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Abstract

This chapter addresses long-tel-ni policy issues in the electricity sector that are
related to the sustainability of (he Furopean energy model. The basic features of a
sustainable energy system are described first. Then Ihe susainability problems of
the present energy model are idenrified and discussed. Most of the chapter is
devoted (o (he analysis of the suitability and potential of diCferent mechanisnis of
response lo Ibis challenge. The following issues have been addressed in sorne detall:
Dernand-side measures. such as energy saving and energy efficiency; increased
penetration of renewable energy sources; research and development in the energy
sector; ihe fliture role of nuclear energy and rneasures lo achieve universal access to
electricity.
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1. Introduetion

European energv po}iev confrcnts a number of main concerns: security of energy supply.
presentlv and in ihe hitare: guarantee of the freedom of choice hy eonsumers al affordable
prices: effíciency in energv production and consumption: acceptable environmenlal irnpact:
aud mainienance of Ihe competitive position of the EU, while flxing. when needed.
possible markei hi lares.

Bat aH these obieciives onlv niake sense in the long—term if obtained in a sustainable
manner. Thai nieans thai ihere shou]d he a lasting and dependable access lo priniary energv
soarces: adequate infrastnicture lo generale and transport 11w required amount of electriciiv
in a reliable wav: enei-gy-rclaied activilies perfornwd so thai no irreparable environmental
damage is caused: compalibililv \vilh an adequate econoniic development: and finallv a
gitaranlee ihal fair universal access lo modern fornis of energy supply vill taRe place, a
Europe and also worldwide.

Enironmental care a nd human developmenl are two nextricablv 1 inlej concepts. and rio

durable advances al-e possihle iii ono Quni \vilhout proper consideration of tlw other one.
SLlslainabi Ii iv subsumes boih Ri uds of consideralions under a single name.

This cl1aater is di\:ded mb t\vo paris. The firsi ono is diagnosis. The sustainabilirv
prohlems of the current energv model are addressed. and receni results on prospective
analvsis are iniroduced. Specifically. long—lerm seenarios for the futuro of electricitv supulv
iii Europe. iNc impact of adopting differenl energy poiicv sirategies. estimates on INc
Europeaii dependency on energy. bbc availahilitv and price of energy iesources. and ihe
potential ole of renewahie generation and demand sido managemeni activities are
discussed.

The second pan is devoled lo INc analysis of dic rnechanisms of response that are available
to builcl a sustainable hitare. The major approaches lo address the problem of the lack of

sustainability of our energv inodel are studied: demand—side measures addressed lo improve

effleiencv aud to save energv. contribution of renewable energy sources. long-term R&D in
energy. and iNc international cooperation lo address universal aceess to modern energv
lbrms. The futuro role of nuclear energv is also examined. Information and education of

nublic npinion. as weH as advanced regulatory approaches. are essential to achieve
successftil resulis in al) ofthem.

AlI ihese issues “ere covered in dic presentatiotis and napers thai xvere pu! forward al iNc
conference Inijnj’n[ fm s,,.stu,na/’,l,ti-. corresponding to SESSA \\‘oik Package 7. heid iii

Madrid. Spain. un 19-20 Mav 2005 [SESSA. 2005]. The objective vas ro identifv iNc
challenges lo iNc sustainabi)itv of 11w European energv model and lo examine 11w potentia)

of bbc main solution appruaches thaI Nave heen proposed. TNis chapter revievs INc material
ihat was presented al Ibis conference and suinmarizes INc conclusions as recommcndations
for futuro lines of action.

2. TIie sustainabiiitv probicius of the current dncrgy model

0(111 t WIC!/t.S ¿Ç

Prospectivo siudies provide Ingbly valuahle insights mb Ihe workings and tbe futuro of iNc
European energy model. see [Capros. 2005]. [lEA/OECD, 2004] or [EC, 2003]. In [Capros.
2005] 11w reference situalion is provided hy a “Business As Usual” scenario a
continuation of carretil trends and policies into the futuro—, characterized by eurrent and
expected demand growtli vilNoul especial measures of energy savings and efficiency,
inequitable world distribulion of energy resources, inadequate efforl in R&D in energy.



coutinuecl rate of depletion of fossil fuel resources. risk of insufficient investrneni in
generation and network capacity and no major effori to curh climate change. Both positive
and negative features can he identified iii this reference scenario.

On Ihe positive side, it should be expected an increasing decoupling between economic
growth and energy consumption. Energy intensity’ in the European Union of 25 Member
Stales (EU-25) is expected to decrease at a rale of 1 7% per year. Ihe main reasons thai
justif’ this significant gain include irnprovements in energy efficiency (both on the demand
and ihe supply sides), changes in the structure of FU industry, saturation in demand for
sorne important energy needs, and the policies already in place, see [Capros 2005J.
l-Iowever, total energy consumplion in EU-25 is expected to grow at around 0.7% per year.
Renewable energy sources would expand al a moderate rate. frorn a share of 5.8% of
prirnary energy demand in 2000 to reach 86% in 2030. This relative lack of penetralion,
which is below FU objectives. is obtained in spite of considerable support schemes2.
Ovei-aIl, decreased price elasticity ofenergy should also be expected.
Also on the positive side, no pressing energy resources liniltation during the next 20 years
is forecasted. However, (he situation in later dates is debatable. as there are uncertainties on
the magnilude of fossil fuels reserves. In 11w specific case of oil, peak production forecasts
range from roughly now to 2030 or even beyond that date. Gas and coal reserves are more
abundant, coal in particular. l-Iowever most of 11w consumption growth will he me by
increasing irnports from outside the EU. Therefore, energy dependence viIl incitase ftom
47.2% in 2000 to a forecasted value of 67.3% in 2030. Concerns about security of supply
have been expressed, specially taking into account that 01] and, lo a lesser measure gas
production, are increasingly concentrated in a srnall number of countries thai are subject to
considerable political risk.

In 0w long ron, only 25% of final energy dernand will be required by industry in EU-25. As
efficiency in industrial uses is already high, there is a limited polential for furiher
improvernenis in this sector. Qn the other hand. 40% of final demand is “buildings” (that is,
households, teriiary sector, space heating, etc.) and 35% is consumed in transportation.
There is considerable scope for efficiency improvements in these sectors, a]though the
effectiveness ofregulations and incentives is made difficult because they have to be applted
to a very high mimber of users. Transportation is a particularly difficull case, as there are
no easy substitutes to oil in the short and rnedium terms. Biofuels have sorne potential for
signiticani penetration. The econorny and technology of hydrogen production are still at a
very incipieni stage and its potential has still lo be proved. The extraordinary growth in
transporlation demand is a major source of traffic congestion and air quality problerns
worldwide.

Electricity demand is forecasted (o grow about twice as fast as the average energy dernand.
So. massive investrnents ¡O new generation capacity wilI he needed (about 500-600 GW in
EU-25 during the next 30 years, in order to reach a generation capacity twice as large as
Éoday’s). Together with the forecasted mercase ¡o primary cnergy prices. this fact implies
that electricity prices are likely to risc in the foreseeable future. Most of the new
investments wiIl take place as gas-ffielled plants, which wiIl contribute to increased import
dependence. especiallv when taking into account the dedhne in domestic EU gas
production. British, Dutch and Norwegian gas will be also unable to mcci the required

Consurned prirnary cnergy pcr real Gross Doniestic Product (GDP).2 The reference case does not impose the indicativc Largas of Wc EU renewabtes elccriciiy Directve
for cach Mcn,ber Srate. buz coniinuation of individual policy rncasurcs a indi’idual countries.



clemancl mercase, so growing gas imporls fi’om Russia, Northern Africa and other regions
are anlicipated.

Most environmental pressures sirnw an improving trend, with the important exception of
carbon ernissions. lo Ihis case. transportation and electricity generation are the critical
seciors. Carhon iniensiIy is e.xpecied to decrease until 2015 and lo risc afterwards, mainly
hecause ol’ ihe end of carbon inlensíty improvemenls hv fuel switching ( i.e.. substitution of
coal hy gas). and hecause of ihe eleciricity generation gap caused by the forecasted phase
out of nuclear stations. thai would be niostlv fihlcd by advanced tcchnology coal plants.
Iherefore, total EU—25 carbon emissions are expected lo risc al a short—term rate of 0.3%
per year, accelerating from 201 5 onwards to a long—term rate of O.S% per year. Post—Kyoto
policies ale, jo anv case, a crilical issue. ln ibis regard. it should he Éaken into account ihe
decreasing share of Europe in the world economy. which makcs unilateral aetions unlikelv
to have sign ilicani effecis.

lo short. ihe malo challenges of EL energv policv are:

• Securnv of energy supplv. lo relation hoth lo dependence on imports of natara gas
ami oil ( liigh \olumes of imports from unstable regions) and to che rcquired
investÉnent iii infrastiuctures to ensure adequacy of electricitv sup3!x.

• lncreasing carbon cmissions. in conlrast xvith eNmate change policv objectivcs.

• Poor ;ierformance of policies supporting penetration of renewabie energies.

• Contintious growth of road and air transport. and the oecd to improve encrgv
efñciencv iii the transpon ami buildings sectors.

• l-ligh tinceriaintv ahoal dic future of nuclear energv after 2020, and dic concomitant
lack ofa stratcgic choice on a sustainable base-load generation of clcctricity.

Altcrnative seenarios can be dexised by assuming irnplcmcntation of measures related to
further pron:otion of renewabe energv sources. higher efficiencv in final uses. increased
availabilitv and puhhc acceptance of nuclear energv, higher taxation on carbon. increasecl
carbon trading. supnort to speeific transportation technologies. and deve)opment of new
technologics (such as carbon sequestralion or hvdrogen bascd devices). A policy package
thai combines extensive siipaori fbr acceeration of renexxabies. standards and measnres for

high energv effic:encv. advanced nuclear tcchnologv and new siandards and fnels for
transportation del ivcrs high performance iii alI ohjectives. except regardinw investment
expcnditures. stranded cosis and higher energy priccs. According to [Capros. 2005]. carbon
cmissions would drop hv n’.ore ihan 25°h iii 2030 with rcspect to ¡990. one ihird of energy
would come fi’om carhon frce sources in 2030. impon dependenc would be restored to
55% in 2030. insteaci uf 70° (ir mote jo dic business—as—usual scenanio. Al 1 iiidicators
related lo transport. air quali(v and congestion would show spectacular irnprovement.
l-lowcvcr, cnergy prices would experience a significant mercase as well and the scheme
would require an ahundant and inexpensive gas supply. since by 2030 11w gas consumption
would he 2,5 times [iigher Iban in 2000. In any case, given the vet’y large tncrtia of the
present energy svstem. the actions in this policy package must he sirnultancously and
stronglv pursued III order to have a significant cffcct.

1)) ip it, Üfl ‘1))) lpt’!it II CI? CSS

Givcn 11w cxpccted influence thaI a package of pnblic measurcs. such as INc one descnibed
aboye, may Nave oii electricity prices it is not surprising thai a debate on how sustainability

(02 cmi SS’ 0115 over (iDI’.



objectives may affect economic competitiveness has already started. Sustainability impacts
competitiveness by affecting econornic growth, foreign investment, export markets ancl
creation of employmeni. lndustry is concerned about polential higher-than-average energy
costs. Iack of convergence of prices in thc EU. stringent environmental legislation and Iack
of hanrionisation of energy and environmental policies at Luropean level. There is fear that
energy intensive companies rnay be forced to relocate their activities outside fle EU.
Fiowever, 11w precise relationship between environmental policy and eeonomic
performance rernains a matier of debate. On one hand, negative economic irnpact on certain
seetors (cg. iron and steel, refineries. cement. chernicals) is hard to deny. Leakages4 rnay
also cause problems thai could be possibly correcied wiih border Laxes. which would be
justified because global externalities such as global warming. On the other hand, the impacl
on cornpetitiveness may have been overstated. Many studies suggest that such effects are
minirnal or entirely absent, finding that for most industries the expenditure required lo rneet
environmental regulations conslitutes an insignificant proportion of overalI production
costs, often below the limit of 1%. These studies fiirther suggest that environrnentally
concemed countries do not incur econornic Iosses from decreased trade or industrial
relocation, flor do dirty countries gain competitive trade advantages and attract foreign
investrnent by acting as pollution havens. It is even argued that strict discipline in energy
and environrnent niay provide for competitive advantages in the long term, although Ihe
case is yet tobe proven, see [Golub, 1998].

Moreover, sorne of the measures [bat are required to advance 11w cornpetitiveness of the
European econorny aso provide sustainability improvemenis. Arnong then, further energy
rnarket integration, better regulation of natural monopolies and market power, and
integration of environmental considerations through market rnechanisms should be actively
pursued. See [Comillas. 2004] for a receul review of the major issues involved.
The role ofregulation

Unlike governmenzs, individual companies carry little orno obligalion to address long-terrn
energy security or environmental challenges. It is the responsibility of governrnents to
ensure, through rnarket pricing and legislative frarneworks, that the market responds to
ti ese concerns. Most of 11w rnechanisrns of response to be proposed in 11w next section
have to be implernented by rneans of regulatory instrurnents, as they typically consist of
additional incentives or limitations to the behaviour of rnarket agents. These are generally
necessary since markets rarely internalize long-term puh]ic policy objectives or they rniss
the environmental externalities associated to electricity production or consumption.
One particular issue of concern is [he response of electricity markets to security of supply
considerations in the short and mediuni terrn. Energy market liberalisation and privatisation
have lcd to Iower energy prices, greater price volatility and increased cornrnercial risk for
new capacity investnienl across aH fuel types. Energy planners have begun lo volee
concerns over current lirnited levels of private sector investmenl in new generation and
transniission capacity to nieet the projected energy demand growth. This chapter tvill not
deal with these sliorter-term worries on security of supply. as they belong to market design
and regulanon and they are treated in the chapter of this repon corresponding to Work
Package 3 of the SESSA project.

lf measures to mitigare climate change are irnplcnicnted in a subset of cotintries (ihe EU countrics)
and the cnvironmcutally damaging activities are moved lo othcr countrics outside the EU, the
beneficial eifects of cniissioiis reductioii in ihe LU nmy be offset hy higher cmissions iii otlier countries,

e.. there is leakage The highcr such leakage. 11w less eiÍicient is he cmission policy under a global
perspcctive.



3. Mechanisms of response

In order lo address 11w probleni of the Iack of sustainabiliiy of our energy model, the major
categories of approaches that have been identified at the Jni’estn,ent Jár sustainabilitv
Conference will he presented here. The analysis includes: demand—side measures.
renewable energy sources, long-tenn R&D in energy. improved approaches to regulation
and international cooperation to address universal access to modern encrgy forms.

De,nand—side ineasures

Total primary energy consump(ion of EU—25 is ¡ 725 Mtoe (mi Ilion tons of oil equivalent)
per year -with a total cosi of about E 500000 million- half of which has to be imported.
The annual cost pcr capita is more Iban E ¡000, and it includes 11w direcl consuinption of
electricity. gas and fuel for privatc cars, as weIl as 11w energy emhedded in diverse products
and services. Energy ¡ooks expensive this way. Qn 11w contrary, direct consumption of
electricity —the most refined and versatile form of energy- is inexpensive for the end
domestic consumer (for instance, the average daily cosí of electricity for a faniily of four in
Spain is less than € 1,4). This is one of 11w reasons thai so much energy is wasted.

Most efforts in efficiency aoci cost saving have heen devoted 10 the energy supply side.
Qnly in the year 2000 the Green Paper on sccurity of energy supply by the European
Commission [FC. 2000] emphasizcd ihe importance of clemand-side rnanagernent. The
Green Paper concluded that niost of the margin for improvenwnt of the EU energy situation
vas in the demand side. Consequently, the Commission has put forward a Directive on the
energy performance of buildings and other on cogeneration and has also prepared a
proposal of a Directive on energy efficiency.

A new Creen Paper has been recently issued by the FC on energy efficiency [LiC. 2005].
This Creen Paper intends lo open a discussion on how the FU promotes an overall policy in
order 10 encourage widespread use of new technology lo improve energy efficiency and to
stimulaie a change in Furopean consumer behaviour. The Green Paper makes a good
diagnosis of 11w main obstacles presently prcventing the capture of cost-efficient measures:
lack of appropriate incentives. lack of information and Iack of available financing
mechani sms. among others. Then. the Green Paper seeks lo identify options on how these
bottlenecks can be overconie. suggesting a number of key actions that might he taken.

Demand—side ineasures include hoth energy efficiency measures (cg. substitution of
incandescent lamps hy high—efficiency fluorescent lamps) as weIl as energy saving
measures (cg. increased use of public transportation instead of private cars). In 20 to 30
years it is expected ihat ahout 40% of energy consumption will be spent in buildings, 35%
iii transportation and only 2S% in industry. Therefore. appropriate regulation of the right
sectors (i.e. building codes or car efficicncy standards) looks very prornising. as the
margins for improvemeni are large. The Green Paper is starting a debate on how the IiU
could achieve a reduction on a cost effective basis of the energy consumption of the FU hy
20%. compared to the cunent projections for 2020. le. average annual savings of 1,5%.
This would resuli in 1520 Mtoe, the same consumption level as in 1990.

It maRes no sense to repeat here Wc sound assessment of Wc situation and the proposals for
action ihat are contained iii Wc FC Green Paper. This section xviii just provide some
reflections on specHic issues thai were treated at ihe SESSA conference in Madrid. see
[SESSA, 2005].

Uve/ii/ness o/pi/ce signa/s



The difficulties inherent in implementation of energy efficiency measures when
eonsurnption is very disperse, —as it is fue case in Ihe building and transportation
sectors- should be stressed. The obvious regulatory instrurnent for dispersed consumption
is the application of price signals. l-Iowever, Ihe cffectiveness of prices in reducing
consumption is scarce al Ihe cuiTent level of energy prices —of electricily in particular-,
since these prices do no! internalize most of ihe associated impacts (environmental impacts
and depletion of natural resources). A complete internalization is presently oifi of reach,
because of its effect on inflation aud the unbearable econornic dislortions thai would result
unless sorne kind of agreernent is reached al international level. Since jriee signais in the
price ranges we are used lo are nol enough, other rnechanisrns have been designed to pass
lo the consumers Ihe need lo save energy. This is the justification for the multiple activities
of electricity dernaud side managernent that are taking place in sorne European countries.
Sorne recent examples are a) irnproved melering devices -stich as the ones that have just
heen implenuented in Ilaly- make it possible lo send hourly cosi reflective prices and to
create sorne consciousness in the public via inuproved information: they can also he used to
irnplement advanced interruptibility schernes: b) since cost-reflective pricing is useful bul
may be insufflcient to eontarn consurnption. it may be appropriate to impose targets of
energy saving lo suppliers or to distributors, coupled witlu a market for energy efficiency
certificates whieh creates an incentive for new energy-saving conipanies (ESCos).

Price measures can be effective in the case of energy-intensive industries, bul here we are
facing a cornpetitiveness problern. Iherefore. harmonization (al least at FU level) is
necessary. This is a difficnlt practical regulatory problein. ln sorne countries of Ihe FU (for
exarnple in Por ugal. UK, Scandinavian countries, The Netherlands) either there are no
tariffs. or fol for the large consurners, or the tariffs are just default tariffs zhat have been
correctly computed. so thai they do not compete with the rnarket. These weIl designed
tariffs are additive (integral tariff= access tariff+ energy tariffl, where ihe cornponents of
the tariff are eomputed without discrimination arnong consurner types. However, other
counlries in Europe protect their large industrial consurners in different ways: subsidized
tariffs (difficult to prove if tariffs are not computed in a fully transparent way), priority
access to advantageous contracis, priorily in inuporiing energy fronu other eountries, etc.
Therefore, it is needed a coordinated regulatory position from the EL because, olherwise.
those countries thaI protect their industries rnay find sorne justification for their conduct.
But, even if there is complete harmonization al EU level. the probleni for most European
industries still would rernain, because of competition from other countries outside the EU.
A similar problem happens because of the rise of electricity prices iii the FU due to the
rnarket of C02 emission allowances. With increasing C02 allowance prices sorne
industrial sectors will incur competitive disadvantages in ElLrope relative lo countries thaI
do not implernenl similar rnechanisms. It should be further investigated lo what extent
horder tax adjustrnent is an effective and \VTO compatible inslrurneni to reslore a level
playing field. These are instances where “environmental diplomacy” will be needed.

Final efii?ctil.e,,ess of energt’ efficienc’ ,neasurcs

It has lo be noticed thai Ihe efforts lo improve ILe energy efficiency of devices employed in
dispersed energy consumption —such as cars or domestic electric appliances- have not
achieved any reduction in total energy consumplion according lo historical evidence, since
these devices keep incorporating additional services —more power and comfort- that
consume more energy. Besídes. increased efficicncy leads to lowcr prices and fue
econornic savings can be employed in additional consumption. scc [Srnil. 2003] for
instance. The relevance of this rebound effect is still suhject to discussion. Determining
Iong-ternu elasticities in Ibis context is a challenging topic.



linprovements in energy efficiency undouhlediy mercase cornpetitiveness of the economy.
The critical question is whether lo reduce overail cncrgy use xve need lo go or not beyoncl
increased efficiency of energy conversion and how. Global energy reduction xviii he
ensured if 11w adopted measures make expiicit a deliberate purpose lo reduce energy
consumption, such as:

• Tax away dic savings accruing froni high efficiency and reinvest them in
environnientally oriented projects.

• Regulate energy conservation directiy (cg. limit speed in highways).

• Conscious publie choiee to change behaviour and iifestyle so thai a nioderate level
of individual energy consumption is maintained. Obviously ibis is irreconcilable
with dic eommonly accepted quesi for an endiess and sustained econornic growth
thai is incompatible with preservalion ofthe integrity of dxc biosphere.

A differenl question conccrns xvhether dernand-side measures lead or not lo higher
utiiiisation of base—load. lower—cost but more—polluting gcncration technologies, and
therefore lo higher emissions’. From 11w sustainahiiitv p0101 of view, reduction in energy

consumption has positive effects in almost any front, whereas just load shifting6 decreases
investment requirements both in generation and transportation facilities and, potentially.

can reduce import dependence if peak stations running on imported fuel are substituted by
base—load stations running 00 domestic fuel. However, effects in carbon emissions depend
on many factors and can be either positive or negative.

A global perpectire

It is missing a global perspective showing how the proposed effort in energy efficiency fis
mio the complete piclure of a long-terrn path towards a sustainable encrgy model. The
proposed target of an animal reduction in energy consumption of 1 .5% seems daring but
feasible. However, there is no indication whcther it fclls short or not of what is actually

needed in an overail plan that inciudes eftbrts in further promoting renewables, R&D in

energy and gradual decarbonisation of the processes of energy conversion and utilization.

Dangc’rr ant! oppo’tnnilies in dic EU eniissions t;ading sehenie

Wc coincide with the Green Paper thai the EU emissions trading scheme can be an
effective regulatory instrument to incentivise efficient changes in the use of existing
electiicity generation capacity and o the composition of the future generation mix. But Ibis
wiil oniy happen if 1111s reguiatory instrument is applied eorrectiy. This does not appear lo
be 11w case from the available information on 11w procedures followed in some of 11w

current National Allocation Plans (NAP).

The problern arises when emission allowances are awardcd on the basis of historicai
emissions and. xx•hat is more important. when the agents expect that emission ailowances
for dic next period might be awarded 00 dic basis of tlie historicai eniissions from Ihe
current period. lf Ihis is the case no signiflcant reductions are lo be expected neither from
appropriate fuel switching nor from inefficient piant elosures or from a new trend towards a
hetier generation capacity mix. Moreover, in many cases diere is no justification lo award

Dctails of a studv that explores this issoc can be fornid jo [he preseulatiou Res ie’v and potcntial of
demand response measores bv Rauci P.. el al. al [he 5111 SESSA Couference. lnvestment for
sostainability. Universidad Pontilicia Comillas. Madrid. Spain. May 19 aud 20. http:isessa,eu.corn/.

That s. mov ¡ng electric itv dcniand froni pca k hoors. when energv ¡5 expensive. to oon-peak or vallev
hours. svhen there is cheap sparc generation eapacity.



allowances for free lo fossil power plants when the cost of any requireci allowances wiII be
fully or partly recovered from ihe corresponding rise in energy rnarket prices.

Renewabie energy solaces

A polential transition from a society energized overwhelmingly by fossil fuels to another
based predominately on conversions of renewable energies would lake n1ost of the XXI
century -even longer- and a buge effori. In 2000 the share of fossil fuels in meeting 11w
world’s primary energy consumption was 82% while cornrnercially cxploiied renewables
supplied less than 7-8% and only 21% of eleciriciiy production, of which 96% was hydro
and 4% new renewables: 65% of this was wind, 31% geothermal and 4% solar.

In a shorter lime span than it wilI necessary to achieve ihis iransformation, the energy
prospective studies described in seclion 2 of ihis chapier already show ihal development
and deployment of renewable energy sources must be major ingredients of aH strategies
aimed at achieving a sustainable energy supply. Renewable energy sources rnust become a
very significant part ofihe eleciricity generaiion mix in a couple of decades ifsustainability
objectives are lo be reached. Moreover, renewables have other advanlages: they are
available locafly, they bring environmeni benefiis and they coniribuie to ernployment and
the competitiveness of the Furopean industry.

Studies on Ihe possible development of renewable energy sources very often try to quantify
jis potential to meei our energy needs. Usually a distinction is made between “technical
potential”, which ignores any economic issues, and “economic potential”, which must
include realistic cost forecasis and their implicalions. Actually, “technical poleniial”
typically also includes sorne economic factors, although they may vary widely among
different studies; and “econoniic potenlial” siudies must include “guesstimates” of
unceriain costs (j.c. C02 emission allowances costs, other externalities, renewable targets,
etc.) thai also will differ ¡a different siudies. Therefore, these studies only can be expected
to provide a real istic eslimalion of orders of magnitude, being the precise figures very
contentious. The potentials that are quoted in this seclion are economical ones, and these
caveats should be taken into accouni, see ihe rnaterial in [SESSA, 2005] for details and a
more complete review.

Current EU targeís and support ,nechanisrns

The EU targets regarding renewable energy sources establish a 12% share of gross priniary
energy consumption and a 22% share of eleciriciiy produced frorn renewable energy
sources by 2010, and a 5.75% share of biofuels in pelrol and diesel for lransport purposes
by 2010 (Directives 2001/77/EC and 2003/30/EC). The regulatory instrunients of support
of renewable sources of energy consist of a breakdown of ihe global EU target into
individual national targeis, Ieaving —for the time being- the national support schemes lo
subsidiariiy, simplification of national administrative procedures for auihorisation and
guaranteed access lo transmission and distribution of electriciiy froni renewable energy
sources.

In a recent assessment of the share of renewable energy in the EU the Commission
concludes that an imporiant first step has been made, but extra efforts are still needed.
Under Ihe currently implemented policies the global prescribed target for 2010 will
probably nol be mei, and it will result in a share of between 18% and 19%. It seems that
this will be Ihe case even ifreduciions in total eleciricity demand as a resuli of new energy
efficiency measures are iaken into accouni. There are several reasons for Ihis: Progress in
achieving ihe naiional targets differs strongly beiween the Member States, since not ah of



them have adopted complenientary proactive measures geared to national conditions:

hiomass is !agging behind and Ihis is not being compcnsated by Wc success of ;vind cnergv.

Wind generation of e!ectricity is presently growina al an impressive tate in the bU,
Insialled wind energy capacity in EU 15 grew 20% iii the last 6 vcars, with a total installed
capacity al Wc end of 2004 of 34 GW. En an average vitid year ibis capacity can produce

74 TWh —around 2.4% of bU e!ectrictty consumplion—. Cermanv. Spain and Denmark
contribute 80% of tota! bU 15 \V[nd power capacity. This succcss is due to tite
itiipleinentation of attractive support system. Wc rcmoval of adminbtrative barricrs and the
guaranlee of fair grid access.

Aiihongh Ihere are discrepancies on Wc precise figures. there is no cloubt üiat at :resenl
ihere is suli arnpe room (br additional penetration of vind generation in Europe
especial!>’ if off—shorc wind generation is piii’sued Thcrc are cliallenges concerning
tias\•e wind generation fntegration in iLe electricitv power nctwork. although it seerns
iban integration costs in the power system are significantiv ]owcr than investment cosis.
Á!though in general e]ectricitv transpon is much cheaper iban electricity generation. Wc
curreni difficulties iii ev..ianding transmission nel\vorks in Europe should not be
unclerestimated and a sound s stem of network locational signais is recommended, In an’
case, furiber deveiopment of this sourcc of energy xviH depend on osei’com,ng the
integration problem. Factors that can help to mercase ihe nl unie of \Vflid energv (or anv

other intermittent or non—controllab!e generation ) mcl udc: capac iv of tlie nterconnections
witlh oder power systems. availabilitv of gcncration with fast response capabilitv as
pumped stoiage. contro]iabilit (cg. fhst disconnection when required ) of ilie p]ants.
accuracy and antlcipation of production estimates or ahbity to withstand nerwork
disturbances \vithotit losing svnchronisrn.

Long—rango marginal cosis of biowaste and biogas power generation are similar to those of
vmd generation. and (propcr) biomass power generation slightlv greater [3 iornass vas
supposed lo contrihute 40% to dic 20 1 0 target. btu ibis w’i II on lv happen ÍÍ’ the cun’ent
growih rate of 7% changes to 1 8%. The deelopment of biomass tcchnologies is hampered
bv a lack of political coordination (agrictdtural policies are i’elevan here) and tinancial
support. Tuis is unfortunate because of ILe potent ial o t’ h iomass for heati ng. transpon
(biofuels ) and cogeneration appications. Denmark. Einland and Wc Lnited—Kingdorn are
dic onlv countries un whtch diere is steadv growlh iii hiomass eleciriciiy. Member siales do
not a! 1 have dic sanie natural polential: however therc is considerable capacity unexl)loited.

Solar plioto\oliaic gencration of clcctricitv is presentlv mnch more expensive iban solar
thernial generation. However, sorne impor ant scienli 1k and iechnological advances of ale
have motivated some optirnistie long—term forecasts. Its polenlial is immense. ln sorne
prospective sccnarios, photovoltaic generation is a major source of eleciriciiy by 2040. lf
these devclopmcnts were to lake place, there would he a reducl ion iii needs for new
transniission lines. However, there are wiclely apart estimales of ihe magnittide of the
invcstnient costs of new photovoltaic equipment. so caution mtist be shown on the
likelihood of these new developments.

7 ¡: instanee. (irubb and Mever cstirnatc a “second-order vmd power potential (thai takes ato
aeeount teehnieal. as ell as social. cnvironmental and Iand—use colistraillis) of 4.800 11Mb per vear un
Western Europe. see ‘Renca ab/e Ene, lv So,o’ccs lo,’ /ueL ami Eiect,’ic’,ii ‘‘ ISBN 1 —55963—1 39—2.
Island Press. Chapter 4: Wind energy: resourccs. svstenis. and regional sirategles hv Grubh and
Mever. Other estimates Cali he tound a dic presentation bv L. Sader in [SESSA. 2005j.

Altltougli diere are also discrepancies. ott’-shore wind potcntial seenis tu be cquivalcnt tu on—shore
¡ic) te a u la 1.



Prinire El] targeis (111(1 sztppor! niechanisnis

The European Parliament cailed in 2004 fer a targel of 20 % for renewable energy as a
share of gress inland energy consumption by 2020. T[ie Directorate General for Transport
and Energy lías establislied a mid-tcnn realizable potenlial in EU-27 for 2020. Tbis is 1254
TWh. in addition te ihe 419 TWh already achieved in 2001. 26,3% of these 1254 TWh
ceiTespend te solid biomass, 10% te biogas, and 3% te hiowaste. Wind weuld centribute
40% (20% enshere and 20 effshere).

An assessment of ihe current situation and proposals for action has heen presented recently
by the EU C’ornrnissien, see [EC, 2004]. The preposal incltides a Cornrnunity action plan
fer biernass, measures lo promete offshere wind generatien, research and technolegical
deveiepment and new financial instruments. In principie no harmonization is envisiened of
the regulatory measures that are presently applied in the different Meniber States.

Regarding the specia] suppert te offshere wind, infrastructure investrnents for adaptation of
the grids and integratien of off-shore prejects viIl have te be made. The Comniissien vi1I
review the ebstacles and objectiens that rnay block the develepnient of eff-shere wind. the
envirenmental requirernents that need te he met aud vilI develep guidelines fer Member
States.

In erder tu develep the use of biemass te generate electricity and heating and as transport
fuel, the Cemmissien will bring ferward a specific plan. First, the biornass petential in Ihe
various Member States needs fürther assessmeni iii temis of land availability and different
renewab!e biemass applications. Second. effeciive use of biemass fer energy purposes
depends en interaciiens between public pelicy in ihe fields ef energy, agriculture, rural
develeprnent, environment and trade. The Cemmission will focus un the ceordinatien of
Cornrnunity pelicies and financial niechanisms te secure adequate supplies of biernass.
Finally, specific attentien will be paici te the new Member States taking inte acceunt the
high and unexploited bieniass petential that many of thern have.

Coin ¿ven ts

Fer Ihe time being. harmenizatien of rnechanisrns of premetion uf renewables is net a
prieritv of EU regulatien. as ne clear guidelines en ihe preferred regulatery instruments
have been identified as yet. Mest specific renewable energy support measures can be Ieft te
suhsidiarity. but a rnedicum uf coerdination ameng the Staie Mernbers must be established
in erder te aveid cenflicting measures and improper acceunting, such as ihe cernpatibiliiy
of a priori fixed feed-in tariffs en top of a market price that is affected by C02 emission
trading. It sheuld be rernembered that rnany of the benefits of rnest renewable seurces
accrue atibe lecatiens where the facilities are physically located.

With the exceptien of large hydre-electric pewer. renewable energy represents a non
mature industry with arguably greater need fer technolegical and rnarket support te enable
fuli cernmercial develepment. There ¡s sorne evidence tu suggest thai. iii histerical terms.
renewable energy subsidies in the FU 15 are reiatively Iew in comparisen with other forms
of energy during perieds of fuel transitien and iechneiogy develeprnent, see [EEA, 2004].
Mere mature fuels, such as natural gas, centinue te benefit from the technelegical and
industrial infrastructure huilt up during previous decades. As with ether technoiegies, it can
be expecied that subsidies fer renewable industry will fali as cesis decline and the
technelogies mature.

Much R&D effort in renewables is needed. An area that sheuld receive increasing attention
is whatever changes are necessary te cennect large ameunis of wind and solar generatien tu
the electricity netwerks. Netwithstanding the rechaelogical changes ¡bat will be required



tiom the intermittent generators themselves. systeni operaors have to makc a serious effort
lo look al intermitteut non controllable energy sources nol as a threat (o securitv hut as aH
important future componeul of thc generatiou mix that evernnallv nav occupy a
predoniinant position. Whatever necessary clianges in operation. inonitoring, control and
securítv procedures wiil have to be desigued and eventuaily [mpleluelited.

Experienee has shown that meeting (he EC targes foL 2(310 is a challeugiug task, nol to
mention 11w one proposed for 2020. 1 Io\vever. much [flore 5 prohahly ueeded froni a
sustainabiliiv vle\vpoilit. accordiug to the Lndica(lous of Ihe long—term prospective studies.
A precautionarv principie would advise lo make an extra effort so (bat eiecriciiy
generation xvith renesvable euergy resources eotild lake off seriousiy as soon as possible.
Ihe pace of proaress of renewabics xviii be delermined more h perceived and actual
coricerus about gobaI environmental prob]e:ns (climate change u panicular) rather iban hv
anv supplv shortages. Aud an onen qucstion is hon mueh socmety is willmng to pay extra to
supnort renewables in such large amounts.

It has to he acknowiedged rhe importauce of providing a ioug—terui pers:eetive. Tbms is not
onlv good beeause it reduces uncertaiuty for tbe industrv aud 0w market ageuts. it is
necessary lo establish a sound strateg to;vards a suslaiuahle encrgy model. The same
ohservatiou thaI xvas made regarding energ efficieney is pcrtineut hcre: there is need for a
comprehensixe perspeetive thaI eoud show how auv prescribed target of renewabies
penetration contributes to Wc global picture.

Nuclear energy

The future of uuclear energv is a eontrox ersial issue and somexvha( divergeni opinions xvere
expressed during the presentation on this topic at the Sth SESSA eouferenee: see also
[Romerio. 2005] and [SEA. 2000]. The fast developmeut of (he nuclear sector during Wc
70’s and eari\’ 80’s was halted bv the antiuueiear opposi(ion as xvell as seeurity and
economie probiems of the nuclear sector itself. Hoxvexer. nuclear energ has receíved
reeeutlv a new impetus. mostlv hecause of its poteutial lo redtmce C02 emissions. which are
hed respousibie to contribute to climate chaiige. bat also hecause of rismng fossil fuels
prices aud coucerns on securitv of supp!v [EC. 2000].

Ou 11w positive side. the iack ot’ carhou emissious aud Wc existence of xvidespread and
ahaudamu resources are siguificaut advantages’°. 1 loxs ex er. eorieerus regardiug securitv of
nuclear operat on. h igh overa II costs —plus fi nancial rsks derived lrom long constructmon
limes, rcgulalory uncertainty and adverse public opinion—. xxasle disposal aix] nuclear
proliferation issues weight heaviiy against furher development.

Safety of nuclear operation requires estimalion of verv low probabi lity accmdents, albeit of
potentially very serious cousequences. Douhts on dic rohustness of these compulatious
have heen expressed. giveu the lack of direct cmpiricai confirmalion of dic compuied
probahiiities, and tEme inhereut difficulties in niodeliing human hebaviour aud other critical
fac tors.

Disposai of high—ievel radioactive wastc is a very couf]iclive isstie. given 11w extreme
rcquirements for waste contaiumeut. of the order of tEme tenths of thousancis of years or
longer. TEmis issue not oniy invoives social, technical and eeonomic factors. but aiso some

A certaiu amount of carbou cuiissmons happen because of urauiuni nliuing and fuel processing.
° lEA cstimatcd reserves are sufticient for 200 years (al thc currcnt ate of use. xvbmch is not wbat is

aceded to initigame Ihe ci ¡mate chaugc proh 1cm). aud ulti mate reserves may 1 ast mach 1 onger. especial!
if burit i u fast cae tos.



olher ones of ethical nature. as the level of risk thaI it is admissible lo expose fulure
generalions.

New nuclear technologies can coniribute to the solution of ihese problems. “lnherently
safe” nuclear reaciors, thaI cannot suslain uncontrolled nuclear reaclions, and fasl reactors,
thaI generate vastly reduced amounts of radioactive waste, have been designed. Ultirnately,
fusion reaclors could also avoid these drawbacks.

Sorne of ihe new kinds of reactors conld also facilitate the control of nuclear proliferalion.
However, it could be expected that increased developrnent of nuclear energy in Europe and
other advanced econornies could spread lo other less developed countries. following the
usual pattern. The creation of a nuclear civil sector iii these countries could conceivably
contribule to further nuclear proliferation, rnaybe increasing the likelihood of lenorist
organizaiions getting access to Ihese technologies. Again, ihis is an issue with a hígh
political contenl where a lasting solution cannol be reached without a broad international
consensus, which will require a favourable negotiation atmosphere that presently does nol
exisi.

The economics of nuclear energy is also a controversial issue. Cornpelitiveness improves
with higher fossil fue] prices and worsens with higher interest rales, as capital cost is the
main econornic cosI of a nuclear station, Fuel on the other hand represents a comparative
advantage iii nuclear favour. In fact, dic price of lLranium has little impact on the cosI of
electricily. According lo recenl esiirnations [MIT, 2003], nuclear energy seems to have
been more expensive iban gas-fuelled plants (although there are discordant voices), but this
situation may change in the ftiture, aided by rising prices of fossil fuels and stringeni
requiremenis to limit C02 ernissions. The opening of eleclricity markets to compelilion
penalises investment projects thaI are capital intensive, have long payback periods, have
little flexibilily and entail relatively high risks. The lit’e expectancy of nuclear power plants.
as we]l as Ihe cost ofplanl decornrnissioning. represenl a considerable source of uncertainty.

Does nuclear fission represent an option for sustainable development? Undoubiedly the
threat of clirnate change places the nuclear option under a new light despite widespread
adverse public opinion. As siated by the MIT study [MIT, 2003], “We llave not found and.
based on current knowledge, do not believe u is realistic lo expecl ihal there are new
reacior and fuel cycle technologies thai sirnulianeously overcorne the problerns of cosi,
safeiy, waste, and proliferalion”. Public concern on this subject cannot be disrnissed as
irrational. But ihere are also serious risks associated to the use of other techuologies, such
as clirnale change, fossil fiel depletion aud several forrns of contamination.

One has lo realize 11w dirnension of what could be termed “Ihe nuclear oplion”. In 2000.
less Iban 450 nuclear power planls provided l7% of world electricity. According to the
MIT study, the deployment of! .000 new nuclear reactors of 1.000 MW each worldwide by
2050 would represent about 19% of ihe electricity generation (assurning an electricity
produclion growth rale of 2%) and lhey would displace just 5-15% of lhe yearly
anlhropogenic carbon ernissions by thaI date. Iherefore a huge investment in nuclear power
plants worldwide would be needed to rnake a non negligible irnpact.

On ihe other hand, it would noi be easy to bring nuclear power lo a close iii 11w short or
mediurn terrn, Nuclear energy presently contributes 24% to electricily gencration itt OECD
countries, ranging frorn near 80% in France lo 0% in ltaly. A shorl-lerni phase-oul of
nuclear energy wou]d face enorrnous difficullies since therc is sirnply no irnmediale
generation alternalive Lo replace Ibis significant amounl of electricity production.



The financial difficulties facing investments in nuclear power under a competitivc regime
in generation have been mentioned aheady. l—(owever. tius is noÉ an actual di fflcu[tv since.
if it is considered nccessary. the market cou[d be oriented tovards 11w descred dircction
using appropriate regulatory instruments. Que concern should ncc be ignored: a pure[y
market-hased rernuneration of nuclear plants would pat an cxcessive pressure to na[nta[n
plant output at the highest level, an incentive at odds \v[th nieeting che inost stringcrit
securitv standards,

Corifidence in nuclear energy cannot be re—established \vitllout guaranties of traiisparencv
and ;hc irnpH cation of iruly independeni expcrts. opcn to di lTereiit moveincnts of opinions
expressed cv acadcmic and en 1 societies. This is un issue vhere fanaticisin of sorne
environrnenially—oriented grouos shou]d be avoided. bat mach cure has lo be also exerted to
be aware of the multiple forms of pressurc thai industria] lobhies muy exen. Ibis iohbving
pressure of industrv does nol seern to he conimensuratc with Wc scarce effort thai has been
pat lonvard during Wc last dccade to o\ercome Wc najar problcius of ntic]ear power thai
hace been rnemioncd bcfore.

Given 11w relevancc of Wc risks involved. a minimum regret choice could be lo in lo maRe
use of other options —such as demand—side actions or deplovinent of rencwab!es— as much as
possibe. so thai use of nticear energy is minimized in thc mcdiiim—ierin or even avoideci iii

the long—term. bat onlv wlide other risks —like acceleratcd climate change— are kept al hay.
In ibis wav nuclear power would al least providc a bridge. x’hi]e activelv exploring other
options. as we necd divcrsification and flexibilitv

At Wc end of the day Wc choice will he po]itical. and it sliould ncc he bascd on a priori
ideological positions. but on impartial expert infbrmation un alI 11w risk involved and Wc
nnplications of the possihle choices. Lltimately. thc vcctors for decision w ilI come down lo
Wc exteni of accentable energv frugality bv socictv. the cost of energv \vith rs econonlic
consequences. the contidence in non—vct—availahlc rcchnoogical fixes. the risks associated
to che use of nuclear technoogv and the risks derived from abandoning ir and n’.aintaining a
larger share of fossil fuels consumplion. A new FC project ;vith rlw sume SESSA format
coLlId be srarted to hclp in objecrivclv and rigorouslv delining dic contoiirs of the space for
decision naRnig xvith regard to nuclear power.

Research ¿sud developinen!

It is not un exaggeraiion lo assert thai 11w futrire of Wc high—energv civilizalion thai is
enjoyed u affluent countries hinges on 11w possihi]ilv of achieving a suslainable energy
systern. and any routc to a sustainable energv svsiem wi]l have lo resori lo new or improved
energy technologies that vill have to be found through R&D. Therefore our effori in R&D
effort shou Id be commensurate with its critica] role

Unlbrtunately, Ihis is not Wc case. FU-funded -as ve]] as Mcniber Siate and private
industry funded- R&[) has decreased dramatically ovcr Wc las; 25 years’ scc thc 5th
SESSA confcrence documenration [SESSA. 2005]. Presentlv. Laropean subsidies for the
energy sector total E 29.200 million pcr year, including 13.000 million euros in coal
subsidies. Bat the total R&D effort in Wc EU- 15 -which in Wc Iong-term should possihly
have a larger effect than subsidies lo dcclining industries—, amolinis Lo only E 700 million.

It is expected that sorne technologics. such as photovo]taic. high lemperature solar
concentration. marine technologies and advanced biornass rnitzhl become cost competitive

i
Commission-funded cuergy k&D cxpcnditurc has dccrcascd in rcal temis by alinost a tctor of four

ovcr Wc pasi 25 ycars.



and capture significanl rnarket shares by 2020. Ibis is ILe same time scale envisaged for
large-scale applicazion of carbon sequestralion and maybe slightly ahead of next generation
nuclear projects. Ibis suggests thaI (he current paradigm of bridging technologies, cg.
priority financing of carbon sequestration lo fil! Ihe gap before renewables are available.
does fol hold. Uncertaintv in ah technologies suggesls thaI a parallel developmcn( of diese
technologies should proceed. Wc do nol know which oiw of ¡he presenl lechnological
oplions can he hrought to actuality. and even less at what cosi. In any case. hreakthroughs
cannot be delivered quickly on command. Thus, the energy R&D effort rnust he carried on
across a wide range of options, ami the present 25 years long trend of decreasing
inveslment must be reversed.

Iechnology specific support mechanisms may be required lo provide a scale of production
that would reduce ffie generation costs lo competitive leveis. lo mercase the rnarket size
for these technologies (parlicularly phocovoltaic), a large number of countries need lo
parlicipate in stralegic deployrnent programs.

Energy research efforls in Europe remain fragmented. It is necessary a weIl-coordinaled
approach across Europe, and a poohing of Ihe resources available at regional and nalional
leveis. Ihe renewed energy R&D effort should start now and continue for an extensive
period of time. Selected lopics mtIs he Ihose where a technical breakthrough would
dramatically improve our chances of making our energy system sustainable. A plausible
long list of research lopics —no priorities are indicaled- and Ihe seclors where lhey could
have an impact would include’:

• Biomass energy (heat, electricity, lransport). Developmenl of processes for
production of bioethanol from lignocellulosic material, new energy crops for solid
and liquid biofuels and gasification ofbiornass.

• Fuel cells (heat, electricily, (ransport). II is needed to pursue R&D on improved
PEFC fuel celi stacks (prolon exchange fuel cehis) with the aim of demonstration in
vehicles, aud SOFCs (solid oxide fuel cells) and MCFCs (molten carbonate fuel
cells) for stalionary applications.

• Cleaner use of coal (eleclricity). Efforts should be focused on improving the
efficiency of the current rnethods of using fossil fiiels, high-ternperature tnalerials.
super-critical and ultra-super-critical sleam generation: development of piessurised
fluidised beclcornbustion (PFBC), integrated gasification combined cycle (FGCC)
systems, coal gasificalion. including hot-gas-clcan-up techniques; new processes
which can separate and capture C02; and long-tenn C02 slorage.

• Geolhermal (heat, electriciiy). Ihere are sorne inleresling experiences in Ihe
exploitalion of geothermal sources for healing purposes.

• Hydrogen-related technologies (heat, electricity, transporl). It is needed lo improve
cosl-effective production: water or high-temperalure steam electrolysis, exploration
of schemes lo generate H2 biologically, photo-biologically and via high lemperature
therrnal sphitting of water. Dcvehopmenl of lighweight, compact hydrogen slorage
systems.

‘2 An invcntory of potenlial contributions of R&D to the developrnent of inipro’ cd and new encrgv

technologies. -both (br cncrgy rransfonnacion and cnd-uses-. as wcll as the esiimatcd cconornic
rcsonrces thai are nccessarv, can be foond o t’vo reports bv Wc World Energy Couiicil. see [WEC.
2001 and 2004j.



• Nuclear fission (electricity). Efforts should concentrate on safety and security of
nuclear power kncilities. safe final disposal of the radioactive waste. R&D on
innovative reactor design and advanced fuel cycles.

• Nuclear fusion (electricity). The priority is building the International
Ihermonuclear Experimental Reactor (¡TER) and the International Fusion
Materials Irradiation Faci ¡ itx’ (1 FPvIIF).

• Ocean energy: waves and sea current (electricity). Several devices for electricily
generation from wave energy have been proposed and prototypes built. Research is
needed for the development ofpre-industrial and later industrial devices.

• Solar photovoltaic (electricity). Research is needed for the development of new
processes for solar grade silicon feedstock, novel th in—fi lm modules and production
techniqucs, exploration of novel PV materials, including organics and new
production technologies.

• Solar thermal (heat). Research is needed Lo overeome diffículties iii integrating

these sources i u huildings.

• Solar thermoelectric (electricity). Presently, tre—industrial plants are been built and
tested. but further research and dcvclopmcnt is nceded.

• Wind energy (electricity). It is required a better understanding of wind resources.
particularly in complex ten-am and offs[iore. and power output forecasts.
Development of the ‘Fourth-generation’ wind turbinc technology, offshore
installation technologies and developments iii grid integration.

The priorities that ¡lave heen estahlished kw the EU 71 Framework Program for
research and Technological Development are dic following ones: Hydrogen and fuel
cells, energy savings and energy efficiency, renewable electricity generation, C02
capture and storage technologies for zero power emission generation. renewahle fuel
production, clean coal technologies. renewables for heating and cooling. smart encrgy
networks and knovledge for energy policy making.

Universa! aceess (o electriciØ’

Today 1.6 billion people lack access to modern energy fonlls. severely hindering their

efforts in search of a helter lot. N4ost forecasts predict a negligible decrease of this figure by
2030. see for instance [UNDP, 2002]. To be able lo correct this situation and to provide
sustainable access lo energy for all nlankind requires us to re—think Ihe current supply
systeni.

There is a strong link between electricity access and economic development, although
electricity supply appears to llave low priority in the agenda of international cooperation of
the governments. This is unfortunate, since it is generally acknowledged that extending
energy access Lo rural arcas only requires moderate anlounts of funds when conlpared to
global energy expenses. It is estimated that the minimurn required animal investment to
provide universal electricity access could amount to less than 25.000 million E during 30
years meaning ahout 7% of increment ahout file estinlated lex’el of investnient in the
reference —business—as—usual— situation, vhile tite required electricity demand per year
vould amount to 500 of tIte world annual electricity consumption.

Agricultural subsidics in dcvclopcd countrics arc cstimatcd atE 300.000 million.



Energy access is a mean, nol an end in itself. This is why it is not explicitly included in (lic
Millermium Development Goals of the United Nations. ilowever, access lo modern fornis
of energy is required to reach these goals. see [GNESD, 2004]. This elenen(ary access
should not be cont’used with fuli industrial access; neilher to consider it contradictory with
the pursuing of global climate change correction measures14. Numerous experiences show
thai. frorn an inslitutional point of view. good governmenl, market reform and stable
invesimeni clirnale are essential requiremenis lo extend energy access to Ihe poorest sectors
of population.

Market-oriented refoms have liad neutral or adverse impacts on Ihe poor, with a few
exceptions, regarding expanded access to electric energy. Power sector reforms need an
explicit pro—poor dimension: otherwise electrification of ihe poor is forgotten.
Recommendations in this respect are: a) rieed to protect (ring-fence) financing [br
electrification of Ihe poor; b) sequencing of reforms: preferably electrify the poor first, then
privalize (or at least in parallel); e) if possible, ensure thai the poor are represented in key
decision rnaking bodies.

A coherent stralegy for Ihe promotion of e]eclriciiy access has lo be enibedded in a broader
sustainable energy policy slralegy and should: a) consider country characterislics thai
influence Ihe effectiveness and the desirability of policy instrunients and the responsibi]ily
for global climate change; b) follow an approach that includes an array of effective
inslruments in which promotion of access is inlegrated wilh other local development
actions. Examples of these inslruments are: a) price regulation to reflect economie cosis
and ensure fiscal slabilily and financially sound sector companies; b) improve sector
governance so thai energy markets are fair and incorrupt; c) redireci subsidies to the poor lo
ensure social equity; d) implement subsidies lhat facilitate investment and not ones that
subsidize consumption.

Strategies should be tailored lo the specific needs of each sociely. For instance, priorities iii

Sub-Sahaian Africa should be focused on achieving an enabling environment by providing
sound laws and institutions, concessional ftmnding and private / public partnerships to foster
national niodern energy access programs. Ibis can better be done through adjustable
prograni loans ralher than via intermittent projeci retail approaches. On the other hand,
Latín American priorities shoulcl be, for 10w and middle income counlries, to support rural
and periurban electrificalion through general investrnenls in infrastmcture. whereas nuddle
incorne countries, wilh high levels of electrification, require inlervenlions lo provide off
grid service lo poorest arcas and Ihe creation of an appropriate framework lo revilalize
private sector inveslments, see [GNESD. 2004].

More economically advanced societies, as Ihe EL, should remember in any case that a
long-tenu engagement is sought. and Iherefore patience is required. Persistence. nol
pcrfection. is the key to success.

ln conclusion. aid programmes for developing counlries related to energy should be
thought over again. Stronger. more sustaineci and more imaginalive actions are needed,
directly focused on atlaining a global sustainable energy model. Social and environmental
issues have to be looked at since the very beginning of Wc process. The prornotion of
universal access to electricitv. the use of market mechanisms to internalise the use of
natural resources, and ihe niassive use, whenever possible, of renewahle leehnologies

4 Thus, [here s aol a major iced for iransrnission unes, ceniral siaiion gencration and major gas
developmenis for povcrty allcviation. These xviII be nccdcd for overali economic growth but not lo
advance ihe poorest of the poor.” Reaching thc Millenniuni Developnienl Goals and Beyond: Acccss lo
Modem Forrns of Energy as a Pre-requisite. [GNESD. 2004] www.çniesd.org,



should be part of this new approach. Oplimal use of elimare change finance and cican
de\elopment mechanisrns shou.ld also he sought.

4. Conclusions

A sustainable energv model for dic EL ¡nust include sorne essential features: iasting and
dependable access to prirnarv energy sorirces. adequate infrastructures to generare and
transpon the required amounr of electric it r&iahlv. non irreparable en iron nema!
consequences, compaiibility with an adcquarc economic developmenr and eqtLitahle
universal acccss to modeni fomis of energy suppy.

Accordmg ro rlns dehnition. on a time scale adequate for civilizarions (cg. 1000 years or
more) our fossil—fuel—hased civilization is inherenr!v unsustainable if irs benelirs have (o be
extended to ihe 1 0.000 million people that mighi populate dic Earth hv lic end of ¡he XXI
eeffl tIrv. Orir pursuit of high rates of economie growih cannot continue lhr vet another
century f this is Ieading to increased energv consuinption. despite contintious teclinical
innovations resulring in gains in conversion effieiency and Iower Iosses. As energy uses are
iesponsible for a large share of dic continning degradation and modification of the
environment, it is imperative lo begin the proeess of Iimiting their environmental inipacis
iii general, and clirnate change iii particular.

Gene;l reconm,enc/ations

There is a need to reverse Ihe unsustainable trend of our energy model and to make it more
susrai nable al national, European and worldwide level s. Our general recommendarions for
aclion to achieve this end follow. This actioii inusr he quick. strong and capable of ensuring
susrainahility, while niaintaining al the sanie time industry cornpetitiveness, securily of
supply, and access to modern energy sources (or the entire world population. However,
current puhlic policies are not strong enough, and rhey lack Ihe internal consistencv
rcqrnred ro achieve such an amhirious objecrive.

- Therefore, the irsI recommendation is ro move up energv in the political agencia, ro
produce strong policies thai are hased on a solid instítutional framexvork. and ¡o
integrare them as much as possihle mio ihe European and nationa] Icgislative
frameivork. Puhlic debates and other inforniutive acimvities musi be heid iii order to
edricate ihe population and ser rhe guidelmnes to be followed in the rnosr coniroversial
issries and ¡he srraregic choices to he made.

2. Under a pragrnatic viewpoinr ir is convenlent lo raliy publie opinion around onc
major issue. The stronu policies rhat vill be needed require rhe involverneni of al!
seclors of the society. and thev also rcquirc a sense of direction. To that extent. a clear
goal is reqrnred on \vhlch to concenrrare efforts and \vi]ls. Currentlv this goal cannol he
orber iban dic fighr against climate change. wirhmii vhich orher patria! goals mav he
i ncorporated. related to orher factors thaI 1 mii dic sustainahil itx of our miiode!. such as
dic deplerion of natural rcsoitrccs. secunilv of supplv. or lack of universa! access to
modern forms of energv. Ilie concern about elimale change must he one of lic ke
lorniali\ e faeiors of energy decision—rnaking during 11w 21 sI cenlury.

3. Anticipaling de future of the [U energ niode! is a very difficult task. Long-tenn
forecasts hased on mealistic siinulations of dic energy model under a variely of
çircrimstances (predefined scenarios) provide insights on possible future outcomes.
althongh !irt!e certainry on what is reallv going ro happen. In this uncertain context it is
pariicu!arly advisable a more norinative approach, whereby a set of desirable realities
Ls oritlined and then complernented by a short wish-list of actions, attitudes and
commitrnents that we should lake ro gel there. This is basically what dic “rargeted



scenarios” in [Capros, 2005] lry to achieve. But we have to reach the prescrihed targets
allowing flexibility lo adapt lo changing and unexpected conditions and leaving room
lo rnarkets lo act. [n sumrnary, based on the instghts thaI the analysis of multiple
scenanos niay provide, specific Iong-term Iargets bave to be established by the
corresponding regulatory authorities.

4. The elemenis comprised by Ihis normative approach —Ihe prescrihed targeis and the ]ist
of actions- must be consistent with one another. The quanlilalive validatjon of Ihe
consistency of any proposed package has lo be done by simulation with aii
appropriate energy model. This comprehensive view appears to be missing presently in
dic approach lo energy sustainabilily by ihe European Commission. There are European
Commission targets for reduction of C02 emissions. targets (o improve energy
efflciency. targets for further penetration of renewables, targets for energy R&D and
targets for international cooperation iii energy matters wilh non EV countries. However
—and ihis is an anibitious requesi- it is rnissing a comprehensive vision on how ah
these pieces fit togetlaer and an assessment of how far any proposed energy model
is from a sustainable path.

5. Given the multiple threats to ihe sustainabilily of our energy model that have been
identified and Ihe himitations to respond, based on our present knowledge of energy
technologies and resources, the app]ication of a precautionary strategy seems
inevitable when trying lo attain ihe proposed long-term targets. Jnfrastructural problems
preclude any rapid shifts, even ifthere were an unprecedented political will and a social
cornpact to act. On Ihe other hand. it is important to start now. and to work withoui
delay and with persistent cominitment. A first ingredient of the precautionary strategy
should be adoption of unes of action thai ti-y to niinimize the regret: Favor a multitude
of approaches rather Ihan relaying on a single solution. Promote minimal inputs
compatible with the highest achievable targets. Be flexible, eclectic but discriminating.
Avoid categorical exclusions ofcertain ingredients as weIl as an inflexible insistence on
what is deemed tobe best.

6. There is a gap between long-term public policy aspirations and current market trends.
Public policy attempts lo pursue objectives mainly through state-driven support. such as
regulated support for renewahles -exempled fioni rnarkel competition-, protection of
domestic fuels, the iniposition of ecological laxes or environmental constraints, various
forms of state-aid for the developrnent of nuclear energy or state-rnade assignment of
allowances for emission lrading. Markets seek to invest iii technologies with mimmum
capital cost and quick returns, they have no reason by themselves lo internalise long
term public policy ohjectives and they consider public poliey as orle irnportant source
of uneertainty. Reconciliation of markets ami pubhic policy requires clear strategic
choices, removal of uncertainties and the use of market mechanisms whenever
possible.

7. Regarding the practical implernentation of these policies, liberalisation should he
considered a powerful instrument rather than a hindrance: liberalisation has opened
up technology choices. supply opportunilies. better linked gas and electricity markets. it
has given more choice ro consumers and it has increased transparency in 11w market.
Liberalisation helps lo achieve sustainability objectives al a lower cosI by providing
market mechanisms for implemenling energy and environmental policies. These market
mechanisms, and especially the price system, have proved rnuch more powerful than
other pubhic pohicies for technologv changes and energy savings. They should therefore



he used exteiisivelv. aeeording to the zuideIines established iii another chapter of tuis
report (Work Paekage 3).

. In oder nol to affeet competitiveness and lo avoid econornie distortions. this regulation
should be as uniforrn as possible across Europe. To that end. those policies affecting
tite energv sector should be made coiisistent and harmonised at EU level. Wc iieed
a cornrnon poliev on energv and environment. Legislation should be harmonized across
Europe jo sorne Rey topies (emission [irnits. support to renewables. biofuels. strategies
for aequisition of gas. etc.). while tr)ing to tind dic right equilibrium between
regulatory rneasures adopted at both the Member State and dic European Union levels.
Oder chapter in this repon deals \vith regulatorv harrnon[zatlon (WP6).

9. A Rey precondition for dic suceesslXil coniribution of market forees lo puhlic poliev
sirategies is the reduction of regulaton uncertainty to a reasonable leve!. This can he
achieved by a credible comiuilmenl of go;’ernments and regulators lo long-lerm
guidelines and targets. Moreover. given tlie global nature of the inost relevant tlireats
to energy sustainahility, it is also necessary to incorporate aH countries to the solution
process, that is. to aetively engage in “environmental diplomacy”. It is required lo
ineorporate explieitly tbe energy and global sustainability issues in the relevant
international forums, and to create an adequate discussion platform from which
advances rnay he made on the proposal of measures and no the collahoration for their
implernentadon. Wc need to find ways to bring the different countries ahoard in a
rnanner that benefits (beni. This diplomacy has to act in tbree sirnultaneous directions:

• Despite 11w current position of leadership of the bU iii these global sustainability
issues. it is obvious that nothing substaiitial may be achieved without the positive
cooperation of the US and other major players. Perhaps the participation of large
international companies might help iii das respect. The FU. tbe US and other major
aetors n dic energy seene have to [md (he cerrns mr a frui(ful eooperation iii this
topie.

• The EL shoild mainla:n perrnunentlv a strong inulticlirnensional energv eoooeration
with fue! sippving eountries. Protection of Re sensitive infiastruetures is ceriainlv
arte of the dimensions. as well as construction of new interconneetions. ihe
development of new fields and facil lies as required, integration iii ihe Kyoto
rnarkei rneehanisn’.s \vhene\er possihe. participation iii multinational energv
niarkets or the facilitation of eredits for tlie national companies to invest in new oil
and gas projeets. [br instanee.

• New aid strategies related to dic facilitation of energy aeeess for develoning
eountries. Develo ing eountries are fheed vitli dic double eliallenge of ensuring
eeono9iic growlh to improve Iiving eonditions for deir population ( facilitatinsi
ainoiig otlers a reasonab[e and dependahe aeeess to rnodern energv forins) and
presering Wc environnient. Developed eountries nay contribule in several vavs:

— Faeilitatiiig funds and political and regulatory support for eradieation of poveriv
and dic mercase of aecess lo niodeni energy forrns.

— Faeilitating trade ami invesinients lo foster econoniic growth. in pailicu!ar the

expansion of energv produetion flici Ii ties.

- Translating Wc elimate ehange prevenlion strategies into concrete aetions to
promote the availahility of appropriate technologies and speeific projecis to



facilitale suslainable developmenl in lhose countries where there is more need
for it.

- Transferring energy efficienl techniques to less developed countries so their
rising energy use can be accommodaled with high efficiency.

10. With our present knowledge of the available responses lo the unsustainability threat of
our energy model, if the economie growlh to bring universal access lo energy at a level
compatible with human dignity is considered an indisputable larget, a radical change
in attitudes regarding the malerial consumplion and Ihe care for the biosphere appears
to be indispensable, see [Sniil, 2005]. This may seem an unrealistic goal at the present
moment. But we should start pondering seriously how much total energy consurnption
-as we envision it now- is compalible wilh the perpetuation of vital services of the
biosphere and whal is the per capita energy use that is needed for a satisfactory quality
of life. These concems are expressed rarely, nol only because they are difficult to
address, but also because they compel us to adopl attitudes incompalible with the
prevailing elhos of growlh and because they demand clear moral commilments.
Formulation of the goals must be aided by science, but the challenge has to be
understood as a moral obligation (and implemented inactual regulatory measures)i5

Speci/ic guidelines

Specific guidelines for action have tu be set within the scope of Ihe general
recomniendations that have been jusl presented. Each one of these specific guidelines for
European energy and environmental policy must be associaled to one or more of Ihe major
approaches to address Ihe problem of the lack of sustainability of our energy niodel that
have been examined here: demand-side measures to improve efficiency and lo save
energy, contribution of renewable energy sources, long-term R&D in energy and the
international cooperation lo address universal access lo rnodern energy forms. And,
permealing all four, education -which will allow people to internalize all the other four
approaches in their personal altitudes- and advanced regulatory instruments —to
implement all this in practice-. A detailed presentation of these guidelines has been
provided in the corresponding sections of this chapter their conclusions will not be repeated
here.

In all these aclions, govenimenls should act as facilitators, setting clear goals and the
appropriate instilutional frameworks, bringing stakeholders togelher and helping lhem to
organise. Then the market should be Ieft lo ils own through a regulation which internalises
social and environmenlal cosls adequalely, thus correcling markel failures and reconciling
liberalisation and sustainability.
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