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1.0 INTRODUCTION

This[reportis(alblackgroundrkport [af thefhturesprocess by the[Finnish BnergyThdustries[(Energiateol ]
lisuus[rly).[The[@im[df fhe[fhituresProcessis[IbIbrmulatelénergylseenariosfbr[Hinland p [ib[thedlear
2050.Thelstenarios,fhcluding [possible iinages[af the fhtureland [pathways kb fhese Mhitures, [alre [alrksult
of [alskriesaffiitures Workshopslahd[guestionnaires implemented bl [Murku[School lofletonomics, [Hinland
Futures[Research [Qentre.Thelfirst fitures Workshop MWaslakranged ih [HelsinkilgllafNovember 2o o8, bl [
lowed [Dy [alquestionnaire[sknt [fb [all Workshop [Jarticipants[aind [additional [ehergy [ekperts fh Mecember
2008, fbllowed iy [alquestionnairelsént fballMorkshopphrticipantslahd [aldditionallehergylekpertsih [De ]
cember[2008.[Thefitures[processlcbntinuesih[F009 [and [Will Be[rkported [skparately Thter[an, (Hut i G$
thelgenerallcbntext [df this[Background [rkport, ihich [ghthers [ibgether fhformation [df fiture[prospects [ih
thelehergylséctorlahd providesséedsforihputslofthe phrticipants at[different [stages [at the fhtures fprocess.

Thelcbntent [dfthis[Background rkport ihcludes[ahlaverviewldf[ekisting fhternational lehergyrklated [sbe[]
narios[and[ihternationalldevelopment[ih[general, [atview df[different[ehergyrksources,[Jotentials[and
energy[technologies.Mhelpurposeldfthisrkport[is frstlyib[dffer fhput Fbrthe [participants[dfitheabove
described[fhtures [process, [and [skcondly [tb [providelp [ib [date [fhformation [of [availableihternational leh [
ergylstenarios(ahdlavailablelehergylsblutionsftdalwiderplublic.

ThelstructureldfthislHackground [report[is as bllows: [AftertheThtroduction, [alskt [dflekisting fhterna [l
tionallenergy[skenarioslare[described Gh[Chapter[3Mtled [Global Wegatrends”.[This[chapter[deals[also
withlaverviews [t [development fh[sbmemhajorlebonomies ih fhe[World; [China,Thdia, theMnited [States,
European[@nion[ahd[Russia. Thternational [climatelchangemegotiations alre(also [presented from[the[per ]
spectiveldflpossible[Burden[sharinglapproachesHecauselaksWeall Know, thefhtureldf the MNFCCCIQliL]
matemlegotiationsfidlapen atter fthe firstlcbmmitment [period [of the [Ryoto [Protocol lehdsih [2lo12.

Chapter[3ldutlines[rkquirements[dfthe[Binnish [sbciety Fbrthefiturelehergyroductionand [consump [
tion.Themhain Fdcus it fhislchapterfidloh [domesticlehergylahdlclimatelstrategieslahd rélated [pblicies, blut
it[i8mlecessary(td keepihmhind thatfheHinnish [sbciety lcbnsistslaf [different iy pesaflaktors whomhay hlave
theirlolwnlehergyelated Msions[ahd strategiesWhich [ale Mot [répresented [at miational Iével Which i3 mhore
orllésslalpblitical cbmpromise. Moreover, mational [strategieslahd pbliciesido mbt réach [akFar(ak2o50.

Chapter[4[dresentslenergyrksources,Jotentials[and[ftchnologies[starting[from [fbssil fhels[and[ending
with[ehergy[storageland [chrbon[chpturelahd [storageféchnologies. Th Between, mMuclearlehergy féchnolo ]
gies, [skveral[different [rfknewablelenergyland [energy [storage fechnologies[dreldescribed [dAs[Jossibledp ]
tionsforhiture.

Chapter[sldealsWith[ehergy mharkets[Hffraditionallylehergy [producershave itilised World mharkets [off [alil
and defined [dil (Products,[doal,[dnd [dther[fuels, But [theldctual [dnergy[darriers[(Have[Been[denerated,



transmitted [and[distributed (Hy [rkgional thonopolies. Blectricity[@nd [gastharkets[Have[Heeniberalised
and [dpened fbrlcbmpetition,ahd theylstill face mhany [problems i [spite [af [the [ekperiencelabtained [ftom fvo
decades.Newlehergymarketsmhayalsolelmergelat [different lévels flom hhtional kb [globallehergylsystems.

Thelast[chapterfbcuseslan [ehergyfransmission [ahd [distribution, Which [i$ih[alckntral rbleih Eheldirec]
tionWherefhiturelehergy mharketsWill [develop.[All thefhemes[affthelchapters i thisblackground rkport
arelrklated[iblehch [ather, Which [skts[alrkal[challenge fbEbrmulate [possiblelehergy fhturesaind [pathways
tolthem Butlalsomhakesthe bpiclah ektremelyihterestingith (Rinland, [alsimalllopenebonomy ith limited

domesticlehergylrésources.



2.m GLOBALSMEGETRENDS

2.1. ReviewofselectedsGlobal®Energyscenarios

In[the@bllowing,[thajor[elements[dflenergylskenariospublished by [World [Bnergy[Qouncil, WECI(2.1.1),
International (Bnergy[Agency,IEA[(R.1.2),[Greenpeacel(2.1.3),[American [Gouncil [df(the Mnited Nations
University[(2.1.4),0nited Nations, N [(2.1.5),Shell [(2.1.6),Motal [(.1.7),[and Buropean (Renewable[Bn[]
ergyQouncil[BRECI[(2.1.8) &ill bk [presented.

2.1.1.9World=Energy=Council:DDecidingtheFuture:Energy?PolicysScenariosto2050

Since[ih93World EnergyQouncil (Has bluiltehergy [stenarios b [providefhsight[an fherhpidlylchanging
environment[ih Which[thelenergy[skector[dperates.Th Bnergy[Rolicy[Scenariosib[B050,theldouncil[de[]
cided[ib[fhke[d[dewldpproach[iblscenarios,thoving[dwayfrom[strictly [statistical hodelling b [an [dp ]
proach [that Would [thke[akcount Bottom up [régional idews [olflehergy fhiture fbcusing [ah [pblicies b [ehsure
energy[shistainability. [Series[df[JoorkshopsWerelcbnducted From [Iuly[@oo5Eb [April [(Hoo7Gh Marious
regions[afftheMorld.[Overlgoo [principalsftomihdustry,gbvernment,[atademia,[NGOslahd ftadelgroups
gaveltheir ews [oflhow b mheet fhemleed fbrlehergy that i$[akcessible, [available, [ahd [akceptable by 2o 20,
2035[and[@o50.Theselgualitative Miews[df (How [pHolicies[chn [addressfhturelchallenges b [the [delivery [olf
clean[energy[skrvicesihlall[rkgions[dfthe World Werelchecked fbrldonsistencyldgainstalthathematical
model [df[thelenergy[dector.Th[dddition,[deven [dpecialist[groups[provided [durrent[dataldn[everything
from[dlimate[dhange[ib[Jower[generation,[dnergy[drice[drivers[dnddlectricity[donsumption[Patterns,
transportahd finance.[(WEC[2007)

According[tb[WEC s[Energy Policy[Scenariosib[2o50[ehergyshppliesthust[doubley[Po50 kb Mheet fhe
energyldemand [dff[all HouseholdsWorldwide.[Mhemhain[driverfbaddressthisichallengeis Mligherlehergy
prices.HigherlpricesWill [also[propel theldeveloped World fbwards(greaterehergylefficiencyand [attract
much lhligherlévelslof publiclahd [pirivatelchpital fhvestment i [hfrastructure, cksearch, [development [ahd
deploymentoficlean lahd mhore efficientEéchnologies. Different Iévelslaflgbvernment lehgagement i fhese
andldther(areas[chnhaveldifferentldutcomeslih thefhture. Tsing the metaphorsaffburell Mnown [ahil]
mals, [the Work [dffthe[WEC[Scenarios[groupldelineatesfburpossiblelapproaches[By[decisionthakers b
thelchallenges[dfldeliveringfiturelenergyih [dlslistainableland[secureWay. [Thesefburldpproacheslare
represented by the lon, thegiraffe, thelelephantlahd theléopard. (WEC2007)

ThellonG[dHighlylskilled [And [docial[Animal that Thunches[its[forays[dfterldareful [flanning[dnd Gh [d
highlylcboperativeleffort. Mt representslstrong[gbvernment [ehgagement, fbgetherWith [closelcboperation
and[deep[ihtegration [dfthe[publiclahd [privatelskctors,[domestically[ahd fhternationally. (The [giraffei$[al



highlylaaptablelahd fhdependent(cteaturethat fhrivesih[ah instructured ehvironment [ahd[skes[appor[]
tunity[@t[great[distances. Tt [describes[tharket[driven [actions[thade&ith [thinimal [government [ihvolve ]
ment[Hut[albligh [degree[dflcboperationlandihtegration[dflthe[publicland[drivate[domains,[domestically
andlctossbbrders.[WEC[2bo7)

Thelelephant[i$[allsbcial [animal With [good hemory [that [rklies mhostly[dn Gis[dwn Gdell [structured fhmily
unitWith[Mittlelcboperation [between Emilies. [Tt [characterizes[gbvernment(deeplylehgaged [ih [policymak [
ing,[HButith dQittle[dooperation (Hetween [Mations[drihtegration[dfthe[gublic[and [drivatelspheres.[The
leopardGs[alsblitary [creature [swift[tb [alct fhG$olation. Tt [rkpresents[ehergylrksponsesWith Mittle [govern ]
mentihvolvementahd[ttlelcboperationlahdihtegration lof the [plubliclahd privateséctors. (WECE2o07)

Belowl[dre[thelgraphics[dfldomeldf[the[thain Mariants[df[the[scenarios.[The[first[graphic[presentsihe
globallenergy[ihtensity[fbrthe{burlskenarios.Thelskcond [graphic[dresentstheldercent change[ih [dril]
marylehergylproduction. Mhethird [graphicpresentsitheiselofthelgreenhouselghslemissionsforithefdur
scenarios.[WEC[2b07)
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Figure(sl [Bercent[Qhangelih[GreenhouselGas[Bmissions[(hs[@arbonDioxideleguivalent)fbrthe
FourlScenarios[ftomthe[Mathematical[Model[Projections(WEC[2b07).

2.1.2.dEA:WorldEnergyOutlook=2008

World Energy[@utlook[(WEO) [i§[an [@Annual [Jublication (Hy Thternational (Energy[Agency [(OECD/TEA)
containing[thedium b Ibngterm energyrojectionsland@nalysis. Tt (Has[Heen Ibng[rkcognized [dsthe
leading[sburceldffbrward Oboking[global [ehergy [mharket[@nalysis(and [Has[rkceived [Amumber[dflawards
from[prestigiouslarganisationslaround the orld.

Keylabsumptions|affithe TEA [ehergy [stenariosihcludepopulation[growth [ahd[growth [rhtelaf World [GDP,
primary(driversloflehergyldemand.[According b the réport, [global pbopulation id[aksumed fd [grow 11% [per
year[dn [average,[ftom[an [ektimated (.4 [Billion [ih [Zo 04 [ib [8.1[Hillion [Eo30. [The[rhteldf [growth Gh [World
GDPhs[aksumed b b3l 4 2 perykaroler theperiod. [AEARO6D)

In[a[Reference[Scenario, Which [@rovides[a[Baselinedision [df (How[energy [tharkets[dredikely [fb [evolve
without[dew[gdovernment theasures[ib[dlterinderlying[énergy [frends,[global [frimary[energy[demand
increases[by(5l3 [% Hetween mMowland [Ho30. [Over[Zo [% [of [this [hcrease[cbmes[from[developinglcbuntries,
ledMy[Qhinaland [Thdia.[Qil tkmainsits [position [as[alMumberldne[primarylehergy [sburcelak the World’'s
oil[demand [@eaches[dh6 [thillion [(B/dGh[2o30[(B4hillion[H/dGh[2005).[Tonsequently[global [darbon [
dioxide[(CO,) [emissions[reach [glo[Gtih 2030, [al5k % fhereaselaver fbday’sIével [ahd [Chinalavertakesthe
United[States[aktheorld’shiggestemitter[af[AO,.[These [ftendsould lamplify the mhagnitude [af[global
climatelchange.[QEA[2bo06b)

An[AlternativePolicy Scenarioldemonstratesthatfthelehergy fiturelchnHelshibstantially ilnproved ifigbv ]
ernments[around theWorld iinplement the[policieslahd mheasuresthey arelchrrentlylcbnsidering. Thlthis
scenario, [globallehergyldemand s reduced By b % fh[Fo30 B elquivalent fb [China’slentirelehergycon[]
sumptionfdday.[Qloballchrbonldioxidelelnissions(areréduced bly 16 (% Hlefjuivalent b [chrrent [elmissions
inlthe[nited [Sktateslahd[Qanadalcbmbined it fheshmefimeframe. Ththe[QECDcbuntries, loll finports
and[QO,[emissions[geakHy[3015and fhen[Hegin b [fhll. Timproved [efficiency[dflenergyise [dontributes
most b fhelehergy [shvings.[Thcreased use [df Muclearpowerand [renewables[also (Help ke duce Ebssil (fiel
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demand [ahd [eimissions. [Tust [aldozen [specificpolicies i Key[cbuntries[akcount Fbr [4lo (% of the [rkduction
inlglobal[dO,[emissions. Theselshifts[ih[ehergy frendsould[skrvelall fhree dffthe [principal [ghals [aff [eh [
ergy[policy: [greater[security, thore [énvironmental [protection [dnd Ginproved [dconomicléfficiency. [(IEA
2006b)

{Mtoe|
1500
14000
14000
12000
1D
GO
SO
L L]
L]
o I 3 a5
1971 200G 2000 XNm 0G0
B cod B il [ Gas
] Muckar 0 Hydre B b
R5: Rakarance Scanaris AS: Abarngthve Scanado
jbased on curmant pobcias) {basad on policias undar consigaration)
Figurelq TotalBrimaryBnergySupply by [Buel(TEAEbo6a).

ThemewWorld BnergyQutlook[2b08[idbhsed [ah fdllowinglaksumptions i fifls kéferencelstenario:

Global primary demand for oil (excluding biofuels) in the Reference Scenario rises
by 1% per year on average, from 85 million barrels per day in 2007 to 106 mb/d in
2030. This is a significant downward revision from last year's Outlook, reflecting
mainly the impact of much higher prices and slightly slower GDP growth.
Hew government policies introduced in the past year also contribute to lower
demand.

All the increase in world oil demand comes from non-OECD countries. India sees
the fastest growth, averaging 3.9% per year over the Outlook period, followed by
China, at 3.5%. High as they are, these growth rates are still significantly lower
than historic trends. Other emerging Asian economies and the Middle East also
see rapid growth. By contrast, demand in all three OECD regions falls, due largely
to declining non-transport demand. As a result of these trends, the share of OECD
countries in global oil demand drops from 57% in 2007 to 43% in 2030.

Most of the projected increase in world oil supply comes from OPEC countries,
which hold the majority of the world’s remaining reserves of conventional oil.
Their share of global output rises from 44% in 2007 to 51% in 2030. Their reserves
are big enough for output to grow faster, but investment is assumed to be
constrained, notably by conservative depletion policies and geopolitical factors.

Thelpricelaflctudelafil i3 [ebtimated b [hcreaselslowlylp tb (2o 30 [stabilizing at the[pirice Iével [aflaboutiko
$/barrel[(Feal 2bo7[dbllars) (AEA[2008).
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Figurelsl [AveragellEAQrudelQilllinportPricel(innualldata)[JEA[2008).

TheWorld[primarylehergy [demand [i3[ekpected b [cbntinuelits[growth [ fhe [réferencelstenariolalthough

thelgrowths[slower[than [ih [previous(stenarios[dueib fhcreased [price[and Idwerlebonomiclgrowth [JEA
2008).

6 000 s (]
g

- | =
e =

Other
___._-———-_——______ renewables

1000
ﬂ T T T T 1
1980 1990 2000 2010 2020 2030 L\)
Figurelal World[BrimaryHEnergyDemand by [Fuelli the[ReferencelScenariolEA2008).

Most[dffthe[primary[ehergy [demand [growth [cbmes [ftom [Mon [OECD [cbuntries, [ekpecially [Ghinalaind (Th []
dial[dJEABRDLO0S8).
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2 12000 ooy China and Inda
[ Rest of non-CECD
m (ECD
1980 1990 2000 2010 2020 2030
Figureld World[BrimaryBnergyDemand|bly[Region it fhe[ReferencelScenario[QEA[2008).
Tablel] World[(PrimaryEnergy[DemandBy[Regionin[Bhe[Reference[Scenario[(Mtoe) [(IEA
2008).
1980 2000 2006 2015 2030 2006-2030*
DECD 4072 5335 5536 5854 6180 0.5%
Horth America 1100 1705 2768 1914 3180 0.6%
United States 1809 2300 2319 2319 2 566 0.4%
Europe 1504 175 1884 1980 1005 0.3%
Pacific 467 845 384 960 95 0.5%
Mon-0ECD Jo43 4563 6011 B 067 10 604 2.4%
E. Europe/Eurasia 1267 1015 1118 1317 1454 1.1%
FRussia n.a. 613 668 798 &9 1.1%
Asia 1072 Rl 3227 4 598 6315 2.8%
Chima 604 1122 1898 2906 2885 3%
India 209 460 06 rrd| 1250 ) 4
Middle East 133 389 512 T60 1106 3.I%
Africa 178 507 B1d m 857 1.4%
Latin America 94 460 LTd| B62 2.0%
World** 7113 10034 11730 14121 17014 1.6%
European Union n.d. 1722 1821 1897 1803 0.2%
* Average annual rate of growth.

** World includes international marine bunkers.
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Africa
Latin America mol
G
E. Europe/Eurasia ®
Nuclear
Other Asia
M Hydro
Middle East
Other*
QECD
India
China
500
* Other includes biomass and waste, and other renewables.
Figurel8 Incremental(BrimaryBnergy[Demand By [Buellih[the[ReferencelScenario,[3006—2030

(IEA[EDb08).

Thelgrowth[ih[ehergyldemand [i3[estimated[ib[Helquitelevenlyldistributed [HetweenGhdustrial, [fransport
and [résidential[demand.TEA[doesmlot believethat i fhefransport [sector fhere il [belahy mhajor(shift fd

electricikhicles.[JEA[2008.)

I Coal

Tablel1] World[(FinallEnergy[@onsumption[By[Sectorih[the[ReferencelScenario [(Mtoe) [(IEA
2008).
1980 2000 2006 2015 2030 2006-
2030*
Industry 1779 1879 2181 2735 3l 1.8%
Coal 41 405 550 T3 838 1.8%
il 474 115 19 366 385 0.7%
(Gas 447 477 434 508 604 1.4%
Electricity 97 455 60 789 1060 L%
(Orther 165 Py T 359 436 1.5%
Transport 1245 1936 107 2637 Im 1.5%
il 1187 1844 1105 2450 2915 1.4%
Bicfuels 1 10 4 T4 118 6.8%
(Orther T B2 98 113 137 1.4
Residential, services and 2006 1635 2937 330 31918 1.2%
agriculture
Coal 44 108 114 118 100 0.5%
il 481 462 4 493 560 0.7%
(Gas KR b7 592 660 ™M 1.2%
Electricity 273 613 Ta4 967 1322 1.3%
(Orther 661 910 995 1073 1144 0.6%
Mon-energy use 348 h98 740 876 994 1.5%
Total 5378 7048 8 086 9 560 11 405 1.4%

* Average annual rate of growth.
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Thelihcreaselih fhture fdssil fhel [production mhainly ffakes [place i mon [MECD [cbuntries[QEARDOS).

25 1600 - 3000

z g y Mon-0ECD
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1200
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ﬁm .
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40:] -
5 - 500
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-0 -
1980-2007 2007-2030 1980-2006 2006-2030 1980-2006 2006-2030
ol Gas Coal

Figurelgl Incremental[WorldHossil[Buel[Production it fhe[ReferencelScenario[EA[2008).

Theldumulative[fhvestments[ih [énergy[sipply GhfrastructureWill (Be[thainly[darried [dut[fh [developing
countrieslahdtheldrgestihvestmentsmill bk fh [powerstéctor [(production, fransmission lahd [distribution)
(IFA2b08).

Tablel2l [Qumulative[InvestmentGh[Energy Supply (nfrastructureih (Bhe[Reference[Scenario,
2007-2030(¥ Hillion i ifear@oo7dollars)(HEA2008).

Coal il Gas Power Total

OECD 165 1437 2186 5 708 9739
Horth America ar 1023 1675 1645 5 490
Europe 39 304 417 1159 1099
Pacific 9 10 195 804 1149
Non-OECD 521 4635 3044 7897 16 187
E. Europe/Eurasia 23 107 i) 916 1913
Russia 16 544 653 440 1674
Asia 431 916 682 5317 T 386
China J23 515 234 1099 4186
India 7o 179 &2 1435 1781
Middle East 1 997 597 509 21ar
Africa 21 el 608 447 1949
Latin America 13 775 198 697 1832
Inter-regional transport 42 115 12 n.a. 189
World 718 6 296 5452 13 604 26 315

Mote: Regional totals include a total of 5234 billion investment in biofuels.
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Total investment = $26. 3 trillion (in year-2007 dollars)

Coal3%  Biofuels 1%
5‘:‘.? trilien 50.2 trillion

Power 52% Oil 24%
513.6 trillion 6.3 trillion

Traremizion
and
detribution
505

Figurelib. CumulativeInvestmentlin[Energysupply Unfrastructurelih[fhe[Reference[Scenario,
2007—2030[(HEA[2D08).

oil

Theloll[demand [id[ektimated kb [decrease i [QECD [cbuntriesmainly [duefd[decrease it mon [fransport[séc]

tors.[Themhainfhcreaseidlebtimated kb fakeplacelih [(China. [(IEA[2008.)

QECD Pacific |

OECD Europe

CECD North America |
Africa

E. Europe/Eurasia
Latin America |
Other Asfa |

India |

Middle East |

China |

Figurelil. [Ghangelih[Primary [Qil[Demand by [Regionih [fhe[ReferencelScenario, 2oo7—-2030[HEA
2008).

Theldil[demand[$[estimated [tbGhcreasemhainly fh[fransport[skctorand [especially fhmMon [OECD [coun[]
tries[dEABDbOS8).
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M Rt of warld
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Figurelib. (ThcrementalQil[Demand by Sector ik fhe[ReferencelScenario, 2006 1B 30 [(HEA[2008).

Thelihcreaselih kkhiclefleet is[alsolektimated kb bk highest ih [Ghina [(IEA[2008).

Africa |

Middle East |

Other Asfa |

OECD Pacffic |

Latin America |

E. Eurape /Eurasta |
ndia |

OECD Morth America |

China
OECD Europe |

0 50 100 150 200 50 300
Million

FigureliB. Light[duty MehiclelStock by [Region i [the[ReferencelScenario[EAED0S).

2005
2030

Middle[Hastislabsumedidihcreaseiflsshare i oll production ftom he fpresent (2l (24 kb (36 24 [ 2o 30 [due

tolilis[drgereserves(JEA[2D08).
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Mote: Excludes processing gains. Conventional oil includes crude oil, condensates, natural gas liguids (MGLs)
and extra-heavy oil from Venezuela.

Figureliy. WorldlQil[Production by [Sourcelifi[the[ReferencelScenariolEA[E008).

TA00 oo T W pgaPacific

1200 e North America

Billion barrels

1000 - - e e - [ Latin America

B0 oo

]
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— M Europe and Eurasia
A o B e
200 -
0

Figureli}. [Broven[Remaining [Qil[Reserves(hly[Region,th8o—[2oo7(éndfear) (TEA[20S8).

Thelproduction [cbsts[df[dil [depend [dn [fhelsburceland [fkchnologymitilised. [The[production [cbsts [df Mon ]
conventionallsburces[areldonsiderablyHigher[than[ih[cbnventional [Sources[(kspecially fh[Middle[Rast)
(IEAERDbO0S8).
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MHote; The curve shows the availability of oil resources as a function of the estimated production cost. Cost
associated with C0x emissions is not included. There is also a significant uncertainty on oil shales production
cost as the technology is not yet commercial. MEHA is the Middle East and Morth Africa. The shading and
overlapping of the gas-to-liquids and coal-to-liquids segments indicates the range of uncertainty surrounding
the size of these resources, with 1.4 trillion shown as a best estimate of the likely total potential for the
two combined.

Figurelib. Mong [term[QilSupply[Qost[Qurve[dEA2008).

Thelmhainfhcrease i Mhiturelgkowth lafloil shpply s Ehought kb lcbmeftom [sburces vkt i [heldeveloped ahd
those et [ib[Mefbund.Theihcreaseldf [shpply by Bnhanced [Qil kkcovery [EOR) [fechnology [(k.g. (Hy [QO.
injection)[ahd mbon[donventional sburcesfidlestimated b bemhinor.[AEA[2008.)

B A e e e e T T N atural gas biquids
€ I Man-canven tional oil

M Crude oil -
additional EOR

I Crude oil - fields yet
to be found

Crude il - fields yet
to be developed

M Crude oil - cumently
produdng fields

1990 2000 2010 2020 2030
Figureli}. World(QillProduction by Sourcelit the[ReferencelScenario[EA[2008).
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Other non-0PEC
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Other Middle East :
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Russia
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FigureliB. Changeid [Qil[Production by [dountry[/IRegion, 2007—2030[EA[2008).

Gas
Natural[gas[demand[}[dstimated[ibGhcreaseldspecially Gh[Middle[Hast[And [Asia[and[the[thain[dector

wherelghslcbnsumption idinhcreasingidpower piroduction.[QEA[2D08).
' ' ' ' i i i i ' 1980-2006
1 1 1 1 1 1 1 1 Iﬂ[ﬁ-lﬂ]ﬂ

Middle East

Asia

E. Europa/Eurasia
OECD Europe

OECD North America
Latin America
Africa

OECD Pacific

0 50 100 150 200 230 300 150 400 430
Eillion cubic metres

Figurel1y. (Thcreaselih[PrimaryMemandforNatural([Gas[By[Regionih[the[ReferencelScenario
(IEA[EDb08).
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Figurel2b. World[BrimaryNaturallGas[Demand[bly [Sector i theReferencelScenario[EA[2008).

Natural[gas[droductioni$[estimated [ib Ghcreasethost Gh[WMiddle[RBast [although [Bast[Burope/Eurasiali$
supposed b rémain fhemhainproduction [arealalso i the fhiture (IEAROOS).

9 2006

2030

0 200 400 600 800 1000 1200
Eillion cubic metres

Figurel[2h. NaturallGasProduction by [Regionlit the[ReferencelScenario[EA[2008).
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Figure[2b. Proven(ReserveslafiNaturallGas(OUEA2008).
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Figurel2B. Changelit[NaturallGasProduction by [Qountry[/IRegion, 2007—2030[EA[2008).

Coal
Thelcbal[demand[idlektimated kb ihcreasemhainly ih mon [(OECD[cbuntries, [ekpecially i [Ghina.[MheHuro [

peanlcbal [demand[id[ektimated fd[decreaselafter@o15[(IEA[2008).
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1980 2000 2006 2015 2030 2006-2030™

OECD 1373 1566 1627 1718 1703 0.2%
Horth America 571 832 839 893 959 0.6%

United States 337 e 787 g9 a0s 0.6%
Europe 657 467 41 49 418 0.5%
Pacific 143 167 e 2 36 0.1%

Japan 85 140 161 164 153 0.2%
Mon-0ECD 1181 1714 1735 4019 5 308 2.8%
E. Europe/Eurasia 517 1% 7 356 386 1.0%

Russig na. 138 132 2m 233 1.8%
Asia 572 1249 1138 3415 4634 1%

China 446 gon 1734 2712 3487 0%

India 75 235 318 451 87 4.7%
Middle East i 12 13 pi] 36 4.4%
Africa T4 129 147 174 175 0.5%
Latin America 16 9 H 4] 7 1.E8%
World** 2554 31179 4362 5 746 7011 2.0%
European Union M. 459 463 460 Err -0.9%

* Includes hard coal (steam and coking coal), brown coal (lignite) and peat. ™ Average annual rate of
growth. ** Includes stock changes.

Figurel2y. WorldBrimary@Qoal*[Demandih(the[ReferencelScenario(nilliontbnsldflicbal lequival
lent)[QEA[20S8).
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Rest of world
anthradte
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Rursia
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Figurel2p. ProvenlQoal[Reservesitt [Heading [Producing [Qountries,2oo5((TEA[2008).

Electricity
Electricity[demand[i$[estimated [ib [growGh[all World kkgions. [Thelgrowth i} [&stimated [tb[HeHighest Gh

Asial(®speciallylih ThdialahdThdonesia) therethelperlchpitalcbnsumption fHgures [arestill ery Idw. [(IEA
2008).
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Figurel2b. Electricity[Demand[Growth[Rates[by[Region i [the[ReferencelScenario[EA[2008).

OECD Russia  Middle East  China Brazil India  Indomesia  Africa

Figurel2p. PerldapitalElectricity[(Demand by [Selected[RegionEn[Hhe[Reference[Scenario [(IEA
2008).

Coallid[ektimated b blefhemhain[sburcelih theihcreased [powerproduction.[Jonsiderablefihcreaselid[also
estimated [td fake[placelin [ghs, hlydrolahd mlind [production. [AEA[2008).

£ L, [
L —— - moi
12000 4 Gas
0000 - . [ Nuckear
8000 4o W Hydro
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W Wind
40004+ [ Rest of renewables
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04

Figure[28. World[Blectricity[Generation bl [Buel i [the [ReferencelScenario[HUEA[2008).
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Thelihvestmentmeeds[ih thelpower(skctorlarehuge. Th the[OECD theihvestments[alrelektimated b [thke
placemhainly [ih power [production, While[ith fhemon [(OECD [cbuntries, [ekpecially [ih [Asia, (luge mleeds [ekist
especiallyin fheldistribution [séctor.[QEAROOS).

Investment, 2007-2015 (52007, billion) Investment, 20116-2030 (52007, billion)
Capacity Power Transmission Distribution Capacity Power Transmission Distribution
additions generation additions generation
(GW) (GW)

QECD 514 982 178 656 1107 1 467 403 911
Horth 15 EYi) 11 260 480 1136 138 512
America
Europe m 457 93 iyl 465 1048 94 186
Pacific 78 146 65 115 163 183 | 124
Mon-OECD 1177 1215 589 1285 1730 2177 837 1793
E. Europe/ 137 180 55 183 159 yrgh 5 173
Eurasia
Asia 781 T4 433 §94 1170 1319 5% 113

China 574 321 2% 612 718 753 299 618
Middle East T8 59 i &7 160 135 i | 146
Africa 59 59 18 ] N 159 47 97
Latin 11 123 41 B4 143 130 T2 148
America
World 1691 2197 a67 1941 1837 4 644 1239 2716

Figure[2. Projected[@apacity[AdditionsLdnd[Investment[Needs[ih [(PowerInfrastructurelih[fhe

ReferencelScenario[EA[2008).

Thelihcreasehrknewables[based [power[generation i$mhainly [ektimated [td [thke [placelih (hlydro[ahd ind
production [although Tater[an [the Miomass(aindsblar[Hased [productioni$[also [estimated tbfhcrease. TEA
does[dotlestimateHugelhcreaselih[dolar[Jower@roduction Hecauseltheyldo[dotHelieve Ghdny thajor
technological (Breakthrough lGhldolar[panel[Production, [But[dstimateGlist[dlowldecreaselih [Production
costsdueftdihcreased alitomation it [production lahd[slight ficrease it [efficiency. [(IEA[2008).
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Figure(3k.
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el [T
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015 1030

World[Thvestment[th[New [Bowerldeneration[Blants[By [(Buellih(the[ReferencelScenario

(IEAEDb08).

ThelQO,[emissions|alre [estimated [tb [growfh[the[rkferencelskenario.[Thelthain fhcrease Will [dome[from
coallcbmbustion ih mon [MECD [ebuntries.[JEA[2b08).
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Figurel3y. IncrementallBnergy@elated[002[Bmissions[By [QountryldndRegion,[2006—2030[(HEA

2008).

ThelhcreasefhthelO,[emissionsih[Chinalislcloselyrtlated ib fhelstructurallchangeih World[economy.
China Will befproducingmhorelgbods b belcbnsumed i [ather [parts[af the World. Bigure 3k [shows theih [
ter[rkgional flowslaflehergyrélated [JO, [emissions[eimbedded i [ekportslaflgbodslahd [sérvicesih 2o o6. Tt

ca

n[Belektimated [thattheCkxport”[@f[AO, [emissions[embedded ih [Ghinese[AroductsWill [ebntinue b fh [

creaselih [fthefhture.Thisphenomenon(chn[also [Belsken i fhe[Hinnish [chseldflekportinglembedded [0,
emissionslekpecially i theplulp lahd phperlahd metal products. [JEA[R008).

Thee Bowndaries and names shown and the desi gnaticons wsed on maps mcluded in this publbication o not imply offical endomement or acceptance by the IE4.

Figurel3p. TenargestIhteregional [Blowsdf{Energy [Melated[@O2[Bmissionslédmbeddedih [Bx[]
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2.1.3.:Greenpeace:oThefEnergyqdR]evolution

In[2oo7[Greenpeacelpublished[ah[ehergy[stenariofbrihelar2o50. 01 asmritten fh[cbllaboration With
the[Huropean[RenewableBnergy[Qouncil (EREC), [specialists ftom [the[German[Space[Agencylahd[stien ]
tistslahd [ehgineersftom hiversities, ihstituteslahd the rénewablelehergy ihdustry.

The[BEnergy[R]evolutionprovidesalpractical blueprint for howkd hihlflglobal [0, [enissions, Whilelallow ]
ing[fbrlain fhereaselih [ehergylcbnsumption bly[2o50. Tt [demonstratesHowlalTusinessak usual’ [skenario,
based[dn[IEA’s[World Hnergy[Qutlook [frojections, Gt Mot [an [dption [Ebrlenvironmental, [dconomicland
security lof[shpply [réasons. [Thehergy [révolution[stenario lehergy [demand Will (b réduced by [almost [5b
in[Blos0[and Malfloftherbmaining[demand [Will (b [cbvered [Hy [rknewablelehergy [sburces. [(Greenpeace &
EREC[2bo7)

REGIOH ooz Joln Zola Jams Jodn 2060
Warld SIGFNGD SHBIBAI0 TILIGEA A1TSGAD Buadass EENTRED
OECD Eurape 227300 S3AATO  S43880 m43sS0 527Sen  SOEATO

OECD H. Amevica  42mmco quenZo 495010 sasmss meallo  (SEE0E0

OECD Padiic 1o ZolEas 2olsod  1eTeco 1saswo  LERETO

Transition Economiss m4sooo 340200 sesqea  32omeo 3ad1to 200

China 111500 1TEOE0 1447330 1461870 144a71e LAOTLS0
E. &zia &F2eo0 eBAZ40 TesmTO ®Pe0T0 A714To  EEROED
5 Bsia 1410000 18THTLO 1753960 1smongs J12aaxe 2ZLOLA0
Latin America 439570 AB11T0 STATO0 =1310 ellelo GR00AD
Lfrica EgTLLL GAOLO0 1183430 1mETo10 1elsvac LEAETID
Midde East 1m1%eo Z11Z00 27480 301740 3deaso  SERE0

Figure(3b. [BrojectionlafiGlobalPopulationDevelopment[(Greenpeace &ERECE007).

REEION e T s s s YU
Wiorld IT7% 32®m 2.7 2.3% Z.o% 2.T%
OECD ELr'q:lz 24% 22% 1.7% 1.3% 1.1%: l.m
QECD Morth Ametlca 32% Z4®m 12% le% 1.5% 2.1‘3]';,.
QEC D Padflc 2m%, 19% 1.7%  1.5% 1.4% 1A%
Transion Ecoicimkes 4.&% 3.7% 28% 2.46% 2.9% 3.2“33';.
hina 6.4% 4.9% 4.0% 3.2% Z.&% 4.1%
Ezxst Asla 4.5% 3.9% 3.1% 2.5% Z.8% 3.2%
Soutch Asla nEs. 4.8% 4,09 3.2% Z.5%: 3.'3“33';,.
Latln Srmeflca 34% 32%®m 22% 2e% 4% 2.9%
Afca 4.1% 3BE®m  34%  3.4% 34% 36
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Figurel3p. ProjectionldfiGloball[GDP[Development[(Greenpeacel&ERECE007).
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Figurel38. DevelopmentlafiPrimary[BnergyQonsumption indertheHnergy[R Jevolution(Scenario
("efficiency "[ckduction[ftom[ReferencelStenario) (Greenpeace &IBERECE2007).

Whilstorldwidelemissionsaf[Q0. Mhll[almostdoubleinder TEA’s [ReferenceSkenario, minder fheehergy
[R]evolution[stenario they Mill[decreaseftom 213,000 million Ebnnes fh [2oo3 kb 01,500 Mhillion kdbnnesih
2050[(Greenpeace&[EREC[2007).
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Figure(30. DevelopmentLhfl GlobalCLCO2Emissions[inder[the[Energy]RJevolution[Bcenario
(Greenpeacel&HREC[2007).

2.1.4.$StateofcthefFuture2007,GlobalEnergy=Scenarios=2020

State[df[the[Buturelis [@kdearlyrkport [published by the[American [Qouncil [df the Mnited Wations Mniver[]
sity.[Statelofthe Buture2ooyihcludeslalchapterihat répresentsfourlehergylstenariosforthe2o20.Mhey
are[Businessablikual, [nvironmental blacklash, High téchetonomylahd Political Eirmoil.

Businesslakhisuallstenariolassumes(that thelgloballdynamicslafichangelcbntinueMithout[great[shrprises
ormuchlchangelihlehergylsburceslahdcbnsumption[phtterns, lotherfhan fhosefhat mhight[blelekpected ak
alrksultlafffhelchangeldynamicslahd ftendslalreadyih[place.[Hconomiclgrowth s [predicted b [bemhoder[]
atelalr[hligh lantil [ofil [pirices [gh [sb (hiigh they mhight [chuse [récessions[ahd [depressions. [Environmental (hlack [
lash[stenariolakssumes[thatfhefhternational [ehvironmental mhovement[Hecomes[thuch [thoreldrganized;
somebbbying[brkgal [actions[and [dew[rkgulations[and [shing Gh[dourts, Whileldthers[HecomeMiolent
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and [akttack fbssillehergyihdustries.[Bconomiclgrowth i3 [predicted kb (ble mhoderate [alr (high. [Oil [pirice fluc]
tuatesmtith lehvironmental [abtions. [(Statelofithe Future2boy)

High [féch[economy[stenario [aksumes[that f&chnological fhnovations[akcelerate [Heyond [clirrent[ekpecta ]
tions, [ahd Waveinpactsihthelehergyshipply mhix[ahd [cbnsumption[patterns, b [alsimilarmhagnitudelas
theThternet fhitiated [ih fthe[1H9os.[Hconomiclgrowth idMhiigh [ahd [gheat [efficiencies[prevent [ofil [peak [pirior
to[B050.[Political Mirmoil [skenario[assumes fhereasing[conflicts, Wars, [and [skveral [dountries[cbllapsing
intolfailed[states,Iéading[tbihcreasingmigrationslahd[political fhstabilitieslaround the World. [Hconomic
growth id[prredicted kb beldwlahd [depressionslatelprobable. (Btateloffthe Future2007)
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2.1.5.2UN:GlobaltEnvironmentalOutlook

Global (Environmental[Outlooks[dre theldostLdomprehensive[WN[deportsLdnlthelénvironment.[The
United Wations[Environment [Brogramme’sfburth (eport Was [Prepared My [@About[dgo [dxperts[dnd e []
viewed [Hy[mhorethan[iIdooldthers[acrosstheWorld.[Hourlstenarioslalrelcbnstructed fhtherkport. War[]
kets[HBirst, [Policy [Hirst, [Security[Hirst(and[Sustainability [Birst[ekplorelsbciety’s[cbmmon [fiture pEbihe
year[Joso0Gh[ikrmsldffthelenvironmentlandfhelimpact [dffifestyle[choices[and[Jolicy ksponsesib [ad [
dressvhrious[challenges.Theylekplorehlow[chirrent[sbcial,[economiclahd [ehvironmental ftends mhay n [
foldlalongldivergentdevelopment [phthsih fhefhture, [ahd [potential finpacts Eor the ehvironment, (Auman
well[Being[ahd[development. [(UN[2o08)

World [population i$[predicted [fb (Helihcreasing[ih [every[skenario. Th [Security [(Birst [stenario [the[dopula ]
tion [idlektimated (b almost [1d Million fh 2o50 [(UN[2008).

billion people

m Mrico
mmm Asio ond the Pucific
m Furope

Security First Sustainability First

wes Latin America and the Caribbean
mmm Horth Americo
mmmm West Asin

Mate: IFs modaling resulls

Figurelge. [PopulationTrends(UN2b08).

World[GDPGsexpected ibGhcreaselih [all[scenarios. [The lbwest [thte[Gk Gh[Security [Hirst [seenario [QJUN
2008).

trillion LIS$ (2000 (PPP basad)

e i 0

Markets First Security First Sustainability First
wmm fsio ond the Pacific
 [upe

wesn Lotin Americo ond the Coribbeon
wmmm Horth Americo

m West fsio

Iota: IFs modaling resuits

Figurel4s. Gross[Domestic[Product((UN2008).
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World[ehergy ise[$[ekpected [fb fhcreaseih [all [stenarios, [driven mhostly By Ghtensive[ehergy lse fh ddw]

incomelcbuntries.[However, [Her[chpitalenergy seih[High[ihcomelcbuntries[rtkmains &t [allthuch (Righer
levelthan i 0dwihcomelcbuntries. Primarylehergyiase ih [Policy [Hirst [and [Security [Birst fhcreases[from

about[glooRJGh[2oooEb[Hoo—700RJI Gh[Zo30land@round[8oo0—9o00 BJGh[PHo50.ThMarket Birst [ske[]
nario[primaryehergy iiseill belaveriboo [BJ ih [2050.Mhat Would lalmost [doublethelehergy hise ih Shs [

tainability [Birst(stenario. (UN[2008.)

million patojoules
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m i ond the Pocific 0 ]
mm fuiope 2 | : g B gl
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m North Americ = II -=h III _=1 III -m==2Ey
mmmm Wost Asin " Fill IIII iIII I _iIII III _iiIIIIIII
AT T L T
o IEERDRRRRRR (aannNRNRINE gand NDDNRRY mmnniaiiiis
Mot IMAGE modeling resuls "\;@& '\@;} “\,@’Q "\,@:Q @? '\.@’Q ‘\@ '\,hr{::| '\@ '\@ @') '\.@’Q
Figureld4. TotalPrimary Bnergy se(UN2008).

Inférmsloffthelehergymix, fbssil fhelslcbntinue fddominatelehergyshpplyih [all Fburstenarios. BioMhels
will[be the mhost [iportantalternative forlofl fh Sustainability [Hirst[stenario. (TN [2008)
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s Nile0r
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St /viind
il 0 _r./wln :
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"&@ '\Q,’rb '\@r\?@ '\§\ ‘\“;”‘}@@ '\@' B ‘\§® ‘\§\ "§> Mose: IMAGE modeling results
Figurelgs. GlobalPrimary[Bnergy selbly [Fuel (UN=2008).

Decreaselith [emissionsid hlighest i Policy [Hirstlahd [Sustainability [First stenarios [UN[2008).
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Figurel4b. PerlQapitalEquivalent[@arbonEmissionsfrom[EnergyldndInhdustry By [Region[(UN
2008).

2.1.6.5hellEEnergyscenariosto2050

Shell’slstenariolgroup (hlas[developedgloballstenarioslsince1y70’s. Shell’slehergy stenarios i 2o 50 hligh [
light[fhelstresses[that[population[growth[and [economicldevelopment(alre [placing [an [ehergy [shipply, [en [
ergyldemand[ahd fhelehvironment.[According b [Shell’slstenario [group theWorld idlehteringfd [ah [eralaf
revolutionary [itansitionsWherefhethreelblard futhslabout ehergy [shpplyahd [demand [chn o Ddnger bl
avoided. [(Shell Thternational[B.V.[2008.)

Firstly the[World i$laboutid Facelalstep[dhangelih [ehergy iise.[World [population i3 [skt b ihcrease mlp Ed Q]
billions[BytheJo50.[Atthelshmefimelgdopulation[giants[Chinaland Thdia, [are[entering their host[en [
ergy[ihtensive[haseldf[eéconomiclgrowth [as[theyihdustrialize, [Huild Ghfrastructure,[and Ghcreasetheir
uselaffransportation. Memand [pressureswill [stimulatelalternative[slipply[and mhore [efficiencyih [ehergy
usel=Muttheselalonemhay mlot Melehough [t [dffset [growing[demand fénsions[cbmpletely. Disappointing
thelakpirationslofmhillions[bly[alopting pblicies that mhaylslowletonomiclgtowth idmlotlah ahswerlelther =
or[mbtlohelthat[is[politically féasible. ($hell Thternational B.V.[2008.)

Secondly(siipply Mill[struggle b Keep phce. By [2050, [growth ih Ehelproduction [aflehsily [akcessiblelall [and
gasuill Mot mhatch thelprojected rhtelafldemand [growth. While[abundant [cbal [ekistsfih mhany [phartsloffithe
world, [fransportation [difficulties[and [dnvironmental [degradation fltimately[gose Mimits b Gts[growth.
Meanwhile, [alternativelehergy [sburces[shich [akblio fiielsmhay [Hecome [almhuch mhore significant [plart [of the
energy[mhix [ [Butthereli$mobilverbullet” that Will cbmpletely rksolvelshipply[demand[f&nsions. [(Bhell
InternationalB.V.[2008.)

Thirdlylehvironmentalstresses[are fhcreasing. [Rven Gt [Were[Hossiblefbr[fbssil helsEbmhaintain [their
currentshareldffthelehergyhix[andrkspond b fhcreased [demand, [QO,[eimissionsWould [then [Heldn[a
pathway(thatcbuld(skverelythreatenhuman Well[Heing. Bven With fhemhoderation [affbssil Hhel miseland
effective[dO2mhanagement, the [path fbrward i3 [still Mighly[challenging. RemainingWithin[desirable Iév[]
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els[af[A0, [cbncentration[ih thelatmosphereWill (Hecomeihcreasingly [difficult. [(Bhell Thternational[B.V.
2008.)

To[Melphink[@boutfhefiitureldflenergy,[Shell’s[skenario [group Haveldeveloped [fvolskenariosthat[de[]
scribelalternativeWaysiiimhay [develop. Mhelfirst [stenario [chlled [Scramble[réflects alfdcus [an Mational leh [
ergylskcurity. Immediatelpressures[driveldecision thakers, [ekpecially[the meed kb [securelehergy [slipply i
the[dearfuturefbrihemselvesldnd their[dllies.[Mespitefhcreasing [thetoric, [Action [fb[dddress[dlimate
changeland[ehcouragelehergy efficiencyi$[pushed ihtofhefiture. Th[Scramblelstenario [primarylehergy
demand [rhiseslaver[doo[BJ [derikar. Main rksponses[ib[thefhcreasinglehergyldemand alre [cballand [rk []
newablelehergy, mhainly biofihels.[(Bhell Thternational B.V.[2008)

1000 El per year
800
600 Other Renewables
Biomass
400 ® Nuclear
e Codl
200 o Gas
e Oil
0

2000 2010 2020 2030 2040 2050

Figureldy. Scramble: [PrimaryHnergy Bl Sourcel($hellThternationalB.V.[2008).

InfthelskcondlstenarioEBlueprints[Higrowingldcal [aktions begin kb [alddressthelchallengeslafleconomic
development,[ehergy(skcurity [ahd [ehvironmental [pollution. [Alprice i3 [applied [fb [allckitical mhass [af [elmis []
sionslgiving[dHugelstimulustbtheldevelopment [df[dean[energyfkchnologies,slich[@s[carbon [dioxide
capturelahd[storage,landlehergy efficiencymheasures. [As[alrksult fhelchrbon [dioxide[emissions [alre [mhuch
lower[cbmpared[ib[Scramble[skenario.[Alsolthelglobal [primary[energyldemand [staysinder[8oo [BJ [per
year.[Primarylsburcesloflehergyatelcbal ahd rénewables. [(Bhell Thternational [B.V.[2008)
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Figurel48. Blueprints: [PrimaryEnergy by Sourcel(ShellllhternationalB.V.[2008).
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Figureldo. Blueprints: [dO2[Emissions[ftomHEHnergy(ShellllhternationallR.V.[2008).

2.1.7.%WorldEnergy®ProspectstAccordingtoclotal

Total’sréport hlighlightsfthe fmportancelofpromotinglehergyletficientsblutionsfd [shve matural résources
and[[Imit[QO, [einissions.Thelckitical[challenge i3 rkconciling Hvo [lp [tb Mow [cbnflicting [thrgets: [cheeting
energyldemand[ahdplrotectingthelclimate.[Mhereforeldevelopment i Eéchnical [sblutions[shich [ak [ACS b
limit [rklated [emissions[i$[Meeded.[Also it [i$ [Mecessary[Ib[develop [Elternative [and [rtknewable [ehergy [dp [
tions[slich [@s[Muclear[dower,[Miomass,fhotovoltaicland [dther[fenewables[ib [Securefhe[fiture.[(Total
2008)
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Figurelsb. ProjectionsLofTLGlobal(Population, LGDPLand[Energy[Demand[Developments{Total
2008).

According[ib[Totalldil[and[gas[rkmain[their[positions[akI¢ading [primary[ehergylsburces.Th[B030,they
arellikely tb[abcountfbrmhorefhan (50 B4 lof orld [primary lehergy lcbnsumption [(Total 2008).
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Figurelsh. WorldEnergyDemandI@nillionbbe/day)[(Total2008).

As[Totalldil[And[gasemain [fheir[gositions[dsdkading[@rimarylenergy [sburces,the[CO,[8missions[dre
likely ftd ihcreasel(Total[2008).
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2.1.8.cEREC::Renewablenergy=scenarioto22040

European[Renewable[Bnergy[Qouncil, [BREC, [{ublished Gi[ehergy[skenariostb[Eo40Gh[E2004.[Assump[]
tionsmhade bl [EREC[ahd iismhemberlaksociations[(EPIA,[HSHA,HSTIF,[HUBIA,[RUREC[Agency,[BWEA,
AEBIOM [and[BGEC)[@re[Hased [dn[experiences[and [dumulative [Knowledge[Ikad [ib [Assumptions[dn [ex []
pectedahnual fhstallations[growth rhtes fbr(different féchnologieslahd [showlthat bly[2lo40, alshareolf & [
newablelehergyhlp it 5 [% orldwideid[possible. [EREC[2004)

Twolskenarios[HavelHeen[donsidered. [TheWirst[skenariolis[dalled [ddvanced Ghternationall[golicies[ske ]
nario [(AIP).Thelaksumptionslin [this[stenario [are[based [an [ambitious[growth rhtes fbr rbnewablelehergy
sourcesthatmeed[additional [shpport mheasureslih alrder b [beréached. i Gs[aksumed fhat rkgions[already
active[ih[the[promotion [ofrknewablesWill (hcreasetheirleffortsand that [otherrkgionsWillfbllowthese
examples.Higher[pricesfbrlcbnventional [ehergy[shipply(areanticipated [as [Well [als [growing[sipport fbr
electrification ol the [ésslahd [éast[developed rkgions by renewables. Tinplementation [affthe [Ryoto [proto [
collakwell[ak[additionalmheasureslon fhelihternational lével fbrlclimatelprotectionahd fbrihe promotion
ofrénewablesfid[also meeded i réach fhelabsumed [growth [chtes. [EREC[2004)

Thelassumptions[fbrlibtallehergyldonsumptionih[thelstenariolare[Mased [dnlalstenarioftom fhe TTASA
(International Thstitute fbr[Applied [Systems[Analysis). It i$[dptimisticlabout féchnology [ahd [geopolitics
and[assumeshinprecedented [progressive ihternational [cboperation fbcused[eikplicitly lan [environmental
protection[ahd fhternationallefjuity. 0t [also ihcludes[slibstantial rksource fransfers from fhdustrialized kb
developinglcbuntrieslahdspurringlgrowth it fhe[South.[ERECEb04)
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FigurelsB. ThelQontributionldfiRenewableBnergySourceslib[theWorld[Bnergy [Supply [th[Bo4001
Projectionsin[MtoeBlAdvanced IhternationalPolicy[Scenario[(ERECE004).

Thelskcond [stenariois[chlled Mynamiclchirrent [policies[stenario (DCP).Mynamiclchirrentpolicies[do mlot
mean[“business[asiisual”.[Assuming[that [afbusiness[as[isual” G$ [sken [as Gnpossiblefbrlalsistainable
future[By[dbt[df[decisionthakers, thethodel Gk [Based [dn [kssGhternational [dooperation [ds[the[AIP[]
scenario[ih[thefleld[df[RES, Hutlekpectslambitious[dolicy mheasures[dn Mational dével [t (éast fh theih [
dustrialised [phartlofftheMorld. (EREC[2004)

Dynamiclcuirrent [Jolicies[stenario i3 [@fmiddle[dourse” [skenario forthedbtal [donsumption. dt fhcorpo ]
rates[thore[thodest[dstimates[df[dconomiclgrowth [dAnd [fechnological [development[dnd [the[demiseldf
tradelbhrrierslahdekpansion lafmewlatrangementsfacilitating ihternational [ekchange. (EREC[2004)

2 ma FLFLE 2030 1040
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Figurelgy. ThelQontributionlafiRenewableBnergySourceslth [theWorld[BnergySupply th(@o40E
Projectionsit[MtoeB[DynamiclQurrentPolicy[Stenario(EREC[2004).
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2.2.DevelopmentdnChinaanddndia

ItGs[cbmmonkinowledgethat[China’s[aihd[Thdia’s[ehergy [demandafffectsDoth [the price and [fhel [akcessi[]
bilityorldwide. Mtlehcourageslclimatelchangelahd [otherlehvironmental [pkoblems [ak well.

16%
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12%+
IO%—W
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4% China
i India —
°
° ?980 1 9I85 19[90 19[95 20[00 20})5

* The sum of exports and imports in value terms.

Figurelgp. China'sldndndia's[Sharelih[World[(Trade*Gh[Goods[dnd[Services[Comparedibith

OtherlQountries[(IEA[2b07).
100% : - —
80%
60% -+
40% -
20% A
O% T T T T T
China India Middle- Japan United Euro
income States area
counfries®
W Indusiry M Services W Agriculture

Figurelsb. [SectorallShareldfIGDP, 2004 [HEA2007).
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Figurelsy. SharesldflChinaldndIhdialih[fheThcreaselihWorld[Brimary [Bnergy [Demand By [Buel
inlthe[ReferencelScenario,2bo5-2030[EA[2b07).
20
16 4
12 A
-
~
E
g
4
0 T T T T T T 1
2000 2005 2010 2015 2020 2025 2030
B China India
Figurel58. NetQilllinportsih(GhinaldndThdia i the[ReferenceScenariol[EA[Z007).
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Figurelsb. BrimaryEnergyDemandin SelectedQountriesittheReferencelScenariol[dEA[2b07).

Thelihcreaseldflehergylconsumption Gh [Hoth [df the[countriesi$[donnected b [the[rhpid [growth Gh[their
economies.[(hina’sletonomy (hlas[grown [at [ah [aVerageannual [chte [of [gl 5 [per[cknt [ahd Thdia i3 mlot Far [be [
hind[China.[Worldwatch [Thstitute[Helievesih[the[possibility[df Thdia[fhking[dlacelalstheWorld’s[Thstest
growingletonomy[ith [themlext [1f ykars. This Kind lof [growth équires mhuch from thelehergy [sburces Hlahd
not[histih [Thdialdr[China.[At[fhethoment[ChinaG$[thelskcondThrgest[energy [consumerlandThdialthe
sixth.Both offthelcbuntries[alre[pursuing(dil ftom [ak Far[ak [Sudan lorMenezuela. [Also [development i the
number loflolwned[chrs i3 rhpidly [growing[ih Both [af fthem [Perhaps Iéading fhto orld’s higgest [chrihdus ]
try.[By[@o25[China i3 [ekpected [ib [Burn [aver [14.2 [mhillion [bbl [afil [er [day, hich &¥ould [double MAst ears
level. Qiliport it Thdiafdlekpected kb Etiple fd [5Inhb/d By 2o25. [(Makoverlet [al. [2lo06)

InftheBAUI(stenarioldf(World [Energy[Outlook 2007 dfil [chaintain [ills [position [ak World’s [mhost Gnportant
energy[sburce.[Bnergyldemand[is[ekpected id[grow[37[%.[AQonsidering[theihcreasingmumber af[chrs[per
capitalthelprojectionskems[rkalistic. By 2o 30[chrimtensity ih [(hina[d[projected kb se b [alchr [perlelery
sixth [@hineseftom[thefbday’sIével[af lalchr [per[35 [Thineselcitizens. Th the Referencelstenario [thelguan [
tity [dfehicles i3 [projected b [Helabout (270 [mhillion, fhfhe [ igh [growth [stenario mlear[410 hillion kehil]
cles,by[2b30.[OEA[RDO7)
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Figurel@o. RoadTransport[BuellQonsumption[ih[ChinaldndIhdia it [the[ReferencelScenario[OEA
2007).

Coalldemand[s[ekpected [Ib[grow[ihtensively by @030, mhainly [dueltb fhefhcreaselih [electricity [@roduc]
tion[ih [(hinalahd[Thdia.[Qoal [sharelofthelehergy [shpply 8 [projected b [grow [globally ftom [25 [Der [cknt b
28[perlcént.[OEAR0O7.)
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Figurel@l. [Ghina's[BrimaryEnergyDemandlintheReferencelSkenario[EA2bo7).
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Figurel@l. TotallBinalldonsumption by [Sector(Mtoe)[HUEA[2007).
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Figurel@3.0l PrimarylQillDemandif[ChinalandThdia by [Sector it fhelReferencelScenario[QEA2b07).

IEAlehergy[dutlook[cbntains(BAU [thodel [and [(High [Growth[skenariofbrThdialas[Well. Ththe[Reference
scenario [themeed for[primary[ehergy[is[ekpected fb rkach [1]299 Mtoebly[Po30 (537 Mtoelih [2005).Ref[]
erencelscenarioi¥[Hased [dn [the[dssumption [df[average@nnual [dconomiclgrowth [thte[df[8.3[%, [As[the
High [Growth [skenario [tepresents[@n [Alternative Hiture ith [2.8 [% [Annual [growth [rhte. (Higher[growth
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rate[Would[éad [EdGhcreased [demand [of [arimary[ehergy[(}.2[%[annual [rhte) [cbmpared [{b[3.6 (% [growth
ratefihtheReferencelstenario.[Acceleratedletonomiclgrowth ouldsheed bip thehcrease it [growth [chte
oflawned[chrsfin[Thdia, which Mould[éad b chpid fhereaselin [oil [demand: [8.3 mhillion b}/ d by 2o 30 [@n the
Referencelstenario1l8[mhillion [H/d Iéss). Thdialdbuld (HecomeWorld’sthird [Higgest fnporterdfldil[sbon
after2b30.[dEARbO7)

mb/d
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m Domestic production Net imports

Figurely. China's(Qillih [fhe[ReferencelScenario [(HEA [2007).
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Figurel@p. India'slQil[Balanceli [the[ReferencelScenario[HUEA[2007).
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Figurel@b. China'slGas[Balanceli[the[ReferencelStenariol(bcm)[EA[2bo07).
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Figurel@ly. (Thdia's[NaturallGas[Balancelit the[ReferencelScenario[dEA[2b07).

Faster[economiclgrowth Would[enableldlectricity fbrlall Mhdian (HouseholdsBy (3030, [@s[Referenceske ]
nariolprojects[d6 [% [df(Nouseholds having[access b electricity [h fhelshme[period. Energydemand s [ek [
pectedfblgrow[Fo05—2030[about B0 [, [t [an [Annual [rhte [df (4.2 %% [(3.6 [% [ih [the [Reference[skenario).
Economiclgrowth [allows[guickerftansitiontbwardsmhorelefficient [ehergy[production, Which [heans(di[]
minishingiseldf(Hiomass.dhdia [strives fbr[@scending[dumber[df[duclearf@roduction, hich [By[do30
would[Be31[% Migherh[theMigh[Growth[dcenariolthanGih[the[Referenceldcenario. Weverthelessthe
amount[df[QO,[emissions[i[elxpected [Ib [rise[ib[3.9 [Gt[By[H030,Gvhich ($[9.8 [Gthore[than[dowadays.
(IFA[2bo07.)
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Figurel6B8. (Energydelated[O2[Hmissions(by [Fuellih the[ReferencelScenario ik [Qhinal(billiontbn[]
nes)[(DEA2bo7).

Both[ChinalahdThdiahlavelehormousldemandfbrleinission réduction. Bothlcbuntries(arehlighlyldepend ]
ent[dn[doal.[Relatively[thost[dfficient [theasures[ib[decreasedmissions[doncentrate[dn[Ghtensifying[the
end [dse, [rkplacing[cbal With [rknewables, matural[ghs [alr[muclear [Power [ahd [ekpecially [ih Thdia mhoderniz[]
ing[dowerldlants.Th[Chinalthere[i}[significant [Hotential [tb [rkducelémissions[by[decreasing[thelenergy
loss[ith [electricity ftansferahd[distribution. [AEA R0 07)
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Figurel@l. Electricity@enerationi[Ghina, 2bo5-2030[EA[2b07).
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Figurelzb. BrimaryBnergy Demandlih[ChinaldndThdialihthe[ReferenceldndHigh [Growth[Scell
narios[(EA2bo7).

InltheHigh[Qrowth [stenario [af TEA fhelalverageletonomiclgrowth rhtelid[projected [td e [Zl 5 [percknt [per
year.[Th[thelanalyzed[feriod World’slehergy[demand Would [ascent [dver[5o 2% [df Gis[cirrent ével. [Thdia
and[Chinalarefbgetherrésponsiblefbriq5[% lof thelihcreaseih[demand. Thiykar[2o10[Thinaill probably
take[JSA’splacelakfhemorld’s[drgestlehergylcbnsumer.[(JEA[2007)

These@vo[giants,hoseldopulation [$[4o [% [df [global [dopulation, [mhight [sheed ip [thesage [df [cleaner
energy.[Chinali3[akcessingits(Mugelehergy flows[2 Mio[fhels, [sblarahd Wind [power. [Bor[ihstancelan the
Chineselférritorylahd [cbast thelpotential [af ind [powerlaloneid[approximately (2,000 [GWs, Which [id[ane
oflthebliggest[ih theWorld.[Chinali$theIéading[cbuntryihfthermal [doweriisagefbWater[heating, [since
60% [df[the[ihstalled[systems[alre[ih[Qhina. National Beople’s[Qongress approved [alHill Favoring rknew [
able[energy(sburces,Which [Hind [CQhina[fb [produce il [% [df [thelstate’s[ehergy [With [rfknewables by [H020.
China’slofficiallgbal i3t bbost fifls[ehergykage biy[2lo 9% [per [ederyad dition i [GDP by [Blo10. [AEA R0 07)
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China India
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Coal Oil Gas Codl oll Gas
m Alternative Policy Scenario [1 Savings compared
with the Reference Scenario
Figurelz. TherementalBrimary (Fossil[Buel[Demandih[GhinaldndThdiaih EhelAlternative[Policy

Scenario,2bo5—-2030[(EA2b07).

Chineselgbvernment[ahd [strong[alithoritylcbncentrated ih the[provincesmhake[ifl(Ward kb [ekecutelehergy
programs[I¢d Dy [ckntral [Administration, [Hecause [df[theTack [af cbmmitment [ih [provinces. [Ghinese[ehvil[]
ronmentallgovernment[is Mot [ckntralized[aind [cbherent,Mor i3fhereany[rfkmarkable[shipervisorlalr[cbor[]
dinator. [Partaffthe[hineselehvironmental [problem i3 thatlcheap Ddbor[ahd [ehergy [alemleeded [id [slistain
rapidletonomicldevelopment.Energy [price i3 KeptIowFbrlalluringihvestors,lahd [id[alnhean b promote
lowlihcomelhlouseholds.[On[anehland ddwlpricesrestrain fhflation, bt loh fhelatherhland they allowlthe
extravagantisagelaflehergy.[(QEA[2D07)

Indiahlas[sét [algbal ib [piroducelehough [clean [ehergy [td [belable b [electrify[all illages by [2l010. [According
toltheplanlglooo MW [dffrénewablelehergy [should [Heladed by 2o o7 forthelgbal kb blelabcomplished, sb
thatthelshareldfrknewablesWouldrise[td [1b[Her[cknt.[ThisKind [dflambitious[goal rkquire huge fhvest [
ments, [sbomelestimates[claim [eiven [l 5 [iTillion Ghans[(ko06). Tt s Mikely [that [these[goalsill[Encourage
furtherGhnovative[dctions[Among[Chinese[deoplednd [Business,[@nd ill [dpen [Business[dpportunities
also[fbrltheir[American,[Buropean[and[Asian [Hartners.[Both[cbuntriesMavelaffordableThbor, [emerging
crowd lofflehgineerslahd khow[How. [ChinalalreadyisWorld’s [argest mhobile[phonemharket. Perhaps[sblar
panels, ind mhills ok hybrid [chrsale mext. [AEA R0 07)
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2.3.DevelopmentdnthedUnitedtates

EnergyThformation[Administrations[Annual (Energy[Outlook[Zoo8 [presents[diverselstenarioscbncern ]
ing[thelrksultsldfidifferentehergy [Holicy[daths. Tt [contains[alrkferencelsbenarioWhich [skrves[as[alclear
basis[againsthich [ather[alternatives[chn[Belcbmpared.The[AEO [rkferencechserkflects rbduced[ekpec]
tations[fbrleconomiclgrowth: [GDP [grows at [ah [alverage ahnual rhtelal (2.4 [% ftom [2o06—2030.[(J.S.[Bn ]
ergyThformation[Administration[2008)

Infthe[AEO[rkferencelchsethelfbtal [primarylehergy lcbnsumption [grows by 1Y [percent2006—2030, ftom
99.5[guadrillionBtutd 1i8.olguadrillion [Btu i [2o30. Howerlektimatelcbmpared [fd [previouschlculations
isihfluenced [MyIbwerldconomiclgrowth,[greateriseldfthoreldfficient[dppliances[@nd ehicles, Higher
energy [prices, [ahd [slower[growth [hlehergy Ghtensive fhdustries.[Residential [delivered [ehergy [ebnsump[]
tion[grows[ih theRSFtom [b.8[quadrillion Btuih [Boo6 EbIb.glguadrillion Btu ih Ho30 [(b.7percent [per
year).[High [delivered [dnergy[Prices[dnd [Slower[growth [fh[dommercial [Squarefbotagelkad b [dlower
growth[ih[enhergyldonsumption: [delivered [dommerciallehergyldonsumption [grows[from[8.3[duadrillion
Btuin[Boo6 b [i.3qguadrillion Btufh2b3o.[(U.S. Bnergy Thformation [Administration [2008.)

Histary Projections
Transportation
30 - /

} _Wé

I G T

10 _M ______—-—---. Commercial

1880 1950 2006 2020 2030

Figurelzb. DeliveredBEnergydonsumption by [Sectorl(quadrillionBtu) Th[ITSA. [Referencelstenario
(U.S.HnergyIhformationlAdministration(2b08).

Since[1b97,[delivered [energy[donsumption Ghthe[SAlGhdustrial [sector[Has[irended [downward, [fhlling
from[2l7 [guadrillion Btu b [25 [quadrillion [Btu h 2006, [h [shite [af [sing [alutput. Thdustrial [delivered [eh [
ergylcbnsumptionidlekpected td fhcreasefd Bl.7Iguadrillion Btuih 2o30. Growth it fhelehergyihtensive
manufacturingihdustriesaverages[al.7[percentalykar ftom 2o o6 i [2l030.Meliveredlehergylcbnsumption
in[the[transportation[skctorlgrowsibl33.olquadrillionBtufh[F030.[AU.S.Bnergy Thformation[Adminil]
stration[2b08)
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Total [cbnsumption[dfliquid [f1els, Ghcluding[Hoth Ebssil liquids [and [Mio [fhels, 3 [ekpected [ib [grow [from
20.7[million [bharrelsperdayih 2006 fdBk.8 mhillion barrels pkerday ih [Blo30 Mhich s Idwer [ektimate than
beforeldue b fhemew TIDVQAFE standard specified i [RISAE007. Much bf fhe difference appears i fhe
transportation[skctor.[Watural [gasldonsumption Ghcreases[from[31.7[tillion [dubicfeet [(h[Hoo6 [Eb[33.8
trillion[chibicféet ih 2016, then [declines b [3b. 7 [ftillion[chibichih [2030. Hlectricity [generation [akcountsfbr
5.olttillion [clibicféet [ofmiatural [ghs huseith [P 30.[(.S. Mnergy Thformation [Administration[2008)

Totalldoal [donsumption Ghereases[from[d2.5[quadrillion Btufh[Ho06 Gb[39.9[quadrillion Btulih[Fo30.
Coallcbonsumption i$[drojected [ib [grow at [alfhster rhte[fbward [thelend[dfthelderiod, [Jarticularly[dfter
2020, [ak[cbal se[fbrmew[cbal [fired [generating[chpacity [grows [chpidly.[Qoal cbnsumption ih fhelelectric
powerlséctorihcreasesftom[2b.7[guadrillion Btu i 2o20 kb [2F.5[ghadrillion Btu [ Bo30,ahd [ebal ke [at
CTL[plantshcreasesfromld.6[guadrillion Btuih[Go20ibaloguadrillion Btuih[Go30.[AT.S. Energy Th [

formation[Administration2008)

The[AEO2008leferenceldaseGprojects[dubstantially[dreater Gise Ldf[denewable[énergy[ds[d [desult [df
EISA2007.[Total [donsumption[df[tharketed [denewable[fuels[grows[By[3.o0ercent [PerGlear, from[8.8
quadrillionBtuih Boo6 b [B.7[guadrillion Btu fh[2o30.[About (455 [percent [of the [demand brrenewables
inlogoidfdrigkid klated[electricitylgkneration. [(U.S. [Energy Thformation [Administration 2008)
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Figurelzs. Energy@onsumption[Hy Buel[(quadrillionBtu)Gh VSA[U.S.[Energyihformation[Ad[]
ministration[2008).

Thelrhpid[growth [ih thehiselaffrénewablefhels FbrEtransportation réflectsfthe [BISA2007[RFS, Which [skts
alrequirement [fbr[2h [Million [ghllons [aff laldvanced [Mio fhelsand [36 Million [ghllons [af fbtal [rknewable fhels
by[2b22[J.S.EnergyThformation[Administration[2008).

Ethanolselgrowsftom 516 Million[ghllons i [2lo 06 kb [23.9 [hiillion [ghllons ih (20 30. [Bthanol iise fbrlghso [
line[Mlending[grows[b[1l3.4 Hillion [gallons[and (B85[donsumption b [lo.5MHillion [gallons[ih[3030.[The
ethanolshpply[idlekpected ffd bk produced ftom [hoth [cbrnlahd [cklluloseféed [stocks, Whith [ebrn [akcounting
for[ik.ohillion[ghllonsahdlcklluloselAlg billion[ghllonsloflethanol [production i 2030. [Bxcluding hlydroe [
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lectricity,[rénewablelehergylcbnsumption fdrlelectriclpowerlgkneration[growsftom[al.g [quadrillion Btu it
2006 tb[3l2[guadrillion Btulih 2b3o.[AJ.S. Bnergy Thformation [Administration 2008)

Energy[ihtensity, mheasured [ak[primaryse [per(dollaraf[GDP, [declines by [about[ane[third ffom 2006 kb
2030 fhelRS.
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Figurelzy. EnergyWselper(dapitalandperDollarlafl@DPl(indexth80=1)ih TSA(U.S.[Bnergy Th [
formation[Administration[2008).

Netimportsloflehergylsharelarelekpected fdlcbntinuemheetinglalmajorshareloffdtal[0.S. ehergyldemand.
EISA2007@ndfhedew[TAFEStandards[However[Servefo hoderate[growth Ghdnergy @mports. [I.S.
crudeldlilpfroductionisihcreasesfrom(5l1mhillion Barrels [per(day ih 2o 06 kb [alpeak [af (6l 3 mhb/d i [2l018,
then[stibsequentlyldeclinesfd (516 mhb/d it [2030.[(U.S. Energy Thformation [Administration[2008)

Totallelectricity [donsumption[growsfrom[3,814[MTWh[ih[Ho06 [ib[4,972[TWhGh[d030,Ghereasing [aft [an
averagelahnual lchtelof[1l1 [percent [(1J.S. [Bnergy Thformation [Administration [2008).
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Figurelz. (Motal[Bnergy [BroductionldndQonsumption[uadrillion [Btu) Gh ITSA(U.S.[Bnergy Th[]
formation[Administration[2008).
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Infthe[AIEORbo8 [réferencelstenario, thelcballsharelofkdtal lehergy ke icreases ftom (23 [pkrcent i (200 6 b
25 [percent it 2030, While fthe [sharelofmhtural [ghs falls ftom 2k [percent fid [2lo [pkreent, [ahd the liquids[share
falls[from [4lo [percent b [3t7[percent. [Thelcbmbined(shareldflchrbon [Meutral [rtknewableland [muclear [ehergy
growsflom[5percent it 2006 kb afpercentih[2b30.[A.S. Mnergy Thformation [Administration[2008)

Takenkdgether, [projected [ghowth i the[absolutelével loflprimarylehergy lcbnsumption [ahd [alshift fdward [al
fuel[thix With [slightly ldwer[dverageldarbon [dontent [dause [drojected [energy[rklated [emissions [df [CO . [tb
grow by [1b [percent [from [2006 [ib [Z030. [Projected [ehergy rklated [AO, [emissions[growftom [5,890 [million
metricidnsfinBoo6 k6] 851 miillion metrickdnsin2o30.[(U.S. [Energy Thformation[Administration[2008)

Figurelzb.

Figurelzy.
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tion[2b08).
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FigurelZ8. Carbon[Dioxide[(BEmissions[Hy[Sectorldnd[Buell(nillion[thetricltbns)Gh IWSALU.S.[Bn]
ergyThformationlAdministration[2008).

AEO[bo8[presentslthreeews afletonomiclgrowth forithepirojection [period. [Beconomiclgrowth[depends
onlgrowth fhIabourfbrceland [productivity.Thehligh [ahd [the Idw[growth [chses[showtheleffects [af [alter[]
native[dconomicldssumptions[dn[theldnergy[iharket[Projections. dn[the[Righ [growth [dcenario,[GDP
growth [averages[3.0[percent [allykar[and ih[fhe ddwgrowth [chselthe[percentagelis 118 [peryear.(Amission
projections[change[With [conomiclgrowth [@ssumptions. [Bmissionsih[Fo30 [@re[d[ercent dbwer[ih[the
lowl[growth [chselahd [Qlipercent (hiigher i thehligh [growth [chsefhan ih fhe[RS.Thertlationship id(strong ]
estbrthelihdustrial[Sector@nd b désserldxtent Ghlthefransportation[sector, [Whereldconomicldctivity
strongly [affectslehergy lse[ahd [einissions[ahd Wherelfiel [choices[ale imited. [Th the ldwlgkowth [stenario
industrial[delivered [énergy[donsumption [fhlls(ib [34.2[duadrillion (Btu[ih[2030,[dsGhdustrial Maluel[df
shipments(growslainly bly[d.5 pkercentperfzkar. [Th the hligh [ghowth [skenario, ihdustrial izhluelofshipments
grows[bly[2l o [percent [perear(and[ehergy [cbnsumption(rses b [3h.7[guadrillion Btu ih Bo30, Which (3 h
percent[Higher[than[ih[the[RS.Th[Hdo030,ransportation[sectorlenergyldonsumption[il[about[8[Hercent
higher[ih[theMhligh [growth[stenariolahd [B[percent Idbwerihtheldwgrowth [stenario than ihtherkference
case.[ThemhodesWith[theTargestihcreases(areMeavyttucksland [aircraft.[AJ.S.BnergyThformation [Ad ]
ministration[2oo08)

2.4.Developmentdntthedturopeandnion

ThelbliggestchallengefbrtheBuropeanlehergylskctorlihthemext[decadesWill HetbHalancelshstainable
development, [cbmpetitiveness(aind [skcurity [df[shpply.[ThefhvestmentMeeded ih this[sknseid[ektimated
tolbkhluge: aboutlohe ftillionehirosaverthe ext [5lo kars.

Inldrderibmheetthelabjectiveslabove, thefbllowing[six [priority [areas(ahd fhelrklated [actions[Have Heen
identified by the Qommission [offthe [Huropean Jommunities (2006):
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1. Complete[the[BU[hternallgas[and[electricity (tharkets.[This[dould (He[donehainlyfthroughthe
development [aff[alBuropean[Grid, Bmproved ihterconnections(aind [cbordination [Between rkgula[]
tors,lcbmpetition[ahithoritieslahd the[Qommission.

2. Ensurelthe[EUlhternal[dnergytharket[guarantees[decurity[df[Supplyldnd[dolidarity [(Between
Member[States.[This[Would [Helachieved [primarily through [@Buropean [ehergy [shipplyldbservall
tory,Which Would[enhhanceftansparency[an [skcurity [df [ehergy [shipply G$sues[and [ehergy[stocks
withinlthe[HU.

3. PromotelalJommunity[Wideldebateloh fheldifferentehergy [sburces,ihlarder b mhonitorihatfhe
overall[HU [ehergy [mix[plursuesfthelobjectiveslaflskcurity [af [shpply,[cbmpetitiveness[ahd shistain[]
ableldevelopment.

4. Dealithihelchallengeslaflclimatelchangelih [almhannerlcbmpatiblemtith s Tlisbon lobjectives.Th
particular,[clear[gbals[should [De[skt b [prioritize[ehergy [efficiency [(vith [algbal [alf [shving [2lo %% [off
thelehergy thatthe [HEUMWouldldtherwiseseby [2l020) [ahd [alldng[ferm [rbad thap fbrrknewable
energylsburceslshould befitnplemented.

5. Presentlalstrategiclehergyféchnology [plan[tbfhe HuropeanQouncillahd Parliament, [sb b mhake
bestikelofBurope’scésources

6. Defineldldommonl[éxternallénergylpolicy, hich[shouldGhcludeldlsod[PanBuropeanEnergy
Community (Mreaty, [alnew[ehergy [partnership With Russia, [ak Well [ak [alnew [Qommunity mhecha [l
nism[tblehablerhpid [@ndcbordinated [rkaction [tb[elmergencylelkternallehergy[slipply [situations
impacting[HUlshpplies.

In[rklationfbtheseldriorities, [stenarioshave[Been[developed ib Ebrecasttheldevelopment [df[ehergy [de ]
mand i fthemext ykars.[Onelekample[sdthelstudy[chrried [t blyNational Mechnical Mniversity lof[Athens
for[theDirectorate[General fbr[Energyland Mransport [df fhe[Buropean [Qommission.Themhainfindings
offthebhselinelstenario [ateréported below((3):

80 % dflihcrementallehergylcbnsumption[tb[&@o30 bill (Hemhet My matural [ghs, Which ih [Ho30 Will[Helthe
second Idrgestfel, With [32[% lffbtal U 15 primary [ehergy [demand. [Oil Will rémain theldrgest flel ahd
willmeet(35 % [of fdtal [demand. [Mantzoslet[al.[2lbo3)

Renewables[arefdrecasted it [Hefhefastestgrowinglehergy [sburce, But theirlsharerisesfrom [ainly 604 it
2000, tb6[714 P [h[Bo10ahd[8.62 ih 2030, atcordingfd Baselinelaksumptions. [(Mantzoslet [al. [2l003)

NuclearWill[ihcreaseldnly harginally [(+ 3 (%) [Gh [Ho10,[Hut [its[dutput fh[Fo30 Will (He[sbme P2 [% Dbwer
than[fh[2000,[alrksult[dueltd the[duclearphaseldut [df[sbmeMember[States.[Thelconsumption[dflsblid
fuelswillldecreaselsteeplyih[themhediumEérm, blut Will régain s [Pooo hlueih 2030, [ak[alrEplacement
tomluclearlehergy.[(Mantzoslet[al.[2003)

Theltertiary[sectorland fransport [Will (He[the [Fhstest [growing final [energy tharkets, (Hoth [growing[thore
thanlaverall final [ehergy [demand.Therhil [sharelolf[bloth [passengerahd freight fransport Will Fall Hecause
ofllarge[shibstitution[away [ftom [rhil fransportfh[thelcbuntries[accedingfb HU.Mhelfhcreasing[GDP [Her
capitalofftheselareasWilllalso léad [tb [alglowing[demand Ebr[air fravel [ahd Kim fravelled [per[chpitaih fthe
EU25[(hbout(sb [ ihcreasefihfheréferenceperiod) (Mantzoslet[al.[2oo3).
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Electricityid[fbrecasted [t [befhefhstest [growing fhel fhFnal se [About 116 2% [pl.a. iy [2lo30), Ebllowed hly
heatffom [QHP [ahd[district Heating [plants. [Gas(also[grows[abovelaverage[(d.1%[.a.), theanwhil e [olil [Will
increasemhorelslowly: [despitelgtowing[demand it Eheftansportlséctor, thisrésult réflects the Fhel [stvitch [
inglalvayftom ol i [otherfinal [demand[séctors.[Mantzoslet [al. 200 3)

In[the[Baselinelstenariothehcreaseldfrenewablesih [final [ehergy[demand ill (e rhther[slow, My anly
0.2[% pla.[Mantzoslet[al.[2003)

Forlelectricity[generation,[dver[the[drojection[feriod [Matural [gas[(Hecomes[the[thost important[sburce,
meanwhilelsblid fhels, ol lahd Muclear[all Idse mharket[shares. [Renewablesbecomemhuch mhorefiportant,
almostmhatchingmuclearih[3030,[But, inder[Maselinelcbnditions, [fhil [ib [rkach [the[@2[% [thrgetfh[@o10
the[HP[sharefhcreaseslanlymhoderately, despite ifls Key [cble i he [efficient ise [af fbssil fhels. [Mantzos
etlal.[5bo03)

Investment[rkquirements[ih[electricity[generation[arelcbnsiderableHecauselchpacityihcreasestblabout
950[GWI[ih[@Ho30.Blectricity[drices[@re[dlso [fbrecasted [fb[decrease, [thus[rkflecting[efficiency[gains[de[]
rived from [fechnological (Progress, (el [Switching[dnd [dompletion [df[the Ghternal [tharket. [(ICapros[&
Mantzos[2bo6)

2.5.DevelopmentdnRussia

In[@005MheQommitteefbriheButurefbrmed [algroup Fbcused [an Russialiksues, Which Werelshipposed
tolcbllect mhaterial labout the piresent [statelahd fhtureldevelopment fh [Russia. [(Thelgroup ihvolved [skveral
experts, wholekpressedtheirdews[aonfhelshibject. The résultsloffthe Russialgkoup Mere pliblished i fkar
2007[aboutltheRussiafih[2o17.[(Kuusiletal.[2l007)

Russian[dconomiclislexpected [tblgrowlstrongly[ih [the[dearfiture; [Hossibly[Someldeceleratingi$[seen
near[3017.[Growth [rhteli}[estimated [tb[Hel3— 6% hlthedear[fiture. (Thelekceptionally[Hugeldisagree ]
mentslamong[ektimates[rkflectthemhagnitudeldf iincertaintiesfhvolvingRussian[prospects. Russian[rii []
bleilllstrengthen fbr(skveral ears, (blut [ Won’t keep [the[shmelpace [0 [% Mdst Féwikars). Dueld [grow ]
ing[@DP[ahd[strengthening[rhible[Russianfinportsihcreasefhst. [Ontheldtherhand thelrkallstrengthen]
inghlindersithelcbmpetitivenesslaflekports. [(Kuusilet[al. 2o 07)

Infthebeginninglaffthe2hstlcéntury Russianail[productionlgrewalmost [1b [% perykar. However, [akcord [
ingtdithelofficiallebtimatesbbthaillahd [ghs[production Willihcreaselohly 2% [per kar i fhe ear fhiture.
Ifithelchrrent ftend G3[fbbelcbntinued Russianlehergy productionid[decreasinglalready i kar[2o17. Be
causelaffthisthelshirplusldflchirrentaccountsiwould belgbnelin [alféwkars. [Then fhelcbntinuing rsing[af
energy[priceslih [the[World [tharkets[isTikely [fb [dompensatethe[reducing[dfthe[dxports. [(Kuusil&t [dl.
2007)
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Besideslédnergy[production[Russian[government[Has[dtrongly[dmphasized ICT[rklated (Branches[ds[d
strategy[ih fthefhture. [MheHlectronicRussial2bo2—2010program hiashhd 216 billion[dollarsForlehabling
internetkagelahd mewlelskrviceslamonglcitizenslahd cbmpanies. [(Kuusilet [al. [20007)

Population[dontinues(ib[decrease. Tt [rkached [its[Feak[at[1g92, hen [t [Wasldver[1y 8 illion. Wowl(the
amountis[dver[i43[mhillion, [and [According[ib [theRussian [Statistics Gh fear[do17[Hopulation ould (He
approximately[i35mhillions. [However il mhust (be Kept [ih mhind fthat [predictions[alre[sknsitiveekpecially b
grand[population mhovements. Russia’smhulticultural fradition ehsuresthat Russiaill cbntinue b (b fhe
destinationfbrimmigrantsftom fhe fbrmer[SovietMnionlcbuntries. Tt 3 [also [possiblethat Russialstrives
for[persuadelthelapproximately (25 mhillion Russianslivinglolitside[Russiatb [rbturn. [Russiahlas[rklatively
largelagelgrouplafthoseborn i fhe8os. Still the [population [akhieving the Working [dge Will [gb hialves [bly
2017.[Theldressureiblddjustih Work[tharkets,[dducation [and[ih [thilitary G lenormous. Becauseldf[the
weakening[rklation (between Workingpopulation[ahd [peopleldutside Work mharkets[clirrent [Russian [pen [
sion [system Will bk fhadequate. [(Kuusilet(al. 2o07)

Inequality Will [strengthenfh Russian[sbciety. [The[differencesih fhcomelahd Wealth [between [PJeopleland
regions[emain[dmong[theHiggest[ih [the[World. Mevelopment[fbwardsirbanizationReeps[dnlstrong.
ThisWill [decreasefheMeed kb mhaintainfthefhherited fhfrastructure.[On theldtherHand [t Will [sktmhore
challengesftofthelcitieslability tdthke it fhe mewrésidents. [(Kuusilet 1. [2o07)

Russian lekpertslahd fthelallministration[akemhoreaware laffthe [problematiclstenariosih the fiture. Howl]
ever,ihternationallekperience[has[shown fhat mhany[dffthem[alre [Hard [fb[change. Tt [$[dbvious[that[elen
with [strong[Will i [i$[Hard b [get[rid [dfThefficiency, [cbrruption [and[discretion. Wsually i [Has[shicceeded
only[ith[developmentfbwards[democracyand [divil [sbciety.[Theldxpansion [df[the[thiddle[dlass, TICT]
development[ahd hternationalization[cbuld mhake[possible fd Mavelapenness, [efjuality[ahd [democracylat
somelektent.[(Kuusilet[al.[2loo7)

Thelstate[dflthe[datureBeepsldn[Weakening, [though[Russialis[dne[df[theHeneficiaries[df[the[dlimate
change.[So[RussiaHolds[strongHosition[doncerning[Megotiations[dbout[global [dctions[dgainst[dlimate
change.Warminglclimatebenefitslagriculturelahd skaftafficlchn [belekpanded i fhemlorth. [Thelsbuthern
parts[dffthelcountrylarelikely[tb [shfferland helting[dermafrost[cdan [dausenexpected [roblems[tbthe
energyldroduction[and ftansportationihthe[dorthern[parts. [BventhoughthelaverageftmperatureWill
riselih [the[Morth[PeopleWill[dontinueib [dentralize thto[fthethoreldenseldouthern [dreas. [(Kuusilgt[4l.
2007)

Thelfrstlseenario EGlobal[Jower[Hlayerih (Hnergyissues” fhcludes[dMision [dfldptimistic[development
with[strengthening [principles [df[Thw[dnd Ghistice[dnd [thore[diverse[dconomic[ife.[Thedkading[dxport
companies[ihlehergyfield Mariegatetheir[HusinessbIibor[ihtensivelareas.Molicylshift i fbwardséss
controlled[democracy.[Thelscenarioldan (He[dompared [With [fhe[dituations[ih Japan[dAnd [South [Korea,
which [Haveldroceeded b [efficient[democracylih Elatively [short Hme. [flcourselit hust [(Hethken [fhto
account [thatlThpan[ahd[SouthRoreawere hoth laccupied by TS AGh theBeginning[offthe [process. [(Kuusi
etlal.[2bo7)
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Thelskcond[stenario EDiversemhosaicH[Russia” fhitiates from thelcteativity lahd meedsaf the mewmiddle
class[ih[Russia.[Thelstructureldfithelproduction[cbhntinues[stronglyih fheRussian[mharket, [especially [h
thelskrvicelskctor. Marge [skgment [df the[skrvicelskctori$ fbcused [dn[cbnsumables[distribution [and [pro ]
ducinglcbnsumer(sérvices[ih fhehomemharket.Mhelehergylekport Mo Idngerlcbverstheihcreasingimport
cost,[fhe[Halanceli$[provided My[thelekportdflskrvices,[especially By ICT [and Ghternational Mirism. [Sce [
nariolchn mbt[attualize Withoutlsignificant fhcreaseih lapennessfdwards[HU. (Kuusilet al. 2o o)

TheMame[™Diversemhosaic[24Russia” rkfersfbihcreasinglacceptance ldf Mersatility. [Mraditional [(Russian
traits[@rksourcefulnesslandlcreativity[dBHecomemational [strengths. Bventhough Taws[alre[Held (Binding
inDbliglquestions[ahdih fhternational rélationsthelalithorities’ Eblerance fbwardsIaw(bending i3 Mligh [ [al
locallstale.Diversemhosaicldcenariopresumes[that by ykar[@lo17Russiahlaslelolved kb [alstate which e [
spectslahd[protectsihdividual fteedoms. [This i3 [akcompanied With [the[prospect [of [starting[the mhember[]
ship[degotiationsWith(RUGh[H017.[Anyhowli s [donsidered boHold [Ib [think [Russialds[Athember[ih
2017.[(Kuusilet[al.[2bo7)

Third[skenario[fThelOligarchy” [Assumes[that[skrong[elite Holds[the[dower[ih RussiaWith [alshipport [df
military, [police[fbrceland[ehergylcbmpanies. Thelelite[slicceed fb [thaintain [cbnsiderably Migh [quality [df
living[dependent [ah [ekport fhcome, [eWen Fhough thehlasis[af thelebonomy rémains thelshme. Tlivinglcbn [
ditions[ahdthelstandard [df living[ih the[thiddle[dass[alreHighly [dependentdnthelshipportibthelelite.
Majorphart afthepopulation hlaveldwlstandard ofliving[ahd [ake rEliant kb [ekchange lebonomy. [Qivil Iégal
protection[andldquality[do ™ot [dctualize. Wational Malues[and[security [dre[dmphasized. Horeign Ghter[]
veneslare[donsidered [ds[Hostileldctions[and [droblemsarelelxplained b [Erise[from fbreign [dctions. [The
elitelshpportihtoleranceffbwardsmhinoritiesfto [distracttheldissatisfactionslainonglcitizens. [Mhemhediaid
runlby thelelitelahd[attivists[akelsilenced. [(Kuusilet(al.[2loo7)

First[fwvoldcenariosldre fbundeddn[the[dssumption[df[Development fbwards[thoreMersatile[dconomic
and[Russian[fhnovativeness,[Butthe means(differ. [Birst[stenariothkesihtoaccountthelspecial fraits [df
Russialand[Gts[Mational fraditions.[Theldther[skenariolrksembles[thelshiggestionsWestern [dommunities
havelgresented. dlast[scenarioepresentsthePdrogress[fbwardsthorei$olated (Russia. Tt [Hardly [dan[He
considered[ak[alpositiveldevelopment. (Kuusilet[al.[5007)

AlongWith thelektonomiclgrowth[Russianehergylcbnsumption[is[ektimated b Keep lan [growing [between
2005@hd[2b20.
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Figurelzy. ConsumptiondfiBrimary [Energy ih[Russia[(UWh)[(Ministry[dflithe[Russian [Bederation
2003a).

Russia’sldngerm [gbalslihehergy [policy[areldevelopinglgbvernment’sfransferpayments, advancingleh [
ergylsecurity,improvinglenergyldfficiency[dnd [diminishing[environmental (Harms.[Russialds[dlstate[i$
dependentlahn thelehergylskctorland Miceersa. [OnlaneMand thelehergylskctoridthe mhost fnportantih [
comel[sburce,[dn[thelatherhland GiiGstheMiggest rkceiverdf[shibventions. [Horthelehergy [skctor [fbmhain []
tain[Gts[dompetitivenesstheldubvention [HolicythustHeldirected [ffectively. [Ministry[df (Energy [df[the
Russian[Bederation[2l003b)

Thelproblems dfthelehergylskcurity ih[RussialalefheWeak fhfrastructure, fhelpressurelanehvironment
bylehergy[droduction,Ghefficienciesih[themharkets, Thck[dfrbgulations[@nd theldependencylan[dil [and
gas.[Tolahswer[these[problems[Russiahlastbmhodernize[iis[production.Thelehergylcbnsumption [struc]
turehlasid belcbnverted ihto Iéssloil lahd [ghsfhtensive. [Thismheanslaldingalternativelehergylproduction.
Atlthemhoment[Russia’slenergyihtensityi$[dver[doublelcompared b [rkst [dfthe World [and {tiple[com[]
paredtd[HU[cbuntries.[Advancingthelehergylefficiencylidlctucial kb [skcuretheletonomiclgrowth. Produc]
tion [meed [t [Beldirected [ak Téss[ehergy [cbnsumingihdustries. Different Kinds[oflehergy [shvingféchnolo[]
gies[thustMeldeployed. With theselactions[Russia’slehergyihtensitylcbuld[decreaseleven 50 [% My [&o20.
(MinistrylofBnergyloffthe [Russian[Bederation 2oo3a)

Thereasing[Russia’slenergydroductionHas[also fhereased[environmental (Harms[and [threats. Bnviron ]
mental [pblicy (hlaslaimed [at [developinglehvironmental standards b mhatch fhose ldf (Huropean. Bconomic
guiding[and[dromotinglehvironmental Mhonitoring[MasHeen sed [@s[theans. [Ministry [df (Bnergy[dfthe
Russian[Bederation[2lbo3a)
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2.6.oTheFutureofdnternationalcClimate®Policyo-BurdensSharingtApo

proaches

Withthelprospectloflclimatemlegotiations, [ekperts, [stakeholders, [ahd [gbvernments[hlave[aksessed [alrhnge
ofldptionsfbrladvancingthefhternationallclimatelchangeeffort Heyond [2012. Horihstance[AEW [Qenter
has(chrried [out[albroad [shrvey df(alternativelapproachesproposed. [Theshirveylehcompassed [mhorethan
40[proposalsleitherpublished ol [publicly presented by 2b04. [Claussen [&[McNeilly, 1H98)

Any[Proposal[for[ddvancing[the[ihternational [dlimateldffort[domes[dgainst[the Backdrop[dflthe (TN
Framework[Qonvention [dn[Climate[Change [JUNFCCC)[@nd[theKyoto[Brotocol.[The[igg2[Hramework
Convention, [rhtified [bly B9 nhtions, [ektablishes thebasiclstructure lof fhe [ekistingclimatelchangerégime.
ThisGhcludes: [themltimateldbjective [df [stabilizing [greenhouse [gas[(GHG) [concentrations[alt[shfe dévels;
general [grinciples[sich [ds[fgrecaution, [dost [effectiveness, [@And [dommon [Hut[differentiated esponsibili[]
ties; [dbligations[tb [Heport[dn [GHGLdmissions[dnd [dational(theasures[ib[dombat[dlimateldhange;[dnd
commitments [fbr[assistancel@and [ftchnologyiransfer[ib[developing[dountries.[TheKyoto [Brotocol [sets
forth[guantitative[commitments[bly[developed[cbuntriestbrkducefheir[@GHG[elmissions.Theselcbmmit[]
ments[thkelthefbrm [df[absolutelemissions[thrgets, [@pplicable b [albasket[df[six [greenhouselgases [fbr[a
five[ylear[cbmmitment [period. Mhe[Protocol [einploys mharket [mhechanisms[shich [ak[einissionsfradingland
thel[Clean[Mevelopment[Mechanism[(ICDM), [And[allows[Parties[fb[dchievetheirthrgetih[Part[through
sinks[attivities[shich [akréforestation ahd fbrestmanagement. (UNFCCCLY92)

Someldffthe [proposalsbluild[dn fhe Hasiclarchitectureldf (Ryoto—forlekample, by [ektending [the [ADM [dlr
bylarticulating[alpgathwaybwardsBroader[participation.[Others[depart My hrying[degrees ftom[thelelk [
isting[alrchitecture—forlelkample, My [articulating[aldifferent Hpeldficbmmitment [(bolicies[ahd [cheasures
ratherfhan[guantitativelelnissionstargets); aldifferent megotiatingprocessChational [pledgesrhtherfhan
internationally [Megotiated cbmmitments); lal [aldifferent fdrum [Ch[sinallergrouploflcbuntriesththerthan
alglobalpirocess). [UNFCCCL$92)

Thelproposals(differ[Widelyih[theirlstope.[Somelarelcbmprehensiveih Mature, [skttingFbrth [alcbmplete
pictureldffalpossiblefiturelrkgime. [@thersladdress@particularG$sueih fheMegotiations—forlelkample,
thelpelaflelnissionstirget that [should Melised lalr thelctiteriaforidifferentiatinglcbmmitments. 1t G4 Gin [
portantblrkcognizelthat,fbfhelektent, [different[proposals(address|differentidsues, theylcbuld Helcbm[]
plementaryrhtherfthan mhutuallylekclusive. [UNFCCCL$92)

Oneldiffthemhostlcbntentiouslissueslaffldifferentiation [of [(future) [cbmmitments[id[Who[should[cbntribute
when[ahd how mhuch b Mmhitigatelgloballclimatelchange lahd [tb the[cbstsrksulting ftom [adaptation mheas [
ures’.[Thelcbncernsdfleljuitylaind[efficiency [are iinportant fhthelealuation [of the [possible Burden [shar[]
ing[mhodels, Which [determinelelmission [commitmentsEbr[differentcbuntries.[All [fh[all, (13 Mot [an [ehsy
task[od find [almhodel, which [will [shtisfy [all [parties. Th the Mext [Paragraphssbmeihterestingmhethodsand
modelshised[fbtheldifferentiation[df[dommitments[dre[Hrieflyldescribed. Tt [can[Beldiscussed Whether
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theselthrgetslshould[Melsktfbr(differentcbuntries, Which [arethe[partners(dfthe[Climate[Qonvention, [alr
tolthelcbmpanies, Which [are[themhain[emitters[dfthe[GHGs, [dr[fb [fhe[final [cbnsumers[dfproducts(and
services it [atherordsoh[per(chpita’bhsis. [(IJNFCCCa$92)

The[Brazilian[Broposal distributeslelmission[rkductionstb[AnnexMRarties[Hased[dn[rkgionallcontribull
tion[Ib[femperaturelihcrease[duelibltheir[Historical [émissions(kince[1890).[TheHurden[[shared[Be[]
tweenihdustrialised [cbuntries(dn [fhe[Basis[dfffhelclimulativefémperaturelchangetheyhavelchused, [ile.
effectivelemissions.[According b [this[droposal, [cbuntries [With [@lbngerMistory[ih Ghdustrialisation [and
hencelalbligger[résponsibility Would [Berkquired b hakelarger rkductions, Whilefhosethat [Have fhdus ]
trialised [rklativelyhte (dould [Have[Ibrkducelkss.[Theleduction fhrget fbr Mnited (Kingdom [Mould [(He
63.3[2% hereasforGreeceiiouldahlyheZl 52 (UNFCCC,1997).

The[American[Pew[CenterMas[Presented [driteria[{responsibility, [dtandard [df (iving, (dpportunity) (b
group[dountriesGhto[fhree[Hers[thigh,hiddle,dbw) ith [different [Ikvels[df[@ction [equired [(Imust [dct
now’,[dhould[akt Mow, but(differently’, [cbuld [akt mow’).[ThelHers [ale mheant [fd [akt [ak Ahdicativegroupings
forfhrthermlegotiations. [(Claussen R M cNeilly,1H98)

Inlthe Multilstageldpproachldlgradual Ghcreaselih[the[dumberldf[Rarties[fhvolved[and[theirIevel [df
commitment[{noldommitments;[deldarbonisation;[dtabilisation[df[émissions;Burden[dharing)Hlakes
placelatcordingd phrticipation[ahd differentiation rhiles[MenMlzenlet [al, [5l002).

Onelthethodused fh [Burden[sharingproposalssthe triptychldpproach,Which [3[alskctorland Féchnol ]
ogyldriented [@pproach[that[dccountsbridifferencesih [Mational [circamstancesshich [ds[Hopulation [size
and[growth,[standard [dfliving,[economic[structureland Fhel Mhix fh[power[generation. [TheMriptych [ap ]
proach[is[alskctor[approach [distinguishing[threelchtegories[dflelmissions, cbrresponding b threelgroups
oflebonomiclskctors: thelehergy itensiveihdustry, thepower[producinglséctorahdtheldomesticlséctors.
Accountingforihryingmlationallcircumstances, [different ctiterialalemised Fbrlehch [afthethreelchtegories
tolchlculatelskctorallallowances. [(Phylipsenlet(al,1H98;Groenenberglet(al, [2b01)

Furthermore, thelthultildectorldonvergenceldpproachMasthanyldimilarities[With[the[Hegion[driented
triptychlabproach, buthhs/algloballcbverage. [Also, the multi[sectorlcbnvergencelapproachcbntains mhore
sectorsthan ftiptych, which mhakesfmhoreflexiblelahd[allowsmhorelebuntry[specificlcircumstancestd be
taken[itolaktcount.[(Ringiuslet(al,[5loo0)

Alfhirlamountldflattentioni3[alsolgiven Eb[differentmhodelsrevolvinglaround thelcbncept afthelehviron [
mentallspacelahd[per(chpitalehtitlements,ihcluding contractionlandlcbnvergence,which Gd[perhapslane
of themhostcbmprehensivemhodelsldevised sbfar. Mhelcbntraction lahdlcbnvergencelapproach fitiesfd ke
objectivelyldefined[driteria[for[differentiation [dfldommitments[dnd [dllocates[émission[dllowancesldn
equalper(chpitabhse.[QEA[BDO3)
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CO; Emission Intensities in Japan, USA and EUNS
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Figurel8o. Changelih(the[@O.[Intensity [dflthe[Bconomies[dfldapan,[WSAdnd[BU15[from o600
2001[dnd[the[RequiredDevelopmentiptb Bo50h [arder(tb [ReachlthelQontractionldnd
ConvergencelDarget af]8tdnsfidO02[Perdapita[QEA[E003).

The[National [Thstitutelaf(Public[Health [ahd ftheBnvironment (RTVM) [hthe[Netherlandshas[developed
an[ihteractivelahalyticallcbmputational ftamework fbr linking[the [eialuation [off [different [approachesfbr
theldifferentiationldffiturelcbmmitments(id[globallclimate [protection Ehrgets.[(The [MAIR [(Framework b
Asses[Ihternational [Regimesdbr[differentiation [df [dommitments) thodel[dan [Beised [ib[quantitatively
explorelalwiderhngeldflclimatelpolicyldptionsfbrihternational urden[sharinglahd kb [elvaluatefhelcbn [
sequences|dfidifferent[approachesibfheldifferentiation [af fliture[cbmmitments. (Themhodel Ghcludes(ap [
proaches[that[Ravelgained[policy[dttention,[8.g.[The[Brazilian [Proposal,[Contraction [&[Tonvergence
(GCI),[Global [@ompromise[(Benito Miiller), Triptych [@pproach [(UU), EmissionIntensity[Targetsdp]
proach.[(Netherlands[Environmental [Assessment[Agency2008)

The[FAIR [mhodel fhcludesthreemhodesfbrlelaluatingihternational cbmmitment régimes. [The first i Gh [
creasing[garticipation’[sb[that[fheMumberldflfarties[ihvolved [@nd EheirIével [df [dommitment[gradually
increaseldccording[tb[darticipation[dnd[differentiation[rules[(buch [ds[Jer[dapitalfhcome, [dr[gder[dapita
emissions).Thelskcondi3[donvergence’, [all[Harties[participateih fhe[Hurden [sharingregime With[elmis[]
sion[rights[donverging[iblequal[derlchpitadévels[dver meland [thethird (4 [riptych’: [different [Hurden
sharing[rhiles[alreapplied fbr(different [sectors[(tonvergenceldf[der[chpitalemissionsih[domesticlskctor,
efficiencyland [deldarbonization[thrgetsfbrihdustryland [Jower[generation[skctor). (Thelthreethodes[ih
FAIR, i le.[hcreasing[participation, [cbnvergencelahd Etiptych [cbmbine both different [principlesaf [efjuity
asWell[ds[thost[dftheldther[dimensions[dfregimes.[(Netherlands[(Environmental [Assessment[Agency
2008)
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3.m REQUIREMENTSSETBYETHEFINNISHSOCIETY

This[skction[gresentslenergydolicylgoalsGh[Hinland[(}4.1),[skenario[dlements[rklated [tb kgional [skruc]
ture,[fransportahdfheay lof living [(4.2) [plus rksults [from [alstudy [dealing With [ehergy [attitudes (o TRin [
nishlcbmpanies[(4.3). [ [8Enportant kb motehatahylehergy [stenariosaf[Finland [alemlot [presented [hkere.
ThisG$[dueltbthe[ftabulalrhsa”[starting[point [df[fhe[stenario [process(ib (Helchrried [dut [ih [pHarallel With
thisbhckground réportfbgether with Hinnish [EnergyThdustries.

3.1.&Energypolicymoals

Energy[Gk[dderyldignificant Gksuelih [the[Minnish [ociety. Tt G [dAn Gimportant fhctor[df[Production Hbr
industry, [and Gi[Mas(alcentral rblefh[the ife[and Well (Heing[df (Human [Meings. Bspecially [electricityHas
increased [iis[significance, While[allarger[part [of [different [skrvices[ateprovided[electronically viaThternet
and (nobile[echnologies.[Energy [¢onsumption[n [Finland Gs CdneCof[(The[highest (AmongGindustrial
countries.[ThisG¥[duelib[thelhrgelshareldf[energyGhtensive[Branches(ih (Hinnish Ghdustrial [skructure,
need (for[Theating[Gin [fhe[dold [dlimate,[And [dparsely Ghopulated [dountryvith (A (firagmented [(Yegional
structure.EnergyQiseMas[alsoskveral [different finpacts, Which (Have[Hecome mhore[ahd mhore fmportant
inlehergy[related(decision[thaking.

Targetsland rtkquirements[rklated fblehergyiise HaveMeen skt lp Fbrlalldngfime by theHinnish [sbciety.
These[Have[Heenlihcluded[dt [Holitical Iével Ghldolicy[@rogrammes[and [starategies[dealing[With [ehergy,
and[ih[climatel[strategies[duringthe@ooos[(National[Alimate[Strategy 2001, Qutlineldfthe[Energyland
Climate[Policyforthe Near Future[INational [Strategyftd Tmplement fthe Kyoto[Protocol 2o05; ahd Tong
Term[Energyland[Qlimate[Strategy[5008).[Theselstrategy [documents[chnnot [cbverthe Wholelspectreldf
different[alctors’ Miews.[Several [sbcietal [actors[Have[their[dwn [strategies, [rklated [@mong[dther things[fb
energylissues.Theselstrategies(chnnot[Heldealtwith [Here[ih [detail, but [hthelcbntext[df rkquiremets[skt
upBy[thelsbciety Gt Gmportant fb[Hring[dutthat thelsociety [donsists[dfldifferent [HpesdfactorsWith
different[Kinds[dflehergy lise.[Ministryldf[Tradeland Thdustryih [Binland[Ho01; Ministry[dfMradeland
Industryih[Finland 2oo5; Ministry of Tradelahd Thdustryih Hinland 2o o8)

Globalldlimate[dhange,[dnd [dspecially[darbon[dioxide[dmissions[from [Ibssil (el [dombustion [Havelih
recentYears[Heen[ih thefbcus[dfthrgetsrklated [Iblenergy ise.[Rinland [ds[dlthember[dfthe[Buropean
Union hiasfté fhlfil fhe cbommitmentsbhsed [oh fhe MNFCCCKyoto [Protocol. [(Mhe mhost[significantofthem
isbMmit[dnnual [greenhouselgasldmissions[ib[theirldggoUkvel [during[thefirstldommitment[Period
2008-2012.[The[Ryoto[Protocol [dentifiessix[thajor(greenhouselgases; [chrbon [dioxide[(CO,), mhethane
(CH,),[hitrous[bxide[IN,0),Chydrofluorocarbons[L{HFCs),perfluorocarbons[[{PFCs) Chnd [kulphur
hexafluoride[(8F¢).[UNFCCC[2b08)
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Post[Bo12[thrgetsbimit[greenhouse[gas[dmissions[inderthe (INFCCCldegotiations[Have[dot[Been
decided ykt.[However, [llchn [belekpected that Fhrther fargetslahd irélated ecbmmitments[ateloh ffhelagenda
offbrthcoming[NFCCClnlegotiations.[Huropean I nion[has(alreadylagreed [an [altarget [olf[2lo [ [réduction
inlgreenhouselghsleinissionsftom theiriHgo [dvel. [BuropeanCouncil lakcepted i [Thnuary2oo8alko 2o
20[ehergyphackage”. (EC[2o08) Ot [alsolihcludesthrgetsrelated b [policyidsuesislich [akrknewablelehergy
and [ehergylefficiency($eebkelow).

In[Hinland,[allongMerm Energy [ahd [Alimate[Strategy isnder[preparation.[The Workis[cbordinated My
theMlinistrylaf(Bmployment[ahd fhe[Hconomy. When Mritingthis kéxt[(Beptember2oo8) thelstrategylis
not[yet[available,[sb [fhedbllowing[ikxt [dn [ehergy[Holicy [goals i3 [thainly (Hased [dn [the[previous[strategy
Outlineldf[theEnergyland [Climate[Bolicy for[theWear[Future[2 National [Strategy[tb Mmplement[the
Kyoto[Protocol 2005.[(Ministrylof [Tradelahd Thdustry it [Rinland [2005)

Thelckntrallehergyrelated[policy [gbals(areldescribed ihthe[Qutlinelaf theMnergylahd [AlimatePolicy Fbr
the[NearHuture[MNational Strategy fd Tinplement [theRyoto [Protocol [(2005). Securing lehergy [skpply i3
the[mhost ftaditional lehergypblicylgbal it [Rinland lahd i loktherlcbuntrieslabWell. Mhefarget i kb plreserve
a[thanifold[decentralised [eénergy [shystem[dnd [secure[thel[dvailability[and [shifficiency [df[fiels, [dlectricity
and[heat.[Security[df[énergy [dupplyih[the[dase[df[d tational[drisis[duch[d[War[Gk[Hfocused [dn [the
maintenacel[df[dritical[8nergyihfrastructuresand[dentral [dationalldctivities.[@urrently[the[dbligations
related b [skcurity [df[shipplyfhcludefiel (rkservesthken [chre [By[thelstate[and [Hylehergylcompaniesland
financed My [alshipply [skcurity féefhcluded ih [ehergy thxes (CO, thx[ahd[electricity Ehx).[Themlational [sk[]
curityldflenergy [shipply GsGproved Hyihternational [Agreements[and [Arrangements[rklated b [skcurity
reserveslafffbssilfhelswhich [ale Mot presented i [detail Here. (Ministrylaf[Mradelahd Thdustry i [Hinland
2005)

Developing [theldnergyiharket Gk[dHelatively[dewlénergy [Policy [doal. [Thefirst Mkgislation [dimed [tb
liberalisation[dfltheldlectricity tharket Was[fhtroducedGh (theldarly[iggosGh[Hinland,[dmongthe[first
countrieslim the[World.[At the[HU [dvel, theldirectivelaffihternallelectricity mharket Was[givenih 1H97[ahd
theldirectivelon[ghsmarket fh1H98. TlikelihHinland, alsoih [ather Nordiclcbuntiesthelelectricitylahd[ghs
markets[Were[liberalised [eharlier, [elven [fbreseeing[the[fimetables[defined Gh[theldirectives. However,[the
adopted [practicesihtheNorciclcbuntries[Have[Heen [quiteldifferent. [Ministryldff[TMradeland Thdustryih
Finland[2bo5)

After[thelliberalisation LofCénergy (narkets[hew[investment[decisions[have[heen[Iadelbylénergy
companies[based LonHheldnarket[ituation.[ThisHs[vhy [fheldjuantitative[Hargets[telated o Lénergy
productionlahdlcbnsumptionlaremhadeforlotherpolitical rtasonsthanfthoselofftaditional lehergypblicy.
Themhost[significant loffthe mew[réasons idlclimatepolicyahdrélated quantitativeltdrgetsforigireenhouse
gasleinissions,which mhainlylcbmeftomFdssil fhel cbmbustion it thelehergylskctor. [dommitmentskbihe
UNFCCCEXyoro[Brotocol Gs[thethain[drgument[Behind Binding [fhrgets[fbrld.g. [(theseldf[denewable
energy[sburcesihfheHU[($eebelow). Hromfhelpointaf Miewdflehergy ihfrastructure, thelehergy[policy
goallih[the[ibaralised [énergy[tharket[is[tb [decurethe[Possibilities[fbr[dasy[flexible feed [df[Hiles[dnd
electricityfrom [different(sburcesihtothelelectricitylghid, [ghs[pipelineslahd [dtherelehergy [Metworks, [ahd
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makelthelcbnnection [t thesemletworks(aklehsy [ak[possible.[Afterfhelibaralisation[af thelehergy [mharkets
and[oiningthe[BU, [sbmelideologicallylcbnflicting[policygbals[slich[ak [protecting[ehergy[sklfldufficiency
and[promotion[af[domesticlehergy[sburceshavehnished from the Mritten [policy [agendalalthough their
significancelhlas[practically rémained inchanged. [(Ministrylaf[Mradelahd Thdustryin [Finland 2o o05)

Promotinglehergylefficiency idlalckntral [ehergy [pblicy [gbal. Tt [chn Beldivided ihto [ehduselefficiency [ahd
supply efficiencyd including[] the[d whole[d energy[] transforming[] system[] from[] production,
transfer/transmission[ahd [distibution.[Bnergylehd hiselefficiencyidmot [atdpiclof fhis bhckgroundéport,
but iheblicy ihstrumentsloflehergy [efficiency [promotion [skt iip [ak (b th Ehe[HU [ahd mlational Iével [($uch
aslehergy [efficiencylcbntracts, [ehergy[audits, [ehergy tkcommendations[fbr [public[purchases(and [ehergy
efficviencyldequirement[dfldlectric[dppliances[ds[Well[dsldnergylkbels) (Have[Been[Ibcused [thainly[dn
energylenddse.[Theldffficial [BU [thrget i3 [ib [nprovelehergy efficiency 2o [% from [thelchirrent Hével aintil
thelear[@o2o[aks(algart [dffthe"bo[Fo[Ho [ehergy[Hackage”. [Ministry[df[Tradeland ThdustryGh[Rinland
2005)

Promoting [theljuseldfldenewableldnergy [SourcesHas[tapidly [dmerged [ds[the thost[discussed [energy
policylgoalatthe[HUIével. [This[s[dueltd the[Fhctthatfhe[RU [Has([ahnfhtent b implement fhe [MNFCCC
Kyoro[Protocollcbmmitmentsialquantitativethrgetsforihebkelaffirenewablelehergy. [Ministry ofMrade
and Thdustryfih[Einland[2o05)

Directive[3001/77/ECLdflthe[Buropean[Rarliament[dnd [df[the[Council l[dn [the[gromotion [dfldlectricity
produced ftom[rénewablelehergy [sburcesith thelihternal mharket [séts[al2h [% ihdicativelsharelaflelectricity
produced ftom[rénewablelehergy [sburcesihfbtal[Jommunityelectricitylcbnsumption bly2lo10. 0t [defines
national[fhdicativehrgetsfbrlehchMember[State,[ehcouragestheuselafmational [shpport[sthemes,fhe
elimination[dffladministrativeDarrierslahd[grid [system[ihtegration,lahd [dys[downfhelobligationkbldsue
renewablelenergy[froducersWith [guarantees[dfldrigin ifltheyrkquest them.[With [darrent [Holicies[and
efforts[in [place, Gfllchn [belekpected that[alsharelolf[14 (% bly[Slo10[E rhther than the[2h % [aimed [ak (2 Will (e
reached.[COM[2b01/77/EC; MinistrylofMradelahd Thdustry ih [Finland 2o o5)

Directive[3003/30/ECdfthe [Buropean[Rarliament[and [df[the[CQouncil ldn[the[gromotion [df the ise[df
biofuelsldrlatherrknewablefhelsEbrttransport sktslalsl 75 % Ehrget FbrthelshareldfHiofuelsih [all [petrol
and[diesel[fbrftansportlaced [dntheltharket [By[do10.Member[States[Wererkquired [fb[skt Ghdicative
targetsffor2oos5, Bkingalréference vhluelof 2% itolatcount. [ThisEarget hias Mot (been [athieved. Riofuels
counted[tbldnly[d[% [dflfransportfielsih[005.[Thelthrget fbr[do100s Mot Mkelytb [Heldchieved. [The
Commission[ekpectations(alefbrlalshareldflabout4.2[%.[(COM[2o03/30/EC; Ministry[af [Mradeland Th[]
dustryin[Hinland[2oo5)

The[BUM20[20[20[energy[package”[dccepted GhLJanuary[2008 [Bythe[luropean[Touncillihcludesd
directivelproposal[Which aimstd[ektablish [ah [averall (blinding [thrget [of[al2lo [% [share af [rknewablelehergy
sourcesih[énergyldonsumption[dnd[d[lo[% [Binding[thinimum [thrget fbr[BiofuelsGh Hransport [fo [He
achieved[Hylehch (Member([State.[This[directive[proposal[alsofhcludesBindingMational thrgets by [&Ho20
in[inefith thelalverall BUEArget [of 2o 2. (COM(2008) [3b [RINAL)
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3.2.ChangesdnmRegionalfand=Communitystructures

Thelrkgional[structurelih [Binland (3 [aldispersed [mhixture[df[ckntral (Husiness[district ih fheitiangle el (]
sinki—Turku—Tampere, rtlatively[sinalllcitieswith [ahd [hdustrial background[ahd [allarge [sparselypopu]
lated[cbuntryside.[Algeneral [frend fh[rkgional [development[i$[growth [df thelcities, [ekpecially thelchpital
region[(Helsinkilahd thelshirrounding[cities[ahd mhunicipalities) [ fhelckntral blusiness|district. Mhelden ]
sityloflpbpulation i [Hinland i3 kryldw[also it Fhelckntral akeasmthich hcreasesftansportlahd decreases
energylefficiency.Energylcbnsumptionlaflapartmentslahd [dwellings fhcreasesmhainly [duetd Ehefhcrease
inrbom [akealalvailablelperpersonlahdihcreasingmumberlaflelectriclappliances. Thcomelével [hlas [alclear
correlation With fhehiselof [plrivate lchrs. [(Iehtil4d[2loo4)

Theldolicylgoallrklating[ib [the[dommunity[structurefhcludes[decreasingthe[fragmentation [(ButMotih [
creasing[thelpopulation[density.This[réferstblehhancingthelalvailabilitylofserviceslekpecially i rélation
tolpublic[andMight[fransportldnd[Hegional [dompetitiveness. However, [Jubliclfransport[dervices[Gh[the
countrysideland[dmalllditiesWill (Haveldldecliningfrend.[Thelfbtal Molume[df[ftansport (HasHeen [estil]
mated fdihcrease 2o B ftom the2ooo Iével intil Ehe karBlo20. [(Lehtili 2o04)

Development[dffthe[Ghformation[society;[le.[dvailability[dfldlectronic[dervices[And Ghcrease[df[telated
changes[ih[elveryday[aktivities, (Has[beenery Fastih (Hinland.[Onelihdicator[of fhis (3 Ghcreasing Work [ak
homeldr[awayfrom [thelfraditional Workplace.[This[Rind [df[development [thay[decrease[the Molume[df
person[transport,[especiallyftafficGhms. Tt hay(also [decreaselehergylconsumption [dffransport [and [df ]
ficeMuildings. Th 2000, [dver b Pk [df tbtal Workforce Was[rkgular[drfemporary[Workinglalutsideldf their
workplacelih [Hinland.[(Iehtild[2004)

ThelrbleldfHouseholdslandihdividualsismhorelsignificantfhlehergylcbnsumption When [ehergyleinbed ]
ded[ih[commons,[(things[and[skrvices) G$[thken[hto [account. [(TheMumberldflsmall (Households [(bneldr
two[Persons) WillGhcereaseih thefiture. [(Thethost [dignificant fhctors [Effecting[dhange fh [dommunity
structurelahd Way [oflivingfhcludelihcreasingmumberlahd [decreasing[sizeloffhlouseholds, lageing[populal]
tion, Ghereasing[rbom [df[dpartments/dwellings[ger[derson,[AndGhcreasing[urchasing [dower.[(Lehtila
2004)

Finnish hbusing[stock[changes[slowly[dueltd thelekpensivebluildinglahd lhousing.[Houses[aremhadeldng [
lastinglahd Mew[production 3 lanlyl3 (% dif the Mousing [stock. (Theldevelopment [ the [aberage (Housing
areali$[slow:[duringldveribo[ears[additional [space ldfldnerbom mhore[per[House, ih [average, HasHeen
added.ThltheH8o’slahlaberagelareaasloler(fly mh2, [aldecadelaterz4 mh2(ahd GhEhelykarBloo4 fwasZzB
mz2.[Mistribution [df thedifferent Bpeslalf(lousesih Hinland (Hasbeen[stable, mhost cbmmon [alre Hlocks [af
flatswith fhelsharelaflgl4 (2, lahe[fhmilyhousesmith fhelsharelaf 4o P4 [ahd Eérraced busesith thelshare
of i} % loffthe housingstock. [(Lainevuo & [Siimes[2001)

Thelchirrent(situation[doesn’tlcbrrespond With the ousingWishes[afthe Rinnish [people. [At fhe mhoment
about[go [ [dfthe[HopulationMives[ih [@Hlock [df[flats,[3o % Gh [@ldetached Houseland [Ho [% Gh [@lsemil]
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detached[dr(alltérraced house. However, [57[% [df the [Hopulation ould Want [fbTive ih [aldetached [house,
22[%[ih [@[Block [dfflats[and [Ho % [ih [d[semildetached [drlikrraced House.dliving (@t fheldountrysidelik
dreamtmostlcbmmonlybly the(3b—44 ikarlaldpeople.[(lainevuo &[Siimes[2b01)

Thelattraction lofthe bligcities id Mikely kb ihcrease i the fhture. Bspecially mhetropolitanateaidthefarget
ofthe[ihcreasingimmigration [df{the fbreigners.Hinland’sGhternal thigration i [doncentratingfhereas ]
ingly[dn [the[Hig[rkgionalldenters[andthehetropolitandrea. Ropulation [ [eéxpected [tbgrowlthstestih
Pirkanmaalaind Musimaa,about[@o [% By [thedear[2o40 [and [decrease fh[Kainuu, Wherefthe[fdopulation
will[diminish [} 24 by the fkar 2o 40.[(Kokkarinen [2oo7a)

Populationmhovement [Has[allsignificant Ghfluenceldn [the ftaffic[development [rkgionally. Possession [and
usageldffpassenger(chrsishiggest ih fheffamework[cbnventions. Thepopulation [af fthe framework cbn []
ventions[i[aktivelaged [and [ih [addition b Work [Eraffic, [allbt [af Husiness[and [rkcreational [trafficlelmerge,
forWhich [publiciransportdoesn’t(shit Well. Th blig[cities, therelalrelgbod [apportunities [ib [develop [public
transportlahd[light Etafficcbutes. Mhebliggestlagegroupih 204063 [ekpected kb beBlo—39 karlald [people,
withféwpeopleinderthelake 5o, blut With[plentylald [akegroups. Thitheldepopulation [akeasdriving with
privatelchrsfisecessarylahd[publicttansportréquiresispecial aFrangements. However, [dueftd theldimin ]
ishing[population, thelamount laflchrs i3 Mo Idnger[growing[elther.[Ageing[population[diminishestheiis [
ageloflchrs, [sbthelamount lofftafficldoesn’tgrowthat mhuch. Ththe morth, Where thelsizeloffthe FAmiliesid
in[dverageThrger,thelisage[df[the[PassengerldarGkldmphasized [due[foIbngldistances.[(Kokkarinen
2007a)
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Figurel8i1. TrafficlGrowth2bo6 B 40.[(Kokarinen[2o07b)

Thelekpertshlavehlad [cbnflicting Mews[cbncerningthe [population[age[structures fhfluencelan [frafficlde
velopment. Most [ikely [ih the fhturelaged [people[demand mhore from [thesérvice Iével laff thelsbciety. Mo [
torizationlof thelaked [Peopleidlekpected fd [growlak Well. Mhelidealization [af fhdividualismihcreases(also
carfihtensityin [spitelofthe [developmentaflehvironmental Whlues. [(Qainevuo & [Siimes[2001)
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Frequencylahd Iéngth [of fherécreational itips islekpected kb lgrow. Risinglafthe iihcomeid[almost[directly
comparableldfhe[demand[fbritaffic.[Developmentdfithelelectronicbusinessdecreases(thelitipsibihe
stores,[Hut[Ghcreases[theldistribution [fraffic. WetGimpact G [However[diminishing[dflthe[fraffic.[Cycling
and[otherMightftafficidMelieved kb [grow(duetd fhcreasinghlealth [ahd [ehvironmental lawareness. [(Laine]
vuo&[Slimes[2b01)

Aslthelglobalization pirogresses(the[growth [of the [air ftaffic[3fhevitable.[Theldevelopment [af metworking
increases[Hoth [passenger[and[goodsitaffic.[Thelcbnveyanceldflgoods ill [hultiply [especially Gh [the[alir
and [doad [fraffic.[@entralization [df (the[Population (And GbbsGhcreases[the [draffic[Between[the[denters.
Especially[fraffic[dn[the[thajor[Hoads, [dir[and ail Hraffic[Will [Irobably [grow. [The[development [df [the
remote[Work[doesn’t ChecessarilyLdliminish [fhe[het [fraffic, Céven [Though vork (raffic[ivill Cdecrease.
However, [rfkmoteWork[Hossibilities[Will [He[Heneficial [fbrthelelvening[dut the[@mount [df [trafficland [the
trafficGdms.Both gbingfbMork[outsideldne’slown [rksidential [alrealand Working[akrossrkgional [Horders
are[Melieved [fd[cbntinue. Hspeciallyiflthe frafficlairangements(develop ih fheWays[that [promote[private
cars,[cbommutingWillmhore[ahd mhore[likely [geared [out af fthe [rkgion, [even [dbs Wereavailablemear the
apartment.[(l.ainevuo[&[Siimes2001)
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Changelfactor Trafficfbrm

[MRoad ErafficMMMMMMRailway fraffic MMMV aterborne ftaffic [MMMMAir Ftaffic

Passenger [MIBoods [MPassenger [Boods Passenger MBoods [PassengerMBoods
1.[Hconomiclgrowth +2 +2 +1 +1 +1 +1 +2 +2
2.[Hconomiclstructurelchanges +1 +1 o] o] o o] +1 +2
3.[Population[changes +1 +1 o] o] o o] +1 o]
4.[0hanges[i fherégional +2 ] 0 o] o] o] o] K1 o]
structure
5.[Aommunityldevelopment +1 +1 o] o] o] o] o o
6.Mechnologyldevelopment o] o] o] o] o] o o o
7.Ihternationalization +1 +1 0 +1 +1 +1 +1 +2
8.[Mrafficlpblicylafthe HU K1 K1 +2 +1 o] o] K1 o(y
9.Malues
. Environment &, [H22 O +1 o +1 +1 O ]
e  Trafficlshfety [ o . o o
e  Individualization

+1 +1 o] o] o] o +1 +1
10.[Developmentlaffthe ldgistics +1 o] o] +2

Figure(8e. SummaryldfitheIhfluence,bhichthe[Change[Bactors[Haveldn[BassengerTrafficldnd
GoodsUTrafficllDemandUlinCthe(Years[l2000—20200(+2=Increases[Significantly,
+1=Increases,[ b=No[Real[Influence,[ T1=Diminishes,[ 13=Diminishes[ Significantly)
(Lainevuo &[Siimes2bo1).

Community[structurerhay[decentralize, iflHousing[density [Hecomes[moreland [thore[sparse, [dopulation
increasinglylcentralizesldn[thelattractiveurban [areas[andtheideal [df[aldetached (Houselrkmains. Wore
compactlcbmmunity(siructurelidlcbnsidered Idsspirobablelakifiis[desirable. Particularly the lgrowth [ofthe
incomel[lével G[elkpected [tbGhcreaselthelsharseness[dffheHousing[densityland [Hossession [af [alchr [and
diminishingfthelsignificancelofthelcbstlofitavelling. [Tainevuo [&[Siimes[2001)

Housinglahd [Buildingftadelis[ekpected b [ecomemhoreland mhorelglobalized. [Asthelaktual (building k]
mainsIdcal, thebluilding[plartsill probably Hecomelihternational lekport [products. Buildingftadeprod [
uctslahdskrvices[arelchistom mhadefrom [preliminary[prepared mhodular(parts. [Housing[planning [wWill [He
moreldnd[thoreBased iiponldonsumers[preferences. Horltheldvaluation[dfltheldveralllduality[df[the
houses[branded[Housesalre[developed ihstead[dffthelchirrent mhassproduction houses. [Qustomer(skrvice
willfransform With (hiigher[degreeihto hinderstandinglahd [ehablingWays[dfTives, fhan ftraditional (Hous[]
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inglplanning. Thstead loffrégional mhonopolies[ahdlcbnstruction(zbnes, [chlturelofbuilding(sitesrégionally,
thatWilllallowbliildinglcbmpetitions forthe bliglateas, cbnsisting [aflskverallsites. [(Heinonen et [al. [2oo5)

Possibilities[and[skills fbrtheihdependent (bluilding[Will [decrease. [On fhelather[hand, fh[Hinland[chlture
ofCbuilding Mourself” Will l[dontinueland [detached HouseHuildersMave [alpossibility tbldolsb, Hut [dn the
other[Hand, [allstrong[ttrend G$[thefechnologization [df (Housefhdustryland fhdependent[Jossibilities [Will
diminish.Th[dddition[Ib[durrent[dctors,[Mewldverall[service[dfferers,[dperating[ih [theGhterface[dfLditi[]
zen/customer, Will Rkpirefdghtherhbusinglehtitiesfor(different résidential [profiles. Ththeldcallével the
amount [of[sérvices hll i [all Tikeness kb fhcrease. [(Heinonen et [al. [2005)
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4.m DEVELOPMENT:OFENERGY=RESOURCESY POr
TENTIALSEANDETECHNOLOGIES

According[td fhe[Baselinelstenarioldeveloped by TEA[h 25008, Ebtal[primary [ehergy [shpply id[ekpected kb
growlat 116 % [perikar[@vhich mheanslah ihcreaselofib4 0 in [primarylehergy[demandBetween[2005[ahd
2050),With [dbal[Hecoming[the[dredominant[fhel fh[H050,[@ccounting[fbr[J7[% [df [@rimary[energy [ise.
Oil'slshareldeclinesfrom[35 %% ih[Ho05[b [27[%[h[H050,mheanwhile[matural [gas[decreases [df [dnly [1T%,
reaching[Jo[%[at [thelend [aff [the rkview [Heriod. (Th[the[ibtal [demand [df fheBaselinelskenario, thefbssil
fuels’[sharelihcreasesfrom [Bo [%[ih[Foo5ib[84 B h[Eo50: [hfhis[chselcbncerns[about[skcurity ould
remain, [ahd[significantlclimatelchangeould befthelcbnsequence. [IEA[2008)

4.1.90il

4.1.1.0ilcResourcescand=Reserves

Therel[drelskeveral [different[dategories[df[dil, [dach (Having[different[dosts, [characteristics [and, [abovelall,
depletion[grofiles.[Someareldasy,[cheap[@nd [fhst[fb[droduce, Whereas[dthers[arefhelprecise[dpposite.
Theltérms[Ftonventional”[ahd Ehon [donventional” [(br[Flinconventional”) [all [ake [ih ide ksage, (but Tack [al
standard[definition,[adding[greatly b thelcbnfusion.Th[the[World EnergyQouncil’s{IVEC) mhost [rkcent
Surveylah [Energy[Resources(2007),ftonventional” ol (3 Gdentified [ahd [defined b [ekcludefhefbllowing
categories: [dil ffom[cbal, [shale, [Bitumen[and [ektraHeavyldil. FReserves”[alre [cirrently [rkcoverable, [Hoth
technologically[and [economically. FResources” fhcludeldetected[quantities[that [chnnot e [drofitably k[
covered With [chirrentféchnologyBut [mhight Herkcoverablefhthefhture,[ahd [quantitiesthat[alre[gkeologil]
callypbssiblebut ikt ko befound. (WECEb07)

According[lo[(WEC,Hhe[estimated hltimate [decovery” (EUR) Lof[donventional [drudeldil Gvas [About
387,000million kbnnes[atthelehd[df[J005.Thisamount i$ Migherfhan fhelamount [af (381,000 [mhillion
tonnesgivenihlthe[@o05ehergystudyHyfthe[German[BRGIBundesanstaltHir[Geowissenschafteniind
Rohstoffe).[Thelrkgional [distribution[df Festimated iltimate [rkcovery” [df[donventionalldrude [dil,[dom ]
prising[chimulativelproduction, [rkserves[andrksources,i$Meryiineven.[Mhe Middle[Hast (hasfhehlighest
EUR.[About 65 % ofNorth[America’s[HUR hhas[beenrécovered sb far. Ththe [AIScbuntries, thisabplies
about[37[%[ahdihtheMiddleRastkdlabout 24 % ffhe[FUR.Mhe[QPEC[cbuntries’ [RUR[3[2006,000 mhil (]
lion[tbnnes, [accountingldver 50 [% [dfthelglobal (RUR, [df Which [dnly[about [28 [% [HasHeen [rkcovered[sb
far.[Mhe[QECDIlcbuntrieshlave[HUR [aflohly 4,000 mhillion Ednnes, lofwhich mlearly @l 94 hias [already bleen
recovered.[(WEC[2bo07)
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Figurel83. [DistributionldfltheBstimatedtimateRecovery [(EUR)[dflthe[Qonventional[QrudelQil
inEoos5I(WECEb07).

About[6b B4 [ofthelglobal eéserves(akeldcated i fhe Middle[Hast, labout 133 % i North [ahd [South [America
andlaboutio P4 i thelAISlcbuntries. [The[QPECcbuntrieshlvelabout 76 24 [offiglobal réserves [(bf wthich [6h
% [i3 [tb [Mefbund ih [thePersian [Gulfrkgion),the[OECD[about [Z[%, Iéavingabout 1B [% fbr the kst [af fthe
world.[(WEC[2bo7)

Distribution of proved resarves in 1987, 1997 and 2007
Parcantage

Middls East
Eurcps & Eurasia
Africs

. 5. B Cent. America

MNorth America
Asia Pacific

1987 19597 2007
Total 1 0.2 thouzard million barrels Total 10822 thousand million barrels Total 1237.9 thousand million barrels

Figurel84. [MistributionafProved(Qil[Reservesihthe[World1h87,iho7landEoo7((BP2008).

72



Globallckudeldiil[production ihcreased[anly mhoderately[ill (2o 03. Th 2o 04 [ahd [Poos, there Was alsignifil[]
cant[ihcreaseip[ib[3,900 mhillion fbnnes[3 [ahewlabsolute[production mhaximum.Thelrkgions[With [the
highestproduction it [2oos erethe Middle[Bast, North [Americalahd thelQIS lcbuntries. [AEAR008)

Cumulativelcrudeldil production iintil [thel[ehd [df[Poo5rkached 143,000 hillion fbnnes (3 Half[af Gt [Was
produced Within [the[ast 23 ears. Thismheans [that 417 % [oif the fbtal [rkserves[af [cbnventional [dfil [discov ]
ered[sb [far, hlasbeen cbnsumed. Making[ihto [cbnsideration(also thelekpected [rksourcesolf[82,000 [mhillion
tonnes,thorelthan[37[%[df[the[RUR [HasHeen[consumed.[Theldepletion[thid [Joint (2 When Malfldf[the
EUR Will[Have been récovered (Hutill Re réached itithin he mext 16 kb Blo kars. [Afterwards, theldecline laf
conventionalloflproductionisfihevitable.[JEA[2008)

Aboutfvolthirdslofthelciudeloll [produced [ih [2loos Wasfransported [between[differentcbuntries(and k[
gions,[sbmetimes[doveringThrgeldistancesHythnker[dr[dipeline.[Borldrudeldil, there[i}[alsingle[global
market[With [Mearly uniform[drices. However, there[Was[dlsignificantGhereasefh[drice [differentialsHe [
tweenlolls[ofdifferent[guality [duefd [algkneral fhcrease it [afl [pirices. [(JEA[2008)

4.1.2.Futureofil

Oilpriceshavelihcreased[sharplylih ftheldstearsland rkached fheir[shortfermmhaximumfh July [5loo8
at[0S$ i} 5/bblEdrBrentlctude. Thrkal Eérms, this [pirice A3 the Mlighest [rbcorded i thelafil [efa. Th Eérms af
the[Buro, thisldevelopment[i$[slightly[mhorethoderate.[Thelrkasonsbrithelchirrently Meryhigh[dil [price
are[ihterpreted [differently. [Somelekpertsrkgard [an fmminent [shortage [df[dil[rkserves[(peak[dil [discus]
sion)[ak[theldrivingfbrce.[Otherslcbnsiderthat[alcbmbination [afIdifferent Fhctorsidmhost Mkely kb belthe
reason [forfthisdevelopment. [WEC[2o07)

Theselfactorsihclude [(WECE2o07):

e increasingldemand[{brldil, [after[sbme[years[dflstagnation, [chused By [prosperinglekonomiesand
strongldemand for[ofl it fhe TSA, [Ghinalahd Thdia;

e supplyldisruptionsichused by [strikesihI¢ading[shipplierlcbuntries((Wenezuela, Nigeria, Norway)
and Eérroristattacks i [Miraq, aktell [akmiatural disasters((é.g. hurricanes ih khe [GulflafMexico);

e politicallihstability ihfheMiddleHastahdfheMukos[affairih [Russia, [ak el [ak [alféar olfférrorist
attacks;

¢ lackloflatditional production[chpacityih mhostoffthe producinglcbuntries;

e themteak[OSMollar;

e speculationfihtheloil blusinesslduefd Idwinterestrhtesloh thelchpital mharkets.

Tolshmmarise, thefollowingdevelopments|chn bk lekpected fdrciudeloll i fhe fiture (WECE007):
e Fromlallgeological [Hoint[df Miew, fhe[rkmainingpotential Fbrlconventional [dil [chn [provide fbr[al
moderatelihcreaseGh[dil[donsumption[dver[the[Mext o bk ears. [After[that,[dn[Ghsufficient
supplymhay belekpected, lawingfb[decreasingproduction Whenftheldepletion mhid [Joint (hlasbeen
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passed.Demand Will then (hlave [td (b mhet By [akher [hels. Mhepercentage af ol [production by the
OPECIcbuntries(éspecially it fhe Persian[Gulflrégion) Mhill ihcrease foriséveral [decadesfdlcbme.

e Thelpercentagelafmonldonventionallalil (ill rse [tb (510 2% [aif Ebtal [ofil [pirodu ction iy [2lo 20, [ak [afil
pricesill[stay/[at [rélatively[hligh Dévels. Thils Thternational Bnergy [Outlook 2006, the IS Bnergy
Information[Administration [predicted (thelshare[df(Hon [donventional [dil Gh World [dil [donsump [
tion[ak[gl.7[% [h[2o30,hcluding[syntheticfhelsfrom matural [ghs[(GTL),[cbal [(CTL) [ahd [biomass
(BTL),@hereas(theMEA[@redictslalshare[df[8.9[% [h [ZFo30 [df Mon [donventional [dil Gh Gis[World
Energy[Qutlook[2005,Mith [syntheticfhelsproviding [2b.5 0% [ofmlon [donventionaloil.

e Predictingldil [pricefluctuationsfis eryldifficult, [dwing[tbalvhriety [of Fhctors. Mnportant Factors
influencingtheir[development [alre [ikely[tb [He fhe Behaviour[df[OPECcbuntries, thelavailability
ofladditional [production [and rkfining[chpacities, [ak [Well [ak [the [development [df the[global [ekon [
omy.[Maily[{fluctuationsihlcrude[dil [prices p kb [Elrhnge [df[skveral [TS$ [Her [Marrel [alre [ikely Gh
bothdirections, lowingfd[speculation it [fhelail mharket business.

e Therelakemumerousmincertaintiesihatlcbuld pbssibly affect thelakailability loflctudeloil:

e R/P[rhtio[(Fresources(perproduction[rhtio) [cbuld[possibly belshortened by [aldownward [rkvision
of [@PECIreserves.Mheselréservemumberseresharplybbosted it the 1y 8os, presumably forpo ]
litical réasons it [akder [t Keep [APEC [production [quotas(it bhlance;

e R/P[rhtiolchnMeléngthened[duefbincertaintiesih rkservelaksessment.[Broved rkservelfigures
do Mot mormally fhcludeprobablelahd [possiblerkserves. [Asalrbugh fhdicatorolfthe fhtureavail (1
ability[dflgeoenergyfiels, the[rhtioldf[fesources[(in[the[BGR [senseldflddditional [feserves) [tb
(proved)kserves[chn[Helised.[ThelargerthelGhdicator, thelthore[tesources’[chnHelconverted

into[deserves’.

In[térmslaffglobal lcbnsumption, [ckudelolil rtmainsithemhostimportant[primary[fhel, lakcountingfbr(36.4
% [dflthe World’s [@rimarylehergylconsumption[(vithout Miomass).[Somefbrecasts[df fhtureehergylcbn ]
sumptionimplythatmo[significantlchangeih[theihportancelaflalil Will (Happen [ih the Mext Féw(decades.
(WEC[Ebo7)

According[td fheBaselinelstenario ih TEA [publication FEnergy [Mechnologiesahd [perspectives 2008, [the
demand [for[dlil fhcreases Dy [86 [% from [Ploo5ib 2050, [algrowth Which 3 unlikely b [He [het By [cbnven [
tionalldil.[Thistheans[that [dldonsiderableGfhcreaselih Monldonventional [dil[i$[Meeded: [dccording[fb the
Baselinelstenario [hleavyloll, Ehr[shnds, [shaleloll [ahd [akcticlafil lakcount Ebrlabout [3lo 26 i (2o 50. Borlekam [
ple,[dpenldast[thining[il[thelthain [productionfkchnologybrlthrlshndsih [@anadalthbout[80[%[dftbtal
production),mheanwhileiinderground [production [af thr[shnds[i3 Téss[cbommon [Hut With [allarge[potential
forlelxpansion.[Thelexploitation[dflshaleldil[i{[fhstead limited [tb [sbme[small[scale[dctivities, [thainlyfh
Estonia,Brazil[ahd [Ghina.[AsFirak[R&DM3[cbncerned, thefhvestment Edwards[olil Eéchnology [abpears
belah the [rise, Mtith [about 6l 5 billion [af[ISDspent i 2loo6.[AEARDOS)

Alsolakcording[fd[OPEC, themextfvoldecades[alrelekpected [tb[skeldlil [skt fb mhaintain [ills mhajorrblelak[al

sourceldflénergyland [dil [desourceHaselis[expected [tb[Beldufficiently[Abundant b [shtisfy[this[demand
growth.Woreover, [lthough Mon[MPECHroductioni$[sken [as[dontinuing[its[rkcentlexpansion[dver[the
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medium férm,i#id[gknerallylabreed that [OPECMill fhcreasingly b rélied ipon Ed [shpply theihcremental
barrel. [Wevertheless, iincertainties[dverfiture[dconomiclgrowth,[government[folicies[@nd [the[rate [df
development[ahd [diffusion lofmewer féchnologiesrhiselquestionslaver the fiture stalelofihvestmentihat
will[Be[equired.[Theseincertainties,[doupled With (Ibng[Ikad [fimes, Ghevitably[domplicate[the[fhsk [df
maintaining[tharket[stability. Moreover, thedium[ferm[prospectsshiggest [therei$[deed tb [ehsurelthat
thelldvelloflsparelchpacityidlcbnsistent mtith[shchstability. (DPEC2004)

According[ibthelskenarioldeveloped By [OPEC, [the[Key[driver[dfldil [demand [4ill[(Heleconomiclgrowth,
with fhemhajoriihcertainty (being fhelekpansion loffplroductivity ih the [QECD, lahd the lektent fd kthich fhis
will[Hefhfluenced [y fkchnological [advances(aind thefhrther[growth [ih ftade. Borldeveloping[cbuntries,
with[drgely IdwIchpital stock bases[ahd [cbnsiderableféchnologicallchtch ip [pbtential, [GDP [growth [chtes
arelexpected[ib[HeMigher.[Ropulation [expansion ill [@lso [dontribute b [dconomiclgrowth, (Hutfhere il
uncertainty, [aktdhowfast thelchpital stock[ahd [productivity Will[grow. [Both [hill Be [positively atfected bl
theliberalization [of mharketslahd [thelihcreasingiinportancelaffftade.Mhelprospectsfbrletonomiclgrowth
in[Ghina[rkpresent[alsignificant[pointlafiincertaintyih fhelolutlook. Overthefbrecastperiod, [developing
countries(arelaksumed b [growl(ak [ah [aWerage [df [five [per[cknt[p.a., With [Qhinalahd [South [Asialekpanding
at[thelfhstest[thtes.[(Hconomies[Gh[fransition [(Have[donsiderablelscopelbrroductivity[datch idp, Ghile
Russia’sleconomy[i[also[Henefiting[from [the iinpact [dfHigh [dil[prices.[Real [GDP [growth [ih the fbrmer
SovietMnion [(FSU) lffburbfivelder[ckntd.a. G3[aksumed fbrthemhedium ferm, Fallingfbwards[three
perlcent it fheIdngerEérm.[Qtherlgtowth it Huropelidlekpected i belslightly ligher, [ak, laverthe forecast
period, lcbuntriesit fherégion mill e ftadingihcreasingly iith fhe Buropean M nion. ([OPEC[2004)
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Figurel8p. Annual Growthih Qil[DemandntilZo25 i [Mboe/d[(ODPECE004).

75



Thelaksumptions[rklativetbleconomiclgrowth [rhtes[are [cbupled [With thelidleathat Migherfhcomeis fbl[]
lowed [My[dMigher[shareldfvehicle[dwnership,therefore[thefransport[skctor, bllowed [Bytheihdustry
sector,i$[themhost inportant[sburceldfldlil[demand, [ak[alil i3 [elkpected Eblakccount Fbrthe mhajority [df Fhel
consumption il ftansportation. ([DPEC[2b04)
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Figurel86. OPEC[ProductiondapacityldndDemand[fdr[APECIArude[(WashingtonMonthly[2005).

Alsolakcordingibtheldifferentlstenariosideveloped blyTEA,[QOPECproductionfh[2o50 Mill[staylat Téast [at
thelshmellévellaff[2loos, thereforelsignificant fhvestments[ekpeciallyih fhe Middle Bast will (He [mecessary
inlardertbmheet [demand[growth ahd [mhaintain [securelshpply loffransport fhels, With [alkley rbleplayed by
theldevelopment lof [shfficient mewloil [shipply. [AEA[R008)
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Regular Qil & Natural Gas Liquids
2003 Base Case Scenario
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Figurel88. ThelQil[Peak[According [tb[the[Recent[BrognosislaflthelAssociation [fbrthe[Study lafPeak
Oil.[NotelthatltheIS, [Russianldnd[Buropean Qil[Supplies[Have["Peaked "Already Years
Ago.[(Exitmundo2bo4).

Peakailtheory[hlasbeenmidely discussed [during thelast fvkars. [Thelidealofthe fheoryisdthat fhe piroduc]
tion [peak [df[dil i3 [gbing[tb[Mertached erylsbondependingldn thelektimated [rkserves.[Somelrksearches
claim[that the[peakail hlasalreadybleen [phssed.
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Figurel89. World(Qil[Productioni3[Projectedltd[Peak (DOE[2004).
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World Oil Production (History + Projections)

(Barrels/day) 8 — Campbel: 0.853Th left, 2010 peak at 83mbid
Peaks 2010-2035 — Harper: 1.45th left, 2015 peak at 83mhbid
World consumed ~960 Billion barrels: 1930-2004 [— USGS 50% - 2.06th left, 2024 peak at 97mbid
~0.95, 1.45, 2.06, 2.95 trillion barrels remaining B USGS 5%: 2.848th left, 2033 peak at 106mb/d

Transition: 2% growth curve to 5% decay curve
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Figurelgo. WhenltheWorldQil[Beaks(Verosub2008).

4.2.Coal

4.2.1.Coal=Resources

Worldwide, [theliselafflcbal[ak[ah [ehergy [sburcerémains(ctucial kb fheletonomiesof mhany [developed [ahd
developinglcbuntries,[ahd Gh[particular With the Datter, [ak[hdustrialization[and rbanization [shread [ahd
nationallehergyrequirements[sbar.Thus,[cbal lboks[skt [fb [rktain [ills [osition[ak [alskcure, [rkliable [sburce
oflehergy, [particularlyfor fthe [generation lof[electricity. [JEA [2bo5)

Coalfred[dowerlgeneration [dccountsfbrldo % [dfthe[World’s[Ibtal [dlectricity [droduction [and [fh [sbome
countries, [shich [akfhe[TSA,[Germany, [Poland, [Australia,[South[Africa,[Chinaland [Thdia, Gt [$ fery [mhuch
higherldueltd ilslcbstlcbmpetitiveness. While hisefh [sbmeHuropean(cbuntriesrtmains(staticlalr[i3 ih [de ]
cline, [significant[ihcreases[ih[cbal [fired [generation [chpacity [are [thking[Hlace fh hany [df [the[developing
nations,[shich[as[Chinaland[Thdia, Wheredarge[chpacity fhcreases[are[dlanned [fb mhakeise[df[abundant
coallréserves, which[atefarmhorelabundantfhanlolllahd[ghsréserves.[Qoal rémainsfthereforevkryimnpor]
tant[fbrltheleconomies[dfmhany[cbuntries, [But[alohajorlchallenge[d b [rkduceiis[ehvironmental Gnpact.
(IEA[2bo5)
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Amongst[the[mhajorlehergy[sburces, cbal i3 [fhemhost [rhpidly [growing [fhel [an [alglobal [Basis. Whilelgues [
tions[rkgarding[thelsizeland bcation [df[rkserves[dfldil [and [gas[abound,[cdoal fkmains[@bundant (2 [and
broadly[distributed [@round [the orld.[Bconomically [rtkcoverablel[rkserves [df [cbal [are [alvail able[ih [thore
than[zbcbuntriesWorldwide,[ahd it [ehch mhajorWorld région. [After[cknturieslof mhinerallekploration, fhe
location, [sizelahd [characteristics[df[thost [cbuntries’[chal rksources[are[quite [Well Known. [Global [cbal [rk [
serves[at(thelend[df[doosWere847.5Million fbnnes.[At[theldurrent thteldf[roduction, [global [doal [xk[]
serveslalelebtimated [td [ast fbrlalmostahother o zears. [Mheserksourceslcbnsist af bituminouslcbal [(An [
cludingahthracite),[slibbituminouslcbal,lahd [ignite. [Hinland [hlas mb [cbal késources. [(WEC[2o07)
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Figurelgl. MistributionlafltheTotalCoalReservesit theWorld[(WEC[EZ007).

[Provedlamountlih place”i3thertsourcerémainingih Khown[depositsihathlasbeen [chrefully mheasured
and [aksessed [aklekploitablender[present [ahd [ekpectedldcal [ekonomiclebnditions Mhith [ekisting [akvailable
technology.[Provedrécoverablelréserves”late thefdbnnagemtithinfheproved laimount it [place fhat chn [be
recovered [ih [fthe[fhitureiinder[gresent [and [expected bcal[conomicldonditionsWith [existing[dvailable
technology.FEstimated[additional @mountfh[dlace”[$[fhelihdicated[andihferred fbnnageladditional ib
theldroved [@mountGhldlacethatii[df[foreseeableleconomiclihterest.dt [hcludeslestimates[df[amounts
which [dould[éxistGhinexplored [éxtensions[df (Rnown[deposits[dr[ih Gindiscovered [depositsfh (Rnown
coal[Mearing[alreas, [ak[Well [ak [amountsihferred [through Knowledgeldf fhvourablelgeological [cbnditions.
Speculativelamountslaremotihcluded. FEstimated[aldditional [rkservesrecoverable” i3 the fbnnageMithin
thelektimated[additional lainount it placethatlgkological lahd [ehgineeringihformation ihdicates ith réa (]
sonablelcertaintymhight bk récovered i the fhiture. (WEC2o07)

ComparedWith[dataldppearing[ih[fthe[d004[Survey[dflBnergy[Resources, North[American[rkserves(are
4,000 mhillion [fbnnes[smaller[duelfd fhelgraduallattrition [af TS [rkserves.[South[Americalshows[al3,500
million fbnnes[rkduction.Th[Asialalsignificant[changeldown[41,000Mhillion fbnnesWasThrgely[dueltb
improved[datafbrThdia. Buropean réserves(declined by 12,000 mhillion Ebnnes, lalver hialf lof Which fh Po ]
land.[(WECI[2b07)

Growth[ih[ehergylcbnsumptionG3$[fbrecasted [tbcontinue 3 [ak [ah [annual [average rhte [df[116 [% [Hetween
2004[ahd [Ho30.[Over[7o % [dfthis[growth Will cbme[from [developing[cbuntries, Where[populations and
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economieslarelgrowinglcbnsiderably [fasterthan i fhe[OECD mlations. [Chinalalone Will [akcount fbrlsbme
30% olfihcreased [ehergylcbnsumption.[Bossil fhels Will[cbntinueid [provide mhorethan [So (% [ thefbtal
energylcbnsumptionihthefhture,land HlakcordingfbtheThternational EnergylAgencyHlcbal lecbnsump[]
tionWill[skefhedargest fhcreasefhlabsoluteférms, ftom[2] 772 Mtoelih 2004 b (4,441 Mtoelh [2o30.[The
greatest[ihcreaselih [cbal [cbnsumption Will[He[fh [theldeveloping[cbuntries, With [86 (% [h[Asia, Wherert [
serves[are[Thrge[and Obw(dost.Thdia’s[coal lseis [ekpected [ib [grow Dy 3.3 [% [Her annum [fb[H030,mhore
than[doublingfih[absolute férms.[QECDIcbal lcbnsumption i3 likely o [growmhodestly. (WEC2007)

4.2.2.FuturedlrendsanCoal

Inldrderibkducelislenvironmental inpact,[development[and [@pplication [df[Tlean[Qoal [Mechnologies
(CCTs),designed [tb mhinimizethelemissionslaf vhriousmindesirablelspeciesfromlcbal fired [power[plants,
should[dontinue. Hurther[development [df[CCTsWilldéad Gb[@Mumber[dfftchnologyldptions{(Zero[dr
Near[Zero[Bmissions[Technologies HZETs) thatemit kkrylow Iévelslof lall[emissions. (WEC[2b07)

Havinglektablished that ZETsmhay hlavelahfinportant rblefh fhelcbmingvkars, [should b Kept [ih mhind
thatMo[singlelsystem [Will Belchpableldfmheeting[all fhture rkquirements, [Hencelalgortfolio [df féchnolo ]
giesWill (bemlecessary. By ot [cbncentratinglan[alsinglelchndidateféchnology, thelaksociated féchnologi[]
callrisks[chn[Hemhinimized, [ahd [possiblerbutesfbrward [chn [Hethilored b [meet the[different [situations
prevailing[in [different[partslafthe World. Slincethelstructureldflelectricity [generation [skctors[and Hhture
nationallpowerldemandsl[akrelikelyfbhry[significantly Hetween[cbuntrieslahd [régions, thereare likely kd
belskveral [possiblerbutesfbrward fbwards[theladoption [f (AETS, [With [sbmeMariants [Heingmhorelapplil]
cableliblthelihdustrialized [Mations[dnd [dthers[fbcused [thoreldn[developing[dountries.[Thus, thereldre
many[gossiblerbutesfbrward, [sbme[Hased [dn[BCC[(Pulverised [@oal [Gombustion)and [dthersdn MIGCC
(Integrated[Qasification[dombined [Qycle), With fhelattercreatinglapportunities fbrlcbmbiningthe féch [
nologyWith el (cklls. ThlIapan, the [BAGLEhtegrated[ghsification [cbmbined [clclefhel [cEll [AGFC) [pro ]
jectidftéstingthislcbncept. (WECE2b07)

Whenldomparing[BCCland OIGCC[Hased [systems, [the[Thtter [presentsMarious[addvantages, [dmongWhich
(WECEbo07):
e allbwerlédnergy[Penalty[than fbr[dapture[from[®CClant,[dince[the[CO,dontent[df[the[Pgrel]
combustion, [syngas(stream is[greaterahd hencemhorelehsilylchptured than ftom afluelghs
e  CO,[chn[Helchptured[at[alpressurelshitablebrdipelinefransport,thustducing[CO,dompres[]
sionlcbsts
e chemicallprocessingldffthelsyngas,cbupled With[AO,[chpture, Hieldshydrogen[shitablefbrcbm [
bustion it [ghs fhrbines, [directlcbnversiontd [electricity i fhel lcells[al [other kes
o lowlévels[dffSO,[emissions[chn[alreadyBelachieved [and (NOIévels(alre[comparable[tb [fhoseldf
naturallghsfiredlcbmbined[cycles
e solidWastes[produced atembkually i [ah fhertform, fhusktheirldisposal idlehsier
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Moving[from [ekistingféchnologiesfb[AETsefjuivalentsithatihcorporatealdO, [chpturelstage, illlclearly
havemhajorlcbstlilplications fbr(systems(developed ftom[either PCClar TGCC. I (hasbeen [ektimated that
for[thefbrmer,[plantlcapital [cbsts[Would (He[§6—82 % [greaterfhan [durrent[siystems, [and [fbrihe[Ihtter,
some[27—50[% hligher.[Aldrge [proportion [ofthe fhcreased[chpital lcbsts[akelabsociated Mtith thelchpturelof
CO,[dEA[GDO5).

From[What[Was[presented [above[iiid [clear [that [anlyWith [effective R&D [programsih[the[clean(cbal féch (]
nologyfeld, G 1ill (be[possible fbrtheselsirategiclaptions b beldeveloped [and [rkfined kb thepoint there
they[chn [Heladopted [commercially[ak[part[dfthelsblution b [global Warming[aind [climatelchange. [WEC
2007)

According[ibfheBaselinelskenarioldevelopedin 2008 My TEA, fheldemand fbrlcbal G [ekpected b Etiple
between [@oo5land [@o50, Withlcballeklipsing[afil [Hetween [Zlo30[and [2o50 [ahd [rkaching [37 (% [df [fbtal [de [
mandfnBlos50.Thelthreefctorsdriving [thislgrowthakefhefdllowing[IEA[RD08):
e highldil[gricesmhakelcbalfbMquids [(CTL)kéchnologiesmhoreleconomical land theproduction [af
synfuelsftomlcbal [alsofihcreases
e highlghshplricesfrésult ihmhoremewlcbal [fred electricityplantsbeing bluilt
e energyintensive[fhdustrial[Productionlgrows[hpidlyGh[developingldountries{especially[China
and[hdia), which hhveldrgelcbal réservesahdlohly limited aimountsloflatherrésources.

4.3.NaturalmGas

4.3.1.Natural-GasResources

Natural[ghs s [amhixtureldf(hlydrocarbonland[shall[quantities[df[MonHydrocarbons that [ekists[eitherfh
thelghseous(phaseldr[i$[ih [sblution[ih[ckudeldil fhMatural inderground rkservoirs, [and Which i3 [ghseous
at[atmosphericlconditions[df[gressureland femperature. Watural[gasMquidsChydrocarbonslekist fhthe
reservoirlas[chnstituents[df maturallghsBut [are [rkcovered [ak Mquids ih [skparators, Held Fhcilities lar [gas [
processingplants.[[WEC[2007)

Proved[@mountGh[dlacelil[thelrksourcerkmaining[ih Rnown[datural [rkservoirsthat[Has[HBeen [chrefully
measured[and [aksessed [ak[ekploitableminder[present [ahd [ekpected Ddcal [economiclcbnditions With [ekist [
inglavailableféchnology.[Proved[rkcoverablelrkserveslareftheblumeWithinthe proved [amountih [place
that[chn[Helrkcovered fhthefhturefinder[presentand [ekpected bcal lekonomiclebnditions With [ekisting
available[Bechnology.[Hstimated [ddditional[AmountGh [Place Gk [the©olumelddditional [Ho [the [Proved
amount[ih[Placelthat[i$[df[fbreseeableldconomiclhterest.[Speculative[@mounts[areMot [fhcluded. Bstil]
mated[additional (eserves[tecoverableli$ [the MolumeWithin [theldstimated [Additional [Amount [Gh[Place
that[geologicalland [engineeringfhformation[ihdicates[With [rkasonablelcertainty thight[He[rkcovered [ih
thefhture. (WEC[2b07)
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Gasl[rkservesl[alre[geographicallylcbncentrated. [Whilelabout [75 % [dif [ghs [rkserves[alre[cbncentrated fh [fvo
areas[d [fheWiddle[Bast[and [thel0IS[Z3[ihelgeopolitical [distribution [dflgasrkservesis[rhther[similar[ib
that[affofil. With Mearly[do [Mm3, the[OPEClcbuntries (hlave [aboutalflaf fbtal rkserves,[cbmpared With [z
% [forldiil.[MheQIS[ehjoys(almore[advantageous situation {br(ghs, Mith [33 2% [af [réserves [aainst [anly [1b (%
ofdillrkserves.Ththe[@ECD[cbuntries, thelsituation G$[Marely(different fbrlefitherehergy [rksource, With
less[than b [% [df[ghs rkserves [aind [A% [df[dil [rkserves. By 2020, Mon [DECD [cbuntries[cbuld [account fbr
about[88[% ldf World [ghs[trade, [hcluding 58 [% Fbr[OPEC[cbuntries. [Approximately 4l [% [df Ebtal [proven
reserves[are[concentrated fh[sbme[fventy thegaland [shpergiant[Helds. [Qutldfthese,[ftheorld'sThrgest
nonldssociated [ghs[fleld [ North [Hield/South Pars[H[straddling[Qatariland Mranian Waters, [accounts fbr
somelqlo[%. [Mhislcbncentration loflghsWealth mhaturally chises[guestionsloflsecurity loflshipply, loftransit, lof
thelplotential finplementationaflahlolrganisation [oflghs[exportinglcbuntries [(DGEC) [ahd[oflaksetsmiation [
alisation[strategies.Molalddress[theseidsues,cbnsuminglcbuntriesWill ihcreasingly respond by [diversify []
inglshipplies.[WEC[2007)
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Figurelge. Proved[NaturallGas[Reserves|dsldtthe[End[dfl2005,[Tm3dnd % dfWorld[Total [WEC
2007).

Natural[gdas[ised [@roundtheorld[But[thelthajor[areas[df[iradeldorrespond[ib[the [DECD [Xegions:
North[America,[Buropeland[AsiaRacific.[Gas[ih[these[tharkets[i$sed [fbrksidential[And [dommercial
needs,fhdustrial (Heat[and, Ghcreasingly, [dower[production. Naturallghs[akccountsEbr=h % [df[globalleh [
ergylsupply, ith [dlightly[Higher[proportions[Gh[theelatively[thature[tharkets [df (North [Americaland
Europe.Rapid[growth[since[Jooo [i$[elkpected [tb[thoderatefh[the[skcond Malfldftheldecade, But [global
demand 3 [still [ekpected Ebhcrease from [3.8 Mms3Gh[Zo05[ib[3.2[Tms3bh [FHo10.[Thehain[driver [dfthis
growth ih [OECD[cbuntriesid[powergeneration,Whereas[thelgrowth olfighs[demandih[otherregionssiich
asltheMiddle[Bast,[Chinalahd Thdiad[diriven bl lother(séctorsabell (IEAR06D).

Therelarevo [principal Wayslolfftansporting[ghsfrom fheell (Head b fheburner fp: Ehrough [pipelines
or[ihthefdrm [of TING. Both [arelekpensivelahd [céquire Idongcbnstruction imes; [therefore, [alcbnsiderable
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periodGk[deeded[ib[Pay[Back[thelhitial Ghvestment.Ripelines[dre thore[dost [effective[dver[short[dis[]
tances. [liquefied matural[ghs i3 miatural [ghsthat lhiasbleen [cboled [down b [161°Cltd mhakeMTiquid. Mhis i3
donelih [aliquefaction [frain, [Alskries [df[processldperations[from[gastb MING. [Oftenlaliquefaction [plant
starts[With [dneldr[Hvo{trains. [@nceltheselttainsHaveproven [shiccessful, [Hoth technicallyland [commer[]
cially,thore[ttrains[chn[Heladded &k [@lbwermharginal [cbst ifthe[rksources[are sufficient. [After quefac]
tion, [thelghssftransported ih[speciallyldesigned [ships.[At[the[doint [df [alrrival, [the [ghsid rkturned kb s
normallghseousistate it [alré[gasification Eérminal. [JEARO06bD)

In[power[generation,thelshareldf[naturallghs[id[greatestfh[the Middle[Bast,[and (13 [quitehigh [also h
thelcbuntries[dffthefbrmer[Soviet Mnion[(hbout[43%), IbgetherWith Mexicoland [sbme[Asian[cbuntries
(IEAERDbo6a).

4.3.2.Futuredlrendsdan™NaturalGas

Powerlgeneration ftom[matural [ghs[id[cbmpetitive With Ebday’s[prices ih mhany[alreas[afthe World, But ko
tal[generation[cdosts[are[thorelsknsitive[ib[ihcreasesih[fhel [Prices[ih thelchseldfHatural [gas[dombined [
cycle[(INGCC), [than [ih [plantsising[dther[generation [féchnologies, [(Hecause el [chsts [@ccount fbr[@o—75
% [df[tbtal [generation[cbsts. [(Thismheans(that,[cbmparablefhcreasesfih [different el [prices fbrlelectricity
generation[Would[have [@lgreater impact[dn [theleconomics [@fINGCCthan[dn[dtherféchnologies. Mevel [
opments[ih thenited [Stateslahd Muropelih récent karshivelcbnfirmed this, [sincelrising prices fh Mlatu [
rallgas[Havelrkesulted Ghdlshwitch[ib[doal fired [deneration.[Thelrhpid [development [df[datural[gas[fired
powerlgkneration[cbuld thus/strain [ghsfproductionlahd fransmission[systems[ahd [éad ib fhrthermatural
gaslplricefihcreases.[QEA[2bo06a)

Within[the™aturallgas[tharket Mon [OECD[cbuntries[dertainly[gresent [the Thrgest [Jotential fbrigrowth.
Driven By [steady[gopulation [growth [@nd [strongldconomiclactivity, [tbtal [energy[deeds[should [dlimb[at
quite[dlsmart[Pace,[Providing[Matural [das[With [Mewldpportunitiesfbrtharket[development.[The[fhst[]
growingletonomiesih[Asial(ncluding[Chinalahd Thdia),theMiddle[Bast,[Africalahd[eVen Matin [America,
promise[ghsldemand [growth [rhtes[df[3—4 [ [p.a. By [&o20.Thlsbme[Asiancbuntries, theshareldf matural
gas[is[Moosted fbreduceldependencelan iported fhirnaceldfl, [ak ih [Pakistan, mhoreoverlih [cbuntries lke
Indialahd Thdonesia, Fértiliser [production [(irea, laimmonia) Will [also [require[growing Mblumes[olf nlatural
gas, [Hoth [as[fhelland[asthw(thaterial. Ththe WMiddle[Rast, [gas[Will Helihcreasingly used fhlskawater[de [
salination [{lantsland GhihdustryGhlgeneral.Th [Africa,[Hesides[dlgrowingkquirement [from theldower
sector,[gas[detwork[dxtensions[dpenip[Broader[dountryWideldevelopments,[duch[ds[ih[Algerialand
Egypt.ThMatin[America, With thelekception [df[Argentina, rkcent [ghs mharket [developmentsihdicatethat
gaslstill(has[significant [potential forigrowth. (WEC2b07)

From [alskctoral [standpoint, the[Jower[skectorshould [absorb [about[37 % [df [tharketed [gas[elach Mear By
2020.[WhilelGfhdustry[should thaintain Gis[durrent[35[%[share,thelrksidential land [fertiary [sectors[dre
likely Eb[declinelih fnportance.Thelabundanceldflghsreserveslalreadyldiscovered, [and fthelprospectsfbr
alThrgeMet [tb [find [Hotential, [give[datural [gas[alifetime[drobably Ghlexcess[df 1o lears, At the[durrent
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rateldf[consumption[(k.93[Mms3Gh[F006).[Additionally, iimprovementsih[itansportation[économics([are
gradually[providing[alccess[tblalfotential[dfdtranded'[ghs, [rkmoteftrom[consuming[zbnes, [dnshoreland
offshore, [durrently[estimated[alt[go—35[Mms3, [thaking it [tharketable[al [alcompetitive [price. Wew[frontier
areasorlekploration [arelalsolopeningulp, fh[deeperlahd mhorelcbmplexhlorizons, f&chnology [Permitting.
(WEC[2b07)

4.4.Uranium/ResourcesrandmNucleardlechnology

4.4.1.4Uranium=Resources

Internationalldrganisationsihthelfield lof muclearpowerlcbllectmhorelolr Iéssrégularlymlationallektimates
oflidentified[And indiscovered Ohranium (desourcesGncluding[éxpected (nining [dosts. CACIRed [(Book”
including[ihe[dvailable[dational [dstimates[have[Been[published [dince[d96 5By (International (Atomic
Energy[Agency[JAEA)ahd Nuclear[Hnergy [Agency [NEA/OECD).Thelcbntent [of the[Red Book [depends
on[thelinformationCdubmitted Chy [hational Chuthorities. [Thenost[tecent Cédition Cof[The[Red [(Book
(Uranium[3o07[3 Resources,Broduction [And MDemand) as[ublished ih[d008.[TheIbllowing[fkxt Gk
mainlybhsed[oh fthat[ebition.

Identified [rksources[(previously Mnown[Qonventional [Resources)[@reldivided Ghto[Hvoldasses,[Reason ]
able[Assured [Resources[(RAR)[aind [Thferred [Resources. Both[classes[ihcludelthreelcbst[chtegories,[d40
USD/kgU,E80MSD/kgUhd 130 MSD/kgU.[(NEA/IAEABDOS)

Thefbllowing[thblefhcludesthelamounts[df THentified Resources[(RAR [and Thferred [(Resources)[ih [all
costlchtegories[asrkported[ih[the[Red Book.Th[comparison[ib[theldreviousledition [(005) [df the[Red
Book, thelresourceshiavelslightlyldecreased ih themhost [at tractivelchtegory [RAR 4 00SD/kgU).[Onfthe
other[Hand,Thferred ResourcesMavelihcreased Ghlall[dost[chtegories. [Theldistribution [df[(RAR[and Th [
ferred Resources it fhemhost importantlcbuntries[atepresented i fhe fguresbelow. (NEA/TAEA[2008.)

Tablel3l Identifiedranium(Resources((INEA/ITAEA[2008).
Identified[Resources1.1.2007
Costlcategory
RAR Inferredfesources Total
<130USD/kgU >3,338 >2.130 5,469
<80USD/kgU 2,598 >1,858 >4.456
<40USD/kgJ* >1,766 1,204 2,970

*Resourcesl(inthelcostcategoriesof «USD40/kgUarellikely(higherithanireported, because(several
countrieshavelindicatedthatleither(detailed@estimatesarenotavailable, orthedataareconfidential.
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Figurelgy. [Mistributionafhferred(Resourcesit[2oo7[(NEA/IAEA2008).

In[Chddition [#o[fhis,[#he[Red [(Book[OncludesCéstimatesCof[(UUndiscovered[Resources.[UUndiscovered
ResourceslihcludePrognosticated [Resources[and [Speculative[Resources([(BR).[Prognosticated [Resources
refers[fodranium[desources[that[dreldxpected (HoLdccurlin [Well[defined [deological [frendsLdf[(known
deposits, [dr[thineralised[alreas[#ith [(Kinown [deposits.[SR [rkfersib Miranium [rksourcesthat [alre fhought fb
existih[geologicallyfavourable, et inexplored[areas. [Therefore, Brognosticated (Resources alre[aksigned
a[Higher[degree[df[donfidencethan[Speculative[Resources.[Both[dlasses[ihcludethe[dame[threeldost
categories[thanIflentified Resources.[(NEA/TAEA[2008)

According[ib[the[Red Book, Hinnish [duthorities[Havereported Mdentified (ResourcesGhthe[RAR[dlass
1,100[0bnnesGh[theldost[dategory(3130USD/kgU.[According[ib[fhe [Centre[df[Geological (Hxcellence
(GTK),[Hinland [does Mot [MHavelany ranium [rksources Which [Would [(Heleconomically [fkasiblefbrmuclear
fuellproduction.However, sbmemininglcbmpanies[ateihterested i séarching mewhlranium résources it
many [cbuntries,[Hossibly[alsofh[Rinland.Thishas[created [sbmelpolitical [discussion[dn[el g. thelekisting
legislation lcbnsideringmhining[attivities.[INEA/TAEA[RDOS)
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According[Mo[Internartional CAtomic[Energy[Agency, HhoriumGk[Wvidely[distributed With [An[dverage
concentration [df[1b [@pm [ih [ehrth’s[crust Gh [thany [dhosphates, [silicates, [chrbonates[and [dxide[thinerals
and[i3[3tb [4Himesmhore[abundant fhMaturefthan iiranium [ahd [Has Mot Meen [ekploited [cbmmercially [sb
far.[Mhorium[dccurs ih [aksociation With iiranium [and [chre[ehrth [elements i [diverserbck [[pes: [ak kins
oflthorite,[fhorianite, ranothorite[and[@s[thonaziteih[granites, [yenites, [degmatites[and [dther[dcidic
intrusions.WonaziteG$[also[gresent[ih [quartz[gebble[donglomerates[sand [stones[and Gh[fluviatile[and
beach [placers.Monazite, [almhixed fhorium [rhrelehrth raniumphosphate, i$ fhemhost [popularsburce[af
thorium[ahd(is[available[ih hanylcbuntriesihHeach [ar[river(shnds[alongwWith heavyminerals—ilmenite,
rutile,[mhonazite, [zircon, [slllimenitelahd(ghrnet.Thelpresent [productionlof fhorium [3[almostlehtirely [ak [al
by—productlofirhrelehrthelementlektraction ftom mhonazitelshnd. [JAEA[2005)

Thorium [Feserves[Chnd CtesourcesChave Chot[been [ tomprehensively[éstimated [$o (far[Chnd [different
approximationsmhay [ekist.[Accordingtdelg. fthe[GermanBGR, [rkservesdfmhore fhan Blmhillion Edbnnes[of
Thchn belcbnsidered[akalplssibleDasefbrfhturefel shipply fbrmiuclear power [plants. [Accordingfbthe
Departnent[dffAtomic[Energy[ih Thdia,thefbtal Known World rkserves[df[Th th[RAR [chtegory[arelektil]
mated[ak[about[l16mhillion fbnnes. [About [3h [% o this i3 [availablefhfthe[beach [ahd Ghland [Hlacers [af Th []
dia.[Other[dountries[Having[sizeablefhorium [reservesihclude[Brazil,[Canada,[China, Morway, Russia,
USA,Burma,Thdonesia,[Malaysia,Thailand, Murkey[ahd [Ski[anka.[(QAEA[Gbo5)

Thorium [Mlasbeenlcbnsidered akalsburcelofmuclearfhel Ebrlséveral [different miuclearfssion Eéchnologies
(seelbkelow).Mtlchnnotbebked fdrmuclearfhel @k [shich. Mirst flmeeds kb (He ftansformed hto [alfissile fbrm.
For[itilization [df (thorium Gh[Muclear[fower[drogramme,[dn [ddditional [step [df(first [donverting[fertile
232Th [fhto Mssile 233U 3 mleeded. 233UGs [MyFhrtheHestfissilei$otopebrihermal Meutronlshectrumand
can [beuked for bireeding[ih bbth fhermal lahd fast muclearréactors. [JAEA[2D05)

4.4.2.NuclearPowerdncElectricitycProduction

According[tb[World [Energy[Qouncil [IWEC), ih 2oo7thereWerelq35Muclearrkactors ith [alnlet [chpacity
of[367[GW.[ih[dperation[@ll[dverthe[World.[346 [dfthese[(het [chpacity[310 [GW.) [EreIbcated Gh [DECD
countries.Th[doosthelshareldf[uclearJower[ih [globallelectricity[droduction Was[1b [% [and Gh [MECD
countriesfthelsharemtasin 2oy akhligh k[2h.6[%. Mhe Muclear[sharelihlelectricity [production hias[slightly
decreased Gh[rkcent ears[dueltb[Thck [df[dewihstallations, [rkactor[shutdownsland fhcreased [dlectricity
production[dfldther[ehergylsburces.[However, thelaveragelbad FhctorHasihcreased[and fh [Ploo6 [l [Was
83 % [alt [thelglobal Iével Whilefhe[fbtal lamount [df[muclearHased[electricity [production Was[2,658 (TWh.
Thefburlduclearrkactorsih[BinlandHave[traditionally (Had Mery[High Dbad [fhctors[Qvell [aver[do [%) el
causeldffthelargelshareldffHaselbad [dowerih[Minnishlelectricity [cbnsumption[ahd theery rEliabledp [l
erationloffthemluclear powerplants. (WEC[2007)
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Part de 'énergie nucléaire dans la production d’électricité dans les pays de ['OCDE (2007)
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Figurelgps. NuclearBowerSharelafTlotallBlectricity [Production i [QECD[Qountries((WEC[Z007).

[Progressihihternationallclimate Megotiations(hlasihcreasedlekpectationsfdbwardsmhorelchallenging [Ehr[]
gets[fbrlgreenhouselgaslemission rkductions. [This[has[sirengthened [fherble[df[Muclearowerih thany
countries. Tt (Has[elven [Heen [elkpected that [Aducleartknaissance Will[decur fh[the [Mext [Fo dears. [World
Energy[Qouncil [Nas[Msted [elxamples[dffemerging [policy Ghitiatives[dealing[With [cbnstruction [af [Wew mu [
clear[fdowerl[plants:[World’s[thost[dopulated[and[rhpidly [developing[cbuntries [Chinaland ThdialareMery
interested[ih[dll [dptions[fbrladditionallelectricity[generation,fhcluding[Mduclear[Jower.[RussiaHas[dre ]
sented [alplan [of[doublingthe muclear(chpacityintilthe iar&lo20. South [Roreahas[planned b fhcrease
thelshareldf(nuclearpower from[chirrent[4lo [% balp [t (6o [2% fh mhedium Eérm [Hime[perspective. [Also fh the
United [States[different [plansfbrihcreasingmiuclear(chpacityhlavebeen fhtroduced. [Burthermore,lehergy
policylih[dountries[shich [as[Belarus,Murkeyland Roland (Has[changed [fb thore[dositive [fbwards[muclear
powerthan(ehrlier.[Arkview[provided [(Hy[Ruropean [Gommission[Htled PThe[World Bnergy[Mechnology
Outlook[E[2b50” provides[ah [ektimatelof rhpid fhcrease i fheliselof muclear [powerihlelectricity [produc]
tion[until fhelyear[@o50.[Also WorldEnergyQouncil (hlas [presented [similar Misions[shipported [DHylelg. h [
formation[about [shrveys[dealing[With [government [Hositionsland [citizens’ [aktitudes[tb [fheise[df Muclear
power i [differentlcbuntries. (WEC[2007)

4.4.3.DevelopmentofiNucleardlTechnology

Nuclearrkactors[chn [Helclassified [(Hy dsing[skveral [different [criteria. (Major[criterialih the Miteratureih [
cludelthefdllowing[(GIF2008):
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Classification by ke
e researchlréactors
e productionréactors
e powerlréactors
e propulsionfréactors
Classification blymhoderatormhaterial
e graphitemhoderatedréactors
e watermoderatedréactors
. light Watermhoderated réactors[(1LWRs)
o heavyatermhoderatedréactors
Classification[blylcbolant
e gaslcboledréactors
e liquidmhetallcboledréactors
e waterlcboledréactors
o pressureMaterreactors[(PWRs)
o boilingwhaterréactors[((BWRs)
Classification by ¥ pelofmiuclearéaction
o fastlréactors
e thermallréactors
e fusionlrkactors
Classification by rbleinh thefhellcycle
¢ breeder[reactors
e burnerfréactors
Classification[bly[Qeneration
e generationIréactors
e generation I [réactors
e generation[IIréactors
e generation[II+[réactors
e generation IV réactors
Classification by phaseloffhel
e solidfheledréactors
o fluidfheledréactors
e gaslfheledréactors.

Hereldnlymiuclear[rkactorsmised fh[power[plants(alre[dealt With. [Mhemhajority [df muclearréactors ilsed it
power[plants[are(BWRs[mhoderated bly [ight Water. Blanningprocess [dfgeneration M1+ [Muclearrkactors
takes[aldvantageldfthelaccumulated lekperience ftom [the lse [of[generation TH111rkactors. (MTheBuropean
Pressurized [Reactor [({(EPR)[drdered (By[Teollisuuden[Voima[[TVO),[durrentlyGinder[donstruction[Gn
Finland bl [Areva, [3[classified [ak[algkneration [I1+ ractor. [(Gif[2008)
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Generations of Nuclear Energy
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Figurelghb. GenerationslofiNuclearBnergy[((GIF(2008).

Somelcbuntries[siich @k [Erance, [Thpan, Onited Kingdom, Russia, Onited [Stateslahd Thdialhlave developed
fast[breeder[rkactors[(FBR), hich [are Mot mhoderated [and [produ celduringaperation Mewmuclear mhate ]
rialwhich [chn [befhrther bkedlakmuclearfel. Some[ABRs (hlave keen i ke fbrlelectricity [production, biut
oftenltheirkehlasbken [given Wip by [pblitical [decisions. [(Gif[2008)

Sincelthentheldevelopmentlafnuclearféchnology(hlasbeenbhorelalr Iéssfbcused [an [sb[dalled [generation
IVluclearréactors. Thlcbmparison b ekisting rkactors, [generation IV [réactors hll

e belshfer

¢ uselldssmuclearfiielahd bemhoreleffective

e producell@ssirhdioactivemastes

e belmhoreletonomical,lahd

e havelsinallerfihvestmentahdloperation [cbsts.

Iflthis[Kind[df[aldvantages[Will [(Helakchieved, the[rkasonablelsize[df[Muclearnits[chn [He[sinallerfhan Gh
current muclearpbowerplants.[Thismhakes[generation IV [céactorsmhore flexibleahd fhusmhoreshitable id
thelcircumstancesih[theldpenedlelectricitytharkets. Woreover, theldevelopment [df Muclearfechnology
towards[generation IV [rkactorsmhay[Have[sich [an Gnpact [dn [cditizen’s [attitudes [tbwards[mMuclear [dower
thatthelclirrentapposition[ahdchangethelgbvernment [Hosition i$fhoselcbuntries[Wherehcreasing(the
uselofmluclear pbweridmbt [at fhelehergy pblicy agendal(Gif[2008).
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AlGeneration[V Thternational Borum [(GIF) (Has[Heen[ektablished [fbrrksearch [and [lanning [df [genera ]
tion[IV[duclearXeactors.[This[fbrum[Has[delected [thethost [Promising[fkchnologies, [And [Jublished Gh
2002[altkchnologybad [thap fbrhorelfbcused esearch [and [[Flanning[Work. Many[reactor fpesWere
considered[ihitially; [However,the listWas[downsized [ib [fbcus[dn[thethost [dromising[fkchnologies [and
thoselthat[cbuld mhost [dikely mheet thelgoals[dfthelgeneration OV Ghitiative. [(Threelsystems[alreMominally
thermal[rkactors[and [threefhst[rkactors.[The WHTRG3 [dlso (Heing[rksearched fbr[dotentially[droviding
high [quality[processhleat forhlydrogen [production. (Mhefast rkactorslolffer the[possibility laf burningaktil]
nides[ib[fhrtherrkduceasteland [df (Heing[abletb[Breed [thorefhel than[fheylconsume.Theselsystems
offer[significant[aldvanceslih [slistainability, [shfetyahd [ctliability, [ekonomics, [piroliferation [résistance lahd
physicalprotection. Theffrst(gkneration MV mluclear réactorslatelekpected ftd bkt lcbmmercial iise by theear
2030.[Theldkvelopmentlofldifferentgeneration TVliclear féchnologiesmlill mhturally bedifferent. [Gifl2bo8)

System Partners

Apr 2008
"~ N
I«<p B 1) o o D =B =
VHTR * L * L * * * * *
GFR * * *
SFR + * L + 4 *
SCWR * +* &
LFR * *
MSR * *
Partners: NRCan JRC CEA JAEA, MEST, PsI DOE CAEA, DME
ANRE KOSEF MOST
ANRE - Agency for Natwral Resources and Energy (JP)
CAEA — China Atomic Energy Authority (CN)
CEA ~ Commissariat 4 "Energie Atomigue (FR)
DME — Department of Minerals and Energy (ZA) VHTR - Very-High-Temperature Reactor
DOE — Department of Energy (US) GFR — BGas-Cooled Fast Reacior
JAEA - Japan Atamic Energy Agency [JP) SFR - Sodivm-Cooled Fast Reactar
JRC ~Jaint Research Centre (EU) SCWR - Supercritical Water-Cooled Reactor
KOSEF - Korean Sclence and Engineering Foundation (KR} LFR - Lead-Cooled Fast Reactor
MEST — Ministry of Education, Sciance and Technology (KR) MSR — Molten Salt Reactor
MOST - Ministry of Science and Technology (CN)}
NRCan - Netural Resources Canada (CA}
Psi = Paul Scherrer Insiituie (CH)
it warn gensd orgiGIF G overmanceisystom him Fitip: wnwner geed orgGIF G ovsrnarcabramawari iim 27

Figureldy.l [System[Partnersl(GIF2008).

VerymHighdTemperaturetReactorqfVHTR)

The[Wery[Migh[Temperature[Reactor[donceptidtilizes[dlgraphitelthoderated [dore[With [dldncelthrough
uraniumfhellcycle. Mhisrkactorldesign lehvisions[ah alutlet Eémperaturelofi]Jooo°C.[Mhelréactorlcbrelchn
beldither[alprismaticBlock[dr[djebbleHed tactorldesign.[TheHigh femperatureslenabledpplications
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such [ak[process hleat[arhlydrogenpiroduction idathefhermochemical ibdine[sulfurlprocess. TiWouldlalso
belphssivelylshfe. (Gif[2008)

Pebbie-Bed or
Prismatic Reactor

FigureldB. VeryHigh[TemperatureReactorWHTR)(GIF2008).

SupercriticaldWateroCooledReactorq(SCWR)

ThelSupercritical Waterrkactor (BCWR) i$ [alcbncept fhatises[shipercritical Water [aks fheWorking [fluid.
SCWRsl[alre[Hasically light [Water[rkactors [LWR) [dperating [alt [Higher [pressure[and fémperaturesWith [
direct,lahcelthroughlclcle. [Asmhost cbmmonly [ehvisioned, fiwouldloperatelah [aldirect(ccle, mhuch ke al
Boiling[Water[Reactor [BWR), Blut[sincefluses[shpercritical tater [(hot kb bk lcbnfused Whith [ctitical mhass)
as[theWorking[fluid, Would [Haveldnlylanelphase[dresent, likefhe[Pressurized WaterReactor (PWR). [0t
couldlaperatelatmhuchhigherfémperaturesfhan bbth chrrent[PWRsahd BWRs. [(Gif[20008.)

Supercritical ater[dooled [rkactors[(BCWRs) [@re[promising[ddvanced Muclear[siystems[Hecause[dftheir
high[thermalleffficiency((Q.e.,[about (452 s. [about [33 % [elfficiency [fbrchirrent MIWRs) [and [cbnsiderable
plantsimplification[(Gif[2008).

Themhainmhissionlof the[SICWR3[gkneration lalfldw[dost [electricity. Tt i3 built bipon Fwo [proven féchnolo [
gies,MIWRs, Which [alre fheMmhost[cbmmonlyldeployed [power[generating [rkactorsih fhe World, [ahd[shiper[]
critical[bssil[fhelfired Hoilers, [@IArge[Mumber[df Which [are[dlso fhise[around [fthe orld. [The[SCWR
conceptlisbeingihvestigated by [3klorganizations[ith 1} cbuntries. (Gif[2b08)
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Figureldo. [Supercritical Water[@ooled[Reactor (SCWR)((GIF[2008).

MoltensbaltReactorqMSR)

Altholten [shlt[rkactori$ @iy peldf[ducleartactorWherelthelcoolant il [alrholten shlt. [ThereHaveHeen
many[designs[putfbrward FbrthisHpeldfrkactorland [AfewdrototypesBuilt. [(Theldarlyldonceptsland
many [darrent[dnes[Had[the[duclearfhelldissolved Ghltheholten fluoridelshlt [ds Mranium[fktrafluoride
(UF4),thefluid ould rkach [ctiticality by Flowingihto [algkaphitecbreWhich [also [served [akthe mhodera ]
tor.Manyl[chirrentlcbnceptsrélyloh fhel that id[dispersed it [algkaphite mhatrix With fhemholten [shlt provid [
inglowlplressure, (ligh fémperaturelcboling. (GIF2008)
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Emergency Dump Tanks

Figurelibo.l [Molten(ShltReactor(MSR)(GIF2008).

Gas=Cooled=FastReactorqGFR)

Thel[Gas[Tooled [Bast[Reactor[((IGFR) [system [features[Afhst[deutron [spectrum [and [dosed [fiel [cycle fbr
efficientlcbnversion [of fértile ranium [ahd mhanagement [df [aktinides. (The [rkactor i3 hlelium [dooled, With
anldutletfémperaturelaf850Clahd sing [aldirect Brayton(cyclelghs Mhrbine fbr Mligh fhermal [efficiency.
Several [fiel fbrms [alre[Meing [cbnsidered fbrtheir[dotential [ib [dperatelal Mery (High fémperatures and [tb
ensurelahn[ekcellent [rktention [off fission [products: [ebmpositelckramicfhel, [advanced fhel [particles, [alr [ck [
ramiclclad[elements[df[akctinide[cbmpounds.[Qorelcbnfigurations[alre [Heing[cbnsidered [Hased [an [pin (&
plate[Hased fhel laksemblies[al [prismaticblocks. (GIF[2008)
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Figurelibi. GaslQooled[HastReactor (GFR)(GIF2008).

SodiumcCooledFasttReactorySFR)

Thel[SFR 3 alproject that bluildslon Bvolclosely rklated [ekisting [projects, the [IMFBR [ahd [the Thtegral [Fast
Reactor[(GIF2b08).

Thelgoals[arelibGhcreaseliheldfficiency [dfuranium isage By Breeding[@lutonium [@nd [dliminating[the
need [fbritransuraniciotopesleveribléavelthelsite. [Thelrkactor[design iises[an iinmoderated [core din [
ningldn [fhst[deutrons,[designed b [@llow[any [fransuraniclsotopeib[Heldonsumed [(hnd [ih [Someldases
used[akfhel).Thaddition b fhe Denefitsafiremovingthe longhlalfMifeftansuranics from theMmtastelcycle,
the[SFR[HhellekpandsWhen [thelrkactorldverheats,[andfhelchain[rkaction [aAutomaticallyslows[down.[Th
thismhanner, {3 [phssivelylshfe. (Gif[2008)

The[Thtegral [Hast[ReactorlarTFR 3 [aldesign fbramiclear rkactorith [alspecialized muclearfhellcycle.[A
prototypelofthertactorasbuilt, bt thelproject taschncelled Defore i lcbuld (belcbpied [elsewhere. [(Gif
2008)

ThelSFR[rkactorlcbneeptisleboled by lquid [sbdium [ahd fheled by [almhetalliclalloy [of iiranium [ahd [pluto [

nium.[The[fhel i3[cbntained i [steellcladding With liquid [sbdium [lling fh thelspaceDetween [the fhel lahd
thelcladding. [Oneloftheldesignchallengeslofah [SIFR [ate the [skslof hhndling Sodium. (Gif[2oo8)
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"\\—'é::LijmJ&mu Fast Reactor

Figurelib2.0 [SbdiumlQooledBastReactor(SFR)(GIF2008).

Lead=CooledFastReactorqLFR)

The[ead [cooled (RastReactor 1] fkatures(alfast[Meutron[spectrumIéaddrIéad/bismuth [elitectic[(1LBE)
liquid [thetal [dooled [reactorith [alclosed Hhellcycle. [Optionsihcludelalrhnge laf [plant [rhtings, hcluding[al
"battery"[df[5o[Ibi50 MW df[electricity [that features[@Mery dbngrkfuelingihterval, [aAlthodular[system
rated[at[Foo b goo MW, [ahd [alargemhonolithicplantldption[at {200 (MW. [(The[férm [Hatteryrkfersib
thebnglTife, fhctoryfhbricated [core, Mot [Ib [any [Hrovision [fbr[electrochemical [energy [donversion.) (The
fuel i3 [mhetal [dr mlitride Hased [cbntaining[fértileranium [and [fransuranics. [Mhe TIFR i3 [cboled (bly matural
convection With[alrkactor[dutlet[dbolant femperatureldfl550°C,[Hossiblythnging ip b [Bo0°CWith [ad [
vanced [mhaterials. Theligherfémperaturelehablestheproduction afhlydrogen My thermochemical [proc]
esses.[(Gif2bo8)
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Figurelib3..l [MeadlQooledBastReactor(LFR)(GIF2008).

Alastthajority[df[duclear[fechnologyldevelopment [are[Hased [dn [itilization [df dranium [esources.[As
noted[éarlier,[fhorium [chn [Melconsidered [ak[alsburce fbrmuclear fhel (HutMHecauseftlchnnot[Hehised [als
such, iimhust beftansformed ihtofissile mhaterial by bising[additional Meutrons. Thternational Atomic[En[]
ergy[Agency [lists[skveral [eikperimental [and [Power [rkactorsfbrfhorium fitilization. [Qurrent [aktivities ke [
lated [t [fhorium[alre thostly [ih [Thdia, [allcbuntry With mhajorfhorium [rkserves[and [Auge[ihcreaseih [esti[]
mated[eénergyldonsumption.Thorium[itilization [(Has(Heen [earlier inder[skrious[donsideration Ghthany
industrialized [cbuntries, But[according fbMTAEA, [ekperimental [and [Hower [rkactorsHave Mot Heen Gh [dp [
erationih[thelrkcentYears.[Atthe[thoment, thelihterests[tbwardsthorium fitilization [As[aAMuclearfhel
have[been [elmerging[again. [Thorium [has been mhentioned [ak [alpotential fhel fbr MWRs[ahd Marious [gen [
eration(IVmluclear[rkactors,[ekpecially fbrighs[dooled [fhst rkactors[((GCR)[and mholten[shlt [rkactor[MSR).
(Gif[2b08)

4.5.HydroPower

Hydro[gower[is[dnel[df[theldldest @nown[energy[dources.[Qurrently[thelenergy [Hotential [df[riversland
rapids[ismot[ahy mhoreised mhechanically,ihstead Giid mksed fbrlelectricity [production iaater bhrbines.
Watertirbinelidlalgbod [ekamplelofmhatureféchnology, wherelsignificant féchnological [developments[ate
notlekpected.[According[ib [British Petroleum [(BP),Zog Mtoehlydropowerasproduced fh[2007,Which
corresponds[ibldver[8,200 MWhlelectricity.[Amongithe Nordicldountries, Norway [and Tteland [@roduce
almost[all [electricity By hydro [dower. [Thelshare[df [(HydroG$ [significant [ih [Sweden[and [(Binland [as [Well.

97



Globally[theGhost[significant[dountries[froducing[HydropowerGhclude[China,Brazil,[Canada, Wnited
States, Russia, Norwaylahd[Thpan.[(BP[2008)

World Energy[Qouncil (Has[dstimated[fhat[global[(Hydropowerxesourcesould[énable[d@roduction [df
15,000 MWh [electricitylahnually.[However, ih fhdustrial [cbuntries theproduction[chpacity olfhlydripower
is[dloselib[ts[haximum Galue.[dn [dther4ords,[dmost[Ell [@vailable[Hydropower[esourcesHaveBeen
taken[OGntoOise.[Suitabledesourcesfor[dAdditional [(hydropowerproduction [Are[dvailable Gh[$outhern
Americalahd[Asia.Margelskalelhlydropower[production isually[ebnsists [aff [state [dwned [power [plants[aind
traditionally hlydropower [producxtion hhgsbeencbnsidered[akalnational idsue. [(WECE2o07)

Thelefficiency[df(hlydro [dower[plants[is[dften [hcreased My régulation[df fthe Water[system; [le. [dams[ahd
water[reservoirs.[Waterid[stored i [réservoirslahdfeded Gh Ehrbinsfbr[shibsequentlchanges it [electricity
needs.[However, [thelamount [dflannual (Rydropower[roductionMaries[quite @bt [dueib[differencesih
annuallprecipitation. Th[addition b Targelscalelckntralised (Hydropower[plantsthere[is[also [sbmelsinall [
scalelaind [thicro Mydro[ower[ihise,Which i [characterised [thy (Hydropower[dlants ith dbwl(elfficiency
(typicallydéss[than [1b (MW) FbrIbcal ise[and chinimalldr Thcking [Water[rkgulation. [Th the (RU [area, [the
amountlaffihstalled [smalllok mhicrolskale (hlydropower i ke isabout5looo MW.[(WECE2b07)

In[2oo7,labout iy MWh [electricity Was [produced by hlydropowerih [Hinland. [Mhisréfers kb lalil.5 P [share
ofotal[é8lectricity[dupply.[TheTargestLdmount Laf[Built hydropower[dapacityis [Ibcated lin [(Worhern
Finland,Gh[Qulujoki, Kemijokildnd Olijoki[Which WereBuilt[dfter (World (War[dll. [Continuation [df[the
Northern[hydropower[HuildingHasHeen[discussed[albt[duringtheldecades,land thei3suelis &k fbday’s
energylpolicylabenda.(VesirakentajaQy[2oo8)

Finnish[Mnergydhdustries[Has[rkcently[drdered[@nd [ublished [an[fhvestigation [df iinused [(Rydropower
resources/in [Hinland [(Power [ffom Water[2007).[Thefhvestigation [cbvers(alsothoserksourcesddcated [an
protectedlahd Natura2o00[akeas.[ThefhvestigationcbverstheMeed fbrilpdatelaffhelcbnstruction [plan,
the[ddditional [dapacity[dvailable [With Cdonstruction,[dnnuallélectricity productionLof[Hhe[ddditional
capacitylahdfthelcbntrollability lofproduction. [Vesirakentaja@y[2o08)

According[td fhisfihvestigation, theféchnologicallylahdlebtonomicallysignificant (blut inused hydropower
potential Gh [(Finland Gk btally[d 34 MW hich [dorresponds[2.98 [(TWh [dAnnual Lélectricity [production.
However, the[Thrgest [part[dflthis[Hotential G$ bcated [ih[sites[drotected My Iégislation [at fhNatura2000
areas.[Theselihcludelelg. Muotosréservoirlahd pbwerplant (37 MW [ahd [0.33MWh), Kollajaéservoirahd
powerlplant[(35MW ahd[d.2o0 [MWh),[Ounasjokil(349 MW [ahd 121 [MWh) [ahd mhiddle [part lof [jokil(i13
MWU[And[d.44TWh).[The[Building[df[these (hydropowertites[dvould [(tequire[¢hanges[into[éxisting
legislation[ealing[Wwith Chydropowerhnd Chature[tonservation. [Outside[thebrotected ChreasChnd
Natura2000 [areas[chn[He fbund [@lg3o MW G4[d.58 MWh hlydropower[potential, which i3 mhainly Ibcated
in[&xisting[HydropowersitesWhereldomelddditional [dutput[i§[dvailable Mia[thodernisation[dflexisting
hydropower[facilities. (VesirakentajalQy[2008)
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Technologically and economically significant hydropower
2,976 GWh/a, 934 MW

(in relation to energy)

Pernoonkoski, Kuusaankoski, Perhonjoki lower course,
Luonionkoski 165 GWh/a, 35 MW

lijoki middle course 437 GWh/a, 113 MW- =

Kollaja 200 GWh/a, 35 MW

Vuotos 325 GWh/a, 37 MW

Qunasjoki 1,210 GWh/a, 349 MW

Lapuanjoki, Siikajoki, Pielisjoki 56 GWh/a, 35 MW

Sierild, Raudanjoki 282 GWh/a, 69 MW
Increased output capacity in existing plants 301 GWh/a, 261 MW

Figurelib4.0 UnbuiltCHydropower[Resourcesin[Finland.[(GreenSlices: [(Protected[AreasChind
Natura2o0oo0Areas(VesirakentajalQy[2008).

In[dddition,fherelik[dlso[d [Potential (df (374 [MW[dnd [d.89 [(TWh [duitablefbt[ddditional (Aydropower
production [Butrkquiringupdatefihldld [cbnstruction [plans. [(This[potential i3 mhainly Idcated [ thelrdvers
of[Pohjanmaalahd lpperlcburseslaf [Qulujoki, Tijoki[d Kemijoki. [This [pbtential [ mhainly i [protected lahd
Natura2000[alreas, [anly [B3 MW [ahd [d.22[MWh 3 [available[With [chrtrent Iégislation. [About [alhlalf[aif this
potential Cédould [(beldonstructed vith Gnvestment [3ubsidiesfor[énergy[plantsCat (Hheir[durrent [level.
According[tbthelihvestigation,therelidlalso[ah [allditional [pbotential [of [368 MW [ahd 2186 MWh lalutside laff
centralised [¢donstruction (possibilitiesCadnd [protected [dreas, hich [s[¢alled CasCnatural Chydropower
resources”.[VesirakentajaQy[2008)

4.6.5%50larEnergy

4.6.1.50larcTechnologies

Nowadays, [an[extremely dhrge Mariety[df[sblar[fkchnologies[are[available,[and [ghotovoltaics[(Have [Heen
gaining[an fhcreasing[mharket[sharefbrthedast[2o ears, but[global[generation [off[sblar[electricity i3 [still
smalllcbmpared [b[fhe[dotential [df [this[rksource.Thelchrrent [cbstlolf[sblarféchnologies(aind theirihter[]
mittentmaturemhakefhem [hiardlylcbmpetitivelan [ah [ehergymharket [still [dominated (by [cheap Ebssil [fhels.
From [allstientificlaind f&chnological Miewpoint, thelgreat [challengei$[finding[mew(sblutionsfbr[sblar[en[]
ergylsystemstd [Becomeléss(chpital [htensiveland mhoreefficient: brthispurposeldwldostahd/or Migh[]
efficiencyphotovoltaic[devicelconcepts[are[Heing[developed.[Solarthermal fechnologies[are [fkaching[a
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maturelstageldfldevelopment[and Havethelgotential [df(Hecoming[dompetitive fbr[Thrge lenergy [sipply.
Intermittencyi$[Heingladdressed [With[elktended [rksearch [effortsih [ehergy[storageldevices, shich [as[Hat [
terieslahd[dtherl[electriclstoragelsystems,thermallstorage,land[theldirect [productionaf [sblarfhels [(Gypi]
callyhlydrogen).[All theselalrehluablerbutesfbrlehhancingfhelcbmpetitiveness[ahd [performanceof[sb[]
larftéchnologies. [(Btanford Mniversity[2006)

P 870 TW

86,000 TW -

Wind
15 TW
| / SZ;W )
| Global
Solar Geothermal Consumption

Figurelibs..0 ComparisonldflIncoming[SolarEnergyvith[(OtherEnergyFlowsLdndBhe[(Human
GloballdonsumptiondflEnergy ((Wikipedia2008).

AccordingtdTEA, thefdtallclimulative ihstalled [chpacity [Qf [PV [systems ih TEA PVPS [(Photovoltaic Power
Systems[PBrogramme) [reached [d.7[GW [t [the[end [df[A006, ith [An Gherease[df[36[% [dver[doo5.[This
represents[around [87 % [dfthelglobal [chpacity [(6.6 [GW), With [Germany,[lapan, ahd [DSA[akcounting [fbr
70 % [of theltbtal [chpacity [(the[shmelcbuntries[alre fhefthreelargest[BVanufactures). Ththefhiturelthe
trendsfor[PVIsystems alelekpected kb bk [positive, With [global kkarly [electricity [generation [between [1]383
and[2l584MWh i [2o50.[AEA[RDO08)
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Cumulative U.S. PV Installations by Year
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Figurelib6.0 [Qumulativel.S.[BVIhstallationsby Yearl@SSblarThdustry [2006).

Annual U.S. Grid-tied PV by Application
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Figureliby. Annuallll.S.GridHed[PVIbly [Application [(US[SblarThdustry 2006).
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Figurelib8.0 OverviewlaflAvailableTechnologiesforSblarEHnergyQonversion((SEIA[2004).

Photovoltaics[directlycbnvert[photon [ehergyihtolelectricity: theyuse fhorganiclalr[arganiclskmiconduc]
tor[haterials[that[absorb [photonsith [energy[greaterfhan[their[Handgap [ib [Iromotelenergy[darriers
into[fheir[donductionBand. ElectronHole[Pairs, [drldxcitonsHor[drganic[demiconductors,[dre[subse]
quently[skparated[ahdlcharges[akrelcbllected at thelelectrodes[fbrlelectricity [generation. (Thin [flm photo ]
voltaics[dr[®3rd[generation[ghotovoltaics”,[dreldonsidered [ds[A[Promisingtouteib Ghereasing[the dffil]
ciencyland Ibwering[thelcbst[af[photovoltaics[(Warious[authors,[Standford Mniversity[2006).[According
tolEAfdrecasts, thinflms/alelekpected Eblihcreasefheirmharket(sharelsignificantly by 2020, [ahd i [par[]
ticular(Sifthin[flmsbhodulesmhightréach efficiencylabhligh ak 8%, thusrépresentingiablelsblutions for
powerlapplications.ThisMew [generation [af(AV s [ekpected [tblelmerge [and [rkach [High mharket [shares [Be[]
tween[2b20ahd[2b30[dEABRDOS).

Solarthermalféchnologies[cbnvert thelehergyldfidirect lightihto fhermallehergy isinglcbncentrator(de ]
vices. [Borl[dlectricity[generation, [the[host[developed[ftchnologies[dre[the[darabolicldish, fhe[parabolic
trough, [And[the[dowerfbwer.[Alreadylcdommercially[available, fheldarabolic[dish [danHedsed[ih [single
dish [dpplications[With [dutputHowerldfltheldrder[df[d5[RWe,[drlgrouped Gh[dish fhrms[ib[dreate[Thrge
multilthegawatt[plants.[Parabolicftoughsskem mhost [ikely b e hised fbr[deployment [df [sblar ehergy [ih
themearferm.MariousIdrge[plants akelchrrentlyih [aperation(California 2354 NMW) [drfh fhe [planning
process[ih[the[WSAland [fh[Rurope. Powertbwers, With Ibwlcbst[and [efficient thermallstorage, [dromise
dispatchable, Migh [chpacity Fhctor[power[plantsih thefhture. [(Btandford Wniversity[F006.) Thvestment
costsfbrtrough [lants(alreih [the rhnge [df (TSD4Eb[d/W,[dependinglan Obcal [cbnditions. Plantsunder
construction [atelekpected fd[gkneratelelectricitylat alcbst between [ISDib5—225/MWh.[OEA[2008.)

Photosynthetic,[ghotochemical,thermal,[dnd[fhermochemical [grocesses[dan[Be[dpplied [ib[storedolar
energylih[thefbrm[dfldhemical Hiels,[Particularly[Hydrogen. [Rhotochemicalland [ghotoelectrochemical
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systems[iseight[densitive thaterialsfbr[absorbing[ghoton [énergyland[Producing dlectrons[With [duffi[]
cientlehergyfbrisplittingWater.Thfhermochemical f&chnologies, [cbncentrated(sblarflux[s fised b [pro [
duceltheMighftmperaturesdecessary [tb[drivelendothermiclrkactionslshich s [syngas[droduction from
natural[das[and Water[fhermal[dr[dhemical [decomposition.[Some[MBiological [dystems[(hlgae, [Bacteria,
yeasts)[producehlydrogen it theirmetaboliclaktivities. ($tandford Mniversity[2006)

4.6.2.-MarketGrowthdlrendsdnsSolarcEnergy

Solar[thermal G [Hoomingorldwide, [dspeciallyGh (Hurope@nd ISA.Oh[fheI'SA, [the[ibtal [dumber[df
shipmentslaffthermallcbllectorshasdoubled [Retween 1H96 [and [2oo5.[The [Buropean [sblarfhermalmhar[]
ketl$[alsothriving. [Mhelmharket Molumelihthe RUE5Has Been ery [close fbEIGWth Mewlyihstalled [ch [
pacitylih[2006,[cbmpared [With [d.6 [GWth [1b karsDefore[(Levon[2007). [Thelibtal [sblarfhermal [chpacity
in[dperationWas[g[GWth Gh[Ob9o7,db [GWth[ih[Ho04[and Mastached 15 [GWth [ih [Hoo7[(ESTIF[&H007).
Around [@mhillion[HBuropean families[already(directly [Henefit from[sblarfhermalehergy, [ak[do [dther fie[]
quentusers(shich [ak[hotels, [sbortlckntres(ahd [offfice buildings. [Apart from [policy [shipport, the mhain [driv ]
ers[dftheseighly [positive[ftendsare[growing[awarenessfbrsblarlehergy, fhcreasing [prices [df [conven[]
tionallenergies, [growing[concern[dver[security[df(shipply With (inported Hiels[as [Well[ds Misiblesigns[df

climatelchange.

Thelchirrent[situation fh[Austria, Wheref % [df[detached (Houses[already selsblar fhermal[aind [ih [sbme
villages[sblarlcbllectors(chn [bkelsken [an mhost rbofs, [ [showing the Wray Ebrtherést laf [Rurope. [(Thepbten ]
tial[fbrgrowth ih (Huropelis finmense, [particularly ih wharket [skctors[shich [akmhultiFhmily houses, hdus[]
triallahdloffice bhildings. (ESTIF[2007)

European[Solar[Thermaldhdustry Bederation [(IESTTF)[resentsHvo[do20[thrgets, [thinimal[and [ambil]
tious, fbrlsblarfthermal lehergyldevelopment.Mechnically, HSTIF fbresees[altharket [phase Gh[df Mewalp [
plications, fbgetherith [cbnsiderablelallvancement it heat[storagelahdlsblarlcboling, Ebimpact fhemar[]
ket[@round[2o15[3025.[Hconomically, theydnticipatefirtherdost eduction [df[sblar[thermal,[and[the
continuingcbstihcreaseldffbssil fhels. Politically, Business[ak hisuali$[aksumed, ile.fragmented [shpport
forfthemhinimal farget; [stronglshpport HUMide fortheaimbitioustarget. [(ESTIF2007)

Infthemhinimal fhrget[(Austrialstenario),themhinimum [goal brthe [BUGh 2020 [should [He kb rkachthe
solarthermalkagelalfiyg kWth perlilooolchpitalaf[Austriaih 2005, eljuivalent kb [altdtal Ichpacity i [olp [
erationloflgh [GWth in the [HUESTIF2b07).

Thelmharket[growth [rhtemeeded b rkach thismhinimal Farget G306 [% [per vear, Well (helowthe[MUaverage
of[2002[3006.However, [tb[rkach [thisthrget [abetterpolitical ffamework i [Meeded throughout the[RU,
tomhakelshirefthat thelgtowth id[shared i [all[cbuntries. (ESTIF[2007)

Thelainbitiousftarget,[1in> perlchpitaforlelery Buropeanih[2020,[chn [Hertached With [alshitablelshpport
framework.[iImh> oflcbllector[(b.7[KWth) [er[chpitalelquals[@ibtal (chpacity 11190 [GWth inthe[RU.Ththe
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residential[skctor[alone,[about fvo mhillion [BUFamilieshiave [already ihstalled this aimountlaffsblarichpac[]
ity.[Reachingthisthrgetmeansmilsingsblaridely bbth fdrlcbolinglahd [processhleat, Wtth majority of this
capacityshipplying[domesticlhlot Water[ahd[space[hleating. [(Thelaverageykarly [growth rhtelof the [BU mhar [
ketmecessary[ibrkach[thisthrget is[3h 2 S 0éssthanthelrhtelakchieved [h[&006 [and [anly (A% [abovelthe
2002—-2006[average. (ESTIF[2b07)

Alglancelatthelgrowingldompetitionfbrlscarcerksourcesdnlthelgloballehergytharketsi$[ddersuasive
argument forising[sblarfthermal mhost everywherelpossible[duringthe[2stickntury. [Qonservativelylektil]
mated, thismharketwillhlave[alvhluefih fhelarderafib,000 hillion €, Mithout [rkplacements and mhainte [
nance.[Huropelis[ih[algood [osition [and [Has[thelchance[ib [He[the[rhain [(Heneficiary [df[this[Mewl(global
business[field. Ih [thostrknewables, Huropelisdkading[MHoth [ih [fechnology[and [ih [the[tharket Molumes.
However, il [the[atter, the[Chinesemharket fdrlsblarthermallalonelidAtimesMiggerthan fhe[BUMharket.
However, [gliven [the[priceIévels, [Huropeanthanufacturersichnnotlehsily[competeihmharkets[ike[China,
IndialahdMurkey.[Alslibstantial[growth [hfheldomestic[(BU mharket i3 meeded brtheRuropean b mhain [
tain[ifsftéchnological Iéadership (ESTIF[2007).

World [photovoltaiclshipments(grewlbly [3k % [ih 2003, [ahd fhelihdustry [generated [§l4.7billion fh rkvenue.
Solarlelectriclsystemsfbrhlomesahdbusinessesldominated fhemharket i the I nited [States, Burope, ahd
Japan[akftheblumelafishles[shrpassed[Z4o [mhegawatts[IMW), With [Huropelcbntributing b lalound 5o [%
oflthelgloballchmulativelchpacity.

Increasingly,[olicies[ih (Burope[dand [Japan[{in[Garticular[feed hthriffs[and[7o,000drdo0,000bofs
programs)[akreldriving féchnologylahd mharket[development: [shipportmhechanisms(ateldefined [ih mMlational
laws.[ThelGhtroduction,thodification [dr fhding[dut [dffshich [shpport [Schemes[chn [Have[profounddonse ]
quencesloh [PV inhdustries. [PV Market fdrecaststhereforeldepend loh [aldeep inderstandingloffthe [political
framework.[(8EIABb04)

Thelnlext[1bears alelckitical FbrWorldwidelsblar[powerdevelopment. [This [period Will [determine which
nations[reap(theldconomic,lenvironmental, [security,[and [reliability Malues that[sblar[Jower [dffers.[Ac[]
tions[By[dovernmentldndGhdustryWill[determine [Whether[dolar[Jowerlik[datapulted b [d[dew[Ikvel,
meanwhile[fhvestment[decisionsfbrrksearch, mewmhanufacturing, [ahd [ckeatingmewmharketsWill [deter]
mineMherelsblarpowermlill thrive (BEIAR004).

SEIA[(Bolar[BnergyThdustries[Association) [estimates[that, [f[Holicies fbrfechnologyland [mharket [devel [
opment[alre[fhtroduced, thelchimulativelchpacity[dffihstalled [sblar[electriclsfstemsih[the Mnited [States
willlgrowl[slibstantially ftom[éssfthan[dl.4 QWi [2oo3 kb Bloo GWhl 20 30.

Thelsblar[BVharketHasBeen flourishingldvertheTist Mearsland G$ fbrecasted [tb [confirm [thisftrend fh
theldoming[years.[Afterlan[elxponential [growth [ih the st [1b ears, [Hythelend [df[oo6 thelgenerating
capacitymanufactured [rkached[3500MW, With [thethain [layers[Heing[Rurope, WS[and [Japan[(Daviss
2007).
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This[stheresult of the féed Gh EhriffsGhtroduced frst ih [@Germany [Qvhich (Hasthe 5k % [off the orld’s i [
stalled [bhaselof [PV [phnels) ahd, mhore récently, ih Ttalylahd Spain. [(Daviss[2b07)

EPIA[(European [Photovoltaic[Thdustry[Association) (Has[developed [alZbolicy [driven” [stenario[(inWhich
followlplahd/orfhtroductionlaflshpportmhechanisms, namely Féed lh [Ehriffs, it [alldrgemMumberolflcbun[]
tries(is[thken[ihto[@ccount)[according[ib Which [Germanyis[elkpected [ib rtkmain [the[tharket Ikader[and
even [ihcreaselits(market[size[donsiderably[dver[the[Mext[ylears.[The[Higgest[growth [k [fbreseen [fbrlthe
Rest[Buropelih [particularih[cbuntries(siich [ak[Spain, [taly, [Brancelahd [Greece.Mhe[JSAMill [also [be[able
tollselils vhst[sblar[potential[ahd Will [challenge[Germany[ak[the Number iV cbuntry.[BVIdevelopment
in[Japan Will, b [aTargeektent,[depend dntheldecision[df[the[Japanese[government [fb [rkintroduce, ldr
not, [allshpport[program.[AlsotheRest[df[Asia,fh[PHarticularThdialalhd [South Korea, Will Fhcefhcreasing
demandfor[PV.[(EPIA2b08)

Global[PVmharketshlaveHeenlekpandingrhpidlylavertheast[decade. [BPIA [ekpects(alsimilarmharket de[]
velopmentfbrtheearstbldome. By[Ho10 [Elglobal [annual BV harket [af [AIGWp [chn [Belelkpected Gh the
privileged [Policy Driven[Scenario. However, [1d[elident fhat [shich [alnharket [growth Will [réquire lcbntinu [
ous[political[shpport[ih[sbmelcbuntries[and[ekpanding[shipport fh[cbuntriesWhich (Have Mot [Heen[aktive
supporters[df[BVsb [far.[AVWill[rkach [dompetitiveness With [Jeak [dower [drices[ih [sbuthern [(Burope By
2015[ahd fhmhostdf(Huropey&o20.Mhislsbchlled [ghid [parity i3 lekpected b then ftigger[ah [ektraordil]
naryldemand(duetbPVIigeneratedlelectricity becomingihcreasinglylcbmpetitive[ak[alresult [of lalcbntinu [
ous[decreaseih[BVechnologyldrices[(thanks[Ibthefhvestmentihmewldesigns)landleikpecteddrice fh [
creases[offbssillehergylsburces(EPTAR008).

Thelcbstsldf(PVIsystems|alre[stillHigh, [despite theirldecreaseWith [alléarning[chirveldf 15 [30 [% Which k[
sulted[ih [allsignificant[decreasefh[dricesfrom[bgos[ib[H004.Mrom[Po04 [@ricesMaveihcreased [Again,
becauselafbothlihcreased [demand [(specially i [Germanyahd [Thpan) [ahd [shortagelof[sllicon. [Qurrently,
crystallinelsilicon mhodules(akeBack b [&l004 mominal [prices[ahd [alre [ekpected [tb[decrease[ak Mewmhanu ]
facturing[plants[ahd [silicon [Hurification [Fhcilities[cbmeldn Dine.[At fthe [choment, BV mhodules[akccount fbr
about[6o[% [of [tbtallcbsts, Which Werelaround DSDI[A.25/W [at fthelehd [af (9o 06 [and [alre [ekpected b [drop
toSDI[3.75/Wb4.4/WBy[Eo10.[Thelhcreasing[penetration [df thin [film [thodules Will Help kb Hhrther
reducelthelcbsts[OJEABRDOS).

4.6.3.50lareenergypotentialdnFinland

Photovoltaics

In[Binland Eherelalrelaver i50 Km2 rboflalr Fhgade [shirfacelshitable fbr [photovoltaics. M this[shirface[Were
coveredWith[sblarlelectriclpanel,fheproduction Would He iy MWh [/year. Dueltb thepowerlimitations
set[By[thelehergylsystem, upperMmit[dfthe[deak [ower [df [photovoltaics[chn Melcbnsidered il5bo MW,
(1.50Wh [/ lear).darger[amounts(rkquirekservelchpacity [arrangementsland fh[fheIbng[rin [elffective
energy[storagelsblutions.Th[thble[Helow, therei$[shmmarized [estimation [dfthetheoretical [Jotential [df
photovoltaicsih [Finland. ((FOLPROS[Eb01,[8-9.)
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Tableld [Theoretical[PotentiallafIPhotovoltaics i [Finland [(FOLPROS[2b01).

Summer[dottages[dnd[Holiday 10[MWp 10[GWh
camps

Speciallapplications 10[MWp 10[GWh
Public[Buildings[(ko % [df(the 4MWp 4[AWh
municipalitieslal50kWp)

Roofsloffthe blildings 14[dooMWp 11[MIWh
Facadeslaffthebhildings 4dooMWp 3[MWh
Photovoltaics[Gin (the Chetwork 15boMWp 1.5(IWh
without[ddditional Meservelda ]

pacity

Solartheating

Thelgoalldf[theMationalsblar[dower[program [df[mheasuresi$[1bo.000 [mh2[sblar[Meating[ih[Ho10.dh(the
year[2o25[aroundil000.000 mh2 [cbuldrkpresent the ipper limit [df fhe isage. [There[alre [ektimations [off
potential fbr(sblar[heat ih (Hinland [Mlustrated [h[the fbllowing fhble [Delow[ahd [previous Mumbers [fit [Well
within[thesel[estimations. Tlong[ierm [Jossibilities[aremostikely[alcbuple [df(TWh [Her zear. [The pper
limitfh fheldng[rhn [Fear@o50) il (be[around b MWh, Which mheansthelast fhreerbws. [According b
thislektimate, lthe [piractical [pbtential i maturally Idwer than fhese mumbers. [(BOLPROS[Boo1, k)
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Tablelsl [BechnicallPotentiallaf1SblarHeating ih [Finland[(FOLPROS[2001).

Market[segment Collectinglarea Energy

Special[] targets[] (outdoor 50[0loo mh2 20[GWh
swimming[pools,[dports[Halls,
camping|sites, fast[fbod[chains

etc.)

Public[Buildings[{o[%[df[the 40[0o0 mh2 20[GWh
municipalitiesfal500 h2)

Solar[heatsupplements Coil 90[0oomh2 30[GWh
heating[do[%aftherénewable

oillchuldron)

Warm[kerviceCwaterCbf[the 1l5boldoom? 0.6[MWh
onelfhmilyhbuse

Replacement[dfftheHeavy[fliel 280[0doo mh2 0.1MWh
oillduring[shmmertime

Dryingloflbiomass 50oodoo mh2 2HBMWh
Summertime’sCregional Cland 5ldoodloo mh2 2HgMWh
districthleating

Solar[hkat’slskasonallstorage 10[doo[doo mh2 43EMWh

4.7.9WindEnergy

4.7.1.8Backgrounddnformation

Installed Wind [ehergy(hlas [been fhcreasing rhpidly Worldwidelaver thedast [5likars [and Mow[akcounts [fbr
uplidb 3B [df[electricity[cdonsumptionfh[Burope, ihich [dffsets[mearly§o mhillion fbns[@f [0, [(European

Commission[2007).

According[tb[BIA[(EnergyThformation[Administration) Windlenergy i$[dlsoHecomingihcreasingly i []
portant[ih[fhe[JSA: [although Gi[Has[developed rhpidlyih [the Mnited [States[since[d000, i [skill [did Mot
providelalshibstantial amount [off[electricity intil (2006, WhenWindlehergy [produced [ [hillion KWh. [This
represents[Halflthe[@mount[grovided By [(Hiomass, (Hut[Mearly[83[@%more[than[the[dmount[Provided By
geothermal.[The[fhctthatWind [drovided [A[% [df rtknewable[Hased [electricity [during[Zo 06 [(hnd [28 [% [af
non[Hydrolrknewablelgeneration) i$[dueltbthe[lhrge amount [df[dew[Wind[chpacity Which Has[comeldn
linelsincelthefhrnlofthelcentury. Thiparticular, Ebtal fhstalled Wind [chpacityihcreased ffomlgl 417 (MW Gh
2002[td 1,329 MW 2006, Mith [2l600 MW ofthe ihcreaselcbming during2oo6 alone. (EIA[2b08)

Utilization [df(Wind [ehergyWorldwide[i$ [fhcreasingrhpidly: [2o,073 MW [df Wind [dower [chpacity Was[Gh [
stalled [globally[during[&loo7 b rkach [altbtal [df[dy, 122 MW by thelehd lof the fear. [Thelglobal mharket fbr
wind hrbinesihcreased by [3h % Gh 2o o7, Ebllowing [growth [alf (313 2% [and (411 [% [(h [Dlo 06 [ahd [Po o7 [rkspec ]
tively. (EWEA[2008)
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Thelfhst[growth G$[particularly disible fh[Burope, iherefthe[Buropean[Gommission’s[ihg7[White[Baper
target [df[4lo,000 (MW [Wind [power[chpacity [by[@o10 Ghfhe[BU Was[rkached [alreadyGh[&o05. Ththe[BU,
installed [Wind [dower [chpacity (has[ihcreased By [ah [average [af (25 [% [annually [dver fhe[past [eleven Zears,
fromlql 753 MIWGhHo7 kb 56,535 MW i 2oo7. [Th kérms[dflahnual stallations, the[HU mharket fbrind
turbineshhsgrown bly 1) @4 [ahnually, ftom @]277 MW i 1997 kd Bl 554 MW it 2o o7. (EWEA[RDb08)

ThelZery [rhpid [growth fh[Denmark [ahd [Germany, Wlp b [around 2003/ 4, Has mlow[slowed, [But [Spain, Th [
dia,[Chinalaind [the[Mnited [States(arefbrgingahead[and [fhere@re[dlansfbrHirther chpacity Gh[Canada,
theMiddle[Bast,theBar[Bast[@nd[South [America. Tfltheldurrent[growth [rhtelcdontinues, [there[thay[He
abouti5o[GWlafmind by Bo10.[WECEo07)

4.7.2.9WindEnergydndustryrandMarketcTrends

In[alrkcent [studyDlylalBritish [stientist, thelchrrent Wind [ehergy féchnologyftendsih [Buropelakefhvestil]
gated. Slincelchpturedlehergyid[proportional i thehladelarealafftheMind fHirbines, Mind Eéchnology (hias
mostlylevolved fbwards[Higher[and HiggerWind [fhrbines[dvertheThst(decade. Wowadays, [the[design [df
wind fhrbinesi3undergoing[alshift iising[lower[electronics [t Mring[aldditional [ehergychpturelahd lcbn[]
trol ko fthequality of pbwerdelivered s fthegrid. (EC[2b07)

Anotherttend [that [alffects[electricity[droductionGsrkpowering, Which mheans[therkplacement [df[dlder,
smallerHirbinesWith [fewer, TargerHirbineskpresentingthelstateldfthelart fh[Jowerdroduction. Rel]
powering[is[dxpected [IbGhcreaselihMears[ahead.Ih[B006,Menmarkrkduced[theibtal [Mumber[df Hir[]
bines, [Hut[chpacity WasGhcreased By [BMW.[Germanyremoved 79 Hirbinesland [ddded i35 MW [df [dew
machinesfihtheselateas. ThTialy, gb Ehrbineshnging ftom 2o o kW kd 450 kKW Wereréplaced by ik [drger
machines[inh therhngeldf[800 kWb G500 KW.[Thisfhcreased [tbtal ih feld [chpacity Dy (4 W Hut hiad [al
larger[Menefitrkported ih férms[dflehergy[production.[Mhe Netherlandsldecommissioned [4lo Hirbinesih
2006[Mwentyldneldftheseith Ebtallchpacitydf 4.3 MW Werereplaced With 1 EhrbinesWith [alchpacity
of[26.5 MW, Ebr[alnlet [Fepowering [effect” [df [2l2 (MW . [AEA [5lo 06) (The Himelyldevelopment [afever [Higger
rotor[Hlades[is[cbnsidered almajorMottleneckland(alkey limiting[Fhctor[determining the lp[sealing [pace
intheWindfhdustry,land horeR&D[aktions[areMeeded fh ferms[dflekploring Mew Ways [df ftansportal]
tion, ihstallation [ahd [dperation[and [mhaintenancemhethods[dfthese Bliglcbmponents [(WEC[2007), [ Ect
thelbliggesthrbines[chirrentlylavailablelale 5[ MW nitsWith [alrbtor diameteraf iip kb ib6meters[AEA
2008).[Problems(rtlativefbMeakghid [should [also[Mefiken [htolakcount: ih [sbmelchsesftheldcallelectril]
callgkid mhay [Befdo meak b hiandleltheelectricityloitput ftom [alldrgemhachine [WEC[2007).

Energy[dayback Hime[i$[rkported[tbHeldecreasingldonsiderably, ith Malues[around [A—8[thonths[right
now,Whichid[similaridlcbnventional lehergy, but With mb lahgoing fhel [shipply [cbstslalr Waste production.
ThelpaybackHime[fbrQO,[[$[Hetween i3 [aind [Ho mhonths, thusshowingthat fthertturn [an fhvestment i3
rapid i Eérmsloflehvironmental lahd [etonomiclebsts. (EC2o07)
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Atlthefpblicylével, thelshipportmhechanismhich hiasproven b bk fhemhost shiccessful Ebrthe promotion
of Wind[energy[is[fixed (feed Gh [thriffs,[And Gt [ [Elso Hforthis[rkason [that (Huropelistheldurrent kader
within[this[skctor, With Mearly 75 [% [of (hstalled (Wind [ehergy [chpacity Worldwide, [and [ain [anhnual [girowth
rateloffthe [séctorhich (hhsbeen [closeid [3b [ [aver the [dst 5lykars (EC[2o07).

Newldevelopments[arenderwayih [the[feld [df Wind [ehergy [storage.[Onelelkample[i$ [that [proposed [Hy
the[BU[droject (NightWind” Which [dims[at sing [dlrkfrigerated arehouselas algiant[Hattery fbrwWind
energy, [sb [id [store(all[electricity[produced [during mlight fime by indmills[all lover [Burope, [ahd kb rtlease
thislehergylagain [during[thelpeak[electricity[demand ours[ih [daytime[(Night Wind).[Otherldptions[alre
electricity(storageih rkdox lowDatteries[(hlclass[df[devices Which[employ[ah[electrolyteWherelehergyis
stored[and [allckll [stack Where[ehergy[conversion[dccurs), [fumping[dressurized [alir [ih [geological Ebrmal]
tionslahdrtleasing ifllat mlight ok fthen the flind [does miot blow, [al mhechanical [ehergy(storage, [pirecisely i
the formlofflywheelslike thoseloffered by [Beacon POWERI[BEACON[Power).

OthermewR&D [developmentslcbnnected kb tind [power Eéchnologyihcludeshiperlcbnductinglgenerators
(thankstdthich [5b[B0 B4 réduction ih weightahd [sizelatelekpected), smart cbtors[(vhich Would aid Idad
reductions),butlalsomewlcbnceptsikeMlyingWindmills” [Chmovel[design fhWhich[Ehrbines(areféthered
tolthelground(and [thpGét[stream [Wind [carrents) [dr floating [structuresfbrldff(shorefhirbines.[Research
for[Hybrid [systems[i}[alsonderway, [ds[ih [thelchseldf[Roseidon’s[@rgan, fh Which [d{loating [dff[shore
wavelpower[plant [also[skrves[akfdundation formind fhirbines. (QEA2008)

As[mhentioned[gdreviously,thelcbst [df[Wind [JowerHas[declined[steadily [dver[theTAst [decades, therefore
wind [prices(akelekpected kb Ehll [duringthemlext Mvothreezkars.[Accordingfbthe TEAFbrecasts, this Will
lead[td [aldecreaselih [prricesfbrithelnhstallationlofwind f¢chnologies, which, fh[2b20, Willmakelelectricity
producedfrom[dnshoreWind[dompetitiveWith [that[groduced from[fbssil Hhels, [@s [t [alreadyis at [good
wind[sites.[OJEA[2008)

Pricelgrojectionsldstimatethat[[h[do15[costsWill (Helabout WS[dents[g.3/kWhlat [aHigh Wind [site[and
about[@l3/kWh i [aInhedium mind [site [JEA 2 08).

Thelshmel[fbrecasts[show[thattheldeployment[dfldnshoreWind Eechnologies[Will [cdontinueltb [Heldomill
nated [Hy[Western[Hurope@intil (2020, Whenihvestmentsih[Chinalahd [USAalre [ekpected b [pick lp. By
2025[dnshoreWindfhstallationsWill [attain [@lchpacity[df[3oo [GW [and [alfter [Ehat [Will [kmain [klatively
constant,mheanwhile[ith[Thinalohshoremtind pbwermill réach 250 [GW by 2lo40. [As Far[ak loffshore ind id
concerned, thelcbmmercialization il [berkached [between [2lo35[ahd 2040, When [ il [gkt kb [about 250
GW.[Becauseldffthehligher[chpitallcbstsrkquirements[(furbines[alrelan [average labout 2o % horelekpen [
sivelthan[anshorelahd fbwerland Fbundations(chnlcbst mhorefhan[2l 5 Hmesthe pricedf[ah [dnshore[pro ]
jectlofthelshmelsize), Eheldeployment [ofthis Eéchnology fhll [He limited fd Western [Hurope, @ECD Pacific
and[OECDNorth[America.[OJEAB08)

OfflshoreWind Mowever, [presentsvhriousadvantages, [slich [ak[alleviating[cbncernsabout[despoiling the
landscapelahd[réduction lofihtermittencyidsues, [sincethe Wind [régimeismhorestable. Onthelotherhiand
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alsblutionftd fhtermittencylahdlgrid stabilitymhay [ ih theldevelopment loffmhore[sbphisticated [ghid [mhan [
agement[systems,[demand [sidemhanagement [systems[aind[electricity[storage[systems[ak[fhoseldescribed
above.[JEA[RDb08)

Six[IéadingMindfirbinemhanufacturerslakccounted Ebrlabout Qo [% offthelglobal mharketih [2006: Hirbine
manufacturinglcbntinues[td[ekpand i [Buropelahd mewlplants/aieldpening ih [China,[TSAlahd Thdia.The
growth [ih [this[sknse[is erydarge: Fburldftheléadinglcbmpaniesin this[skctor, fhcludingThdia’s[Suzlon,
haveldpened[flantsGhthe[MSALh[H006,heanwhilethe[Chinese[Goldwind Has[rkached[thefbptenfh
termslofmharket[shareorldwide.[QEAROS8)

According[tb[GWECI(IGlobal[Wind [BEnergy[CQouncil),[doo7[Wasthe[Hest ear[sb fhrfbrthelglobal ind
industry, With[closeltd 2oooo MW hstalled. [Thisldevelopmentftas Iéad by the S, [Ghinalahd Spain, ahd
itlblroughttheMmorld[Widefstalled[chpacity kb gh, 123 MW. [Thisfd[ah fhcreaselaf[3h %4 compared mtith the
2006 [mharket, [ahd [rkpresents(ah [averall [hcreaselin [global fhstalled [chpacity [df labout (217 [%. FThelgrowth
rates[Weldreldxperiencingih[Wind[energy[dontinue[ibldxceed [durlthost [dptimisticldxpectations,”[daid
GWECI[Secretary[General[Steve[Sawyer.[Globally, Wind[ehergyhasbecome[almainstream[ehergylsburce
and[ahfportantplayerfihfheworld’slehergymharkets,lahd [mhlowlcbntributes kb thelehergy mhix[ih mhore
than[zb [cbuntrieslakrossihelglobe. (GWEC[2008)

Theltbpfvelcbuntriesih[fbrms[dffihstalled [chpacity[are[Germany[(22.3[GW),the[IS[(16.8[GW),[Spain
(15.1[GW), MThdia[(y.8 [GW)[aind [Chinal(}.9 [GW). Th ferms[dfleconomicvalue, [thelglobal Wind [mharket [h
2007 wasmorth @about 25 bin MUR ok [3bn [0S $ fh mlew(gknerating lefjuipment. (GWEC[E2b08)

Chinalbh[darticularHassken[@ldoubling[ih Gis[annual harket, With (3,304 M WIdf[Wind [ehergy [chpacity
added[during[3007,rkpresenting[tharket[growth [df1l45[% [dver[H006,[and [Mow[rhnks [fifth [fh [fbtal Gh []
stalled Wind[ehergy[chpacity With[5,906 MW [alt [the [ehd [df[Zloo7. However, [ekperts[ektimatethat thisi$
justthelHeginning,[andfhat fhelrkal [girowth [h [Chinali$ et b cbme. Basedldn[chirrent [growth [rhtes, the
Chinese[RenewableEnergyThdustry[Association [CREIA) Fbrecastsalchpacitydf[around 50,000 MW [y
2015.[Thethanufacturing Ghdustry[df Wind[energyGh[ChinaGs[Hooming, [ih [fhct, hileGfh the[Fast Gin [
portedmind fhrbinesldominatedthelChinesemharket, thisid[changingrhpidly[akthelgkowingWind power
market[andtheldear[dolicyldirectionHavelencouraged [domestic[droduction.[Atthelend [df[3007,they
were[4o[Chinesemanufacturersihvolved fh[Wind[energy, [aAccountingfbrlabout[56 % [df the [dquipment
installed [duringthe zear, ilp Ftom (411 % [ih [2006. [This[percentageis[ekpected kb hcreaselsiibstantially fh
thefhiture.Motal[domesticmhanufacturinglchpacity i3 mowlabout5looo MW, [ahd idlekpected kb réach ib[]
12[GWhy[2010” [predicts[BWECPresident [Prof.[ArthourosZervos.Hstablished major[Chinese manufac]
turerslare[Goldwind, [Sinovel Windtec, Windey[ahd Mongfenglectrical. While[ih (2006, [anly [about4loo
MW dlflnlew [chpacity Wasmhanufactured by [Ghinesemanufacturers,ih 2007, thekdp Fwo [Ohineselcbmpall
nies[(Gold Wind[ahd[Sinovel) [alonelatcounted fbri]4 60 MW [f the mewfhstalled [chpacity, répresenting
aboutl4b % offthelahnual mharket. [Thislcbmparesitdohly 370 [provided by the Ebp three Fbreign mhanufac]
turers[(Gamesa,Mestasahd[GE).[(GWEC[2b08)
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Aslfhrlakthe[Huropeanmharketislcbncerned,theMiglshirprise Was[Spain With [3,522 MW [df Mew[chpacity
installed ih[2007, thehighestlaimountldfany Buropean(cbuntrylelver, [ehrningil[skcond [placelglobally [af [
ter[theUS.Motal (hstalled Wind[ehergy[chpacity Mowl[stands[al [aver 1 [GW [h[Spain, but therewas[also
sustained [growth [ith [Branceith [888 MW lolffaldded [chpacity [t rbach [2] 4 54 (MW [and Mtaly, hith [6lo 3 (MW
added fbr(altdtallaf (2,726 (MW. [The mewMember[States[performed Well[ahd fhcreased ihstalled [chpacity
by[80%,With [Poland, thelmhost(sticcessful, rkaching[altbtal [af 276 (MW. [The[Qzech Republicihstalled [@3
MW, [its[Destear(elver,[and [Bulgaria[gl4 MW. Nevertheless, [allandful [df [tharkets [pulled Gh[the [dpposite
direction, ihcluding[@ermany, hoselahnual mharket[shrank by 2k 2% [cbmpared kb [2006. [Portugal lahd [the
UKl Elsolslumped. [As[dlrksult, [theldverall[@Annual tharket [growth Gh[Huropeih [Hoo7Was[df [dnly [1h [%.
(GWEC[2008)

Anotherrémarkableftendi$fthat, While[Buropeémainsthel¢adingmharket fbrindehergy, mewihstal (]
lations[rkpresented Qist (413 %% [df [the[global [fbtal, [down [from [Mearly [75 % fh[@004.[BortheMrst [Amelih
decades, mhorelthan(go 2% [dfthe[ahnual Wind mharket Was[dutside [Burope, [and this ftend i3 [kely fb [cbn [
tinuelintothefhture.[While[Burope, North [Americalahd[Asialcbntinuetb[skethemhost iinportant[addil]
tionsfto theirwindlehergy [chpacity,fheMiddle[Hast/North[Africalrégion ihcreased ifls Wind [power fhstal [
lations by [412[%, rkaching (538 MW [ak [thelehd [df[PHo07. Newlchpacity [Was[added ih Bgypt, Morocco [and
Iran.[Growthih [fhePacificrkgion [Was[léd By New[Aealand [With 151 MW [ih [Mew[chpacity, Which Mearly
doubledthelcbuntry’stbtalihstallations, rkaching[322MW.[While[Australia[Had[an[elxceptionally Weak
yearWith lohly[AM W lafnlewihstallations, thelchangelih [gbvernment at thelehdof 2007 [spurshopesfor(al
brighterfture fdrwhindlehergy. Within hlours[ofbeingsivorn i b [offfice, the mew[abour Prime Minister
Kevin[Ruddl[signed[the[rhtification [dfthe [Ryoto[Protocol,[and [fhe Mew(government i3 mowlmhaking[good
on[ifis[promiselaflalthrget [af 2 % pbwer production by irénewables bl [2020. (GWEC2008)

Stilllabcordingfd [GWEC, thelglobal Wind mharket i3 [predicted b [grow bl [aver 155 0% from Gls[chirrent [size
tolréach 240 AWt Ebtal fhstalled [chpacity by the rear2012. MhisWould répresent ah laHdition [of 1 6 GW
in[glykars, leljualinglah fhvestment [af lober 1Bo (bin (BUR[(277bin [0S $, both [ih [Blo 07 khlue). [Mhelelectricity
produced by WindlehergyWill rkach [aver(sloo MWh i Do 12 [(ip Brom [Poo MWh [ih [2007), [akcounting [fbr
around [3%[df[globallelectricity[droduction [ip From[Ghstldver[iI%[[h[F007).[Thehain [areasdfgrowth
duringthis[period WilllbeNorth[Americalahd [Asia,ahd mhorelspecifically the IS ahd People's[Republiclaf
China.[Thisfbrecastlekceedspreviouslestimates by [GWEC, [and [the Ebtal [hstalled [chpacity fbr[Do10[Has
been[cbrrected pwards[ibrkach [1fy1.9[GWI[From[l49.5[GW).[Thelaverage[growth [rhtes[during thisfive
year[period ih[terms[dffbtal hstalled ichpacity[ale lekpected [tb (be[20.7%, [cbmpared With [513.4 2% [during
2003-2007.Th[2o12,[HBuropemilllcbntinued host fheIdrgest Wind [ehergylchpacity, With thefdtal réach [
ingib2[GW, Ebllowed [y [Asia With [A6 [GW[ahd North[AmericaWith [61.3[GW.[Theladditions[ih [hstalled
capacityleiveryear[are[predicted kb [growfrom 1h.9 [GAWh[Foo7 kb [36.1 MW ih [Ho12,With [an [average
growth[rhteldf[ib.7[%.[Qonsidering[that[annualltharkets[Have [Heen[ihcreasing[By[an[average[df[34.7[%
overlthellast5lykars, [growth [cbuld (bemhuch [stronger(also i thefhture, Were Mot Fbrlcbntinuing [shipply
chain[difficulties[Which [donsiderably limit[the[growth [df(Annual tharkets[fbr[theMexttwo Mears.[This
problem[shouldHeldvercomely[2010,[and[alongWith[the [development [dfthe [dffshoremharket, [growth
rateslalelekpected i [récover it fhe mext[decade. [GWEC[2008)
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Asiafi3[predicted tblavertake[Buropelak thelbliggestlahnual [mharket, iith [akmhuch [ak 0.5 [GW af mlew kind
generatinglchpacityihstalled [duringthelkar 2012, iip from (5l 2 [GW h[Eo07. [This [growth [Will (b mhainly
led by [Ghina, Which [hlas[since[2o04 [doubled s btal [chpacity [ebery Zear, fhereby[cbnsistently [ekceeding
even[themhostldptimisticlpredictions. By[2010,[Chinalidlekpected b HefheMiggest Mational ahnual mhar[]
ketlglobally.This[developmenti3iinderpinned My [alrhpidly [growing [mumberldf[domesticmhanufacturers
operating[inh the(Chinesemharket, deliveringhomemhadefhrbineskbIargelstale wind[ehergyprojects. [Al ]
ready[in [2loo7, 4o [domesticlshippliersshpplied (56 [% [dfthe [Mew[hstallations ih [the [domesticoharket, ip
from[gh [ [h[2006.[While[GhinalWill [einerge [ak[thelcbntinental Iéaderih [Asia, [shistained [growth i3 [also
foreseen[ith [Thdia,hilelothermharketslshich [ak[Tapan, South [Korealahd Maiwan ill [also [ebntributeltd fhe
development [df[Wind[ehergyldn[thelcontinent.[The[Buropean [tharket [Will (Hy[Jo12[Havefhllen b third
placelihférmsdfflannual Ghstallations[(ho.3[GW),[Hehind North [Americal(io.5[GW).[Overall, this[cheans
that [aver [zh [% [olf mlew ihstallations Mill [okecurlolutside [af(Buropelith 2o 12, p from [218 (%6 ih (2o 04 [ahd 5l
in[2o07. Whileih férmsoftbtal fhstalled [chpacity, HuropeMilllcbntinue b bk fhe biggest régional mharket
its[share[Will[Have[fhllen[ib[42.4[%.Thelhrge skale[development[dfldffshore Wind[ehergy is firtherde ]
layed[ahd ill lanly [start Eb (hlave[alsignificant finpact [dnMuropean mharket [growth Ebwards thelehd [of the
timelperiodunderlcbnsideration.[However, ([} [elkpected that[dffshore[development [Will Iénd [Mew [ho [
mentum[b[growth Gh[BuropelduringtheMextldecade.Th [Burope,[Germany[and [Spain[Will lkmain[the
leading[tharkets, [Hut theirrtlative[Weight[Will[decrease [@s[alllArger MumberldfMational mharkets[elmerge
onlthelstene.Whilelthelspectacular(growth[dffthe[Spanish mharket fh[ZooyWith laver(3.5GW df Mewih[]
stallations[will Mot [(He[shistained, [alstable[Hace[df[3—2.5[GW [Her[Mear[dn[average [chn [Helelkpected, [eha ]
bling[Spain b réach fhelgbvernment’s[2o10 Ehrget (2o [GW. [Thesizeldffthe[@German [ahnual mharket Will
continuelfddecrease, blut MMill rémain thelstcond strongest Huropean mharket forithe2008—2012[period
and[theMiggest fhermsldfitbtal Ghstalled ichpacity.By[2o10, dfffshoreldevelopmentsill give Mewipe ]
tuslbthelGerman[tharket,[Mesultingih stronger[growth.[@ther[nportant tharketsih Hurope[Will (Be
FrancelahdfheMnited Kingdom,[ehch fhcreasingbylah [average [df (IGW [perear.[The North [American
market Will[grow[elven [strongerthan [previously thought, Iéd By[significant [growth [h[the [US, [ak [Well[ak
sustained [development offthe[(anadian mharket. ThEbtal, North [Americaill [skelah [addition [off[4l2. 6 [GW
inthedext fvelfars, rkaching[6l1.3[GWdftbtal [chpacity ih [Slo12.[This[rkpresents[ah [average [df 8.5 [GW
ofmewlchpacityladded eleryzear, the bulk [af which [Will Hefh fhe TS. Mhese fguresaksumelthat the TS
ProductionMax[Qredit [(PTC) Will (cbntinue b Belrknewed fhHmefbrthelchrrent[stronglgrowth b cbn ]
tinue. Moreover, (high Iével [ehgagement [off[ah [hereasingmMumber laf TS [states, [26 [aff Which (Wave[already
introducedRenewable[Portfolio[Standards, Will[also [@ssurelshistained [growth.[Alchange [fh S [Admini[]
stration mhayfirtherfinderpinthisldevelopment.Matin[Americalis$[elxpected b [contributebthelglobal
totalin [almhore[shibstantial Way [ih the fhture, mhainly [driven (bly Brazil, Mlexico [ahd [Chile. By 2o 12, fhe b1
talihstalled[chpacity fh[Matin[Americaland the[Qaribbean Will Ghcrease [@Ibld kb [rkach [4.5[GW, With [an
annual[mharket [ofT1l4 [QW.[However, [despitefsfremendous potential, Tatin [Americais [kelyfd rémain [al
small [mharketiintil the[end [af fthe [Heriod inder [cbnsideration, [progressing tbwards[mhore [significant[de [
velopment [ih [theMext[decade.[ThePacificrkgion Will [skelaround [2.3[GW df Mewfhstallationsih [Eoo8 ]
2012, Bringingthelfbtalip £b[3.5[GW.[While[ih [Australia, Wind[ehergy [development [slowed [down [cbn ]
siderablylin [2o06[ahd o7, thelolitlook forthe fhture idmhore laptimistic, mainly thankskd fhelchange it
federal[government [ak thelehd [df[Jo07, thelrhtification [df [the [Kyoto Protocol [and the[dledge tbGmple ]
ment [alnlew Earget fbr 2o % [df [electricity fb [cbme from [rknewables by (Do 20. New[Zealand, (However, [ght
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new[impetus#ith i1 MW [dif [Mew [ihstallations, [and [hany[mhore[drojects[alre [alt Marious [stages [df [devel [
opment.[AfricalandfheMiddle[HastWill tbmain fherkgion With[thelsimallest[Wind[ehergy [development,
with[allibtalihstalled [chpacity [df [3g[GW [Dy[Zo12, iip from [Foo MW ih[2oo7.[However, [t Gi[ekpected [that
market [growth [l [plick balp [ih [the[cbming fivelykars, Mith [ahnual [additionsréachinglakound [Boo (MW [bly
2012.[This[development [Will [Be [driven by Bgyptahd Morocco, With [sbmeldevelopment [also [predicted h
other[North[Africanlahd Middle[Basternlcbuntries. (GWEC[Rbo08)
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1995 2000 2007 2010 2020 2030
Wind energy share (reference) 0.2% 0.9% 3.7% 5.0% 11.6% 20.8%
Wind power production (TWh) 23 119 176 477 935
Reference Electricity demand (TWh)* 2517 3,243 3,554 4,107 4,503
RE & Eff, case Elactricity demand (TWh)* 2,517 3,243 3,383 3,345 3,322

Figurelds. WindPower's[SharelafTHU BHlectricity[Demand((EWEA[2008).
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2007 2008 2009 20710 20M 2012 2007 2008 2009 2010 20M 2012
Growthrate 30.3% 16.1 % 126% 11.6% 11.8% 11.8% Growthrate 26.7 % 24.6% 22.2% 202% 18.8% 17.7%

Figurelii6. ForecastsldflQumulativeldnd(Ihstalled[Qapacity [dfWind[Bnergy ih(the[Beriod[doo07—
2012[(GWEC[2b08).

4.7.3.0WindEnergypotentialdn®Finland

Wind[Energy [potential ih[Hinland [abcording kb WWF [Hinland [2007) [ahd theoretical [provincial [disquisi[]
tions[akreQldoo—10oo MW (3o [MWh). [Qutlofthis Figure [off[shorepotential i3 [5ldoo—8 Moo MW. Tauri
Luopajarvil(2008)[ektimates[theekonomically iable [potential i [produce ind [power ih [(Finland by the
year[2l020 b bk [2ldoo MW [(6.1[MWh).[(Korpinenlet [al. Bb o7, gt Muopajarvil2oo8)

According[ib[thelekologicallctiterialaf (WWF, [thealdded [Wind [power[akreas [ib fhe [TAndscape plans(should
belchecked,[@boutfvothirds[dflthe[potential [shiggested [fb[the[skalareas[drih[theldther Wordslabout
220 Wind[fhrms,mheasuresmlp o fhelekological lctiterialsét by WWTF. [Th the féll [akeasmhorelchreful Mature
study[should[Beldone. [Th rkgard [ib[thefhland Wind [potential, Mo [oifficial [ar [completerkcords[are mhade.
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Finding[dut[the[fotential Would equireipdating[df(the[Wind[dtlas. [Qurrent Wind [dtlas[Was[done By
Meteorological [Thstituteih[1b91land [@lhewaneisinder Way[ahd &ill[Hefnished My theenhd of fheldear
2009.[(Korpinenlet [al.[2oo7, 4 Taatikainen [&[Tussilai}.5.2008)

4.8.8BioenergymandPeat

Theltérm biolehergyldenotesthe ke lof vkgetable mhatter[ak[alsburceloflehergy; filcbvers alvhriety [of Hhels,
withlalpplications [ih[all fhemhajor [skctorslaf[cbnsumption [3[power[generation, [fransportation, ihdustry,
households, [etc.

4.8.1.90WoodFuels

ThereldrefvoMery[different [dopulationsising[Wood Hiels.[Dne, Hpically [an [(DECD hember[dountry,
uses [Mlighly [fficient [cbmbustion [féchnologylinderfght [rkgulations[an [eimissions.The [dther[(Estimated
atfthreebillion [people) iikessmalllskalelabpliances, Mthich [ateboth fhefficient ahd highly polluting.

Wood[Bueli3kually[classified fhto fhree mhain lcbmmodities: fiel Wood, Icharcoal [ahd black lquor. Black
liquorfidthelspent [pilpinglchemicalslahd theligninlcbmponent lofWood [atterlchemical [pulping, [Hid Hired
in[allchemical rkcovery[Doiler[and [process[steam[and[electricity [alre[al so [Aroduced. (Buel Wood [ahd [char[]
coallakrelthelftaditional Wood fdrest [products,ahd [elen Ebdayalmost (hklflafall of the fdrest harvest i3 fbr
energy,[WiththerbmainderEbrihdustrial ise [Jumber,ieneerland [Haper).I0harcoal s [produced My the
thermallcbnversionof Wood[(hndlatherbiomass).[Thisfransformation [hlas Idsses i [the fbrm [af [ecbmbus [
tiblelghslahdlcbndensablemhaterials[Qvood tar),Which[ate Mot [always[récovered Ebrleithermhaterial lappli[]
cationslalrlehergy [purposes.[Thelehergyletficiency aflcharcoal [production rhnges from [25 [% ith [Africa [Ghs [
ingmhainlylartisanal [thethods) b (48 [% [th[Brazil Which [uses fhdustrial KilnsWith [elxtensive lehergy [and
materials[récovery. [(WEC[2007)

4.8.2.8BiomassConversion

Thellhrgest[secondaryfransformation [df (Hiomass[dfter[dharcoal [droductionGs[ih [the llectricity [ector.
Formhanylvkarsbiomass/prrocessingihdustrieslsiich [ak[shigar, Mood [productslahd chemical phlping [(black
liquor) ave[ihstalled [cbmbined Heat [ahd [ower [(CHP, [also [known [ih fthe TS Alak[cbgeneration) [plants.
ManyldftheseHaveHeenl[rklativelyIbwlsteam femperaturelihstallations, With [dnly[shfficient[electricity
tomheettheplant [processingmeeds[(WEC[2007).[Onelekamplelafthisféchnologylis fhe[Alholmens Rraft
CHPI[plantfih[Mietarsaari, thelargestbiomass[fielled [powerplantfih the World, [producing b o MW [proc]
ess[steam fortheladjacentpapermhill,[24o M WEbrhitility [generatinglelectricity, lahd[Bo MW heat [dutput
for[districtheating. [JEA[208)
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Cofiring[id[ahotherlaption fbrlelectricitylgkneration: ihvolveslcbmbiningbiomassmhaterial With [cbal [ith
existinglcbal [fired Moilers.[Qoal[fred hbilersichn hlhndle[alpre thixed [ecbmbination oflcbal lahd biomassih
which thebiomassislcbmbined with thelcbal ih fheféed Idt [ahd féd Ehroughah [ekisting[cbal [fked [system.
Alternatively, Hoilers[dan[He[rktrofitted with [dlskparate [feed [shystem [EbrtheHiomass[slich [that[theHio [l
masslahdlcballattuallymixhsidefhebbiler. (EIAR002)

Feedstocks Processes i P;‘olc_luclll:s

Agricult st > >

1%;15?; I_> ¥ ik Sf?m ﬁ Pm <
Animal Solid DME
manure  Bjomass Gasificat. -} w-l-ﬁ -’Md‘iﬂml
Fggfﬁy l—-—-b* Pyrolysis <» Bunﬁﬂ L FT:?mw
Indust i i

wasicry C?;ips > Extraction 9 Estmﬁc < Biodiesel
Municipal ol

waste  SUgN . perneniat > Distillat, > Edhasol
Sewage s " v
sludge Shift <
Lignocell Wet Anaerobic st
fecdstock Biomass ~ Digestion > Bmgas Hydrogen

Figureldy. [RiomassQonversion[Paths[(EA[2007).

4.8.3.8Biofuels

Ethanol

2006 Masfthelyearinmhichbiofuelsfbritansportationlchmeihtokryplublicprominence, b risingmorld
crudeldil[drices[stimulated the[[IS[Bresident Gh[His[January[state[df[thelinion [addressibadvocatelih [
creased [shipportEbrlethanol, both [hGis[chirrent [production ftom Mhaize [ahd he [fhture [dption [af [produc]
ing[it[from [theldxtensivelignocellulosic[desourcesdontained Ghldgricultural [dtraws[dnd hood.[AWEC
2007)

As[alcbnsequenceldfftheMigh[drices [dflftraded [crude[dil Gh[fhe Thst f&wdears, [thany[countries[advanced
theirbliofhel[gbals[ahd, fhthelchseldfBrazilland the ISA, Targe [production [ghinslakcurred. [The [propor ]
tionoffthe Morld'slghsoline pbol [provided Dy the 2006 [estimateoflethanol lolitput idlabout 2l 5% 3.1 [EJI [of
ethanollahd[gly.5EJaflghsoline). [(WEC[2bo7)

Theldxpansion[df[Hiofuels[s Mot [Withoutdontroversy,[ds[the[Production[dfldthanol from[dornGLdnly
marginallylehergy[dositivelat [about[1l4:1,Whilethat Ftom [shigarcaneih [Brazil hias[alrhtio [oflabout [Bhinits
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oflrknewableliquid fhel kb loheloffbssillehergy fhput.[And Whereas [Brazil (hlasfbregone mhost [agricultural
subsidytbGlis[shigarihdustry,thelagriculturallskctorsafboth fhe [TSAlahd [the [HU [cbuntries[akelehgaged
inMast[shibsidies[dn [@gricultural[dommodities[ih [general,[@nd [dn[ethanol [dr[dtherHiofuels[specifically.
(WEC[2b07)

Biodiesel

Theldther[significant [Biofuel i} [Miodiesel, Ghich G$[currently [@roduced [from [Megetableldils, [animal [fhts
andl[grease[ylekterification.[TheegetableldilsWith [chrbon[chain Iéngths[df(Hetween[1b [and [&2 [chrbon
atoms[alre[generally fh[the fbrm [dfftiacyl [glycerides [TAG) Which [dn [fransesterification [With [mhethanol
producelglycerollak[albly [droduct [and (HAME[(fatty [akid [thethyl[ekter) [ak the [precursor b Miodiesel. [The
second[generation[Miodiesel [it[dften [chlled (tenewableldiesel' [and G$ [produced My [ireatingMegetableldil
with[hlydrogen [dver[chtalysts[ih [dil rkfineries, b [eltherHlend [drHelch [drocessed With Mossil [diesel. [The
resultant[product[chn (Hefised [ih therhngelaf(A5—B50.Th [addition [fb egetableldlils, [animal FAts[slich [ak
tallow[and[Wastel[greaseldan[dlso (Heldonverted [tb [FAME; [they[dre[the dbwest[dost tesourcesavailable,
mainly[ih birban[ateas. [(WEC[2bo7)

Thelcbmmercial [rksource [Hasefbregetableldils[comprises[about (2o [different[sbeciesWith [sbybean[dil,
palm/palm[Rernel[dil,[dunflower, hpeseed [(IColza),[and [doconut[dils[Being[the [Thrgest[dources. World
consumptionfor(all phrposesisfihcreasing[at labout 4% [per fear, However thelirgest [growth rhtes[aleih
palmldil Which [EbgetherWith [sby [dil [compriselslo [% [dffthe[annual egetabledil [production. Mespite the
currentminority [position[df(Biodiesel [rElativetblethanol, theladoption[df[thandatesih [skveral[cbuntries
willfhel alldrge [ghowth [ih fhe mlear fture. Brazil, fbrlekample, hlas[alnlationwidemhandate forB2ih 2008
resultinglih [ah [ektimated 1 [im3 [demand fbrbiodiesel [(H35Klt).[MheMU mhandatesfbrisl75 2% Diofuelsfh
theltransportation[skctorBy[2o010 [areldriving therhpid [growth [df (Hiodiesel fh themhajor[RUebonomies
and,lkelethanol,[@roductionMasléaptGhtheThst Fewdears(IWECZ007). [Thelagricultural [dommodity
baseldflthelchirrent MiofuelsMasrhmificationsfbrlthelshistainability [dfthe fbod[and [animal feed [shpply
system,[and Mhany [cbuntries[areIboking b [dtherBiomass[rksourceslandskcondlgeneration MiofuelsFbr
sustained[growth.[(WEC[2007)

AEBIOM [(European Biomass[Association) [shiggests[that thelcbncept off[shistainability [should ot [anly (he
applied fbbliofuelsbutlalso fd thelproduction affall [ehergy lctops[aktell [ak all[cbnversion rbutes, e fbr
biofuels, Miogas, Heat [dr[electricity [urposes.[Thefbod [and [feed [droduction should also [He [shistainable.
Thereforelan [fhtegrated [alpproach Which [chn [thke[ihto[dccount thefbllowing[driteriali[Mecessary [(AEL]
BIOM[2b07):
e administrative[and[dconomicldonsequences[should (HeldcceptablelandshouldMotldecreasethe
competitivenesslofbiofuels
e redundancymithfthelekisting[Buropeanlagriculturallctossldompliancelsthemelshould bk akoided
e certification[system[should[Hel[setWhile[thking[ihto [account [the[existing[dertification [dchemes
which [ae[applied Fbrvhariousbiomasssburces[(FSCHbrFbrest, RSPO fbrpalmafil, RTSSFbrlsby[
bean,letc),[sb fdbDelskt lohly Forihosemhissingplartsthatlakemlot cbvered by [ekisting[reliablelcertil

fication[stheme
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ThirdeandFourthcGeneration®Biofuels

Third[generationHiofuels[and [Productsldre thadefrom[energyland [Hiomass[dropsthat[HaveHeen[de[]
signed ih[shch[alwayfhattheiriery[structurelar [@ropertiescbnform[ibtherkquirements(df [alparticular
bioconversion[drocess. They [thay[He[roduced from[Wasterhtherfhan [primary[crops, thusdot[Futting
pressureloh World fdod shipplies.[Qommonly they [ate [produced ftom [algae, hich [piresent high kdelds ahd
cangrow it [places[alvay ftom fdrestslahd [protected [ateas. [JEARO8)

Becauselthird [generation bliofuels[akrelstill inder[development [ahd [production[ekperience i [still lAcking,
IEAfbrecaststhatfhesefhelsmill[give fittlelcbntributebefore2lo50 (JEARDOS).

Fourth[generation[Biofuels[areMased [dn [ehgineering[drBreeding[dflehergy [cropsthatabsorb nusually
high [dvelsof[Q0, [(forlekamplelelicalyptuslitees),lahd whenlcbmbined ktith [ACS, mhay [résult i [alivo [fbld
reductionGh[darbon[émissions,[defined [dsthoreldarbonkmoved from [fhelatmospherelthan[released.
Fourth [generation [Hiofuelsthay[Be[froduced [Elso [through [fhst [@yrolysis, [d[rocess Which (itilizes[the
burning[dr[sinoulderingdfffliomass(at4oo—600[CChh[thelabsenceldfflalir. TtsHyHroduct, chlled biochar
may [att[ak[ah [efficient [shbstratefdrmhicrobial [populationsWhich fixmlitrogen, [phosphorus[ahdather mu [
trients[akWelllak[chrbon[and Water[ih [thelsbil. Recent [studies[shiggest [that [(HiocharGimproved[sbil [cbuld
sequesterupfd ko fkbnnesmhorelchrbonfthan ihimproved[sbillahd, labcording b lsbmelektimates, lainend [
ingldnly[1b % [dftheBiologically[active [dgricultural hnd [dn [the[planet Ebday With Biocharlcbuld Help b
attainlalchrbonmlegativelstatusialrélativelyshort Eime[(Pretorius2o07)

Biogas

Biomasslcbnversion ihto bliogaslchn bk either ftom Fast fhermo [chemical [processes[(&.g. plyrolysis) which
can[groduceMiogas[andldtherfiels, With [dnly[3[%—4[% [df[dsh,[dr[from [slow[anaerobicfermentation,
which [cbnverts[anly[alftaction [(50[2%—602%) [of féedstock Hut [produces[sbil [cbnditioners ak[albyproduct.
In[thelchseldflgyrolysistheldrocessi$[carried[dut [t (High femperatures(oo—700°C)and [thaterial [de ]
composition [droducts[arelsblid [(tharcoal), lquid [(bil) [dr [gaseous. [Slow[Hyrolysis [droducessblid [prod [
ucts,mheanwhile[thodern [fhst [(flash) [@yrolysis[at [thoderatefemperatureprovides p kb [80% Miodil.[Th
orderforbliogasidbeproduced, hligh Eémperatureslateréquired. [AEABROO7b)

This[biogas[chn [Hefised [h[cbmbustionehgines[(1o KW Eb1b [MW) With [efficiency [af [sbme[30%[35%; ih
gasfthrbines|at (hiigher[efficiencieslalr ih (highlyefficientlcbmbined[cycles. Biomassihtegrated [ghsification
gas[thirbines[(BIG/GT)[are[dot et (h[cbmmercial hise, [But theirleconomicsis [elkpected b Gnprove. [The
firstihtegrated[ghsificationlcbmbined [clcle[AGCC) rhinninglan ibo % Miomass [(btraw) Has[been [shccess [
fullyldperated fh[Sweden.Mechnical G3sueslappearibHaveBeenldvercome. IIGCClplants(are[alreadyleco ]
nomically[cbmpetitive ih[QHP mhodelsingbllack Mquorftom thepulp [ahd plaperihdustry [ak[alféedstock.
OtherldevelopmentshlaveBrought Stirling[ehgineslahdldrganicRankinelcycles{ORC)[closertd fhemhar]
ket[Whereas[integrated [gasification fuel [dell[(Pplants[(IGFC)Lstilltheed [dignificantly[ihore (R&D.[{IEA
2007b)
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CurrentsStatusmand=Futurecdlrends

Accordingtb[TEA, [ih the[Hower[skctor, [about [21 % [df [the [Hiomass[$ sed Fbrlcb [firing, thostly fbgether
with[cbal. Thihdustry,2loo Mtoelof liquids [produced ftom biomass, mhainly mhethanol, [ate [pirojected b [be
used forthelproduction [af [petrochemicals(ahd [gsMtoefbr blio (hbricants. [Afhrther ko Mtoelof (biomass
derived Miquidsi$[drojected [ib[Meldsed Ghlthe[Building[skctor, Thrgely [as[slibstitutes fbr[taditional Hio [
mass[drliquefied [detroleum(ghs[(1.PG), Which[alre[chirrentlyised fbr[cboking. (Th [needs[fb (Hemoted fhat
thelcbnversion [afbiomassibMquids(creates alsignificant cbnversionldss. (Therémainingbiomass[(hbout
980[Mtoe) Gk [dbrecasted [ib Belsed b [grovide[direct[Heat [fh [fhe Ghdustry[dnd (Building[dectors. (TEA
2008)

AlWidelrhngeldflcbnversion féchnologies(alrelinder(cbntinuous(development b [produceMioenergy [chrril]
ersfforbbth[smalllahd[drgelstalelapplications.

Advancing[téchnologiesihcludebiomassihtegrated [ghsificationcbmbined [cycle[(BIGCC) [systems, [pyro ]
lysis[and[second[generation[Hiofuels.[ Many[dreldlosefb[dommercial thaturity [But [dre[@waiting[firther
technical bireakthroughsftdihcreasethelprocessleffciency, fbllowed blyIdrgelstaleldemonstrations b help
reducelthelrsks[and [fhrtherbiring[down fthelcbsts. [Second [generation [Hiofuels fbrlekample mhaylane[day
uselbliochemical Eéchnologiesblcbnvert thelckllulosetb[shigarsthat i fHirn [chn [Helcbnverted b hlioetha [l
nol, [Miodiesel, di [thethyl[ekter, (hydrogen[ahd [chemical fhtermediatesihdarge [stale [Bfio [refineries. Th [ad [
ditionMbiochemicallahd fhermolchemicallsynthesis[processescbuld [Befhtegrated ih[alsinglebiokfinery
such[that[theHiomass[chrbohydratefractioni$[cbverted [fb[ethanollandfheMlgnin [rich [rksiduelgasified
anduked b [produce hleat, [electricitylahd /or[fhels, thus greatly fhcreasingthe laveralllsystem[efficiency td
70—80%.Both[cbnceptshoweverrémainlsbmemayloffiréachingthelcbmmerciallstale, [despiteldecadeslof
researchihvestment. (IEA[Rbo7a)

Biomass[ihtegrated[gasification,[cdombined[dycle[BIGCC) technologies[Mavethelpotential fb[cbntribute
CO,[shvings[bly[2o50 [af (between[d,22Gt /yearlahd 1146 [Gt/year,[aksuming[shccessful [development [of Ehis
technology. MBIGCC[Hlants[areMinked With [ACS,[And theHiomassised G$ [rkplaced Ry [growing Hiture
cropsldrreplanting fbrest, [shich [ah [approach Would [akctively rbduce latmosphericlcbncentrations [df [AO,.
(IEARDbo08)

Around[4oo[GW dflthodern[Hiomass[Heat [roduction[dquipment, [donsuming[dround [doo [Mt/yearldf
biomass,[chirrently [produces[around4l.58J /year(bribsMtoe/year) [df [direct (Heat, [Assuming[alcbnver[]
sion[fhctorloflz5[%. By 2005, [aver4lo [GW aff biomass[fired powergkneration[chpacityhlad [Heen inhstalled
worldwide, [gknerating[230MWh/yearloflelectricity. Tflalchpacity Factoraf 6o % [ahd lalcbnversion Fdctor lof
25[% [akelabsumed, thismouldlcbnsumelapproximately 24 0 Mt /year[of hiomass. Th thelchse laf lquid bio ]
fuels,[around [ibo Mt [aff([Hiomass Werelcbnsumedih 2005, [ib [produce1h Mtoe [df (Riofuels, With [an [aver[]
agelcbnversion[efficiencylof5b . [AEAR008)

Costslafbiomassderivedlehergylarelekpected fdldecreaselaverfime, [duetd hoth EéchnologyIéarninglahd
economies[dflstale[ihThrgerlcommercial [plants.[Qurrent Mio [electricity[generation [chsts[dflaround 'SD
621b[B5perMWh [cbuld reducebly [2o50 Ed hetween T'SD [4lg b 1k 3 [er M Wh. [Mransport Miofuelslcbuld

121



reducelfrom[theldirrent[ISD b [tb[F1[Her[GJ b Hetween USD [Aland ik [Her [GJ. Heat[production i [elk [
pected b rémain [at [aFound Ebday’sebst [afTSD [4ltd [1H [pkr [GJ [during fhe forecast [period. [AEARDO8)

AccordingtdTEA’sFdrecasts, il [Blo50 mhorethanibo [BJ/yearlofbiomassould belshipplied Ftom aEricul [
tural [(desidues[@nd Wastes [(with [dosts [Manging [from SD[E[ib[3 [Per [GJ, [thaking [fhem [fhe[thost [dost []
competitiveldource),[dn[ddditional (25 HJ /year[df [(thaterial ([dould [dome[from [High[fielding[Perennial
crops[(ht[cbstsafTSD[Zltd [5Iper[GJ) ahd [alfirther 75 B /yearlcbuld [cbmeftom [growingehergy [ctopslon
60 Mhalafmharginal ldnds, fhusgiving [altdtal késourcelaf 3o [BJ /year. [JEA[R0S8)

Thehain blarriers b Widespread iselolfbiomass Ebrpower[generation [akelcbst, Idwlcbnversionlefficiency
and[féedstock[availability. Most [finportant [arefheldck[df hternalisation [off[ekternal lcbstsih [power [gen [
eration[and [effective[dolicies[fbimprovelenergy [securityand educe[QO, [emissions. [Th [theIbng[fkrm,
bio[Howerl(potential Will[depend anf&chnologyaldvances(and [on [cbmpetition fbrféedstock ise, (ahd rith
food[aind [fibre[productionfbr(arable Iand Wise. [Qompetition mhay Mot [He[ah [3sue lintil (Blo20 [hdustrial (]
scale[productionahdihternational [standards[fhcilitate[Diomassihternational frade. WhileIbng[distance
transportation [reduces[economiclahdlehvironmentallattractiveness(afbiomass, [cbnversion ihtoEbio [dil”
(e.g.Myldyrolysis) [cbuld Facilitateihternational [frade. Risks[associated [With Widespread use [df (Hiomass
relate[fb [fhtensive[fhrming, [fertilizers[and [dhemicalsiseldnd [Hiodiversity[donservation. [Certifications
thatbiomass[ftedstock i3 [produced it [alslistainable Way [akemleeded kb [inprovelakceptance lof [plublic fbr [
estlandTdndsmhanagement. Nutrients[should e returned &b Fbrestsland TAnd fthrough [akh from Miomass
combustion[tb[dlleviate[dutrients[Ibss[dnd [Meed Ebr[fertilisers. (While[dver[exploitation [df[Hiomass e[l
sources[ih[developing[countries(should Helavoided,[Hiomass[dan[He[important Fbrising[tharginal Thnd
and bringing[sbcioldconomichenefits i fhese régions. (AEA[2007b)

4.8.4.PeataesourcesofFinland

Photo: TarilWddtdinen,[GT.[(Geological[Survey
ofllinland(2b08).

In[the@innish[ehergyldconomy,[Heat[i[sed b [rkplaceimportedHiels. Mwo thirds[dfthelenergydon ]
sumed fh[Rinland [Has[Been[generated With nported [fhels. (At [present, [peat [i$ sed ih [around [ane Hun [
dredThrger[dpplications.ThelHiggest[dneslare[lbcated fh[thefhland[dities[do[generating[electricityland
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heat[hainly With [peat. [Peat CénergyLdover[6 [ % [df[Hotal C(énergy[in [(Finland.[(Lahtinen[ét[dl.[2005)

InHinland,[peat[idmhainlymised fhlehergy[generation lalrfih Morticulture. Energy [peat [akcountsFbr(glo % loff
theltdtal[pleat [production[ahd horticulturalpeat Forlakound [6-7%. [Some [pPeat (3 ksed fh mhunicipal [sludge
and [Bio Gvaste[domposting [(lants[dnd [ds[Bio [filters; dsitter (haterial Gh [Animal (Ausbandry; [ds[dil[]
absorbent; in Eéxtiles; [ahd i [bhlneology.(Lahtinen[et(al.[2loo5)

PeatTAnds, Which [alre[fechnically[shitablefbrthelpeat fhdustryih [Binland, [cbver[alibtal [arealdf[1]2 mhil (1
lion[Halaind[cbntain[2g.6 billion mh 3laflpeat inlsifu.[@Qalculations[dfleconomical land [ehvironmental Fhcts
that [l limit fhellse lof mhires ave Mot bleen fEaken [htolabcount. [Slightly hlumifed [pleat shitable For hortil]
culturallahdehvironmental iisefbtals[5lg hillionmh 3 inlsitulahdlehergypeatEbtals(2l3.7Million oh 3 in(situ
withlah[ehergylcbntentldf ik [8oo MWh.Theleffectivelehergy [densityldfthelareas[alppropriate fbrehergy
production i[d.54MWh/ h 3 inlsitu.[(Lahtinen et [al.[2bo5)

Sphagnumlpeatlakcountforish lahd Carexpeatfbrigs @ ofrkcoverablelpeatréserves.[Thelrémainder, il
%,d3[cbmposedldf Bryaleslpeat,thebulkafwhichlarelehcountered ihfheNorth [Binland[alrea.Thelhligh [
estvhlues[dffhumification[degreelare Ibcated fh [Hinnish Makearea, fh[Aentral[Binland.Thelaveragelakh
content[i3[3l4 (% lof [dry hass, [shlphurlcbntent .20 % [of [dry mhass [ahd [diry Blulk [density 87 [Klg/m3 in[situ.
(Lahtinenlet[al.[2bos)

Thelmhean[depth loffthelgkological [peat [And i3 [1141mh. Th thelarealekceeding1l5 [mh fh[depth fthepeat Tdyer
is[&l50mh[thick[an [ah[aberage. Mhirtyldeven [per[ckntldffthemhires, [cbvering[altdtal [aealoff[11g mhillion [ha,
arelaver[ilsmh(deep.Motal Hinnish miational [peat rbservesakrelakcount fbr 6.3 Million mh 3 inlsitu.Mrylsbl ]
idsftotallal 3 billion ElThelchrbonlstorage laf [Finnish mhires id[3l2 billlion El[(Lahtinenlet [al. [2loos)
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Figureld8. Distribution(dfiReat Mandih [Binland((Green).[38(% [dfBinnish Merritory i3 [Beat Land.
(GeologicallSurveyaflHinland[2008).
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Figureliio. [(MechnicallySuitable[Beat[Resourceslit[Binland.[Energy [Beat(23.7Billion[Qubic[Meters
and[Bnvironmentldnd[Horticulture[Beat(5l9Billion [Qubic[Meters((Geological [Surveylaf
Finland[2008).

Thelukselof [peat laslektablished fis[position fhEheHinnish [ehergy [system. [Peat (hlas ftaditionally heen well
availablelaind fhusGis(skcurity [df (shpply[Has[been[cbnsidered[good. It Has(also [Heen rkgarded[ak [alhligh [
quality ihdigenous(fhel. Th [rkcent karsmhany hvestments hlave [bleen mhadeih [power [plantshising ihdige [
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nous/[fhels[and [ih [cbuselaf[peat [ahd Wood. Th Fact, thefise df the [pPeat [ahd Wood fhels A3 hkrylclosely fh [
terinked @ahdftheirmkelshpportslohelahother.[(Lahtinen(et(al.[2oo5)

Regionallylspeaking, [pkatlcbnsumptionidhiighest ih North Qstrobothnialahdihland. Themlegative leffects
oflpeat ke lalelcbnsidered [id [befhe hligh[chrbon[dioxide Fhctorlofpeat [cbmbustion [ahd ih [sbmelchsesthe
possibleleffectslofproduction [ah theldcallehvironment. [(Lahtinen et [al. [Boos)

Emissions[irading, Which Was[started[ak [fheBeginning[df(2o05, Weakens[thelcbmpetitiveness[off [deat fh
relation[fb[dther[fhels.[When[thehlueldf[an[emission [allowance[rises[ehough, [also [the seldf[cbal [thay
becomelcheaper(than fhat [of [peat [ih fhstallations i which [peat hlas [ehrlier [Deen themhain fhel. [dahtinen
etlal.2bos)

Iffthelchirrentrbleofpeatidfd bk mhaintained, the shfficiencylaffthe [peat [production [skctors mecessary [for
peat[droduction[should[Belskcured, Which[should[also Helfhken Ghto[dccount fh rkgional Thnd ise[dlan [
ning.[Thelskcuritydfshpplyldfbeat [should [Helehsured, [elg. Hy[developing[stockpiling, rkgardless[dfthe
weather[cbnditions[and vhriationsfh[demand. [The[preservation [df[the [cbmpetitiveness[dfthe [dperating
environment fih the Idngftérm idalprerequisite forthelcbntinuity lofproduction. [d.ahtinenlet [al. [2oo5)

Peat[should [remain[cbmpetitive[particularlyih[relationtbthefported fbssil[Fhelsih [arderEdallowlthe
investment [potential [af fthefhstallationshisingfhdigenousfhels. Policyautlinesfbriherbleldfthelehergy
useldiffjeat, Which IaytheMasisfbrlshstained [dperational [Hlanning, Will[He rkquired fbritheQlimateland
Energy[Strategy.[(I.ahtinenlet[al.[5005)

Annually[20—30hilj. (M3[dfpeat [k [ sed[J rom [Which [18—28 [(TWh IGk[énergy [Peat[(Silpola[2007).
Finland’slehergy [peat réserveslcbntent i3[1b8o0o MWh [Virtanen et [al. [2003).Th 2006 thelainount lof [peat
from[Binland’sEbtal ehergy [cbnsumption Was[about [(Figure[1po)[(Tilastokeskus[@oo7a).Messthan[il
% from [Hinland’s[peatIdnd[alea i3 [ith [pPeatMarvesting ftom hich [glo (25 i3 fhlehergy [peat Marvesting [(En [
ergiateollisuus[2007).Thiykar&oo6 [hdustrial [peat (Marvesting[alreaWaszZ4 [goooMalihcludingaktivelahd
temporarilylsét[dsidelpeatlektractionfeldsVAHTI2008).
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Figureliko.0l TotallBnergydonsumptionih(Hinlandi(2oo6[(Tilastokeskus(2007).

Thelihorganiclchrbon [drlchrbon [dioxide[(LO2)[dfthelatmospherelstartsibfbrm[ihto[drganiclchrbonih
peatTands[frst By [photosynthesisfrom [theplants[and ih [Htter [production [ahd [ehds[slowly through [the
peatldnd’slakiclshirfaceldyerfhtothelahoxicldyers[(laine etlal. 2000).

About[go % laf bound [chrbon[ih [photosynthesisdecomposes[akrobically i fheshirface Idyer[affpleat [ands.
Whenltheldrganiclsiibstance[Has[rkached[thelanoxiclstate,[and hen [dnly mhoreldifficult[decomposable
carbon[dompounds[are&ft, [the[decomposition [gets[rkmarkably[slower.[This[gart[df [drganic[thatter[ik
formed [ak[peat.[(Laine etldl. 2000).[Thefbrmation [speed aries[ih [Binnish [peat TAndsDetween[d.2—4.0
mm [al1] [aVerage [being about [0. 5 mhm [alll{Korhola & [Tolonen[1H98). By mhass this i3 [about [4lo [glnh [A[ahd
as[chrbon[about[Zo [glmh [[h [allear[(Laine etldl. 2000).[AccordingibMinkkinen[(1999),HeatIhndsih
Finland [blind [chrbon With [altbtal lof[4l.2 Mglahnually.[Hinnish [peat [ands(akehundredslalr fhousands kars
old.Mostofthem hhvertached theirpresentlektent [alreadylch. [3looo [B.P.[(KorholalahdMolonen1$H98)

Aboutldnelthird [dfthe[tbtal [Hool [df[sbil [chrbon[ih the[World G$[stored fhmMorthern [peat Thnds[(Gorham
1991).[Thefdtal l@imount [aflchrbon [offall Moreal [ahd [shibarcticmhires id Metween (2170 [ahd (370 [Pg[(Turunen
etldl.[2002).[PeatIdnds[akeilnportant férrestrial [chrbon [storeslahd theyshow{ldrge fémporal lahd [spatial
variation il [the[atmosphericlekchangelaf([QO2[ahd [AH4[(Alm etldl. 1999).[Anthropogeniclaktivitieshlave
enhanced thelehissionslofigieenhouselghses(siich aklchrbon[dioxide [(CO2)ahd mliitrouslakide (N20) ftom
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organic[sbils[Maljanen etldl. 2007).[Drainageland [cultivation [df[peat TAnds[hitiates[decomposition [af
thelstored[drganic[thaterial (Hecause[df[dew[dxygen[entering[ihto [thelsbil[And [therefore[TO, and[N20
emissions[ihcreasemhile[@H,[emissionsdecrease(Kasimir[Rlemedtsson1$97).

PristinelpeatTands[akt(ak[chrbon [sinks[ih fheIdngrlin [(eijting1h99).[Aarbon [cycling ih[Pristine Horeal
peatlinds(hlasBeen[ektensively[studied [and [ghsfluxesHaveDeen fbund kb MaryWidely. Both [dmbrotro [
phic[Chutrient[oor) [and [thinerotrophic[(hutrient [rich) thires [can [(He[ditherMet [sburces[dret [sinks [df
CO,[akthelannualO¢vel.[Mhelgreat hariation [ih the [ahnual [AO. Balance i3 [alcbnsequenceldf fhter[annual
andl[spatialvhriation[ih the [hlydrologylahd thermallcbnditions($aarnio etlal. 2007).

The[datural[darbon [dycle[df thire[dcosystems ik [dot [desponsibledbr[theldurrent[@nthropogeniclglobal
warming[ahd thereforefthelahnual [OH,[ahd [QO, [effluxes(akemlotréported ih fhemational [ghreenhouselghs
inventories[(Baarnio etlal. 2007).

Estimates of Drained Peatland Forests’ Carbon Balance

Mikg 1200 dd Ptkg 1200 dd Vatkg 1200 dd Mikg <900 dd

ik

[ Litter formation, above ground

[ Litter decomposition, above grouwnd

[ Litter formation, below ground (roots )

[l Respiration (=decomposition: peat + roots}

M Carbon balance of the ground {=production - decomposition)
M Carbon balance of the trees { 1. rotation)

Ccarbon balance of the ecosystem (ground + trees)

g C m-2 a1

400
300
200
100

0

-100 +—

-200
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Figurelib1. Anl[Bxampleldfi@arbon[Bluxes[fromDifferentReatDandTypesDrainedforBorestry.
VatkgMitkg i [South [Binland[( Eooldd) ldnd Mtkg it [North Hinland[(>9o0dd). (MMM
2007)

InthelpreviousfgureMatkgis[Mwarflshrubpe, Mitkghid Vacciniumthyrtillus type, Btkghid Vaccinium
vitislitlaea type.[Negativevhluesihdicatetheldsslalfchrbon [einission, [positivethefhput laflchrbon [emis[]

sion.
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4.9.8Bioenergy?PotentialsanFinland

In[thebllowing,therelarelsbmelchlculations[about[Rinland’sBio [ehergy [Hotentials. Noteworthyi$[that
thelchlculations[aremadehising[differing[criteria. [Bor[ihstance,thaximum [dotential kfers[tb [theltbtal
amount [df[ckrtain [Bio[ehergyavailable[ih (Hinland[rkstrictions[akide. [@therlchlculations Mimit [the[doten ]
tial [due[@b[ikchnical,leconomical [dr[ekological kkasons.[Bconomicpotential [rkfers b [the [Hio [ehergy o [
tential[that[i$[economicallyMiable[tb [produce. Mechnical [Jotential rkferstblthe[Hotential that [$[tkchnil]
cally[possible[ib [produce. Bnvironmental [rkasons[chn [also [imit[ih [ckrtain [areas[fh e mhaximum [potential
oflalcértain (bliolehergy form.

4.9.1.8BiomasspotentialroftheFinnishforests

ForestDiomassisreénewable, butmeverthelesslalimited rbsource[and s mise mhust [He [Built [an [alshistain [
ablelbhsis. [Hstimationslaflayailability begin ftom fhefheoretical mhaximum [pbtential. [Thislcbnsistsof fwo
majorlsburces. [First, fihcludes(all tsidual Biomass [é&ft i [the Fbrest fhlcbnjunctionith E@mberhlarvest [
ing.[Secondly, ifihcludesihelsmall freebiomass, whichid[rtmoved, [ar[should beftmoved fbr rtasons id
doWith[silvicultureih[grecommercial thinnings[df oung[stands. Thefbrmer[i$[dependentdn fhemhar[]
kets[dflfbrest[droducts, Whereasthe[lhtteri$ freeldftharket fluctuations.[@nly[algart [df[the[thaximum
biomass [potential [chn [Be[rkcovered. [Hollowing[fkchnological, [sbcioldconomiclahd ehvironmental factors
affectlthelavailability: (Hakkila2loo4,26—28)
e Priceldevelopmentlafialternativefihels, faxes[ahd [shibsidies
e Developmentlaffprocurementf¢chnologylahdldgistics
e  Motivation offfdrestmhachinelahd ftucklcbntractorsophrticipate
¢ Development[dffthelqualityrbquirements[affbrest [chips.Horlekample, Will the fbliage [He thken
or[lléft?
e Thelakceptancelofiprivate fdrestlowners, which idlaffected by fthe [pirice [phid fdrbiomass
e Thelehergylahdlclimatepblicies[atfhemationallahd [RU Iévels.[Mhelttadelaf[AO, [emissionswill e
oflutmostimportance.
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Energywood thinning Mill. m* / annum
3+1
First thinning
i+ 3
Theoretical
Late thinnings e biomass patential 100 %
1+5 244+21=45
Final harvest
2412
Stump and root wood, ]
all operations 1540
Energywood thinning
15+05
First thinning
241 L 3
Technially harvestable
Late thinnings B biomass potential MB%
0.5+0 T+8=15
Final harvest
1+65
Stump and root wood l_____1
from final harvest 240
Energywood thinning and ¥
first thinning 1.6 The: goal of energy
F——|  and climate strategies 11 %
) for 2010 5
Final harvest
inal harve 34 l
The goal of Wood Energy 555
Programme for 2003 2 g
Energywoaod thinning and l
first thinnin
i 0.8 . Production of forest 47%
chipsin 2003 '
Final harvest 15

Figurelib2. [Mhe[Biomass[Potentialldflthe[BinnishHorests.The[Hirst[Rartdflthe[Seriesdfithe [Num[]
bers[Refers[to[Stemwoodldndthe[SecondPartto[CrownMass[{mill.Cé¢ubicCined
ters/annum)((Hakkilal2bo4).

InfthelpreviousHigure, theféchnological lahd lehvironmental factorshlve been fhken ihto labcount, bt mlo
pricelassumptionsHaveHeen[dpplied. [ThefechnicallyHarvestableotential G$ [estimated [separately [fbr
fiveldifferent fypesloflldggingloperations[(Hakkilal2oo4,[26—28):
¢ Energywood[thinnings[are[fendingldperationsihounglstandsGhhich[theldwner[Has[darlier
neglectedlgbod fdrestmhanagement.Becauselaf thelsmall sizelaf thelttees, thelprimary [product i3
fuel.[Thelakeldfthelstands[is[fpically[15—255karsand almhajority i3 [dominated My [pine, Mut the
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removals[mhayBelcbmposed [df(Hardwoods.Thelcbst [df(Harvest G$[Migh,lahd [shibsidies[alre [Meces ]
sarytbmhakeltherécoverylpossible.

Firstthinnings[rkferftaditionallyfdfhe[frst[cbmmercial lbgginglaperationlafflalstand, [ormally
at(thelageldfl95—40Gdears. [Pulpwood i3 [the [drimary[product, But [s[Ho—30 [% [df [the[stemwood
drain[doesmot mheet fhe mhinimum [dimensionsaif [pulpwood, first thinnings mhay[also el d [stib [
stantial [quantities[df[fhel Wood.dlaterthinnings[kaveldnly[small lamounts[df(stemwood[at [the
site.[Residues[cbntain[thainlyldrown[thass, thelskparaterbcoverydf (Which [Would [chuselbgging
damagel[ib[standing[tteeslaind nnecessaryMutrient Ibss[alt [alcritical [development [phase[df[the
stand. Production loffdrestlchipsfidhotrécommended(at thislstage.
Logging[rksidues[from[final[Harvest[dre[domposed[Thrgely [df [drown [thass Which i [Abundantly
available,[ekpecially i [sprucelstands. Toggingrésiduelchips(akefherefore produced mhainly ftom
thelctown mhassloflspruce. [Jonditionsloffrécoveryatefavorable. Nolslibsidies[atelalailable.

Stump [and [rbot Wood [from [final (Harvest [chn (He[shlvaged ftom [clear [cut[areas [af[thaturelsbruce
stands.Mypically,Idggingrésidues hlave[already beencbllected Ftom thelshmelsite.

Alshmmaryldffthelamountlahd[structureldfftheféchnically (HarvestableMiomassrkserveid[demonstrated
infdllowingflgureib3. Morelthan [alhialflofthe hiarvestableréservelisictown mhassihcluding fdliage. Tfthe
objectives(sktbrfbrestchips(alre b bk mhet,[ckown Mhassmhust [De [akcepted[ak [alsburceldf [fhel kgardless
of s ihferior(guality[and [akcelerated Mutrient Ibss. (Thefechnologyldf(Harvesting [eedsfb [Heldeveloped
tolkkepmeedlerémovallatah akceptablelével. (Hakkila2bo4,[26—28.)

Mill. m’/annum
10
3 Crown mass Residue
7 3 stem mass chi pe:
B 16 TWh
E -
T Whale-tree chips
I 1
4 -
Crushed
i G TWh sturnp chips
5 - 4TWh 4TWh
_ﬂ : : :
Erergywond First Final Stumps from
thinning thinning harest final harvest

Figurelib3. [BechnicallyHarvestable[Biomass[Potentiallaflthe[Einnish[Horests[(Hakkilal2o04).

4.9.2.FieldbiomasspotentialdnFinland

Finland's[cultivated [areali$[2.3 million[Hectares[(006).[Grain[id[cultivated th (Al 17 hillion[Hectares[and
foragelgrass[flants in[d.64rhillion[Hectares.[Abundant[d.1[rhillion[Hectares[df[Harvest[HasHeen[thken
abroadOinrefined.[Theldrealdfldil[PlantsGLGloo[dooHectares. MuringthelfimeAinland (Has[Meen[the
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member [of[RU, [thelamount [of fallow(hlas heen [1b (T11 % o the [chiltivated [akea. Th [Rinland, [1]7—1.8 mhillion
hectareslofffield [ meeded fdrtheproduction [affdod [ahd Fdrage. [Aboutld.5—0.7mhillion hkctareslcbuld b
used [fbrlenergy ithout [any[danger[ib[thefbod [productionih Binland. I¥fh [this[Erealdf (oo [doo Mecl]
tares, forihstanceréed [chnary(grassmould bk lchltivated [ahd aksumption of the [dvel lof the hiarvest ould
be 2o Mwh [/Ihkectare, thislcbrresponds the [pbtential lof b [Mwh. (Asplund 2008, [25.)

4.9.3.8BiogasPotentialdnFinland

Vehiclewsempotentialoftbiogasfromowaste

AriMlampinen[(2o03) hlaslektimated thelykarly [production [potential lofHiogas fbrkhicle ilse fh Hinland.
Thelykarly[potential lofThiogas [(methane) G3fih Rinland iy MWh. Tt Would Belehough fhel fbrZbo.000 [pas[]
senger[¢ars, G (fhey[drove[¢ity[drientated Cdriving[{consumption[do[d/100[km) [dn[Average[20.000
km /yearlarmkarly(5b.ooo buses, ifltheydroveloh [average1bo.0oo0kim/year.[Lampinen[2003)

With[currentfkchnology,[quickly[decomposingldrganic[thaterial i$ [dasiest [tb[iitilize, hile[Wood (Hased
wastelahd[plasticwasteprocessing idmhoreldifficult. Horfthat réason, Wood (Hased Wastelahd [plasticwaste
asWelllak[ihdustrial [sblid Waste[(hpart From Fbod [hdustry) (hlave Meen déft alut [olf this[ekamination [af [po [
tentials.[Th[alddition, theseWasteshlavelatherrkcycling[possibilities. Methaneftom fheldumpingplaces(is
included, formhust bk lcbllected i [ahy [chse. [I.ampinen[2003)
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Tablel6l The[YearlyProductionlafiRiogas((Methane) ftomWaste i [Hinland((Lampinen(2003).
Sourcelaf Massl(dflthe Producelaf Energy Fuellfbricars  Fuelforhbull
methane composing methane (TWh) (pieces) ses((pieces)
organic (ms3/t)
wastel(})
Methanelftom 1.5 75[doo 5ldoo
theldumping
places
Community 360[doo[resh 100 0.36 18[doo 12bo
biowastel[(kitd weight)
chenaste)
Community 160ldoo[(3us] 200 0.32 16[doo 1ibo
wastewater pendedmhatter)
Manure 21[5boldoo 20 4.3 220[0oo 15[0oo
(freshweight)
Agricultural 4ldooldoo 170 6.8 340[doo 23[doo
plantwaste (freshweight)
Foodlimhdustry’s g60doodresh 50 0.48 24[doo 1[Boo
waste weight)
Industrialas]  22[3bol3us] 200 0.04 2[doo 130
tewater pendedmhatter)
INMOTAL 14 ~Z00[d00 47ldoo

Biogasgpotentialcofrenergycropstandcropaesidues

Annimari@ehtomiki[(2006)Has[studied themethanepotentials af(different [ehergyckopsahdlclop rksi]
dues.[IhHer[studylJlerusalem[drtichoke,[Meed [danaryldrass[And fimothyldover[grass[gave[the[Highest
methane[potential [perMectare, [cbrrespondingfdgrosslehergy [potential [af (218 —53 MWh ha . [Thus, kip fd
3000-5000 [m3[dfmhethanelchn [potentially Helobtained from[dneMectareldflehergy [ckops[chltivated fbr
biogas[production,[corresponding[ib [aApproximately[4odoo—60doo [Km[ih [Hassenger[chrftansport[der
hectare.[Tonsequently,[dnelib[fhree[Passenger[dars[{averageldistanceldriven [dpproximately[3ooo—
30[dooKm[perizkar) [cbuld [potentially [befhelled by lohe hlectarelaflehergy [ctops. [Horlekample, filthe[akea
correspondingid thelsktlabidelagricultural [and fh [Hinland [(195[gkg (a2 04, Statistics [Hinland [2oo5)
waslised [fbr[roduction[dfleénergyldropdslsubstratesfbr[Biogas[production,thelthethane[Production
could[potentially[cover[the[earlylconsumption [df[8—25[% [df the[Hassenger[chrs[ih [Binland [(2 246 76
passengerlchrs[ih[2l004,Statistics [Hinland [2005).[Theselprevious figuresrépresent thefheoretical [poten [
tial[df[thethane[droduction fromlenergyldrops,andthelenergydonsumed[duringfthe[droduction[dflthe
biomassahdldperation lof the ahaerobicldigestion [process hiasmiot been faken fhto[atcount Mhen [chlculat [
ingthelgrosslehergypbtentials. [(d.ehtomiki2006,66—68.)
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4.10.0ceanEnergy

Sinceltheldteiygoslalnumberlofismalllcbmpanieshlaveftied kb [develop lalrhngelof [different Wavelehergy
technologies[ak[alnlon [olluting[sburceldflehergy, Which (hasrksulted fh [anumber lolf fhl] [size [devices e [
ingldeployedih[theldea.Th[domeldountries, theselihitiatives[Have[Heen[dccompanied (Hy[government ]
funded|aktivities, [ak Well[ak[developments ihihternational larganisations[shich [akthe [Huropean [Qommis[]
sionlahdftheThternational [Bnergy[Agency.(JEA[2008)

Wavelehergy[chn[Helcbnsidered [@s[alcbncentrated Fbrm [dflsblar[ehergy, WhereWinds[generated Hythe
differential heatingofthelehrth phsslaverlapen bbdieslofwater, ftansferringsbmeoftheirlehergyfd fdrm
waves. [Thelaimountoflehergy ftansferred (ahd (hlencethelsize laffthe résulting Waves, [dependsoh fhe ind
speed, [theléngth [af [ime[fbrhich fheind Blows(and fheldistanceldver Which [l [Blows [(Fhelfetch").Th
thisWay, [theldriginallsblar[Jower&vels[dffpically[d [1oo [W/mz2[can [Hetransformed[ihto WavesWith
powerllévelsloflaverijooo kW [per mhetrelof tave ctest [éngth. [AEA[2008)

WaveslyingWithin [ar[closefd fhelareasWherethey[akre[generated [(torm Waves) [produce[alcbmplex, G []
regular[ska.These[WavesWill [dontinue[tbtravel fh theldirection [dftheirbrmation [elen [alfter the [Wind
dies[down.[Th[deep Water,Wavesddselehergy [anly[slowly, [sb [they[chn [ftavel lout [df [the[storm [alreas [With
minimalldssloflehergylakrégular, [smooth Waveslal [dwell' [ahd thislchn [persistat [gheat distancesftom fthe
point[oflarigin.[Therefore, [cbastsith [ekposurelid thelprevailingWind [direction ahd ldngfétchesténd b
havelthe[thost[energetic[Wavelclimates, [shich [as[fhe[Western [doasts[df[the[Americas,[Hurope,[Southern
Africalahd[Australia/New[Zealand.[(QJEA[2008)

ThelglobalmMtave power résource it [deep itater[[.e. 100 h ol mhore) i3 lektimated ftd De it fhe rhnge laf i T1o
T.[AsltheWavesmhovelib[shallowerWaterstheyldselehergy, (butdetailed variation [olfska [(Hed Ebpography
can[léadtd thefdcusingloffwavelehergy i cbncentrated rbgionsmearthelshoreline, [chlled (ot [spots'.[The
economicallylelkploitablerksourcelis[about ko 50 MWh/yrEbrlchirrent [designs[df(devices When [lly
mature.[JEA[2008)

Manymavelehergyldeviceslale[at the[R&D[stage, With [ohly lalsmall rhngelaf [deviceshlaving been Eésted [at
largelstaleldrldeployed [ihtheldceans.This[slow[rhteldf[progressfi$[duelibfhefhct that Wavelehergylde ]
vices [fhcelalnumberldfidesign [challenges,[amongWhich the vhriabilityih Wave [ower fhtensity lahd Wave
direction.[JEABbOS8)

4.10.1.CurrenttTechnologies

Fourlaffthemhain Bypeslofidevice(deployed(at [drgelstalelover the [past féwvkarsatefhe fdllowing:

Oscillating[Water[Column: [t [domprises[d[Partially[dubmerged [structure fbrming[an[dir[dhamber,
with [ah inderwater[@perture.[Thislchamber[encloses aMolumeldfalir, hich G [dompressed [as [thefhei ]
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dentavelthakes(thelfteelshirfaceldfthe Water[rise[ihside[the[chamber.[Thelcompressed[alir[chn[escape
through [ah[aperturelabovetheatercblumnwhich [éadsidalthrbineahd[generator. [Astheaterihside
falls, thelairpressureidréduced [ahd air[id[dirawn bhack fhrough thefhrbine. Both cbnventional [[.e. nidi[]
rectional) [and [sklflrectifying[alir firbinesHave Beenproposed. [Bven With this[cbommonality[dfldperating
principles, [thelekamples[dfldscillating[Water[cblumn [actually [deployed Mary[considerably [from [the[Hot[]
toml[standing, [shoreline[Hased [doncrete[deviceldeveloped (Hy[Wavegen[(2007) ih[Scotland, [fb[theltkth []
ered,mlear[shorelsteel[deviceldeployed bl [Energetech [(2007) i [Australia(WECEo07).

Figurelib4. ShorelinelHased[Qoncrete[Devicelit [Scotland[(WEC[2007).

Figurelibs. (Near[Shore[DevicelihAustralia(WEC2007).
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The[Pelamis:thisis[alfloating[devicelcbmprised lof[alséries[af[c/lindrical hollowl(steel [stgments[that [ale
connected [iblehch [ather by hinged [bints. [Theldevice i3 lapproximately 120 mhldng, [3. 5 mh ih [diameter ahd
isIbosely[thoored [ih Water[depths[df[d [§o [th [sb [fhat i [JointsGhto[fthe[Waves.[AsWavesin [down[the
length [dfthe[device,[thelsegmentshoveWith [rkspect b [ehch [dther[and [Actuatehlydraulicldylindersih [
corporatedfh[the[ointsEb [pumpldilibldriveahlydraulicmhotor/generatorMialah [ehergy[sSmoothing[sys [
tem.[Theldevice[HasHeen[deployed[ih[Scotlandand [allsimall [sthemeldfthreeldevices it [currently [Heing
deployed i [Portugal (WEC[2b07).

Figurelib6. [ThePelamis(WECI[2bo7.)

The[Wave[Dragon.[This[deviceses [EAlpair[af Targelclirvedrkflectors(ib[gatherWavesihtothelckntral
receiving [plart, Wherefthey flowp [alchmp [ahd [over [thefbp [hto [alrhised [rkservoir, from hich EheWater
isallowed kb réturn fd thelséaialamimberof ldwHead fhrbines. [Alguarter[skale pirototype (58 mh Wid e x]
33mhIdng) rhted [at Blo kKW [hlasbken [deployed ih [alDanish itlet [ahd alfhll [size [device [(éstimated b (hlave al
generation[chpacity laf [H4IMW) i3 [being[cbnstructed forlalsite ih Wales [WEC[2bo07).
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Figureliky. [TheWaveDragon (WEC[2b07).

The[Archimedes[(Wave[$wing:[This[¢onsists[df[d[buoyant[¢ylindrical,CAir[{filled (¢hamber[{the
'Floater") that [chn mhove fzkrtically mhith réspect kb fhelcylindrical (Basement', which S fixed [ the[séa bled.
As[alwWavelpassesldverthelfbpdfftheldevice, it [alternatively [Aressurises(aind [depressurises(thelair[Within
the[Bloater, [changingGis[Buoyancy, @hich [chuses[the[Bloater[ib mhoveip [and [down [#ith rkspect b [the
Basement.[This[rklative[mhotion [i$ dsed b [producelenergy, singlallinear[electrical [generator. [A[FMW
Pilotlsthemelhlasbkenldeployed[ahd késted i Portugal (WEC[2loo7).

Figurelik8.L0 [ArchimedeWavelSwing (WEC[2b07).
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Despitelthelfhctthat[WavelehergyGs[alrklativelyimmatureféchnology,[and thatthefichnologiesareHe ]
ing[developedMylsalllcbmpanies, With [@tbtal fhvestment [df TS $ [5-10 mhillionfh[ehch[cbmpany, ave
energylprresentsfivoinportantladvantagesloverlotherténewables[WECR007):

o outsidelthelttopics,stormslatemkuallymhoreimtenselahd ftequent [duringminter, which résultsinh
wavelgower[Iévels[HeingMigherihthat[season.Therefore[Wavelenergy[drovides[good [skasonal
load fbllowing[brthoselrkgionsWherelpeak[dlectricity[demand il [droduced My [Winter[Heating
and [ighting[réquirements[(¢.g., morthern Burope, Western[Qanadalahd morth West[ISA).

o wavelehergylis[predictablefbrldnelfdfvoldayslahead,Decauselshtellites[chn mheasureWaves[dut
in[theldcean[thatWill Tater finpactloh [devices[aroundthelcbast.[This[predictability ill [allow[fbr
less[dpinning[deservethan[Gk[dften[dequired (o [dupport[thore Ghtermittent (denewablelénergy

sources.

However, Wavelehergy [hlasid facezhriousdifficulties(akfih mhany [cbuntries fhereidalhligh [cbst [aksociated
withlobtaining[permits[ahd[chrryinglalitlehvironmental ilnpactlaksessments. Moreover, lohceldeployed ih
freelelnergy[tharkets, Wavelehergy[Has[tb[competewith [éstablished fenewablelenergyfechnologies[that
havelbknefited ftom billionsofdollars [of [chmulative fhivestment. [WEC[2bo07)

Aslstated BytheTEA, [dneldfthethajor[droblems[that[Wavelehergy Has[tb[fhcei$[that [thepilot [drojects
need [fd bertlatively [drgelskalefhorderfd (standlaffshorelcbnditions, fhusimplying hliigh [cbstslahd [rsks.
Theselfhctorshaveihhibitedfhelehrly[development [df(wavelehergyftchnologies,[akdnlyih rkcent Mears
adequatelgbvernmentfiindinghhs(beenmhade[alailable o [slipport(sizeablelpilot pirojects. [AEA[2008)

Thelshmpling[affpirojectsbeing[developed Morldwidewhich i3 rkported it Ehelist below, i3 fhstructive fbr
thelkindslofftéchnologiesthat[atebeing(developedlahd iked [ahd [ahy[piroblemsftheymhay e lehcountering
(EIA[2b08).

o Al MWMWavelehergylprojectih[Portland, Mictoria, [Australia.

e  WaveHub[ProjectihNorth[@ornwall, Onited Kingdom.

e Alb 5MWMavephrkih[Agucadoura, Portugal, Power[Mechnology.Com,

e “Pelamis,World’s[Hirstl@ommercialWaveHnergy[Project,[Agucadoura, Portugal.”
e Limpetmavelprojectloh ftheT$land lofTslay, Scotland

Alpbssiblelrbadmap lof theldevelopment lof [different [akpectslofwtave lehergy idshown helow.
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Figurelibg. Roadmap[fdrWaveHnergy ((WEC[2b07).

4.10.2.SituationdncEuropeancCountriescandutureDevelopment

According[tbTEA, [durrently [(R&D s Fbcusingldn [thoorings, [structureland [Hull[design [thethods,[Hower
takeldfflsystems, [alsWell[as[Wave[Hehavior[and (hydrodynamics[dfiwaveladsorption.[Research[efforts[an
turbines[ahd[rbtorswill meed b Fdcuslah [cbstlfficiency, [rkliability[ahd [ehselofmhaintenance, [plarticularly
in[developingldomponents[that[dan HesistHostile[tharine[dnvironments.[Tontrol [dystemsfor[firbine
speed[ahd [rbtor[pltch fhill [also [play[amhajor rble ith mhaximizing [power alitput. [AEA [2008)

United[Ringdom[is[the¢adingcbuntry[ih Wavelahd mharinelchirrentslehergy,land [l [Has[developed [sbme
specificlpblicyihstruments, [shch [ak[chpital [grants, féed [ih Eariffs[ahd Etadableckrtificates. [(IEA[2007)

InTteland,fhelGovernmentlaunched,ih[March[@oo7,the White[Book[EDelivering[alSustainable Bnergy
Future[fbrTreland”, Which [skt[althrget [deployment [df[500 IV [W [df[dcean [energy [dower[Hy [H020.This
document [fbllowed [thelstrategy [document fbrldcean [ehergy Taunched fh[2006 My fhedtish [Government.
(IEABDbO7)

In[Portugal, thelgbvernment Tdunched [ah [attractive Fded GGh Eariff o hap b [26 [/ kWh Fdrthe demonstrall
tion[phasel@vhich[decreases[fbrihepre[dommercial [ahd [cbmmercial [phases), [ahd [alpilot [zbne With [sim []
plified lcensing[proceduresdesigned kb [siipport hoth fhe fhitial phase of fthe [demonstration[ahd thepire [
commerciallahdlcbmmercial phaseslofmavelehergyltilization. [AEA[2007)

In[Spain, therefidmomlationallstrategy Forloceanehergy,howeverlane Spanish région Hithe BasqueQoun]
try[2hlas(althrget [5IMW loff fhstalled Wave [dower by [2lo10 [ahd Ebr[that [purpose, [an fhvestment [aff [1 5 M [
has[beenallocated [JEA[RDO7).

In[Brance, [alfirst[gbvernmental hitiative fbok [placeih [akeanehergy: [amew Iaw[sktting[alféed Gh [priceof
15[cE/kWhforlelectricity [poduced bisingwtavelehergymtas[dunched ihMarch 2oo7[dEABR007).
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In[Denmark,[sincelthelehdofthe DanishWaveBnergydevelopmentprogramih fhekar[2o02, therehlas
been[Moldedicated[development[Policy[dn[dcean [energy.[(Hlowever, Ghterestih [developing Wavel[energy
technology[@mongldevelopersis[growingfh[Menmark, ith [thuch ork [carried [dut [dn [Aldrivate[Hasis.
(IEA2bo7)

In[Sweden,[dctivities[ih[Waveldnergy[Haveldchieved [donsiderable[developments fh[doo7[With [Hinding
from [the [Swedish [Energy[Agency, algbvernmentallehtity[QEA R0 07).

InNorwaythe[World’sHrst[prototypeldndsmoticpower[i$inderlcbnstructionand firther[rksearch [alc[]
tivities[and [developments[an Wavelehergy[and [Hdal[ehergy [alre [fhking [Hlace ith [shpport from [the Nor[]
wegian[gbvernmentahd hrough [HCHinding[QEAB0O07).

4.11.HydrogenmandFuelLCells

4.11.1.cTechnology

Fuellcells[areldevices[that[employ [@lrkaction [Hetween [Hydrogen[and [dxygen[ib [producelelectricity[and
heat, [thelrkverseldfWater[electrolysis.[Buel [cells(are [chtegorized My [thefypeldflelectrolytefheyemploy,
such [ak[polymerlelectrolyte [(PEFC), phosphoriclakid (PAFC),mholten [chrbonate [MCFC) [ahd [sblid [akide
(SOFC)Mhellcklls. [WETROBR0b06)

Practicalses[fbr[REFCs[drelanticipated [ih [thany [skctors, [hcluding[dommercial /industrial [and (House ]
holdldistributed [power, [ak[Well [ak mhobilelehergy fdr[chrs[(Gmost [Tapaneselchrmakers areldeveloping el [
cellkhicles) [ahd[portableldevices. [PEFCs[ake[simall ikt [deliver High lautput, lahd[start /stop [ehsily [due b
lowlaperatingfémperatures.[(JETRO[E006)

Installations(alre[proceedingWith BAFClslstems[developed Ebrlcbmmercial [and [fhdustrial[cbgeneration,
and[fheled With Maturallgas, TING,TIPG, Waphthaland mhethanol.[Advantages[dfthese[RAFClslystemsih ]
cludelkryldwlehvironmental inpactahd Idwmloise, [But [significant [demeritsihclude Mligh [purchaselahd
operationlcbst. [JETRO[R2b06)

MCFCslakelelectrolytefhel lckllsthat kelchrbonateidnsid produce lalsimplelelectriclcharge. [Operating [at
comparativelyhligh Fémperatures[af[6lo0°—700°C, M CFCs[producehligh [gradelekhaust hleat,[alnd [chn[He
used for[dir[donditioning, (Hot [Water,[Heating,[And Hhrge[skale[Jower[generation. [Theyldan (He dsed [tb [
getherWith [mhicro[ghsHirbinesfbrMighlylefficient[cbmbined [dower[generation, [and [chn [rin [an Marious
typeslaffflel. (JETRO[2006)

Although M CFCslalre Mot moteworthy fbrdveralllefficiency, they [chn [dffer [olutstanding [power [generation
efficiency, Which i$[Highly vhlued Bylchistomers[placingpriorityldn [electricityldver[Heat. MICFCs[alre[also
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superior[ih[ferms[dfunning[dosts.[Accordingly,[demand[Gs[dxpected [ib [dise[dmong[fbodrklated [And
sewagelireatment[plantsthat(generateldigester(ghs.[(JETRO[2b06)

Aldiverselrhngeldflapplications[it[expected Ebr[SOFCs,from [rhicro[systems[ib[thedium[IBnd [Thrgescale
systems.[dIn [Particular,Righ [dxpectations[dre[Placed [dn[distributed Jower[dources, [stationary[Power
sources,[and[cbgeneration [slystems[((imultaneous[shipply[df[Hower[and[Heat [dr[HotWater), [ekpeciallyih
Europelahd North[America. High fémperature[SOFCs[aremow/[ih thelcbnfirmation st [stage, Hut [prob ]
lems[rélated Eb Idng[ferm [generatingperformance, lcbstréduction, ahd céliability mhust e sblved i alrder
tolathievelpractical lapplication. (Kawamoto[2008)

4.11.2.5Applicationscand-MarketcTrendsdn®uelCells

Thesellears[dreldf ppermost Gimportancefbrthefiel[dell Ghdustry[dommercial (Breakthrough.[Small
portablelapplications, forlexample, ill[skeltheir[dommercial Thunch Gh[3009, With [thobile[ghones[and
toys/gadgets, @bllowed By [dotebooks, thpa[Players, hilitary[dommunication [dquipment [And [dhargers.
Large[portable[productsipowered My[fhel [cklls Will [ske the Fhstest [short[term(growth [ih the mhilitary [ske ]
tor, With fems[siich [ak bhtterylchargerslahdportablelgkneratorsfor(different ises. [Makoverlet [al. [2006)

The[mlicheftansport[skctorhaslekperienced the fastest [growth [hthe[fhel [ckll hdustry [since[2oo5[and i3
forecastedfd[cbntinueld [grow(strongfdralnumberlofkars, With kénsloffthousands of mhilitary, Tight ahd
heavy[duty[Mehicles[Heinglsbld Gh[do12. Wew[Hiel [dell [Howered [skooters, fbrklifts, [golf[Wwagons, Wheel [
chairs[ahd mhotorbikes Will[also [be fhtroduced ih[the mharket. Moreover, [dueltd [ehvironmental [cbncerns,
trainslahd aircraftslatemewlpbtentiallapplication [ateas. [Makoverlet [al.[2006)

Thelalitomotivelskctormilllalso[ekperiencelalcbmmercial Breakthrough: [Allmhajorlchrmhanufacturersde]
velop[HCVs[and (BCVHybrid[doncepts, [ds[theyIbok [at (FCVs[ds [aMew[Businessldpportunity.[Thethass
market [penetration[ektimated[ak [5lo20—2025,[depending[dn fhvestmentsfhihfrastructureldevelopment,
butlatI¢ast[Maimler,Honda,[GM [ahd HyundailplanbHring[chrsFbrlchistomerpromotionBefore[2010.
Early(shlesplricelebtimated [at [SUS[5b,000 [/Ichr.[Makoverletal. 2006)

Thelsalllstationarylséctoridlekpected kb [séelalsteadylgtowth orlséveral ikars, mhith fhe Fastest [growth fh
Europelahdmhoderatelgrowth fhtheS, theanwhilelJapan Will[cbntinuefb[dominate[the[mharket. [Ofall
thelunitsfhstalled [t [deeds[ib He[doted [that MEMFCldystemsldccountfbr3 [do [%, [But [SOFCldystems
(presently[d [lo [%) [dreMkely [tbGhcreasetheir[tharket[shareldince[3008—2009.[Thelthain [tharketable
productsWill(Helsimall[dmergency inits, Hut[Alsignificant [growth [fh [AHP [rksidential linitslexpected fh
Europe.Moreover, offlgrid ahd rémoteapplicationsill [also [be[possible thanks b Mind ahd [sblar power.
(JETROE006)Mhisfi$fhelchselafMenmark, WhereWind [power[s[already rtaching[shich [alhligh [Penetra ]
tion[ihtheManish [electricitylsystem, Fhat [alsblution fbsbill [dver[problemsmhust Befbund. [Surplus@ind
powerlchn therefore beMised b [producehlydrogen, either(directly fdrivkhiclelstorage fhnks[ih thelghrages
oflehch bhilding, [ [tb [alstore[aksociated With thebluilding. [Alstoragesizelolf 1) 2[ch3 mhetal (Hydride [store
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perlaverageldnefhmily[dwellingG$ [shifficient [fb[store[any[arising[shrplus(and [fhke[chre[df[every [deficit.
(Makoverlet[al. 2b06)

Dueltbihcentives, ekpeciallyihHurope, thethain mharketableproductsih theldrgelstationary[skctor Wil
beMiogas((biomass,Waste) blased[systems. [Qoal [ghs[based [systems|[givesignificant ldng[fkrm [apportuni]
ties[(@hanks[tb[S[ehergy [politics).ThHoth[chsesthelchstomersiill [Hemhost Mikely [eitherhotels /holiday
centers[(for[imageldreation[rkasons),[dr[dataldenters, [Hospitals[and [dther[gremium [ower[(for[energy
securityidsues).[(Jumppanen2008)

Theldstablished [ftchnologiesfbrHydrogen [@roduction[@re[daturallgasforming,[doal [gasification [and
waterlelectrolysis, biut fheselprocesses Would meed [tb [He[significantly [mhoreefficient [aind [cbst [effective [
order[ib[produceMligh blumesdffhlydrogenfbrlehergyise. Hor[thisrkason, mhost [difthelchirrent R&D [
looking[at[thaking[Maturallgaseforming,[doal[gasification [th MGCC[{Hlants[and [electrolysis[Highly[&ffill
cient.[JEA[2008)

Inmhost[chsesthelavailablef&chnologies(alrelapplied i [small[skale[decentralized [@roduction [uhnits, [since
theseldo[dotequirelanylexpensiveihfrastructureforHydrogen [fransportationand[distribution. How[]
ever,[decentralizedféchnologies[are [rElativelyihefficient [ahd [ekpensive: [at fhe[thoment fhis[aption [cbsts
morelthanISDIsb/GJ,mheanwhilelckntralized [production dptions[promise, fhEheldngrhn, hydrogen [at
USDOb/GJ b [MSDE/GJ. Mongterm [ebstsFbrhigh [femperature Waterlsplittinglcbuld rhnge from ISD
10/GJ[(hsing[muclear) b MISD[Eo/GJ [ising[sblarheat), WhileMigher[ebsts(akeprojected Ebrldtherféch [
nologies.[QEA[2D08)

Apartftomthelcbstlidsues,abcordingfd TEA [projections the mhain [piroblem Will Be thelshift b [ah [ehtirely
new [system[df[¥ehicles[and Hels, Which [dreiinlikely [fb(Happenfunless[strong[golicy fhterventions[are
applied.[QEA[2008)

4.12.Energystorage

4.12.1.WhyEnergySStorage?

Energy[storages[Have[Heen[ihternationally[seen[ds[dKey[domponentForthe firther fimplementation[df
distributed ehergy. Most[df fthe [problems ih [power[quality, distribution [rtliability [and [peak [dower mhan []
agement[dan[Beldolved With [énergy[storages.[(Hnergy[storages[give[Mew[Possibilities fbrldemand[side
management[and fbrlclistomerIével [ehergy[cbstlcbntrol. [Qost[effective, [smart [ehergy[storages[give mew
potential[fbr[Building[ehergy hanagement[especially[when[theylare iised [ih [dombined Heat [and [Hower
(CHP)@roductionldystems[duchds[fielldells[and thicroturbines. (Energyldtorages[give [Possibilities[tb
manage[incontrollablepower[production ih [rknewablelehergy[production [systems[siich [ak [photovoltage
andWind[powerl[systems. Oninterruptiblepower[deliverylchn [Beleksential [ [single FAmilyhouses fbrlek ]
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ampleWhen [they[alre ised [ak [alHome[dffice With [computer[systems[drtheyhlavelckitical mhedical [elquip [
ment fhatlcbuldbemhorelcbmmon i mlear Miture. (EC2b08)

Energy[storagelis[deeded[ib[storelelectricity, Heat[and[dold, hich ¥ [Hroduced [at Hmes[df lbw
demand [alnd Ibw(generation [cbst[and from Ghtermittent[ehergysburces(shich [as[Wind [and [sblar
power.[tfid[rkleased [at fimes[ofhligh [demand [ahd (hligh [gkneration[cbst ok When therelis mo mhore
generation[chpacityalailable.[(EC[2008)

Reliablelahd [affordablelehergy [storageid[alprerequisitefbrlsingrénewablelehergy ih rémote [d [
cations, forihtegration itofthelehergylsystem[ahd theldevelopment i alfiitureldecentralisedleh [
ergylshipply[system.Energy [storagethereforehlas(alplivotal [rble kb [play it theeffort fd lcbmbinel(al
future, [shistainablelenergy[shpply[with [fthe[standard [dfffechnical [services[and [productsthat We
arelatcustomedfdlahdmeed.[(EC2008)

Energy(storage[id[fhemhost [promisingféchnology [chirrently [availablefd éduceMhel [ecbnsumption
inftheftansportséctor. [(EC[2008)

Energy sources Usa of energy Energy storage
+ Conventional fossil fuels * Electricity * BoMeries
* MNuelsar fual Generation * Heat Storage and  * Fhywheels
+ Renswable energy processer e * Ravarsible fuel cells

L2 = * Transport * Electromagnetic fields
solar energy
* Kinelic energy * Compressed air

* Comprassed gos * Thasmal energy
* Pumped hydro

Figurelio.(l DiagramladfiBnergySburces, UselafBnergylandBEnergyStoragel(EC2008).

4.12.2.CurrentlUsesoftEnergy=StoragecTechnologies
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Theldecision [t selan [ehergy[storagelsystem [depends bloth [an fhe [rkquirements[alf fthe [applica ]
tion[and[thelcbst[df[cbompeting[sblutions.Th[rknewablelehergy [siystems, fbrihstance, fhefise ldf
fossil el bhsed back ip [generation [ahd[grid [ebnnection [akelcbmpeting [sblutions. (EC[2008)
Powerlstations,[cbmpressors, hleating[systems, [etc. [all Mave[different [performancelcharacteristics
as(rkgards(theirrksponsefmeliblchangingldemand,fheir(¢ad Hmesbristartingup [ar[shutting
down, [ahd theirmhostlefficient [pbintsafloperation. (EC[2b08)

Energy[storage[slystems[dan dsually[He[replaced (By[donventional [energy[generation. (Mowever,
thislchn{I¢ad[ibanGhefficientise [dffbssil [Hiels[and @ldemand Ebrihvestment [ih [ad ditional [en [
ergylgknerators@ith high pbowerlolitputahd Fastésponsefime. (EC2008)

Thelfime[tequired dbrlenergy[generation [from [denewableldources, [Beltheyldlectricity [dr[Heat,
cannot[always[bematched kb fhe fimelofldemand.



e Energylstoragelslystems[drethereforeldn[ihtegral [Part[df(anyknewablelénergysburces[(RES)
system.[(EC[2b08)

e Evenwhenfhel[Jowered[gkneration[idksed b [cbverperiodsaflow[RES [generation, [ehergy [stor[]
agel$[rkquired [fbrleconomiclrkasons, [@sGiis[cheaperthan [fhefrequentiiseldf [Ahotor[driven
generator.[(EC[2008)

e Also,[thelstability[dffthe[electricity[system[aind [qualityldfthe fbltage [shipplied Will (e cbnsidera[]
bly[HigherWhen [an [ehergy[storagelsystem i$[sed.[Thel[fkchnical [and[deconomicldptimum [don[]
cerning(thelsize[df[an [lectricity [storage [slystem [Meeds[ib[Heldefined Ghldach [chseihdividually.
(EC[2008)

¢ Conventional,lcbmmercially[available[Iéad [dcid [Batteries[Have [aleryMhligh [énergy[efficiencyland
alllotherféchnologiesbhavefdlcbmpetemtiththis.

e Batteries[arelthe[mhostlekpensivelemihRES[systemsWhen[thelsystem'skbtal Difetimelcbsts/ale
considered;[ahd fherelatebighriations it [bhttery lifetimelit [differentihstallations. (EC[20008)

e  Excesslelectricitylchnalwaysbklstored [cheaply it the fbrm [offhleat [ahd fbr[alldngfime. However,
thelzhluelofhleat lehergyidmhuch Idwer than thefhlueloflelectricity. [(EC[2008)

e Inlsblarfthermallsystems(fbrihleatinglahdlcboling[fid[also Mecessarylid [storelehergy becausehleat
generation[dependsldn(sblar[rhdiation [dbr[energy [Aroduction.[Overview df[the [fechnology.[(EC
2008)

4.12.3.EnergysStorageclTechnologies

o Batteries

o Flywheels

o Reversiblelfiiellcklls

o Electromagnetic

o Compressed|air

o Superldapacitor

o Pumpedhlydrolstorage

Differentehergy[storage[fechnologies[cbexistHecauseltheirlcharacteristics[thakefhem [attractive kb [dif ]
ferentlapplications. Brom[ahiser[point lofbiewtherelate Moth Eéchnical lahdlcbmmercial lctiteria fbrisélect [
ingfthemhost[shitableféchnology.(EC2008)

BatteriescandoAdvanced®Batteries

Rechargeablebhtterieslarlatcumulators(are theloldest fbrmoflelectricity [storagelahd Widely iked. Batter [
ieslstorelelectriclehergyith [alchemical fbrm.Their[performancelis linked it [alcbmplexmhanner kb the mha ]
terialsised, [themhanufacturing[pgrocesses[and [theldperating[conditions. [Qonsequently,[progressihHat [
teryttchnologyis[slowlaind ftheftansfer(afTdboratoryrksultsihtolcbmmercial lapplicationsis sbmetimes
risky.Mlithium[Gbn[dnd Mickel hetal (Hydride[((NiM H) [Batteries[dre[theldnly[dew[Battery[technologies
which havelachieved|[significantmharket [penetrationih fheldst[decade. Batterieschn respond Eblchanges
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in[Power[demand ¥ithinGhicroseconds.[@Mnly[Superlcapacitorsldqual [Such [d[desponse[ifime. Batteries
usually[have Mery Idw[standbylbsses[ahd [chnHavehligh [ehergylefficiency, [dependinglonthelapplication
and [the[detailslofthelaperation. Most [batteries[cbntain Ebxicmhaterials, encethelekological Gnpact ftom
uncontrolled(disposallofbhtteriesmhust [alwaysbelcbnsidered.[(EC[2008)

SupercCapacitors

Superldapacitors[store[electricallehergy[ihthelelectricfield [Hetween Mvolelectrodes. Mltraldapacitor, [shi [
perlcapacitor[dnd[dlectricCldoubleThyer[dapacitor (IEDLC)dre[dlsoldalled[8lectrolchemical [dapacitors
working[with [chemical rbactions oot [ike [ftuelchpacitors. Thefindamental [design [ahd [electrical [pirop [
ertieslarethoselaflcbnventional lchpacitorsised throughout thelelectrical [ahd[electronicsihdustry. [EDLC
useslelectricldoubleldyer(chpacitanceloh Bbth pbsitive ahd Megativelelectrodes. (EC[2008)

ReversibledruelCellbystemstandRedox=+lowBatteries

Fuellckllslcbnvert (hlydrogen ftom [alstorage fEhnk [ahd lolkygen Ftom fthe [air fb Waterlahd [gkneratelalchrrent
from[thelelectrochemical[process. Mhelelectrochemical réactioniselflid[rkversible. (The el [cklls' [ehergy
capacitylidldetermined My thelsizelofthelstorage fanksfbr thelaktive mhaterials,[ahd thepower by thelalea
oflthelelectrodeslaind [design [aff fherkactor. [Standby Idsses[areldw(Decause the[aktive [mhaterials(alre [Kept
physicallylskparate.[Redox[flow[Hatteries[alre[systemsiising [mhaterials[dtherthan[Hydrogen [@nd [dxygen.
Theirlehergy[etficiencyidhligherthanthoselalflréversiblefhiel (cklls, Bt [still Belowthelehergy [efficiency [of
most bhtteries.[(EC[2008)

SMESHSuper=ConductingmMagnetictEnergytoragesystems)
SMESI[storelenergy[ih[thelthagneticeld [dfldlcbil [thade[from[special[alloys. Byldboling[the[donducting
wirestd [1069° Cltherésistancelofthe mhaterial kb electricallchirrent disappears, allowing b lcbnduct ikry
high[durrents[Without[electrical bsses.[When[boking[at theldomplete [slystem,[However, [t [i§[cdear[that
therelis[considerablelenergy [requirement [fbr[rkfrigeration. [Also,thelcurrentHas[tbflowlthrough™Mon[]
superldonductingldomponents[and[dolid [state[dwitches,[Which [dause[tesistiveIbsses. Mespitelthis,[the
overalllefficiencyih cbmmercial applicationsfidvkry high. (EC2008)

Flywheels

ThelehergylidistoredabKineticlehergyin [alrbtatingmhass. Mhelamount [of lehergystored fhcreases wtith the
squareloftherbtationallspeed, thich i3 Mimited (bl the fénsilestrengthloffthe mhaterial iked. (EC[2008.)

ThermalstorageqHeatmand=Cold)

Conventional heatahd[cbld[storagelsystems[simply[storelekcessehergy [ih [alldrge tAnk Lising fhe Working
medium [@kfthefemperaturerkquired FbrThter iise. Mirtuallylelverylcboling[ahd (Heating[slystem [Has[shich
storageltanks.[(EC[2008)
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CompressedsGasthtorage

Compressed [@ir [thnks[are [Widely sed [ih Ghdustry b [provide[alcdonstant [sburceldf[compressed [alir With
uniformpressure it therhngelof [BHb bhr. [Therelid rénewed ihterest fh lcbmpressed [airstorageforicbver
ing[theldemand [df[peak[electricityarfbr[sinallWind/hybrid [applications, Where thelehergy [tb [dower rh[]
tioldf(Hatteries(i$nsuitable, [either Mecauselthelehergycbntenti$ kery (High (But [the [ower kquirement
low, lakthelehergythrough [Jutidkkryhligh cbmpared fd thelehergylcbntent. [(EC[2008)

PumpedtHydroStorage

Pumped [Mydro[storageis [@ldonventional [énergy [storage[fkchnologyhitilised [y [the [electrical Ghdustry.
Waterl[ih [a[Hasin [at[the[tbp [df[althountain (¥ ised [ib [drivelalgenerator[ih [Alrkservoir @t [allbwer dkvel.
Whenlshirpluslenergylis[available,the Water[i[fumped Hack p[Egain. (The[dower[dutput[@nd [theldost
efficiencylof pumped hlydro(storageldependslon thedifference it (hleight. (EC[2lo08)

4.12.4.c-ThefFuturePotentialrandChallengesoftEnergy=Storageclechnology

Themain [@Epplicationslaf (Bnergy[Storage[systems[are[stand [@lone[sistems With [fhe[Highest [Hotential Gh
third Worldcbuntries(abell [ak[dolated [ahd fhterconnected [grids for(stabilitylahd mhanagement [plirposes
infihdustriallcbuntries. [(EC[2008)

Thelperceptionlofrénewablelehergy[systems[ahd [decentralised [ehergy resources[dependslon ffhe[demon ]
stration [dftheir(ability b [shpply with [Hligh [quality [ahd With [economic[profitability. Bnergy[storage[sys [
tems[Havetbldompeteldgainst[theldresent dverldapacity[df[dower[stations[and [Jower[generators[With
short[startupHmes,[shch [Es[gasthrbinesland[gas[drdiesel [hotors[With[the [@ppropriatelemission con ]
trols.[(EC[2b08)

Energy[dtorageldystemsldnableldnergy[services[Belonging[lbad thanagement, tb[Peak [shaving, [fower
qualitylahd ihinterruptiblepowershpply[(EC2b08).

Reliable[and [affordablelelectricitystorageis [algrerequisite fbrldptimising[the fhtegration[dffknewable
energylsystems.Hnergy[storagethereforehlas(alplivotal irble kb [play it fheleffort kb [cbmbine [alfhiture, [shis [
tainablelehergyshpplyMtith thelstandardlofféchnicallsérviceslahd [products. [(EC2008)

For[both[stationarylahd ftansportlapplications, ehergy(storagei3laflgkowing finportanceakillehablesfthe
smoothingloffftansientlahd/orihtermittent Idads,ahd down€izinglofbhseIbad[chpacity With [shibstantial
potential forlehergylahdlcbstshvings(EC[2008).

Energy[storageli$[alkey[ellementih[achievingthe[RU [policy [goals fbrlshstainability, [alir [qualityland [cbst [
effective,lcbmpetitivelgbodslahd[sérvices[(EC[2b08).
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4.12.5.cCarbont™Nanotubes

Thelrhngeldfldpplicationslemployinglcdarbon[danotubesforlenergystorageland [cdonversion [fhcludefhel
cells,[Matteries, [Supercapacitors, [sblar[dells, [@nd [thermionic[dower[devices. Th[fiel [dells, [darbon [Mano[]
tubeslatelikelyfd bemltilized fdrhlydrogenstoragelahd i [developing mewlcbmposite materials for proton
exchange[membranes.[They[also [rkpresent [alpromisingmhaterial Ebr[ithium [storage fh [Ithium Gbn [Mat [
teries[and thay[eéven find [AOisefh [Movel [darbon[darbon[HatteryH/pes.[Other[Hotential [applications[are
supercapacitors,Where[danotubes[dould (Hehised[ds[dlectrodes[ihdlectrochemical [doubleThyer[dapacill
tors.[WanotubeMased [domposite[thaterials[dreleéxpected[IbHaveldHigh [mpactihdolarldellsGhdustry,
whilelah [ekotic[class[df[devicesis[about kb [ekploit fhermioniclemission [df[chrbon Manotubes fbrproduc]
inglelectriclehergyftom[résidual hleat.

a notube bundle

Hydrogen molecules

(a)

The inner cavity (a), the interstitial channel (b), and the
grooves along the outer surface of the bundle where two
nanotubes meet (c) represent the main sites of interest in
hydrogen absorption on carbon nanotubes.

Copyright £2005 NanoSPRINT™ | All rights reserved

FigureliB1.

Therefore, theiselaf manotubesihlehergy[storagelandlcbnversion[applicationshlas the[potential kb [affect
several [hajorhdustries. Thlthelautomotivefhdustry, Manotubelrksearchcbuld [Jermit (Hydrogen ehergy
tolshibstitute[conventionallsblutionslsbonerthanlexpected, [rkplacingGhternallcdombustion[engines[With
fuellckells.[Since[Hydrogenldan[Beldonverted Ghtoldlectricity With [dnly [Water [as[émission [and ith Mery
high [dperatinglelficiency,another[probableiselcbuld Helih[stationary Ibwlstale [power [plants[drlehergy
storagel[fhcilities, [probablylak[alcbmplement b [sblar o Wind [Based [dower [plants. [Solar[cklls[cbuld [also
benefit from [fhe[development[df[danotubeldomposites, hich [@llow [Building [df Ghcreasingly [dheaper,
lighter[ahd mhore[efficientphotovoltaiclcklls. Ththelcbnsumerlelectronicsmharket, mhethanol[Hased mhicro
fuellcklls, Which [are[clirrently [developed[ak[ehergylsburcesfbriportableldevices, cbuld [cbmplement Mith [
iumbn, [[thium [shlfur,lahdchrbon[darbonblatterieslemployingmanotubes.[Qarbon Manotubeslcbuld also
penetratelthelaerospaceihdustry, fhanks[ibfhermionicpower[devices, Which [alre [able[fblektract theleh [
ergyftom herésidual(hleat it et [ekhaust flow.
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Nanotubeslalre[mhost Mikely[tb have [an [fnpact fh[thelehergy[storageland [cbnversionfeld [df[applications.
Whetherltheir [potentialfbrhlydrogen [storage [Will[He [cbnfirmed[drmot, Manotubelrkinforced[composites
and mlanotube[Hased [chtalyst [siipportsill [ikely finprovelelectrodeslahd [proton [ekchange mhembranes ih
fuellcklls. BlectrodesforMithium Matteries[arelalso [alshire fArget [ahd [alhluge [mharket [ fhe shmefime. [The
third [mhajor[fleld [dfrksearch i3 [rkpresented [Ay[thelsblar[ckll Ghdustry, WhereManotubes[are[ekpected fb
boost[the[gerformances[a@nd [Ib[significantlyIbwer[theldosts. Mnlikerhoreldxoticldpplications[(buch [ds
carbon[darbon[Hatteries[drthermioniclpowerldevices),ManotubeMased [fhellcklls, photovoltaiclcklls[and
batterieslatelekpected td hiit the mharket Within [aldecade, [ak[prices il [shirely dirop.

Thelrhngeldfldpplicationslemploying[cdarbon[danotubesforlenergy[storageland [cdonversion [fhcludefhel
cells,[Matteries,[dupercapacitors,[sblar[dells,[@And thermionic[Jower[devices. (Ih [fhel [dells, [darbon[Mano ]
tubeslatelikely b (bemltilized fdrhlydrogen[storagelahd i [developing mewlcbmposite materials for [proton
exchangemembranes.Theyl[also[rkpresent [Alpromisingmhaterial fbrMithium [storage fhIithiumGon [Hat [
teries[and thay[even find [Ahisefh [Movel [darbon[darbon[BatteryH/pes.[Other[Hotential [applications[are
supercapacitors,Where[danotubes[dould (Heiised[ds[dlectrodesihdlectrochemical [doubleThyer[dapacill
tors.[WanotubeHased [domposite[thaterials[dre[dxpected (b [Haveld[High [fmpact Ghldolarldells[hdustry,
whilelah [ekotic[class[df[devicesis[about kb [ekploit thermioniclemission [df[chrbon Manotubes fbrproduc]
inglelectriclehergyftom[résidual hleat.
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NanotubesPower[Raper[ThinBattery
By[Katherine[Noyes

TechNewsWorld

08/14/072:48PM[PT

Developed [By[dikam[dfrksearchers[dt[RensselaerRolytechnicOhstitute (RPI),fheldanoengineered
batteryli$[do [Hercent[cellulose, thadelip[dfthe[shmelplant[ckllsised fhHearlylevery HpeldfHaper.
Infused[ih[that[Haper,though,@relaligned chrbon[Hanotubes, Which [act [s [electrodesand [allowthe
batteryftdlcbnductlelectricity.

ThelrksultG$[alightweight, Wltralthin,[dompletelyflexiblelstorage[devicethat[chn [Helblled, Hvisted,
folded lalr[chitihto [alny mumberlaflshapesith Mo Idsslaf mhechanical fhtegrity lolr [efficiency. (The[paper
batterieslchn [alsobklstacked, like[alréam [of [pirinter phper, kb Mbost the Edtal pbweralitput.

Details[alre[dutlined ih [the [paper, "Flexible[Bnergy [StorageMevices [Based [an NanocompositePaper,"
publishedihfthe ProceedingslafltheNationallAcademylaflSciences.Mhelproject Was[shipported blythe
New[York[State[Dffice[df[Science,[Technology,[dnd [Academic[Research (INYSTAR), [dsell [ds[the
National Skience[Houndation [(NSF) fhrough the NanoscaleSciencelahd [Engineering[Qenter[at [RPT.

Takenl[ibgether,theldevices[dan[drovidethebng, [steady [dower [dutputldflaldonventional (Hatterylals
welllak[alshpercapacitor's(guick blurst ofhiigh ehergymkeded Fbristartingfhingslikelehgines.

Thelrksearchersisedibnicliquid, [essentially(allliquid[shlt, [as[theHattery's[electrolyte, Buttheylalso
printed [Haper[HatteriesWithout[Adding[any [electrolytes[@and [demonstrated [that [Maturally[dccurring
electrolytesfih human[siveat, blood ahd iirine lchn Beiked td [attivate them.

Theldevices[atelcbmpletelyihtegrated, ahd chn bk printed likephper.
Potential [dpplications[spantheldpectrum,fhcluding Mot Ghist Mightweight (Handheld [devices[Hut[dlso
automobiles, [alircraft[and (Hoats. Becausethelpaper[cbuld Memholded fhto[different[shapes, [shich [ak[al

carldoor, [fllcbuld spurlalnew[gkneration aflalitomotive fdnovations, drlekample.

Thanks[b [Haper's[dssential (Hiocompatibility, theldevices[dlso (Have[Jotential [ds[Jowersuppliesfbr
devicesimplanted i fthe body.
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4.12.6.ComparisonofDifferenttEnergy=sStorageclechnologies

Censities, Efficiency

Other Advancad High Power & Energy
Batteries Censities,
High Efficiency

High Production
Cost

Low Capital Cost

Lirnited Cycle Life

Storage Main Advantages Disadvantages Power Energy
Technologies {relative) (Relative) Application | application
Purnped High Capacity, Low Special Site .
Storage Cost F.equirernent
CAES High Capacity, Low Speci:al Site

Cost F.equirernent,
Meed Gas Fuel
Flow Batteries: High Capacity, Low Energy Density
P5SE Independent Power 0 .
VRE and Energy Ratings
ZnBr
Metal-Air Very High Energy Electric Charging is .
Density Drifficult
Mas High Powear & Energy Praduction Cost,
Censities, Safety Concarns .
High Efficiency [addreszed in
design)
Li-ian High Power & Energy High Production
Censities, High Cast, O
Efficiency Requires Special
Charging Circuit
Mi-Cd High Power 2 Energy o

High Efficiency

Lead-Acid

= = when Deeply
Discharged

Flywheels High Pawer Low Energy density

SMES, DSMES High Pawer Low Energy Density,
High Production
Cost

E. . Capacitars Lang Cyele Life, Low Energy Density

-

. Fully capable and
reasonable

Reasonable for this
0 application

Q Feasable but not quite
practical or economical

Mope Mot feasable or
economical

FigureliB2. (BnergyStoragelPechnologiesl(ESA[2b03).
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Ratings

Large[IHcale[stationarylalpplications[df[electriclenergy[storagelchn [Heldivided Gh[three[majorfinctional
categories[(ESA[2b03):

o Power[Quality.[Stored[dnergy, Gh [fhese[dpplications, Gk [dnly[dpplied (Hor[deconds[dr[kss,[ds
needed, tdlaksurelcbntinuityloflguality power.

o Bridging[Power.[Stored[energy,[ihtheseldpplications,i$ised fbrlseconds[ibrhinutesiblassure
continuity loflsérvicehen [svitchingftomlohelsburcelaflehergy [gknerationtd [ahother.

o Energy[Management.[Storagelthedia,Gh[these[dpplications,Gbised [ib[decouplelthefiming[df
generation[and[cbonsumption[dflelectriclehergy.[AHpical[@pplication s bad éveling, hich Gh[]
volves(thelcharginglofistoragehenehergycbst i3 ldwlahd itilization[akmleeded. [Mhisould [also
enablelcbnsumerslio bk grid ihdependentfor mhanyhlours.

Although[sbmelstoragel[ftchnologies[can[finction [ih [&ll [application[rhnges, [thost[dptions ould Mot [He
economical td belapplied i [all three fhnctional lchtegories.

Discharge Time at Rated Power

Figurel1B3.

Efficiency

Hours

Minutes

Seconds

Metal-Air
Batteries

High Eneroy
Super Ca tors

Flow Batteries

VREB PSH

Fly Wheels

Lead-Acid Batteries

Long Duration

=
-
-
1]

-

=
=9

Batteries
Y /

Q‘
)
- / 1
High Power Fly Wheels Q Q
(’h

'ﬂ? 7

3 9,
High Power Supercaps W
1 kKW 10 kKW 100 KW 1 MW 10 MWy 100 MW 1 GW

System Power Ratings

[HlectricityStoragel(ESA[2003).

Efficiency[and [clycle[ifelalre[Hvo Gmportant[Jarameters[tb[consideralong[With [dther[JarametersHefore
selecting[dlstorage[fechnology.[Both[df[these[Jarameters[affect[theldverall[storagelcost. Mowldfficiency
increases[theleffectivelehergylcbst [aklanly[alftaction [of fhelstored [ehergy [cbuld (b Mltilized. Mowl(c cle life
alsoihcreases(the[tbtal [cbst [ak[thelstorageldevice Meeds(b Mereplaced mhorelaften. [Mhelpresent hlueslalf
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theselekpensesmleed td e lcbnsidered [along With thelchpital [cbst [ahd [alperatinglekpenses[tblobtain [alblet [
terplicturelofthefdtal ldwnershiplcbst forlalstorageiéchnology.(ESABb03)

100%
E.C. Capacitors

Fly
ono; - Wheels

w
=
c
o
|
kT
> Bat.
g Lead-Acid

F0%
g. CAES efficiency
O Ni-Cd iz far the
E storage only
—=  G60%
b
L%
c
s
=
ras
L

100 1,000 10,000 100,000

Lifetime at 80% DoD - Cycles

FigureliB4. [BechnologylQomparisons: [Life(Hfficiency [(ESA[2003.)

SizemanddWeight

Sizelahd Weightlofstorageldevicesareimportant fctors Ebrlckrtainapplications. Metal [dir bhatteries hiave
the[Highestldnergyldensity[ihthis[chart.[(Hlowever, theldlectrically[rechargeablefpes,[such [@s[Zincldir
batteries, (hlave [alrélatively [sall[cycle [ife [ahd [ate [still G fhe [developmentlstage. (ESAB003)

Thelehergyldensityrhnges[réflecttheldifferenceslaimongmhanufacturers, [product mhodels[and the fnpact
oflphckaging[(ESA[2b03).
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FigureliBs. [BechnologylQomparisons: [SizelandWeight((ESA2003).

PerCycleCost
Perldyclelcbst(chn [Helthe[DestWay [iblelvaluatethelcbst df[storing[ehergy Ghlalftequent[charge/discharge
application, siich[akIdad [dvelling (ESA[B003).

This[chart[shows[thelchpital cbmponent [afthis[cbst, faking ihtolakcount thefmpact [offlcl cleMife [and [effi [
ciency.[Hor[alohorelcbmplete[per [dyclelcbst,[dnemeeds b [also [cbnsider[0&M, [disposal, rkplacement [and
otherlownershiplekpenses, thich mhay ot [be kKhown forihelemergingféchnologies. (ESA[2b03)

It[shouldbemoted that [per[dyclelcbstidmiot [ah[appropriatelctiterion fbripeakshavinglolrlehergylakbitrage
wherelthelapplicationidléssftequentlor fthelehergylcbstldifferential id0drgelahd blatile. (ESA[2003)
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FigureliB6. TechnologylQomparisons: [BerQycleQost((ESAE003).

Capital=Costs

Whilelchpital [costi$[ain Gnportant[éeconomicldarameter, Gi[should [Helrkalized [that[fheltbtal [dwnership
cost[(including[theGmpact[df(dquipment (ife[and [D&M [dosts) G} [ahuch [thore[theaningful Ghdex[fbr[d
completeleconomiclanalysis. [Borlelkample, Whilethelchpital [cost [df [éad[dcid (Hatteries i rklatively ddw,
theythay[dot[decessarily[Bethe[kast[expensiveldption [brlenergy thanagement{load Okveling) [duelib
theirfrélativelyshort [ife for fhis pelaflapplication. [(ESA[Bo03)

The[Batterylcostsh(this[chart[Have[been[adjustediblekcludelthelcbst [df [dower[donversion[electronics.
Theldost[deriinit[energyHas[dlso[Meen[divided My [thelstoragelelfficiency[ib[dbtain [theldost[der[dutput
(useful) [ehergy.[(ESA[2003)

Installation[cbst[also vhries With fhe B pelahd[sizeldfthelstorage. Mheihformation ih thelchart[and Eable
herelshouldlohly bk ked [akalghiide mbtlak[detailed [dhta. [(ESAR003)

Notes:

1. Thelcbstslaf[storage féchnologieslarelchanginglaktheyleVolve.[Thelcbst thnges it fthischart i []
cludelapproximatevhlueslih 2oo2[ahdthelekpected mature ivhlues it [alféwlykars.
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2. TheMetal[Air[HatteriesmhaylappearibBeltheBest[choiceMaseddntheirHigh [ehergy [density
and Ibwlcbst, [Dutthelrkchargeable¥pesbave [aerylimited difelclclelaindalre [still ander(de ]

velopment.
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Figurelily. [Bechnology[Qomparisons: [apitallQostl(ESA[2b03).

4.13.«CarbonqCO;)Capturetand=torageqCCS)

4.13.1.9Technologies

CO.[chpturelaind[storage(CCS) i3 [skparation[df[QO, [from [anthropogeniclsburces, fransport b alstorage
location,[ahdi3olation ftom fthelatmosphere. [ACSMould [belah [aptionfih the [pbrtfolio loflak tionsfbristabill
lization [df[greenhouselghs[cbncentrationsWhilelallowing fbrthelcbntinued hise [af Ebssil (fiels. (Rubin ek
al.[2bo5)

Capturelaf[QO,[chn [De[applied [ib [Arge[Hoint [sburces, [and [storagelcbuld [fhke[placeih [geological Ebrmall
tionslak [fhelakean, i [minerallchrbonates, lal by iking [fhe [QO, fhihdustrial [processes [(Rubin et [al. [2005).
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Electricity ganaration

Figureli38.L1 Schematic[DiagramdfTRossible[CCS[Systems.dt[Shows[thelSourcesForbhich[TCS
Might[Be[Relevant,[TransportdfiCarbonDioxideldndStorage@ptions[(Rubin[dt[dl.

2005).

CO; Capture, Transport and Storage Concept
CAPTURE TRANSPORT STORAGE
for example for example

Figurelik49.00 CCS[Systems[EA[2004.)

155



4.13.2.CurrentsStatusofcCCSdTechnology

Components[df[GCS[Arelih Marious[stages[dfldevelopment.[Gomplete[TCS[slystems[dan [He[gut[fbgether

fromlekistingféchnologies [thatlalre Mhatureldr[economically féasiblefinder [specificlcbnditions. [CO.CRC
2008)

Pipelines(are[preferred fbritansportinglargelamountsof [AO, fbr[distances ip [ib [around [ijooo [Kim. [Hor

smalleramountslalrTarger(distanceslaverseas, iselaflships b fransport [JO, i3 [etonomically mhorelattrac[]
tive.[[CO.CRC[2008)

Storagelaf (0O, [ih [deep[gkological Ebrmations[(bil [ahd [ghsfelds, [shlinefbrmations, mnminablelcbal (heds)
uses[mhany[dfthe[shme[féchnologiesthathlaveHeen[developed Dy theldil (ahd [gasihdustryland (Has[been

provenltd belekonomically f¢asibleinder[shecificlcbnditionsforall [ahd [ghs[flelds[ahd [shlinefbrmations.
(CO.CRC[2008)

Ovarview of Geologicol Storage Options | — e o S
1 Depleiod of and pas resenvors e weasatn,
2 U of CO, n erhanted of moovery

el eveehioninstny BN swwoco,
& Use of CO, in orhanced coal bed mefrans rogeey

!

i
e _}

2

Figurelijo.0 [QuerviewlaflGeologicallStorageQptions(CO-CRC[2008).
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Figureliy1. OverviewldflQcean(StorageQptionsl(GlobalWarming[2bo8).

Oceanlstoragelcbuld beldonelih [vo Ways: by ihjecting [QO, fhto fheaterlcblumn [(typically Relowooo
meters) a[alfixed [pipelineldralmhoving[ship, [l by [depositing [l ia [alfixed [pipeline [alr [ah [dffshore [plat [
formlohthelséafloor(at [depthsbelow(3looo [mh, whereldO, [d[denser fhanaterahd i3 lekpected b Ebrm [al
“lake”thatould[delay[dissolution [df[QO,Ghto[thelsirroundinglenvironment [(bee[Higure[i41).[Dcean
storagelis[stillfh[therksearchphaselandlekpecially[Tapan [Has[Been [active Whilethe [TSAMas[practically
withdrawn fdrm fthelakea. (Global Warming[2008)

Thelektimated [geological [rkservoirlchpacities(are[doo [Gt[AO2[ih [disused [afil [ahd [ghs fHelds, (4o [Gt [QO, ih
unmineablelcbal beds[and [4o0—10,000[Gt[A02Gh(deep[shlinelrkservoirs. Mo [plut theselchpacities ih [per[]
spective, il 2002 [global [AO, [emissionsfrom el [ecbmbustion ainounted kb about 24 [Gt [0, [ahd [ake [piro [
jected Ebreéach3BIGtHIAO, perfzkarfin 2 30.[(GlobalWarming2o08)

4.13.3.EnvironmentalrandcEconomic®Benefits

Carbon[dioxidelemissions/alre fthe[mhain [sburceldf[climate[changelaind [fhe[rkduction[dfthelemissions[i$
crucial fbrlelhvironmentallshistainability. [QO. [chptureand [storage[dffers[dne[Way [df [rfeducing[the[elmis[]
sions.Nevertheless,anelshould Keep [hmhind that fhe[ACS 3 [ah [ehd [df[Hipe[sblution, [and [should fhere[]
fore[Helcbnsidered[dnlyldncelalthaximum [effficiency Ginprovement[has[Been [achieved [dn[the [dower [pro ]
ductionfplrocess.[($tonelet[al[2l009)

Themlet reduction [afleinissions b thelatmospherethrough [ACS s hfluenced by fhe ftaction [Qf (A0, [chp ]
tured, thelbss[ih [dverall [efficiency [af [dower [plants[dr Ghdustrial [Arocesses[dueltb [theladditional [ehergy
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required [fbr[dapture,[fransport[and [storage,[and[the[ftaction [df[TO, [rktained Ghstorageldver[thedbng
term.[($toneletal2009)

CCSMhlasvhlueltd mitigationakifmhay réducelaverall mhitigation [cbstslahd hcreaseflexibility i [akhieving
greenhouselghs(eimission [reductions.Thelapplication [af [ACS Would [depend[an Eéchnical haturity, [cbsts,
overalllpbtential, régulatorylakpects, lehvironmental idsuesfahd [plublicperception. [(Btonelet[al 2b09)

With [rkspect [tb[storage[ih [depleted[dil [rkservoirs,[dneldption [donsists[ih fhjecting[CO, Ghtolalmost[de[]
pleted [alil [felds [sb[ak b [ehhanceldll [production. [This [process, [chlled [the [Enhanced [Qil Recovery [process
(EOR),[clirrentlyses[about 45 Mt [QO,/year[and (s [mhost [commonly ised ih [the SA.[Transposing[this
processforHnhanced@GasRecovery[(EGR) s Mot [chrrently sed, [although [shch [projectshave been [pro ]
posedGh[CTanadaldnd[the[Wetherlands.[TO,[dan[dlso[Belihjected Ghtolduitable[doal[deams,[Producing
methanethat[i§[gushed[dutHy[the[fhcoming[TO,.[There[HaveBeenfew[Enhanced [Toal[Bed Methane
(ECBM) [ttialsihfhemorld kb [date. [Mhe benefits ftom thelehhanced fbssil el [production s [chlculated b
amount®o-29/t[A0,;[cbmpareddlchpturelcbstsaf 16 —42/t[Q0..[This[dfferstheldpportunity b [dffset
partlalleVen[all offthe [chpturelcbsts. [(Btonelet [al [2l009)

CCSl[tkchnologyldoesMot[dffer[donsiderable[employment [elffects[sincefheldlanned [drojectsarethainly
largeldcaleldffering[dnly limited [dmployment [PossibilitiesGh[The[Process[dperation[dnd[dome[ih [the
equipmentmanufacturing[(Stoneletal[5009).

CCSltéchnologychnfbrm [ah [inportant [pirocesslaption it the shift fdbwards hlydrogen leconomy. T hiydro [
gen s [produced ftomMmaturallghslalrlcbal the[ACS Eéchnology [chn fbrm [part [df the [process[chain. [(Btone
etlal@bo9g)

4.13.4.;MarketcTrendsforcCO,CapturecTechnologies

From [almarket[perspective,lchemicallabsorption[Hased[processes, Mthich [akeréadily [alvailable, WHll e the
first ko Hhlfil theMeeds(afthe[AO, [chptureféchnologymharket.[Oncemhembraneféchnologyis fhlly [devel [
oped, il [progressivelyréplaceabsorption k¢échnology. (EC2005)

Although[chpturing[is[technicallyfeasiblefbday, thelcbst[dfthis[rocessis[amhajoridsue. Qapturelcbsts
areldurrently[dstimated [dt[£50—60/t,GVhilst (The[flarget [dosts[dre[£30[4o/tHor[Japan,£20[3o/tHor
Europelahd[§hio/tfbriheSA. (ECEo05)

ThelQO,[EOR [Hotential fh[theNorth[Sealis[significant.[On[theNorwegian[Qontinental [Shelflalone, the
potential fhcremental ldiil ftom [DO,BOR [projectshlasMeenlektimated [t Befh therkgion[df1l5—2.0 Mhil [
liard Marrels, therebyihferringlalrkquirement fbrl500—650 Mt [AO,[hfheNorwegian [skctor iintil [2o25.
Similarfigures/atelahticipated Fbrithe [TK[offshoreloll séctor. (EC2005)
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4.13.5.8BarrierstolUserandd_ocalHealth,SafetyrandEnvironmentalRisks

Continuous(l¢akagelaflsimall [guantities [f[QO, [averallongfimeftamelcbuld offset [the Menefits [Rf [ACS fbr
mitigating[climatelchangeland,[depending[dnthelstorageldption[aind[thelsklection[Hrocess, Iéaks[cbuld
becomelaldisperseleissionsburce, whichMould Bk difficultfdlcbntrol. [APCCE2oo5)

Thelldcal risks[aksociated With [0, [fransportlcbuld Helsimilar EbldrIdwerthanfhoseposed by lecbmparall
bleldperations. Hor[ekisting[QO. [pipelines, [mhostly [ih [areas [df ldw[population [density, [akcident Mumbers
reported [perKilometrelpipelinelareery Idwlahd [akelcbmparablefbfhosefdrhlydrocarbonlpipelines,land
thelimpacts[Would[drobablyMotHelmorelskverethan thoselwith[datural [gas@ccidents. Tflalshddenand
brieflirgerklease[df[O,[decurred, [thedbcal mpacts(an (Health [cbuld (Helsignificant; [@lconcentration [af
CO.[greaterthanZ-10% i [air Would chuse finmediate [dangers td (human Mife[ahd (hkealth. [APCC[2o05)

Risks[posed By [geological [storageould[depend [dn[theldriterialdnd [Available[dubsurface fhformation
used for(sitelstlection, theldesigndffhemhonitoring[programib(detect [problems, [fherkgulatorylsystem,
and [the[dppropriateseldf[emediation [thethods[Ib [stop [dr[dontrol [TO, [Tkeleases Gf[they[drise. [(APCC
2005)

TherelareHvodifferentHpesdfléakagelskenarios: 1) [Abrupt dkakage, through Ghjection Well Fhiluredr
leakage[ilp [an[Abandoned Well,[and [3) thore[gradual Hkakage, through hindetected Fhults, fractures, [dr
wells.Mimpacts[dfflelevated [0, [cbncentrationsih[thelshallow[shibsurfacelcbuld Ghcludedéthal efffectslan
plants[and[slibsoil [animals, [and [contamination [df [groundwater. [High fluxesih [conjunction [With [stable
atmosphericlebnditionslcbuld [éad b Idcal ligh [AO, [cbncentrations[ih thelairthat lcbuld larm ahimals ol
people.[QPCC2bos5)

Thelchronicleffectslafdirect [QO. fhjectionihto thelakcean anlebosystemslaverIargelacean [areaslahd Iong
timelstaleslaleminclear. Thicbntrast,[adding[QO. kb fhelakean ol Fbrming[poolslaf Tiquid [AO, [oh fhelakean
floor[at [fhdustriallskalesWill[alter fheddbcallchemical [ehvironment [b [an [elktent that [Has[Heen [shown [h
laboratorylstudies b chuse mhortalityloflokean lokganisms. [APCC2b05)

Atldormallcbnditions, thelatmosphericlcbncentration [af[AO, 3 [d.037[%, [aldon [fbxiclamount. Most [peo []
pleith [Mormalldardiovascular, [fulmonary[respiratory,[@nd [Meurological (finctions[dan[tblerate[expo ]
sure[of up b [d. 5 kb 115 P4 [Q0, fdrlohe i séveral hbursmithout hhrm. [(QPCC2b05)

Higher[cbncentrations[drlelkposures[dflibnger[durationare[HazardousHeither My rfkducingthelcbncen ]
tration[dfldxygen[ih [the[dir[tb[Helow[the[1b % [dével [rkquired b [shistain (Human ife, [dr[Hy [enteringthe
body,[ekpecially fhelloodstream,lahd/orlalteringthelainount loflair faken fh[duringbreathing. Protective
standards[HaveMeen[developed brWorkerswho [mhayBelekposed fb[QO,.Mheselstandardscbuld Fbrm[al
basisforprotection lofthepbpulation at [drgelagainstekposurefd [AO,. [APCCEb05)
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4.13.6..CCSUsednDifferentCountries

Large[point [sburces[of[Q0. [atelcbncentrated i [mhajorihdustrial akeas, mhostly it fhdustrialized [cbuntries,
butlalsoih[developing[cbuntries. [0, [sburces[areldften[closel(k [Joo [Km) [tb [areasfhat[dotentiallyHold
reservoirsfbrigeological[storage.[@nlydlsimall [@roportion [df Thrge[émission [sburces[thight (He[dloseltb
oceanlstoragelldcations.[QPCC[2005)

Theliming[af fhe [ehtryf[ACS Eéchnologiesitto alparticularkégion id ihfluenced by Idcal lcbnditions[siich
aslthelrtlativelpricelolficbal [ahd miatural [ghs[ih [alrégion. (Thelpolicy rkgime, [ahd i [particular thelektent [of
emissions ftading[chnihfluence Mthere[ACS f¢chnologies[akeldeployed.[QPCC[2o05)

Currently, [fhreelhrgeldcale[CCS[sfystems!alre[ih [place: (h[Norway,[Qanada,[@nd[Algeria.[There[arealto]
getherfburlcbommerciallchpturelprojectsfih[Asia,fiveihNorth[America,[dnelih (Ruropelahd dnelih Mlatin
America.[R&DIchpturelprojectslaremhainly ih[North[Americal(23) lahd [Buropel(14).[Geologicallahdlokean
storageldemo [ahd [R&D[pirojectslarelalso mhainly [ (North [Americal(d0) [ahd [Burope(22) [ahd [sbme[ih [de ]
velopinglcbuntries((d).[(APCC2bo5)

DueltblsIdrgelahdfhcreasingfbssil [(Hiel[Hased [powerproduction sy stems, [Ghinarépresents(algieat [po [
tentialmarket fdr[ACSEéchnologies[OJPCC[2bo5).
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5.0 DEVELOPMENT=OFeTHEEENERGYSMARKETS

Thelédnergy[Policies[df (Buropean (nion [dre[dmong[thelstrongest [fhetors[determining[thefiture[dflenergy
markets[ih[Hinland.[Thelthost[dentral[dbjectives [df (Huropean Lenergy[olicy[drelsistainable[development,
competitivenesslahdlehergy[skcurity. [Ontheldther[hand, fhe[Hinnish [ehergysector[s[in[gbod [position kb ih [
fluencelthesepblicies[aktheNordiclpowermharketahd[ctoss[Horder ftadelcbntinuetd (b progressive i [cbm [
parisonidmhostlotherrégionslofthenion($eelelg. Nordel 2bo7).

Thelgrimaryldbjectiveldf[common[Buropean[énergytharkets[is[fhcreasing[dompetitiveness.[Thelihtegrated
Europeanlehergymarketsahd theirrégulation [play(alctitical rble fh [Huropean [cbmpetitive sirategy. [Qompetil]
tivelahd efficient [Buropeanlelectricitylahd[ghsmharkets[atelaimed [at [affecting [the ehergy [plricesfbr the bkenefit
of[Buropean [sbcieties, fhdustrylahdlcitizens. Energy[pricing id[sken [ak [alKey [fhctor fbr the iellbeing af (Buro [
peanlditizens, Whilelelectricitylahd [ghsmharkets|ake ctitical fhputsEbrithefhdustry. Thereasing[cbmpetition i
thelehergy(séctorfisicbnsideredfbihcreaselefficiencylahd[servicelshipplyihthelehergylskctor, fdshpportiéch ]
nologyldevelopment[ahd pricelcbmpetition. (COM [2bo7[528;[Q0M [2bo7[529)

Competitivelahdlefficientlelectricitylahd[ghs marketslchnalsoplaylalrble id cbmbatinglclimate lchange. [Only i
a[fhinctioningmharket, [ [3 [Hossibletb[cleateaflinctioning[emission [tradelsystem[ahd fhdustryHased [dn &[]
newablelehergysburces.Theselatenkeded kdlcbmplyftith Ehe fargetafFuropean Qouncil, réquiring fhat 2b
of[primarylehergylcbnsumption mhustBelcbvered With rknewablelehergy By ykar2020. [Also Well finctioning
retail[tharkets[plays[alsignificant [rble[ih [dlimate[change[thitigation [(By fhcreasing[donsumers[awareness[df
householdlehergylcbnsumption[ahd ehergylcbsts, [ak[all Mheasuresaiming[at [0, [enission réductionslahd it [
creasinglehergylefficiencypFesumemeasuresftdken by [pkrivatehbuseholds. (COM [2bo7[528;[00M [2bo7[529)

In[alddition, [cbmpetitive(RU Widelelectricityland [ghs [mharkets[are[sken [hdispensable fbr[skcuring[Buropean
energylshipply,[Becauseldnly[BuropeWideland [dompetitive[tharkets[createlaccurate[ihvestment[signalsfand
provideletjual metwork[atcessFor(all (pbtential hvestors. [Qross[HorderfhterconnectionsWerelariginally [devel (1
opedEbrmhutual[shpportHetween [cbuntries[and kgions[ih[elmergency[situations, [Hut [they[are fhcreasingly
beingised fbrltradingMetween [states. Th[addition, cbmpetitivemharkets[ale[sken[tb [create[rkal [and [effective
incentivesforhbth metworkoperatorsahd pkoducerstd réalizethe lektensiveihvestmentsréquired i U [dur [
ingthefbllowing[decades.Modern[sbcieties(ake it [alctitical mhanner[dependentdn(skcuritylaflehergyshpply.
Countriesthatdombt pbssessshfficient shpply lof fbssil fhels[atecingihcreasingihsecurity i [availability lof
primarylehergy.Thaldition, [the[aging laf (Huropean[powerfransmission[ahd[distribution metworksihthreat [
eninglsécurity, réliabilitylahd [qhality ot shpply. (COM 2bo7[528; [G0OM[2bo7[529)

Theltransmission[and[distribution [systems[alre[cbmmonlyiin [HyMatural mhonopolies, [eitherMational [dr [rk [
gional (Bodies, linder[ehergyalithorities’ [sipervision, Whilefhelgkneration[skctorisihcreasingly [cbmpetitive.
Thel[Hasiclelements[dfmharketrestructuringihvolvelunbundling[dffthe[potentially[cbmpetitive[services ffom
thelcbrelafmiatural mhonopolies, [Antroducinglcbmpetitionih fhelsérvices[provided laverfthemletworks, ahd [ih [
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troducing(the[régulation [af atural mhonopolies ih [arder fb [ehsurelréasonabletariffs [ahd mMon [discriminatory
networkatcess. (3eelelg. Mnergiamarkkinavirasto[2bo8)

Thelrkquirements[dfldeveloping[Buropean [electricity[tharketsfhcludelskparation [df [shpplylaind [production
activities ffom mletwork [aperations, hiarmonization laf[powers[afmiational [régulatory[alithorities[ahd [strength [
ening[theirfhdependence.[BurtherréquirementsihcludelcteatinglalsystemFbrlcbordinating mational régula ]
tors’[cboperation, [ektablishing[almechanism[fbrftansmission [system[operatorsfbricbordinating metworkap [
eration[and Ghereasing[dfficiency[ih [dross[Horder[gower[fradeland [fransparency[dflenergy [tharkets. [(COM
2007[530;[A0M[(2bo7[531)

Thelpkocesslofliberalizingfthelelectricitylahd [ghs marketstarted about b kkarslago. Duringthis Hime, mhany laf
Europe'sdtizenshhvebenefited flom mhorelchoicelahd morelcbmpetition, Mtith ithproved [sérvicelahd sécurity.
TheNordiclcbuntries[HaveBeen [HBuropean fbrerunnersih[power(skctordiberalization[and [development [of [al
genuinelylcbmpetitiveihternational mharket [atea fdr[electricity. However, thelprocess[af[developing[réal [cbm [
petitive[marketsG$[fhr [from [cbmplete, [Hecausetheiltimateldbjectiveih [development [df lihternal [electricity
and [ghsmharkets[is[thelcteation[afréal [Huropean(ehd ukermharkets. [All [rétails mharkets Within [the [nion[have
been[dpened [fbcbmpetition[sincelIuly1l2o07,[However i [practice[thanycbnsumers[are[Hed [tb [their[fradi[]
tionallshipplier, [aktheréquired législative ftamework [(HasmotMeen [developed. Th[practice, [alldrge[proportion
of the[BU’s[cltizens[aind [BusinessesTick[algenuine lchoiceldf [shpplier. Warket [fragmentation [along[Hational
borders, [alhigh [degreeldfertical Ghtegrationahd High [mharket[cbncentration[akre[ak [fherbot [af Tthe Tck [off [al
trulylidternalmharketlsd far. (ERGEG[2b07)

5.1.:RoleofthirdcountriesdntEUdnternaleenergymmarkets

Themewldirectivesréquire fctual ihbundlinglofftansmission mletwork [operatorsahd[distribution [ahd [gkneral]
tion [attivities[ah [bbth mhtional lével lahd uhion Wide. Thphrticular, his réquirement [dictates that [aldistribution
orlgknerationlcbmpanylaperating[ih [ahyMember[State may ot [dwn Morlaperateftansmission metwork i [ahy
Member(State. [Thisréquirement [abpliessimilarlytdlehterpriseshbth ftom[ahdalitside fhe Mnion. Th atdition,
legislativemheasures[gharanteethat i [chselehterprisesflom [third [cbuntries skek b [abquirelak [control [alsignifil ]
cant [sharelotlalnktwork Within [HU, ey [ate réquired ffd present thambiguousérification that ffhey late fdllowing
thelshmelihbundlingprinciples(aslehterprisesfin fhe Mnion. Similarly, ftansmission mktwork ok MSO [should mbt
beunder[cbntrol loffthird [cbunties Mor fhdividual [cbming[ftom [third [cbunties, With [the [ekception [off [alspecific
agreementbktween[HUlahd réspective third lebuntry. (COM[2bo7[530;[0OM[ERbo7[531)

5.2.DevelopmentoftMarketRegulation

Considering[thelsignificanceloflalailabilityldflelectricity b fheflinctioninglofthe Wholelsbciety, [gives the
requirement[df[ubliclskrvicefblthelrkliability [df[dower[system. Tt [$[cbntroversial, Whether[completely
liberalized [tharket[dystem [dould [datisfy[this[dequirement [tblerably[(See[Brennan[2005).[Substituting
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competitionfbrregulation [Hasbeenmhorelshccessful (h [ekconomiclskctorssiich [ak[aviation [and Hanking,
yet[@dfter[theldramatic[fhirns[dfffinancial [crisis[ih[Autumn[@008, hore rkgulationis [chlled [fbr[al (éast Gh
the[dtter.Thsbmelatherfihdustries, [slich [akftlecommunication[ahd[electricity,[cbmpetition[ahd mharkets
liberalization hhsbeen more difficult ftom [thestart, because fhesefhdustrieshiavelstgmentsmtith [charac]
teristicslafmlatural mhonopolies.

Powerlgeneration[and [ftadeMave[Heen[iberalized Gh[thany[cbuntries, WhileIbng[distance[fransmission
and[Ibcalldlectricity[distribution[dontinue b Be[rkgulated honopolisticldperations. Tk [Seems[therefore
appropriatelib[fhrget[degulation WhereGt[Supportstharket[development Gh[fhose[pgarts[df[the[dystems
wherelréquirementsfbrlcbmpetition [alre[fhnate. Tt mhayBe[also Worth [akking Whetherthelcbmpetition i3
actuallyGvorthwhile, Gf(fhe[destructuring [(And (egulatory [structuresdhecessary [Ho [énsure[[dompetition
themselves[dre[dostly.[(Brennan[2005.) Oh[dddition,[fhe[telation [Hetween[dompetition [And [Hegulation
should strivefbrthelgbal [af[skrving[Buropeancitizens[ahd Mational [economies[ak [efficiently [and [efjuita ]
bly[ak[possible.MevelopingfheBuropeanlehergy mharketslaims/(at strengtheningaf therégulatory ftame ]
work[tb[shpportmharketfinctioning. Measures[rklatedtb this[alrefhvolved fhistrengtheningthe[dowers
ofmlational [régulatorylalithorities(ahd [ckeating[ah hdependentldrganization fbrmaturallrkgulatorslcbop ]

eration.

5.3.CooperationmftRegulatorysAuthoritiestnthetEnergys$ector

Evenlthough theihternalmarket frlehergyhiasldeveloped significantly,therelarerégulatoryidsuesid He
solved, [darticularlyldn [dross[Horder[i$sues.[Commission[Ghitiated [selfrkgulatory fbrumslikethe [Hlor[]
encel(Electricity) fbrum[and theWadrid [(gas) forum[Have (Heen Working[tb (Hring[the kspectivelstake ]
holders[tbgetherin[drderdstrengthen [cboperation. Thladdition,[ah fhdependent [aldvisorylgroup, chlled
the[[European[RegulatorsGroup forElectricityland [Gas" [(ERGEG) Was[ektablished by the[dommission
in[2bo3ftom répresentativesof the mhtional régulatoryalithorities. [(ERGEG[2007)

ERGEG aktivities[Haveladvanced thelcbmpletion [df[thelfhternal mharket ih [ghs[and[electricity by G$suing
non[Hinding[guidelines(and[addressingtcommendations[and[dpinionsib[the[Commission. Wonethe ]
less, [the[ihitiation [df[sklffegulatory Fbrums[and [sktting bip [Af (RRGEG [Has Mot [rksulted [ih [the rkal [pro[]
gressltdwardsftheldevelopmentloflcommon(standardslahdlapproachesfthatlate meeded Eblcteatefhinction
inglctoss[Horderlahd rkgional mharkets, [ahd lltimately,[aBuropean [ehergy mharket.[The[present [decision
making[processmithin[ARGEGusually réquiresthelagreement [af [y [régulatorslahd mhorefhan[3lo ftans [
mission[systemlaperatorsid réach [agreement, which (hlas ot [éad b réal [decisions o fhedifficultidsues.
(ERGEGI[2b07)

AtOhoment,[fhelgrid [dodeslinder[Which[électricityLldompaniesthust[dperate, [differ[greatly[Between
Member[Statesland [dfften [even Within [alsingleMember[State. Thelgrid [cbdesMeed kb Mindergo alprocess
oflcbnvergencelahd fhenhlarmonization [filthelobjective idftd ftulylcteate ihtegratedlehergymharketsin the
EU.[ThldrderEbrkalizelahihdependentlairganizational hody With [abpropriatelpowers b [siipport[cboperal]
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tion[and[development [dflehergy [tharkets, [theldreation[df[dlthore[dowerful [Metwork [df[Hational lehergy
regulatorsfdhereforeminderlcbnsideration. (ERGEG[2007)

5.4.FunctionsofctheproposediAgency=fortthetCooperationoftEnergy

Thelproposed régulatoryalithorities’ [cboperation agency ould hhvelthe fdllowingfhnctions(at [Buropean
level: [Th [drder[bimprovelthe[Mandling[dfldross[Horder[situations, fhelagency ould [rovide [aftamel]
work[br[Mationalegulators[ibldooperate.[Theldgencyouldldstablish [groceduresfbrldooperationBe[]
tween mlational lrgulators, it [plarticularlcbncerning thelekchangelafihformation [ahd fthelsharing [dffcbm [
petenceheremorefhanlaheMember[Stateidihvolved. (COM 2oo7[530;[A0OM [2bo07[531)

Thelskcond [dutyWould [Berkgulatory laversight [df ffhe lcboperation [Hetween [fransmission[system [dperal[]
tors.[Theldgency Would [@ssumerksponsibility [fbr[thonitoring[and [rkviewing[the dctivities [df [the [Buro ]
pean[Networklaf(Mransmission [System [Operatorsfor [Hlectricity lahd [af the Huropean Networklaf Mrans[]
mission[System[OperatorsfbrGas,ihcludingfih plarticulartheirfhvestment [plans, lahd [hthelpreparation
offtéchnicallahd mharket[cbdes. [(COM [2bo7[g30;[A0OM [2b07[531)

With [rkgard [t theftchnical [ahdmharketcbdes, thelagency ould[Belalithorized kb lakk ftansmission[sys[]
temldperators[td reviseltheirldraftslal tb [deal With [sbecifici$sues fhmoreldetail. [Thaddition, fhelagency
would[Helablefbtcommendthatthe[@ommission mhakeltheselcbdesIégallyHinding, fhlchseMoluntary
implementation[should [drove[tb [(HeGhsufficient[dr[Mot[shited [tb[certain G$sues.Th[Addition, theldgency
would[Belablefblthkelspecificldecisions[dnihdividual fechnical G$suesandHavelalgeneralladvisory rble
concerningmharketrkgulationG$sueswith [rkgard [tb[the[dommission. [Moreover, [thelagencylcbuld idsue
non[Hinding[guidelines[tbdisseminatelgood[practiceslamongtheMational [rkgulators.[LCOM [Ho007[530;
COMI[2bo7[531)

5.5.d ongatermssupplyccontracts

Bilateral[dontracts[Helplénergy Ghtensivelihdustries[dbtain[thore[Predictable[énergy[Prices. (Mowever,
such[cbntracts[cbntainthelthreat b ldpenlcompetitionBylclosingtheldownstream[tharket[dfthelshpply
chainlandthusHindering[chistomersfrom[changingtheirlshipplier. Thldrderibtducelihsecurityldnthe
market, the[Jommissionihtends[td [providelghidelineslan hether[shich bilateral longferm [cbntractslare
inlcbmpliancemith[BClcbmpetition Idw. (COM [2bo07[g28;[A0M 2b07[529)
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6.0 ENERGYSTRANSMISSIONANDDISTRIBUTION

Thelfiinctioninglaffelectricity ftansmission[ahd[distribution[areihseparable ffomfthefinctioning[aflelec]
tricitymharkets.[Modern[sbcieties[areihcreasingly [dependentlan iindisrupted(electricity [shpply.[Themhost
significant[docietal [(fhctorGhfluencing[the[development [df[gowerransmission[dnd[distribution Gk[the
change[dfflcommunity[structuresandlconsumption [structure. [(Mransmission [and [distribution Ghfrastruc]
turelis[dlsoldhallenged By [theldhanging[pjower[generation[structure,Vhich G[driven [By,[dAmong[dther
matters, [ftheiseldf[distributed [generation[fkchnologiesand [rknewablelenergy[sburces. [(Wajjhalalét [all.
2008)

Futureuncertainties[ih [electrical metworksalemumerous: [availability ahd [production [of [primaryehergy;
liberalizedftade, ihducinglchanges [ih[power ftansmission flows, ihtermittent [power [siipply ftom [distrib ]
uted[generationfunits, [regulatoryffameworks[ahd fhvestmentihcentivesfbrmewihnovations. Redesign[]
ingldlectrical Metworks[Gh[dWaythat [fesponds[ibtheseldhallengesldalls[ih [fbrlsubstantial (hvestment.
(Kumpulainenlet(al. 2b06)

Thelinportanceldffewmetwork [sblutions[i[eimphasized Gh inproving[skcurity [af[shpply.[Asfhelsbciety
develops,Ibcation[df[dew[electrical [dower[tilities/generation[Hlants/(appliances) Hecomes[thorelchal [
lenging[than[eharlier.This[chlls brhtroduction[df Mewlihnovativelsblutionslandmheasures. Th [addition,
environmentallahd Mandscapeiinpactslafmetwork[dperations[rkceives(closer[attention fbrthehole Mife]
cyclelofthelejuipment. (Kumpulainen[et[al.[5006)

Atlthelshme[fime,[consumption[dreferences[dflelectricityisers[arelchanging. Regardless dflehergy [effil]
ciencymheasures, [electricity[cbnsumption[ih [Womes[ahd[sérvicelskctorfis likely b hcrease. Mlectricitymill
belisedfblshbstitutefbrlatherlehergyises, fh[particularthoseMarmful b thelclimate. Heat[pumpsand
electriclchrs[Will [afffect How distribution [Metwork i3 sed. Tmportanceldflehergyefficiency Will (rise tb[a
significant[Iével [And [the rbleldf[fenewablelenergy[dources[Will [(He [given[edmphasis[ib. Thterest tbwards
smalllscalelpowerproduction Will [hcrease, [ak ill fhe Mumber [af Theat [pimps [aln heating homes. Mue b
the[dew[Ways[dfldonsuming,[storing[and [droducing(electricity, [éstimating[energy[demand [Will (Hecome
moreldomplicated, Which[fh[Hirn fhcreasesincertainty fh[detwork [(Business.[Subsidies[directed[d.g.[tb
renewablelehergy, [slich [ak féed [ih [thriff, thay [chuse[pressuretbrhise the [Metwork [tariffs. [(Kumpulainen
etlal.[2006)

Thelarchitecturelaf[Buropean [power mletworks[hlaslalver theldecades[developed b [skrvelah [hfrastructure,
wherellargelgeneration fcilities[alre Idcated [Fhr from [pointslaflelectricity [cbnsumption. Becauselelectric]
ity[generation[currently[i$[fbr[the[rhost[Hart[Hased [dn[fbssil el [Fhcilities, the Ghfrastructurefbritans]
porting[Hoth[fielland[Jower[Has[Beenldevelopedldccordingly. (However,[ds[Huropeanleénergy [sipplyis
nowlanticipated b [shift fFbwardsddwIchrbon [sburces,fhefhfrastructureWilllalsolelolve. Renewableleh [
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ergy [hlas[anly [rkcently [elmerged [ak [alpolicy [ahd féchnology [piriority, [ahd [electrical Metworks [ake [ckntral b
meetinggbalsfdrmewIdevelopment. [(Kumpulainenlet(al.[2006)

Transmission[and [distribution [metworks[alrefhdispensable[dart[dfrenewablelehergyihfrastructure.[The
significanceldf[alccess[ibMetwork [fbrrknewablelenergy[it [Widelyiinderstood. However, Gt i (Helpful b
bearlih[thind[fhat[dedicated [denewableldnergy[duotasland[dtherlsteering[theasures[dre[Policy Gfhstru[l
ments, [dnd[fthe[Planning [df[duch Ghstruments Gk [{ypically[dot[Based [dn [dssessment[df [dvailability [df
transmission[dnd[distribution [dapacity[dr[dssessment[df[fechnological [drldconomicldenewablelenergy
potential. [Mherefore, rfknewablelehergy [generation [and [power [delivery[ake mot isually [cbnnected i [pol [
icyplanningaktheyfinplicitly [alelin [project[planning. [(Kumpulainen et [al.[5006)

For[rknewablelehergy[fhcilities, [shch [akWind farms, Whereldperating [cbsts[alre [Hpically ldw(aind [chpital
costs,Ghcluding[fransmission, [dre[dften [dlsignificant[domponent [df [fbtal [Jroject [dosts. Th [Addition, s
renewablelehergy [rbsources/alelaften [dcated ih remotelldcations, [greaterréliancelan rénewablelelectric ]
itylgenerationis[bound kb result fh[algkographiclshiftihfheldcationof [generation (chpacity.[On fthelather
hand, [adequatelekisting[ftransmission[akccessmhay[akct [ak[aldriver[df [ehrly Targe[skale, [grid [donnected [rk[]
newablelénergy [development.[As[theldlectric[Jowerlsector[shifts[fbward[greateriseldf[denewablete]
sources, fransmission[policies[aind [rknewable[policiesshould [Helelaluated Ebgether. [(Kumpulainenlet [al.
2000)

6.1.RestructuringiandUnbundlingofdl ransmissiondfromdl radetand-Genco

eration

Existinglégislationréquireshoth légal ahd flinctional inbundlinglalf fransmission [ahd [distribution ftom
trading[aind [generationldperations.[OnBuropeanUnion lével, Tégal[and Finctional inbundlinglohly lcbn [
cerns[fransmission[systemlaperatorslahd Idrgeldistribution[systemaperators[skrvingmhorefthaniboldoo
customers.[BEUhember[states[Have[fbllowed this*equirement (Hy[@pplying Marious[drganization [struc]
tures.Manyldfithember(states(hlavelektablished [cbompletely[skparatelehterprisefbrMetwork[dperations,
whilelsbmelothershhvelektablished[allégal [person that idphrt loffthe fhtegratedlehterprise.

ThreeKinds[df[problemsmhay(alrise, [fnetwork [dperator[i$[allégal [entity Within [ah fhtegrated [dompany.
Firstly,[thelfransmissionlslystem [dperator[thay[ttreat[its [affiliated [dompaniesHetterthan[it [Wouldfreat
competing[third [parties.Thtegrated [cbmpaniesthay se [Metwork [aksets b [mhake [ehtrymhore difficult Fbr
competitors.[legallinbundling[does[tot [dolve[thel[donflict[df[interest (Within [ihtegrated Ldompanies,
whereby[thelsupplyland [@roductionGhterests[dim [fb[thaximizetheir[shles[and [tharket[share[While[the
network Cbperator[dsCbbliged (Yo bffer [hon[discriminatoryLhccess[totompetitors.[Becondly,hon[]
discriminatory[akcess[tbimformation chnnotbelgharanteed inderthelchrrent iinbundlingrhles, [akffhere
is[Moleffectiveltheans[dflreventingfransmission[slystem [dperators[rkleasing[tharket [sensitive fhformal]
tion o fthelgkneration ok [siipply branch [offthe fhtegrated cbmpany. ([COM[2007[528)
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Third[groblem[$[that [htegrated [dompaniesHaveldistorted fhvestmentihcentives. WerticallyGhtegrated
network[dperatorsHave[doGhcentivebrldevelopingtheMetworkfh[theldverallfhterests[df(the[tharket.
Quiteltheldpposite,[fhey[HavednGhherentGhterest[fbinderGhvest Gh[Mew [Metworks When [this[dould
benefittheirlcbmpetitorslahd (bringith mewcbmpetition.Thstead, the ihvestment(decisionsmhade by ierti[]
callyihtegrated [cbmpanies[fénd [ib (be[Miased [tb [the [Meeds [dif [ahwn [shles[cbmpanies. [This indermines the
EU'slcbmpetitivenesslahd flls[skcuritylof shpply [ahd pirejudices thelakhievement [afffifis[climatelchange [ahd
environmentallobjectives. [COM[2007[528)

6.2.«Cooperationofdtransmissiontetworkoperatorsanfturopetand™Nordic

Countries

MarketHarmonization [presumesleffectivelcboperation [Hetweenfransmission [system[dperators, fh[alddi(]
tion[tb[an nambiguous(and[skcurelrkgulatory framework, ihcludinglcbordination [df [rkgulatory[aktions.
This[presumesfthat rhles[ahd [proceduresgbverning [abcess td metwork ffd bemhified, [ahd fhformation ahd
datalekchange between [ISOs kb fhinction [effectively[aind ihvestment ih[ckoss[Dorder ftansmission [chpac[]
ity[IbHeldosely[doordinated.[Gas[and[dlectrical fransmission [system [dperators[are[already[engaged Gh
voluntary[cboperation Within [cirrently[ekisting[structures[shich[as[BTSO[(European[Transmission[Sys[]
tem[Operators),[GTE[GasMransmission [Burope), DCTE[Wnion fbrkhelJoordinationlaf (Mransmission laf
Electricity) [And (HASEE[Gas[(European [Association [fbr[fthe[Streamlining [df (Energy (Hxchange).[([COM
2007[328)

Voluntarylcboperation i3 limited (bly Tdck [off Tégal whlidity,[ehabling [cbuntriesakcording tb theirldelibera]
tion b Withdrawffom cbmmon Eéchnical [standards[aind [developingpowerlahd [ghsmletwork [cbnnections
and[doordinating[detwork[dperations.Three[Kinds[dflgaps[ekist egarding[development[dftharket [and
technical[rliles: thelpresent [riiles[do miot [cbver[all[skctors that Meed b (Behlarmonized; mational [rhles[alre
notlcbmpatible,lahdriles(areleithermlot Iégally binding[alr fheirlekecution [chnnot e mhonitored. Difficul 1
tiesih [cbordinating[development[dflelectricland[ghsMetwork [cbnnection[ahd [dperation[akreldisplayed fh
tradingMimitations[and [delivery Ghterruptions. It (Has[Heen therefore[proposedthat [fransmission [dperal]
torsntensifytheirlcboperation flskéverallckntrallateas. (COM 2oo7[528)

TheNordicihfrastructurelaflelectricityftansmission[ahd[distribution i3 [rklatively[progressive, [providing
alsblid ground EbrHhrther[development.[Themhain [aleas[alre Metwork [aperation [cbntrol, [cbndition [mhoni[]
toring,[demand[sidemanagement,theasurement féchnologies(and rtlated [datalekchange. [Nordel [ the
cooperation [drganization [df Nordicfransmission [slystem [dperators, [aimed [ak [Advancing[skamless[cbop [
eration infheNordiclelectricitymharket [atea [ak[alphrt ofNorth [(Bast [Huropean electricitymharkets, [akell
asmhaintaining[hligh ldvelloflsecuritylahd réliability i fhe Nordicpbwerlsystem. (Nordel[2007)

Inlthe[Nordiclcbuntries, lelectricity [production[systems differ[greatly ftom [anelcbuntry b [ahother, partly
dueltd Miistorical rkasons[and [partly [awning b the Factthat the Mational [y stems alre [shbject kb [different
legislation [ahd tb[shipervision My [different [dfficial Bodies. Mhepurposedffthe Nordic[Grid [Qode i3 Ebakc ]
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complish[doherent[dnd[doordinated Wordic[dperation(AndGhlanning[practices[Between [Hhethational
transmission[system[dperators, [fb[ektablish [the[fhvourablelcbnditionsfbrldevelopment [df [alflinctioning
and[dffectivelyihtegrated Wordic[dowertharket.[TheWordic[Grid[Code[governstechnical [dooperation
between[the[fransmission[system [dperatorsih[the[fhterconnected Wordel [dountries: Norway, [Sweden,
Finland[ahd [Denmark.TheQodelcbncernslihe fransmission[systemlaperators[(TSO’s) finctioning[ihthe
operation [and[planning[dffthelelectric[power[system, fh[dddition[therharket [Harticipants’[access[ibthe
grid.[MheNordic[@Grid [Qodeldysihefbundation fbriéchnical rhiles[gbverninglthelcboperationlofithe Nor[]
dic[fransmission [systemsldperators(ahdi3[alstep fbwards[theWarmonization [offpresentmational rhles. [A
centrallobjectivei3[fd [developlalcbmmon iinderstanding laff[shtisfactoryldperational rkliability lahd [qality
ofldeliveryih[the Nordic[dower[system.[AMew[element[ih[the[Qodelsince[F007 3 skt [df [rkgulations[dn
connectingmind Ehrbines i fthe ftansmission[system.[((Nordel 2007)

6.3.Challengesdnddevelopingmpowerttransmissiontand=distribution

Electricity[distribution[Husiness[Hasindergonelsignificant [changes[dver[the[gast[decades,@ndfhe[rk[]
structuring[dffthefhdustry[s[still (h [progress.While [BU dégislation [requires nbundling[df[distribution
system[dperators[servingthore[than[1oo[dooldustomers, Gh[Hinland,[WherefinbundlingMas[ddvanced
further, Iégal inbundling[olffdetwork [aperations(alre fbquired When [ehergyftransmitted [ih [aldistribution
network [ekceeds2lookWh/a.[According b Hinnish dégislation, [alllelectrical metworksbelowibo kV b1t []
agellévellare[defined[as[distribution[detworks.[The[drevalent [distribution Moltagedévels(are[d.4 KV and
20[kV.[(Energiamarkkinavirasto[2008)

Informationsbcietieslafftdday[atehlighlyldependentloh réliablelelectricpower sy stems, [ahd the finction [
ingldffthe(distribution metworksIargelyldeterminesfthelalvailabilityloflelectricity Within[alsbciety.Thaddi[]
tion, thelvbltagelgualitylat [chistomer[siipply férminalsfid[determined blythelcharacteristicsloffdistribution
networks.[(Kumpulainen/et[al. 2006)

Strong[driving[fbrcesih[distributionBusiness[appear[idb Berkgulation,thelchangesihawners’ [profitlab ]
jectives,[drganizational [developments,[and [fechnological fhnovations. RegulationHas[significant fmpact
onltheldverallldevelopment [df the fhdustryHecauselcbmpaniestend b adaptEbtheirldperatinglehviron
ment,aimingfdlaptimize ftheirperformanceminderlalgivenrégulatoryrégime. [Hanninenlet al. 5o 06)

AslehergyihdustryhasBecomelihcreasingly lcbmpetitive, Hoth [privatelahd mhunicipal lobwners of [distribu [
tionlcbmpanies[areMowlcbnsideringthelcbommercial Ghterestsih[electricity[distribution[alongsideltheir
publiclsérvicelobligations.[Therefore, ehsuringthat[electricityldistribution blusinessrémainsah[attractive
investment lobjectidleksential Formhaintaining[réliablelelectricpowerlsystems.[Hanninen et [al. 2006)

Whileldlectricity[distribution [dompanies[Mowadays[elxperienceldompetition, [Heing[dtgulated [hdustry

makeslelectricity[distribution blusiness[differ ftom mhostcbnventional [ecbmmercial Businesses. (The mhajor
differencelis[thatihfhelrégulated fhdustrylalsingleldriving[fbrce, rkgulation, [plays[ah [eksential fh[deter[]
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mining[theldperational framework[df[thelregulated[dector.[Blectricity[distribution Gk [an Gfhdustry[With
long[akset [ifetimes, fypicallylaf(g3o—50 kears.[Asibday’s[decisions havelshich [firrkachingfnpacts, rkegu [
lationhhs[ah[ekceptionally fhfluential [position rkgarding the fhtureloflelectricitydistribution. [(Hanninen
etlal.2b06)

Regulation models, [dn [the[dther[Hand, [are [fpically Gh[dlace[@pproximately [3-5[yearsdn [average. Bur[]
ther, [rkgulation[even [Has[owerIblshapeldther[driving[fbrces[dfthelskctor, [elg. Ryldither[promoting[dr
prohibiting[drganizational (dnd (BechnologicalC[developments.[Therefore, linderstanding[the dbngferm
consequences[dffany[rkgulatory[actions i3 [crucially iinportant.[As[rkgulation [strongly[directstheldevel (]
opment[df(theldistribution[dector,[dlear[definition [dffthedbng[tkrm [strategic[goals[df [degulation[dnd
sound understandinglofftheir[practical fnplications(atelchlled fbr.[(Hanninenlet[al. [2006)

Finally,[theldging[distribution [detworks[dll[dver[the Western orld Will[doon [Hequire[dxtensive [efur]
bishment[rograms. Th[theMearfiiture, [thelquestionHow b [rkbuild thedetworks[Will (He [df High [rkle [
vance.Underlying[factorsldfithemeedfb rknovateldistribution metworksihthelsparselyHabited areas[off
Finland hvolvelaging[afffthemetwork[ahd [hcreased [ekpectationsEbr(shipplyrliability, ih[addition b [po [
litical [steeringlaimed [at [ekpanding[distributed [ahd [rénewablelelectricity[generation. [At fhe mhoment, mhe [
dium[bltagemetworks[arethemhost Mulnerablepart [df[distribution [system, [their [fhults [chusing mhost [df
thelduration[df fhterruptionleikperienced [Bylcustomers. @ver[do % [df[the fhterruptions(eikperienced My
theldustomers[arelcaused My [fhultsGh[distribution [Metworks.[Woreover, [@bout[do % [df the[14o [doo [Rm
medium bltageldistribution [Metwork[ih (Binland [cbnsists[dfldpen [Wirelines, [that [alre[shibject [tb [distur ]
bances[chused Dy eather,[slich [aklstorms[ahd fhundering. [dlimatelchangelid(believed b ihcreaselaccur]
rencelaffstormslahd Filureftequencyloflolverhead lines.[(Hanninenlet(al. [2006)

Therefore, [alkkeylquestion[is howkdpromoteihnovations fhEhelelectricity [distribution[skctorih fhe Idng[]
term.Themeed Ebrlrkfurbishingthelekistinglelectricityldistribution Metworks[provides(alchancetbadopt
new [fechnologies[ih[thelsector.[At[dresent,[ds[AUHolicies[strongly[fromotedewland [rknewable[fech [
nologies, [and theMew [Binnish [Mational [climate[and [ehergy[strategy fbreseesrkducinglehergy [consump ]
tionland [strong[ihcrease[ih[thefiseldfrenewablelehergy, this[is[particularlyiportant. [(Hanninen[ek[al.
2006)

6.3.1.Futuregrids

ThelfihtureMsionlalopted by the Buropean [ommissionidthat [distribution [gridsill Hecomelaktivelahd
will[Have[tb[accommodateHildirectional [dower[flows. [TheBuropean[electricity [sistems[Have[thoved [tb
operateindertheftamework loflalmharket mhodel, ih mthich [generatorsateldispatched abcording fd mharket
forceslahd thefransmission[grid lcbntrollckntersindertakelahlaverall [shpervisorylrble, hcluding réspon ]
sibilities[dn[akctive[JowerHalancingland [ancillary[skrvices[slich [as Woltage [stability. [The [primaryrble[df
distribution Metworks[in [deliveringlehergyiblehdOisers, [dn thelotherhand,[Haschanged Mittle. Mistribu [
tionmktworksEénd fd b rhdial With mhostly uhidirectional [power flows. (Kumpulainenlet[al. [2006)
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Futuremhodelsforithelelectricity [gridshlavetd mheet thelchanges[ih féchnology, i fhehlues[ih sbeiety, it
thelehvironment[ahd ih [cbmmerce.[Thus, [security, [shfety, lehvironment, [power[gualitylahd [cbst [of [shipply
arelall[Meinglekamined fhmlewayslahdlehergy [efficiency i thelsystem[id Ehken [eVer mhorelskriously Eor(al
varietylofréasons. [(Kumpulainenet[al.[2lo06)

European [ahd [national [mheasures[skt bindingabligations [fbr Idwlchrbon [power [production, mew[and [ald
renewablelehergy [féchnologies[and [efficient iitilization [df (Heat. TAnergy [olicies[dfthe[Huropean Mnion
stronglylencourageltheldevelopmentldf(distributed [lectricity[generation [and [strive[ib rkalize[and [pro [
gressive[detworkGhfrastructure.[Theldtarting[Joint fbr[thesedims[is[that [dpplication [df [Hew[detwork
technologies(alrelcbnsidered [chitical Ebr[fransformingfhe[Huropean[electrical ftansmission [and [distribu ]
tionMetworks[and[shiccessfully[thanagingthefbrthcoming[Hower[skctor[challenges.[Amonglathermheas[]
ures, [thisihcludesmetworkfechnologiesthatihcreasepowerttransmission [ahd [rkduceldsses, hlence fin ]
proving[dfficiencyldfldeneration [Andlsupply, [Andhitilization [df[Jower[dlectronics[that mprove [Supply
quality.[(Energiamarkkinavirasto2008)

6.3.2.Distributedgeneration

Distributed[generation[i$[generally linderstood[ds[electricity[@roduction thati$ Obcated [ih [droximity [df
point[dfildemand[and[cbnnected b distribution [Metwork. Mistributed [generation[effectivelylchanges[the
operation [df[distribution Metwork, [elven Gfmhicrogrids(alremot ih question. Thstead [df fthe [present, unidil]
rectional [power [flow, [the[flow[ihtheMetworkWould [HeMidirectional [ahd [depend [anh Mhomentaryldutput
oflldcallgenerationunits. Mistributed [generation kinitschn [Melclassified bly(size fhtomhicrolgeneration (2 [
200[KVA),[generation [donnected [ib[distribution Metwork[(b.2—2.0 MVA)[@nd[generation [donnected [tb
regional ffansmissionmletwork [(2—20[MVA).[Although Eéchnologieslalrfhels[ate Mot [defined, [distribution
generationféchnologies(akeldften identified With Wtilization [afrenewablelehergylsburces. [(Willis [&[Scott

2000)

In[Hinland, élativelylsmall amountofldistributed [generation [chpacity[hiasbeen cbnnected o distribution
networksulntil mow. Mevelopment lafmhicrolahd [small [scale[powerlgkneration[strongly [dependsan [politi[]
calldecision[thaking, fh[addition b [development [df féchnologieslahd ehergy[prices. [At [present, HU [poli ]
cies[stronglylehcourageldistributed[generation. [Political[decisions[anRuropean Mnion Iével[stipulate fh[]
creasing[rénewablelehergy ilse,Which [shipports(distributed ehergy. Thladdition, [einission fradefinproves
thelcdompetitiveness[dflrknewablelenergy.[Challengesfrom[ihvestor[Herspectivelie[ih thaturity [dffech [
nologies[and [économiclprofitability. (An[¢lectrical (power[dystem,[IncreasingLdlistributed [generation
changes[ihcreases[cbmplexityldfthelsystem.ThisWilllskt Mew[rkquirementslelg. fbroltagelcbntrolland
protection[sblutions. (Kumpulainenlet [al.[5006)

170



Requirements [for(distributedlelectricitylgeneration

Thelchangeldflthelelectricity [shipply[structurefbwardsprogressively mhore[DG, [RES [and [aktive [grids [rk [
quiresfthatamlimberlofwiderfctorsbelatidressed:

o Improvementsloflskcuritylstandardsinhfthelcbntextofctiticalfrastructures;

o Integrationlofbbthlckntrallahd[distributedgkneration;

o Integrationloffihnovativetéchnologiesfintolekistinglgrids;

o Harmonizationloflejuipment[standardsfidallowEplugland [Hlay”;

o IncreasedfindingfdrIdrgerésearchihcentives,ihcludingplubliclahd privatelsharing;
o Theliinpactlofleighboringlelectricity [systems[oh fthe Buropeanmletwork;

Forlelectrichitilities, [distributed [generation[thay[@ppearbrtducelehergy fransmitted throughthedet [
work[and [fhusihcome.[Therefore, Thriff[skructuresdeed b MHelrkvised [Inore[dowerHased) Gh[drder[ib
ensurelsiifficientrésources(chnbelallocated fd mletwork mhaintenancelahd [development. Ththeldngférm,
however,[distributed[ehergy[rksources(chn [HeHelp fnprovelsiystem [rEliability [and [dower[quality. Tfthe
aim[i3[tb[drawHenefits[from [inprovedIquality lahd rkliability h Idw bltage Metworkshroughfhcreased
amount[dfldistributed[generation[and [energy [storage,[development [dfthicrogrids i [Meeded. [(Kumpull
lainenlet[al.2lo06)

Microgrids[are ldwbltage [Metworksthat fhcorporate[MGlsburcesWith Ibcal [ehergylstorageldevicesland
controllableldads, [shich [akWater[heaters(ahd [airlcbnditioning. Within fthemhain[gkid, [almhicrogrid [chn (e
regarded [@s[dldontrolled [entity,[Which [dan [He[dperated [ds[dlsingle[dggregated lbad [dr[generator, [and,
given[attractivelrbmuneration, [ak[alsinall [sburcelaffpowerlalr[ak [ahcillary [service unit [shpporting the mlet [
work.[(Kumpulainenlet[al.[2006)

Typical[ibtalGhstalled [dapacity [df[d[thicrogrid thnges[from [dfew[Hundred ilowatts p b [Aldoupleldf
megawatts.Targerhits[arefpically[cbnnected [ib fransmission[grid. [Although microgridsmhostlyaper]
ateldonnected[fbtheldistribution[detwork, they[drelcapableldfislanding.Th[dase[df[afhult Ghthehip ]
stream[Metwork, [almicrogrid [chn [alitomatically [Be[fransferred fbi3landed hode, [aind (He [rksynchronized
after[rkstoration[dffthelpstream metwork oltage. [Thisfeature lchn [Relp fhcreaserEliability [df [shpplyih
caselofTdrgefaults. (Kumpulainenlet[al.[5006)

Technologieslenabling[Smartgrids

o Activeldistribution metworks, révealinglcharacteristicsloftdday’sftansmission[gkids

o New[detwork[Iechnologies[that[fhcilitate[fhcreased [dower[fransfersland Obsses[Heduction[(k.g.
GIL,[shperconductivity, lligh laperating fémperatures, [HACTS iéchnologies, etc.)

o Wideldeployment[dflcbommunications[Iblehable[grid [automation, [dnMinelskrvices, [active[dperal]
tion,[demand résponselahd DSM

o Powerlelectronicltéchnologiesfdrighality loflshpply

o Stationarylehergylstorageldevices.
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Superconductinghydrogen[électricity(grid [IThe grid [dffthe fiture?

On[August[ily,[2003,Ldlectricity[fhiled [fh Wew York [Tity, [Plunging[48 [thillion[People[throughout[the
northeastern[J.S.[ahd[Ontarioihto [alnlight laf[darkness. Even mhorelektensiveblackoutaffected [5b mhillion
peoplelih[Ttalyland [Switzerland[allthonth TAter, [chlling[attention [fb[dervasive[groblemsWith hodern Gh[]
terconnectedldlectrical [Metworks.[Thelihcreasing[Pressureldn [existing[High Moltage[fransmission[grids
and[rkcentTarge[power[dutagesihfhe[D.S.[and [Buropelbasbrought idealaf[alshiperconductinggirid hto
thelspotlightlakain.

Super[Qable[i3[alshperconducting[cbnduitlcboled By (hlydrogen [that [chn [simultaneouslyldeliver[electrical
powerland [hydrogen [fhel. (Mhelchblecbntains[algairldf MClshiperconductingWires[ak [#/ (5o KV [chrrying
50[KA, [@lcurrent farHigherthan[ih [allcbnventional [Wire.[Such [allchble[cbuld [chrry [aApproximately [FIGW
over[skveral[(Aundred [Kilometers[at [Mearly[zkrorksistance.[Sincelthelchble[chrries [Hydrogen [aks [its[cryo [
genicldoolant,[it[Has[the[doubleddvantageldftransportinglenergyih [dhemical [ds[Well[ds[Gh [dlectrical

form.

Boostingrenewables(andhybrid Mehicles

Suchalhlydrogen[filled EBuperGrid” Would[skrvelalso [ak[alvhst [ehergy[storage. It Would [ehablelfhefrans[]
port[dflThrge[dmounts[dflélectrical (Power from [emotedenewable[dr Mucleardnergy [Jower[Stations.
Powerlstations[cbuld [alsoldperatelah [electrolysis[plant b [producefydrogen. [The fhtermittent [dutput [olf
renewablelehergy [dower [stations[cbuld [Helcbmpensated My [alshift i fhelelectricity/hydrogen blend [pro [
duced.[Super[Gridlcbuld[alsoldramatically reducefhel [cbstsFbralfhtureftransport[skctorBased lan [elec]
tricldhd hlydrogen[gowered hlybrid kkhicles.

Safety, [réliabilitylahd hvestmentlcbstatebarriers

Alfdrototypeldf[Super[Qablelstill (Has b (He[Huilt. Bxisting[Muclear, Hydrogen [and [shperconductingfech [
nologies, [shipplemented [Bylsklected [rtknewablelenergy,[drovide [l fhe[fechnical fhgredients[required [tb
create[@[SuperGrid.[Amajortechnological[challenge[i$lehsuringthelehvironmental [shfety[and [therEli ]
abilityldffhelgrid When [a[Super[Grid [chble fiils. Moreover, [thelekplosive [potential [af (Hydrogen[rkquires
an[dbsolute[Hermeticldeal[df[theline.[Another[Barrier b [dvercomelik[that [the Ghvestment[dosts[Will
probablylekceed thelamountland fimescalethatGsaktractive b [privatefhvestment. Wustering[thelsbcial
andmlationalrésolve b [cteatemhaybelalchallenge. [Howeverthe benefitswould belcbnsiderable.
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/.m SUMMARY

Overall, [ifllchn [be[stated that fhe fhtureloflehergylcbnsumptionahd [production [chn [develop kdwards khri [
ousl[directions.Mifferent[energylseenariosldffer[dertain [dspects[dffiture[development, Hut[dre[dlways
tied fb[their[own[presumptions, [predefinedrksearch thrgets[andthemhaterial [availableland [thus(alre [Mot
alwaysentirely[cdomparable.They[doMowever[giveifleas[df[thefhtureldfenergycbonsumption [and [pro ]
duction[likely o bk, [finlo mheasures[arefhken b alter i, lahd Ehen, [alternative fhtures.

Infthisreport,globallehergystenarioshlavebeen [cbvered, With thelaverviewlof the mhost Well Known [ahd
recently[published [stenarios.Major[economiesih fheWorld, hoseldevelopment ill mhost likely (have [al
hugelimpact(adn[dther[cbuntries[and[ekpecially [Hinland, [Have[Been fhtroduced[and fhclude[China, Thdia,
Russia, thenited [Skateslof[Americalahd [alsolah ftergovernmentallolganization, the Buropean Mnion.
Finnishdevelopment[ihrégardsftolehergylpblicylgbalslahdstrategiesplresentsthelphth, fdward which the
current [pblicymhakers[areléadingthe[Hinnish [ehergylcbnsumption[ahd production. [Also [changesith [Rin []
nish[rkgionalstructure,ftansportlahd the Way[df living[alelcbnsidered [ak fhctors, Which [ fheir[part fh [
fluencelthelstateloffhefhture, akfaraklehergymhatterslatelcbncerned.

Estimationslafffhelehergylrksourceslaind their[potentials[alre[ah [hdication aftheldptions[availablefbthe
energy[@roduction [skctor. [Different[energy [tkchnologiesWith (thefbcusldn [theirmpact [dn[cdimateland
theldirectionsfthat theféchnologyldevelopments[arelekpected tb Eakelih thefhture, lofffer[skedsFbrithink ]
inglaboutthefhtureldfthelehergyroduction. Hossil Hhels: [dil, [chal [ahd [atural [ghs, Muclear [ower [and
renewableldnergies,[such [dslsblar[dnergy,Windlenergy,[dceanleénergyland (Hio lenergy (Have[Heen [Ghtro [
duced[asttchnologiesdvailableldsWelllas[darbonldaptureland [storagefechnologies, [énergystoragelih
generallahdhlydrogen ahd fhel lcells féchnologiesmith the khown[abplications for Eheféchnologies.

Inladdition, theldevelopment [df[ehergymarketshlasbeen Miewed, With the [possibility lof iberalizing fhr]
ther[thelelectricitylahd [ghsmharketsihHurope.[Theldevelopment dfmharket rkgulation [ahd [the lcboperal
tion[amongstfherkgulatorylauthoritiesih thelehergylskctorland thenthefhinctions, Which[shch kgulall
torylauthorities[WouldHaveldn[Buropean Iével, [flehergytharketsWere b [cbnsist [df fhe[Whole[HU, Have
beenlpresented [ih thisréport.

Related[tbthefinctioning[dflenergy [tharkets[are[also thelenergy fransmission[and [distribution.[Chal ]
lengesland incertaintiesih[dlectrical [dower[generation[dre[Mumerousland thereforelit i [Heneficial [tb
ponder[theldossible[fiturelenergydroduction[gatternsib Gimprovelthe[detwork Ghfrastructureldccord
ingly.Tlegal lahd finctional inbundling ih Ftansmission ftomftradelahd[gknerationlakWell laklcboperation
oflftansmission[Metwork[dperatorsih[Buropeland especially Nordicldountries[HaveHeen Miewed fh[this
report[akWell[akthelchallenges[that llelahead i [rkgardsiblehergyftansmission[ahd[distribution [akWell
asfhturemhodelsEdrihelelectricitylgtids.

173



Alllanhdl[all,ih fhis[report, [different [perspectives(dn [possiblefhtureldevelopmentshiave [Been fhtroduced,
withlthelpurposelofigivingideas(afftheaysthatfhefhituremhight Idok Mike. Mhelihformation(given ihfhis
report chn Behlelpful it thelstenariomhaking[plrocess, [similar b theloheih [progressimstigated My Winnish
Energy[hdustries[(Energiateollisuus(ry) [and Gmplemented [y Turku[School [df(Bconomics, Binland [Bu [l
tures[Research [(entre.Reportmill Ehen [offer(ckrtain lalptionslahdpossibilities fbrihefhtureahd Gilchnble
used [at fthedifferent[stages(of fhe fhture pirocess by the phrticipants fhvolved i .
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