energy

co n s um p tion came from th ese sources, some two - th i rds of

which was traditional biomass (mainly firewood for cooking

and heating) (WEA). Modern re n ewa bl es th us acco unt fo r

only about 5% – almost half of which is conventional hydro –

although their use is now increasing rapidly. The potential for

expanding their use is very large, and scenarios envisage that

the sh are of re n ewa bl es in the second half of this ce n tury

could be in the range of 20-50 pe rcent of primary energy.

(Germany’s climate change legislation calls for 50 percent by

2020.) Much of the science of re n ewa bl es is generally we l l

understood. Considerable progress has been made in recent

ye ars in developing produ c tion te c h n i q u es and es ta bl i sh i n g

m ar kets. Costs are not yet co m pe ti tive in other th an niche

m ar ke t s, but when th ese te c h n ol og i es are more widely

d e pl oye d, eco n o m i es of scale and progress along the lear-

ning curve will lead to further cost reductions as with all new

technologies. 

Hydro 

This we l l - es ta bl i shed energy source could be used on a

wider scale. Acco rding to the WEA only abo ut one-th i rd of

the eco n o m i cally fe as i ble po te n tial is cur re n tly being us e d .

Most of the remainder is in developing countries. Most cur-

rent production comes from large hydroelectric plants. Only

3.5 pe rcent of ca pa c i ty and produ c tion co m es from small

hyd ro; however its sh are may incre ase due to the tre n d

towards dece n tra l i zed electr i c i ty sys tems. Development of

hydro in recent years has been limited partly because of envi-

ronmental and social concerns associated with certain types

of projects, especially large dams. In many cases large dams

have not produced the expected benefits, and have had signi-

ficant, and often negative, social and environmental impacts.

(The environmental impacts are mainly local, although in tro-

pical countries large hydro with shallow reservoirs produces

s u b s tan tial CO2 emissions from ve g e tation decay.) The

re cent re port of the World Commission on Dams has th o-

roughly and objectively reviewed this debate. It recommends

that opportunities be used to optimize benefits from existing

d ams and th at in considering new dam pro j e c t s, avai l a bl e

alternatives be thoroughly assessed.18

Wind 

Gr i d - co n n e c ted wind turbine ca pa c i ty wo r l dwide has

increased dramatically in recent years, and growth is expec-

ted to co n tinue. Wind tur b i n es have be come much larg e r,

and rotor diameters have increased with advanced materials.

The ulti m ate te c h n i cal po te n tial of wind energy is ve ry

large–between 2 and 6TW, or between one-fifth and one-half

current world energy consumption. Cost is highly sensitive to

wind speed, so relatively few areas are economically suitable.

Fur ther RD&D is needed on sto rage te c h n ol og i es to matc h

loads to fluctuations in wind intensity.

Geothermal 

G e o thermal energy can be used for heat and powe r. Cur-

re n tly some 8,000 MW of geothermal electr i c i ty is produ ce d

g l oba l l y, most of it in the Americas and in Asia. Some 15,000

MW thermal is produ ced for heati n g, almost 40 pe rcent in

Euro pe. Wi th cur rent re cove ry and uti l i zation te c h n ol ogy

e l e c tr i c i ty outp ut from geothermal could incre ase seve n -

fol d, and with advan ced drilling and pe r m e a b i l i ty enhan ce-

ment te c h n ol og i es twe l ve - fold. Geothermal alre a dy makes

a sign i fi cant co n tr i b ution to the energy ba l an ce of a num-

ber of developing co un tr i es, including Ph i l i p p i n es, El Sa l va-

d o r, Nicara g u a, Co s ta Rica, Ke nya and Indones i a. Ex pan-

ding its use could result in a major re du c tion in CO2

emissions co m pared to fossil fu e l - fi red electr i c i ty genera-

tion. Howeve r, the nox i o us gas es co n tained in geoth e r m a l

fl uids pose an env i ro n m e n tal issue; it is someti m es po s s i bl e

and economic to re m ove or reinject them into drill hol es. A

s i gn i fi cant re cent development is the development of

gro und source heat pumps. These use the ear th as a th e r m a l

s o urce for heating and a sink for cool i n g, depending on th e
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s e ason. They can be used any wh e re, as th ey do not depe n d

on the pres e n ce of un d e rgro und thermal water or ste am .

T h ey have been exte n s ively used in Sw i tze r l an d, Germany,

the US and more re ce n tly in Aus tra l i a. This is an energy - e ffi-

cient form of spa ce heating and cool i n g, the use of which is

e x panding ra p i dl y.

Solar 

All technologies for solar energy recovery – photovoltaics

(PV), sol ar th e r m a l - e l e c tric (STE), and low - te m pe rature

solar – hold considerable potential. PV, currently the highest

cost of the three, was noted above in regard to its use in isola-

ted rural areas. Its potential for wider application depends on

co s t, but th e re is growing ev i d e n ce th at it could be co m e

competitive for distributed and grid-connected power within

a decade. Capital costs could fall over the next few years from

$6,000 to $3,000/kW, at which level, with o ut the need fo r

grid enhancement, there may be substantial markets in both

i n dus trial and developing co un tr i es wh e re gr i d - co n n e c te d

PV systems could become competitive.19 STE use could also

expand. Thermal technologies have the advantage that they

can be integrated with existing fossil fuel plants and thus can

be phased in with considerable flexibility. This is an attractive

o p tion to meet the expanding energy needs of the ur ban

po p u l ations in developing co un tr i es. Proven low - te m pe ra-

ture solar energy collector technologies can be more widely

us e d, es pecially for hot wate r, spa ce heating and cool i n g .

They have limited potential for cooking.

Energy efficiency 

Effi c i e n cy meas ures are generally re cogn i zed as the bes t

m e ans of re ducing the costs and pol l ution of existing elec-

tr i c i ty generation sys tems. Effi c i e n cy gains are po s s i ble in

e l e c tr i c i ty produ c tion, (cog e n e ration), which can incre as e

e ffi c i e n cy from the 30% which is cur re n tly typ i cal to abo ut

60%; in transmission and distr i b ution sys tems by upgra d i n g

them and purs uing rigoro us mai n te n an ce re g i m es; and in

end us es by uti l i zation of efficient appl i an ces, lighti n g,

m o to rs, etc. There are proven te c h n ol og i es for all th ese mea-

s ures.  Effi c i e n cy improvements are often profi ta ble. The

re q ui red initial inves tment outl ay often have ve ry short pay-

back pe r i od s, someti m es less th an one ye ar. En d - use effi-

c i e n cy meas ures can be pro m o ted th rough legisl ated stan-

d ard s, ince n tives and info r m ati o n/l a beling program s .

Me c h anisms need to be fo und to pro m o te inves tments in

e n e rgy effi c i e n cy – with special atte n tion to deve l o p i n g

n ations. Of co urse, this cannot be done with o ut fi rst inves-

ting in training and insti tution building. This would re q ui re a

ra d i cal change from the cur rent bus i n ess as usual approa c h

to energy inves tm e n t s .

Proposals 20

• G overnments should pro m o te mar ket introdu c tion of

e nv i ro n m e n tally sound energy te c h n ol og i es by re m ov i n g

p r i ce disto r tions and re g u l ato ry impe d i m e n t s, enco ura-

ging co m pe ti tion and re m oving bar r i e rs to energy effi-

ciency, thus encouraging the flow of capital into efficient

and clean energy production and usage.

• Public policies for energy pricing should provide for inter-

nalizing the external env i ro n m e n tal and social costs of

energy options within agreed and workable mechanisms.

Subsidies for the use of fossil fuels should be generally eli-

minated. These measures are essential if sustainability is to

be advanced, as it must be, by market forces.

• G overnments and other appro p r i ate acto rs should pro-

m o te the use of hyd rogen as a fuel, inter alia th ro u g h

RD&D on te c h n ol og i es des i gned to re du ce the cost of

making hyd rogen from car bo n a ce o us fe e d s toc ks wh i l e

fa c i l i tating the re cove ry of byp roduct CO2 for ulti m ate

d i s posal. The S&T co m m un i ty and governments sh o u l d

coo pe rate inte r n ationally to identi fy, develop an d

d e m o n s trate promising inte grated sys tems for hyd rog e n

production and use, from fossil sources, with sequestration

of the separated CO2, and from renewables. 

• Research should be given to CO2 sequestration, including

standards for the permanency of CO2 storage taking into

account rapid climate change, environmental and social

i m pact stu d i es, and re g i o n - by - region as s essments of

sequestration potential 
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• Support should be strengthened for RD&D dealing with all

ph as es of the natural gas cycle: expl o ration and produ c-

tion, transport and distribution, gas conversion, and power

generation. This should include work on exploration tech-

nology for unconventional gas such as hydrates; develop-

ment of LNG technology; development of H2 production

fa c i l i ti es for fuel cell appl i cations; and CO2 ca p ture in

power reduction.

• International research should be promoted which focuses

on advan ced te c h n ol og i es for improving the co s t, safe ty,

was te man a g e m e n t, and prol i fe ration res i s tan ce of

nuclear fission energy systems, and on geologic disposal of

spent nuclear fuel and high-level wastes and its long term

e nv i ro n m e n tal effects including stu d i es of inte r n ati o n a l

interim-storage facilities.

• Governments and research funding agencies should colla-

bo rate with appro p r i ate par tn e rs in meas ures to acce l e-

rate the deployment of grid-connected intermittent rene-

wa ble electric te c h n ol og i es (wind, ph o tovol taic, sol ar

thermal-electric) and their hybrids with biomass and fossil

energy.

• Governments and other research funding agencies should

s u p port res e arch in more efficient electr i c i ty produ c ti o n ,

transmission and end-use. Emphasis should be placed on

res e arch on more efficient appl i an ces, lighti n g, moto rs

and cogeneration technologies, especially with regard to

their use in developing countries. Incentive systems to pro-

m o te the adoption of th ese te c h n ol og i es should also be

studied.

Topic 3. Public-private partnerships to achieve
sustainable energy for transport

Problem 

Motor vehicles contribute substantially to worldwide CO2

emissions. They are also the chief contributors to NOx, which

are the pre curs o rs of smog and which, tog e ther with small

particulate and lead emissions, contribute heavily to adverse

h e a l th effects. Dies e l - fueled ve h i c l es, es pecially tr u c ks an d

buses, are major contributors, especially for small particulate

pollution. In developing countries, 2- and 3-wheeled vehicles

using outm oded te c h n ol og i es are major pol l ution sources .

Patterns of vehicle use previously limited to OECD countries

are be coming more general: in 1995 more new cars we re

sold in Asia than in Western Europe and North America com-

bined; in Rus s i a, China and elsewh e re car ow n e rship is

i n c re asing ra p i dl y. Large passenger ve h i c l es present spe c i a l

problems because of their fuel inefficiency; in the US sports

utility vehicles have been classified as trucks, which exempts

them from the stricter automobile fuel efficiency standards.

Av i ation is also a sign i fi cant co n tr i b utor to gre e n h o use gas

e m i s s i o n s ;2 1 and emissions from this source are fo re cast to

i n c re ase ra p i dl y. In the absence of co n ce r ted efforts by

g ove r n m e n t s, indus trialists and scientists – i.e. fol l owing a

business-as-usual approach – the problem is likely to worsen. 

Solutions 

For tran s port as for other secto rs, the long-term goa l

should be near-zero air pollutant and greenhouse gas emis-

sions (WEA, p.274). In the industrialized countries much pro-

gress has been made in the last two deca d es in re du c i n g

vehicles’ emissions of pollutants (e.g. NOx, SOx, lead, particu-

lates) but little or no progress on greenhouse gas emissions.

A c h i eving this latter goal will neces s i tate the deve l o p m e n t

and wide-scale introdu c tion (a sl ow process) of more effi-

cient and cleaner vehicle power sources. Electr i c - powe re d

ve h i c l es have so far had only mod est success; fur th e r

res e arch on sto rage batte r i es is needed. Approa c h es bas e d

on ox yg e n ated fuels or alcoh ols in internal co m b us ti o n

e n g i n es have had some env i ro n m e n tal be n e fits and have

brought other advantages such as job creation and savings

on fo re i gn exc h ange. Fuels derived from sy n th e tic gas can

also be clean energy sources for internal combustion engines,

e.g. synthetic middle distillates and dimethyl ether. Strategies

based on these fuels have the advantage that for decades the

c h e a pest way of making H2 is likely to be from sy n g as, so

th ese strate g i es would pave the way for a hyd rog e n - bas e d

energy economy.

Mo re adequate sol utions will fe ature cleaner on-board

power sources, derived from cleaner primary energy. Bus es

and commercial vehicles are being converted to compressed
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natural gas and fuel cells in a number of countries. In the near

term the most promising candidates for cars are hybrid elec-

tric/internal combustion engine-powered vehicles. Fuel cell-

powe red ve h i c l es are being deve l o ped co m m e rcially an d

may soon become an attractive option. In both cases atten-

tion also needs to be paid to the clean production (e.g. using

renewable sources, or fossil fuels with carbon sequestration)

of the electr i c i ty or of the on-board hyd rogen source (H2,

g as oline, meth an ol or hydride) th at is used. The short- an d

long-term options for the choice of fuel cell vehicle are linked.

Using gas oline as the hyd rogen source, at least during an

interim period, would facilitate the needed shift in infrastruc-

ture th at would be re q ui red. A sy n g as - based strate gy might

i n d i cate meth an ol as the source, and processing meth an ol

o n - board cars is easier th an for gas oline. For bo th gas ol i n e

and methanol, fuel cell-powered vehicles would have major

advantages over internal combustion engines in terms of effi-

ciency and emissions.

The development of more efficient engines and the use of

n ew lightweight materials and aerody n amic des i gns offe r

further possibilities to reduce emissions from vehicles. Mate-

rials are being deve l o ped which work at high te m pe ratures

and allow power sys tems to co nvert more of the avai l a bl e

e n e rgy into motion. Developments include self-monito r i n g

and self-repairing ma terials, intelligent materials, biodegra-

dable materials, high-strength metal alloys and plastics, and

new semiconductors.

There is considerable scope for public-private partnerships

to develop and promote cleaner vehicles and fuels.22 Useful

examples of partnerships can be seen in the US, Europe and

Japan. In the US Partnership for a New Generation of Vehicles

( PN GV), the th ree large car man ufa c ture rs are coo pe rati n g

w i th the government to develop te c h n ol og i es for a new

generation of vehicles with fuel efficiencies up to three times

those of comparable 1994 family sedans, without sacrificing

in terms of performance, cost, safety or emissions. The three

i n dus trial par tn e rs have all produ ced “co n cept ve h i c l es”

based on hybrid-electric drive trains using compression-igni-

tion, direct-injection (CIDI) engines. An interesting feature of

the program is the provision for independent, science-based

rev i ew of progress toward th at goa l .2 3 T h e re has also be e n

col l a bo ration be tween the US Depar tment of En e rgy an d

battery manufacturers to develop advanced battery systems

for electricity storage through the Advanced Battery Consor-

tium (ABC). In Europe, the European Commission has coope-

rated with car man ufa c ture rs and oil re fi n e rs to dete r m i n e

wh at the most co s t - e ffe c tive ways are for those two indus-

tries to divide the costs and responsibilities for meeting emis-

sion targets. This “Auto-Oil” program is an o ther inte res ti n g

a p p roach to ev i d e n ce - based pol i cy - m a k i n g, and has led to

significant reductions in road transport emissions. However,

the program has not directly addressed the problem of green-

house gases. In Japan, Honda and Toyota, with the help of the

g ove r n m e n t, have each introdu ced co m m e rcial electr i c /

gasoline hybrid vehicles with greatly improved fuel efficiency.

In some of these programs, joint R&D is also being conducted

on hyd rog e n/fuel ce l l - d r iven ve h i c l es. In Fran ce a gove r n-

m e n t - s po n s o red res e arch netwo r k, cur re n tly comprising 56

research activities, has been created to promote cooperation

between public and private research bodies on work related

to fuel cells. In Brazil, an extensive program was jointly deve-

loped by the government, fuel and vehicle producers for pro-

duction of ethanol from sugar cane, using bagasse as the refi-

nery fuel; and vehicles have been converted to and produced

for eth an ol use. The program halved gas oline use an d

i m ports and mar ke dly improved some vehicle emissions. In

Taiwan, China (wh e re abo ut th re e - q u ar te rs of moto r -

vehicles are two-wheelers, which account for 35 percent of

CO and 18 pe rcent of to tal hyd rocar bon emissions) th e

government has cooperated with motorcycle manufacturers

and co m ponent suppl i e rs to develop and launch electr i c

scooters into the market.

Proposals 

• G overnments should col l a bo rate with the vehicle man u-

fa c turing and energy indus tr i es and with the scienti fi c /

engineering community in partnerships for RD&D of low-

cost, efficient, clean power sources for transport. RD&D is

needed for all the above alternative vehicle and fuel deve-

lopments (other th an lead elimination). Work should be
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done not only on cars but also on fuel-cell systems for 2-

and 3-wheel vehicles and for trucks and buses, as these are

i m po r tant sources of pol l ution and gre e n h o use gas es in

developing countries. Lead in gasoline should be elimina-

ted and cata l y tic co nve r te rs should be re q ui red on all

appropriate vehicles.

• R&D priority should be given to re fining and lowering th e

cost of hybrid electr i c /g as oline ve h i c l es with re g e n e rative

b raking sys tems and use of strong light-weight pl as ti c

co n s tr u c tion materials with aerody n amic des i gns – and to

p rodu c tion of hyd rogen fu e l s, pre fe ra bly from re n ewa bl e

res o urces, and auto m o tive fuel cells which would be vir-

tually pol l uti o n - free. Improved produ c tion meth ods fo r

e th an ol fuel from cellulosic biomass also should be purs u e d .

• I n te rg ove r n m e n tal org an i zati o n s, with the support an d

participation of all relevant partners, should commission a

study to make an integrated assessment of the use of bio-

fuels for tran s po r t, taking into acco unt economic, soc i a l

and environmental aspects of the issue.

• Strategies to reduce greenhouse gas emissions from trans-

port should be based on full fuel-cycle analysis, and scien-

tific and engineering communities should give priority to

the development and appl i cation of meth od ol og i es fo r

l i fe - cycle an a l ysis inco r po rating exte r n a l i ty costs an d

benefits.24

• A priority area of R&D should be the development of

convenient, economic and safe ways of storing hydrogen

on-board motor vehicles, e.g. carbon nanofibers.

Topic 4. Sustainable transport planning: 
Choices and models for human settlements 
designs and vehicle alternatives 

Problem 

Most pe o ple, ce r tainly those in the deve l o ped wo r l d,

re g ard mob i l i ty as a fun d am e n tal freedom. Yet incre as i n g l y

this freedom col l i d es with sus tai n a b i l i ty. Tran s port is a mas-

sive consumer of energy and it has profound environmental

i m pa c t s, yet modern lifes tyl es depend on modern tran s po r t

systems. The perceived conflict between economic develop-

ment and env i ro n m e n tal pro te c tion pe rva d es the tran s po r t

d e bate, although appro p r i ate pol i cy and te c h n ol og i cal res-

ponses can alleviate the conflict.

Not only is tran s port a major co n tr i b utor to gre e n h o use gas

and other pol l ution problems be ca use of the use of ve h i c l es

w i th env i ro n m e n tally un fr i e n dly power sources, as des c r i be d

a bove. It also rai s es other ques tions of sus tai n a b i l i ty be ca us e

the demand for tran s port is expanding eve ry wh e re, while tra-

d i tional models of tran s port suppl y, relying heavily on private

m o to r i zed ve h i c l es, cannot be indefi n i tely extended. In addi-

tion to problems of air quality, the res u l ting co n g es ti o n

i nvol ves incre asing time losses with as s oc i ated co s t s, wh i l e

co un te r p rodu c tively re ducing the sought-after mob i l i ty.

Pu blic tran s port in developing co un tr i es is often ove rc rowd e d,

poorly mai n tai n e d, un s afe, and sl ow. It is also often inade-

q u ate in indus tr i a l i zed co un tr i es. Co m m un i ti es in all co un tr i es

are often deve l o ped with o ut adequate tran s po r tation or lan d

use pl anning. Res u l ting ur ban or subur ban “s p rawl” generates

higher re q ui rements for mob i l i ty and for private vehicle use in

par ti cu l ar th an would oth e rwise be neces s ary. Inte r - m od a l

co n n e c tions are often lacking or inadequate .

The problem has been aggravated by the te n d e n cy of most

g overnments to pro m o te road tran s port and the indiv i du a l

vehicle ve rs us rail and other forms of mass tran s port. This has

often been done by limiting the cost to the user (at least th e

a p parent cost) while sh i fting the real cost to the public at larg e

th rough tax and subsidies re g i m es. Not only are most of th e

i n fras tr u c ture costs paid by the co m m un i ty, but the user typ i-

cally be ars only a po r tion of the use and mai n te n an ce co s t s,

and this sh are diffe rs widely from one tran s port mode to th e

o th e r. Ex te r n a l i ti es are rarely ta ken pro perly into acco un t .

Solutions 

Two co m pl e m e n tary ways of meeting th ese challenges

are needed. One is to adopt lifestyles and land use patterns,

which re du ce the need for moto r i zed tran s port. Re l evan t

approaches include integrated land-use and transport plan-

ning, with consideration given to encouraging denser urban

d evelopment; trave l - d e m and management and deman d -
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reduction strategies such as elimination of free parking, sub-

sidization of mass transit use, and car/van pooling; and pro-

grams of communication, education and incentives aimed at

influencing the transport behavior of the public in the direc-

tion of sustainability.25

The second way is to make use of appropriate policies and

modern technology in an effort to reconcile the demand for

accessible transport with the objective of sustainability. Here

the emph asis is on influencing the distr i b ution of tran s po r t

d e m and be tween mod es and be tween indiv i dual and mas s

systems. Priority should be given to systems of mass transport

over individual car use, e.g. through the use of economic tools

l i ke fuel and vehicle tax re g i m es. Te c h n ol og i cal deve l o p-

ments like intelligent transport systems can be used to intro-

du ce and guide road pricing; the development of nati o n a l

transport information systems for the various modes can help

i m p rove the pl anning of inte r m odal tran s port. Succes s fu l

examples of public transport systems – such as those of Hong

Ko n g, Ch i n a; Cur i ti ba, Brazil; and Po r tl an d, Oregon, USA –

m ay offer lessons for other citi es. Innovative car - sh ar i n g

schemes, such as Stattauto Berlin and European CarSharing,

m ay also war rant fur ther stu dy.2 6 The need for bulk fre i g h t

transport by vehicles can be reduced through the use of sub-

surface pipelines and other logistic systems. 

Proposals

• Public policy-makers at all levels, and scientists and engi-

n e e rs should pursue a th re e - p ronged approach th at

e n co ura g es sus tai n a ble lifes tyl es and land use patte r n s,

while using the development of appropriate technologies

to cre ate sus tai n a ble tran s port sys tems. This would be

directed towards: making walking safe and secure at any

time of day or night; encouraging cycling as a safe alter-

native to public transport; making bus travel competitive

w i th travel by car; maximizing the use of rail for bo th

freight and passenger transport; developing the full poten-

tial of safe and env i ro n m e n tally fr i e n dly pipe l i n es; re du-

cing the environmental cost of air travel; encouraging the

use of marine tran s port; as s i s ting the mob i l i ty of th e

young, the old and the physically impaired.

• Tran s port pl anning should be inte grated into broa d e r,

interdisciplinary planning of human settlements. This pro-

cess should make full use of the interdisciplinary participa-

tion of natural and social scientists and engineers from all

relevant specialties.

• Pu blic and private funding agencies should pro m o te

behavioral research on the motivation of transport users,

e.g. what has led to the profligate use of polluting vehicles

and wh at is needed to indu ce the use of mass transit or

shared car transport. Research on the institutional dimen-

sions of sustainable transport should also be supported.

◆

A wide range of individual scientists and scientific institu-

tions has contributed to this brief review of sustainable deve-

lopment issues concerning energy and transport. The rather

homogeneous nature of the paper does not do justice to the

independent and disparate nature of the scientific commu-

nity, whose rich diversity is one of its most important assets.

It is important to recognize that the trends highlighted in

this pa per re g arding energy and tran s port are actu a l l y

moving in the opposite direction from our recommendations.

O fficial development inves tment in energy is dras ti ca l l y

declining. Government inves tment in R&D on new energy

technologies has decreased. Collaborative R&D with develo-

ping co un tr i es is almost non-existent. There is inadequate

support for institution building and other essential capacity

building efforts to support energy and transport, particularly

in developing and transition countries. These trends need to

be reversed – and we believe that the science community can

contribute significantly to that process.

Science is essential for good governance, at all levels and

in all regions. The participation of the international scientific

community in the CSD process is a sign of its readiness to play

an active role in the identi fi cation and impl e m e n tation of

a p p ro p r i ate sol utions for sus tai n a ble deve l o p m e n t, in par t-

nership with governments, international organizations, other

major groups and society at large.
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