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CLIMATE CHANGE

Figure 1. The proportion of renewable energy in relation to total energy supply

2003. The EU target for 2010 is 12 per cent.
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Renewable energy
INn the European Union

Around 20 per cent of our global energy
supply comes from renewable sources. In
the EU the proportion issix per cent.

From the environmental viewpoint there
isnointrinsic valueinincreasing the supply
of renewable energy; theimportant thingis
to phase out the use of fossi| energy. It should
be stressed that the cleanest, and in many
cases cheapest, type of energy isenergy that
isnever used. Effortsto save electricity —or
“negawatts’ — must therefore go hand in
hand with measures to increase our use of
renewable energy if weareto reach thegoal
of an energy systemthat issustainableinthe
long term.

Even at today’ s costsit is economicaly
beneficial to society to increase the use of
renewable energy. The most important ben-
efitsare shownin thebox on the next page.

The situation today

Although the amount of renewable energy
used today isrelatively small it has signifi-
cant potential. Itisperfectly possibleto meet
global energy demand with renewable en-
ergy, despite the growing population and
rising standard of living. The earth’ ssurface
receives an amount of solar energy that is
nearly 10,000 timesbigger thantheworld's
total primary energy supply.

The use of renewableenergy varieswidely
between the EU member states. Of the fif-
teen countries that were members before
2004 (EU15), the United Kingdom and Bel-
gium are in bottom place with arenewable
share of just afew per cent, while Austria,
Finland and Sweden come top with shares
of around 2030 per cent (seefigure 1).

The types of energy that account for the
lion's share of renewables in the EU are
biomass (more than 90 per cent of renew-
able heating) and hydro (85 per cent of re-
newable power generation). Windpower and
solar heating are nevertheless starting to
make substantial contributions.

Political framework

There arethree concretetargetsfor the pro-

portion of renewable energy used in the Eu:

1. Doublethe share of renewable energy in
national grossenergy consumption from
Six per centin 1995to 12 per cent in 2010.
Thiswassat out inthe Commission’ swhite
paper on renewabl e energy (COM(97)599
Final), which was presentedin 1997. The
target has since been confirmed by the
Council of Ministerson several occasions.

2. Increase the share of green electricity in
total electricity consumption from 14 per
cent in 1997 to 22 per cent in 2010 (Di-
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rective 2001/77/EC). The directive
givesanindicativetarget for each mem-
ber country. It also applies to the ten
new members, which haveindicative
national targetsin the accession treaty.
3. Raisethe share of biofuelsinthetrans-
port fuel market to 5.75 per cent (Di-
rective 2003/30/EC) in 2010. Exemption
fromthetarget may be granted if there
islittle potentia in the country for the
production of biofuds, or if the biomass
isbeing used for other purposes.
In a communication presented in 2004
(COM(2004)366 fina) the Commission
evauated targets 1 and 2:

OVERALL ENERGY USE: At begt, with full
application of adopted legislation, a 10-
per-cent share can be achieved by 2010.
Extraaction isneeded in the heat sector
to reach 12 per cent. Therenewable share
was 5.2 per cent in 1995 and 6 per cent
by 2001. See the situation country by
country infigure 1.

ELECTRICITY: With existing national
policiesand measuresthe EU15 will achieve
a share of 18-19 per cent by 2010. The
level in 1997 was 14 per cent. Only four
countries — Germany, Denmark, Spain
and Finland—areontrack to achievetheir
national targets. Greece and Portugal are
not on track and for the remaining coun-
triesthe outlook isuncertain. Seethesitu-
ation country by country in Table 1.

The directives allow each member

The benefits of renewable

Climate change. The burning of fossil fuels
releases carbon dioxide, the most significant
of the greenhouse gases that are produced
by mankind. The extraction of cod adso leads
to considerable emissions of methane, an-
other greenhouse gas. Gas extraction also
produces methane emissions. Renewable en-
ergy sources are climate neutral. The burn-
ing of biomass resultsin CO, emissions, but
these are bound up again by growing new
crops on the site where the biomass was har-
vested.

Other air pollutants. The burning of coa
and oil accounts for most anthropogenic
emissions of sulphur and nitrogen oxides and
many heavy metas. Acidification, eutroph-
ication, damage from ground-level ozone and
damage to health by particulates are some
of the resulting effects. The only renewable
energy source that can give rise to signifi-
cant problems in this respect is biomass,
which if burned inefficiently in old bailers
can produce high emissions of volatile or-
ganic compounds (vocs) and particulates.
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country to decide how it will achievethe
indicative national targets. If bothtargets
for renewable el ectricity and biofuelsare
achieved, it will lead to a 10-per-cent gen-
eral share of renewable energy inthe ey,
according to the Commission.

Renewable energy sources

The European Renewable Energy Coun-
cil defines renewable energy as any en-
ergy resource regenerated over a short
timescalethat isderived directly fromthe
sun (such as thermal, photochemical or
photoelectric), indirectly from the sun
(such as wind, hydropower and photo-
synthetic energy stored in biomass), or
from other natural movements and
mechanisms of the environment (such as
geothermal and tidal energy).

Biomass

Biomassis generated by plants through
the process of photosynthesis, using en-
ergy provided by the sun. Exploitedin a
sustainable manner, biomassisarenew-
able source of energy. The advantages of
bioenergy includethefact that itisoftena
domestic resource, it is easy to store and
it createsjobs, mainly inrural areas. Its
disadvantagesinclude the emission of air
pollutants, particularly during small-scale
combustion in old boilers (modern boil -
ersproducevery low emissions). Harvest-
ing too much biomass can aso threaten

Other environmental effects. Extracting
coal from open-cast mines involves major
disturbance to the land. Qil can cause seri-
ous damage to the aquatic environment dur-
ing transport. Nuclear power gives rise to
problems during the extraction of uranium
and in the event of accidents. The radioac-
tive waste is harmful for thousands of years
and there are no safe storage methods. The
negative effects of renewable energy are
mainly limited to aesthetic impact on the
landscape. However, the expansion of hydro-
power can cause major harm to the economy
of local communities and the biodiversity of
waterways. Over-harvesting of biomass can
threaten the diversity of forest biotopes and
deplete the nutrient reserves of woodland.

External costs. Thecostsof the varioustypes
of energy in terms of damage to the envi-
ronment and health are called externd costs,
since they are not normally included in the
price. Estimates made under the EU ExternE
project (www.externe.info) show that coal
and lignite have by far the highest external

the biodiversity of forestsand deplete soil
nutrient reserves. Thelatter can however
be compensated for by returning the ash
after combustion.

The current trend in the energy sector
istomoveaway fromlargefossl fud fired
condensing power stations towards
smaller combined heat and power plants.
This favours bioenergy, although the
amount of electricity generated from
biomass is still modest. Denmark, Fin-
land and the United Kingdom are the only
countriesinwhich thereis steady growth.

A lot of bioenergy isused in the heat-
ing sector and thereisalso good potential
here — over 40 per cent of the energy in
Europeisused for heating buildings, for
domestic hot water production and for
heating inindustrial processes.

At present renewablefuelsfor carsare
produced almost exclusively from agri-
cultural crops. The cultivation of oilseed
rape to replace diesel is widespread in
Germany and Francein particular. Cere-
als and sugar beet are used to produce
ethanol asasubstitute for petrol. Thisis
done mainly in France, Spain and Swe-
den. Importsareaso significant. Thebio-
fuel share of road vehicle fuels sold in
the Eu amounted to 0.6 per cent in 2003.

Biomass accountsfor just over half of
renewable energy in the EU. In percent-
ageterms, Finland, Sweden and Austria
arethe leading usersin Europe. The EU

energy

cogts, followed by oil, peat and gas. If the
external costs are included in the price the
cost of producing electricity from coad is
roughly doubled.

Security of supply. The European Com-
mission’s green paper on energy Security
(CoMm(2002)321 final) highlights both re-
newable energy and energy efficiency in
reducing dependence on imported energy.
According to the green paper, in two dec-
ades Europe will be importing 70 per cent
of its energy — compared to 50 per cent to-
day — if business continues as usual. A
higher share of domestic energy not only
increases the security of supply, but also
improves the balance of trade.

Job opportunities. Using renewable energy
technologies crestes employment at higher
rates than many other energy technologies.
The European renewable energy industry
currently employs around 200,000 people
and has aturnover of 10 billion euro ayear.
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member states do not al have the same
natural potential for bioenergy, however
thereis considerable unexploited capac-
ity. Thisisparticularly truein someof the
new member states: the Baltic States, the
Czech Republic, Hungary and Slovakia.
An indicative figure on the biomass
availahility for energy purposesat EU15
level is1,700 TWh per year (plus400 Twh
for the ten new member states plus Ro-
maniaand Bulgaria). Thiscompareswith
total consumption figuresfor energy and
bioenergy by the EU15in 2001 of around
17,000 TWh and 650 TwWh respectively.

Hydropower

Electricity production from hydropower
in the EU15 totalled 380 Twh in 2002,
corresponding to about 15 per cent of to-
tal electricity production and 84 per cent
of all renewable electricity.

Large-scale hydropower has largely
been exploited already and the potential
for further smal-scale hydropower plants
(under 10MW) isasolimited. Inthenew
member states, particularly in Hungary,
Lithuaniaand Slovenia, thereistill sig-
nificant potential to increase hydropower
generation, however.

Small-scale hydropower contributed
40 Twh of electricity within the EU15in
2002 and 2-3 TwWh in the new member
states. The building of new small hydro-
power plants often meets strong local
resistance, because of the damage they
cause to waterways.

Windpower

In recent decades there has been atrend
towardshigger and bigger windpower tur-
bines. A large, modern wind turbine can
produce as much electricity as 200 tur-
bines did in 1980. At the same time the
costs have fallen sharply. In good condi-
tions windpower can be produced from
around 3.4 eurocents per KWh—half what
it cost 20 years ago. The production cost
is comparable with new coal power and
nuclear power, even without factoring in
the health costs and environmental costs
of the various types of power.

Almost 80 per cent of al global wind-
power isproduced inthe EU15, and around
90 per cent of that produced inthe EU15
comes from three countries. Germany,
Spain and Denmark. Theinstalled wind-
power capacity in the EU amounted to 34
GW in 2004 (an increase of around 8GW
over thepreviousyear). Inanaveragewind
year this capacity can produce 70 Twh of
electricity, approximately 2.4 per cent of
EU electricity consumption. Theindustry
estimates that by 2010 the installed ca
pacity will reach 75 Gw (of which 10GW
will be offshore), with an annual electric-
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ity production of almost 170 Twh.

The potential for windpower in Europe
is massive, especialy at offshore sites,
whereitisestimated a 3,000 TWh per year.
Toarriveat thelevel of 720 Twh per year
in 2020, as suggested in a report from
Greenpeace, would require atotal capac-
ity of around 240 Gw, calling for some
50,000 new largeturbines. The areathey
would take up would not need to be very
great, amounting to no more than three
per cent of the EU15 countries’ seabed.

Variablewind strength meansthat elec-
tricity generation by wind farmsvariesin
atotally different way to that from hydro-
electric plants, for instance. This poses
problemsfor eectricity grid management,
although less serious than many feared.
However, the dectricity grid will require
upgrading in many areasbeforethere can
be amajor expansion offshore.

Solar thermal heat

Solar thermal energy is now an estab-
lished technology that is capable of con-
verting 25-50 per cent of incoming solar
radiation to useful heat. Thanks to im-
proved technology and mass production
the costshavefallen drasticaly inthelast
decade, and the quality has improved
markedly a the sametime. A further halv-
ing of thecost isconsidered redlistic over
the period 2002 to 2010.

The main disadvantage of solar heat-
ing is that availability is often poorest
when demand is greatest. Solar thermal
energy must therefore generally be sup-
plemented by some other energy source.

Solar heat is difficult to store and re-
quiresawater circulation systemfor dis-
tribution. In somelocationsin Denmark
and Sweden there are massive solar ther-
mal collector arrays measuring 10,000
20,000 m? connected to district heating
systems. Smaller installations are more
common, however.

Around 80 per cent of theingtalled area
of la thermd cdledtasinthe eu is
located in three countries: Germany,
Greeceand Austria. Thetotal areainthe
EU15 at the end of 2003 was 14 million
m?, plus afurther 0.6 million m2in Cy-
prus. Thetechnical potential inthe EU15
isestimated at 1,400 million m2with an
annual energy output of almost 700 Twh.

Solar thermal collectors cover two
thirds of the warm water needs of Greek
households; in Cyprus up to 90 per cent,
and nearly 10 per centin Austria. In Spain,
Portugal and Italy only amarginal 0.5 per
cent of warm water needs are covered.

In comparison with windpower and
solar electricity the growth of solar heat-
ingismoderate, but rising. Europe makes
up just 17 per cent of the current global

Table 1. Share of renewable electricity
in relation to targets for 2010 (%).

1997| 2002| 2010
Austria 70.0| 68.0 78.1
Belgium 11 1.4 6.0
Denmark 8.7 20.0 29.0
Finland 247 247 315
France 15.0 14.4 21.0
Germany 45 8.1 12.5
Greece 8.6 5.8 20.1
Ireland 3.6 51 13.2
ltaly 16.0| 16.8 25.0
Luxembourg 2.1 2.2 5.7
Netherlands 1.8 34 9.0
Portugal 38.5| 21.8 39.0
Spain 19.9| 126 29.4
Sweden 49.1] 46.0 60.0
United Kingdom 1.7 2.8 10.0
EU15 139 152 22.0
Cyprus 0.0 0.0 6.0
Czech Republic 3.7 3.9 8.0
Estonia 0.1 0.2 51
Hungary 0.7 0.6 3.8
Latvia 50.1] 48.0 49.3
Lithuania 4.0 4.6 7.0
Malta 0.0 0.0 5.0
Poland 1.6 2.0 7.5
Slovenia 311 304 33.6
Slovakia 159| 20.2 31.0

Source: Commission staff working paper, SEC(2004) 547.

market —two-thirds of whichisin China.
Solar thermal collectors that operate
at higher temperatures are under devel-
opment. Such systems can aso be used
for space cooling, which accounts for a
growing share of energy consumptionin
many countries. The use of solar energy
for space cooling isseen asvery promis-
ing, since periods of high demand coin-
cidewith high levels of solar radiation.

Solar electricity
Photovaltaic (Pv) technology involvesthe
direct generation of electricity fromlight.
The solar cells are made from semicon-
ductor materials—usualy silicon—which
can be adapted to release charged parti-
cles, forming the basis of electricity. The
greater the intensity of light, the greater
the flow of electricity. The most widely
used are cells of crystaline silicon, which
areableto convert 13-16 per cent of sun-
light into electricity, but more efficient
thin-film cells are being devel oped.

Photovoltaics are already economi-
cally competitive for loads up to a few
kW in many remote sitesaway frommain
electricity grids. Most of theinstalled ca
pacity in Europe is connected to the grid
however as result of extensive support
schemesin Germany, where 80 per cent
of the total capacity can be found.

The cost of solar cellshasfallen by a
factor of ten in the last 15 years. If the
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market grows by 20 per cent each year it
isestimated that the pricewill dropto one-
third of the current level by 2020. In the
last few yearsthe annual growth rate has
been 3040 per cent. The cost could be
pressed down even further if solar panels
are used to replace other materialsonthe
exterior wallsof buildings, an application
that has becomeincreasingly commonin
recent years.

Theindustry’ s own scenarioisan in-
crease to 41 GW of instaled capacity
within the Eu by 2020 (compared with 0.4
GW today), capable of producing 27 Twh
of eectricity, a development that could
create around 450,000 full-timejobs. So-
lar cells are most profitable where sun-
light is strongest, which for the Eu means
that the greatest potential isin the south.

Geothermal

Heat from the Earth’s core can be used
for heating and el ectricity production. Like
several other renewable energy sources
geothermal energy involves highinvest-
ment costs and relatively low operating
COsts.

Electricity generation requires steam at
temperatures in excess of 150°C. Within
theEU15 theinstalled capacity iS800 MW,
and 98 per cent of thisisin Italy. Elec-
tricity production in 2003 totalled 5 Twh.

Italy isalso theleading country in the
EU15 for low-energy applications of geo-
thermal energy (heating) with acapacity
of 0.44 GWy,, followed by France and
Germany. Total production in the EU15
amounted to 3.5 Twh in 2002.

Geothermal energy is aso awell-de-
veloped energy sourcein Hungary, where
theinstalled capacity issimilar to that of
France. The Czech Republic, Slovakia,
Sloveniaand Poland use geothermal en-
ergy mainly in theform of direct heat.

The category of very low energy ap-
plications includes heat pumps, the use
of which for space heating and cooling
has expanded considerably over recent
years. Swedenisat thetop of thelist with
a capacity estimated at 1 GWy, from
176,000 unitsin 2002, representing one-
third of al the heat pumps installed in
Europe. Germany and France come next.
Growth in Sweden has continued, with
100,000 new unitsinstalledin 2004 alone.

Heat pumps are powered by electric-
ity, with one kWh of electricity yielding
three kWh of heat in return. More heat
pumpstherefore mean greater electricity
consumption, which isaproblem, espe-
cially during peaksin demand.

Wavepower

Technology for generating e ectricity from
thewave motionisgtill initsinfancy. The
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first commercial installationislocatedin
Portugal. This has an initial output of 2
MW, but if successful there are plansto
extend it to 20 MW inthe next few years.

According to industrial estimatesthe
potential isvery large. For example, there
isenoughwave energy off Britain' s coast-
lineto providethreetimesitscurrent elec-
tricity consumption (350 Twh in 2002).
Somefiveto eight per cent of that isesti-
mated to be economically realized.

TheWorld Energy Council predictsthat
wavepower can eventually supply 15 per
cent of current global energy demand.
With existing technology the production
cost per kwWh would be roughly double
that of windpower.

How to increase

the renewable share

Although the availability of renewable
energy hasgrown rapidly intheeu inre-
cent decades, the use of finite energy
sourceshasalso increased. Itistherefore
important to continue promoting renew-
able energy, while at the same time tak-
ing strong measures to use energy more
efficiently. However, the debate tends to
concentrate on energy supply, partly be-
causethe energy suppliersare much bet-
ter organized than consumers.

Renewable energy could be strongly
promoted if each country created alevel
playing field in the energy sector, by in-
cluding external societal benefits/costsin
its energy policy framework.

Inmany Eu countriestherearelargetax
subsidiesfor the nuclear and coal indus-
tries. Subsidiesto energy inthe EU15 to-
talled 29 billion euroin 2001, with 73 per
cent directed towards the support of fos-
sil fuels. In Germany, where the highest
subsidies are now paid, 2.5 billion euro
go every year to subsidizing coa produc-
tion, whichisabout 70,000 euro per coal
worker.

Support schemes are needed in order
for renewable energy to establishitsplace
in the market. Experience from those
countrieswherewindpower hasflourished
point to various factors for success, in-
cluding an attractivelong-term financia
framework, uniform planning procedures
and licensing systems, and non-discrimi-
natory termsfor grid connection.

Different meansareavailableinthe eu
member states, such as feed-in tariffs,
green certificates, market-based mecha-
nismsand tax exemptions. Rising costsfor
carbon dioxide emissonsasaresult of the
EU’'s trading system for emission rights
may also favour renewable energy.

OECD dataindicatethat only 10 per cent
of government energy R&D budgets are
related to renewable energy, in contrast

with more than 50 per cent for conven-
tional (fossil fuel and nuclear) energy
technologies.

Many interest groups want the EU to
formulate anew target for renewable en-
ergy. A share of 20 per cent by 2020 has
been suggested. Such atarget would give
investorsaclear signal of thelevel of po-
litical ambition. However, the Commis-
sion wantsto wait until 2007 before pro-
posing atarget, asit will then have abet-
ter picture of progresstowardsto the 12-
per-cent target for 2010.

Further information

Theshareof renewableenergy intheEU.
COM(2004)366 final. Progress report,
includes a Commission staff working
paper with country profilesfor al mem-
ber countries, SEC(2004) 547.

Sea Wind Europe. 2004. Published by
Greenpeace, www.greenpeace.org

Vision 2050. The Eu states could phase
out both nuclear energy and 98 per cent
of fossil fuels by 2050, according to a
vision presented by the NGO network
Inforse Europe, www.inforse.dk.

AGORES, A Global overview of Renew-
able Energy Sources: www.agores.org

Eur opean Renewable Ener gy Council
(EREC): www.erec-renewables.org.

European Commission, DG Energy
and Transport: http://europa.eu.int/
comm/energy/index_en.html

Global Wind Energy Council:
WWW.gwec.net

International Solar Energy Society:
WWW.ises.org

Johannesburg Renewable Energy
Coaalition (JREC) database: www.iea.org
ltextbase/pamsdb/jr.aspx

Renewable Energy in Europe:

Building Markets and Capacity
This book, com-
piled by the Euro-
pean Renewable
Energy Council
(EREC) and pub-
lished in 2004,
has been the main
sourcefor thisfact

sheet. It presents [ .
an overview of
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the latest techno-

logical, financial and economic infor-
mation on renewable energy technologies.
It also explains how renewable energy
sources could play a more significant
role in the EU’s future energy balance.

176 pp. £35.00. ISBN 1-84407-124-3.
Available from Earthscan/J&J, 8-12
Camden High Street, London NW1
0JH, UK. www.earthscan.co.uk
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