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PREFACE

At its second session (15-24 May 1995), the Conmission on Science and
Technol ogy for Devel oprment requested the secretariat to prepare an issues
note on the identification of scientific and technol ogi cal aspects of
sust ai nabl e energy systens. This note is to be reviewed by the Conm ssion
at its third session in 1997 in conjunction with its future work programre.
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| NTRODUCT! ON

1. Energy has al ways been an inportant itemon the United Nations
agenda. As early as 1949, it already addressed the probl em of
“conservation and utilization of resources” and has since played an active
role in identifying sources which could provide sufficient, affordable and
i nexhaustible energy. ' The first international conference to address the
i ssue, the United Nations Conference on New Sources of Energy (Rome, 1961)
expl ored alternative energy sources such as solar, geothermal and

wi ndpower. Marked by two worl dwi de energy crises and the ensui ng concern
over the supply security of conventional energy resources, the 1970s saw
intensified discussions on new and renewabl e sources of energy. These

di scussions cul mnated in the United Nations Conference on New and
Renewabl e Sources of Energy (Nairobi, 10-21 August 1981) which adopted the
Nai robi Programme of Action for the Devel opnent and Wilization of New and
Renewabl e Sources of Energy. 2 The application of environnentally sound
technol ogies is also one of the key issues within the accords agreed upon
at the United Nations Conference on Environment and Devel opment (UNCED) . 8

2. Reflecting the need for treating energy resources in an integrated
manner, the United Nations Ceneral Assenbly, in its resolution 46/235
(1992) on restructuring and revitalization of the United Nations in the
econom c, social and related fields, established the Conmittee on New and
Renewabl e Sources of Energy and on Energy for Devel oprment (UNCNRSEED), a
body of government-nom nated experts. This Commttee assumed the nandates
of both the Committee on the Devel opment and Use of New and Renewabl e
Sources of Energy and the Committee on Natural Resources pertaining to
energy. Its primary objective is to provide policy options and
recomrendations to the Econom c and Social Council on energy matters,

i ncl udi ng the consideration of their relation to environnment and

devel opnent .

3. It was in this context that the Commission, at its second session (15-
24 May 1995), decided to consider energy systems as a possible area for its

1 For an exhaustive review of energy-related activities of the United Nations
system see: United Nations (1997), Report of the Secretary-General on an I nventory of
ongoi ng energy-rel ated programmes and activities of entities within the United Nations
system on coordination of such activities and on arrangenents needed to foster the
| i nkage between energy and sustai nabl e devel opnent within the system United Nations ,
New York (E/ CN. 17/1997/7).

2 The Committee on the Devel opnent and Wilization of New and Renewabl e
Sour ces of Energy (UNCDURSE) was established as an institutional arrangenent to foll ow up
on the Nairobi Conference and to nonitor the inplenentation of its Programme of Action.

8 See, for exanple: United Nations, Departnment of Econom ¢ and Soci al
Devel opnent (1992), Conpendi um of excerpts on science and technol ogy rel ated i ssues and
recommendations, extracted fromthe docunents adopted at the United Nations Conference on
Envi ronnment and Devel opnent. New York (unpublished working docunent).
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future work. To this end, it requested the secretariat to subnit to the
Comm ssion, at its third session, an issues note on the identification of
scientific and technol ogi cal aspects of sustainabl e energy systens.
Accordi ng to some nenbers, the enphasis ought to be placed on revol utionary
options such as the total energy systens approach. Recogni zing the
conpetence of UNCNRSEED in this area, the Conm ssion al so requested that
the secretariat prepare the note in consultation with UNCNRSEED. The

di scussion during the second session al so suggested that this issue coul d
be a potential area for cooperation between the Conm ssion on Science and
Technol ogy for Devel oprent and the Conmi ssion for Sustainabl e Devel opnent .
The intention would be to work jointly on specific aspects of energy

devel opnent and application that have not been sufficiently dealt with in
ot her bodies of the United Nations system 4 For the purpose of carrying out
the required consultations and al so to benefit frominputs by experts in
the area of energy, the secretariat organized an informal neeting of
experts, including a menber of the secretariat of UNCNRSEED. The report of
the neeting containing a sunmary of the discussion and recomendations for
future work is given here. The secretariat circulated the report of the
nmeeti ng anong the nmenbers of the Conm ssion and the suggestions received
concerning both the issues taken up by the experts as well as their
proposals for alternative thenes for future work in the area of energy are
summari zed i n conference room paper E CN. 16/1997/CRP. 1

4 See: United Nations, Conm ssion on Science and Technol ogy for Devel opnent,
Report on the Second Session (15-24 May 1995) ( Economic and Social Council, Oficial
Records, 1995, Supplerment No. 11, E/1995/31, E/CON 16/1995/14), p.5 and p. 29.
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REPORT OF | NFORMAL MEETI NG ON SCI ENTI FI C AND TECHNOLOG CAL
ASPECTS OF SUSTAI NABLE ENERGY SYSTEMS
4. The Informal Meeting on Scientific and Technol ogi cal Aspects of

Sust ai nabl e Energy Systens took place in Geneva on 24 and 25 Cctober 1996.
It conprised two Comm ssion nenbers 5 a menber fromthe secretariat of
UNCNRSEED and two i ndependent experts, one fromthe private sector and one
fromacadem a (the agenda and list of participants are given in the annex
to the report.) There was a frank and constructive exchange of views on
all the aspects of the energy question. The report focuses on those issues
on which there was a general understanding as to their inportance or

rel evance for consideration by the Comm ssion. The substantive proposal s
for future work by the Commission on Science and Technol ogy for Devel opnent
are intended to stinulate the discussion at the third session.

A.  Recognition of the problem

5. There was general agreenent that energy trends in devel oped countries
suggest a relatively weaker rel ati onship between GDP and energy
consunption. This, however, renains relatively stronger in devel opi ng
countries where energy dermand for satisfying basic needs and production
requirements is rising. It was considered that the rel ationship between
electricity and devel opment m ght even be stronger.

6. Wth the threat of inm nent depletion of fossil fuel having been

| argely discounted during the past few years, environnental considerations
have becore of increasing inportance in the search for alternate energy
sources. Carbon dioxide build-up at the global |evel and the dw ndling
forest cover at the |local and regional |evels are of particular concern

7. Whereas the devel opnent and utilization of clean energy sources and
technol ogies are inperative for all countries, access to sufficient energy
is a precondition to econom ¢ devel opment and gl obal integration for nost
devel opi ng countries. The international commnity, therefore, is facing
the twofol d chal |l enge of having to satisfy the rising needs for affordable
energy systens anong devel opi ng countries and, at the same tinme, to reduce
its excessive dependence on fossil fuels. It was generally agreed that
there is a broad range of technol ogi cal options which, either singly or
collectively, have the potential to deal in large nmeasure with this
chal | enge. Forenost anmbng these options are the considerable potential for
energy efficiency inprovenents in the conversion, transport and storage of
energy as well as inits final use & and the broad range of new and emergi ng

5 During its second neeting, the Bureau of the Commi ssion requested one nenber
of the Coomission, M. Nels Busch, to work with the secretariat in preparing the issues
not e

6 Wi le the potential for efficiency inprovenents in devel opi ng countries,
often at | ow investnment cost, is considerable, the group's feeling was that energy
consunption in industrialized countries could be further optimzed through programes
desi gned to reduce wasteful consunption: first, because it is in industrialized
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technol ogi es for delivering energy, including solar, w nd, ocean-thernal,
ocean-tidal, geothernal, bionass and hydrogen, that is scientifically
proven, technologically viable, socially acceptable and environnmentally

| ess danagi ng .

8. dven the different stages of devel opment of these technol ogi es and
the state of the world econony which is characterized by | ow energy prices
and limted financial resources, the challenge is to translate this
potential into reality. The nain issues discussed can be clustered around
the foll owi ng general concerns.

B. Making alternative energy sources conpetitive

9. There was general agreenment in the Informal Meeting that the
conpetitiveness of energing technologies is not determned by scientific
and technol ogi cal factors alone. Conpetitiveness, being a relative
concept, depends on the cost/price of the technol ogi es/sources that are
bei ng substituted. As long as narket prices of energy sources do not
reflect total costs, particularly those related to environnental inpacts,
nost new technol ogi es, even those that are already commercial |y avail abl e,
will remain unconpetitive. Renoving subsidies applied to conventiona
energy technologies ® and internalizing the cost of environnental inpacts
woul d be one way of greatly enhancing the conpetitiveness of comrercially
avai |l abl e alternative technol ogies. However, this would have -- froma
devel opnental point of view-- the problenatic, albeit temporary, effect of
rai sing energy prices. Positive action in favour of diffusion of
alternative energy technol ogi es woul d be anot her way.

10. For technol ogies not yet fully comrercially available, technol ogica
factors would be nore or less inportant. Those technol ogi es whi ch have

al ready noved out of the scientific |aboratories and past the technol ogi ca
wor kshop mght still need to be adapted to actual working and climatic
conditions. Mechanical and structural adjustments nmight be needed, for

countries that nost R&D takes place and new processes and products are devel oped; and
secondly, in view of the high energy consunption of the industrialized countries, snall
inprovenments in energy efficiency have a large i npact on gl obal consunption.

7 For a description of the various options see Johansson T. B., Wllianms RH,
Ishitani H and J. A Ednonds (1996) “Options for reducing Co , emissions fromthe energy
supply sector” in Energy Policy, Vol. 24 pp. 985-1003; and |POCC(1996) dinate Change
1995: I|npacts, Adaptations and Mtigation of dinmate Change: Scientific-technical
Anal yses: Contribution of Workin g Goup Il to the Second Assessnent Report of the
I ntergovernmental Panel on dimate Change , New York.

8 Annual subsidi es on conventional energy sources/technol ogi es are estinmated
to total nore than US$ 300 billion. These subsidies involve tax exenptions, financial
support, price support etc. in the production and use of conventional energy. A Shah,
(1994), "Energy pricing and taxation options for conbatting the greenhouse effect” in
dimte Change: Policy Instrunents and Their |nplications, Proceedi ngs of the Tsukuba
Wor kshop on I PCC Wrking Goup Il, 17-20 January, CECD (Organization for Econom c
Cooperati on and Devel oprent) (1992), The Economi ¢ Cost of Reducing Co , Em ssions, CECD
Econom ¢ Studies Special Report No. 19 CECD, Paris. For exanples of types of subsidies
provi ded by some CECD countries, see |EA(International Energy Agency) (1993), Taxi ng
Energy: Wy and How, CECD, Paris.)
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whi ch further investnments may be required. For exanple, nodern
electricity-producing windmlls, which have been in use for sone time now,
continue to experience problens, including structural ones. There is also
t he probl em of by-products, such as sul phuric acid from photovol taics, for
whi ch proper disposal could be costly. Like all new technol ogi es, novel
energy technol ogi es have to undergo a period of adaptation before they can
becone technologically viable and readily adaptable. It is only after
these initial problens are resolved that such technol ogi es can be nass-
produced and thus becone conmercially conpetitive with conventiona
sources. The slow progress in the R&D and commerci al i zati on of
technol ogi es nay al so be attributed partly to the Iow pricing of
conventional sources. The role of the private sector at the pre-
conpetitive stage of developnent is critical and private firns, which are
under strong pressure for rapid return on investnents, are unlikely to
invest in these technologies if they perceive that benefits are distant.

11. Regarding technol ogies that are still at the stage of scientific
research and for the devel opnent of which governnent plays a greater role,
it was pointed out that investrment in R& has been declining in the 1990s. 9

12. The experts felt that, in viewof the fact that the costing and

pricing of energy sources/technol ogies is a dynam c process, decisions on
opti mal systens ought to be based on maxi m zation of net present val ue. 10
Costs of present and alternate energy systens need to be conpared. A new
energy source would replace an old one only if the new alternative is
econonmcally viable. Energy alternatives could becone attractive as their
costs decline as a result of econonmies of scale and as the real costs of
traditional energy technologies are reflected in their price as, for

exanpl e, through carbon taxes.

C. How to increase the share of alternative sources of energy in the
energy systens

® Aggregat e governnent R&D expenditure of | EA countries has declined, in real
terms, by 21 per cent between 1985 and 1995. The decline has been observed in the
i ndi vi dual expenditures of nost countries. See CECD | EA (1996), Energy Policies of IEA

Countries: 1996 Review, CECD/IEA, Paris. One could argue that, in view of the
liberalization of nost economies, the decline in public expenditures has been
conpensated by increased investnment by the private sector. It was felt that this,
however, has not been the case.

10 Money now is worth nmore than noney in the future, because it can be invested
to produce a greater sumof noney in the future. For exanple, US$105 in a year's tine
has a present value of US$100, if the interest rate is 5 per cent. Thus, the net present
val ue of an investrment is the difference between the capital cost of the investnent and
the present value of the future cash flows to which the investnment will give rise.
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13. The experts felt that increasing the application of renewabl e sources
of energy would better help to diversify energy systens than is possible
with current patterns of energy production and consunpti on. 1

14. As a general principle, however, it was agreed that there was no
single solution to the energy dilemma. Thus, conventional energy sources
will be continue to be used even in the mediumand the long term The
application of sustainable energy systens is not just a matter of ptimary
concer ni ng devel oping countries; it is a task of global responsibility.
Considering that the use of energy is one of the main factors contributing
to global environnental degradation, the adoption and application of
environnental |y sound energy technol ogi es require concerted action on the
part of the entire global community. Strategies on how to pursue avail able
options were the najor thrust of the discussion during the neeting and are
sunmmari zed bel ow

(i) The need for renoving institutional, policy and financia
constraints

15. This includes the building of capabilities to use sustainable energy
technol ogi es on a global basis. It requires enhancing scientific and
technol ogi cal capacity in diverse fields such as, inter alia, energy use,
adapt ati on, mai ntenance, organization, information di ssem nation,

managenent . Acqui ri ng adequat e equi pment to neasure the effective use of
energy along with quality control systens will be needed, particularly in
devel opi ng countries. Furthernore, the |level of technol ogical capacities

of recipient countries is a determning factor in decision-nmaking, since it
affects not only the level and type of technology but also its cost in

terns of installation and naintenance.

16. Ceneral awareness of adverse environmental consequences needs to be
enhanced. There is also a need for training energy specialists to take a
systens approach to meeting energy requirenents.

(ii) Overcomng bottlenecks

17. The process descri bed above will not be automatic. It requires the
al l ocation of financial resources, the devel opnent of technical and
scientific skills to inprove the efficiency of existing systens and
correction of infrastructural problens. These have to be assessed on a
national level. Economes in transition often cope with a rigid and heavy
infrastructure that does not provide for efficient use of existing energy
systens. Least devel oped countries, on the other hand, face the chall enge
of small agei ng power plants, obsolete urban electricity grids or

i nadequate distribution networks in rural areas; all these factors raise
the cost of delivered energy. Thus, resolving problens related to energy
storage, distribution and/or transportation are inportant el enents in

har nessi ng avail abl e energy resources to neet rising requiremnents.

(iii) The need for differentiated sol utions

1 Wiile no energy sources or technol ogies were a priori excluded, the
di scussi on focused on renewabl e energy sources/systens as sustainable alternatives to
fossil fuels. Thus, nuclear energy and | arge-scal e hydro-power projects, which have been
under broad criticismover nany years, were not specifically addressed by the experts.
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18. Changing energy systems is a conplex task that often requires changes
in the entire econonmc structure of a comunity. For exanple, in econom es
intransition, local communities often survive econom cally because of
existing, albeit inefficient, energy systens. Even when a new and
profitable energy systemis commercially avail abl e, considerable
difficulties, ranging fromsub-optiml use of resources to socio-politica
factors, need to be overcone. The fast growth of energy dermand conbi ned
with financial constraints can | ead sone countries to continue using or
even to select energy systens that are neither cost effective nor
environnental |y benign sinply because better alternatives are not readily
avail abl e. Thus, energy sol utions should be differentiated according to

i ndi vi dual country needs and possibilities and shoul d consider factors such
as geographi cal situation, |evel of devel opnent etc. An energy systemt hat
is appropriate for one country at a certain stage of devel opment may not be
right for another. A right mx of energy should be found for each country.

(iv) The need for increased flexibility and integration of multiple
energy systens

19. dven the increasing availability of new energy systens, it is hard to
predi ct which energy formw Il ultimately be dom nant, nost efficient,
profitabl e and al so environnental |y benign. Therefore, a flexible approach
is needed that allows for different options to be pursued rather than
enbar ki ng on | arge-scale projects that may require huge investnments but may
not be viable economcally, ecologically and socially in a few years’ time.
Energy systens that can be adjusted relatively easily to changi ng narket
conditions mght be the nost cost-effective approach to neeting energy
derand in the present situation. Integrated systens consisting of both
conventional and alternate energy options offer nore possibilities for

adj ustnent to new technol ogi cal devel opnents. They allow the m x of
primary energy sources, the conbination of centralized and decentralized

systens, and can be kept relatively snall. Moreover, they can be |inked
effectively to other systens such as water managenent and parts of the food
sector. Investnent costs for integrated systens, however, renain high

since they are based on conplex installations while, on the other hand,
their operating costs are often low However, studies of energy systens
that cope successfully with interlinked networks of different energy
sources have been reported in the literature

(v) The need for an energy policy

20. Most CECD countries have de facto energy policies. * Sinilarly,
econonmies in transition and nost devel opi ng countri es have nade

consi derabl e i nvestnents in the devel opnent of national energy
infrastructures and the formul ati on of national energy strategies. The
sustainability of energy systems becane the focus of concern worldw de when
worl d crude oil prices spiralled upwards during the 1970s and early 1980s.
This interest resulted in significant energy savings and inprovenents in
the efficiency of energy use. However, nore recently, interest in new
energy technol ogies, and in energy nore generally, seens to have waned in

12 One expert expressed doubts about the extent tto which this assertion
applied to the United States where he felt that policies were reduced to certain
regul atory functions rather than to a conscious energy devel opment strategy.
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many countries as concerns about supply security and costs are no | onger as
strong as they were during, and immedi ately after, the energy crises of the
1970s. Yet, as the discussion showed, there are inportant technol ogica

and econom c i ssues which call for coherent energy policies both at the
national and international levels. The availability, cost and diffusion of
sust ai nabl e energy technol ogies will depend strongly on policy, including
on energy-costing policy that allows environnmental inpacts to be reflected
in pricing structures. The integration of nmany different energy systens
and the optim zation of their size are conplex issues which also need to be
addressed by policy.

D. Potential areas of work by the CSTD

21. The discussions in the previous sections point to the crucial role of
policy in providing incentives, raising awareness and devel opi ng
appropriate infrastructures. In order to formulate policy in a
technol ogi cal | y and econoni cal |y dynanmi c environnent, continued nonitoring
and analysis at the national and also the international |evel are needed.
The gl obal i zati on of environnental concerns, the grow ng |inkages anmong
different energy systens and the increasing variety of traded energy forns
and technol ogi es open up nore possibilities for, as well as necessitate new
forns of, international cooperation in this area. By focusing its work on
energy and sustai nabl e devel opnent, the CSTD can contribute to these

obj ecti ves.

22. The experts identified a nunber of areas where further work i s needed,
whi ch the CSTD may wi sh to consider. These include the follow ng

(a) Reviewing current R&D on energy and analysing it fromthe point of
view of its contribution to devel opi ng environnental |y safe/sound, and
economi cal ly equitable, energy paths, paying particular attention to
t he needs of devel opi ng countri es;

(b) Exploring the broad set of innovative possibilities avail able through
integrated and flexible systens that link traditional and alternate
energy options and exam ning their relevance for devel opi ng countries.
These possi bilities have not been investigated thoroughly. Here, new
ground coul d be broken by the Commission. This work shoul d be
conpl enented by denonstration activities and technol ogi cal capability-
buil ding activities in energy managenent, especially in the area of
efficiency inprovenents;

(c) Addressing infrastructural problens of countries having structures
that need w de-rangi ng adjustnments as well as of those where
i nfrastructures have not yet been devel oped;

(d) Reviewing national experiences with energy policy-naking;

(e) Ildentifying and anal ysing energy issues relating to specific sectors

such as the transportati on sector. The experts considered that this is
a sector where inprovenents could contribute the nost to reducing the
stresses on the environnment and to a nore efficient use of energy. It

was felt that the CSTD shoul d address the issues of transportation
systens rather than energy use by specific transportation neans;
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(f)

Identifying and anal ysing energy issues relating to specific energy
sources such as nodern bi omass technol ogi es, which are attracting
consi derabl e attention for their potential of providing significant
amounts of renewable energy. It is inportant to evaluate the

magni tude of this potential and to dispel fallacies surrounding it.
There is also a need to address bi omass nmanagenent at the gl oba

| evel .
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ANNEX

| NFORVAL MEETI NG ON SCI ENTI FI C AND TECHNOLOG CAL ASPECTS
CF SUSTAI NABLE ENERGY SYSTEMS
(CGeneva, 24 and 25 Cctober 1996)

Annot at ed Agenda

Item 1: I ntroductory statenents

The Chief of the Innovation and Investnent Policies Branch will open
the neeting, followed by brief presentations by M. Busch, nenber of the
Comm ssi on on Science and Technol ogy for Devel opnent (CSTD), and by the
secretariat, on the mandate of the Commi ssion, the objectives of the report
to be prepared and the task of the present Expert Goup. At this point,
M. Shane, nenber of the secretariat of the Conmittee on New and Renewabl e
Sources of Energy and on Energy for Devel opnent, will brief the G oup about
the Commttee’s work progranmme and activities.

ltem 2: General di scussion

- The conceptual i zati on of sustainabl e energy systens:

] current thinking on this issue;
= energy and devel opnent nexus;
= the energy dilemma: the gap between the current

energy consunption patterns and the
unsustai nability of current pattern of supply;
= criteria of sustainability.

Item 3: Suppl y-si de i ssues

- Scientific and technol ogi cal aspects of primary energy
supply and energy transfornation

= the role of technol ogy in naking prinmary energy
producti on environmental ly friendly;

= technol ogy and t he devel opnent of new sources of
ener gy;

= technol ogi cal solutions to the energy dil emma:
scenarios for the 21st century;

= the special case of electricity.

Item 4: Demand- si de i ssues

- Scientific and technol ogi cal aspects:

L] ininmproving the efficiency of energy use as a
means of attaining sustainabl e energy systens;

= in reducing environnmental inpacts of inproved
energy use.

Item 5: Infrastructure requirenents and policy issues
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ltem 6:

Infrastructure requirements as a determ nant of sustainable
energy systens:

L] i nter connect ed syst ens;
= decentral i zed systens.

Energy-rel ated technol ogi cal infrastructure:

= the capacity to upgrade technol ogi es;

= the capacity to acquire, adapt, effectively use and
nmodi fy inported technol ogi es;

= the capacity to undertake R&D and diffuse new

t echnol ogi es;
Pol i cy-rel ated i ssues:

= the need for national energy policy;

= i nternational cooperation in pronoting sustainabl e
energy systens: effective ways of addressing
i ssues such as proprietary rights, financing
schenes and j oi nt devel opnent and transfer of
t echnol ogi es.

Identification of nmain elenents for the report: synthesis of
di scussi on covered under itenms 2-5
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