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AfMroon

H epyacia avt) eivor TpmTOTLN Kot EKTOVIONKE OTOKAEIGTIKG KOt LWOVO Yo TNV amOKTNoN

0V Metantuylakoh Ammddpatog Znovddv oty «Owovopuk kot Emtyeipnoiokn Xtpotnykn.
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Iepiinyn

H oVyypovn xowvovia et otmpifet to péAdov g oy evépyeta. To amofépato. OpOG TV
oupPaTIKGOV KAVGiLOV, OTOG T0 TETPEAAI0 Kot TO YKACL, LEUDVOVTOL GUVEXDG, EVA-1 ¥PNON TOVG
KataoTpéPel Oyt povo v vyeic Tov avlpdTOL OAAG Kot To TEPPEALOV: B0 UTOPECOVV-O1 VEEG,
KaBapdtepes Te(VOAOYIES VO IKAVOTOMGOLV TNV oloéva ov&ovdpevn {RImon yu evEPyelol GTo
péAlov; Me motovg tpomovg Ba propovoe va Avbel o TpOPANLA TG KOPOO®ONG TG TETPEANTKNG
{Tnomg HEG® TPMOTOTOPLOKDV TEYVOLOYIKMV KAULVOTOLLDV;

Ymv mapodoa peAETN Topovstdloviat dtadoykd . PAOYpaeikh avackdnnon tov Béuartog,
To. ONUAVTIKO HEBOSOAOYIKE TPOPANUOTO “TOV ~OVTILETOTICEL O EPEVVNTNG NG TETPEANIKNG
KOpUO®ONG, N oplofénon tov mpofAnuartoc, n nEBodog meTperaikng tpdPieyng tov Hubbert, ot
YEOTOMTIKEG GUVETEIEG TOV TTPOKVITOVV. A TNV METPEAATKT) KOPUP®OT), LLE EOIKT UVEID OTO KPATN
tov OINEK «at otig paydaio avantoocopeveg otkovouieg g Kivog kot g Ivoiog.

2 ovvéEREl aKOAQLOEL oL EKTEVESTATN OVOAVCY TOV EVOAAOKTIKOV TNYOV EVEPYELNG
(avaveEDSIL®VY Kol TUPNVIKTG)-KOOMDS KOl GUYKPITIKY OIKOVOLIKT avdAvct| Toug. H otpatnyn mov
Ba epappocovv tOco-ot TetpeAnikeg etatpieg (Shell, Statoil) 6co kot 0 dNUOCIOG TOpENS (£BVIKOC
KOl EVPOTATKOC) OTH HETO — METPEANIKT €mOoyn amoteAovV Pactkd tunua ™ avaivong. Télog,
aeov avaAVBel M TEpiTT®E” TG TAPOLS TTETPEANTKNG ameEdpTnonG TS Zoundios, EPELVAOVTOL
EVOAMOKTIKE oevapLo €EEMENG TNG TETPEANTKTG KOPVPMONG Kol divovtal KatevhOHVoEeLg LEAAOVTIKNG

Epevvag.

A&Eerg — khewond: Iletperaiky kopvpwon, Evalloktikés mnyég evépyelag, AVOVEDGCIUES TNYES

evépyeag, [IpoPreyn Hubbert, AvédAvor cevapiov

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 4
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

[lepreydueva
KE®AAAIO 1: EIXAT'QI'H 6
KE®AAAIO 2: BIBAIOTPA®IKH ANAYXKOIIHXH 10
KE®AAAIO 3: MEGOOAOAOTTA 13
KE®AAAIO 4: ANAAYXH TQN LTOIXEIQN 14
4.1 OPIOOETHIH TOY ITPOBAHMATOX.......ceitteuteeuterieerieenseeneeenteesnesseesseenseensesnsionsesiessueesfasias e faseeesheesueensees fatipesmeesueenseenne 14
4.2 TIPOBAEYEIE TTAPATQIHE: OT KAMITYAEE TOY HUBBERT ......oiiiiiiiiiiee it eieesiee s s e s far e eeteesveesaeeesnvaesnneeens 17
4.3 TEQITOAITIKH ITPOZETTIZH TOY TTPOBAHMATOX .....veeiuvieniieennreenereesnspiensesinee fonfasensaionse fonsesson vasnstoedunesnsessssesssseessseesns 22
4.3.1 O otpatnyikog polog TV ywp@v T00 OITEK ............c..cvovioeiloe i i e i e e 22
4.3.2 To evepyeroro aroiynuo. the Kivag Ko THG IVOIGG ......co.eeueeeee iyt i o s e 24
4.4 ANANEQEIMES ITHTES ENEPTEIAT .....uttiiiiiiiiieniieenitiesieesieesteesiteesaseess SoasineesuseesnFasSune Sonstasineesinnennneesseessseesnseessseesns 32
4.4 1 ALOMKI] EVEPYELGL ...ttt oS e e e o e ettt ettt 37
4.4.2 YOPONAEKTPIKN EVEDYELOL .....veeeeeiesieeieeeee e e e e e et 40
R 14T 7 4 U S 0. S . St S 42
4. 4.4 HAOKI EVEDYELOL....veeveeie it e iyt e e esaeeas et e eataeanatesssaesnseessseeasseeensaesnseesnseeenseennes 46
4.4.5 TEWOEPUIKT) EVEDYELOL........oocvveeeeieieeieeeieecieee e S et Fas et or e se et e et e et e eaeeeaeeseesseeaseeaseensesseeneas 63
44,6 YOPOYOVO .veeeececeeeeeceeeecreeeesieee e e e e 5 B B 1 o TS T 0| et te ettt et e et e e e te e reeareas 65
4.5 TIYPHNIKH ENEPTEIA .....vveeveernreeeneeeveesnesonveiing e s S s Trneeo Sy i e Tt e s e Pasesses sanesessessssasessessssasessessssassssssssasssssassssassses 66
4.6 ZYTKPITIKH OTKONOMIKH ANAAYEH TON TTHTON ENEPLEIAT .. 0t tiateee s e iueesnreesseesnseessseesseesssessseesssessssesssseessseesns 71
4.7 H STPATHTIKH TQN ITETPEAATKQN ETAIPION STH META-TTETPEAATKH ETTOXH. .....oovvivivierieriereeerensesesseeseeneesnesnennas 73
4.7.1 Case Study: SHEll........ooeoueoneeeee e e T T T3, ettt sttt st e eaeens 73
4.7.2 Case StUdy: SIALOTL.........cc.oouoeoiive i i e o e o ettt 76
4.8 EONIKH KAT EYPQITATKH ENEPTEIAKH-ZTPATHITKH ... iu.ieseteeeieesiusiesreeeuteesureesuteesuseesuseesseesnseesnseesnseesseesnseesseessseesns 77
4.9 CASE STUDY: H TAHPHZ ATIEEAPTHEH THE ZOYHAIAZ ATHO.TO ITETPEAAIO ....eecvieeevieeiieereeeteeereesseeeseeesnesseeans 85
4,10 ANAAYZH ZENAPION ....oeeues iu iaueeeiiaass foassseessessssonisneenssesstesassssassesssssssssesssssesssessssessssesssssssssesssssesssesssseessessssesnnne 87
4.10.1 Yrép — 01010000 (POIlyANNA-SCONATIO) ............ie ittt 88
4.10.1.1 ANpovpyeitorn TETPEAULO OKOLLOL KOL OTLLEPOLS <urenreerrerrrerrerrerserseesessesssesseessensesssessesssessesssessesssensesssensesssensessesssessesses 89
4.10.2 A161600L0 (OPLIMISIC SCEONATIO) 5. e it ittt ettt et eae et eaeas 90
4.10.3 Metpiomofeg (Platequ SCONAriO) ... .l . iorivini i ittt ettt ere e ne s 91
4.10.4 AT0101000E0 (PESSTMISTIC SCONATIO) .. ceiie ettt ettt ettt etseereenes 93
4.10.5 Yrép — amouaiodolo (Head for the HIllS:SCENATIO)............c..coccueouiiiiiiiiiie et 94
KE®AAAIO 5: EYMIIEPAXMATA KAI ITIPOTAXEIZ 96
KE®AAAIO 6: IIHT'EX 99
BIBATOTRADIA .. 55 ttnse e 5 hgeoseeiTonae iyecssssesssessssessssessssassssssssssssssasssssssssesssssssssssesssssssasessessssesessesssssssssessssessssessssassssessss 99
APOPQI PADTAS, ...y e P Bebaseseeeoneesssessonsesssessssesssesssssesssssesssesssssesssesssssesssssssssssssesssssssssessnssssssessssssssesssssesnsessness 100
ATAGEZIMES ITHTEE ZTO ATAAIRTY.O. . .eeeutteiteeiieeriteeniteesiteesuteesiteesuteesuseessstesaseessetessseessseessseessseessseessseesseessseensesnsees 101
IMAPAPTHMA: 1: NUCLEAR ENERGY AND THE FOSSIL FUELS BY M. KING HUBBERT ......ccccceceeeeuee 104
IMAPAPTHMA 2: INTERNATIONAL ENERGY OUTLOOK 2005 130
IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 5

Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

KepdAaio 1: Eicaywyn

To oil peaking eivor n KopVOPWO™M TG TETPEAAIKTG TOPAYWYNG, T OTOl0L GOUPOVE PE TOV
YeOQLOKO Kal ToTEpa TG Bemplog g meTperaikng Kopvpwong Marion King Hubbert, cuvépn yia
g HITA petagd 1965 ko 1970 wor maykoopiog to 2000 (Hubbert M.K.-1956). [Ipdaypatt, n
QLULEPIKAVIKT] TTOpOymYn TeETPpELaion KopuemOnke to 1971 kot omd T0TE [LELOVETOU GLVEYMGS; telmaon
Opmg mov dgv mapatnpnOnke aviotoiywc oty maykOGe. Topayyn: Ot VTOGTHPIKTEG TOV
povtélov tov Hubbert omodidovv avty v kabvotépnon’ 6TV KOPLO®OTN TG TOYKOGULNG
netperaikng mopaywyns (Campbell C.J. & Laherrere J.H. 1998), otov pun vmoloyiopd tov
netperdikav Kpioewv tov 1973 xor tov 1979 zmov peiwoav dpactikd v maykdopwe {ntnon
netpelaiov.

To pdPAnpa eTOPEVOS TOV OVAKVTTEL EVOIL T AVALHTNON EVOAUKTIKOV TNYAOV EVEPYELNS TOV
00 AVTIKOTOGTNOOVY TNV TETPEAIKT) Tapay@yT}. Xto- Awdypappa 1 mtapovctalovor ot EVEALOKTIKEG

y£g evépyetag mov Ba eEeTaoTOVV. GTNV TOPOVGA-EPYUTTA.

[EVG)\)\GKTIK%'ZQ Mnyég Evépyelagj
|

Avavewolpyeg Mopgég Evépyslag} [ Mupnvikn Evépyeia }

~
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YO POonAeKTPIKN
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ewBepuIKn }

AR R

Y&poybvo }

Awaypoppa 1: Or evolhoKTIKEG TNYES EVEPYELNG
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Baowod peBodoroyikd mpdfAnua yioo ToV €PELVNTA TNG TETPEAATKNG TOPAYWYNG OTOTEAOVV
clyovpa Ta avtikpovduevo dedopéva yio Ta amobfépata meTperaiov. To evolapEpov yia To VYog Twv
ToyKOGoV amobepdtov metperaiov KAUOKOONKE TapdAinio pe v ektivan TOvV TIUOV TOV
«Uapov YPLGOVY ot onpepva VY. Oho kot mePLocdTEPO, MGTOCO, EVIGYVETOL 1) doyn OTL €V
TéAEL, OEV €xel TOOT onuacio 0 akpPNg VToAOYIGHOG TV O0BECIU®V TOGOTHT®V 0pPYyol, OGO 1
TayvTTo PE TNV omoio vrokabictatol omd EVOAAKTIKEG T YEG EVEPYELNG:

Kopo moiepukng pe emikevipo tov KokO LToAoylopd tov: amofepdtov EEomace, Kot PEToG,
otav onuocievpa €pepe 10 KovBéir va dabétel oty mpayuatikdmra LOMG- T Hon TocOTNTo
apyov amd ekeivo mov dNAdvel emonums. TIpdnv avdtato 6TEAeX0g TG KPOTIKNG GOOVI0POPIKNG
Aramco tomofetel To péyeBog TV OmOdESEIYUEVOV KOTAGHATOV NG XMPAG ovTng ota 48 dic.
Bapéiia, Evavtt emionung ektipnong mepl 99 o615, n-omoio mbavoroyeitor 6tL cvumePAAUPAVEL Kot
U omodedery Héves ToGOTNTEGS.

H vrdBeon elvar evoektikn tov SIMUoToc Tov tpofinuatilel 11 yopes-puéin tov OITEK
nepl ™S TaOTNTOG ENONG TOV. ATOBENATOV TOVG, aveEaptnTmg peyébovs. TToAAES and avtég TIc
YDOPEG OV £XOVV KATOPOHMGEL VAL OMOGVVIEGOLV- TNV TTOPEinl TG OKOVOUING TOVG O TO TETPELALO.
‘Etot av 1 e€dvtinon tov. amobepdtoy. KOTaAEel o Tayeio. cuPPIKVOON TNG TAPAY®YNS, 0WG o8
10-15 ypovia, ot e€ehi&elc dev Bo elvat KOAES Yoo TNV TOYKOGLLOL OIKOVOUIOL GTO GUVOAD TNG. Ao
™V dAAN, av to. amoBéuata dtatnpnBodv yio 30-40 ypovia axodua, o kOGHoc Ba €xel oTpagel o
GAAeC LOPOEC EVEPYELNG, ~[E "OMOTEAEGHO VO UV €xel Kopd onuocio T0 HYog ouTdV TV
amofeudTmV.

O emkeaAng owovoporoyog g Aebvodg Ymnpeosiog Evépyeiag (IEA), @atly MmipdAi,
emonpaivel Tog «to-CRTua dev etvar To amoBépata, aAAG 1 EMEVOVTIKY] TOMTIKY] T®V UEYAA®V
TAPOYOYDOV YOPAOV: oV aVTEG dev emevovoovV, dev &xel kopd onpacio av dwbétovy amobépota
evog, dvo 1 Tprev d1o. Papehdvy (IEA 2006). IIpog to mapodv, dpmc, to péyebog tov amobepdtov
eEaxorovbel va mailer onpaivovta poro. H id1a n IEA, o cuvepyasia pe dAlovg opyoviopovc,

eneepydleton peBdd0VE MOV PIA0O0EET Vo amoPépovy To capn ototyeia. O o1dy0g eivar SVGKOAOC,
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KaB®OG avtd Tov dev VILApYEL mhvTa o€ agBovia eivon  moltiky| BovAnon (onuepa, m.y., {nTMHoaTa
TOMTIKNG Kot acPirelng @wBovv Tig peyalvtepeg mapaymyovs yopeg tov OIEK va amoxieiovv
E€veg emyelpnoelg omd TIG TETPEANLOTNYES TOVC).

Zntovpevo, petald dAlwv, givor n eevpeon 01EBvodg TPOTHTOL Yol TOV VTOAOYIGUO TV
evepyelokav anobspatov. Ilpoc 10 mapdv, 10 mANcIEcTEpo o€ £va O1EBVMG AmOdEKTO TETO0
npdtumo elvar ot koavoveg mov kabopioe 1 Emrpony) Keporowayopds twv-HITA (SEC) katd ™
dekaetio tov *70. H SEC, wotdc0, katnyopnOnke kot avtn yio 100G KavOoveg TG, mTov- BewprOnkay
vrepPolikd cuvinpnrikoi, 0tav EEomace to okavoaro pe emikevtpo 1 Royal Dutch Shell kot v
TPOG 0. KAT® avabdedpnon twv arobepdtomv g, tov lavovdpte Tov 2004.

210%0C NG TOPOVCoHG €PYAciag &ivol va TEPOLGIAGEL TO- TPOPANUA TNG TETPEAATKNG
KOPOE®OONG Kot Vo STVT®BoVV  eVOAAOKTIKG. Gevaplo €EEMENG Kol  OVIHETMOMIONG TOL
npofAnuatog. o ™ yOpo pog M avaykn. TETPEAUTKNG. ameapTnong sivoar akoun peyoAvtepn,
kabdg o Pabudg eEdpmmong amd TO - mETPEAAIO. €vol TOAD HEYOADTEPOG £VOVIL TOL HEGOL
eVPOTAiKoD 0pov (65% Evavtt 50%). LUVETMOG TO ETNHCLO TOGOGTO AVTIKOTAGTACNG TOV TETPEAAiOV
om0 eVOANOKTIKEG TNYEG EVEPYELNS TPEMEL Vol -glvar LeyoddTepo otV eAAnvikn mepintoon (2%
évavtt 1.5% tov evpomaikoy).

H dopnq g epyaciog €xer og akorovbmg: Xto devtepo kePdrato yivetar PifAoypapikn
OVOOKOTNGN TOL “BEHOTOC KOl emMoNUaiveTal 1 TPy EAAEWYN 7OV TOPOoLCldlel 1 eAANVIKNY
Broypapio “oto. Bépa. ~Xto- Tpito KEEAAOO TAPOLGIALOVIOL TO ONUOVTIKA pHeBodoAOYLK
TPOPANLUATO TOV. AVITUETMRILEL O EPEVVNTNG TNG TETPEAATKNG KOPVOMONG KOl GTO TETAPTO EEKIVA M
avdAvon TV KOOV EvpnHaTOV TS epyacioc. Ewdwdtepa, petd v oplobétmon tov mpofAnpatod,
napovctalovtor dadoykd 1 péBodog metpehaikng mpodPreyng tov Hubbert kot ot yemmolttikég
OGULVETELEC TOV TPOKVTTOLV O TNV TETPEAAIKT KOPLPWOT, Ue €W0KN pveio ota kpdtn tov OIMEK
Kot oTIG paydaio avamtuooopueves otkovopies g Kivag kot g Ivdiag.

2 ovvéxew okoAOVOEl oL EKTEVESTATN OVOAVOT TOV EVOALOKTIKOV TNYOV EVEPYELOGS

(OvovEOOI®Y Kot TUPNVIKNG) KOOMOG KOl GUYKPLTIKY] OIKOVOULKY| avdAvon tovg. H atpatnywkn mov
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Oa epappocovy 1600 ot metpelaiké etarpieg (Shell, Statoil) 660 ko 0 dNpdcLog Topag (eBviKog
KOl EVPOTATKOC) OTN UETO — METPEANIKT €mOyN amoteAovV Pactkd tunua ¢ avaivong. Télog,
aeov avoivbel n mepintwon g TAPOLS TETPEAATKTG ameEdpTnong ™S Xoundiog, EPELVAOVTOL
EVOAOKTIKG oevaplo €€EMENG NG TETPEAATKNG KOPLPM®ONG KOl  OlTLTOVOVIOL TA  KVUPLOL

oLUTEPACUATO TNG LEAETNG.
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KegpdAaio 2: BiAioypa@ikr) AvaoKkOTrnon

‘Evo onuovtikd tunpo Tov gpeEuvNTOV NG METPEANIKNG KOpOQmonG toyvpilovial 0Tt M
KopOpwon €xet Mom AdPet yopa. O Campbell vroAoyiler 61t N KOPOE®OT TS TOPAYOYNS. TOL

ovpPatikov metpedaiov £yve to 2004 (ASPO 2006), eved o Kenneth S. Deffeyes.to 2005.

H Apepwavikny Emitponr) Evepysiokng [oAtikng dg cuppepiletor v Gmoyn OTL 1] Topaymyn
neTperaiov £xel MO PTdoel oV KOPHE®ON ™. MdAiota dev TpoPAcnel Kapio KOpOP®ON TPV TO
2025. O wovprog avtihoyog og -avtég TIG 0o1000&ec mpoPArdyelg eivar ot ot ywpeg OIIEK

VIEPEKTILOVV TO TETPEAATKA TOVS OofENATOL.

Hubbert's Peak /\
‘Ihlm-'.l'lli.“"

NETH S. DEFFEYES

O yewAdyog Deffeyes emonuaiver 6t ov avavedoiueg mnyég evépyelag dgv elval akoun o€
0éon vo avrikataotioovv TN Holikn mopaywyn metpeAaiov. Ewdwodtepa, to KOGTOC Yoo TNV

amodoon 60 Watts omd nAtakég koyéleg ayyilet o 10008S.
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0il Addiction

The Wierld in Peril

and

o)

Ow the Edge af a ¥

Paul Roberts

Oil, War and the Fate
of Industrial Socleties

Tnv dw aroym cvppepiletarl Kot o otkovopoAdyog — evepystordyoc Richard Heinberg yio to
QOTOPOATATKO NAEKTPIGHS. XT0 1010 UNKOG KApaTog glvar Kot ot avaivoelg tov Pierre Chomat kot

Paul Roberts.

Over a Barrel

The LONG

SURVIVIRG (he CONVERGING CREASTROPHES
of ihe TWENTY-FIRST CENTURY

JAMES HOWARD KUNSTLER

[TpoPadiopa omnv. mupnvikn evépyeta divert o J. H. Kunstler Oswpovtog 61t péovo avtn n
EVOMOKTIKY] pmopet. va ovteneEEADEL 6Ta TepAOTIO TOGH EVEPYELOG TOV KOTOVOAAMVEL O JVTIKOG
Koopoc. O Tom Mast e tn 6P Tov ovaPEpel OTL Ta NAOKAE GLGTHHATA OivouV TEAMKA TTEVYPEG
amod0GELS e SVGBe®PNTO KOGTOG TOPUYWYNG.

Ye K00e mepintwon n apyn OAwv Eytve and Tov M. King Hubbert to 1956 6tav napovciace
puébodo mpoPreyng e metpehaikng kopvewong (Iapdptnua 1). And toHTE dAPOPOL EPEVVNTES
YPNOUOTOIOVTOG TN HEOOOO TOV KATEANENY GE SLOPOPETIKEG EKTIUNGELS GYETIKA LE TNV KOPOPWOOT).
Ytov Ilivaxa 1 Bpiockovpe GUYKEVTPOTIKA O1APOPES EKTIUNOCELS TOV £XOVV KAVEL EPELVNTEG Y1 TN

YPOVOAOYIOL KOPOO®ONG TNG METPEANIKNG TOPUY®OYNG. TNV TPOTN GTHAN €ivon 1 Ypovoroyio Tov
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exTiovv 01t Bo TpaypatomromBel 1 KopLE®ON KOl GTIC AAAES 0VO VLIAPYOLYV GTOLXEIN YLl TOVG

EPEVVNTES KOl TOVG (POPELG TOV TOVG YPTUATOIOTNGAV.

Mivakag 1: IpoPréyerg KOPpOO®OGNG TETPELUTKIN G TAPAYOYNS

XPONOAOI'TA
KOPY®QXHY I[TAPATQI'HX EPEYNEPTEEN;(I;OPEAZ IMPOEAEYXH ®OPEA
INETPEAAIOY
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KepdAaio 3: Me6odoAoyia

To evepyelakd mpdPfAnuo amotehel éva amd To TAEOV ONUAVTIKG. {nTiuotd 7mov -Ha
OVTILETOTIGEL 1] TOYKOGLLOL OIKOVOUIO 6TO AUEGO PEALOV. ZTOYOC TNG Tapohoas epyaoiog ival va
e€etdoel 10 TPOPANUA TG KOPVOMONG TNG TETPEANIKNG {NTNONG Kot Vo avamtOEeL O1POPETIKA
oevapla eEEMENG KO OVTILETMTIONG TOV TPOPANLLATOC.

H epyaocia pebodsoroyikd ompiletal oto vrdderypa tov-Hubbert, mov amotelel to facikodTEpPO
epyareio TPOPAEYNC TG KOPOP®ONG TG TETPEANIKNG TPocpopdc. H cuvrpurtikn mhetoyneio twv
EPELVNTMOV NG TETPEAAIKNG KOPOHO®ONG XPNOWOTOOVV. 0TIG TPOPAEYEIS TOVS TO LTOJELYUO TOV
Hubbert 1} kdmowo mapoaiiayn Tov.

Boowd pebodoroyikd mpdfAnUa- yioo TOV-EPEVVNIN TNG TETPEAATKNG TOPAYDYNG OTOTEAOVV
clyovpa T OVTIKPOVOUEVH OedOUEVAL Yia-To. omoBEpato. TeTperaiov. Duoikd 6TdYOC TS EPYACIOG
dev elval va KAVEL 0KOUN ol Kouvoupyla TpOBAEYN Yo TV TETPEANIKT) KOPOLP®OT).

AvtiBétmc, petd ty oprobétnomn tov TpoPALATOG avaTTOGGOVTAL H1EE0SKEA Ol EVOAAUKTIKEG
YEG evEPYELNG (OVOVEDTTES Kol Tupnvikn) Kot eetdlovian ol otpatnyikég mov Bo akoAovbncovy
1060 0 WIOTIKOG. (TETpEAAiKES eTapieg) 060 kot o dnpodctog topéag (EALGda, E.E.) ot petd —
TETPENAIKT] EMOYT). T TEVIE JPOPETIKA GEVAPLOL TOL AVATTOGCOVTOL GTO TEAOG TNG EPELVOC,

OKLYPOPOVV TOV EVEPYEIBKO YDPO HESH oToV omtoio Ba KivnBel peAlovtikd n debBvng Kowvotnra.
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KepdAaio 4: AvGAuon Twv XZToIXEiwV

4.1 Op1o6érnon rou mpoBAfuaArog

Ta metpelaikd amobépata dev Ba dapkécovy yio mhvto Kot ekTirdton 0T, péoa oe-30 Emg
100 xpovia amd onuepa Ba Exovv dha eEaviindel (Oworoywkn Embemdpnon 2004). Extyunoceig
OU®G OV Yo AAAOLS givorl VITEPPOAIKA aG1O00EEC O KOl 1] TETPEAATKN Kpion £xel MO apyicet
(Campbell C.J. & Laherrere J.H. 1998). H e€nynon ivon amAr, piog Kot-To TO GNUOVTIKO dgV Eivat
10 OTE TEAELOVOLV TO omobEpaTa, ToTe dnAad| Ba avtAnbel amd ™ yn Ko 1 tehevtaia oToydva
netperaiov. Mikpd xottdopoto prnopel GAAMOTE VoL - OVEKOADTITOVIOL Y10 EKOTOVIAOES YPpOvia amd
onuepa. To mo onpoviikd {muoa etvor, ToTe N owEnon g mapaymyns dev Ba pmopel mAéov va
KaAOyer v avénon g fnong. Tnv nuépa. exeivn Ba yiver kpoy oty ayopd (Hirsch R.L. 2005,

2), axOuN Ko €0V VILAPYOLV AKOMN. TEPACTIA Ol0fECILA 0moBEpata TPOG EKUETAAAEVON).
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Awaypappe 2: Ektypioeis ntapayoyng netperaiov ava teproyn (Ilnyn: Beyond Peak 2006)
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Ot Bropunyavikég xopeg miECovv tov OIEK va avEnoet v mapaymyn, oniladn vo avtAel pe
CLUVEYDS HEYOADTEPOVS PLOLODG amd Ta dmGTOUEV KotTdopota mov dwbétel. [loté dpmg oev
mECouy Yoo TV avokdAvyn Kowvovpyltov kortacpdtov. O Adyog elval amhdg, apovy OAa Ta
onNUovTIKA Kortdopato £xovv avakaivedel non (Bauquis P.R. 2003, 340). Otav ) dexaetio Tov
“70 Eéomace M TPAOTN TETPEAAIKT] KpioT, TEPACTIA KOVOVALL Ko VEEG TEXVIKES (101mwg 1 HEH0dOC e
TOVG TEYVNTOVUS GEIGUOVS) SOXETELTNKOAV GTNV avaKAALYT VEwV Kortaoudtoy. Bpédnkav. apketd
EKUETOAAEDOIUO KOITAOUATO, TOAAG omd avtd oe Propnyavikéc yopeg (HITA, Meydin. Bpetavia -
Bopeion Odracoa, NopPnyio kAm) to omoio TpOoEEPAV HI0L TPOGMPIVY] OTOOEGUEVCT OO TIC
eloaywyéc metperoiov. Opmg ot avakoAOWEIS aVTEG NTAV GLYKPITIKG UWIKPES. Kol dgv avéncav
awontd 10 ocvvolkd péyebog twv amobepdtwv mov vrdpyovv- (Hirsch R.L. 2005, 3). Ta
TEPLOCOTEPO OO QLT TAL KOLTAGHOTA ON TEPAGAV TO UEYIOTO GNUEID TOPAYWOYNG TOVS Kot TAEOV

ouveyxms PBivouv.
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Awdypappa 3: Hetpehoiki TpaypotikOTNTA 0VA TEPLOYN: TOGOHTNTO TETPELAiOVL TTOV £l mapayO<i,

omo0épata ko Kortdopatoe wov 0a Bpedovv (IInyr): Peak Oil Action 2006)

To cvunépacua and avtég T épevveg NTav OTL ot VIdyeleg «Bdlacoegy metpelaiov Eyovv
non avokaivebei o¢ ent to TAeiotov, Ko Bpickovrar oty TAeloyneia tovg otig ympeg Tov OINTEK.

Av Kot o1 avakaAloyelg cvveyiCovtat, dev dlvovtal mAéov ta 1010 TEPAGTIO KOVODALO GTNV £PEVLVAL.
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Nuepa, avokoidmTovpe HOAMG éva Papéh Yoo kaBe mévte mov Katoavoiovovpe (Okoloyikn
EmBempnon 2004). Evoeiktikd, to metpédaio tg ALAGKAC, Y10l TNV EKUETAAAELGN 1| U1 TOVL OTTOIOV
1060 PEYAAOG aydVag YivETOl LETOED ETALPEUDY KO OIKOAOYIKDOV OPYOVAOCE®V, UTOPEL VoL KOADYEL
TNV TAYKOGULO KATOVAA®ON Yo peptkéc povo nuépeg (Roberts P. 2005, 112).

‘Etol n éppaon dev diveton oy avakGAvyn Kortaoudtov, oAAL oTHv-OA0 Kot HEYOADTEPN
napoywyn amd ta velotdpevo. H ayopd £xetl eEokelmbel pe avtd To: unyavicpo; ®ote Kabe ¢popd
oL ALEAVEL M TOPOY®YN HEWDVOVTOL Ol TIESG, YWOPIG KAVELG var OKEPTETOL OTL OVTO- 00T YEL GTNV
tayvtepn e€dviinom tov amobepdtov. I'eyovdg mov oamotelel TVRIKO TOPASELY O TNG QOLVOLTOG

TOV WNYOVIGLOV TNG 0YOPAS VO OVTILETMOTIGOVY TPOPANUATO [11]- OVOVEDCIR®OY ayafmV.

ANMUAL OIL PRODUCTION (BILLIONS OF BARRELS)

gt ST e

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

£ L

Adypappo 4: Extipfoeis mapaymyng nerpehaiov ava weproyn (IInyn: Peak Oil Organization 2006)

Ot ek GE1g- TOKIAAOLY, Y10 TOAAOVS Kot S1ApOPOVS AOYOVS, Oyl TAVTA TEYVIKOVS. Apyikd
elval dvokoro vo exktiunBovv ta drebéoipua amobépata (Heinberg R. 2005, 54). Oyt uévo Adyw
SVOKOAMV OTIG LETPNOELS, OALA KOl Y10l AAAOVG AdYous. ['1a Tapadetypo, TOAAES PTOYES YDPES OV
elval og Béon vo Kdvovv aEIOTIOTEG LETPNOELS, KOl Olvovy €dM Kot ¥poOvia, Tovg 10100 oTadepong

apfpovs. Xawpeg mov 0BEAovv v avénoovv TN oTPOTNYIKN TOVG onuacio Topovcsldalovv
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peyoAvtepovg aplfuots, evad yopeg mov BEAovv va avtiotaBobv e MECEIS Yoo aOENCT TNG
TOPOYOYNG TAPOVSIALOVY UIKPOTEPOVGS, KAT

Etvon 6voxoro va exktyunBet o puBuog avénong e (tnong (Kleinpeter 1995, 128). Eav ot
OVTIKEG YDPES VI0OETNCOVY TOAITIKY] €EOIKOVOUNONG KOl ETEVOVCOVV GE NTIEG LOPPES EVEPYELQG,
eV TopdAANAa 0 puOUOG ekPropmyaviong oTic "avanTueGOpEVES" YdpeS KpatnOel youniog, T0TE 1
{mon metperaiov Ba avéavetar pe apyovg pvBuots. Edv copufel to avtibeto, tote 1 {jtnon Oa

avénbel kataxdpovea.
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Awaypoppa 5: EKTipnogig g mopoy®yng 0pukTAv Kovsipov (retpélaro — Ykall) ava gidog (Inyn:Peak Oil Action 2006)

4.2 lNMpoBAéywsic mapaywyng: O1 kautuAeg Tou Hubbert

AT - TIC eKATOVTAOES  OYETIKEC TPOPAEYES TOL £YOVV KOTd Koupovg yivel, poOvo pio
amodeiynke £og Topa-cwot. O M. King Hubbert, yewldyog tng Shell, npoéPreye and 1o 1956 6T
n mopaywyn merperaiov tov HITA Bo ¢Bdoel oto péyioto onueio ™g v emnduevn dekaetia,
TEPTOVTOG EE® HoOvo katd Alya ypovia (Deffeyes 2005, 35 — 51). Tnv emoyn tov Lodwpndnke Kot n
TPOPAEYN TOL EgxAoTNKE. XNUEPA OUMG LEAETOVV LE TPOocoyn TN KEB0dO tov, mov gival ot Pdon

¢ anAn: H xopumdin tov avakoaidyewmy, mov el LOpen KAUTAVOS, KOAOTTEL TO 1010 guPaddv pe
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TNV KOUTOAN NG TOPAY®YNS, O@OV Ogv UTOpPOVUE v moapdyovue mopd povo OTL €xovue
OVOKOAVWYEL.
270 TOPAKAT® O1AYPA BAETOVE ATAOTOMUEVES TIG SVO QTES KOUTOAEG, GTNV TLTIKT TOVG

Hope™.

Discovery peak Time lag
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Awaypappa 6: O kaprvies Tov Hubbert (IInyi: The Coming Global Oil Cricis 2006)

Aplotepd, M TPOTI - KOUTOAL, - TOPIOTAVEL TIG OVOKUADYELS KOLTOGUATOV TETPEAAIOV.
BeopnTikd 0 pLOUOS avakoAvye®y Bo avidvel A0 Kol O YPNYOPO, OCTOV GTAVOLLE CE Lo
KopLE®o. Yotepa. axorovBel toybtatn mtoon. o 1ig HITA, n ypovid mov ot avokaADYELS
Kortaopatov £pbacay 610 HEYIeTo onueio Tovg, NTav to 1940 (Schipper L. & Meyers S. 1995,
252). Agkid, pio. mopools KOUmOAN TOPIGTAVEL TNV Topaymyn metpelaiov. Aoyikd, yperdloviot
Kdmola ypdvia pEYPL va-apyicel N a&lonoinon TV KOTaoHaTov mov &xovv avakoivedel. ‘Etot, to
HEYIOTO NG KOUTOANG NG mopaymyns Oa £pbet pepucd xpovia apydtepa omd 10 UEYIOTO NG
KOUTOANG TOV ovoKoAOyewv. ATd ekel kot mépa, 1 mopaymyn Ba apyicet va @biver. Or HITA

£pBacav 6To PEYIGTO NG TapaywYNS Toug To 1970.
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Adypappa 7: H kapmrodn tov Hubbert ywa tov Ilgpoiko Koimo (IInyn: Peak Oil Action 2006)
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Awaypappe-8: H kapmdoin tov Hubbert yia Tig HITA (IInyi: Peak Oil Action 2006)

ZOpemva pe Toug BewpnTikovg vVToAoyicpovg Tov Hubbert, ta dVo péyiota anéyovv petad
toug mepimov 30 ypovia. Emedn m teyvoroyia amd v emoyn tov £xel Peitiodei, ot gdikol
petafétovv v andotaon ota 40-45 xpovia (Bauquis P.R. 2003, 46). Av Aowdv E€povpe oo fTav

N XPOVIKN TePlod0C HE TIC TEPICCOTEPEG OVAKOADYELS KOITOUGUAT®OV TETPEAAIOV, UTOPOVUE VO
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wpoPAéyovpe mOTE Ba £YOVLE Kot TO PEYIGTO TNG TOPAYWYNG TETPEAOiOL. ZTa darypappoto 6 — 9

BAémovpe Tic kapumdAeg Hubbert yia d1dpopeg meproyég Kabdg kot TayKoouime.

North Sea

Mid-paint year:
Fliirmaie 2050
To-dute F999:

Discoveries, Gbla
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Awaypappae 9: H kapmdiny tov Hubbert yia ™ Bopera @aracoa (IInyi): Peak Oil Action 2006)
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Awaypoppa 10: H kapmoin Tov Hubbert yio tTnv naykéoma napaymyn netperaiov (IInyn: Peak Oil Action 2006)
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To péyloto onueio TV AVOKOADYE®OV KOUTAGUAT®V, GE TOYKOCUIO EMIMEDO, TO EYOLUE
nepdoel NoN and 1t oekoetion tov '60 (Campbell C.J. & Laherrere J.H. 1998). 10 mapokdto
Sypappo PAémovue TG kaumoleg tov Hubbert, 6mw¢ efelioooviar TNV TPOYUOTIKOTNTO.

Ap1oTEPA 01 AVOKOADWYELS, TOL TPAYHOTL AKOAOVONGOV LOPPT) KOUTAVOS, 0EELE 1) TAPOY@YY).

AR : . Thet (Discoveries and Production)
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Awdypoppa 11: IedtnTo avekaAOWeOV KoL TOpoyOYNS oTIS Kopmvres Tov Hubbert (IInyn: Peak Oil Organization 2006)

Edv n mapaymyn akorlovbolvoe kot avt) popen Kopmavos, 0o elye Mo @bdoel to péyioto
onueio g, N Ba to pBave o emdpeva 2-3 ypovia. H mapaywyn eixe dpmg 000 amdTOUES TTOGEL,
OV OVTIGTOLYOVV OTIC TETPEAIKEC- Kpioelg TG Oekoetiog tov '70 Kol 6TOV TPMTO TOAEUO TOV
KoAmov. H d1o0pBopéyviy Aowdv-extipmon, mov PAémovpe 6to didypoppio, petabétel to p€yioto Atyo
petd to 2010, Onws avapépaple,-fukpn onuoacio teMkd Exel mote Bo eEavtindel OAo to TeTpEAIO.
H xpiown-otrypn| Ba €pBet, 6tav n mapaywyn Ba mayel vo avédvetal 6Go ypryopo omaltel 1 oryopd.
Tnv nuépa mov-n wpoceopd dev Ba. pmopel mAéov vo avtoamokpdei o (nom, 0o Eeomdoet
owovouikt kpion (Oworoykn EmBedpnon 2004).

Av16 apopd katd tpotov Tig HITA, dmov 1 poporoyio ota Kavsa Bewpeitor adtovontn Kot
oA M owovopia otnpiletor ot TV T Tovg. TeAkd Opmc, n Kpion dev Bo aproel Kavevay

avemnpéaoto. Ot peydAec TETPEAATKES ETOIPEIEG, OEV GLUEMOVOLV UE TNV EKTIUMOMN OTL 1 Kpioiun
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oTlyun| épyeTon otnv emopevn dekaetia. [lpoteivovy €va mo «onc1660&0» onpeio yio 10 HEYIGTO TG

Tapoywyng, ot dekaetio Tov 2030 (Shell).

4.3 'swrroAITIKN TTPOCEYYIOoN TOU TPOLBARNATOS

AxoOun Oum¢ kot ot TAEOV ac10d0E01, GLUPOVOVY OTL HEGH GTO APECWS EMOUEVA XpOVIa Ba
QTAGOVY GTOSKA GTO UEYICTO TNG TAPAYMOYNG TOVG OAEG O YMPESG, EKTOS OPICUEVOV YOPADV TOV
OIIEK xvpimg (6nwg to Ipak, to Kovfér ko n Zaovdwkr| Apafie), tov. onoiwv n mopaymyn Oo
ovveyioet va av&hveto Yo toAdég dekaetieg axoun (Geller 2003, 78):

"Hon, 10 onueio owtd to £xovv mepdoet ot HITA (1970), n Pooia (1987), n Bpetavia (1999),
10 Ipav (1973), n ABon (1969), n Povpavia (1976), n Atyvrrog (1993).kAn. Ot HITA péiiota, amd
e€oywyéac mETPEAAIOV LETATPATNKOAY GE CNUOVTIKO. €10ay®YEa, e eEAptnon and yopeg Onwg to

Me&wd, n Bevelovéha, n Nuynpia, kot ot ydpes-tov Ilepoikod KoAmov.

4.3.1 O otpatnyikdg porog TV yOpav-Tov OIIEK
A&iler va empeivovpe og-awtd, kab®g. ot yodpeg tov OINEK dwbétovv ta peyordtepa
KOLTAGLOLTCL, GUVTOMO, KOTE HEPIKOUG LECH GTNV EMOUEVT] TEVIOETIO, TO TOGOGTO GUUUETOYTG TOVG

Ba avéPel, ®oTe TAVO 00 TO GO TNG TAYKOCKULNG TOPOYMYNG VO TPOEPYETOL OO OVTEC.
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Awaypappe 12: Extipiosis g noykoéocmag wapayoynig netpehaiov (Inynq: Peak Oil Action 2006)
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Enopévmg, 0yt povo ta amobépata Ayostehovv, aAAd GUYKEVTPOVOVTOL OAO KOl TEPICCOTEPO
o€ teYvVoLOYIKA KaBuotepnéveg kot ToATikd aotadeig yopes. H Aoywm avt) kpufotav wicom oamd
tov¢ ToAEpoVG tov Ilepoikod KoAmov. Zkomdc Mtav 1 €yKATACTOCT QIMK®OV KLUBEPVAGEMY Kol 1M
palikn emévovon, Oyt oty eEeHpeoT VEOV KOITOGUATOV, OAAL GTNV ToXOTEPT EKUETAAAEVLON TOV
vootapevov. Etol, 660 mpoympd otadtokd 1 Helmon TG Tapaymyng oS dAAeS Ympeg, o Tlepoikog
KoAmog va pmopet texvikd va kahdmtel Tnv 6A0 Kot av&ovopevn nnon, xopic Opmg va. xel dmoyn

Yo Tovg puOuovg dvtAnong 1 Tig Tég (Roberts P. 2005, 180).

75—
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Awaypoppa 13: H napaywyn rerperaiov otov-OIIEK ¢ 1060616 TG TOyKOoNL0G TAPOYOYNG

(IInyn: ASPO 2006)
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Adypappa 14: H wopoyoyn netperaiov otov OIIEK ko maykoopiog og ekat. fapéia tnv nuépa

(TInyii: ASPO 2006)
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Axoun Kot av To oy€010 TETVYAVE, 1 Topdtacn (ong mov Ba £51ve 0T0 oNUEPIVO KATEGTNUEVO
owovouikd cvotnua Ba frov covioun (iowg pia - dvo deKaeTieg), aAAd B amépepe eviOUETAED
TEPAOTIOL OTPATNYIKA KOl OIKOVOUIKA OQEAN OTIG EUTAEKOUEVEG YDPeG Kot eToupeieg (Abernathy
V.D. 2001). Andé v GAAn, N pEYPLIS OTIYUNG amotvyio Tov mpdspatev mapeufdoemny-oe Méon
AvatoAn, Agpikn, Bevelovéha kot aAlov, e cuvovacud pe ta tpofAnuota tng Poociag, propovv

VO TUPOSOTHGOVY TNV KPIoT] VOPITEPD OO TO OVOLEVOUEVO, OV OEV TNV, EXOVV-EEKIVIIGEL NOT.

" N oo A
Rusela

T
1560 1570 1980 1980 2000

Awaypappe 15: H taykéspo tapaymyn teTpshoiov ava meploy o€ ekat. papéia tny nuépa

(IInyii: ASPO 2006)

Etvow mBavo, ko owtd gofdtor onuepa n ayopd, vo kataAnovpe 6to onpeio, evod okoun
VapyovV amofépato o Bo propovcay VoL KaAvYouy Ty avéavouevn {nmon, vo umv Hropodv va
avtAnBolv pe apkeTd YpRyopovs pubuovg, 6o (ntd n okovopio, AOY® TEXVIKOV AOLVALLOV KOt

noMtikev tpofinudtov-(Yergin 1991, 206).

4.3.2 To gvepyeroko oroiynpae s Kivag kot mng Ivoiag

ZNUOVTIKN TTOYN NG YEOTOALITIKNG TPOGEYYIONG TOL TPOPALOATOS OMOTEAEL TO EVEPYELOKD
otolynua g Kivag kot g Ivdiag. H evépyela amotehel 10 «kAedi» yio mepaitépm avamntuén g
owovopiog Kot Bertimon tov emumédov (g Twv dVo ToAvTANBEcTEPOV YOP®OVY. B0 acyoAnbovue

AVTITPOCOTEVTIKG pe TV mepintwon ¢ Kivag. Tlapd v owkovopio grevbepng ayopds mov €xet
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eloaydyel n kvelikn KuBEpynomn o MOAAEG TEPLOYES TNG YDPOS KOL TO TVEDHO OVTAYOVIGLOV TOV
mpomBel yevikOdTEPO KOl TO OO0 €YEl WG OMOTEAECUO TNV TEPACTIO OWKOVOUIKT avamtuén tov
tehevtaiov 15 - 20 etdv (Goodstein 2004, 176), ot Pocikég TAPAUETPOL KOl Ol GTOYOL TNG
OWKOVOUIKNG TOATIKNG koBopilovtar axoun Pacer TEVIOETOV KLMOUEV®Y TPOYPOUUATOV
OLKOVOLKTG Kot Kovmvikng avamtuéng (Oil Crash 2006).

AV Kol M TPOKTIKY] OOTH TOPATEUTEL o€ oy GAAN emoyn (mepiodog Gospla Xofietikng
Evwonc), ev tovtoig 1o Tlekivo, yio AdOyovg ToKTIKNG Kol wapddoons, e§akorovbel pe Bpnokevtikng
cohaPeto va eTodlel To TAGva avamTuEng, Omme ta amokohet’. To Tpéxov meyToetéc TAGvVO
OLKOVOIKTG Kot KOWVOVIKNG avantuéng ¢ Kivag, o omoio enionuo Bo tapovciacdei oto National
People Congress, onAadr omv olopéreln tov KKK ota -péca -Maptiov, mepiéyst poévo dvo
voopepa. To TpdTOo apopd Tov puiud ahHENCNG TOV-KATH KEPAAN V- EIGOONLOTOC, TO 0010 TPOTEivEL
va tetpomiactactel péypt to 2010 (dnA. amd 10 onepwd eminedo-twv 1.470 doiapiov va pbacet

ta 5.880 dordpia KaTd KEQAAN), KOl TO OEVTEPO EXEL GYEGT LLE TNV EVEPYELD.

Proved resarves at 2004
IThousand million barrels

Middle East
7339

Europe &
S Cent. R Eurasia
Narth America Africa 1392

Arrvesica 101.2 122
i e

Awaypappe 16: Ta aroBéporta netperaiov ava weproyn (IInyn: Shell)

' TIAéov éxovv xGoel TV TaAoid TOVG aiyAN, TO 0YKOIEGTATO EYENOS TOVGS Kat TO TOATANBEC EMGTNLOVIKO TPOCOTIKO
wov gpyalotav oe poviun Pdomn ywo v mopayoyn, mopakorovOnon kai avabedpnon tovg. Ta meviaern oyédla
OLKOVOLIKNG avanTuénG Bempovvtal LEV ONUAVTIKA, amd Gmoyn dloTHTMOOoNG KOl ATOCUPNVIONS TG AKOAOVOOVLEVTG
OLKOVOUIKNG KO KOWOVIKNG TOMTIKNG, Y00V Opm¢ peteEelybel oe olyocédeg oyetikd ekBEcelg, ol omoieg mepiéyovv
TOTOOETNOELS ML OVGLOGTIKAOV BEUATMV Kol APpOPOVV KLPIMG TNV TPOTEWOLEVT GTPOTNYIKT Yo TV ovATTUED.
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Ytov evepyelokod topéa M kwelikn myeoia emBopel vo PeAtidoet v amddoon oTnv
EKUETAAAEVOT TOV gvepyeElak®V TOp®V Katd 20%. Avtd onuaivel peyolvtepn amddoon twv 1o
AertovpyohvTOV oTaOUOV Topaymyng NAEKTPIKNG evépyelag (ot omoiotl kot 2/3 kaive kapfouvo),
™ Pertioon Tov cvotnudtev BEpuavong, TV evePYELNKY] Amdd00n TOV KTIPIMV Kol 1dtoitepa
BeAtimon g amdA00MG TOV LETOPOPTIKOV EPYOU.

[Ma v molvmAnBéotepn ydpa tOL KOGUOVL, M OlKOVOUio TNG Omolag “OVOTTOGGETOL |IE
aApat®oelg puBuovg (vroroyiletan oto 9,8% N avénon tov AEII 10 2005), 10 gvepyetokd amoteAel
TOUEA-KAEWL Yo TNV TEPUTEP® OVATTLUEN NG OtKovopiag kot Peitiowon Tov -emumédov g Long
O10ATEPO. OTIG VIOVATTUKTEG OKOUN OYPOTIKES TEPLOYEG TOAA®V emapyldv. Me dedopévo OTL M
KveCikn nyeoio emBvpel pio ypNyopn Kot 1GOUEPT MEPLPEPEINKT AVATTUEN GTO OUECHG ETOUEVA
xpévio, o mapdywv evépyela mailer kabBopiotikd poro.. H-mpoomdBeio e kivelikng kuPfépvnong
eotidletor a' evog pev oty e£acPAAIOT) OHOANG PONS TPAOTOV-VADV (TETPEAAIO, PLGIKO AEPLO,
NAekTpiopdc) omd €€ mpog To pEoa, OAAG KOl €VTOSTNG 0y0voDS QNG YMPOS, OGO Kol GTOV
ELEYY0 TOV TIUADV, OOTE TOPE TIG TEGEIS 0md TG 0VENCELS TV JEBVOV TIUDV v, unv ennpeacbsi
VIEPUETPOL O TIHAPIOUOG KOl 0ONYNOEL 6TN UEI®OT TOV pLOLOL AVATTLENG KoL TOV TEPLOPIGUO TOV
emevovoemv (Campbell 2005, 252).

[No va Katavoncovpe 10 OG0 onpoviikd poro mailel to evepystokd otnv Kiva 0o mpénet va
avagepOovpe o€ -pepKd. Pacikd peyédn Omwc 1M mpoTOyEVNS evepyelakn (Rtmomn, m omoia
avtotoryel oto12% g maykocas (Beyond Peak 2006). H xataviilmon netpeiaiov oty Kiva
arnd 5,2 ekat. Pap/muépa-to 2002 avapévetar va Eemepdoet ta 7,0 ekat. Papéiio nuepnoing to
2006, n omoia-avtiotoyel mepimov oto 20% Tng TAYKOGUING ETNOOG AENONG OTNV KATOVAA®ON
netpehaiov, kot e&nyel ywati n ovvellopevn vymiy mon amd v Kiva €yl 1600 cofapéc
EMITMOGELS OTI OALUOPP®OON TOV JEBVOV TIUDV. ZTOV TOUEN TOV NAEKTPIGHOD 1) €T G0 OENON 6N
{nom nAektpikov pedpatog and 11% 1o 2002, Eemépace 10 15% 1o 2003 pe meportépm avénTikég
Ta0E1C, ONUIOVPYDOVTOS GoPapd TpofANpaTe TN dtavoun Kot odny®dvtog o€ ekteTapuéva black out

TOAAES VOTIEG emapyieg To 2004 kot to 2005 (Post — Carbon Institute 20006).
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H Kiva onuepa givor o peyardtepoc mapaymyds avlpaka otov kOGO, eAéyyovtag 10 12%
tov moykécpov amobepdtov. H mapaywyn kdppfovvov, 1o omoio ypnoipomoteitor kupimg otnv
niektpomapoaymyq kot ot Prounyovio (yolvPovpyeia, TopevioPlopnyoavia) avtipeTomlel
mpofAnquata Kabmg N Tapaymyr dev umopel vo avtarokplfel edkola ot {\Tnom, agov-n £Tola
avénon poAlg mov eBaver to 11%, evod n yopa avtipetonilel mapdAinio cofapd mTpoPAnLoato
LETAPOPAC TNG TPOTNG OVTNS VANG HEC® TOL €VTTABOVG G1dMNPOodpopikoy diktvov.(Campbell C.J.
2005, 306). Etol and népvot n Kiva vroypedOnke oe dpactikn peioon. tov. eéaymydy. kdppovvov

®oTE VoL eELTNPETNGEL TNV OVEAVOLEVT] EYYDPLOL EVEPYELOKT CHTno).

Tonnes

tonnes per capita
0-0.75
0.75-1.5
1.5-2.25
2.25-3.0
W=30

Awaypoppe, 17: H raykéopio katd kepai katavarmon wetpehaiov (IInyn: Shell 2006)

2oppova- pe-ektypmoels tov- Atebvoig Opyavicpod Evépyelag (IEA) péoa oto endueva 25
xpovia, 1Kot vapitepa, N-Kiva Oo avaderyBel og mapdymv-kiedi 6t Slopdpe®on Tov ToyKOGHULOL
evepyelokol goluyiov, apov To peyédn e arralovv tdyota ovéovopeva mEpo amd KAOe
npOGSOKiaz. Ta owovopikd vrovpyeia g Kivog amopAémovy oy evépyela ylo onUavTikég vEeg

EMEVOVGELS GTOVG KAAOOLG TOV TETPEAAIOV, TOV QLGIKOD 0EPIOV, TV GTEPEDV KOVGIU®V, TNG

2 Me extipudpevn péon eTHo odENGT TG TPOTOYEVODG EVEPYEIOKTG CTnong katd 2,3% yuo Ta emdpeva 25 ypdvia, o
Kkvelikdg evepyelokog Topéag o evBvverar yia to 21% g avénong oty maykdca gvepyetakn {ntnon, eved to 2030 n
ouvolkn gvepyetakn {tnon g Kivog mpofiénetor va Bdoel oto 16% tng maykdopag {ong and to 12% mov
glvon onuepa.
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nAekTpomapoymyns, Omov ovumepthapPavetar 1 aflomoinon NG TUPNVIKNG EVEPYEWNGS, TMV
voponrektpikov kot GAlwv AIIE (Geller H. 2003, 252). 'Hon, Bpiokovior ce €EEMEN peydieg
EVEPYEWONKEG EMEVOVOELS, KLPIWG G€ VEX OWAICTIPIO KOl Oy®YOUG UETOPOPAS TETPEAAIOL Ko
QULGIKOD agpiov, oV €pevva Kol avAmTLEn VOPOYOVAVOPAK®OV Kol TNV NAEKTPOTAPUYMYY|.
Extymoeig gépovv Tig tpéyovceg enevovoels otov gvepyslokd topéa va Eemepvoiy. ta. 600 dio.
Sordpia péypt 1o 20107, Tnpoavtikd TUAR TG VEOS oYeSILOHEVTIC NAEKTPOTUPAY®YTC O TPOEADEL
oo TVPNVIKOVS 6TAOIOVG, pe 32 vEeg LovAdES, ol omoieg Ba TpooTehohv. aTig NON 9 Vdpyovces. Ot
TEPLGGATEPOL A0 TOVG VEEG OVTIOPAGTNPES O EPAPLOGOVV. O EVIEADS VEN KOl OITOAVTO ACPOAT
TEYVOAOYiQ, OTN OlEPYasion TUPNVIKNG oxdongS, mov Exovv avortuéetl Tedevtaia Kivélol emotpoveg
(Turkenburg W.C. 2000, 83).

‘Eva peyddo pépog G TPOPAETOUEVNG. VEOG. EYKATECSTNUEVNG MAEKTPIKNG 1oYvog O
KateLOLVOEL Y10 TNV AVTIHETOTION TOV AVAYKOV-TOV 0YPOTIKMY TEPLOYDV GTIG PTWYEG EXAPYIES TNG
Avtikng ko BA. Kivag, v avantuén tov omoiov 1 Kopépvnon embupel va otnpi&etl petapépovtag
OKOVOULKOUG TOPOVG KOl raxvo?»oyia“. Axopo kot eqv-ovveyobel n polikn HETOPOPE TPOG TIC
noreg, 1o 2030, o emapyies g Kivag o mpémel va cuvinprioovv évav minbvopod 600 exor.
KOTolk®Vv.

INUovTiKO emiong HEPOG TMV EVEPYEIUKADV €MeEVOLGE®V Ba KatevBuvBel otnv avamtuén g
EYYOPLIG TOPAYOYNG ~DOPOyovavOphkmv, otn Oonuovpyic vEOV SWAMCTIKOV HOVAS®V Kot
OTOONKEVTIKAOV - YDPWV; OTIV KOTOOKEVT] AYOYDV (QULGIKOV aepiov Kot TETPEAOIOL KOL GTNV
avATTLEN,. TOV avavEDSIUOV. TY®V evépyelag (AIIE) pe éupoon otnv nAektpomopoymyn omd
OLOAIKA TTapKa- Kol POTOPOATAIKE cuoTiuoTa, 6oL £)xel TeBel 0 6TOYOG Yoo KdAvym Tov 10% T™Ng

ovvolkng niektpomapoywyns g Kivoag and AITE péypt to 2020 (Goodstein 2004, 212). EmnAéov

? Ot enevdvoelc ontég o katevAuVOoHY Kuping oTY NAEKTpOTapaymYT, 610V amd 420 GW eyKatesTpEVIG 1GXDOC TO
2005 avtn Ba mpénet va €yl pBdoet ota 600 GW og mévte ypovia Ko va Exel avénbel cuvorkd katd 860 GW péypt to
2030.

4 Yoppwvo pe o mevtoetés mpdypappa, to Ilekivo embBopel va peudost 1o tepdotio yéopa, mov dnpovpyndnke ta
tehevtaio 20 xpovio, HETOED OIKOVOLUKOV amoAaPdv otnVv enapyio Kot ota aotikd kévrpa. Ta 940 ekart. katoikwvy, omd
70 1,3 d16. T0V GVVOAIKOV TANBVGROD g Kivag, gival exionuo £yyeypOpIEVOL MG KATOIKOL OYPOTIKMV TEPLOYDV, OALA
exTipdtol Tog 200 exat. and avtod £XOVV EYKATAAEIYEL TIG TATPOYOVIKEG TOVG €0TIEC TPOG EEAGPAMOT VYNADTEPOV
Am0d0YMV GTO, OCTIKA KEVTPAL.
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éva uKpO oAAG KPIGIHO TOCOCTO TMV EVEPYELOK®V £mMeVOLGE®V Bo KatevBuvOel ot ompovpyia
TANPOPOPLOKDV KOl ETOTTIKAOV VITOOOUADV Y1 TN BEATIOON NG EVEPYELNKNG ATOOOCNS TOV TOAE®V
KOl TOV KTplov, 1 EVEPYEWKY] KATOVOA®GN TV omoimv £yel avénbel xotakopveoa Kabmg
TPOYMPAEL OKAOEKTN 1 TOAEOOOMKN OVATTLEN, OMOTEAEGUO EVIOVNG ACTVOIALNG, HE. KOTTOPO

avATTLENG TOALOPOPA KOt EVEPYOPOPA KTIpLaL YPOPEIDY Kol KOTOIKIDV.

Saui Russla  Unied Iran China Maxleo  Morwsy  Venezuslz  Migera  United Aran Canaga Kuwalt Iraq Unlteg
Aratls States Emirates Kingdom

Awaypappo 18: H taykéopo ntapaywyn nerperaiov tov 2004 ava ydpo ot ekat. fapéha tnv nuépa

(IInyn: ASPO 2006)

[T ovykekpéva, otov-Topéa. Tov TeTpehaiov 1 onuepvi (non tov 7,0 ekat. Bapshav
ava Nuépa, mov avtiotorel 610 8;5% 1ng maykdoag (ntmong metpelaiov, avapéverol va avéndet
010 11% 1 ko mep1ocoTEPO, 0POoD eKTIRATOL porydaio avATTLEN TOV TOUEN TOV UETAPOPDOV OOV 1|
ETNOL0L KOTOVIADOT TETPELAOESDV aVEAVETOL e puOLOVS 6,5% . AEILeL va onuetmBel OTL puéypt Ta
péoa g oekoetiog Tov- 90 1 Kiva ftav avtdpkng oe metpélaio, KaAOTTOVTOG OXEOOV OAN TG TNV
Kataviimon axd Thv-eyydpro topaymyn g (Turkenburg W.C. 2000, 89).

Muepa-n Kiva gwodyer mepimov 1o 50% TtV avaykdv g o€ TETPEANLO, LE TPOOTTIKN TO
voopepo avtd vo eBdcel to 65% M ko meplocdtepo péca ota emopeva S xpovia. Evolapépov
Tapovctdlel | TANpoeopia 4Tt T0 65% TV KIVELIKOV EIG0YOYOV apyov Kot Tpoiovimv otnv Kiva

TPOYLOTOTOEITOL OO EAANVOKTNTO TETPEAAIOPOPA TAOLD, TOL omoia petépepay 120 gxot. TOVOLG

> Mévo oty gvpvtepn meproyi} tov Iekivov kdbe nuépa kukho@opodv 1.500 véo avtokivnto, eVed ot EKTIGELS Yo TO
2030 &ivar 611 1 Wroktoio avtokvntev Ba eBdcet ta 90 avd 1.000 katoikovg, dniadn 130 ekatoppdpilo avtokivita.
Katd v ida xpovikn mepiodo 1 cuvorikn {tnon metpeiaiov mpokettar vo pOdoet ota 13,5 exat. Bap./muépa, pe v
Kiva va etodyet 10 ekat. Bap./muépa, dniadn 6co giedyovv ot HITA oiuepa.
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netpéhato Tov mepaopévo xpovo’. T va ovietomicet ™V vynii amd kabe Gmoym kou
avéavopevn {Nmon swoaymydv apyod Kol 6To TAAIcIo pag aveEaptntng eEmMTEPIKNG, Kot Kot
EMEKTOON EVEPYELOKNG, TOMTIKNG TO TEAELTAL YpOVIa, 1 Kive(ikn Nyeoia tpoomabel pe kdbe tpdmo
va e€acpaiioel Kol va eAEYEEL Topay®YIKA KOTdopato og dtdpopa peEpn tov. kocpov (Deffeyes

K.S. 2005, 210).

4
E.
=
&
£
O
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o
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Ewéva 1: Hetpehoromnyés oto Aog Aviiereg Tov HIIA T dekaetia Tov 1920

‘Etot o1 kpatikd greyyopeveg kwvelikég etaipeieg metperaiov (CNPC, CNOOC, SINOPEC)
EYovtag mANPN . ENYVOON NG UEYAANG GTPOTINYIKNG ONUACING TOov €)Xl O EAEYYOG KOLTAGUATOV
OTTOVTOYOV TG YNNG, EXEVOVOVV TEPACTIA TOGA G€ Kottaopata 6t Bopeia Appkr (Ahyepia, Apon,
Atyvrttog, Zovdav, Toavt), ommv Aykoia kou ) Niynpia, otig yopeg e Kaomiog, ot Poocia kot
YEVIKG OOV Pmopovv vo eEacpalicovy aceali mpdofaon’. Avth mpoPrémetar v evioyvOei

TEPAUTEP® HE TOVG OTOYOVG MOV Exel BE0EL GTO TPEYOV MEVTOETEG TTPAYPapa Yio PEATioon g

® Avtomodidovtag ™V epmotocivy tov Kivélmv oy elnvikh voutiria, apketol EAMVES epomAMoTéG vawmnyodv ta
mholo tovg o Kwvelikd vovmmyeio. Extipdtor mog avt) ™ otyp vavrnyovvtor 100 mhoia dwepdpov tOmOV Kot
peyedav, cvvolkng a&iag 4 d1c. dolapimv.

" TIépa omd T0 VoL KATELVAGEL TO QiGN EVTOVIG EVEPYELAKTG avasOAAELaG TOV dtakatéyet Tovg Kivé{ovg 10vvovteg, 1
TOKTIKT] OOTH OMovpyel TopAAANAN onuavtikég vrepatieg otTig epmlexopeveg etaipeieg, cupPparioviag €tct otV
TEPAUTEP® EVOLVALMGT TNG 1101 1oYVPNG OIKOVOLUKTG BEONG TNG YDPOC.
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EVEPYELOKTG 0OO0ONGS, IOOVTAG ELPOCT OTNV EEOIKOVOUNCT EVEPYELNG KO GTNV TTANPT a&lomoinon
TOV EYYOPIOV EVEPYELOKMY LVADV, UE GTOXO TN Helwon g evepyelakng €vtaong (Sinton J.E. &
Levine M.D. & Qingyi W. 1998, 820).

BeAtioon dpmg g evepyelakng amddoons pog otkovopiog tov peyébovg e Kivog pe évav
VYNAO 6tdY0, mov eivar to 20%, pe mapdrinin enéktaon tov AEII katd 10%; onuaivel otnv ovoia
BeAltimon Tov evepyelakoy £pyov € TOGOGTO TOAD LYNAGTEPO TOV: 20%, -EvOEOUEVOS QVTO VO
@Bdoel o 30% 1N kot 10 40%, KaOMOG TAPATNPOVLVTOL EVIOVO EVICYVTIKA QOIVOUEVA LLE CTUOVTIKES
TEYVOLOYIKEG GUVEPYIES KO TEPACTIEG OlKovouieg kKhipakag (Adelman M.A. 2002, 182).

‘Eto1, €bv 0 010)0G avtdg tov Tlekivov pumopéoet va viomoinOel, Ba gival ovclacTikd pio véa
TEYVOLOYIKY] EMOVACTOOT UE OVOTAVIENEG EMITTMOELS GE KOWMVIKO EMIMESD, 0pOV 1 EMITEVEN TOL
npobmobétel aAAoyEG OE  KOWMVIKO EMImEdo,. wWwitepa oIV vwobétnon TPOTHYVOP®V
KOTOVOADTIKAV Kot epyastakdv mpotonev’. H aporinon 86 eivar mdc Oa emtevydei n avénon
TOV TILOV GTOOIKA, LECH GTO EMOUEVO S ¥POVID, MOTE VA PNV-VDTAPEOVY KPAOAGHOL KOl OVOTPOTES
OTNV €GO UATIKY] TOALTIKY] Kot emnpeacel n avdmtuén g owovopiag. EE dAlov, n adénon twv
TILOV TOV KOVGIH®V (MAEKTPIOUOS; TETPEAALO, -PLGIKO 0EPL0) OmOTEAEL HEPOG TOL GYediov TOL
[Texivov yio PBeitioon tng evepyetakng omddoons, aeov 1 UETAPacn oTa SUTIKA EVEPYELNKA
KaTovoA®TiKG mpotuome Bo mpénel vo emirevybel ywpig TG omdtodec ocvvnbeleg TV AVTIKGOV

KOTOVOA®TOV.

¥ AbEnon e evepyelakng omddoong oe téTo KApake onpoivel TapGAANAO KoL EVIATIKOTOINGOT Kot ETEKTAGT TG
Kowa@viag g yvoone. Ot vmobécelg avtég evioydovtar €€ dAlov amd ™V amdeacn g Kvellkng Kvpépvnong yuo
TAVTOYPOVN UEIMGCT) TOV GNUAVTIKDV EMIOOTHGEMYV OTNV E0MOTEPIKT] AYOPH TETPEAAUOEIODV, ETGL DGTE Ol KOTOVAADTEG
Vo apyYicovV Vo amoppoPovV T0 VYNAO KOGTOG TV VYP®V KOVGILMV.
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4.4 Avavewoiueg lnyéc Evépysiag

Ot olyypoves KOwmVieg KOTOVAADVOLV TEPACTIEG TOCOTNTES £vEPYEWNG Yo TN O€ppoavon
YDPOV, TO LEGA LETAPOPAS, TNV TAPAY®OYT] NAEKTPIKNG EVEPYELNS, KOOMS KO Yo TN Agttovpyic TV
Bropmyavikedv povadwv. Me tmv mpdodo ¢ owovopiog kot v avénon tov. fotikol enutédov; N
evepyelakn Ofnon av&dvetar oroéva. TG PEPEG HOC, TO UEYOAVTEPO TOCOGTO EVEPYEWLS 7OV
XPNOLOTOLOVUE TPOEPYETAL ATO TIG CLUPATIKEG TNYES EVEPYELNG TTOL efval To meTpédano, N Peviivn
kot o avOpakag. IIpdkerton yoo pun ovove®oyleg TNYES evEPYEWS TOL opyd -1 ypnyopa Oa
e€avtAnBovv (KAIIE. 2006). H mopaywyn kot gpion TG EVEPYELNS TOV. TPOEPXETOL OO OVTES TLG
Y€ Onpovpyoldv pie cepd and mePPAAAOVTIKG TPOPANUATO LE QL] TOVS TO GALVOUEVO TOL

Bepuroknmiov.

Atia ayopwv ANE Tnv nepiodo 2004-2014

Arockika
DwTolokTaika
Kuwehes kaugipgow

. 1024
Tivoho

0 20 40 &0 80 100 120
MosxaTopplpia

02004 @z2014

Mnyn: Clean Edge 2005

Abypappa 19: Ipopreyn ywa i AIIE tnv enopevn dekaetio

Amd Vv dAAn mhevpd, ot Avavedoeg [Inyég Evépyelag (AILE) avavedvovtar pécm Tov
KOKAOL NG @vomng kat Bewpovvton mpaxtikd oveEaviinteg (Walisiewicz M. 2003, 34). O fiog, o
GVELOC, TO TOTALLYL, Ol OPYOVIKES VAEC OMMG TO EVAO KOU OKOUN TO OOPPILUOTO OWKIOKNG KOt

YEOPYIKNG TPOEAEVOTG, Elval TNYES EVEPYELOG TTOL TPOGPOPE TOVG dev eEavTAgitan moté. Ymhpyovv
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o€ apBovia 6to oK pog TEPPAAAOV Kot EIval 01 TPAOTES LOPPES EVEPYELNG TTOV YPTCLOTOINGE O
avOpmmoc, oYedOV OMOKAEIOTIKA, HEYXPL TS apyéS Tov 200V audVe, OTOTE Kol CGTPAPNKE OTNV

EVTOTIKY] ¥PNON TOL AvOpaka Kot TV vdpoyovavlplkmy.

Mfoog eTRomoc puBpoc avantTuing
Texvohoyiwv AME Thnv nepiodo 2000-2004

Aoguviedepevo pwrcfolTaikg
Anghikd

BiowTilgh

HhioBepuixd [Bippaven-LeoTs vepo)
Avrovopo pwrofolTaixg

FewbBeopia (Beppaven)

AiBavohn

Mikpd wlponkexTpikd

Biopala (nAexTponapaoyuyn)
Mewdeppia (nhexTponopayuyn)

Biopala (Beppavan)

70

Nayn: Worldwatch Institute

Awgypappa-20: Ot puOpoi avartoéng Tov AIIE

To evowapépov yia-nv- gvpoutepn aflomoinon twv AllE, kabdg kot ywo v oavamtuén
0EOTIOTOV  KOL  OWOVORKA. OTOO0TIKMOV TEYVOAOYIDV TOV OeCUEHOLY TO OLVOUIKO TOVG
TOPOVCIACONKE aPYIKA - UETE TNV TPOTN TETPEAAIKT] ¥prion Tov 1979 kot mayidOnke v enduevn
dekaetio, HETA TN GLVEWONTOMOINGCT TOV TAYKOCU®V TepPairlovTikav tpofAnudatov (Aleklett K.
& Campbell C.J. 2003, 41). I'a moArég yopec, ot AIIE amotelobv pio. ONUOVTIKY €yydplo Tnym
EVEPYEWOG, ME HEYAAEG OLVOTOTNTEC AVATTLENG o€ TOMKO Kol €0vikd emimedo. XvVEIGQEPOLV
ONUOVTIKA GTO EVEPYELNKO TOVG 160LVY10, cuuPdAilovtag otn peimon g e£aptnong and to akpiPo

KOl E100YOUEVO TTETPEAOLO KOl GTNV EVIGYLOT TS ACPAAELNS TOL EVEPYELOKOD TOVG EPOSLUGLLOV.
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[MapdAAinio, cvvtelobv kol TNV TPooTacio Tov TEPPAAAovToc, Kabmg 1 a&lomoinon Tovg
dgv 10 emPapivel, ooV 0ev GLVOOEDETOL OO TTAPAY®YY] POT®V N aepi®V OV EVIGYHOLY TOV
kivouvo yio kMpatikés ariayés. ‘Exelt mAéov dwomiotmbBel 0Tl 0 evepysloakodg Topéns eivor o
TPOTOPYIKOS vIEVOBVVOG Yoo T pumaven Tov mepPdAlovtog, KaBmG oxeddv To -95% 1ng
OTUOGQUIPIKNG POTOVONG OQEIAETAL OTNV TOPAY®YT, TO UETACYNUOTICUO KOl TH. ¥pNON TOV
ovpPatikav kowoipmv (Hanson J. 2001). H EAAGda o1abéter aliohoyo ovvapko ALLE; ot omoieg
UTTOPOVV VO TPOCPEPOLY U0, TPOUYUOTIKY EVOALAKTIKE ADGT Y10LTNY KAALYN T®V EVEPYEIOKDV LOG
AVOYKQOV.

Ta kOpra mreovektiporta Tov AIIE givar ta e&ng (Goldberg J..1996,.131):

1. Eivou mpoktikd aveEdvtinteg mnyég evépyslog kot cupPdilovv ot peiwon g eEdptmong
amtd cLUPATIKOVG EVEPYELNKOVS TOPOVC.

2. Amoavtovv o1o evepyelokd mpoPANpa yiee T oTofepomoinon TV eKTOUT®V S10EE010V TOV
dvBpaka kol TV vIOlommV -agpinv Tov-Beppoknmiov. Emmiéov, vrokabiotdviag Toug
OTOOLOVG TOPAYWOYNG EVEPYELNS OO, GUUPATIKES TNYEG 00N YOHV GE EAATTMOOT EKTOUTAOV OO
dAhovg purtavtég m.y. 0Eeidta Beiov kot aldTov OV TPOKAAOVLV TV 0V Bpoyn.

3. Eilvol eyyoplec mmyec eVEPYENS - KO GULVEIGPEPOLY GTNV EVIGYLON 1TNG EVEPYELNKNG
avegapTnoiog Kot TG AsPAAELNG TOV EVEPYELONKOD EPOOIAGLOVL G €BVIKO eminedo.

4. Eivor Oldomopteg yEOYPOQIKO KOl 0ONYOUV GTNV  OTOKEVIPMGN TOV  EVEPYELOKOV
GLGTNHIATOG, OIVOVTAS T SVVATOTNTO KAALYNG TOV EVEPYEWNKADV OVAYKMOV GE TOTIKO Kol
TEPLPEPELOKS  EMMEDO, OVAKOLPILOVTOG £TGL TO. GLUGTILOTO VTOSOUNG KOl UEIDVOVTOS TIG
OTOAELEG OO T LLETAPOPE EVEPYELOG.

5. Tlpoc@épovv.- T dSvvatdtto opBoroyikng a&lomoinong Tmv  EVEPYEINK®OV TOP®V,
KOADTTOVTOG £VOL VPV QAGLO TOV EVEPYELOKMV OVOYK®DV TOV YPNOTAOV (T.)Y. NAOKY EVEPYELDL
v BepUOTNTO YOUNADV OEPLOKPACLOV, OLOAIKY] EVEPYELL Y10 NAEKTPOTOPAYMOYY)).

6. "Exyouv cuvnlmg younio Aettovpykd KOGTOG OV OV eMNPedletol amd TIG OLOKVUAVOELS TNG

d1eBvolg otkovopiag Kot E0IKOTEPO TOV TILMV TOV CUUPATIKAOV KOVGIL®V.
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7. Ot enevovoelg tov AIIE dnpovpyovv onuaviikd aplBud véov Bécewv epyaciog, Wdaitepa
0€ TOMIKO eMinEDO.

8. Mmopoldv vo oamoTEAEGOLV GE TOAAEG TEPMTMOELS TLPNVA Yoo TNV  avalmoydvnon
OIKOVOUIKA KOl KOWVOVIKA LITOPoOIGUEV®VY TEPLOYDOV Kot TOAO Y10 TNV -TOTIKY OVATTTUEN, LE
mv mpowbnon oviroywmv emevovcemv (Y. KoAMEPYeleg Oeppoknmiov e ™ yxpNon
YemBePLUKNG EVEPYELDG).

Ta kvprotepa perovektnpote tov AIIE sivar (XOvosopog dwtofortaikdyv. Etoipeidv

2006):

1. "Exovv apketd pkpod cuvieAeoTtn) amdO0ons, TG TAENG ToL 30% 1 Kot YoAUNAOTEPO. ZVVETMG
omonteiTon apKETA PEYAAD 0pYIKO KOGTOG EQUPUOYNG OE UEYAAN empdvela yng. ['a avtd To
AOYO LUEYXPL TOPO YPNOYLOTOLOVVTIOL GOV GUUTAN POUOTIKES TNYEG EVEPYELOG.

2. Ta tov mapomdve Adyo mpog 1o Tapdv OV UTopovV va ypnoiorombovy yio iy KdAvym
TOV OVOYKOV LEYOAMV AOTIK®OV KEVIPOV.

3. H mopoyn kot amdd00om TG OAMKNG, VOPONAEKTPIKNG KOl NALIKNG evEpYElog e€apTdTol amod
TNV EMOYN TOL £TOVG OAAG KO OTO TO YE®YPOUPIKO TAATOG KO TO KAILOL TNG TEPLOYNG OTNV
omoia eykabictavral.

4. Ta 116 0oMKEG punyovES vITdpyel N Aoy OTL dev eivar KopuyEg amd acsOnTIKn amoyn Kt Ot
wpokarovv B6pvPo kat BavdTovg TovMav. Me v e£EMEN OU®G TG TEYVOLOYING TOVS Kol
TNV TPOGEKTIKOTEPY] EMIAOYYT] YOP®V EYKATACTOONG (T.X. GE TAATQOPUES GTNV OVOLYTN
Bdlacoa) avtd ta TpoPfAnuata £xovv oyedov AvOEt.

5. Tw ta voponAekTpiKd £pya Aéyetal OTL TpokaAovV £kAvomn pebaviov amd v arocvvheon
TOV QUTOV oL Ppickoviol KAT® o' To VEPO Kl €TGL GLUVTEAOLV GTO (POIVOUEVO TOV

Bepuoxnmiov.
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Mopoéc tov Avaveaoipov [Inyov Evépyelac

» Awoikny Evépysia: 1 KivnTiKn €VEPYELL TTOV TOPAyeTal od TN SUVOUN TOVL OVEUOL Kol
LETATPENETAL GE OTMOAMWIUT UNYOVIKT EVEPYELD 1] / KO GE NAEKTPIKY] EVEPYELQL.

o Yoponiexrpikyy Evépyeia: To Mwpd Yoponiektpwkd Epyo (uéypr. 100 MW. 1oy00¢)

aEOTO0VV TIC VOOTOTTMGELS, HE OTOYO TNV TOPOY®YN MAEKTPIKNG EVEPYELNS 1 KOl -TO

LETOGYNMOTIOUO TNG GE AMOANYLLN UNYOVIKT EVEPYELOL.

X/

¥ Biouala: civol amotéleoua TG @OTOGLVOETIKNG dpacTnPdtTTag, ToLv peTacynuatilel v
NMoKN evépyela Pe P GEPA SEPYUCSLOY TOV PUTIK®OV OPYOVIGUOV XEPGOiag 1 vOpOPLag

TPOEALEVOTG.

X/
X4

»  Hiakiy Evépyeia, n onoio meptlapfavetl o akoiovbo:

» Evepyyrikg Hiwaxd Xvotijuoera:. PeTATPETOLV. TNV NAMOKY oaktvoPfoAia oe

Bepuotra.

>  Biokluoatikos _oyedidouds kol malntikg  nliakd __ovotHuara:  oQopovV

OPYLTEKTOVIKEG ADGEIG KL ¥PNOT KATAAANA®Y SOUIKAOV DAIK®OV Y10l TN LEYIOTOTOINOT)
g an' evbeiag ekpeTdiievong e NAtakng evépyelag yio 0Epuavor, KAMUOTIGUO 1
QPOTIGUO.

> Dwrofoiraixd Hilaxd Xvoriuota: LETOTPENOVY TNV NALOKY EVEPYELN GUECO GE

NAEKTPIKY EVEPYELD.

X/
X4

v Lewlepuixy Evépyeia: 1 Oepluky] evEpyeld TOL TPOEPYETOL OO TO EGMOTEPIKO TNG YNG KoL

EUTEPLEYETOL OE PUGIKOVS OTUOVG, G EMPAVELKA 1) LIOYEWD BEpd vepd kot o Bepud Enpd

TETPDOLLOLTOL.

X/
X4

» Yopoyovo: To vopoydvo amoterel 10 90% tov cvumavtog kot Oa amoteAéost €va VEO

KGO0 OV B0 PNGUOTOIOVUE GTO UEALOV
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4.4.1 Aol gvépyera

Ot Gvepot, dnAaodmn ot peydieg Haleg a€pa Tov LETOKIVOOVTAL LE ToyOTNTO Omtd o TEPLOYN OF
Kémow GAAN, opeilovion otV avopoldpopen Bépuovon g emedvelag ™e Img omd v niokn
axtwvoPoAia (Shepherd W. & Shepherd D.W. 1998, 211). H xwvntikf evépyela 1oV avER®V- ivon
tdoN oV, UE PAcm TN onUEPIVI TEXVOAOYIN EKUETAAAELONG NG, O UTOPOVGE VAL KOADYEL TAV® OO
00 POPEC TIC OVAYKEG TNG AVOPOTOTNTAG GE NAEKTPIKN EVEPYELOL.

H ekpetdAevon e aoMKhc evépyewag ydvetar ota Padn e totopioc’. o moréc
exatovtadeg ypdvia 1 Kivnon tov mloiov ompildtav oTn-dVVaUN. TOV OVELOD, EVM 1 YPNOT TOV
OVEUOUVLAOD MG KWVNTAPLOG UNYOVIG EYKOTOAEITETON LOMG OTO [LEGOL TOL. TPOTYOVUEVOD OOV
Eivor 1 emoyn mov e&oamimvovtor paydaio To cUUPBOTIKA KOVGHIO Kot O NMAEKTPIGUOC, O OTOi0C
QTAVEL G TO. O amopokpvouévo onueio. H metpekaikn kpion- otig apyéc e dekaetiag tov 70,
eépvel Eava oto mpooknvio Tig AIIE ket v atoiikn evépyetor (Adelman M.A. 1995, 214). 210
SlaoTnuo. PEXPL CNUEPO, CNUELDOVETOL A0 AALOTOONS AVATTUEY, KATL TOV EVICYVETAL KOl OO TNV
EMTOKTIKY avAyKn Yoo TNV Tpoctacio Tov mepPailovioc. I'ivetoanw mAéov cuvveidnom o 60 Kot
TEPLGGATEPO KOG, TMG O-AVELOC €ivor Lo Kabapry aveEAvTANT Ty EVEPYELNG.

Ta cVyypovo cvoTHUHOTE EKUETAAAEDONG TNG OLOAKNG EVEPYELNS APOPOVYV KLPIMG UNYavEG
TOL  UETOTPETMOVV TNV - EVEPYELN ~TOV ~OVEHOV GE MNAEKTIPIKY evéPYeln Kol ovoudlovrtol
avepoyevvitpleg. H-onpoavtikdtepn okovVOHIKA EQAPLOYN TOV OVELOYEVVITPLOV €ivol 1 oHVOEDT)
TOVG 6TO NAEKTPIKO JikTvOo piag yopos (Swenson B.R. & de Winter F. 2005). v nepintwon avtiy,
€va aOAKO TTaPKo,-ONANdY| (o cLoTOLYio TOAAGVY aVELOYEVVITPL®V, eykabioTaton kot Asttovpyel
o€ pio meployn He. VYNAO aoAkd SLUVOUIKO Kol OLOYETEVEL TO GUVOAO TNG TUPOYWYNG TOV GTO
niektpkd ocvotnuo. Ymdpyer PéPota kot m SuvATOTNTO Ol GVEUOYEVVINTPLES VA AETOVPYOVV
OLTOVOUO, YO TNV TOPOY®Y] MAEKTPIKNG EVEPYEWS GE TEPLOYEG TOL OEV MAEKTPOSOTOLVTOL, 1|

UNYXOVIKNG EVEPYELDG YL YpNoT o€ avtAootdola, kabng kot Bepudttag. Opwg, n oyd¢ mov

? 0 eyrAoPLopOS, Katd Tov Opnpo, TOV avERmV 6ToV aokd Tov AtOAOV deiyvel akpipdc TV aviykn Tov avlpdroy va
S100£T0VV TOVG AVELOVG GTOV TOTO Kot ¥pOVO TToL ot idtot Ha 1fehav.
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TOPAYETAL GE EQPAPUOYEG OVTOV TOL €100VE Elval TEPLOPICUEVT], TO 1010 KOl 1) OIKOVOUIKY] TOVLG

onpocio

Ewéva 2: Avepoyevvijtpreg 6to Mmipndo g lomaviag

Ynapyovv TOAAGDV €10MV OVELOYEVVATPIEG O ~OTOIES - KATOTAGOOVTOL GE OVO POooKEC
KOTNYopieg :
% Opwovtiov a&ova, TtV OmMOIOV. -0 OpopEag “Eival TOTOV éMko Kot PpioKETOL CLVEXDC
TOPAAANAOG LE TNV KaTeLHLYET TOV AVEHOV Kot TOL EGAPOVG
s Koatakdpveov aEova, 0 0moiog mopapével otabepos Kat givar KAOETOg TPog TNV emPaveLn
TOV £04.(POVG
H oamddoon pog avepoyevvnplog e€aptdtar and to péyebog g kot v TodINTO TOL
avépov. To péyeboc eivor GuVAPTNON TOV VOYKOV TOL KAAEITOL VO EELNPETHOEL KOl TOIKIAEL OO
UEPIKES EKATOVTAOEG PEXPL-PEPKE exaTtoppdpla Watt (EAANvikdg Zovdeopoc Hiektpomapaymymdv
arnd AIIE 2006). Ortumikég dtaotdoelg pog avepoyevvitplag S00 kW etvar : Adpetpog dpopéa, 40
pétpa kol vyog 40-50 pétpa , eved avtg tav Tptwv MW ot doctdoeig stvan 80 ko 80—100 pétpa
avtiotouyo.
[Tapdro mov dev veioTatatl Kaveévag kaBoploTikdg AOYoS, EKTOG 1omg amd TV ELPAVION, GTNV
ayopl £YOLV ETIKPOTNOEL OTOKAEIGTIKA Ol OVELOYEVWNTPLEG OpllovTiov A&ova, pe VO M Tpia

ntepLyLo. Mo TuomikY] avepoyevvntplo oprlovtiov agova amotedeiton omd ta &ng népn:
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Awaypappa 21: Ta koprotepa pépn pog TomkinG avepoyevvijtprog (Inyn: Walisiewicz M. 2003)

% 10 dpopéa, mov amoteleltonl amd 6vo M -Tplo TTEPLYIL amMd EVIGYLUEVO ToAveoTépa. Ta
TTEPVYLO. TTPOGOEVOVTIOL TAV® G€ ol TANpvn eite otobepd, eite pe  duvotdTo VoL
TEPLOTPEPOVTAL YOP® A0 TO SLPMKT AEova Toug petapdilovtag to frpa

% 10 oVOTNHE LETAOONG TNG KIVOoNG, AmoTeEAOVUEVO OO TOV KOPLO AEOVE, TO £GP0V TOV KoL
70 KIPOTIO TOAAUTAACIOGUOD GTPOPDV, TO OTOI0 TPOGAPUOLEL TNV TOYLTNTO TEPIGTPOPNC
TOV OpOoUEn OTN CVYYPOVN TayVINTO TG MAekTpoyevvnTplag. H toyvtnto mepiotpong
TapopEVEL 6TABEPT] KOTA TNV KOVOVIKT| Agttovpyio TG Unyovig

TNV NAEKTPIKNY YEVVATPLA, GOYYPOVI 1 EMOYOYIKY HE 4 1 6 TOAOVLE 1) 07Ol GUVIEETAL PE TNV
€£000 TOV TOAAATANGCIAOT HEC® EVOG EANCTIKOD 1] DOPOVAIKOD GLUVOIEGHOV KOl LETOTPETEL

TN UNYOVIKY EVEPYELD GE MAEKTPIKN Kot Ppioketor ovvbw¢ mdveo otov mopyo g
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avepoyevntplag. Ymdpyer kou to ocvotnuo mEOMG 1o omoio eivar €va cvvnbiouévo
dokOppevo mov tomobeteitan oTov KOplo a&ova 1 oTov dEova TG YEVVITPLOG

¢ 10 GUGTNUA TPOGAVATOAMGHOV, OVAYKALEL CLVEXMG TOV A0V TEPIGTPOPTG TOV OPOUEN VOl
Bpioketon mapdAinia pe tn d1eHBvvon tov avépov

¢ ToV MOPYo, 0 omoiog otnpilel OAN TNV TOPATAVED MAEKTPOUNYOVOAOYIKY €yKatdoToon..O
TOpYOoG gival cuVNB®G COANVOTOG 1 SIKTLOTOG KO GTOVIMG OO OTAIGHEVO GKUPOOELLL

% TOV NAEKTPOVIKO Tivoko Kol ToV mivako eAEYyov, ot omoiol givar.tomrofenuévol ot Pdon
oV TOPYov. To cuatnua eAéyyov Tapakolovdel, cuvtovilet kKot eEAEYXEL OAEC TIG AITOVPYiEg

NG OVELOYEVVITPLAG, PPOVTILOVTOG Yo TNV ATPOCKOMTY AElTovpyio TNG.

4.4.2 YOponiekTpiki] evépyera,

H vdpavAikn evépyeta, 1 vEPYELO TOV VEPOV; EIVOL {IL0L BLVOVEDGUT), KO OTTOKEVTPMUEVT) TTNYN
evépyewog (Eastop T.D. & Croft D.R. 1996, 383). IToAvapiBpotr vopaviikol tpoyoi, vepduvlot,
OploTéALeEC, VOpoTPIPEin, TPLOVIGTNPLO, KAWGTODQOVTOLPYEID KOt GAAOL UNYOVIGHOTL VOPOKIVIIONG
ovveyiCouv akouUn Kot GUEPE VO YPNOIHOTOI0UV T1 SUVOUN TOV VEPOV, GUUPBAAAOVTOC GMUOVTIKA
otV TPHOOd0 TNG TOTIKNG OIKOVOLLOS - TTOAADY. TEPLOYDV, UE ATOAVTO QIAKO TTPOS TO TEPPAALOV
TpOTO.

Y& mWOAMG onpEeln -TOV EAAVIKOD YMPOL KOTOlEG TOPAUSOCIOKES, OAAL KOl CUYYPOVEG
eykataotaoelg Mikpov. Ydponiektpikomv ‘Epyov egaxolovfodv va a&lomotovv v evéPYELD TOV
VEPOL Y1O-TNV TOPAYOYN UNYOVIKOD €pyov OAAG KUPIOE TALOV Yyl TNV TAPAYMYN MAEKTPIKOD
pPEVLOTOG,.

H a&omoinon tov pkpod vopoduvaplkod Tov YUMAS®V  WKPOV 1N UEYOAVTEP®OV
VOUTOPPEVHATOV KO TNY®V NG opewvng EAAGdOC mepvd amd TV LAOTOINGCT OMOKEVIPOUEVOY,

avOTTLEIOKAOV JUKPAOV DOPONAEKTPIKAOV GTOOUOV TOALATANG GKOTIUOTNTOS, TOV UTOPOHV ONANOY|
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Vo AEltovpyohv Kol Yol TNV TOVTOXPOVN] KAALYT VOPEVLTIK®V, OPIELTIKAOV Kol GAADV TOTIKAOV
AVOYKOV.

Ot oAV vymAoi Babuoi amddoong Twv VIPOSTPoPilwv, TOL PEPIKES POPES LITEpPaivouy Kot
10 90%, Ko n TOAD peydAn dudpkela LONG TV VOPONAEKTPIK®OV £pYmV, TOL Hmopel var vrepPaivel
kot ta 100 €11, amoteAovv 600 YOPOKTNPIGTIKOVG OEIKTES Y10, TV EVEPYELNKT OMOTEAEGLLATIKOTITO
KOL TNV TEYVOAOYIKT MPLOTNTO TOV HKPGOV vdponiextpikdv otabudyv (Kraushaar J J..& Ristinen

R.A. 1993, 87).

Ewoéva 3: Tumkog vopostpofiiog

To pikpd vOPONAEKTPIKA £pya - TOPOLGLALOVY GMUOVTIKG TAEOVEKTAHOTO OTMG &fvol m
duvaToTNTO AULECNG-0VVOEOG - amOLeVENG 6T0 OikTLO N M AW TOVOUN Agttovpyia TOVG, N a&lomioTio
TOVG, 1 TOPAYDYN - EVEPYEWNS OaploTng MOOTNTOG YWOPIS SKLUAVOELS, T GPLGTN OLOYPOVIKN
CLUTEPLPOPE. TOVG, N HeydAn Suapkelo LmNg, 0 TPOPAEYLLOC ¥POVOC OmOGPRECNG TOV avayKoimV
EMEVOVCEMY TOV OPEIAETOL 'GTO TOAD YOUNAO KOGTOG GULVTNHPNONG Kot Agttovpyiag kol GTnv
avorapéio kéotovg mpdTG VANG (CADDETT Renewable Energy 2006), n @uiAotta mpog to
TePPAAAOV HE TIC UNOEVIKEG EKTOUTES PUTTMV KO TIC TEPLOPIGUEVEG TEPIPUANOVTIKES EMMTAOGELS, M
TALTOYPOVN 1KOVOTOINOT Kol GAA®V avayK®dv ypnong vepov (VOpevong, Gposvons, KAT.), 1M
duvaTdTTo TAPEUPOATIC TOVS GE VITAPYOVGES VOPAVAIKES EYKOTAGTAGELS, K.0L.

EE opiopov, évag pukpog vdponAektpikog otadpudg anotedel Eva Epyo amdAvTo cuuPatod e To

nepBaiiov, mov umopel va cvuPdiel akoun kot ot onuovpyion VEmV LOPOPIOTOT®OY UIKPNS
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KMpokoc. To oOvolo TV enl PHEPOVE GLVIGTOGMOV TOL £pyov pmopet vo evroyBel aoOnTikd Ko

AEITOLPYIKE  OTAL  YOPAKTNPIOTIKG TOL TePBAALOVTOG, 0&lOTOIDVTOS TO TOMIKA VLAIKG e

Topadoctoko Tpomo Kot avapaduilovrog to YOpw ympo.

4.4.3 Buopala

H Bopdla pe v gupitepn £vvola Tov 6pov mePIAaUPAVEL OTOLOONTOTE VALKO TPOEPYETAL OO

Covtavovg opyavicpovg. Ewdkdtepa, n Popdalo yio evepyelakovg okomovs, mepthapPavel Kabe

TOMO 7oV pmopel va xpnoipomondel ylo TV mTOpAY®YN GTEPEDMV, VYPDV Kol N aEPIOV KOVGIH®Y

(Schipper L. & Meyers S. 1995, 385). Zmmv mpdén vaapyovv dvo tomol Propaloc. [pmdtov, ot

VTOAEWUATIKEG HOPPEG (Tar KABe €l00Vg QLTIKA - vROAEippaTe Ko {owkd amoPANTO Kol TO

amoppippata) Kot 0evtepov N Propdlo Tov TAPAYETAL OTO-EVEPYEIOKES KAAAEPYELEG.

7
L X4

O kOpleg apuoYEg pe kawoto Propdlo stvat:

Oépuaven Ospuoxnmicov: e TEPI0YES OTOL VIAPYOLV UEYALEG TOGOTNTES drabaiung Propdloc,
ypnowonoleitor 1 Propdlo. ‘cov Kooo oe. KoTdAANAovg AEPntec Yy T B€pupavon
Bepuoxnmiov.

Oépuaven ktipiov pe kavon Plopdlos 6e aToOUIKOVS/KEVTIPIKOVS ASfNTeS : L& OPIGUEVEG
neproyég g EARGdag ypnoipomotovvtal yio ) 0éppavon ktipiov atopkoi/kevrpucol AEPnteg
TLPNVOELAOV.

Hapaywyny evépyelag oc yewpykés frounyavies: Buooudlo vy mopoymyq evépyelng
YPNOOTOIEITAL- OO YEWPYIKES Propnyoviec otic omoieg N Propdalo TPOKVTTEL GE GNUOVTIKES
TOGOTNTES GOV VITOAELULO 1] VTOTPOIOV TNG TAPAYMYIKNG OadIKaciag Kot Exouv awénuéveg
anoutnoels oe Bepuomta. Exkokkiompila, mopnveiatovpyeia, Bropunyavieg puliod kabmg Ko
Bloteyvieg wovoegpPomoinong woaive ta vmoleippotd Tovg  (LTOAEIMHOTE  EKKOKKIGHOV,
TLPNVOELAD, PAOL01 KOl KOLKOVTGLO, OVTIGTOLY0) Y10 TNV KAALYN TV BEPUIKAOV TOLG OVOYK®V

N/Kat LEPOC TOV AVOYK®DYV TOVG GE NAEKTPIKT EVEPYELQL.

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 42
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

s THapaywyn evépyerag ae frounyavies viov: To vroleippata fropnyaviov eneEepyaciog EHAOL
(Tprovidl, movdpa, Eokpidla KAT) ¥PNOLLOTOIOVVTOL Y10 TN KAALYN TOV BEPUIKOV avayK®OV TNG

depyaociog kabmg Kot yio v B€ppavon tov KTipiov.

X/

TnieOépuavon: stivon  tpoundeia BEppavong xodpwv kabmg kot Beppov vepol ypnong oe Eva
GUVOAO KTpiwV, £VOaV OIKIGHO, Eva Y®PLO N [ TOAN, amd Evay KeEVIPIKO oTafd moapaywyng
Bepuomtog. H Beppotmra petapépeton pe mpo-povouévo diKTuo ay®yadv -omd-To 6TadId mpog

ta Oeppovopeva Ktipia .

K/

» Iloapaywyn evépysias cg povaoes froroyikov kabapiouot kor Xapovg Yysiovouxijs Tapis
Amoppruparwyv (XYTA): To Proaéplo mov mopdystal and-tnv avaepoplo YOVELGT TOV VYPOV
amoPANT®V o€ povdodeg Proloyucol kabapiopov, Kot Tov- arnoppiupdtov-oe XY TA kaiyeton o
LUNYOVEG ECMTEPIKNG KOVONG Yol TNV TOpay®YN NAekTpkng evépyetag. [TapdAinia pmopei va
a&lomoteiton 1 OepIK EVEPYELN TOV KOVOOEPIOV KL TOV YUKTIKOD LEGOV TOV UNYOVAV Y10 VO
KaALEBOHV avdykeg TG dlepyaciog /ot GAAES-avaykes 0Epravong (y Béppovon kTipiov).

Nuepa, o 6pog Plokadoie ¥PNOYOTOEITal GUVRIOMG Yo LYPE KOVGIUO TOV UTOPOVV VO

YPNOOTOMBoHV GTOV TOUEN  TWV usw(popo')vlo. Ta Prokovopo eivor QUAIKOTEPOL TPOG TO

neplPdAlov amd to CLPPATIKE KOOSO YTl 00V AYOTEPEG EKTOUMEG KOl YPTOLULOTOLOVV

OVOVEDGIUES TPATES VAEG. ZUUPAAAOVY OTN UEIOOT) TOV EICAYOYDV KOl GTNV EVEPYELNKT] OVTOVOUIN

NG XDPOG.

A. Yroretppotikég pop@és fropdlog
1. Biouadlo yewpyikng mpoéievons
H yewpywn Propala mov Ba prmopovoe va aglomombei yio mapoywyn evépyelag dakpivetot

ot Propdla TOV VTOAEWUATOV TOV YEOPYIK®OV KOAMEPYELOV (OTEAEYN, KAWL, QUAAA, dyvpo,

1 To mo ocvvnlopéva oto eumdpilo eivar to Proviled, peBviestépac o omolog mopdyetor Kupimg amd ehaovyovg
omopovg (NAiaviog, ehatokpaufn, K.4) Kot propet va ypnoyomom el ite Lovo Tov 1 6€ piypa pe metpélato Kivnong oe
TETPEAALOKIVITIPES Kat 1] ProatBavorn 1 omoio TOPAYETAL OO COKYAPOVYO, KVTAPIVOUYO KL OLAOVYO QUTA (G1Tapt,
KoAQpUTOKL, 6OpYo, TEVTAM, K.0.) Kol ypnoiponoteital gite mg &yl o€ PevivokiynTipeg mov £YOVV VITOCTEL LETOTPOTN
eite og piypa pe Beviivn oe kavovikovg PBevivokivntipeg gite téhog va petatpanel o€ ETBE (npdcbeto Beviivig).
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KAaoooépata KAm.) kot otn Propdlo Tov LTOASUUATOV emneepyoaciog YEOPYIKAOV TPOTiOVI®V

(vmoAeippoto ekKokKiopov Bapfakiod, TupnvoEvLA0, TVPNVES PPOVT®V K.A.T.).

Ewéva 4: Blopalo vrorelppdtomv YempyiK®Ov KOAMEPYELOV

2. Biopala {wikns mpoélevong

To owbéoo ovvaukd Propdlog Cmikng mpoghevenc, mepthapPavel Kvpiwg oamdPAnTa
EVIOTIKNG KTNVOTPOQIOG amd TTNVOTPOPEiD, YOpooTacta, Povotdoia kot oeoayeia. H extpoen
mpofdTov, arydv Kt apvidv sivor gktatikn (N onoia givor emi 10 TAEIGTOV TOWEVIKNG LOPONG) Kol
ta mopaydpeva omdPAnTa dtuckopritovror o€ OA0 T0 fookdtomo.
3. Bioudla oacikig npoéicvons

H Bopala dacikng mpoérevone mov. aétomoteitan 1 pumopel va aglomombel yio. evepyelokong
OKOTOVG GLVICTATOL ‘OTO KOVGOEVAQ, GTO LTOAEIUUOTO KOAMEPYELNS TOV 00OV (OPAIDGEDY,
VAOTOULDV), GTO. TPOIOVTH - KOOOPICU®V YLoL TV TPOCTAGIO TOVG A TLPKOYEG KAODS Kol 6T
vroAsipporo eneEepyaciog Tov ELAOL.

4. Aotika aréfinta: To opyovikd TUNHO TOV ACTIKOV OTOBANTOV.

B. Evepyerokéc karhépyereg
Ov  evepyelokésg KOAMEPYELEG €lvol  TOPAOOCIOKES KOAAEPYEIEC TOL  UmOPOVV Vo
YPNOLOTOM OOV Yio TNV Tapay®YN LYPOV PlOKAVGIH®V €lTe LTE TOL 0EV KOAAEPYOVVTOL, TPOG

10 POV, EUmoPKd Ommg o0 pioyavhoc, N ayplayKvépa Kot T0 KAAQUL TOL TO TEMKO TPOidV TOLG
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npoopiletar yio v mapaywyn evépyslog Kot frokavcipmv (Goldberg J. 1996, 302). Ot evepyslokéc

7 ’ , ’ ’ ’ ’ 11 ’
KoAAEpYELEG ympilovTal 6€ dVO KATNYOpieg O1 OmOies £fvat Ol ETNOIEG KO O1 TOAVETELS.

Ewova 5: Evepysroxi kalépysia

I'. Broaépro

To Proaéprlo, mapdyetor amd TV avoepOPie YOVELST  KTNVOTPOPIK®Y KLpimg amofAntov
(Mpata amd yopootdota, fovotdoia), oypOTOROPNYOVIKGOVY aroPANTOV Kol AVHAT®V, KaOdOg Kot
amd aotikd opyovikd amoppippoto (Goodstein D. 2004,.251). Anotekeitar and 65% pebdvio ko
35% 0610&eid10 Tov GvOpaxa kot pmopel va aglonombel evepyslaxd, HEGH TG TPOPOSOGIAG TOV G
UNYOVES ECMTEPIKNG KAVONG, G KOVGTNPES OePiov 1 O 0EPOCTPOPIAO Yo TNV TOPAY®YN
NAEKTPIKNG evEPYELOG KOt BEpUOTNTAS.

To Broaépro, pe- v katdrAinkn enelepyacio Kot avaBaduon, propei va ypnoiporomOet kot
OC KOVGLLO HETOPOPDV, Le OOUTEPO AVTAYMOVICTIKY TIUN. XN Zouvndic Mon opketd oxnuoto
Kvovvtow Le Leddvio kot Agttovpyovv otabpol davoung Proaepiov.

[MapdAinia, 1o avapobucpévo Proagpio pmopel vo droyetevbel 610 diKTLO TOL ELGIKOD

aepilov, Ommg mheov yiveror otnv OAhavdia, tn Zovndia kat tnv EABetio kot va ypnoponombet yuo

" Etijorec: saxyapovyo 1 yAkd copyo (Sorghum bicolor L. Moench), wddec copyo (Sorghum bicolor L . Moench),
xevae (Hibiscus cannabinus L.), ehookpbpupn (Brassica napus L.), fpacoin 1 abdma (Brassica carinata L. Braun).
Hoivereis: T'ewpyixés : Aypuoyxwapo (Cynara cardunculus), kaAdu (Arundo donax L.), pioyavOoc (Miscanthus x g
iganteus), switchgrass (Panicum virgatum) Aaeixés : Evkdhvntog (Eucalyptus camaldulensis Dehnh. & E. globulus
Labill.), yevdaxaxio (Robinia pseudoacacia).
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niextpikn kol Bepuikn evépyela. Ilepoapotikd ypnoyonoteitar Kot yio mopoywyn vopoydvov,

TPOPOSOTMOVTAG KVYEAES Kowaipov (fuel cells).

Ewéva 6: Movaodeg mapaywyng niekTpikig evépyelag pue froaépro

H avéntoén kot gykatdotaon texvoloyumv Proaepiov, amotedel pio evaAllakTikn AVor ue
ONUAVTIKE TAEOVEKTNUATO, KOUODG TPOcPEPEL TEPIPOAAOVTIKA QIAIKT EVEPYELD Kol TOLTOYPOVA
EMADEL TO GLVEXDG dLOYKOVLEVO, TPOPAN L TG dtabeong TV amoppipupdtov (EAANvikog XHvoeoog

Svumopaywyne Hiextpiopot kot Ogppomrag 2006).

4.4.4 Haoxn Evépyera
Evepynmikd nhoxa

Evepyntikd nAtokd cvotruato eivar 6o cuAléyovv TV nAokn oxtivoBoMa, kol otn
OGUVEYELD TN UETOPEPOLV LE TN HopPn OeplrotnTog o€ vepo, o€ aépa 1 o€ Kamowo dAro pevotd. H
TEYVOAOYIO TOV EPOPUOLETOL EIVOAL OPKETA ATTAT KO LITAPYOVV TOAAEG SVVATOTNTEG EQUPUOYNG TNG
oe Oepukéc ypnoeg younAov Bepuokpaciov (Roberts P. 2005, 192). H miéov oradedopévn
EQOPUOYT TOV CLOTNUATOV QVTAOV givor 1 Topaywyn (EoTOL vEPOL YPNONG, Ol YVOGTOL 68 OAOVLG

nAlakot Oeprocipmveg.
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Ewova 7: Evepyntikd nhakd cvetipota

H emoedvein nAlokodv cuotudtov mov Bpickovior 6g AEIToVpyio 6N YOPO Hog givorl Tepimov
2.800.000 m* (otoygeia 2004). 'Hdn, nepiocdtepec omd 1.000.000 EAAVIKEC OUKOYEVELEG KAADTTOVY
nepinov 80% tov emoiov avayk®v tovg 6g-{eatd vepd ypnons pe niokd Bepuocipova (KATIE
2006). H amddoon tov MAOK®OV GUAAEKTAOV Kol 1) TOL0TNTE, TOVG YeEVIKA £xovv Peitiwbel ta
terevtaia xpovia. H EALGda eivar 0 peyadvtepog eCayoyéas e OAn v Evponn kot pdiota oe
YOPEG UE Wraitepn Propnyoavikn mapadoon, 6nws 1 I'eppovia.

‘Eva tomkd ovomuo mopayoyns . {eotov  vepol amotedeiton omd EMIMESOVS MALOKOVGS
oLAAEKTEG, éva Ooyelo amobnkevong g Beppomrog Ko coAnvooels. H niwokn aktivoBolio
ATOPPOPATOL OO -TO - GLAAEKTI Ko 1) GLAAeyOpevn Oeppdmmra  petagépetor 6to  doyelo
amodnkevong. (EAnvikog- Xovdeopog: Zopnapoywyns HAiextpiopod kot Ogppdmmrag 2006). Ot
enminedol MMokoi. ovAAékteg Tomobetovvior GuVHOME otV 0poPY] TOL KTIPiov, HE VOTIO
TPocavaTtoAlopo Kot kAiorn 30°-60° wg mpog Tov opilovta, dote va peyiotonombel 10 mocd g
axTvoPoAiog Tov-GVAAEYETOL ETNGIOC.

[Tépo amd TV owlakn ypnom, N omoia eivoar kot M Mo Sodedopévn ONUEPD, EVEPYNTIKA
NAMokd cvotiuate pmopodv va ypnoiporomBodv omovdnmote amorteiton Oeppdmmra YoUnAng
Bepurokpaciakng otdbuns. ‘Etot, n yprion e nAMokng evEPYELNG Yo TNV Topay®Y| Yoéng, Yo Tov

KMUOTIOHO YOp®V KOl OAAEG €QOPUOYEG, eueoviletar ¢ pio amd TG TOAAL VTOGYOUEVEG
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TPOOTTIKEG, AOY® TNG owENUEVNG NAOKNG aKkTvoPoAiog akpiBdc TNV €moyn TOL OTOLTOVVTIOL TO
YUKTIKG @opTio. YTAPYOLV MON UEPIKES EMTLYNUEVES EPOUPLOYES TETOLWV GUGTNUAT®OV GTN XDOPO
LG KO OLVOLLLEVETOL VOL £YOVV TaXEla avamTuE.

Muw dAAN epappoyn mov €xer efamiwbel oty Evpomaiky oayopd eivolr o cuvdvacuog
napoywyng Leotov vepov ypNong kol Béppaveng yopwv pe evepynTikd mAtekd cuvotiypato.. H
YPNON TOV CGLGTNUATOV OVTOV OTIS EAAMNVIKES KMUATIKEG GLVONKES Yo -1 BEpLoven ydpov,
Bempeiton TEYVIKA OAAG KOU OIWKOVOUIKA OTOOOTIKY], OV OLVOLOOTEL HE TNV KATAAANAN
UEAETN/KOTAGKELT TOV KTIPIov (KOAN UOVOOT|, EKUETAALELGN TV TP TIKOV. NAOKDOV OPELEIDV,

KAL) Ko T cvvepyasio Tov yprotn '

BrokMpotikog 630100 p10g Ko TadNTIKE NALOKE 6VOTIHATO.

O «ktipraxog Topéag etvar vrevOLVOG Y10, T0-40% TEPITOV- TG GVVOAIKNG TEAKNG KOTOVAANDONG
evépyelog oe eBviko eminedo (AEH 2006). H katavédiwon avtr, gite e popen Beppikng (kvpimg
TETPELOLO) €1TE O HOPPN MAEKTPIKNG “EVEPYEWS, €XEL OC OMOTELECUO, E€KTOC TNG ONUOVTIKNG
OLKOVOUIKTG EMPAPLVONG AOY® TOL BYNAOD KOGTOVG TNG EVEPYELNGS, KOL TN UEYAAN emPapuven g
ATHOCPOIPOG LE POTTOVGS, KVPImG d10&eid10 Tov dvBpaka (Azar C. & Lindgren K. & Andersson B.A.
2003, 205), mov guBvveTon Yo To AVOHEVO-TOV BepoknTiov.

H peimon ‘1ng evepysiokng katovilmong ota KTiplo emtuyydveton pe amiég pebddovg Kot
TEYVIKEG, UE TOV- KATOAANAD Oyedoopud TtV KTplov (BOKAILATIK OpYITEKTOVIKY) KOl LE
GULGTNOLTA KO TEYVOAOYTES, OTMG TO TOONTIKA NAOKE GUGTALATO.

H BlokAMpotikn apyltektovikny apopd 610 GYXEO0CHO KTIPIMV Kol YDOPOV (E0MTEPIKOV Kot
e€mTEPIK®V - VIaiBp1wV) pe Pdomn To TOMKS KAp, e 6KOTO TV €E0CPAAIOT) GLVONK®VY BEPLIKNG
KoL OTTIKNG Gveong, a&lomoumvTag TV NALoKY evépyeld Kot GAAES TEPIPAAAOVTIKES TN YEC OAAG Kot

T0 uokd eawvopeva tov KAipatog (KAIIE 2006). Baoikd otoygior Tov POKALATIKOD GYXEO10GHOD

12 Mnopei va. eEotkovopfioel cupPatikli evépysta o véa 1 mald ktipto, ota omoio £xovv AneOel dAa Tor eQueté péTpar
YO, TNV EAQYICTOTOINGT TOV UTMAELDV KoL TI LEYIOTOTOINGN TG OIKOVOUIKOTNTOG TG €yKoTdotaons. Eival mavrac,
TOAD GNUAVTIKOG O 0MOOTOG GYESIAGHOG TOV NALOKOD GUOTAKOTOC KOl 1) TPOGEKTIKY £EETAGT TG OIKOVOUIKOTNTOG TG
EYKATAGTAONG Y10, TV 0TOQLYN AavOaGUEVOV ETIAOYAOV Kl TN BEATIOTOTOINGT TG 0mAd0CNC.
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amoTEAOVV T TOONTIKO GLUGTNUATO TOV EVOMUATMOVOVTOL GTO KTiplo pe 6tdY0 TV aglomoinomn twv
TEPPOALOVTIKOV TNYOV (T.X. MO, aépa - AveUo, PAAGTNOT, VEPO, £d0(pOS, ovpave) Yia BEpuavon,

YOEN Kot POTICUO TOV KTIPimV.

Ewéva 8: Madnrikd nhokd cvetipota

O ProxMpatikodg oyxedtoopnds €aptaror amd 10 TomKd KApo Ko Paciletal ot mopaKat®
apyEG:

* OgplKn TPOCTACiK TOV KTIPIMV TOGO TO YEWMDVO, OGO KOl TO KOAOKOAIpL LE TN ¥PNomn
KATOAANAOV-TEYVIKOV OV EQOUPUOLOVTOL GTO EEMTEPIKO KEAVPOG TV KTIpimV, 1dtaitepa ne
™V KOTAAANAT OEPLOLOVMOT) KO 0EPOGTEYAVMOGCT] TOV KTIPIOV KOL TV OVOIYUATMV TOL.

% A&lomoinon g NAOKNAS eVEPYELOS Yo TN BEppovon ToV KTiplov T yeepv) mepiodo Kot
Y10, QUKD POTIGHO 6Xo T0 YPdvo'. TIpootacio TaV KTpiov amd Tov Kahokapvd HAo,

Kuplmg pEow TG oKiaong, ALl Kot TG KATOAANANG KATACKEVTC TOV KEADPOLG,.

3 AVTO EMTVYYAVETAL PE TOV TPOGOVOTOMOHO TOV XOPMV KoL 0HTEPA TOV AVOYHATOV (0 VOTIOE TPOGAVATOMGUOC
glvat 0 KATEAANAOTEPOG) Kot TNV S1opPLOLLGT) TOV ECOTEPIKAOV YDPMV OVAAOYQ LE TIG BEPUIKEG TOVG OVAYKEG KO LE TA.
O TIKG NAOKE GLOTHLOTO TOV GLAAEYOVV TNV NALOKT oKTvoPorio Kot amoTelohV «PLGIKA» cuoTiuaTe BEppavenc,
OAAG KO QOTIGUOD.
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% Amopdkpoven g BepuoTNTAG TOV TO KAAOKOIPL CLGCOPEVETAL PLECH OTO KTIPLO UE PLGIKO
TPOTO TPOG 10 €EMTEPIKO TMEPIPAALOV LE CLOTNUATO KO TEYVIKEG TAONTIKOV SPOGIGHOV,

OT®MG 0 PUOIKOG AEPIGLO, KUPIMGS LLE TOV PLGIKO OEPIGUO TIG VOYTEPIVES DPEGS.

X/

¥ EEaocpdiion emapkodg MMOGHOD Kol €AEYYOL NG MAWOKNG OKTIVOBOMOS Yo QUOIKO
QOTIGUO TOV KTIpimV, 0 omoiog Oa mpénel va eEacpaiilel endprela KO OUOAN KATOVOUT TOV

QPOTOC LEGHU GTOVS YDPOVGE.

X/

¥ Beltimon tov kAipotog £€® kot yopw omd ta KtTipto, pe Tov PokAaTikd oyedlooud Tov
YOpOV YOpw Kol €£® oamd To KTipo Kol €V YEVEL,  TOL. OouUNUEVOL  mEPIPAALOVTOG,
aKOAOVODVTOG OAEG TIG TOPOTAV®D OPYES.

Ta TMaOntkd Hiokd Zvotiuato gival avomOoTooTto KOUPATIO — OoKd oTotyelo evog
KTIplov OV AEITOLPYOVV Y®PIC UNXOVOAOYIKA EEQPTRHOTO 1| TPOGHETN TOPOYN EVEPYEWOG KOL LIE
QVOIKO TpOémO Bepuaivovv, aird kot dposilovv. To Ktipo (Renewable Energy World 2006). Ta
[Modntcd Zvompata yopilovial o TPES KATNYOPiEs:

1. Tladntikd HAoxd Zuotypato OEppavong
2. Tadntkd Zvotipata kot Teyvikég Puokod Apocioon
3. 2Zvomuarta kot Teyvikéc Dvoikod PmTIGROV
O ProxMpotidg - oyedlaoog evog. KTipiov cuvvendyston T ouvimapEn Kot cLuvOLACUEVN
Aertovpyio. OAOV. T@V GVGTNUATOV, BGOTE VO, cLVOVALOLY Beppkd Kot OmTKG 0QEAN KB OAn ™

OLIPKELL TOV ETOVG.

A. ModnTikéd Huokd Zvotipote Oéppavong

Ta madntikd MAlokd cuoTHUATO OTA KTipla 0E0TO00V TV NAOKY EVEPYELR Yo BEppavon
TOV YOPOV TO YEWDVO, KAODS Kot Yot Tapoyn PLoIKoy eoTticpoy. Ta madntikd nAlokd cuotirota
Oépuavong cvAiéyovv TV MAOKY evépyeld, TNV amobnkebovv VIO Hopen BeppoTnTag KOl TN

dwavépovy ato yopo (KAIIE 2006).
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Ewova 9: ITodntucd nhokd cvotipata 0<ppaveng

H ovAioyn g nAaxng evépyelog Paciletal 6To @aivopevo Tov BEppoknmion Kot 101KOTEPQ,
oV €l60d0 ™G MAMOKNAG oKTvOBoAiog HEGH TOV YLOALOD 1| GAAOL S10pavOVG LVAIKOD Kol TOV
eYKAOPIGUO NG TPOKHTTOLGOC BEPUOTNTAS GTO EGMTEPIKO TOV. YDPOL TOL KOAVTTETOL OO TO
yooi'®. To cuvndéotepo mabNTKd MAKd GVoTHHE (GHoThie Guecoy képdouc) Paciletar otnv
a&lomoinon TV wapabipOV KOTAAANAOL TPOCAVATOAIGLOD, GE GLUVOLOCUO HE TNV KOTAAANAN
Oeppukn palo (Paptd vAKA, OTOC TETPA, TACKEG, UTETOV-GTOVS TOLYOLG KOl GTO OATEDQ, YWOPIg Vo
elvar kaAvppéva, m.y. oamd yoAd), n omoio, aToppPoOPa HEPOS TNG BEPLOTNTOC KOL TNV KTPOCOEPELY
670 YOPO apydTEPO Kat £T01 droTnpeiton 0 xdpoc Beppdc Yo moAréc dpeg'. To vdrouto TadNTIKG
CLGTHHOTO €lVOL GUGTAHUATO - EUUEGOD ~KEPOQLE Kol TASIVOUOVVTIOL OTIC TOPUKAT® KATNYopieg
(TT.OM.IA.A. 2006):

s Hhokoi toiyor Eyoov. otny efotepikn tovg TAELPA, GE UIKPY omdoToon omnd v
toryomotict Tlap (vaAomivaka) Kot AETovpyohv ™G NAOKOT GUAAEKTEG, UETAPEPOVTOG T
Oeppomra gite UEGM  TOV VAIKOL TOL TOiYOL (T0iy0g Oepuixns amobBnkevong), &ite HECH

’ I ’ r . 1
Bupidwv (Beprocipwviké Tavéio) 6Tov €sOTEPIKO YMpo'®.

14 o r ’ , . . . s . . ’ ,
Oho ta TanTikd NAOKE GLGTHHATH TPEMEL VO £X0VV TPOGOVOTOAMGUO TEPITOL VOTIO, MGTE VO VIAPYEL MALOKY
TPOCTTOON GTA AVOTYHOTA KOTA T1 LEYAADTEPT) SLUPKELD TNG NHEPOS TO YELUMVAL.
" "Eva voTi0 0pt{6vTio okiaoTpo pmopel vo eumodicet Tov KoAOKalpivod HAL0 oV £PYETAL Omd MO YNAGL VoL UMEL ot
evbelag oTo YOPO.
16 ; . ;oo P . P , .
Zovdvaopds Ty 600 AEITovpyIdV ivot o Toiyxog nalag pe Bupideg oiyos Trombe — Michel.
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% Ogppoxnmo (MAokoi ydpor): Eivor kAelotol ¥dpol 7oL EVOOUATOVOVIOL GE VOTLO
TUNHATO TOV KTIPLOKOL KEADQOLS Kat tepiPdAiovtol amd varootdacto. H niakn Oeppomra
amd 10 OEPUOKNTIO UETOPEPETOL GTOVG KLPIWG YMPOVG TOL KTIPiov HECH aVOLYHAT®V 1 Kot

dlamepva tov Toiyo.

X/

» Hlokd aifpra: ivor ecotepucol ydpot Tov KTipiov ot omoiot £xovv otV 0poPr) ToLG TLAL

;o ’ 1
Ko AE1TovpyoHv dmme Tor Beppoknmia’ .

B. ITaONTIKG cvoTNPOTA KO TEYVIKEG QUGLKOV dPOGIGHOY
O o cvvnOiopéveg Ko amAég nEBodotL PuGIKOL OPOGIGHOV Efvat:
% H nMonpoctacio (okioomn) tov Ktipiov, 1 orolo emtvyydveTon HE d1GPOPOVS TPOTOVG KOt
péoa, 6mmg 1 PLGIKY PAACTNON, TO YEMUETPIKE oTotXEia (TPoeLoyEs) Tov KTipiov, okiaoTpa

povio M Kvntd, eEmTepkd 1 €0MTEPIKA TWV GVOLYHOT®OV, VOAOTIVOKES LE ELOKEC

EMOTPMOGELS N E01KNG enelepyaciog (avakAaoTIKOT, ETAEKTIKOT, NAEKTPOYPOUIKOL, K.A.TT.).

X/
X4

O ovowdg eaepiopds pe KotdAANAo oyedtaoud Kot Agttovpyio TV ovVOlyHAT®V GTO

.,

KEALPOG Ko Bupideg 0TO THVE Kol KAT®- TUNLLO TOV JOPLIOTIKOV ECOTEPIKMY TOTYWOV TOV

EMTPEMOVV TNV KIVIOT] TOV 0EPO GTOVS EGMTEPIKOVG YDPOVG,.

X/
X4

O voytepvog SIOUTTEPNG. OEPIOHOG Elval 1010iTEPO OMOTEAEGHOTIKOG, Waitepa TIG Oepuég

)

NUEPES, KATE, TIC OTOLEC 0 NUEPHTIOG AEPLOHOG deV eivan Suvatdg'™.

X/
X4

»  H yprion. avellioTpav, W1aUTEPA OVELLGTIP®OV 0POPNS, EVIGYVEL TO PUIVOLEVO TOV PUGIKOV
aEPIOUOD, 1€ EAGYIOTN. KATOVOA®ON MAEKTPIKNG evépyelag. Emi mAiéov, cuvelopépel otnv

emitevén Oepprikng dveong o Beppoxpacieg vynAdtepeg and T1g cvvnBelg (mepimov 2-3°C),

7 O 1o TMabnuxé Hhoké Zvothpota mpémet vo cuvovaloviar pe v omaitovpevn Oepuiky mpootacio
(Beppopdvemon) kat v anottovpevn Oeppukr| palo Tov kripiov, n omolo amodnkedel ko amodidel ) Bepudmra oTo
YDPO LE YPOVIKN VLOTEPNGT, OULOAOTOLDVTOS £TOL TNV Katavoun tng Oeppokpaciog péco oto gwoottetpdwpo. Ta
nafnticd MAaxkd cvotiuroto Bo mpénel To kaAokaipt vo. cuvoVAlovTal e NAOTPOCTOCIO Kol GLYVA HE dLVOTOTNTO
aePopoV.

18 0 voytepvoc aeptopdc GUVEIGQEPEL 0TIV amobfkevon «Spoctdcy ot Oepuiky Hala Tov KTpiov, e ATOTEAESHA TNV
LELOUEVT EMPBAPVVOT) TOV KTIPIOL KOTO TNV ETOUEVN LEPQ.
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kaBmOg pe v kivnon tov aépa wov Onuovpyeitor petoeépeTon BeppdtTa and ToO

avOpOTIVO GO

R

s H ypnon g Beppkng palog yo ™ peimon tov Beprokpaciok®y SUKVUAVOEDY KATA T
OLAPKELD TOV EIKOCITETPODPOV.

* Meioon 1OV €00TEPIKOV KEPODV TOL KTipiov (OepuodoTnTa MOV - WOPAYETAL ONO ~TIG

NAEKTPIKEG, KUPIWG CLGKEVEQ).

Ewova-10: Tladntikd nhoxd cvetiipota

Aleg péBodot moBNTIKOV- dpoocicpod mo cOvheteg kot Oyt 1060 gvpelag EPAPLOYNG,

emEEPOLVV emmpdoOeTa 0QEAN WOENG efvat (Renewable Energy Access 2006):

*

*  OeprKi] TPOGTACTE “TOV - KTIPLOKOD TEPIPANUOTOS HE TEXVIKEG OTMG QUTEHEVO OMUOL,
aepliopevo - KEAVPOGS,  avaKAaoTd emyypiocpata  eEMTEPIKAOV  EMPOVELDV, @PAYULQ
axtvoBoliog.

7/

¢ Evioyvon tov pucikov £aepiool pe Topyous aeplood 1 NAMOKES KOUVAOES
% ApocIopog pe eEATIION VEPOD LE TEXVIKEG OTMG: EMUPAVEIEG VEPOV, TVLPYOS OPOCIGHOD,

YUKTIKEG povaoeg e&dtuiong (dupeong, éupeonc M ovvovacopévng eEdtuiong), 1 kot

BAdotnon (LESm NG EEATUICOOIUTVOTG TMV PLTAOV)
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% ApocIopog pe amdppryn g OeppoTnTog 6TV OTHOGPALPE. UE OKTIVOPOAMO GTO VuYTEPIVO
ovpavo
% Apociopog pe amodppyn g Bepudtnrag and to KTipto ot YN He aywyn, (vwdokapa M

NUTOGKOP KTIPLo, 1 VTESAPLO GUOTNO OYOYDV Kol EVOALAKTES £06.POVG-AEPAL).

I'. Zvompata ko Teyvikég Dvoikov POTIGROD

O QVG1KOG POTIGUAC GTOYEVEL OTNV EMITEVLEN OMTIKNG AVEGNG UESA-OTA KTipLa, GAAL KO 0N
yvevikotepn Peitioon tov cuvOnkadv owPioong péca oTovg XWOPOVS, SLVVOLALoVINS G®S, Ofa,
dvvatdtrto aepiopov, alomoinon kot pOOoT g e1oepOREVNS NALOKTG evépyelag. [owaitepn
onuocio Kot 10 GYESCUO TV GLOTNUATOV QLGIKOD - EOTIGHOD £XEl M Katd TO0 dLVOTOV
HEYOADTEPT KAAVYT| TOV OTOUTHOEMV GE POTICUO 0O TO PLGIKO. MOC, OVOAOYQ LE TN YPNOT TOL

KTplov Kot TV epyacia mov entteieitan péca 6Tovg ywpovs (KATHE2006).

Ewova 11: Teyvikn @guoitkov gmTIcpov

Méoo TV KATIAMNA®V GCUGTNUATOV Kol TEYVIKOV eEAcQAALETAL GTOVG ECOTEPIKOVS YDPOVG
EMOPKNG TOCOTNTA (GTAOUN POTIGHOD), OAAG Kol OUOAT KOTAVOUY, OCTE VO, OTOPEVYOVTOL EVIOVEC
SLLPOPOTOMNGELS TNG OTAOUNG, 01 0TToiEG TPOKAAOVV PavOUEVO «BAaupwongy.

Ta cueTNHOTO PLGIKOL POTIGHOY O1OKPIVOVTOL GE TEGGEPLG LEYAAES KOTNYOPIES:

¢ Avolypota 6Ty KatoKOpLET TOLOTOL
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o Avoiyua‘c(l OPO(PﬁQ

R

o Aifpa

/1
< dotoyoyoi”

dortofortaikd Zvetnpato

To potofoltaikd @avopevo avakoAlvednke 1o 1839 kat ypnoiuoTomONKe Yo TPUKTUKOVS
oKOTOVG ota. TéAN NG Oekaetiag tov 'S0 oe dwomukég eeapuoyés. -To ‘ewtopfoAtaikd (®/B)
CLOTAHOTA £YOLV TN SVVATOTNTO UETATPOMNG TNG NAWOKNG EVEPYEWNS GE€ MAEKTPIKY| (ZVVOEGHOC
dotoportaikdv Etapeidv 2006). ‘Eva tomikd O/B cvomue. anoteieitar oand 10 O/B mhaicto i
NAOKY YEVVATPLO PEVUOTOG KOL TO, NAEKTPOVIKG GUGTAUOTO. TTOV -dloyepilovtal TNV MAEKTPIKN
evépyelo mov moapdyetor amd | ®/B ocvotoyia. I avtdvopa cuotipuato vadpyel €miong To

oLOTNHO OO0 KEVLONG EVEPYELNG GE UTATAPTEG:

Ewoévo-12: Dotofortaikd cOoTnH TOPAyOYNS EVEPYELOG

Mia tomikr, @/B cvototyio amotedeitar and €va M mepiocdtepo @/B mAhaicio mAekTpikd

ouvdedepéva peta&u-toug. Otav ta O/B mhaicio ektebohv oty nAtaxn axtivoPoiia, petatpémovy

¥ Ta cvompata ovtd GUVSLALOVTAL e GUYKEKPILEVES TEXVIKES IOV OQOPODY GTO GYESIGHO TOV OVOIYHATOV, GTIC
OTTIKES 1O10TNTES TOV VOAOTIVAK®V, GTO GOTOUETPLIKA YOUPAKTNPLOTIKA EMPOVELDY TOV YDPOL KOl TOV AVOIYULAT®OV TOV
(voN, XPOUA, POTOSOTEPOTOTNTO VAMK®OV) KoL GTN Y¥PNOT OVAKANGTNP®V, Yo TNV EENCQUAICT) EXOPKELAS KOL OUOANG
KoTovouns tov @uowkod gwtog. Ol ocuvnBéotepeg TEXVOAOYIEC QUGIKOD QPAOTIGHOD OQEOPOVY VOAOTIVOKEG LE
GLYKEKPIUEVEG 1OLOTNTEG, TPIGLOTIKG POTOJATEPATA GTOLYEIR, SOPOV] LOVAOTIKA DAIKG Kot ovakAooTtpeg (paeio
OMTICUOV 1] AVOKAUGTIKEG TEPTIOES).
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nocootd 14% mepimov g mpoomintovsog NMAKNG evépyelng o€ niektpikr. H petatpom g

NMOKNG evEpYELag o€ NAeKTPIKN YiveTon aBdpuPa, a&tomioTo Kot yopig TePPAALOVTIKES EMMTAOGELC.

Katnyopieg ®/B Zvotnpuatov
Yav koplotepeg katnyopieg spapuoymv @/B cvomudtov uropovv vo. BewpnBovy ot €61
(KAITIE 2006):

Koravalotika rpoiovro (1mW—100 Wp )

Ta ocvotuato ™ Katnyopiog OVTNG YPNOCLUOTOOVVTAL GE - EPAPUOYEG UIKPNG KAILOKOG
16Y00G OT®G TPOYOOTITO, GKAPT] OVOYVYNG, EEMTEPIKOC PMOTICUOG KNTTMV, WHEN Kot TpoiovTo dmmg
LKPOL OpNTOL NAEKTPOVIKOL VITOAOYIGTEG, POVOL K.4L.

Avtovouo n omouovousve cvotnuoeto. (100 Wp.—200k Wp )

2V Kotnyopio ouTh GLYKOTOAEYOVTOL GOLOTHHOTO TOPAYOYNG NAEKTPIKNG EVEPYELNS YO
’ , . v ; ’ 20
KOTOWKIEG KO KPOVG OIKIGHOVG TTOV OEV- ELVOL GUVOEDEUEVOL GTO OIKTLO .

Meydia diaogvviedsuéve. aro Aiktvo P/B Zvotiuota

H xoatmyopia avt apopd @/B-ctabpods mepaymync nAektpikng evépyetag peyébovg SOkWp
¢m¢ pepikd MWp, 6tovg 0m0i0vg 1 TalparyOpevn evEpyeto dloyeTeveTal anevbeiog 6to dikTvo.

Araovvoedsuévo @/B Zvotnuozo — Owroxoc Touéoc

v komnyopio ot -gunintovv. /B cvotiuota tuomkol peyébovg 1,5kWp éwog 20kW, ta
omoio. €yovv €ykataoTabel ‘e OTEYEC 1| MPOCOYELS KOATOKUDV Kol TPOPOOOTOVV GUECH TIG
KATOVOADGELS TOL “KTipiov, 1) 0¢ mAcovalovca evEPYELD OLOYETEVETAL GTO MAEKTPKO diktvo. H
Katnyopio avTn amoTeEAEl T0 LeyoADTEPO LEPOG TNG TAYKOGHLG ayopdg O/B cuotnudtwmv.

Ta o@éAn mov. mpokOmTovy oamd TV evooudtoon O/B oe xtipuo elvar (XOvoeopog

dotofortaikdv Etapeidv 2006):

20 Akoun ypnotponoodvrar yro: Hiextpodotnon Iepdv Movav. Agoidtmon / avtinon / kabapiopd vepod. Tvothpota
eEMTEPIKOD  PMTIOUOD OPOU®V, TAPKOV, OEPOJPOUIOY KA. TVGTNUATO THAETIKOWVOVIOV, TNAEUETPNOEDV KOl
GLVOYEPIOV. ZVOTHLOTO CNUATOdOTNONG 0OIKNG KUKAOQOPING, VAVTIAMOG, aepovaVTIMOG KAT. AyYpoTikég eQOpUOYES
OMMG AVTANGT VEPOD, 1YBVOKAAMEPYELEG, WOEN AYPOTIKAV TTPOIOVTWOV, QUPUAK®OV KAT.
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2VYYPOVICUOG WUKTIKOV @optiov KTplov katd T Oepwvr] mepiodo pe ™ peyiom
napoyouevn 1oy0 and to O/B.

Amouy”n xpNong yng Yo TNV £yKatdoToon.

ATOKEVTIPOUEVT  TOPAY®YN] MAEKTPIKNG EVEPYEWNG KOL  EMITONMOV - KATOVOA®ON NG
TOPOYOUEVNC EVEPYELOG.

Emiong, ot ®/B ovototyieg pumopovv vo ypnoiorotnfodv Kot oG- dopKE GTOLYEIR TV
KTipiov, epdcov yivel cmoTog oYedacds. Me tov TpOROo . anTO,. ALEAVETOL 1 OTKOVOLILKT

aOd00T TOV GUGTHLOTOC, AOY® ATOPVYNG KOGTOLG GUUPATIKAOY OIKOSOIKDV, VAIKMV.

Xapaoktnprotikd ®/B Tvotnpdtmv

Ta Pacikd yopoktnpotikd tov O/B cvemiudtov, -mov te: 510popomolovy and TiG GAAEG

popeég AITE givar (KATIE 2006):

*
X4

X/

X/
L %4

>

o
A5

>

o
A5

>

o
A

>

o
25

>

o
25

AmevBeiog mapoywyn MAEKTPIKAG EVEPYELNG, -OKOUN KOl G€ TOAD [Kpn KAIpoKo, T.Y. OF
eninedo pepkdv dekadwv. W 1 kot mW.

Eivar evypnota. Ta pikpd cuotipato Uropovy va gykotaotafodv amd Tovg 10100 Tovg
XPTOTES.

Mmnopovv vo. . €ykatactafobyv - UEGH OTIC TOAELS, EVOOUOTOUEVO OE KTiplo Kol Ogv
TpocPaAilovy aoONTIKG TO TEPIBAALOV.

Mnopovv va GuvOLAGTOVV Le GALeS TYEG evépyelag (VPPLOKA CLGTHLOTA).

Eivonr Bafpwtd cvotipata, dSni. UTOpoLV Vo ETEKTOOOVV G HLETOYEVESTEPT QAo Yo Vo
OVTILETOTICOVV “TIG OVENUEVEG OVAYKEG TOV YPNOTOV, YOPIG HETOTPOTH TOV OPYLKOV
GLGTNLOTOG:

Agrrovpyovv a86pufa, EKTEUTOVY UNOEVIKOVG pOTOVG, YOPIG EMMTAOGELS 0TO TEPPAAAOV.

Ot amoitoelg cuvtnPNoNG eivat oYedOV UNOEVIKES.

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 57
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

s "Exovv peydln dwapketo {ong ko a&lomotia kotd ) Asttovpyio. Ot eyyunoelg mov divovral
amd TOvG KOTaoKeELAoTEG Yo Tig D/B yevwntpieg elvan mepiocdtepo amd 25 ypovia KoANg
Aertovpyiog.

H evepyeliokn aveoaptnoio tov ypnotn elvar 1o peyodvtepo mieovékTnua tov O/B

’ 21 s , . . s
ocvotnudtov . H dwgopomoinon oty mapaymyn evépyswg, mov mpoo@épetat - omd To D/B
CLGTNHHOTO, GE GUVOLAGUO UE TNV KOTA HEYAAO TOGOGTO OmeEAPTNOT OO-TO TETPEAOUO KAl TNV
ATOQLYY TEPOUITEP® POTOVONG TOV TEPPAAAOVTOC, UTOPOVV Vo, -ONOvVPYyNoovy. cLVONKEG

OWKOVOUIKTG avamTuéng (Zovdeospog Dotofortaikmv Etapeidv 2006).

Ewova 13: ®oTofortaikd cvoTnpa Tapaymyng evépyslog

Hoapdyovteg mov ovvterovy otV avantoén tov ®/B otnv EALGSG

H EAGSa mapovstaler aSoonpeimteg npoimobécels yo avantoén kat epappoyn tov O/B
ocvotnuatev (YILILXQ.AE.'2006). Ot Adyot ya tnv tpomOnon e @/B teyvoroyiag, tng épevvag
Kot TOV-gQappoy®v otV EAlada cuvoyilovtotl og axorovfwc:

s Aomoinon Heg yXOPIG Kol OVOVEDGIUNG TNYNG evEPYelag mov eival oe apbovia, pe

GUULPOAN OTNY ACQAAELL TAPOYNG EVEPYELS.

21 To kdoT0¢ TG MOpaydpevnS NAeKTPIKhc evépyetog amd ®/B cuoTANATO £ival GTHEPO GUYKPIGIHO [E TO KOGTOC
ALYUNG 16Y00GC, OV YpedVEL I €Talpeio NAEKTPIGHOD Tovg eAdteg e Ta O/B cvotmiuata pmopodv vo cvpfdiovy
onpavtikd ot Aeyouevn «Atdonaptn Hapayoynq Evépyewag» (Distributed Power Generation), 1 otoio anotelei to véo
LOVTELD aVATTUENG GOYYPOVMV EVEPYELKAY GUGTNUATOV TOPAYWOYNS, LETAPOPAS Kot SLOVOUNG NAEKTPIKNG EVEPYELOG.
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@ Ymoompién TOL TOUPLOTIKOD TOUED YL OVOATTLEN OUMKN TPog To TEPPAAAOV Kot
01K0A0YIKO TOVPLOHO, WBLaiTepa oTa Vo162,

¢ Evioyvon tov nAekTpikov OIKTOOVL TIC MPEG TV peonUPpvov ayudv, émov ta O/B
TOPAYOLV TO HEYAAO UEPOG MAEKTPIKNG EVEPYELNG, WaiTEpA KOTd TN Bepvi mePiodo mov
nwapatnpeital EAAENYM 1 TOAD VYNAO KOGTOG EVEPYELNG.

* Meioon 1OV amAEOV TOL OIKTOOL, UE TNV TAPAYMYT). EVEPYEWS GTOV. -TONO NG
KOTOVAA®ONG, EAAPPLVCT TOV YPAUUDV KO ¥POVIKT LETAOEOT TV EXEVOVGEMV GTO SIKTVO.

» Ilepopiopdc tov pLOUOD OVATTTVENG VE®V  KEVIPIK®OV - GTOOUAOV - 10Y00G CLUPATIKNG

TEYVOAOYIOG. ZVUPOAT 6T HEI®ON TOV O1OKOTAOV NAEKTPOIOTNONG AOY® VTEPPOPTOCNS TOV

owtoov AEH.

>

o
A5

Ytodwok aneEdptnon omd To TETPEAOLO- KOl KAOE HOPENG ELG0YOUEV EVEPYELD KOl

e€aoAAIoN TG TOPOYNG EVEPYELNG UECH-OMOKEVIPOUEVTG TAPAYOYNS.

X/
X4

Y Kowovikn Tpoc@opd Tov mopaymyod — KOTOVIAOTH Kol GOUBOAN otV aelipdpo avamtuén,
v modtra. {oNG Kol TPOCTAGio TOV. TEPPARAOVTOS OTOL OOTIKA KEVIPO KOl OTNV

TEPLPEPELDL.

X/
X4

¥ AVATTUEN OKOVOUIK®OV OpOaoTNPIOTHTOV. e ONUAVTIKY] GUUBOAN o€ avomtuélokos Kot

KOWV®OVIKOVG GTOYOVG.

X/
X4

Avantoén g Exnvikng Biopmyaviag @/B Zvomudtov pe Gploteg TPOOTTIKES Yo TANPN

*,

kdAvym g EAvikng ayopds kot eEaymywés dpaoctmpiotntes. Anuovpyia véov Bécewv

epyaciog kot avamtuén EAAnvikng teyvoyvooiag.

X/
X4

[MpomOnon tev.ctoywv ¢ EE kot tov Kyoto oyetikd pe ) peioon tov aepiov pdnov kot

*,

™ deiocdvon twv AIIE ot cuvolikn nhektponapaywyn, o€ T10cootd 20% émg to 2010.

22 H gvepyelak e£GpTNoN TOV VOIOTIKGOV oTaOUOV Tapaymyic eVEPYEIOS amd To TETPELOLO Kot TO TEPAOTIO KOGTOC
UETAPOPAS TNG, EYOVV GUEGO APVNTIKO GVTIKTUTO GTNY o10TNTo {MNG TOV KOTOIK®Y, GTNV TOVPIOTIKY avATTLEn Kol
GTO KOGTOG TAPAYMYNG EVEPYELNS, TO 0T0i0 TEMK®OG ypedveton 1 AEH.
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Aebviig Ayopa ®/B Xvotnpdatov

EykataoTaon gwTopoATaikwyv To 2004

YndAomnog
Kéouog 14%
Feppavia
39%

YnéAoinn
Eupwnn 8%

HIMA 9%

ILanwwvia 30%

Mnyr: Marketbuzz 2005

Awaypappe 22: Eykatdcstaocn véov @/B Zvetnpatov-to 2004 (Y% woykéopiog ayopdc)

H ayopd tov ®/B omv Evponn eivon onpoviikr kuvpiong otig yopeg IN'eppavia, Orhavdia,
Iomavia ko [torio. ISwitepa ot T'eppavia, o apyucd EOviko TIpodypaupa tov 1.000 O/B Zteyov
(1990) wonr petémerta tov 100.000 O/B Zreyov. (1999). ce cvvovooud pe emddtmon g
nopayopevng niakng kWh, dnpovpyncov. wwaitepn avantuén 1060 GTIC EPOPUOYES OGO Kol GTN
Bropnyavia. To cvvohkd péyeboc tng Evpomaikng ayopds 6to t€hog tov €tovg 2003 ftav mepimov

561MWp, ano6 ta omoiato 71%, nradi) 398MWp, eiyav eykatactabei ot I'eppavia.

Ewéva 14: Dotofortaikd coTNNATE TAPOYOYIG EVEPYELNG

Amo Vv avaivon tov mopamave peyedov g Euvpomaikng ayopdg, mpokvmtel OTL

onuovpyndnkav 15.000 dueceg Béoeig epyosiog (TOALES amd Tig omoieg elval LYNANG TEYVOLOYiNG
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amacyOAno”), o €TNGLo¢ KOKAOG epyactav frav €1 o1g, ) otetio 2002-2003 kataypdenke avénon
™G ayopds xatd 33% wor Eywvav véeg emeVOVCELS O £PELVO. KO KOWVOTOUO TPoidvTo. LYNANG
teyvodoyioc. TAuepa, 1 peyodvtepn oyopd ®/B otov kdopo eivor ovth e lammvioc™ (Baker
Institute Study 2000, 98).

Kabng 10 kdot0c Tov O/B cuotnudtov cuveyilel va peioveral, 6o kot teprocotepeg ©/B
EQOPUOYES YIVOVTOL OIKOVOUIKE OVTOY®VIOTIKEG, GE GCUYKPION UE TOPOYOYN - EVEPYEWS OO
ovpPatikég popeéc. IMapdAinia, m avéavopevn evaucOncio. g KOWNRE yvoUNs, AOY® ToV
duopevemv TEPIPUALOVIIKOV EMATOCEOV amd TIG CLUPATIKEG UEBOOOVG TOPOY®YNG KOl XPNONG
evépyelog, o€ ouvovacud pe ta mhsovektuoto Tov /B cuotnudtov,. £xel GOV amoTEAECUA OVTA

, . . . . P
VoL AITOTEAOVV [LoL Ot TIG TEPLOCOTEPO VITOGYOUEVES EVEPYELOKES TEYVOAOYIES .

MNaykoopia napaywyn
PwTOoROATATKOV OTOIXEIWV
1400 1ocE
1200 A
1000 -
750
800 -
MW 560
600 -
401
400 - 287
202
D T T T T T
1999 2000 2001 2002 2003 2004

Mnyr: Photon International

Awdypoppa 23: H d1e0vijg ayopa tov @/B Zvotnpatmv

2 To étog 2003, ot lomwvikég etaipeieg /B yevvnipiov nopniyayav mepimov 400MWp, and ta omoio ta 250MWp
gykataotdinkay ot xdpo Kot to vrorowma e&nydnoav, kupiong oty Evpdnn kot tig HITA.

2 Onog éxet Ipokdyel amd ) S1edvN epmerpio, T0 peYGAo pepidlo TG oyopdc Tmv O/B GLOTNUATOV OTIC OVOTTUYLEVES
KDpeg Ppiloketarl o€ aoTIKG KEVTPO, GE EYKATACTAGELS OMMG KTiPLo, GUUTAEYUATO OKIDV, dNUOoLo KTiplo, e@TEPIKOL
Y DPOL KAT.
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Egoappoyéc ®/B Zvetnpatov etnv EALGoa

O kOpieg epappoyég O/B ovomudtov otov EAAadIKo yompo eivar ot eykatactdoelg g AEH
ota vnotd (Kvbvog, Apkoi, AvtiktOnpa, ['addoog, Zipvog KAT.), 01 NAEKTPOIATNOT TOL GLVOAOL TOV
QopIKOL dIKTVOV amd TNV avtictoyn vanpesio tov [oAegpkod Noavtikol, avapetadoTes oTadepng
Kol Kivntng tAepoviog, Kabmg Kot Odeopes £YKATOOTAGELS 0TO TANIGLO TAOTIK®OV. EQAPUOYDOV
péow emootovpevov Epywv g EE, aAld kot tov YITAN (Xbvoeopog (I)'mroﬁokw'ﬁc‘o')v Etoupeiov
2000).

H eykateomnuévn 1oydg ommv EALGda ektipdton oe 2,2MWp. 610 16A0G TOL §ToVG 2003, TO
50% tov omoiwv givar ®/B eykatactdoelg dtaocuviedepéves-oto diktvo. -H oo mapoaywyn
evépyelog and ®/B katd to 2002 ko 2003, nfrov’ 2,3GWh kai-2,7 G Wh avtictoya. To
exTiovpevo duvapko g Pounyaviog ®/B omv EAAGOa eivar 60-70 dtopa kot 0 £T1010G KHKAOG
epyacidv eivar g TaENG TV €3 ekatoppupiov. Avtiotolyd, 0 eTHo10¢ £8ViIKOG TPOHTOAOYIoUOS Yo

E&A oe @/B teyvoloyieg ektypndton og €2;2 gkatoppdpio.

EEZEMIEN ayopac pwToPoATdikwv ornv EAAada

3,5 - 3,25
2,37
2 - 1,57

2001 2002 2003 2004

|l ZuvohKn eyKaTETTRREV 1aYUg (MW) |

Adypappa 24: H ayopd tov @/B Zvotypdrov oty EALGda (Zvvoeopog Potoforraik®dv Etapeiav 2006)

H dvvntukn ayopd tov ®/B ovomudtov omv EAAGOa oAAd kol 1 Topayoyikn

dpaotnpOTNTO £lval avtioToryn TG ayopds TV NAUK®V GLAAEKTAOV (0100 vepoy. H avimtuén
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™g ayopdc e€aptatar oe peydio Pabud amd v mpodbnon PEATICTOV PETPOV KOl KIVATPOV €K

HEPOVC TNG TOALTELOC.

4.4.5 T'em0eppixn) Evépyera,

Onwg mpokdntel and to neaiotela, T Bepuéc myés Kot amd usr.pﬁcéié O YEWTPNGELS, TO
E0MTEPIKO TG YNG Ppioketar oe vynAn Beppokpacio, N omoia vmepPaivet -rovg. 5000 °C otov
mopnva (AGORES 2006). H Beppdétta oty mov mepiéyeton ,dtno wecscor‘epu«') ﬂ-]g YNG OmoTeEAEL TNV
vemBepukn evépyela Katl givor TOc0 UEYAAN, MOTE pmopéi “\;a Oémpn()e;,i TPOKTIKG oveEavTAnt

HOPOY| EVEPYELOG YO TO. AVOpOTIVAL PETPOL.

Ewova 15: T'ewOeppiki evépyera

Ooco npoywpdpe Babdtepa amd v eTPAVELD TNG YNG TTPOG TOV TUPNVA, TOPATNPOVUE AHENCT
¢ Beppokpaciog pe to PfdBog n omoia ovopdaletan yewBepuikn Pabuida. Kovtd otnv emedveia g
S N vewBepuikn Pabuida €xer péon Ty mepimov 30 °C/ k m. Xe pepkég meployés, €ite AOY®

NEAUGTEWOTNTOG GE TPOCPOTN YEWAOYIKN TTEPi0d0, £ite AOY® avOd0L LeaTOV VEPOL amd peydio Baon
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pécw pnypdtov, n yemBeppkn Pabuida eivor onpovtikd peyoAdtepn amd TN HECT YNVN, WE
amoTéAECHO G UIKPO oyeTIKA PdBog va amavidvtar vdpoPopol opilovteg mov TEPEYOLV VEPD 1|
atpnd vyning Beppokpaciag. Ov meproyés avtég ovopdlovror yewBepukd medio, xor ekel m
EKUETAAAEVOT TNG YeBEPKNG evEpYeLag elvar e&apeTikd cvupépovsa (Renewable Energy World
2000).

Téroleg meployéc ot Ydpa pog eivor Ta neatotelonkd vnowd tov Atyaiov (Mniog, Nicvpoc,
Yavtopivn, AéoPog, ZapoBpdxn, K.4.), ToALES meproyég ot Maxedovia kot 7 Opdkn (Niypita,
Xidnpokaotpo, Néo Epdopo, Néa Keaodvrn, Toxepd 'EBpov k.a.), kabwng ket otn, yertovid kdbe
poG omd Tig 56 Oepéc mYEG TOV VIAPYOVY GTT YDPO LOG.

Ot epoppoyés g vemBepukng evépyelag motkilovv avaioyo pe- T Beppokpocio Kot

neptrappdvovv (KAIIE 2006):

>

niektpomapaywyn (6>90 °C),

o
A

>

Bépuavon xopov (ne Kahoplpép-yio. 0>60°C, e agpdbepua yio 6>40 °C, pe evoodamédio

o
A

ocvotnpa (6>25 °C),

>

o
A

Yyoén ko KApatiopd (pe avrtiies Oepuotnrog aroppoenong v 8>60 °C, 1§ pe vopOYLKTEG

avtiieg Oeppottog yro 0<30°C)

>

Bépuavon OBeppoknmiov. kot £00QOV ETEWN TO. GLTA AVATTOGGOVTIOL YPNYOPOTEPO KO

o
A

yivovton peyarvtepa. pe m Bgppdmra (6>25 °C), 1 Kol Yo ovIUTAYETIKY TPOGTUGIOL

X/
X4

e IxBvokodiiépyeteg (0>15 °C) emedn ta yapla yperdlovral optopévn Beppoxkpacio yo v

avATTLEY TOVS

>

Bropnyovikés - epapuoyés Omwg agardtoon Bolacowod vepov (0>60 °C), &npavon

o
A

AYPOTIKAOV TPOIOVI®V, KAT

*

¥ Beppd Aovtpd yia 6 = 25-40 °C

X/

Extog amd 1o yewbBeppukd media, 1 onuepvi TEXVOAOYioL EMITPEMEL TNV EKUETAAAELGN TNG
BeproTTag TETPOUATOV HKpoL BABove, KabmG Kot VITGYEIOV 1] KOl ETIPOVELLKDOV VOUTOV YOLUNANG

Bepurokpaciog yo 0épuavon ko khpatiopd (Renewable Energy Access 2006). H teyvoloyia avt
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TePAaUPAvEL COANVE PEYAAOL UNKOVG Kot PUIKPNG SIUETPOL TOTOOETNUEVIC EVTOG TOL £0G.POLG,
elte evidg yemTPNoE®V Kot 1 omoia amotedel ToV vTdyElo eVOAAAKTN BepuoOTNTOG, GE GLVIVACUO HE
v3poYVKTN avTAlo OeppoTnTaC 1) omoin TapEyEL Béppaven § YOEN 6To KTipLo> . Edv vrohoyiotei to
KOOTOG evépyelag kaBoAn ) dbpkela (NG TOL CLOTNHOTOG, Ol YeWBepUIKES avTAteS BepudtnTog
otowyilovv AyotepO amd £va GUGTNO TOV KATAVOADVEL TETPEAOLO 1] PLCIKO AEPILO.

Melhovtikd, m ekpetdAievon e vemBepuikng evépyswng Ba yivetanr omd Oepud. Enpa
TETPOUATO, TO om0l Ppickovtal mwavtod oe Badn and 3-5 km, péom texvnTic KuKAOQOpiog veEPOD

Bepuoxpaciog £mwg 150 °C.

4.4.6 Yopoyovo

To vdpoyovo amoterel T0 90% TOL GOUTAVTOC KO EIvaLTO EAAPPVTEPO AEPLO GTNV GVOT|. TN
I'nm Bpioketar kupimg o€ EVOGELS OTMG TO - VEPO; TO TETPEANLO, TO-PLGIKO 0£p1o K.o. Extipdror 011 T0
VOPOYHVO Ba amoteELETEL Eva VEO KGO OV O YPNGUYLOTOIOVUE GTO HEALOV, TOGO OTA OTiTIL OGO
ko ot ovtokivnta pog (KAIIE 2006). ‘Exet-to mAeovEKTIA OTOV «KATYETOLY VO LNV PLTTAIVEL TV
aTHOGEALPA, 0POV Tapdyet Lovo BepuotnTa Kot vepo.

To vopoyovo 610 PEALOV- Ba TaPAyETAL GE LEYAAO TOGOGTO AmO TNV NAEKTPOAVGT TOL VEPOD,
ONA. (o dadtkacio KOTé- TV 0moio To VEPO SACTATOL LLE (P10 NAEKTPIKOD PEVLLOTOG GE VOPOYOVO
kol o&uyovo. Emopéved, -agov- B mapdyetor ond to vepd Ko m ypnon tov Bo ekAvEL vepo, TO
VOpoYOVe Bempeiton mpaxtikd aveavtinto (Youngquist W. & Duncan R.C. 2003, 298).

O MAekTPIoHOC TOV AMOLTEITOL YLOL TV TOPAY®YN VOPOYOVOL amd VEPD 1OOVIKA UTOpPEl v
npoépyetal amd Avavemoiueg [Inyéc Evépyelog (kupiwg dvepo kot MA0), ®oTE va givon amdAivta

QUK TTPOog 1O TTEPPAAAOV.

2 01 yewOeppucéc avrhisg OeppoTTog KaTavaldvouy To 1/4 Tov NAEKTPUCOD PEDIATOC A6 Lo NAEKTPIKY avTioTaon
Kot 70 Y2 amd évo KMUOTIoTIKO.
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Ewéva 16: Movadeg mapaywyng vdpoyévov amd Ty nAeKTPOLVGT TOV VEPOD

SVYKEKPIUEVO, TO NAEKTPIKO PEVUO TTOL TOPAYEL 0L AVELLOYEVVRTPLL 1) £VOL @TOPOATOTKO Bal
TPOPOOOTEL Uil GVOKELY] MAEKTPOALONG TOL OOTA  TO- VEPO '€ VOPOYOVO Kol o&uydvo. X1
ouvEyeld To VOPoYOVo Ba amobnkedetar og. KATAANAES. deapievég Yo va xpnoomrondel omote
mpokvyet avaykn (Beyond Peak 2006).

To vopoydvo pmopel va ypnotponombet o€ KatdAinko TpOTOTOINUEVOLS KAVGTNPES, AEPNTES
Kol KWWNTNMpeg €0mTEPIKNG Kabdonc. Idavikn evepyelaxn tov epapuoyn elvar OU®G ot KLWEAES
KOUGILOV OV OMOTEAOVV. L0l VEQL TEXVOAOYIOL TTOV EMTPENEL TNV TAPAYWOYT NAEKTPIGUOV A TNV
&vaon vopoydvou Kat o&uyodvov mov vrdpyer otov aépa (Post — Carbon Institute 2006). Ot koyéleg
KOLGILOL pmopovy  ve- ypnolwonotfodv oto. omiTIL Yoo TNV TOPAY®Y] MAEKTPIGHOL Kot
OepuoTTOg, GAAG Kot oTHV Kiviion TOV oUTOKIVITOV. G0 ypelactel OU®G Vo, TEPACOLY KATOL0L

xPOVIA 1o Vo BEATIOOEL | ardO0oN TOVS Kol Vo TEGEL TO KOGTOG TOVG.

4.5 lNupnvikn Evépysia

O mpoopateg kpicels ota puokd kavotpa otpépovy v E.E. ko 1ig HITA oty kotackevm
OTOUIK®V €PYOCTOCIMV TOpay®mYNG pevpatog Me déova Tic oAoéva ov&avoueves avaykeg o€

KOG, €WOIKE OTOV OVOTTUGOOUEVO KOO0, Kol TNV ToyKOGHIO 0vnouyio. TOv TPOKAAEl 1 un
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aVOOTPOPN TOV POLVOUEVOL TOV Ogppoknmiov, n €pdTNOT Yoo TO €4V 0 TAAVITNG YpEdleTon TV
TOPNVIKN evépyela emavepyetal pe véa opun oe Evpann ko Hvopéveg TMoMreleg, petd kot tig
tehevtaieg evepyelakég kpioeig (Oil Crash 20006).

To aimpua, 6nwg 6Aa deiyvovv, givor capés: ypeldletol va Yivouv HeYAAES ETEVOVGELS YO TNV
KOTAOKELT Vé@V Tupnvikdv epyootociov?®. Yno to mpiopo avtdv tov- eEeMEemv, OpKeTéc
EVPOTAIKEG YOPpeS Omwg 1 DwvAavdia, n Bpetavia, n Boviyapia, n Tegyia, n EABetio, n Ovyyopia
Kol 1 XAoPaxio, EKONADOVOLV AVAVEOUEVO EVOLAPEPOV Y10l TNV KATAGKEVT). THPNVIKOV EPYOCTUGIOV,
evdy mpv amd Alyec nuépec m Tovpkio avaxoivwoe Kot ETGNOG TNV KATAUGKELT] TUPNVIKOV
gpyootaciov ot Xiwvonn (ASPO 2006). EAMAnvikd evolopépoyv. ent TOV TapOVIOS O0EV TPOKVTTEL,
®oTHG0 0VdElG pmopel va mpoPAréyet petd PePfordtnTog Tt TpdKELTAL VoL GLUPEL 6TO PHEAAOV KOl TNV
TEPIMTOON TOL YEVIKOTEPO GTOV EVPOTAIKO YDPo onpelmBel OEAUOTIK LETAGTPOPN, LVIEP TNG
ypnong ropnvikng evépyewog (YILLAN 2006).

Avotpia, Ovyyapia, Itario, [Todovia kot Faidia-gidav tpdopata TV Tapoyn GLOIKOL agpiov
Vo SlaTapioceTal ot Sidpkela’ TG pmoo-oukpavikic kpionc®. H téon yw o mopnviki
EMGTPOPT] OAOKANPADVETOL LE TOVS TEPIGTOTEPOVS LITOVPYOVUS Evépyetag g E.E va oryoyiBupilovv
™V avAyKn OlQopoToiNcng TOV TPOUNOEVTOV KaBMOG KOl TOV TNY®V EVEPYELNG. XMUEpd,
naykoopimg, Asttovpyodv 441 mopnvikoi otadpol mov kKaAdvwTovy t0 16% TG GVVOAIKN G CRTNoNG
o€ NAEKTPIKN EVEPYELD, GOQ®VA e oTotyela TG AleBvoug Ymnpesiog Atopkng Evépyelog (IAEA
2006). H ToaXi)io Ppioketal otny. Kopuen TOL KATOAOYoL TV TAELOV eEaptnpévev, omd

OCULYKEKPLUEV EVEPYELD, YOPWV, LE TOGO0TO 78%, Kot akorovBovv 1 ABovavia (72%), to Béhylo

6 To ¢0eoe eppéone TV 6aghg o Bpetavog mpodumovpydc Tovi Makep, wAdVTAC 6TV GTumn 6HVO30 KOpuPHS TOv
Xaumrov Kopt, kbvovtog Topdiinia AGY0 Yo «EVEPYELNKT OYOPA OV dgV AEITOVPYEL IKavoTomTikdy. AKolovOnoe o
I'dAhog vtovpyog Oucovopiog, Tiepli Mrpetov, o omoiog vwoypdpce tn 0Tk GUUPOAN TNG TLPMVIKIG EVEPYELOG OTNV
EVPOTOIKN Ayopd NAEKTPIKOD PEVLATOC KOl GTO PLGIKO TEPIPUALOV Kat, TpdoPaTa, o apuddiog yio 0épata Evépyeiag
enitponog ¢ E.E. Avtpig [Tipmaiykg -umd ) okid tng Stapdymg yio To uotko aépto petatd Pooiog kot Ovkpaviog-, o
omoiog vmoypdppioe 0Tt To. Kpatn - péAn g Evpomaikng Evoong mpémer va emoveletdoovv v kdAvyn TtV
EVEPYELIKMV TOVG OVAYKADV KL VO GTPOPOVY TEPIGGOTEPO TPOG TNV TUPNVIKT KO TIG OVOVEDGILEG TNYEG EVEPYELNG.

7 Sav omotéheopa, o Teppavog vmovpydg Orkovoptkédv, Méuk T'khog, Siimoe 6T 0 Bepolivo Oo mpémel va
avafempr|oel TPOYEVESTEPT] AMOPACT TOL OV TPOEPAENE TO KAEIOLLO OADV TOV £PYOCTAGI®OV TAUPAYMOYNG TUPNVIKNG
evépyelag g to 2020. AvaAioyn ftav kot n avtiopaorn tov Itadlod vwovpyod Bropnyaviag, Kiaodviio Xkayidia, o
omoilog e&éppace TV amoyn OTL 1| YOPO TPETEL VO, ETOTPEYEL OTIV TLPNVIKT eVEPYELD Yo Vo EEACQOMOTEL OO
éxtakteg evepyelakég Kpioelg ( Itodia apéomg petd to atdynua oto Toepvoumih ékielce OAEC TIG LOVADEG TOPAYDYNG
TUPNVIKNG EVEPYELDG).
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(55%), n ZhoPoaxia (55%), n Zovndia (52%), n Ovkpavia (51%), n Bovkyapia (42%), n EABetia
(40%) ka1 n Ovyyopia (34%).

H atopucn evépyetla Katd cuvémeilo eivol OUVOIKA TOPOVCO GTNV TAYKOGULO 0yOpd, KOl GTNV
Evpdnn edwdtepa, 6mov apBuet nom 135 mupnvikodg avtidpactipeg o€ Asitovpyia. Avapéveral
dg va 1oyvpomombel mepattépm petd v omdéeacn g PvAavdiog -ympo e TOAD. JVGAPECTEG
AVOUVIAGELS amd TOV €PLOATN TOL ToEPVOUTIA- VO TPOY®PNOEL GTNV KATAGKELN TOV UEYOAVTEPOV
TUPNVIKOD OVTIOPACTIPO GTOV TAOVITY, YEYOVOS OV a0 TOAAOVG yopaktypiletar wg «Opiapfog
™mg mopnvikng Propnyoaviagy (Beyond Peak 2006). O avidpootipog &ivoar o TP®OTOG 7OV
kataokevaletar otn Avtikr] Evpdnn éneita and 15 ypovia, Oa €xet toyd 1.600 peyapdr, Ppioketon
010 OAK1L0VOTO, éVa LIKPO VNGT TNG GVAAVOIKNG VOTIOOVTIKNG OKTNG Kol avapévetol va tebel og
Aertovpyia To 2009.

H andépaon g Oviovdiog vo evoyKaAGTEL TNV TUPTVIKY EVEPYELD QOIVETOL TOG AVOIYEL TOV
Opépo og avdroyes emAOYEG, KOOGS EPYETAL OF [HA-XPOVIKN -GTIYUN KOTA TNV 0moio ol TYES TOV
QLOIKOL aeplov Kot TOV KOLGIH®V ~ovveyiCovv TNV avodikn TOVG TOopeio TPOKAAMVTAG
TovoKepAaAovg oTig dlebveig owkovopies (Peak Oil Organization 2006).

INuepa, TEPAV TOV OTOLMV- TOMTIKOV ETIAQYDV, Ol OTOIEG YIVOVTOL TPOTIGTWS LE OIKOVOULKE
KPUTNPlo, OPKETOl EMOTAUOVEG Kol TEPPOAAOVTOAGYOL TAGGOVIOL OVOLXTO VEEP NG XPNONG
OTOUIKNG evépyetos, Bewpavtog Ot 0o pmopovoe vo amotelécel ypNnouyo epyoieio otnv
KOTOTOAEUN O TG VAEPBEPHAVONC TOL TAAVATY. ATO TNV GAAN TAELPE, M EWCOYOYN TNG
CULYKEKPLUEVNG - LOPONG ~evEpYElng eSakoAovBel va cuvavtd TiG €MOULAGEEIS TOL HEYOADTEPOV
TULOTOG TNG OEBVOVG EMGTNLOVIKN G KOWVOTNTOG KABMG Kot 6OEVOPES KOIVOVIKES aVTIOPAGELS, EVOD
TO EPOTAUATO TAPOUEVOVY. MTOPEL 1| TUPTVIKY EVEPYELD VO ATTOTEAECEL TN AVGT TOV EVEPYELOKDV
Kot ePPoALOVTIKOV TpofAnudtov mov avtipetonilet o cvyypovog Kéouog; ‘H ocuvictd pua

teYvoLoYia 0AEDpOV;
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IMieovektiporta T vupnvikg evépyerag (Goodstein D. 2004, 172):

1. Apginrtéa pvmaven: Katd m Aertovpyia piog povadag mupnvikng evEpyelag oV ekAbovTon
aéplol POTTOL GTNV ATUOGPALPA, OTWG GLUPAIVEL KOTE TNV Topaywyn CLUPBATIKOV HLOPPDV
EVEPYELOG KO YEVIKOTEPQ, 1| pOTTAVOT TOL TEPPAAAOVTOC O TTEPITTOON OUAANS AgLTOVPYiOg
elval apeAnTén £0g U LETPNOLUN.

2. Evepyswoxn aveaptnoio: To xo60T0C mopaywyns, aveapmra €6v. vl vymidtepo 1
YOUNAOTEPO OO AAAEC LOPPES evEPYELS, elval TPoPAEYILO Yio. peYAAD xpovikd opilovta,
KTl T0 omoio Bewpeiton TOAD oNUOVTIKO Yoo KAOE ydPpo TOV-EMALEYEL VO KAVEL 0L TETOLOV
gldovg emévovon. Ze Pdbog ypovov, N y®pa mov Ho-emAEEEL THY. TOPNVIKY evEpPyeElo Oa
Katootel aveaptnmn Omd TIS EVEPYEWNKES KPIGEIS MOV KATA KOpovg mopovcsidlovrol
oebvag.

3. Emapkewa: H xotackevn mopnvikav. povadov- a@' evoc peiovel v e&dpmon amd
CLUUPATIKEG HOPOEG EVEPYELOG OUp' ETEPOV- OMOOEGUEVEL OO TPOPANUOTO CYETIKA LE TO
QLOIKA amoBEpaT, OTWS GVUPAIVEL e TO TETPEAOLO KOl TO PLGIKO 0EPLO.

4. KaOapn perafotikn Aooen:- H- yprion mopnvikng evépyelag pmopel vo cuvdebel pe v
texvoloyia g oHVTNENG; M ePappoyn g omoiag PEPara elvar akdun ToOAD pakpivr, iomg
YPEWOTEL VOL TEPAGOVV EMC KOL TEVAVTO XPOVIOL LEXPL VO YIVEL TPOYLOTIKOTNTO. XTO YPOVIKO
dlotnuo. Tov precoraPel, n mupnviky evépyela Ba pmopovoe v amoteAécel o Kabapn
petafotikn Avon.

Mewvektiporta tne avpnvikig evépyelag (Deffeyes K.S. 2005, 282):

1. TMoMé teygvoroyia: Ot onuepvoi avidpactnpes BempovvTal YEPAGUEVOL KOl G TTEPITOV
déKka ypdvia-évag peydaog aptBpdc €& avtdv Ba mpénet va dtaAvbet kat va amobnievtel pall
pe ta oM ovykevipopéva amofinta. Ta mupnvikd epyoctdota 6,1 lyav Vo TPOSOEPOLV,
10 Tpodopepav. Katd cvvéneia, Oa ftav enkivouvo yio 1o meptBdAlov Kot tov avOpmmo, Kot

eEapeTikd damavnpo Yol TIG OIKOVOUIEG 1] KATOOKELT] VEWV HOVAS®V.
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2. Hvpnvikd amofinta: Ocopeiton to peilov mpoPAnua kabdg celpd Kivouvav anetlodv kdbe
oTlyu] Kowovieg ko meptdAiov. Mmopovv va mpokAnBodv dappoéc OmmG avtr| TOL
KochovtoOt émg mupnvikéc expn&elg HeYOANG 1Y 00G e OVOTOAOYIGTES KATACTPOPES, VIO
opwopéves ovvinkeg. Emiong, peydAol xkivouvolr mpokOTTOuUV Kol KATH TN HETOPOPE TPOG
ToV¢ 6TafoVg amofnKeELOTG.

3. ZrpoaTioTikn ypnon: Asv Tpénel va SopeDYEL OTL 1] TUPNVIKT EVEPYELL CLVOEETOL GLECH [IE
™V avdntuén OmA®V, TOL GNUOIVEL OTL Ol YMOPES TOL JMABPETOVY. OVTIOPACTHPES UTOPOVV
KOAAIOTO VO OITOKTIIGOLV TUPNVIKO OTAOCTAGLO LE-0,TL QUTO GUVETAYETOL Yio T O1EfvN
epnvn.

4. Atompata: Asv mpémel va cuykpivovpe to, SuUPoTKG oTUYNUOTE PE To TUPNVIKE. Ot
oLVERELES VOGS GLUPATIKOD ATLYLOTOS UTOPOVV- EDKOAN: VO EKTIUNOOVV, EVOG TLPNVIKOV
OU®G... 10 Togpvoumid, yloo Tapadetypo, 1 Y1 €PNUOOCE Kol o1 AvOpmmol achevovcav kot
Exavav ™ {on Toug TOALE YpdVIeL HETE TO- SVUPAV. Ot TUPNVIKEG EYKOTAGTAGELS £XOVV VOl
eMOEIEOVV EVa GNUAVTIKO IGTOPIKO ATUYNUATOV:

5. Za6éyor Tpopokpat@y:- Tt Bo ywvodtav o€ mepintwon TPopokpaTiknG enifeong oe mupnviKd
gpyootdoto; Evoeyopievo- eEapetikd. mbavo, pe Tig daotdoelg mov €xel AaPel n debvng
TpopOKpoTio HETA Kot T yrumApate oe Néa Yopkn, Madpitn kot Aovdivo. Movéhdeg
eneepyaciog mTov. GLYKEVIPAOVOLV Omd JAPOopPovg oTafods o TUPNVIKA omdPfAnTe o€
AyyMo ko Faddos-amoteAobv otdyovg emibeong. Emiong, otig HITA, gofodvtar aitepa
10 EVOEYOUEVO TPOHOKPATIKEG OUAOEG VO OMOKTOOVY padlevePYd oToyeiar 6e vYp LopeN,
YL VOL-TO. YPTCLULOTOMCOVV GTI GUVEYELD G EMOECEIS KOTE TOAVGLYVOCTOV ONUOCIOV
YOPOV.

6. Ac@dlrewn: To Pacikd PelOVEKTNUA TNG XPNOMG oxeTICETOL He TV ao@dAeln KaODS TEYVIKA
Ogv VIAPYEL aKOUN 1 SVVOTOTNTO VO OTOKAEIGTEL TANPWS TO EVOEXOUEVO €VOC UEYAAOV
OTUYUOTOG, 7OV Umopel v opeideTton oTn Agttovpyio pog HOvAdog OAAG Kol GE

tpopokpatikny enifeon. H acedlreia amotedel to (NTOVHEVO Y10 TOVG OVTIOPUGTIPESG
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tétoptng yevidc. Tétolor aviwpaoctipeg, Ouws, Ppiokoviar okdOUn 610 OTAO0 TOV
OYEOGLOV.

7. Awyeipron amofjtov: H dwyeipion tov anofAtov amotedel pelovéktnuo, Opmg €xel
doykmBel Ko 0ev avTOmOKPIVETOL OTIG TPAYUATIKEG TOVL OloTAcES. ' Hon, or mocdtnteg
TUPNVIKOV OTOPANTOV QUAAGGOVTOL ETAPKMOG Kol EMMALOV, 1 EEMEN TV TEXVOLOYLDV
EVOEYETOL GTO HEAAOV VO oG OONYNGEL G OPLOTIKT AVGT Tov TPoPAnpatoc:. To-cevdplo m.y.
nov g€etdletat, yio TNV omocstoAn Tovg otov Ao (Peak Oil Action 2006). Av peiwdei n
TOAVOTNTO ACTOYING AVTAOV TOV SICTNUKAOV OTOCTOADY TOTE {6W¢ Ppebet . oproTikny Adon

670 TPOPAN L.

4.6 ZUyKpITIKI) OIKOVOUIKN) aVAAUCN TWV. TTNYWV EVEPYEIAC

H pedémn EXTERNE (2001), n-onoia-exkmovnOnke ent pia 10etio and epevvnéc amd Ola ta
Kkpan-péAn g Evponaikng Eveong kat-and tig HITA, vroddyioe mocotkd to eEmtepcd KOGTOG
TOV OL0POPMOV YPTCULOTOLOVUEVAOV LOPPAOV EVEPYELNS, Yo KAOE KPATOC-UEAOG Y®PIOTA. ZOHQ®VOL
pe T HEAETN AT, TO eEMTEPIKO KOGTOG TMOV OLPOPMV LOPPDV EVEPYELNG TOV YPNGLLOTOLOVVTOL
omv EAGO0, . GUVOMKO “OMOTEAECUN TOV TOGOTIKOTOUMUEVOV HOVO €EMTEPIKAV TOVG
EMMTAOCEMV £XEL WG EENG:

¥ Aryvitng 50-80 evpm/1.000 KWh.

*,

s Tlerpéhano 30-50 svpm/1.000 KWh.
» Doowd agplo 10 evpm/1.000 KWh.
s AIIE 2,5 evp®d/1.000 KWh.
Etvor pavepd, KataAnyel n oxetikny HEAETN, OTL €6V Ol TOPATAVE TIHES EVOOUAT®OOHV, OTMG
elval €OA0Y0, 0T0 KOGTOG TV OAPOPWOV EVEPYELNKDOV LOPPOV TOV YPNGLLOTOI0VVTOL CYUEPO OTN|

YOPO LOG, TOTE 1 AVTAYOVIGTIKT TOVG BEon avatpénetarl mANpmg vieép Tov AlIE.
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Ynép g oaviayoviotikétrog tov AIIE évavtt tov vrmoloinwv cupfatikdv pHopedv
evépyelag ocvvnyopel perétn tov EAAnvicov Xvvoéopov Hiektpomapaywymv and AITE (EAANvKOC
Xvvoeopog Hiektporapoaywyov and AIIE 2006). H pelétn a&lodoyel Ko mocotikomolel Kot to
eEOTEPIKO KOOTOC TV OOPOP®Y HOPOAOV EVEPYENG TTOV YPNOCLUOTOLOVVTAL GTN YDPO. HOG Kot
CUUP®VA E TO CLUTEPAGHATA TNG, Yo kABe 1.000 tpdcbetec KWh mov mapdyovrat and AITE, avti

amd cupPatikd Koo, VIdpyel OPEAOGC Eva VPO UOVOV Ao TN UEIMOT TOV EOVIKOV - EKTOUTOV

dro&gdiov tov dvBpaxka.

Mivakag 2: Epyatoétn ava te(voroyia

EOvaTOLT! ava ava ava
‘o - MWp GWh EKAT. €
6,5
@oTofolTaikd 50 1,5 (5,5 ’10 -
. 17,7 0,3
Alohika ! d 17,7
(6,3-24,5) (0,08-1,07)
. 47,7 0,2
Biopafa 29,8
(16,5-60,5) (0,1-0,3)

] 27
FremBeppia 56,2 0,2 (17,5-48,9)
HMoBeppika 28 0.5 11,2

' (15,7-40,7) (0,3-0,7) (5,2-20,3)
. 24 0,55 11
YdponAekTpikd (9-38,6) (0,2-0,9) (4,1-17,5)
‘Avbpakag (napaywyn) 10 0,04 67
pakag Lnapaywyr) (7,7-25,6) ' (3,9-25,6)
. , .. 20 0,08
‘AvBpakag (napaywyr] & opuyeia) (18,5-22) (0,07-0,11) S
v <} ¥ ¥ A
. ; - 8 0,06 6,5
NeTpéhaio (napaywyr) (7.8-26) e (5,8-23,6)
oDy WUaoTl, ;, 0T 20,00
s . 4 0,025 8
DUOIKO AEPIO (Napaywyr) (3-12,5) (0,01-0,04) (6-25)
—r r L 4 =l ]
@uoIKo agpio (nupaywyr] & Tpopodogia kauaiyou) 20 0,11 =

Tyi: Zovdeopog DotoPolraikdv Etapeiérv

Evdingpépov opme mapovoidlel 1 coppoin tov AIIE ot dnuovpyia véwv Bécemv epyaciag.
Onwc eaiveron amd tovg [Tivakeg 2 — 3, n yewBeppia, o potofoArtaikd kai 1 Pfropdlo dnuiovpyodv
TOL TEPLOGOTEPOL EPYATOETN AVEL LOVADW EYKATECTNUEVNG 10YVOC, VA OTAV TO KPLTHPLO €ivar 1M
TOPOYOLEVN EVEPYELQ, TO. PMOTOPOATOIKA Elvol LaKPAY 1) KAAVTEPT] EMAOYN, UE TO VOPONAEKTPIKA

Kol To MAMoBepuikd va akohovBovv. e 0Tl apopd To €PYOTOLETN avE ETEVOLUEVO KEPAAOLO, T
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vemBeppio, n Propalao Kot To OAMKE ATOOEKVOOVTAL Ol KAAVTEPES EMAOYEC, OV KOl 1 KOTAGTOON
Ba BertiwBel mepartépw vEp dAwV TV popedv AIIE, kabd¢ T0 KOGTOG TMV TEYVOAOYIDY AVTOV
TEPTEL OLUPKDG.

IMivakag 3: Epyatoétn ava teyvoroyia GUYKPITIKA PE TO GUOIKO 0EPLO

EpyaTo£T o oX£an pe (puolko agpio (aépo = 1) uovt‘:;r::sxﬁoq povflﬁuu:\.tflf_-"pysluq
®wToBoATaika 2,5 13,6
AloMkd Q0,9 2,7
BiopaZa 2,4 1,8
Frewbeppia 2,8 1,8
HAoBeppika 1,4 4,5
Y3ponAskTpika 1,2 5
Avbparag (napaywyn) 0,5 0,4
‘AvBpawrag (napaywyn & opuyeia) 1 0,7
NeTpéAaio (napaywyn) Q0,4 0,55
duoikd agpio (napaywyr) 0,2 0,2
Guoikd agpio (Napaywyr & Tpo@ododia Kausigou) 1 1

IInyn: Zovdeopog ®otofortaik®v Etapeidv

4.7 H otparnyikn Twv METPEAAIKWV ETAIPIWY OTN UETA-TIETPEAAIKN ETTOXN].

Ta evOAAAKTIKA KOOGIO EIVOL TAEOV 0 GTOYOG Y10 TIG LEYAAEG TETPEAAIKES eTapEieS, LAAIOTO
oe mepiodo tayvpLOung avartvéng Ppiokovtar ta Prokovcipa. Ta dVo apyikd ypaupato ond To
omoia mpe to OGvopd ¢ M- etoupeia BP, puéypt onpepa yvoot) og British Petroleum, amodidovtot

mAéov wg Beyond Petroleum, dniaon népa amd to metpéhato.

4.7.1 Case study: Shell

Y10 site tng Shell vrdpyer n orpatnykn g etapiog: «Ta woykdoa anobépata tetperaiov
Kol 0gpiov Tov SBéTovpEe Kol EMMAEOV aVTE TOV €lval oveKUETOAAELTA OAAG emPBePaiwpéva,
OPKOLV Y10 VO KOAOWYOLV TIC OVAYKEC HOG, ME TOLG ONUEPIVOLS OAAL KOl TOVG TPOPAETOUEVOLS

pvOupovg katavaiwong vy ta emdpeva 30 pe 40 ypdvia. EMpepo Katovoiovovpue mepimov 82,0
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exat. Bapého v nuépa, oArd to 2030 extipodpe 06Tt Bo katavaiovoope 60% meplocOTEPT
evépyewa. H advvoapio Opwmg, oe moaykOoulo emimedo, vo avamtvéovpe o€ peydAn kAipoko
EVOAMOKTIKEG TINYES EVEPYELAG, OTTMG A.Y. LEYOAQ VOPONAEKTPIKA £PYQL, TUPNVIKY EVEPYELD, KVPIWG
AOY® TOL LYNAOD KOGTOLG KO TV AVTIOPAGEDY TNG KOWVNG YVAOUNG AL KOt TOV TEPPAALOVTIK®OV
TEPLOPICUMDV TOV 1GYVOVV TAEOV GTNV TEPITTOON KOOGS dvOpaKa, onUoiver OTL Yol ApKeETA XpOViaL
akoun Ba e&axorovbovpe va eEaptodpeda amd Toug vVopoyovavOpakes. Eva Kadd mapaderypa-eivon
N YPNOMN QLOIKOD 0EPIOVL YL TNV TOPAYOYT MAEKTPIGHOD OO OIKOVOUIKA OVTOY®VIGTIKOVS
otafpovg cuvdvacuévov kikiovy» (Shell 2006).

H Shell, énwg kot dAdeg peydreg diebveic etanpeieg metpelaion, emevovouy ce cuveyn Pdon
oTNV €PELVOL KOl OTNV OVATTUEN VE®V KOLTAGUATOV TETPEAAIOV KoL QUOIKOV 0gPiOL GE JApopa.
pépn tov TAovNTn KoOADG KOl 0€ VEEG TEXVOAOYIES KO -EVOANAKTIKG KOV (Y. VOPOYOVO,
Brokavoiua). Me €éva KOKAO gpyactdv mov- £ivar OtmAdotog Tov -eAAnvikov AEIT kot pe 23 dio.
doldpla kaBapd k€pdn to 2005 n etarpeia emévovoe. 6€ epevvnTikég dpaotnplotteg 17,4 exart.
doldpia, eved to 2006 mpoPiémetar vo-emevovBodv emmAéov 19,0 exot. doidpian. H cvvorikn
napoywyn netpelaiov Kot euoikov agpiov ¢ -Shell To 2005 épBace ta 3,52 exat. Papéiia —mov
avtiotoryel oto 3,5% e mayKOGHING Topay®YNSc— Kot B Tav apketd vynAdtepn edv 1 etoipeio
dev eiye vmootel coPapéc (nuiéc kot peioon g mapoaywyns g otov KoAno tov Mekucod tov
nepacUéVo LemtépPpro- omd. tovg Tvepwves «Katpivoy kot «Pitay. Ot ekTuncelg 6to HETOTO NG
Tapoywyng ivar 0Tt ovt Ba avEndet otadiaxd ota 4,0 ekat. Bapéiia tnv nuépa péxpt To 2009.

Me 6ed0pévo OTL oL TTEPLOYEG OTOV TANVNTN OTOL VLIAPYOLV OIKOVOUIKE EKUETAAALELGILLN
kowtdopata eivor mepopiopéves (m.y. NA Acia, Koaomia, Avtikn Agpikn) kot yivovtar 6Ao Kot
MyOTEpES, 0OV peYGAo TUNHATA TOVG, Kupimg ot Méon Avatoln, dev eivatl eAedBepa TpoosPicipa
AOY® ™G AMOKAEIGTIKNG EKUETAALEVONG TOVG amd Tig eBvikég eTtanpeieg, N e&gbpeon vEwV peydiwv
ATOdOTIKAOV KOTAoUATOV Yivetar oAoéva kat o d0okoAn. I't avtd 1 Shell, og etarpia g omoiag
TPOTOPYIKOG 6TOYOG €lvar M xwpig TpoPANHATE 1 SOKOTEG GTNV TPOPOSOGia, EELNPETNON TOV

TEAATOV NG, €Yl emefepyacel (ol HOKPOXPOVILL GTPATNYIKY] EVEPYELNKNG OCQAAELNS, 1 Omoin
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Bacileton otn cvveyn Peitimon G evEPYEINKNG ATOOOONG KOl GTN LEIWOT TOV EKTOUTOV aepiwV

pomwv (Shell 2006).

[Tpaypott n otpatnykny avty g Shell Baciletan otovg €€Ng TEVTE TVAMVEG:

1.

Ymv efowovounon evépyelag He €upuTePM ypnon vtiLerokivntov. 1 vPpdtkav
avtokvntev (OnA. Beviivn - nAektpikod) mov givor Katd 30% mo 01KoVOIKA.

2mv avénomn g Tapaymyng vdpoyovavlpakmy oyt LOVo omtd KOTAGUATO TTOV. EAEYYEL
n 0w n Shell, aAAd péocw cuvepyacidv pe GAAES eToupeieg KLPIWS omd. xdpeg Tov
OIIEK ot ™ Pooia pe tnv mpocpopd texvoroylag Kot ETEVIVCEMV.,

2V avATTUEN Ko GLVTIPNON HEYOANG YKALOG THYOV TETPEAMIOD KOl PUGIKOV aepiov
oV TEPAAUPEVOUY TNV EKUETAALEVGOT VEOV TTESIOV «UN CLUUPATIKOVY) KOVGTU®OV (T.Y.
Oil Sands otov Koavadd), v mapdtacn s -{ong tokadv kottacpdtov (.. Bopeia
Odlacoa), TV Topaywyn merpelaiov omd-moid Padid kottdopato kabmg Kol TV
avénon g Tapaywyng Yyporomuévov Guotkov-Aegpiov (LNG).

2m peiowon Tov TePPOALOVIIKOV EMMTOCEOV LE TNV E00ywyn TALOV KoBUpOV
Kovoipwv 6mmg A.y. tov-LNG 1 tov. GTL (Gas to Liquids), n mopaymynq tov onoimv
extipdror 0t p€xpt-to 2010 Ba avtictoyel ot pior cuvoliky moapaymyn g Shell.
Onwg emiong pe T ypnoonoinon pebddwv «aeplomoinong avOpaxo» mov Exet
avantoéel - Shell, yo v mapaywyn niektpiopov pe 20% peiowon tov CO2 kot 85%
ueiwon Aomdv-aepioy.

2NV EUTOPEVUATOTOINCT] EVOALOKTIKOV KOVGIU®V UE TNV OVATTUEN GE TPAYLOTIKA
peyoAn kAipoko tov AIIE (nAokn kot aloAikn evépyeia, Propdale) oAl Kot TOv

VOPOYOVOUL.

Ocov agopd to televtaio, m Shell divel Wwitepn mpocoyn AdY® TV OLPOPETIKOV

TEYVOLOYIDV TOL OmaltohVTol Kot ot omoieg yperdloviar ypdvo yio va opiudoovy. Avtd €xet

W00HTEPO EVOLAPEPOV GTNV TTEPITTOON TOV PloKawcipwy, To omoia £xovv NN €6€A0eL o€ Tepiodo

TOYOPLOUNG avATTVENG, AP0V OPKETES YDPES, £YOLV VIOOBETHGEL TOMTIKEG EVioYLONG TOGO GTOV
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TOUEN HETATOINONG Kot d10e0MGg OAAG Kl TApay®YNG, GTO TAAICLO SPOPOTOINGNG TNG YPOTIKNG
TOPOYOYNG LE TNV EIGAYMOYN EVEPYELOK®OV KOAMEPYELOV. Mg éva ypovikd opilovta 10 - 15 etdv
Shell phodo&ei va mapdyel YOpw o6to 15% TV vypdV Kavsipmy TG amd Brokavciua.

Avtd apopodv kupimg ProaBavorn mov mapdyetor amd KOAAUTOKL Kot CoyopoKaAapo,
oKoAOYKO vTiled, OnA. Provtilel pe Baon ta Pio - Aparta, ToAd Kabapd cupPatikd viiled (amod
GTL) mov mapdyer non n Shell ot Mokaisio, kot mOAD cvvtopo oto. Quatar. -Tavtdypovo
eEetalovtal o1 SLVATOTNTEG TAPAYMYNG TETPEAAIOV OO KAPPOUVO Kol 7). TePOy®YT] VOPOYOVOL HE
teyvoloyia fuel cells. «Emeidn moAlég amd Tig TEYVOAOYIES GOTIG OMOIES. EMEVOVOVUE ELPICKOVTOL
axoun og e&EMEN kot dev yvaopilovpe oo telkd Oa emkpatnioet, | Shell enevover oe SrapopeTinég
peBddovg Ko Tpowhel mokiAa TPOIOVTWYV, £TGL MOTE VO UTOPECOVIE E TNV TTEPOSO TOV YPOVOVL Vo,
V10OETNCOVE TIG TO KATAAANAEG KOl OIKOVOUKOL ATOOOTIKESG TEYVOAOYIES), emonpaivel o pdvatlep
¢ etaupiog k. Routs (Shell 2006).

2tov topéa tov vdpoyovov 1 Shell dpactnpromoteitar amd to 1997 ko ON Aettovpyel cepd
npatnpiov, kupiog oty mepoyn g WashingtonDC,-o11g HITA. Zta dueca oxédid g sivor n
aVATTUEN  TTEPLPEPELOKADV  OIKTOWV - amodnKeEvoNG, dlaKivnong kot gumopiag vOpoydvov og
ocvvepyaocia pe aAleg etatpeies. To B€pa e acpdrelng amodnkevong Kot LETAPOPAS ivat dtaitepa
oNUAVTIKO, YU avtd Kot TPoPAEmovV pie LaAdov apyn deiocdvuon oTic ayopéc, 1 onoio TpoPAEmeTan

v v mtepiodo 2010 — 2015

4.7.2 Case study: Statoil
‘Eva -Buo mo kovtd ‘otnv avénon ¢ METPEANIKNG TOPAYOYNS TOLG, TO OO0 OHMC
@1L000E00V 0Tt B cLUPAAEL KOl GTOV TEPLOPICUO TOV POLVOUEVOL TOL Bepuoknmiov, oyedidlovv ot
evepyelokoil koAooool Statoil kot Royal Dutch Shell. IIpdkettar yio 10 moykoopiong peyoldtepo
£pyo Taeng Propnyavikov aepiov katw ond tov fuho g Bdraccag, E£m amd ™ Noppnyia.
[Ipoxertan yro TaykOGUIO TPOTOTLTIO, 0POV TO £pY0 aLTO -TO VYOS TOL omoiov Ba pOdoeL To

1,2-1,5 d16. doAdpia- Ba gival To TpdTo 6TO Oomoio Oa yivel yprion droéewdiov Tov AvOpaka yia Tnv
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«mpodONoM» METPEAOIOV GE OTPOMOTA TIO KOVTO OtV emedavewn. Avtiotoymn Oladkacio
epapuoletar oto TéEag, oe meTpelatomnyEg ot otePd, NON amd ™ dekoetia Tov 70, evd £pya
OLYKEVTPOONG Kot omofnkevong tovAdyotov 1 ekot. tOveov O010&ediov Tov AvBpako £TNoimg
npaypatorotovvion 10N otov Kavadd, otnv Alyepia kot otnv meTperatonnyn tng Statoil, Sleipner,
¢E amd 1 NopPnyio.

Onwg emonuove oe cuvévievén Tumov o dievBivev coppfovrog g Statoil, - Xékyke Aovvr,
«OV EMTUYOVUE, M TEXVOAOYiD o umopel va ypnolpwonmombel Kol o€ GAREC TETPEAAIOTNYES OTN
Noppnyia kot debvacy. Bdoel tov oyediov mov avakowmdnkay- (Statoil -2006), n Statoil Oa
OLYKEVTPMOOEL 010&€1010 TOV AVOpaKO OO TEPAGTIO EPYOSTAGIO NAEKTPIKNG EVEPYELOS, TO 0moio Oa
&xel duvvatdTra Tapaywyng 860 peyafdt, Bo Asttovpyel pe QLOIKS aEPLO Kot Oo KATAGKELOOTEL
oto ovykpotnua Tjeldbergodden tng vopPnywkng  etaipeiog. To oo&eido tov avOpaka Oa
dloyeteveTal, 0T GLVEYEW, HECH Oywyol -otnv metpelatomnyn Draugen tg Shell é£o amd
Noppnyia -kor apyodtepa ko oy metpeiatonnyry Heidrun g Statoil- émov ko Oa eyyéeton oe
VTOOUAAGGL0 KOTAGHOTO, MODVTAC TO TETPEAOLO TPOG TOL TTAVE.

2Oppova pe 10 ovaKovmBév, to épyo -mov-oyedtaleton va Eekvioet To 2010-12- amd kowvov
HE TNV KOTOOKELY TOL ‘€pYooTaciov otn dvtik NopPnyio Bo ypelootel «OoNUOVTIKY KPOTIKY
YPNUaTOddToN Kot avapueEn». -To €pyo, xdpig oto omoio Ba emtpoamel m taen 2-2,5 1é6vev
dro&ewdiov tov GvBpaka etncimg, Ba kootioel 1,19-1,49 S16. dordpia. O K. Aovvt dev devkpivice
10 VYOG NG KPOTIKNG cuppetoyns. Eival, Opmg, xopaktnptotikd 0Tt ToAAEG GALEG eTapeieg Exovv

avafaker avtioToryd oxEoto. Ady® ToL VYNA0D KOGTOVG.

4.8 EOvIKN KAl sUPWTTAIKN EVEPYEIAKN OTPATNYIKN

H andépaon g Mocyog otig apyég Tov £Toug vo KAEIoEL, £0TM Kol Yo LEPIKES NUEPES, TIG
OTPOPLYYEG TOV Oy YDV PLGIKOV aepiov ata chvopa pe v Ovkpavia, -UEGH TV OTolwV JIEPYETL

10 80% TtV pocikdV eEaymydv tpog v Evpdnn- ot aneiléc tov HITA yia otpatiwtikng enéppoon
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oto Ipav kot ot avtictoyeg aneléc amd TAELPAS TOV Yo PEi®ON TNG TOPAYWYNS TETPELAioV, M
ouveILOUEVT TOATIKY 0GTAOELD KOl Ol TPOHOKPUTIKEG EVEPYELEG GE PACIKEG TETPEAALOTOPAYWDYES
xopes (m.y. Nuynpia, Bevelovéla, IpdK) elval ot kipileg GUVIGTAOGES TNG CNUEPIVIG YEDTOALTIKNG
aotdfetag. Avtr, pali pe ) ocvvellopevn onuovtikny adénon g evepyelokng CNTNoNG amd YMPES
omtowg n Kiva kot n Ivdlo, ov kdrowkor twv omoiwv €xouvv apyicel Vol - OmOKTOUV - SUTIKEC
KATOVOA®TIKEG cuVNOELeg, ival o1 KOPLEG OTiES Yo TIG VYNAEG TIUES TETPEANIOD. KOt TOV -GAA®V
EVEPYELOKADV TPAOTOV VADV.

Etvon eppavég 6t dtavoovpe v tpitn HETATOAEMKN TETPEAAIKY] Kpion, dpod ot debveig
Tipég metpedaiov €xovv otabepomomBel mhéov mlveo oamd to 60 00A. .TO PapéAt pe TOLG
TEPLOCOTEPOVS OVOAVTEG MOT VO OLAODV Y10l TTEPOLTEP® GOPROPES AVENTGES PEXPL TOL TEAN TNG
dekaetiog (Beyond Peak 2006).

Téco 10 Bépa TV LYNAOV TILOV TETPERATIOL ‘OGO KOl TOV (PLGIKOD 0EPIOV, TOL GLVOEETAL
dpeca pe to meTpEAOL0, 1 AGQAAELD TOV EveEpPYEOKOV-TTpopnOeimv (Post — Carbon Institute 2006),
OAAG Kot M emToyLVOUEVT JldtKaGio Yoo TNV -ameAELOEPOOTN TOV ayop®dV gvEPYELNG, OOV O
NAEKTPIGUOG KOl TO PLOIKO 0éPLo Tailovv eE€xovta poOAo, BETOVY EMTOKTIKA Yo piot akOUN Qopa
™V avaykn OSpHOPPOONG LOG - EVIOING . EVPOTATKNG EVEPYELNKNG nokmmﬁgzg. H Evponaikn
Emitpony| mpoonabel tpa vo enovotonofetnOel pe véa TpoOTOoT Yo KOV EVEPYELOKN TOALTIKY, €V
oyel g av&avopevng e€aptong g E:E. tov «25» and siooywyés kavoipwv, Tov vroloyiletot va
eBdcel 610 70% 10 2030 amd 10 onpepvo eninedo Tov 50%. e avtyv eEetdleton 1 dapopomoinon
TOV TPOUNOEIDV. EVEPYELNG OVEL KOGILO KOl SLOPOUT, EVED TPOTEIVETAL 1] ONUIOVPYIO UNYOVIGUDV
Yo TV €niAvon kpicewv . mov Bo avTipnetOmle evogyopévmg éva kpdtog. Kuplog opwg amofiémet
0TOV GLVTOVIGHO TOV peA®V g E.E. og d1ebvég emimedo.

Avt eivor n dedtepn @opd oe Aydtepo amd mévte ypdvio 6mov n E.E. amomepdror va

SITVTTAOCEL Pio KOWVY| TOAMTIKY 6TOV TopE TNG evépyelag. Ot Adyot dev givar aAdot and Tic coPapég

% Avtfy kaBiototar avaykaic 660 moté GALoTE €4V Kpivovpe amd TIC TPOGQates eEehiEelc, 6mov 1 pev Evpomndiky
Emutponn damictdvel cofapd tpoPAnoto ot dadikacio aneAevfEpOong T@V ayop®dV LE TNV TEICUATIKY APYNCT TOV
UEYOA®V EBVIKDY ETALPELDY VOl TOPOYOPNOOVV UEPIDIO ayopds, EVD TEPACTIEG EvEPYELOKEG ETOlpEieg (BAETE YeppavIKN
E.ON, 1ormavik) Endesa) tpocmafovv vo S101op@®@GouV LOVOTOAMOKES KOATAGTAGELS.

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 78
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

EMITAOGELS TOV EYEL 1] EVEPYEWNKT] TOMTIKY] 0TV €EMTEPIKN MOMTIKY| OGS YDOPOS OAAL KO GTO
EUTOPIKE cvppépovta TV eBvikdv etopeldv. Agv glval toyaio €£GAAov OTL OGNV TPV
mpoomdbeln To TEMKO Keipevo ¢ Tpdtaong eneEepyaleTor LO TNV AUECT EMOTTEIN TOV APHOSIOV
EMTPOTOL Yo TNV €EMTEPIKN TOMTIKY. AVTO Kot povo deiyvel 6t 1 Emitponn) Ba emdiméel va €xet
OTOTEAEC O, GTOVG GTOYOVG TNG YO TNV EVEPYELD, KLUPIMG HEc® TG eEmTEPtKNS. moltikn|g (Europa
2000).
Avom ota ypovia evepyelakd mpoPAnuata g Evponaikne Evoong, N omola e€aptdror omd
10 metpéhono ™S Méong Avatoing, ¢uodolel va dmoel . Agyouevn «lIpdotvn BifAog» g
Evponaikng Emrponnc. Kopra mpoindOeon yia va kotapépel n-Evponaiky Evoon va e£éA0gt anod
T0 gvepyelaKo ad1EEodo, cvoppava pe v Kopioov, sivar va-dpdost-og mpaypatikny Evoon kot 6yt
Kkd0e KpATog-pELOG va evepyel pepovopEVaL.
2mv [pdowvn Bipro mpoteivovior Bacikés katevBIvoelg TPOKEWEVOD VO, AVTILETOTLGTOVV Ol
onuepwvég evepyelokés avaykeg g Evomong, okdd. Kot vo -KolveBovv amotelecuatikdtepa ot
UEALOVTIKEG:
1. evotnTO KAt TN JOTPAYLLATEVCT) LUE TOVG TPOUNOEVTEG
2. OAOKANP®OT| TNG EVPOTOIKNG ayOPdS EVEPYELOG
3. aAMAeyyhn TOV KPOTOV-PEADV
4. aepopio LECH NG AVATTVENG EVOALUKTIKAOV TNYDV EVEPYELNS
5. amodoTIKOTEPM ¥PNON TNG EVEPYELNG
6. ovATTLEN KOWOTOU®MV TEYVOAOYIOV Tov dev Ba emPapivovv 10 mepiPdAlov pe
EKTOUTES GvOpakal
2115 TpoKkANGElg avTég, vevhupilel 1 Emtponn, melotiky andvinon pnopet va mpoéAbet povo
and v eviaia Evponn, oyt 1o kdbe pélog g yopotd. Xto mAaicto avtd evtdocoviol ot €5
Baowkég katevBivoelg g «IIpdowvng Bifrlovy, «evotmnta, ohokAnpmor, aAAnieyyvn, agipopia,
aOd00T Ko KOVOTOpIo, TOv £(00V MG OITAG yvduova T dloyeipion Tov oruepa TopdAinia Kot

TOVTOYPOVA. LE TNV TpogTolacioo Tov avpro. Kapia and tig elonynoeig tov BpuEeAlomv dev givat
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moapadoln. H avaykn yw po «I[Ipdowvn Bifio» oOeiyver méco dSvokoro eivar, ovyvd, va
epappocBodv ta avtovonTa.

‘Etot, Yo éva mapdv mov mopapével OEGIIO TOV El6ayOUEVOL TeTperaiov, 1 Emitponn optiet
pe éupaocn ywoo v avdykn va avénoet n ‘Evoon tig emioyég g, 1060 GE 0,TL -0popd TNV
TPOEAEVOT TOV TETPEAAIOV OGO Kol o€ O,TL aPOopPd TN S1AdPOUN TOL OO THY. TETPEAALOTNYT, OTO
omiTio Ta owTokivTo Kot o epyootdota g Evphrng®.

H Evpdnn pmaivel og pion véa emoyf yio v evépyeta’’. OuéE mpotepandmteg g E.E. xovv
oG £ENG:

1. Evéotnre. H E.E. kaAeiton vo ex@paletor Tpog ta €€m e o KOvT @V, Wdtoitepa O
TPOG TOVS KVPLOLG TOPAYMOYOVG KOl KATAVOAWMTES evépyelng. [Ipénet va a&lomocovpe
t0 péyebog g ayopds pHog Kot OAO-TO. GACHO. TOV HEC®V OV JBETOVUE, DOTE VO
OlEPLOTOVUE KOTAAANAQ TNV. EVEPYELOKN -£E0PTNOT HOC, VO S10POPOTOGOVUE TIG
TNYEC TOV EVEPYELOKAOV TPOUNOEIDV Hag KoL VoL €E0GQOAAICOVE TaYKOGHLO GTHPLEN Y10
TNV  OVTIHETOTION TOV . EVEPYEWNKAOV- TPoPANuatov. Mia véo ovumpaln pe Tovg
YEITOVIKOVG Ttpoun0evtés-pag, cvpmepthappavopévng e Pooiag, eivor amapaitn.
[Mpéner vo emevovoovpe  oto - apolfaio ovueépov g Evpdmng kot towv Kdplov
YEITOVIKOV. EVEPYEINK®Y TPOUNOEVTAOV NG, OOTE VO EEAGPAAICOVIE ACPAAELS, OVOLYTEG
KOl 0VOTUOOOUEVES evepyelakes ayopés. Emiong, mpénet va evieivoope ) cuvepyacia
LOG L€ TOVG BITOAOITOVG KVUPLOVS £Taipovg pag otn Méon AvatoAn, otnv Acia kot 6TV

Apepikn.

2 Ot eVOMMOKTIKEG EVEPYELAKES TYEC TOPAPEVOLY €Ml dekaeTieg «eVOAMAKTIKESY, Ylati ovdémote vpEe emetyovoa
avaykn avamtuéng tovg. Tao yeyovoto TV TEAEVTOIOV €TMV KOl Ol TPOOTTIKEG 7OV OLoypA@ovTal Yo To HEALOV
KaTadekvoovy, TEpav Taong apePoriag, v avaykn. To {ntovpevo, gival to «emeiyovy, 1 katavonon Tov peyébovg
™G TPOKANGONG KOl 1 aVAANYN SpAons, PLOIKG O TAVELPOTOIKO EMIMEDO, YO TNV AVATTUEN TOV LOPO®V EVEPYELOG
exelvov mov Ba emtpéyouv TV evepyelokn amodéospevon ¢ Evoong, eite avtd oaeopd tov mEpopiopd g
KOTOVIAMONG EITE TOV EKCLYYPOVICHO VPICTAUEVOV TEXVOAOYLDV €iTE T1) 5140001 EEMTIKMV OKOUY CILEPA EVEPYELLKADV
TNYOV OT®G 0 NAOG, 0 AEPUS KOt TO VIPOYOVO.

30 ApbBpo tv Zole Mavovel Mrapolo mpoédpov g Kopuotov kat Avpio [Turokykg emrpomov Evépyetoc.
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2. OroxMpoon. Ilpénet vo ompovpynoovpe g oAnBwvd eviaio evpomoikn oyopd
NAEKTPIGHOV KOl QLGIKOL ogpiov. To yeyovog avtd Bo cvpPdriet oty emitevén
ACQAAELNG, OVTOYOVICTIKOTNTAG Kol aewpopiag. Ot avolkKTéS ayopég AEITOVPYOVV TTPOG
OPEAOC TOV KATOVOAWOTAOV. AQHOPEOVOLY TO HoKpompdOeco TAAIG10 oV  givat
avaykaio vy TV mpaypotonoinon enevdvcemv. I[Ipoceépovy  TO - kKATAAANLO
TOVELPOTOIKO 7edio, OMOL  TPAYUATOTOWOVLVTOL Ol * TPEXOVGES: . OPUGTPLOTITES
ocvyyovevong. H Evpomn eunuepel evepyslokd, omm¢ eEaAAov Kol 6 GAAOVG TOUEL,
otav eAayloTomolel Kot Oyl Otov dnuovpyel epmdota,

3. Almiegyyon. Tnv olokAnpwon mpénel va uvodevern aiinieyyom. H Evpodnn koaieiton
vo avtamokpisl mANPESTEPA OTIG OLOKVUAVGELS TV EVEPYEIOKAOV OYOPOV KOl TOV
TpounfBeldyv, Kot vo emoveSeTdosl THY TPOGEYYIoN TG Y10 TAL GTPOTNYIKG amofEpata
TETPEAOIOL KoL 0EPIOV.

4. Asawpopia. [Ipénel va emraybhvoupe T HETAPAOT GE L OIKOVOUIO YOUNADV EKTOUTOV
GvBpaka, YPNCILOTOLDVTAG TOCO TIG VEES EVEPYELOKEG LOPPES OGO KOl TIG VPIGTAUEVEG.
H Evponn ogeilet va SOpHope®CEL- TO KOTAAANAO TAaiclo yio v dtevkoAlvvOel
«avOnon» TV SloPOPOV EVEPYEINKMY LOPO®OV TOV GUVETAYOVTOL YOUUNAES EKTOUTES
avBpaxa, T'a opiopévoug avtd Ba orjpatve alodikn evépyeta, Y GAAOVG NALOKN EVEPYELD
Kot Y1 -0AAovg, - kKobapd dvOpaka. Opiopéva kpdtn - péin eetdlovv pdiioto to
EVOEYOUEVO TN EPOUTEP® OVATTLENG TNG TVUPNVIKNG EVEPYELNG. AEV EXOVUE TAVIMG TNV
TOAVTEAELD TTPOMONONG oG Kot VNG Lopeng evépyelog, amokieiovtag Tig dAAes. Ot
AVOVEDGIUES . LOPPES evEPYelag mpémel vo e&akoAovBnoovy va avamthceovIol GTOo
TAOIG10 TOV gvepyelakol LG «Uelypatocy, Aopupdvoviag moAd cofopd vwoyn pog ™
OECEVON UAG Y10, EVEPYELES YOUNADV ekToumtdV dvOpaxa. BéPata, avtég dev pmopovv
VO VTOKATOGTHCOVV TANPMOS TOLG VOPOYOVAVOPAKES. TNV TEPITTO®ON TOV PLOKAVGIH®V,

OUMGC, LTOPOVV BTNV 0LGIN VO, avapeBoHV e aVTEG.
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5. Amodoon. [Ipénet va aAAdEovE Oyt LOVO TOV EVEPYELOKO OGS EPOJLUGHO, OALY KO TNV
gvepyewkn (Amomn. Ymhpyovv evpvtata  meplBoplo Yoo vo  ypnoiporom et
OTOOOTIKOTEPO, M EVEPYELN, TPOG OPEAOG TOV KAIUOTOSC, TMV KOTOVOAMTOV KOl TNG
ac@arelds poc. Kot 67 avtd 1o onueio 6ev evvoodpe amA®g TO YOPIGHO TOV Ol0KOTTY,
HoAoVOTL OAO1 poG iomg Exovpe aenoel kamote T OEproavon avepupévn, pe avorytd to
noapdOvpo. Evvoodpe oty ovcio v avantuén Te(VOLOYIMV KOl CUUTEPLPOPOV. TOL Oa
aAAdEovV TO evepyelakd povtéro g Evponng ko Oor otnpiEouv Ty, 0e1ipopo avamtusn.
[Ipénel va eEakolovOncovpe vo avantHGGOVLE TPOTUTO EVEPYELOKTG OTTOSOCTG Y10l TOVG
HEYAAOVS KOTOVOAWMTEG EVEPYELNS, OMMG YO TAPAOELYHQ ~TIG. LETAPOPES KOl TIG
O1KOOOLIKEG OPAGTNPLOTNTEG.

6. Kawotopia. H Evponn elvar mpmtondpa -6V avamntuln TEXVOAOYIDV YOUNADV
ekmounwv avOpaxa. Ilpénel ommodfmoTe vo. dlatnpriocovpe avtiv ™ Béom, kabmg ta
opéAN Yo T0 mepiPdAlov etvar. tepdotia. -To 1910 1oybel Kol Yo TIC EMUYEPNUATIKES
eukaipieg, o€ Ol AVATTUGGOUEVY OlEBVI - ayopd TEXVOAOYIDV VYNANG EVEPYELOKNG
amod0ooNg Kol YUpNADV-exkmoun@v. -avlpaxka. H idpvon Evpomaikov Ivetitodtov
Teyvoroylag Ba pmopovoe va cupfdaier onuoviikd otn dwuripnon g Evponng oty
KOPLOY| TNG OLASOS TOV KOVOTOU®V YOPOV.

Ot Topamdve. €61 TPoTEPALOTNTEG. SIETOVTOL OO dVO CNUAVTIKEG EVVOLEG, KPIGIUES Yo TNV
aELPOPO, OVTOYMVIOTIKI Kol ao@oAn evépyela. H mpd elvon n dtapopomoinon tov evepyelakdv
TNYOV,” TOV YOPOV- TPOEAELONC Kol TOV yopov dwpetokopons. H devtepn évvola givor m
enelyovoa avayKkr. O xpelocTovy aKOUN TOALY ¥POVIO Y10 VO YPTCLLOTOIOVVTOL EVPEWS OPIGUEVEG
oo TIG VEEC eVEPYEIOKES HOPPES. Avtd Oumc akpipog, amotelel 0 Pacikd emyeipnua yoo v
avdAnyn dueong Opdong kot Oyt v kwAvolepyio. H Evponn dev €xst v molvtéden va
TAPOUEIVEL AOPOVNIG.

H EMAGda to 2005 mAnpwoe mepimov 9,0 816. gupd yuo eloaymyég metpelaiov (5,0% tov

AEII) and 11 omoieg kdAvye 10 70% TV TPOTOYEVAOV TNG EVEPYELNK®V avoyKaV (PvBotikg Apyn
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Evépysiag 2006). Xe olOykpion pe direg yopeg g E.E. n EAAGSa epeaviCeton and tig mAéov
eEapTOUEVES amO €100 YWYEC TETPEAOIOV APOV O HEGOC EVPAOTATKOS OpOG ££APTNONG KLUOEVETOL
peta&y 40%-50%. Oonyeiton pe pabnuotikn akpifeia og mApn opnpeio and 16ayOYEC KOLGIUWV.

Ta televtaio 20 ypdvia akoAovONce por povodldototn mopeion VAEPUETPNG. AVHENONS TNG
KaTavaAwong metpelaiov €1¢ Papog dAlwv Kavoipmy. Avti anedeiydn pio atvyéotorn evepyslok
emhoyn mov Paciotnke oe AdBog extiunioslc kot cwpeia Aabdv. Ev 1o uetagd dev £yive ovdepia
OLGLOOTIKY] Tpoomafeln ywo TV a&lomoinon TV EVOAOKTIKOV TNYOV EVEPYEWNS, EVM OV
mePLOPioTNKAY 1 GTOTAAN KOvoipmy kot 1 aAdylotn adénen. Tov aptipod TV oxnuUiTov Taong
QUOEMG, TN OTLYUN 7OV 1 Y®Po advvatel V' avartdisel KatdAAnAes LTOdOUES, 101MC OTA AOTIKA
kévtpa (EOvikd Kévipo Iepifdrioviog & Asipdpov Avantvéng 2006). Eiong dev emdumydnke n
otadlokn e&uylavon tov evepyslokov toolvyiov. av Kal-Hoov EekABapeG Ol JAMIGTAOCELS Kol Ot
ouppovrég tov IEA.

Eivar mpopavég 6tt ebv dev Anebovyv. pétpa, moAd. cvuvtopa n eEAPTNON TG YOPAG ATd TO
TETPELALO KOl TO UOIKO aépto Ba ektvayBel 6to-80% 1 Ko vwnM)rapa3 ' Kat evod o evepyelakoc
topéag epeaviletal g £vag amd Tous Pactkods-Topelg NG EAMANVIKNG OWKOVOUTaG, e GUUUETOYN
névo and 12% tov AEIL uéypt-otiyung dev vadpyetl pio cuyKpoTNUEVT] TOALTIKY] Y10 TNV ICOUEPN
OVOmTOER TOL ™.

H dmopén aebovnc. kot avioy®VIeTIKNG 6€ TIWES evEPYELNG, amoTedel mpobmdOeon yo v
owovopkn avartuén.. Edv._elaipécovpe v €100y®Yn TOL QLGIKOV aePiov, TOL MG TOALTIKN
aroeaon e t0 1987, and toTe ovdepia AN coPfapr| mpwtoBoviio eANeOn (PuBiotky Apn
Evépyeiag 2006). Ektog. PéPora g acOBupaivovcag Swadikaciog omeAevdiépmong tng oyopds

NAEKTPIKNG EVEPYEWNS, OTNV omoio €KOVGO-AKovso odnyeitor 1 ydpa Ady® NG OVAYKNG

31 Mia eprodtikh OLKOVOLIKT TTPOOTTIKY, 0PoV Ot LVYNAEC TéG meTpedaiov opyd M ypiyopa HETAPEPOVIOL OTNV
€0MTEPIKN ayopd pe 0AE0pleg emmTMGELS Yo TO 16000710 eE@TEPIKOV TANPOUDV, TOV TANOOPIGUO KOl KATO GUVERELL
TNV OKOVOLKY| avVETTLEN).

2 Ty evé vmapyel TOMTIKH ylo TV avamTuEn QLOTKOD aePiony KATL TOV ExEL apyioEL VoL AmoSidEL, eV VIAPYEL TOMTIKT
Yo ToV EAEYYO0 TNG KATAVAAMGNG TETPEAAIOV, OTTOV 1) POPOAOYiD GTN XDPO. Log Eivat amd Tig xounAdtepes otnv Evponn,
He amoTélecpa Vo evBappOVETAL GUVEXDG 1| SEVPVVOT TOV UETAPOPIKOD £PYOL HECEH TOV OVTOKIVATOV €15 Papog
EVOMOKTIKOV LECWV.
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CUUUOPOP®ONG TG HE TNV gvpomaiky odnyia EK/2003/54. Ot AIIE kot 1 ovtomopoymyn
KapkvoBatobv péca 6" Eva ad1ovOnNTo YPOPEIOKPATIKO TOTIO Tapd TO YEYOVOG OTL TN OEKOETIO TOV
'80 13pvnke 10 Kévrpo Avavewoipwv IInyav Evépyerag (KAIIE 2006) kot apydtepa facel Tov v.
2294/94 560nke ®ONoM 6TV avATTLEN TG AOMKNG EVEPYELQG,.

Oumg o Topéag g evEPYELNS TOPOVCIALEL TAVTOYPOVA Kol GORAPES ETEVOVTIKES EVKOIPIES;. O
omoieg edv aglomomBodv kataAinia Oa cuopPdriiovy dote va eEEADEL 1) Y®OPOL. A TOV. LOVOOPOLO
¢ metpelaikng eEapmong. EE {oov cofapdc, omd emevdutikig TAevpds sivar o topéag tov ATIE
oL UIOPEL VO OMOPEPEL SIGEKATOUUDPLO EVPD GE VEEG EMEVOVGELS KO TOVTOYPOVA VO, SNULOVPYTCEL
Yboeg véeg Béoeig epyacioc. EE ioov onuovtikd poro amd €nevouTiknig mAEvpds moilovv kot ot
debvelg evepyelokég dlaovvdéoelg (OnAadr| aywyol euoikov-agpiov EALGSOC - Tovpkiag - Italiog,
netpelataywyol Mmovpykdc — AreEavopodmoin).

Boaowkog dEovog pog veag evepyelakng moMTIkNG 0o mpémetl va eival 1) pelmon Tov e10aynydv
netpelaiov, o¢ enimeda mov Bo TANGLALOVV TOLVALYIGTOV. TOV-1EGo Opo g Evp. Evoong, pe v
TAPOAANAT AVATTUEN TOV EYYOPIOV.-TNYDV- EVEPYELNG, COUPATIKOV Kol pr). AvtiBeTa e TNV gupEmg
dwdedopévn avtiknym ott - EARGSa - elvarl @ty oe mpdTEG VAEG, M YOpa ival ilaitepa
TPOKIGUEV  pe  aEIOAOYOVS EVEPYELOKOVG ~ TOPOVLS OKOMO KOl ovoslomointe  KOltdopoto
VIPOYOVAVOPAK®V.

Tovg televtaiovg unves, mépacav omd T BovAn pio cepd amd onpovtikd evepyelokd
VOLOGYEONL (amEAEVOEPOON “OYOPDV MAEKTPIKNG EVEPYELNG, QLGIKOD OEPIOL Kol PloKowcipwy,
AIIE) to .omoia gyyv@vrar-tnv. opoAn Asttovpyio g ayopds. Oumg, mapd Toug Tpog 10 avtifeto
1OYLPIOUOVE, “ 1 YNOLON QLTOV KOl GAADV TOPEUPEPDV VOLOTKESIW®V OV GUVICTOUV EVEPYELNKN
TOALTIKY).

Avrtifeta, N y0pacn Lo OTOTEAECUOTIKNG EVEPYEIOKNG OTPATNYIKNG Ba mpémetl va Paciotel

0TO YVOGTO TPITTVYO TOL HAKPOYPOVIOL EVEPYELONKOD GYESOGHOD DoTE va eEumnpeTohvTal ol €ENG

3 Avagepdpeda kupimg ot Snpovpyia vEmV LOVAS®V NAEKTPOTOPAYOYHG HE KADGT GLOIKOD 0EPIOn OOV 0 WIOTIKOC
Topéag, Mradn ot aveEdptntol mapaywyoi extdog AEH, umopel va mai&el Eva onpoavtikd poro apkel n kufépynon va
umopéael vo emPaiel éva dikato cvotnua Kabopiopov tov Twedv otnv Hueprow Ayopd Hlextpikic Evépyetag, 1
omoia avTn T oTyUn xepaywyeiton and t AEH pe vopdtumo tpdmo.
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Bacwol otoyol: (o) N dacedion g Tpooeopds evépyslas, () N mpootacio Tov TEPPAALOVTOC
Ko (Y) N evioyvoT TOL OIKOVOULKOD aVTOY®VIGHOV. Q¢ YVOGTO KAVEVO KOVGLLO, 00 LOVO TOV, 0EV
minpol TG tpelg avtég mpovmobécelg yiu v EAAGSa. O Avyvitng eivar oyetikd @Onvog kot
dwBéopog, aAdd moAd pumoyovos. To uowd aépro eivar oyetikd Kabapd ko (LEXPL TPOCPATO.)
eONvo, aALd mpoimoBétel avénuéveg ewcaywyéc. To metpéhaio eivon moAv. axpiPo, Bo yiveton
axpiotepo kat ewodyetal kKab’ oloxinpiav. Ot AIIE eivar dpboveg, 0ev poAvvovy 1o mepiBdiiov
KOl LIropovV vo. KoAOyouv TAnfopa avaykav (B€ppavor, NAEKTPIGHO, HETAPOPIKO £PY0) OALA OEV
&xovv avamtvuybel Oheg oe eumopikd emimedo. H mupnvikny evépyeio ypnotpomolel oyetikd Alyo
KOOGIHO Kot 08V EKTEUTEL 0EPLOL TTOV EVIGYVOLV TO PAIVOLEVO TOV BeppoKNTioOV OAAG OIKOVOUIKA
dev gtvat ToAD EAKVOTIKT Ko armotel VYMAN TEXVOLOYia Yo vaL £ivarl AGQAATC.

Eto1, 0 KaAbtepog TpOTOG Vol €MTELYOOVV 01 TOPATAV® GTOYOL Elvar 1 KT XpHon OA®V TV
Kavoipov. Mio tétola mowiMa 6g kaHoLer Kot TyEG OtacPAAIlEr ETapKY] TPOGPOPE EVEPYELNS KOt
VTOYOVIOTIKO KOGTOC. Xg KdOe mepinTmon, ot TIHEG evépyelag otV EALGOa Ba tpémel va avEnbodv
ONUOVTIKA HEGO OTO OUECHOS ETOUEVA XPOVIA YIOL V. AVTOVOKAOVV TO VYNAO TEPPAALOVTIIKO KOGTOG

(Tov evd vhpyEL, GLVIBMG AYVOEITOL GTH XDPA LOG) KO TIG avEavOpeveg dtebvelg TIHéG.

4.9 Case Study: H wAnpng ameéaprnon tn¢ Zoundiag amo ro merpéAaio

H Zoundia - etotpdletal vo. mpoympnoel G610 UEYOADTEPO PrjHa mov €yl KAVEL TOTE
Blopnyovikn owkovouien g Avong o€ 0,11 aeopd TNV evépyswn, KabBdg Oo emyepnoel va
aneopt el TANpwg -amd 10 meETpérato oe 15 ypdvia ywpic vo KaTaoKELAGEL VEL YEVIA oTAOU®V
TUPNVIKNG EVEPYEWG. To oY€010 HEAETA €mMTPOMN TOPOYOVI®OV TNG Propunyavicg, aKoONUAIKOV,
aypPOTAV, GTEAEY®V NG avtokvntofrounyaviog Kot dnUociov vToAAAwv mov 0o Tapovcidost
oyetikn €kbeon oto KowvoPovio oe pepikotg pnvec. Ltoyog g eivar va avtikatactafodv oA ta

OPLKTE KOOGIUO LE AVOVEDCLLLOL.
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«H g&aptmon pag and to metpéhato mpémer vo apbel péxpt to 2020», tovilel N vwovpyog
Biooyng Avantuéng, Movo XoAiv, copemva pe v omoio «kavéva omitt dgv Ba yperaletal
neTpéloo Oépuovong Kot Kavévag oomyoc dgv Bo mpEmeL Vo KATAPEVYEL OMOKAEIGTIKE KOl LOVOV
ot Peviivipy. AAAor KoBepyNTIKA GTEAEYT YOPOKTIPIGOY TO GYEI0 «OVTIOPAOT GTHV. GAANYY] TOV
KMpotog, Tic ov&ovOUEVES TIUEG TOVL TETPEANIOV, OAAG KOl TIC TPOEIOOTOUMGELS OPIGUEVOV
EMOTNUOVOV Yo emikeipevn e£avtinon tov anofespdtov metpedaiovy. H -Zoundio, mov- eminyn
ONUOVTIKA amd TV TeTperaikn kpion tng dekaetiog Tov 1970, avtiel-onpepa oyxedov OAN v
NAEKTPIKN €VEPYELL TNG OO TLPMVIKN KOl LOPONAEKTPIKH EVEPYELN KOL XPNGIUOTOLEL OPLKTA
KaOoo Kuplog Yo TIg peTapopéc. Tnv mepacuévn deKaeTion HETETPEYE-aXEOOV OAO TO GHOTNUA
Oépuavong oe évav pnyavicpd mov drovépel atud M Kowtd vepd amd yembBepikn evépyeia 1 amd
Koo amofATOV.

To ev Moym oxédlo n g Zoundiag v Tomobetndel TpdTH HeTasd TV TPdsvmv yopmv. H
[ohavdio evedmotel 0Tt péypt to 2050 Qo Kivel O A0 TO GLTOKIVTO KOt To TAOIQL TG LE VOPOYOVO
ov Oa mapdyetal and MAEKTPIKY EVEPYELD OVTAOVUEVI] OO avave®OIHES TYEG evad 1 Bpaliiia
OKOTEVEL Vo TPOPOdOTEL Péca oe mEVTE Ypodvia- 0 80% TV peTapop®V TG pe aBovoArn omd
Cayapoxdrapa (Beyond Peak 2006).

2Oppova pe oTeAEYN Tov -covNdtKoy vrovpyeiov Evépyelag, n emtponn) Ba taybel vép g
TEPALTEP® OVATTUENS TWV. PLOKAVGIL®Y. OV TOPAYOVTOL OO TO EKTETAUEVO OGOT) TNG XDPAS, OAAG
KOl TNG EMEKTACHG GAADY BVOVEDGYL®MV TTYOV EVEPYELNG OTTMG TNG OLOAKNG KOl TNG EVEPYELNG TOV
napdyetor omd Baddooia kopato. H Zovndia mponysitan v mepiocdtepwv yopov kabog to 2003
10 26% TOV GLVOLOL. TNG EVEPYEWNG OV KOTAVAAMGCE TPONADE AO OVOVEDGCLUEG TINYEC EVEPYELOG
evd o pécog o6pog g E.E. frov 6%. Amd metpéhono mponibe 10 32% 1Tng evépyelag mov
Kataviilwoe evd to 1970 1o avtictoryo mtocooto frav 77%. [opdAinio ot avtokivntoftopnyovies
Saab kot Volvo oyedidlovv avtokivnta kot @optnyd mov o kwvodvtar pe oabavoin Kot QAo

Blokavotpa.
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Ot HITA oyedidlovv va avéfoovy onuavtikd v Tupnvikn tovg evépyewn. H Bpetavicn
KuPBEpynon, mov €xel decpevbel va mapdyet to 2012 to 10% 1tng evépyeldg g amd OVOVEDGLIES
mmY&G, mapovciace tov mepacuEvo pnva ékBeon mov vmootnpilel v avénomn g TuPNVIKNG
evépyelog. XOppwva, Opwg, pe ékbeorn e cvpPovievtikng etarpeiog Ernst & Young, 1 Bpetavia

€xel petvel Tiow 6TOoV GTOYO TNG Y10l TIG AVAVEDGUUES TNYEG EVEPYELOG.

4.10 AvdAuon Zsvapiwv

Xe avtd to pépPog G epyaociag OBo avamtdHiovpe GEVAPLO - GYETIKA LE-TO TPOPANUO TNG
KOPOO®MONG TG TETPEAATKNG {NTNone. Apyikd Bo e§eTdcovlE SUPOPETIKES TEPIMTMGELS £EEMENG
™G {fTNong Ko LETA TNG TOPOy®YNG TETPEAOIOV:

Y10 Sdypappo wov axolovbel PAEmOLUE SOPOPETIKG- oevapla eEEMENG TG CRTnong

eTPELOiOV OO TOVG KOTAVAAMTEG. MTOPOOUE VoL SLOUKPIVOVE TIG 0KOAOVOESG TEPUTTAOCELS:

Growth in Demand —

Conservation

Life Style Change

Substitution

Qil Supplies

Deprivation?

1900 2000 2050

Awqypoppo-25: Xevapua e€énéng &ntnong merperoiov (Inyn: Oil Crash)
Aoppdavovtoag veoyn 6t n {non Ba cuveyiletl va avEdvetor eved n Topoyoyn Ba peltdvetor,
01 KOTaVaA®MTEG B0 TPOGAPLOGTOVV GE KATO10 GUVIVAGUO TV AKOAOLOWV GLUTEPLPOPDV:
1. Awtipnon tpomov {mi)g (Conservation): otnv mepinmtwon avt Exovue dotpnon
tov Tpdémov (NG Kol TOV GLVNOEIOV TOV KATOVOADTOV KOl CUVETMG OOENCT TNG
O mong metpehaiov. Avtd umopel vo emtevybel povo pécm teyvoroyiog mov Ha

€EOKOVOET TEPAOTIEG TOGOTNTEC TETPEANIKNG EVEPYELOG.
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2. Alrayn tpomov Comg (Life — Style Change): o1 katavaiwtég aAlalovv Tov TpOTTO
Cong Tovg, TPOTIUAVTAG AOYOL XEpN VO KATOWKOVY KOVTE GTOV TOTO £PYNGIg TOVS Kot
GUVOAMKA Vo Leudoovy T {Ntnon metperaiov.

3. Ymokatrdotaon — Amootépnon meTpeldikng evépyewag . (Substitution —
Deprivation): couemva pe To GEVAPLO ALTA TO TETPEAOLO CTAOLAKA VITOKOTOGTOTOL
amd eVOALOKTIKEG TNYEG evépyelag. Ot KoTavarmTés dev aAlalovv  cuvnOEEs -OAAL
TAEOV YPNGIULOTOLOVV TEYVOLOYIO GUVOPT LLE TIG EVOAAUKTIKEG TTIYEC EVEPYELQG.

Meyoddtepo OU®G EVOLAPEPOV TOPOVCIALEL 1 AVOAVGT). TMOV. CEVAPIOV ~yloL TNV TOpOy®yN

neTpeLAiov.

4.10.1 Ynép — ammor660&o (Pollyanna Scenario)

2Oppovae pe To VIEP — olO00E0 GEVAPLO, 1) TOYKOGL0. OIKOVOUIKY] avAaTTuén pmopel va
ovveyioel yopig evepyelakés OeoUEVOELS.- AV Kol -1 Tapay®yr Tetpehaiov teAkd Bo pewmbel, to
xpovikd onueio g peiwong. petatifetor 610 pokpve HEALOV, onueio 6TO OMOl0 Ol EVOAAAKTIKEG

nnyEC evépyetag Ba Exovy TAN PG ovamTuyOet.

Pollyanna Scenario 2=

AMernative
BINCRS

il Production

Time ——% OilScenarios . info

Awdypappa 26: X210 vtép — 06160050 GEVAPLO 1) TOPAYOYT| TETPELAIOV propel va kalOyer T {itinon £mg to 2050

(IImyn: Oil Scenarios)

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 88
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

Yrapyovv 600 evarloktikég eEeMEEIS 6TO VITEP — AG1000E0 GEVAPL0. ZOUPOVA LLE TNV TPATY,
N TEYVOAOYIKT TPOOSOG KO 1 OVOKAALYT VEOV KOITACUATOV TETPEAAion Ba emTpédyouy TV avénon
™G mopayoynsg ovppatikod metperaiov g to 2050, mepiodog katd v omoia Ba kopvewOel N
TOPOY®OYN. ZOUEOVO UE TN OEVTEPT EVOAAUKTIKY], TO TETPEAOIO £xEl APlOTIKY] TPOEAELON Ko
ocvvenmg Bo cvveyilel va aviikabiotd ta eSaviAnuéva arobépata. H dmoyn avtn dpmg de Ppiokst
Kovéva EMOTNUOVIKO avtikpiopa kot Paciletor oty eopoaipévn Bewpio 011 TO -~ TTETPELAILO
ONovpyeitonl PLGIOAOYIKA OO TO VITEOOPOS TNG YNG.
Baoukég vrobBéoeig Touv oevapiov givat ot axdAovOeg:
1. Tlpémer va. avakalv@bei TovAdyiotov €va akoun vrepuéyedeg meTpelaikd Koitaouo
(100 81 Bapeidv) 1§ duvnTikd 10 TETPELOL0 Vo avTikabiotatol and vEo TeTpEALO.
2. Ot dvvapelg g ayopds o damovioovy. TOAAG KEPOAOO OTNV AVOKOALYT VE®V
KOLTOGULATOV.
3. O véeg teyvoroyieg Ba emrpédyovy mv- otkovopukn eE6puén metpedaiov amd To oM
VILAPYOVTO KOITAG LT,
4. Ta Mon vrapyovra amobépata netpelaiov eivar vd — ekTyunpéva, 1Wiwg ot Méon
AvoToln.
5. O BaBudc avaminpoong tov. TETPEAAIOL ETAPKEL Y10 VO IKOVOTIOGEL THV aHENCT 6N
Shon.
ZOUQOVO HE TO-VIEP. = 010100050 Gevlplo To. omobépaTo meTpehaiov dev mPOKELTAL VL
e€avTAnBoUV Kol CUVERMDG 08V VTAPYEL KAVEVOS AOYOS €VIGYLONG TOV EVOAAOKTIK®OV TNYAOV

evépyelog. H Baocikn opmg mopadoyn Tov oevapiov avtov ivol ETGTNHOVIKA EGOOUAUEVT).

4.10.1.1 Aqpovpyeitor TETPELULO OKONO KOL GIUEPT;

To metpéhato Ompovpyeitor akdpo Kot GNUEPO, YTl Ol YEOYMKES Ol0OIKAGIEG TOV TO

YEVVOOV €00 KOl EKATOVTOOEG EKATOUHVOPLO ¥pdvio. e€akorovBobv va cuvtelobvtarl ekel OmOv
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VIdpyel 10 KOTAAANAO TEPPAALOV: OTIG APUVOBAANCOESG, OTOVG KOATOLG TMV TOTOU®V, GE
Bardooieg Aekdveg OTOYEG o€ 0EVYOVO KOl GTO NTEWPOTIKE VOOAOTPAVY).

Exel ot opyavikéc ovoieg (kovpdplo {hmv Kot DVTOAEIPATO PUTOV) TOVL TEPIEYOLY AvOpaKa
CLGOMPEVOVTOL GE OLAOOYIKA CTPOUATE Y®OPIG vo dtackoprilovial omd TOLG OTUOGOUIPTKOVS
napdyovteg. Av m Aekavn Pabdver 1 kaAveBel amd GAA0 GTPOUOTE Yok YE®AOYIKOVS AdYOUE,
UETATPENETAL GE WUNTPIKO TETPOUO. Kol UEGH TNG, OvOAOyo HE TIG ouvOnKeC- Tieong Kot
Bepuoxpacioc, oynuotiCovron o dvBpakag, To pebdvio 1 to meTpéXaro.

[Ma va onuiovpynBel metpéhoro, av kot epdcov 1 Bepuokpacio stvar vymir, ypsialovrot
HePIKEG yMddeg xpdvia. Av mn Beppokpacia eivar younin yperdlovior tovAdyliotov ekotd
eKoToppLplo. xpovia. Avdioyo pe To YE®WAOYIKE GOUPAVIO, TO UNTPIKO TETPOUN UTOPEl v
napopeivet exel 6mov dnpovpyndnke N va petatomotel oAloV Kot va yivel "avadvopevn" yn.

YroAoyiletar 0Tt pévo to 1% tov AvOpaKe TOV TEPLEYETOL OTIS OPYOVIKEG OVGIEG CUUUETEYEL
ot onuovpyia vopoyovavlpdkmy. To meTpéhano Tov €EopboceTal onuepa ONovpyRdnKe mTpv
oo €vo £mG OMOEKO EKATOUUDPLO ¥POVIQ, EVAD TO O TOALO TPV OO O10KOGL0 MG TEVIOKOGLN
EKOTOUUOPLO YPOVIO. ZVVETMGS; 0 Pabiog avtikatdotaong 0 UTopel va KoADYEL TNV av&avopevn

(Mon metperaiov.

4.10.2 Awo106050- (Optimistic Scenario)

SOUPOVO UE TO -OIGL000E0 GEVAPLO, 1 TOYKOGULIN OIKOVOUIKT avantuén Ba cuveyicel péow
HEYAA®V €MEVODOEMV O©TNV TOpAY®YN U — ovuPatikod meTpeAoiov Kol OV aVATTLEN
EVOAOKTIKOV Ty®v evépyens. Av kot Bo vmdpyovv mepiodol meplopiopévng mpoundeiog

neTperaiov, ot duvduelg g ayopds Bo umopéoovv cuvolkd vo aviemeSéABovv oy avaykn

0LENHEVING TTOPOYOYTG.
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Optomistic Scenario 2o

Alfsmates Sourcas

e ragai e, Salir
Sl Shale, Qi Sands, Win

0il Production

Comeertianal Oil
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Avaypappo 27: ZOp@@ve pe 10 016108050 6EVAPLO 1) TAPAYOYY) TETPELAIOV PTOPEL 02 CVVOVAGNO [E TIC EVUALUKTIKES TN YEG

gvépyerag va KaAvyoov T &ntnon evépyetag mg to 2050 (Mnyn: Oil Scenarios)

Baoikég vrobBéoelg Tov oevapiov givar ot akOAovOeG:
1. Ta onlopéva metperaikd arodépata etvar cuviBwe VIO ~ exTiUNUEVAL.
2. Ot dvvdpelc g ayopds Ba cuveyicovv vor avEAVOLV THY TOPAY®YT TETPEALOIOV Kot VoL
evBappHVOLY TO PN — CLUPATIKO TETPEAGLO KOl TIG EVAAAAKTIKEG TINYEC EVEPYELNG,.
3. Ov véeg teyvoroyiec Oa. - emTpéyovv. - TV oovoukn eEOpLEN  mEPIOCOTEPMOV
TETPEANTKADOV TOGOTHTMOV At T 1O VITAPYOVTO KOITAGLOTOL.
4. Ymapyovv akOUN TOAAG TETPEAATKE KOITAGLLOTO TTOV OEV EXOVV OKOUN AVAKOALPOEL.
To ooc1000E0 oevaplo 0Oev. "avTIUETORILEL TO TETPEAOMO ®G TO HOVOOIKO Tmopdyovto
OLKOVOUIKNG avamTLENG. AVTIOET®G, Ot 01KOVOUOADYOL — VTTOGTNPIKTEG TOV AUGLOd0E0V GEVAPIov,
eMBLUOVV EMOPKN- TETPEAAIKA amofépato uoévo Ppayvypdvia, HOG KoL Ol EVOALUKTIKEG TNYEG
evépyeog o T - AVIIKOTAOTIGOVY; EMITLYMG, HokpompdOecua. Oewpodv OTL Ol TPOYUOTIKES
SVVATOTNTEG TV, EVAAAIKTIKAOV TNYDOV EVEPYELNGS, TOPOVSIALOVTOL OO TOVG TECIUIGTEG VITEPPOAIKA

VIO — EKTIUNUEVEG.

4.10.3 Metpromadég (Plateau Scenario)

0ppmva pe to petplomafés oevaplo, av Kol 1 mopaymyn metpeloiov Ba kopvewOel Ta

enopeva 3 — 4 xpovio, ot SOLVALELS TNG ayopds Ba dlaTNPNoCOVY TO EMITESO KOPVPMONG YLO0L TOAAA
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XPOVIAL OKOUN, EMTPENMOVTOC OTO U1 — GUUPATIKO TETPEANLO KO OTIG EVOALAKTIKES TTNYEG EVEPYELOG
Vo KOAOTTOUVY TO KevO mov Ba donpovpyel omolodNnmote evOeyOUeEVn UEI®MOT NG TETPEAATKNG
mapayoyns. [apdia avtd n avénon g dtbéoiung evépyetag yiveton pakpompOfeco avEPIKTN, LE
OTOTEAECUO. VO TTOPOTNPOVVTOL EMPPAOLVOLEVOL PLOUOL OIKOVOMIKNG AVATTUENG Kol 1GYVPES
TECELS O TO SVTIKO KOGUO GE VIOVATTUKTEG KOWWVMVIEG TOV EMOOKOVY VaL-QVENGOLY TO PloTikod
toug emimedo. H katdotaon avty Ba onuovpynoet actabeic oyopes yio -mwoAAd ypodvia. Kot Oa

avénoet Tig ThavoTTEG TAYKOG MV KPIGE®V £E01TING TOV TEPLOPIGUEVAV. ATOOEUATOV EVEPYELQG.

Plateau Scenario 2050

Alkpmmatie SoOUrces
e, 24 EXhiane

il Shade Col San: i

Qil Production

Convertional Qi

Time —) OilScenarios.info

Awaypappo 28: ZOopemva pe 10 peTplontadig 6evapio 1 rapaywyn. meTperaiov 0o permOel ko ov evarlhakTikég TNYES EVEPYELOG

0¢ 00 KatopODcoVY emaPK®OS va To avTikaTactiicovy (IInyn: Oil Scenarios)

Baowkég vroBéoeig tov oevapiov givar-ot axolovdeg:

1. Agvmpoxeitar var avakaAvedel onpovtikd Koitacuo tetpeAoiov 6To HEALOV.

2. H mopayoyn metpekaiov omd véa KOTAOUOTO OE UTOPEl VO OVIIKOTAGTNGEL TNV
eEAvTAN O TOV TOAMOTEP®V KOLTAGUATMV.

3. - O véeg teyvoroyieg emTpémovy ™ ypnyopotepn €E6pLEN TETpEAMion YWPIg OUWMS Val
aLEAVOLV £TGL TN GLVOAK( TOPOYOLEVT] TOGOTNTAL.

4. Toa onlopéva omoBépato metperaiov eivor veép — extiunpéva, Wimg ot Méon
Avatoly.

5. To pun — ovpPotikd mwETPEAOIO KOl O1 EVOALAKTIKES TNYEC EVEPYELNG, oV Kol O Oa

UTOPEGOVY VO OVTIKOTOGTI|GOVY TANPMS TO KEVO UETA TNV KOPLO®GT TNG TOPAYDYNG
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ovpPatikod meTpedaiov, Bo PUTOPEGOLY TOLVAGYIOTOV VO TPOGPEPOLY Eva otabepd
pLOUS TaPOYNS EVEPYELOG.

[ToAlol okovopoldyol vrmootnpilovv OTL onuepa PPIOKOUACTE OTNV  KATAGTAOT 7OV
TEPLYPAPEL TO UETPLOMODEG oEVAPLO. AAAMOTE, 1 TOYKOOULN TOPOY®YN  TETPEAOIOL EUELVE
ocvykpltikd otabepn and to 2005 oto 2006 evd n {\tnom mapovciace peimon. To Ba yiver Opmc
otav 1 {nmon avénbet mdA, onwg Aoywkd Ba couPet; Oa pmopéoer var avtamokplfst | UATOG 1M

Topay®YN TETPELOion Exel NON KopLP®OEL;

4.10.4 Amoror600E0 (Pessimistic Scenario)

SOHpova pe To anouclddoEo GEVAPLO, 1| KOPOOMOT TG TETPEANIKNG Topaywyns Ba cupPet
0TO QUECO WEALOV, UE OTOTEAEGHO OKOUN KO YIYOVTIOHES TPOSTADEIEC ££0PVENG VEOL TTETPEANIOV
VO [N UTOPEGOLV VO, IKAVOTOMGOLV TNV-av&avopevn rtnon. Ot vynAdtateg TeTpelaikes TIHES OE
Ba otpéyouv 1t {Nnon oTic eVOAMIKTIKEG TYES EVEPYELNG 0pOV Ol VEES TEXVOAOYieg de Ba Eyovv
KOTOUPEPEL VO TIG KOTAGTNOOLY TPOSITEG 6T0-£VPpv kowo. H Bacikn Béom 610 amac1d60Eo cevaplo
elval 0Tt o vaper evepyetokd yacpo. {ftnone Kot tpoceopds, mov Ba Eekvnoel péca oty
enopevn mevtoetio Kat Qo owapkécel yuon to exopeva 10 pe 20 ypdvia, €0 6TOV Ol EVOALUKTIKEG

TNYES EVEPYELNG ATOTEAEGOVY OIKOVOUIKE Bldoieg AVGELS.

Pessimistic Scenario 2050
Peak oil iz near and

alternative energy
sources won't be able
P to replace the losses

Altarmatiee Sourcos
. N Bl Efhan

Qil Production

Time =k OilScenarios . info

Awgypoppa 29: ZOpomva pe T0 arTo161600E0 GEVAPLO 1| TO.PAYOYN TETPELAIOV KOL 0L EVOLAUKTIKES TNYES evEpyerag o€ Oa

KATOPOMGOUV EMAPKAS VO, LKUVOTOLGOLV TIG EVEPYELOKES UVAYKES TNG TayKOomag owkovopiag (IInyn: Oil Scenarios)
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Baowég vobéaeic tov cevapiov givar ot axolovbec:

1. Agv mpdKettar vo avakoAv@Oovy oNUOVTIKG KOITAGLOTO TETPEAAIOV.

2. H mopaywyn véov metpeiaiov og Ba kaAdyel Tnv avéavopevn (nmon:

3. O véeg teqvoroyleg Ba avénoovv to pubud mapoywyng merpehaiov oAl Oyt ™)
GUVOMKT] TTOPOAYOUEVT] TOGOTNTA.

4. To oniopéva amobépoato netperaiov eivor vaép — exTunpéva, Wiwg oty Méon
AvoToln.

5. Ov evoddoxktikés mnyéc evépyewog Ba  ypEWoTOVV. “TOAD  ¥pOvVO  pPEXpL  va
OVTIKOTOGTOOVY £0TM KOl PEPIKDS TNV TETPEAUIKT) TPOCOOPU, HE OTOTELEGUO T
ToyKOG Lo otkovopia va e10éA0gt o€ dtapkry kpion.

To peyodbdtepo tunuo g PPpMoypapiog yio- Thy. KOpOE®ON NG TETPEAAiKng Cntnong
akolovfel 1o amoclod0go ocevdpro. To evepyeiako - mpofinua Bo Snuovpynoel ONUOVTIKEG
TOMTIKEG TPOOTPIPREC PETAED TOV TETPEANLOTOPAYD YDV YOPOV OO T UL Kot TOV eE0PTNUEVOV —
TETPEANTKE yopdV amd TV GAAN. Ooeg  yhpeg. -akolovdnoovy emruynuéva 10 OpOHo T®V
EVOALOKTIKOV TNyov evépystag - Ba yvopicovv mpmtdyveopn owkovopkn ovamtuén. Kevipiko
Mmuo oto anouc1do0Eo oevdpro €ivar 0t 1 Kiva kou 1 Ivdia Ba vmootovv 11 peyahdtepeg

OLKOVOLKES KPIoELg AOY® TG LEYAANG €EAPTNOMNG TOVG OO TO TETPEAALO.

4.10.5 Ynép — anaicrodoEo (Head for the Hills Scenario)

20upwvo pe 10 VIEp — OmoclO00E0 GEVAPLO Ol EVOAAOKTIKEG TNYEG evépyelag ot Oa
KATopOOoOVY VO OVTIIKATOGTHGOVUV TO €VEPYEWKO EAAeupo omd v avéavopevn peioon g
netpehaikng mopayoyns. H maykoéomo owovopio oyt pdévo 6o amoctabepomondei, aArid Oa
avENBovv oNUaVTIKA Ot TOAVOTNTEG TAYKOGUIOV TOAEUK®OV GLPPAUEEDV Yo TOV EAEYYO TMOV

EVOTOUEWVAVTOV amofetld TV TETPELAIOL Kol LGIKOV aePiov.
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Head for the Hills 205t ook oil is close at handl

Scenario Will result in the collapse

of economies and notions

Taday which will limit the ability
to respond with other

energy sources

Cprtien A

Qil Production

Altarnative Sources

] e Optin B

:Gum'crtnnal-:lll

Time ——3 OilScenarios . info

Awdypoppa 30: Zopepova pe to vaép — anoic1660E0 6EVAPLo 1) cUYYPOVI Kolvevio 0o alldger-dpapatikd Aoy® TG pun

£ykaipng wpoeTolpaciog anévavtt 6to evepyelakd mpofinpa (Ilnyn: Oil Scenarios)

Baowég vrobéaeic tov cevapiov givar ot axorlovbec:

1. Aegv mpdkerton va ovakaAvOovv onUEVTIKE KOITAGHOTH TETPEAAIOV.

2. H mopaywyn véov metpehaiov 9g Ba KoAvyer tnv ow&avopevn {nnon.

3. O véeg teyvoroyieg Ba awénoouv to pubud mapaywyng metpelaiov aArd Oyt ™
GUVOAIKT TTOPAYOLEVT] TOGOTHTO.

4. Toa onlopéva oamoBéuare. meTtpelaiov eivor vrép — extiunuéva, W0img ot Méon
AvatoAn.

5. Ot evaAAaKTIKEG TNYES EVEPYELNG OE Oa OVTIKATOGTHOOVV TNV TETPEANIKT TPOGPOPJ.,
LE OTOTELEG O] TTOYKOG [1leL O1kovopia va l6EADEL g O1apKT Kpiom.

6. KaBs yopa Bo mpoonabel vo avto — cvvinpeitar eEacparilovtag 6on meplocoTEPN
EVEPYELD UTTOPEL Y10 TOVG TTOATEG TNG,.

210 0gvaplo avTd,- Ol EVOAOKTIKEG TNYEG evépyelag Oe ypeldletoanr va dopbmdcovv 1o
eVEPYELOKO EAAELUOL, UI0G Kol KOWVOVIKEG aAAayég Ba eivat 1060 dvopeveic mov o Oa ypetdlovton
TAEOV HEYAAEG TOCOTNTEG EVEPYELNG TPOKEUEVOL VO cuvInpeitonl por ochntd amodvuvapmuévn
TOYKOG O OIKOVOUi0L. ZOUG®VO, LE 0L IO OIGLOS0EN EKOOYT| TOL GEVAPIO, Ol EVOALAKTIKES TTNYES
evépyeog Ba Bondncovv v Taykocua otkovouio vo cuvEADeL ehappdg petd to 2050, votepa amod

po Leyaan mepiodo kpiomng.
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Ke@dAaio 5: ZuptrepaocpaTa Kal TTPOTACEIG

Kapog eivar mo va katardPovpe 6t  enoyn tov tCeT, TOV WOIOTIKOV QVTOKWNTOV, TOV
KAMUOTIOTIKOV, QTAVEL GE £va TEXOG, [LE TN LOPPT TOVAAYIGTOV Tov TV EEpovpe. Kavéve kadoio
(my, képPovvo, PLOKO AEPLO) deV PTOPEL VO OVTIKOTAGTIGEL TO TETPEAOLO-0E OAES TOV. TIG YPNOELS,
axoun Kot av vrofeécovpe Ot Bo mpoAdPavav va yivovv ol OmapoiTtTEG LETOTPOTES Kol VO
YTIGTOVV VEEG EYKOTACTAGELC.

Av okeptodpe ™V emepyOUeEVT] TETPEAUIKT KPioN GE GUVOLAGHO HE TO (QOLVOUEVO TOV
Oeppoxnmiov, TIc cuveneleg Tov omoiov NOM Prdvovpie, B kotoddPovpe Tl 0 dVTIKOG TOMTIGUOG
Kataonatdince, péco oe 100 poAG ypovia, TNYES ™ EVEPYELNG. OV “YPEWAGTNKOAV TEVTAKOGLO
EKATOUHDPLOL YPOVIOL VO GYNUATIOTOVV, YOPIg Vo AOYOPLAGEL TIG TOPEVEPYELES Yol TO TEPPAALOV,
o0TE T HEAAOVTIKG ad1EE000. ZNUEPQ, HOVN TPAYHATIK. AVon elvar 1 avotnpn mePIGTOA KAOe
EVEPYELOKNG OMATAANG, M Toelo EEAMAMON “TWV NV HOPPDV EVEPYELNS KOL 1) GTPOPT TPOG
KOW®VIKAQ LOVTEAQ 0PYNG OTKOVORLKNG HEYEBUVONG Kt AEAOYIGUEVTG KATOVAAWDGOTG.

[Tpoxetton Yo pio EXELYOVOA AVOYKOIOTNTA, TOV OAO KOl TEPIGGOTEPES XDPES TNV AapPdvovv
voyn. ' avtd epovtifouv Tig polKES GLYKOV@VIEG TOVG, EMEKTEIVOVY TOLG TOINAATOSPOLOVG,
KOTaokeLAlovy  POKMUOTIKGE OT{TWL, GTNVOLY OMOAKA TTAPKO, OVOKLKAMDVOLV, avEAVOLV TNV
EVEPYELOKT amOO00T,. KOTELHOVOLV TIG OIKOVOUIES TOVG TPOG TNV TOLOTIKT OVATTLEN HAAAOV TapdL
TPOG TNV TOGOTIKN LeYEUVON.

O1 dropatikoi emevovTtés Yvmpilovv 0Tt 1 0KOAOYIKN evépyeta avapévetar va eedydel oe
and Tic TAEov emiKepdell emyeipnoeic Tov 21°° adva. e moykdouo eninedo, 1 aoMKN evépyeia
pévo, amodivel onuepa méve amd 2,3 51 doAdpLo Kot 01 KOPLOOIES ETAPIES TNG EVEPYELNKTG ALYOPAg
&xovv oM apyicel va enevovovy oe avavewoies tnyég evépyetac. H Shell extipd 6t 1o 50% twv
EVEPYELOKAV avayk®V ToL kKOGpov pmopel g 10 2050 va koAdmretow omd TETOEG HOPPEG

EVEPYELOG.

IIMZX etqv Owovopikn ko Emyeipnowoxn Ztpatnyuc, Tpuqjpe Owovopkig Emoemiung, 96
Ak.’Etog: 2005-06, Evdyyelog I'. Mavovférog



Qil Peaking: To wpofinpno tg KOPOO®OGNG TG TETPELUTKNS {ijTNnong

210 mapeABOV, 1 HOVOOIKY OP®VIK GYETIKA LE TNV OVOVEDCLUN EVEPYELD NTAV TO KOGTOG!
vyt va odgvovpe oty €pevva Kot TV €EEMEN TOV OVOVEDCIU®V TNYOV €VEPYELNS OTaV TO
opuKTa Koot givar eOnvotepa kol oe apbBovia; Ot aviippnoelg avtég OUMG eKAEiToOVY OTOV
avTiAnefode 1O TPAYUATIKO KOGTOG TNG YPNONG TOV OPLKIOV KOLGIH®V. XOREOVO HE TO
OUEPIKOVIKO VOTITOVTO HEAET®OV «AteBvég Kévipo yu v Amotiunon g Texvoloyioc», 1o
netpélato mov Kootilel 1 doAdpio oto Bevivadiko, otV TpoyUaTKOT)TO KOoTiCEL.S — 15 doddpia,
av Adpovpe voOyn pog Kol TO Un opatd KOGTog, OmmG T0 KOGTOG TNG-HOAVLYONG TOV aépa, NG
Bdlaccog kot TG ENPAC, Kot TV TOAD PKp goporoyia wov emPBAALETOL OTIC TETPEANTKES ETOIPIES.

Eivar anapaitmrto va Oepehiobodv mepiocdtepo SiKaleG @oporoyikéc emPBopivoelg, mov Oa
avtopeiyouv Tig kobapdtepeg TEXVOAOYieg Kot 0o | @BNoovV emEVOLTIKA KEQAAOLO TPOG TIG
OVOVEMCLES TEYVOAOYiEG Kol TIG Mmotepeg HOpPEs evépyewoc.. T mapaderypa, ot Meydin
Bpetavia éog to 2010, to 10% g nAekTptkng evépyetag mov Ba mapdyouvv ot etaipies evépyetag Oa
TPEMEL VO TPOEPYETOL OO OVAVEDGIUES TNYES. “AAAG KOl 01 KATOVOA®MTEG ®OOVVIOL TTPOS TIG
OVOVEDGLUES TNYEG EVEPYELNG. 2T TEAN NG dOekoetiog tov 1990, n amelevBépwon g ayopdg
evépyelog £dmoe to dkaimpo 6Tovs katavalotéc g E.E. va emdéyovv v etaipio mov Ba mapéyst
NAeKTPIKO pedpa oty owkio tovg. TloAdol Mtav avtol mov oTPAENKOV OTIS €Toupieg HE TIC
HeYOADTEPES TEPPOAAOVTIKES GVIIOLYIES KOL CHUEPA LIAPYOLV TOAAEG €TOPiEg OV TAPEYOVV
TPAGIVO NAEKTPIKO-PEVLLOL OO AVAVEDGIUES TNYEG EVEPYELONG.

Méoa otaendpeva ypovia, oLmnyég avtég Oa avEdvoviat €1G BAPOg TV OPLKTOV KOVGIL®V
KO TG TUPNVIKNG EVEPYELNG, EVD 0€ pokporpoBecio opilovra, Bo LTOPEGOVV VO AVTIKATOGTICOVV
TIG CLUPBATIKEG TTNYES WOPOYNG 1oYVOC. AV cupPel avtd, va givar To TpoOPANUa mov Ba Tpénetl va
Eemepaotel: M duvoTdTNTa TPOPAEYNS TG Cnonge. H evépyeia givan ypnoun povo gav eivan oty
KATOAANAN 0€0m, pe TV KATdAANAN popen Kot 6Tov KATdAANnAo ypdovo. Ot gvepyelakol otaduol
QLOIKOL agPiov pmopohv va TiBevtal evtog N €KTOC AELTOVPYING OVAAOYOL LE TIC OTOLTHOELS, OALY
avtd Oev egival duvatd va yivel HE TIC OVOVEDGUUES TNYEG EVEPYELNG, LG KO O UTOPOVUE VO

eréyEoupe TNV 161 TOV OVELOD, TOV KUUATOV KOl TNG TAAIPPOLaS.
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H andvinon Bpioketar omv amodnkevon g mtAeovalovcos avavEDCIUNG LOPPNG EVEPYELNG
KoL TNV EAEYXOUEVN ameEAEVOEPOOT TNG, OVAAOYO LLE TIG OTOLTIOELS KATAVAA®GONG. AvTO umopel va
Yivel €DKOAOL LLE TNV AVOY®OGOT TNG EVEPYELOKNG oTtdbung Otav 1 evépyswa givor deBovn, Kot tnv
aneAevBépwon| g o oTypég Eviovn (nmong. [lepiocdtepo mponyuéves texvoroyies Tpoteivovv
po. KOAOTEPT AVOT: M TAEOVALOVGO AVAVEDGIUN EVEPYELX, UE TN HOPPN MAEKTPIKOV. pEOLLOTOS N
Oeppomrag, umopet va ypnotpomombei yo vo doaympicel 10 vepd ota OepeMdOn oTOYELRL. TOL —
VOpoydVo Kot 0&uydvo. Ta aépla avtd pmopohv va vypomomBovv, yio akOuY HeYOADTEPT EVKOALN
amoOKELOMG KOl LETAPOPAS, KOl GTI GLVEXELX VO, EVOBOUV TAAL LEGH OIS KOYWEANG KOVGILOL Yo
™V TOpoywyn NAEKTPIKNG evépyelag. Ot KuyWELES KOVGIHOL £X0VV dm0dOGEIC OV EEMEPVOLV TO
70% kot to povo Tovg KatdAouro eivar o vepod. 'Hon ypnoiporotodvion yio v mopoyn kivnong oe
Aem@opeia kol avToKivnTa Kot amd ToAL0HS Be@POvVTAL MG 1) OATOALT TNYT| 16YV0G TOL LEALOVTOG.

Q¢ xotevfuvoelg HeAOVTIKNG €PEVVOC - (ITOPOVV- VO -TPOTaBOVV 1 GUYKPITIKY] OIKOVOLLKN

avdAvon Tov Iydv evépyslog, N e&étaon g peboddov mpdPAreyng tov Hubbert, n dievpuvon twv
EVOALOKTIKOV cevapiov e£EMENG TOL TPOPANATOC, 1) LEAETN TEPITTAOCEDV YOPOV KOl ETOUPLDOV
oTN UETO — TETPEAAIKY| ETOYT).

Méca amd to eVOALAKTIKG ‘oevaptla eEEMENGC KOl OVTILETOTIONG TOL TPOPANUATOS YiveTon
OVTUANTTA 1 QUECT) OVAYKY] GTASIOKNG GVTIKOTAGTOONG TOV METPEAAIOV amd EVOANAKTIKEG TINYEG
evépyelog. Lo ) xdpa-Lag 1 avaykn TeTpelaikng anesdptnong eival akoun peyoidtepn, Kabng o
Babudc eEdptnong amd 1o mETPEAALO Elval TOAD PEYAAVTEPOG EVOVTL TOL HECOV EVPMOTATKOD OPOV
(65% évavt 50%). [Ipdtacn ¢ pnehétng elval T0 €T1010 TOGOGTO AVTIKOTAGTACTG TOV TETPEAAiOn
0o EVOALOKTIKEG TTNYES EVEPYELOG VAL EIVOL LEYOAVTEPO GTNV EAANVIKN TEPIMTMOT KOL VO OTAVEL TO
2% évavtt 1.5% tov-guponaikov. Ewdwotepa ot AIIE prnopodv va amoteAécovy yia Tn YOpo Hog
OULYKPITIKO TAEOVEKTNIO Kol outio. Oyt HOVO GLYKPATNONG TV EAANVIK®OV KEQOANI®V OTN YOpo

0AAG TOAD TTEPIOGOTEPO TPOGEAKVONG AUECOV EEVMV ETEVOVCEWV.
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NUCLEAR ENERGY AND TEE FOSSIL FUELS* BY M:-KING HUBBERT**

The evolution of our knowledge of petroleum since Colonel Drake's.discovery of oil in Titusville,
Pennsylvania, nearly a century ago, resembles in many striking.respects the evolution of knowledge of world
geography which occurred during the century following-Columbus' discovery of America. During that period
several continents, a number of large islands, and numerous smaller islands were discovered, but how many
more might there be? Also during-that period geographical charts had to be continuously revised in order to
incorporate the new discoveries that-were repeatedly being made, and also to correct some earlier
speculations which had proved to be seriously.in error. In addition, more detailed knowledge of the shore
lines and other features of.theareas discovered earlier was rapidly accruing, which also had to be added to
the charts.

*Publication No. 95, Shell Development. Company, Exploration and Production Research Division, Houston,
Texas.
**Chief Consultant (General Geology).

Then, as now, avoyager-starting out on‘a major expedition of discovery needed to equip himself with charts
of two kinds. He needed-the-large-scale detailed charts for piloting along known shores, and the
comprehensive.charts-of whole-oceans, or even of the known world, as a guide for his major navigations.

Likewise, forthe petroleum. industry the last century has been a period of bold adventure and discovery.
Whole petroleum provinces.analogous to the continents have been discovered and partly explored; a few
tens of very large fields, corresponding to the large islands, and hundreds of small fields, the small islands,
have been discovered.-But how far along have we come on our way to complete exploration?

In the petroleum industry, for the last several decades -particularly in the United States - we have been
conscious of a need for charting our progress, and thanks to the services of the American Petroleum
Institute, the American Gas Association, the Petroleum Branch of the American Institute of Mining,
Metallurgical, and Petroleum Engineers, the American Association of Petroleum Geologists, the United
States Geological Survey and Bureau of Mines, we have been able to chart with considerable accuracy our
past accomplishments, and our present status with regard to a short-term outlook. Longer-range reviews
have had to be made with respect to specific problems, such as whether to build a given pipeline or refinery.
But for the most part our outlook has been dominantly contemporary with concern principally for the next few
years, and with only occasionally (Weeks, 1948 1950a, 1950b; Ayres, 1948, 1952, 1953a, 1953b, 1955;
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Hubbert, 1950a; Ayres and Scarlott, 1952; Putnam, 1953; Brown, 1954) a bolder adventure into the more
distant future.

To continue the navigation analogy, what we seem to have achieved is an abundance of detailed charts of
local areas, with only an occasional attempt to construct, shall we say, a map of the whole world which,
despite its inherent imperfections, is still necessary if we are to have even an approximate idea of where we
are now, and where we are going. The object of this discourse will be to see what can be done in this
direction with the information presently available.

As a general orientation, let us consider that the petroleum industry is primarily an energy industry-and
secondarily a chemical industry. As an energy industry it utilizes the energy content of‘certain-naturally
occurring chemicals, namely the liquid and gaseous hydrocarbons. As a chemicalindustry-it utilizes the
material content of these same resources as constituting a complex array of organic-molecules.which-have
already been synthesized and are therefore available as the starting point of a series of enormously.complex
organic chemical products. In this respect it is again only one aspect of a much-broader chemical industry
utilizing coal, inorganic minerals, and plant and animal raw materials, in addition to. petroleum.

The fossil fuels, which include coal and lignite, oil shales, and tar and,asphalt,-as.well as petroleum and
natural gas, have all had their origin from plants and animals existing upon-the earth during.the last 500
million years. The energy content of these materials has been derived from that of the contemporary
sunshine, a part of which has been synthesized by the plants and stored as chemical energy. Over the
period of geological history extending back to the Cambrian, a-small fraction of these organisms have
become buried in sediments under conditions which have prevented. complete deterioration, and so, after
various chemical transformations, have been preserved-as our present supply of fossil fuels. When we
consider that it has taken 500 million years of geological history.to accumulate the present supplies of fossil
fuels, it should be clear that, although the same geological-processes are still operative, the amount of new
fossil fuels that is likely to be produced during the next few thousands-of years will be inconsequential.
Therefore, as an essential part of our analysis, we-can-assume -with-complete assurance that the industrial
exploitation of the fossil fuels will consist in the progressive exhaustion of an initially fixed supply to which
there will be no significant additions during the period-of-our-interest.

Throughout all human history until about-the thirteenth century, the human race, in common with all other
members of the plant and animal complex, had been solely dependent upon the contemporary solar energy
which it had been able to command. This_ comprised.the energy from the food it was able to consume, that of
the wood burned for fuel, and a trivial amount of power obtained from beasts of burden, from wind, and from
flowing water.

The episode of our present concern began when the.inhabitants of northeast England discovered that certain
black rocks found along the seashore, and thereafter known as "sea coles," would burn. Thus began the
mining of coal and the-first systematic exploitation of the earth's supply of fossil fuels. Its greatest
significance, however, lay.in.the fact that for the first time in human history mankind had found a huge supply
of concentrated energy by means of which.the energy that could be commanded by one person could be
greatly increased. The industrialization .of the world with its concomitant consequences for the human
population has been the direct result of that initial discovery.

To the energy-obtained from coal there has been added, since about the middle of the last century, that from
petroleum-and natural-gas, and a limited amount from oil shale.

Time does not-permit of even a summary of the major consequences of the utilization of these two sources
of energy, but as history shows, the immensity of human operations has been increased by several orders of
magnitude.

Rise of Production of Fossil Fuels
No better record exists of the history of the exploitation of the fossil fuels than the annual statistics of their
production. In Figure 1 there has been plotted the world production of coal since 1860 (United Nations,
1955), in Figure 2 the world production of crude oil, and in Figure 3 the combined production of energy from

coal and crude oil.

The production of coal in the United States is shown in Figure 4, that of crude oil in Figure 5, and the
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production of marketed natural gas in Figure 6. The production of crude oil in Texas is shown in Figure 7,
and that of marketed natural gas in Figure 8.

Since these curves embody just about all that is essential in our knowledge of the production of energy from
the fossil fuels on the world, a national, and a state scale, it is worth our attention to study them briefly. In the
first place, it will be noted that there is a strong family resemblance among them. Each curve starts slowly
and then rises more steeply until finally an inflection point is reached after which it becomes.concave
downward. For the world coal production this point was reached about the beginning of World-War |, and for
world petroleum production it appears to have been as recently as 1951 or 1952.
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For the production of coal in the United States the inflection point also occurred about 1914, and the
inflection points for petroleum and natural gas apparently about 1952. The inflection points for the Texas
production of oil and gas occur at about the same dates as those for the United States.

A more informative representation of the rate of growth of the production can be obtained by plotting the
logarithm of the production rate versus time on semilogarithmic graph paper. This has been done in Figures
9 and 10 for the United States production of coal and crude oil, respectively. It will be noted in each case that
the curve approximates a straight line until some definite date and then breaks away sharply downward. In
the case of coal this departure from a straight line occurred about 1910, and for crude oil about 1930. All the
other production curves shown in the preceding figures behave in a similar manner.
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The significance of this is that during the initial stages all of these rates of production tend to increase
exponentially with time. Goal production in the United States from 1850 to 1910 increased at a rate of 6.6
percent per year, with the production doubling every 10.5 years. Crude-oil production from 1880 until 1930
increased at the rate of 7.9 percent per year, with the output doubling every 8.7 years.
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Figure 9 - Coal productlion of the United States
plotted on semilogarithmic scalae.

[LOGARITHMIC SCALE)

10000 — '__!.‘j B ]
GROWTH RATE' 7.9 % /YR
rnuulauns PERIDD: la.r YEARS| v
y ot
£ oo - i ad
S ——— SN I—
WESSE
-
i |
T | _|_
=
e |
> eo— 7
N — Efuf
& 1
': 1 ]
b=
|
I 1 e
Z1) 1
J

[
1860 1870 1880 1850 1900 B0 1920 1230 1940 1950 1960
YEARS

Figure 10 = Crude=cil production in the United States
plotted on semilogarithmic scale.

During the corresponding growth phases, world production of coal increased at the rate of 4.3 percent per
year, with production doubling every 16 years, and world production of crude oil increased at a rate of 7
percent per year, with the rate of output doubling every 10 years.

These facts alone force one to ask how long such rates of growth can be kept up. How many periods of
doubling can be sustained before the production rate would reach astronomical magnitudes? That the
number must be small can be inferred from the fact that after n doubling periods the production rate will be
increased by a factor of 2". Thus in ten doubling periods the production rate would increase by a
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thousandfold; in twenty by a millionfold. For example, if at a certain time the production rate were 100 million
barrels of oil per year - the U.S. production in 1903 - then in ten doubling periods this would have increased
to 100 billion barrels per year. No finite resource can sustain for longer than a brief period such a rate of
growth of production; therefore, although production rates tend initially to increase exponentially, physical
limits prevent their continuing to do so.

This rapid rate of growth shown by the production curves makes them particularly deceptive with regard to
the future length of time for which such production may be sustained. For example, coal has:been mined
continuously for about 800 years, and by the end of 1955 the cumulative production for all-of this time was
95 billion metric tons. It is somewhat surprising, however, to discover that the entire period-of coal'mining-up
until 1925 was required to produce the first half, while only the last 30 years has been required for the
second half.

Similarly, petroleum has been produced in the United States since 1859, and- by the end of 1955 the
cumulative production amounted to about 53 billion barrels. The first half-of this-required from-1859 to 1939,
or 80 years, to be produced; whereas, the second half has been produced during the-last 16 years.

A more effective means (Hubbert, 1950a, 1950b) of extrapolating such growth curves is-afforded by two
basic considerations: (I) For any production curve of a finite resource of fixed-amount, two_points on the
curve are known at the outset, namely that at t = 0 and again at t =. The production rate will be zero when
the reference time is zero, and the rate will again be zero when the resource is-exhausted; that is to say, in
the production of any resource of fixed magnitude, the production-rate must begin at zero, and then after
passing through one or several maxima, it must decline again to zero: (2) The second consideration arises
from the fundamental theorem of the integral calculus; hamely; if there exists a‘single-valued function y =
f(x), then

.
] yix=4A, (1)
o

where A is the area between the curve y = f(x).and the x-axis fromthe origin out to the distance x1.In the
case of the production curve plotted against timeon. an arithmetical scale, we have as the ordinate

P=dQ/dt, (2)

where dQ is the quantity of the resource produced-in time dt.Likewise, from equation () the area under the
curve up to anytime t is given by

t
A= ft Pat = [ (dQfat)at =Q, (3)
o =

where Q-is the cumulative production up to the time t. Likewise, the ultimate production will he given by

o

%gx‘fmtl {h‘)

o

and will be represented on the graph of production-versus-time asthe total area beneath the curve.These
basic relationships are indicated in Figure 11. The only a priori information concerning the magnitude of
theultimate cumulative production of which we may be certain is thatit will be less than, or at most equal to,
the quantity of theresource initially present. Consequently, if we knew the quantityinitially present, we could
draw a family of possible production curves, all of which would exhibit the common property of beginning and
ending at zero, and encompassing an area equal to or less than the initial quantity.
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That the production-of exhaustible resources does behave in this way can be seen by examining the
production curves of some of the older producing areas. In Figure 12, for example, there is shown the crude-
oil production curve forthe state of Ohio. In this case the production began its initial sharp rise in 1884,
passed through three maxima between 1890 and 1900 with the peak about 1896, and since then has
undergone a slow, steady decline.

In Figure 13 is shown the corresponding curve for the state of lllinois, which is distinguished by having two
widely separated and well-defined maxima, the second considerably larger than the first. The reason for
these two maxima is well known. With the exception of occasional outcrops in local areas, the state of lllinois
is almost completely blanketed by glacial drift. The first period of discovery, beginning about 1905, was
based on surface geology with meager outcrop data. Consequently in about five years most of the
discoveries amenable to this method had been made and for the next 25 years these fields continued to
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produce at declining rates with no new discoveries being made. It was well known geologically, however,
that the whole lllinois Basin was potentially oil bearing, which was later verified when a new cycle of
exploration using the seismograph was initiated in 1937. The peak of this cycle of production was reached in
1940, with the subsequent decline continuing until 1953 following which there has been a slight increase of
production.

The present outlook for lllinois has recently been summarized by Vincent and Witherspoon.(1955) of the
lllinois State Geological Survey. Cumulative production until July 1, 1955, was 1.8 billion barrels,-and
reserves from existing fields were estimated to be 0.5 billion barrels by primary methods of production and
1.0 billion barrels by water flooding. In addition, the rocks of Middle Ordovician age(below the St. Peter
sandstone) have not yet been explored, so that undiscovered reserves are estimated.at.from 0.5 to.1 billion
barrels. The ultimate cumulative production from lllinois is estimated, therefore, at-about 4 billion barrels.

On the graph of lllinois production (Figure 13), each square of the grid represents.0.5 billion barrels so'that a
total of eight squares can be allowed under the curve before it declines to zero.-Three‘and one-half squares
have already been used up, leaving about four and one-half still to go. This implies.that'a third cycle of
discovery and production is still due to occur in lllinois, yielding about.as much oil ashas been produced
already, but no fourth cycle appears likely.

Reserves of the Fossil Fuels

Coal.—In order to predict the future of the production of the fossil fuels, therefore, it is essential that the best
possible estimates of the ultimate reserves he made. In'the case of coal-world-wide inventories have been
made and revised intermittently since 1913. During the last-decade an extensive re-examination of the coal
reserves of the United States has been In progress by the United States Geological Survey, whose staff has
also maintained current information on the reserves .of the.world. The results of the latest progress report of
the Geological Survey (Averitt, Berryhill, and Taylor, 1953), of the recoverable coal reserves of the world, are
shown graphically in Figure 14. The total recoverable coal and-lignite reserves of the vorld are now
estimated to be about 2500 billion metric tons;-of which the United. States has about one-third, the U.S.S.R.
about one-fourth, and China about one-fifth‘of the total-

The sharp contrast between these figures and earlier estimates of about 6000 billion metric tons for the
whole world requires explanation..The earlier estimates included both thin and deep beds of coal without too
much regard for practicable minability. The-later estimates have been restricted to beds that are more
workable; this has resulted in-a reduction from around 6000 to about 5000 billion metric tons. More seriously,
however, the earlier estimates.were-of coal in place; whereas the data given in Figure 14 represent
recoverable coal assuming a 50-percentloss-in mining. This makes the coal reserves directly comparable to
the data for petroleum reserves, which also-are based upon recoverable oil rather than oil in place.
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Crude Oil and Natural Gas.— The comparable data for world crude-oil reserves are presented in Figure 15.
Here the distinction must be borne in mind between crude oil or petroleum and total "liquid hydrocarbons" or
"petroleum liquids *" In. the early stages of the petroleum industry, the usable products were crude oil and
natural gas, and most petroleum statistics still pertain to those two products. During recent decades,
however, due to improved technology there has been an increasing yield of the so-called "natural-gas
liquids" obtained as a by-product of natural gas. Statistics on total petroleum liquids, or liquid hydrocarbons,

comprise both crude oil and natural-gas liquids.

Since the production curves here considered are of crude oil only, then the pertinent reserve data must also
be limited to crude oil. The data in Figure 15 represent the estimated amounts of crude oil initially present
which are producible by methods now in use. The cross-hachured part of each column represents the
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amount which has been consumed already. These estimates of ultimate potential reserves are, with two
exceptions, those obtained by L. G. Weeks (1948, 1950a, 1950b, 1952), of the Standard Oil Company of
New Jersey, in his detailed studies of the various sedimentary basins of the world. Weeks estimated the
ultimate potential reserves of the world to be 610 billion barrels for the land areas, and 400 billion barrels for
the continental shelves, or roundly 1000 billion barrels in total. These estimates included 110 billion barrels
for the land area of the United States, and 155 billion barrels for the Middle East, including Egypt.

Subsequently the Middle East has developed into a petroleum province of unprecedented magnitude and
Weeks' estimate is now known to be seriously too low. Recently Wallace E. Pratt (1956), in the Report of the
Panel on the Impact of the Peaceful Uses of Atomic Energy, gave as the proved reserves of liquid
hydrocarbons for the Middle East the figure of 230 billion barrels. Since probably not'less.than-200 billion
barrels of this is represented by crude oil, the estimate of the ultimate potential reserves of-crude 0il in the
Middle East has been increased to 375 billion barrels, which can only be regarded as a rough order-of -
magnitude figure.

In the case of the United States, Weeks' estimate of 110 billion barrels{(based upon preduction practices of
about 1948) was for the land area. The United States Geological Survey (1953) has estimated potential
offshore reserves of the United States, based upon the productivity of comparable adjacent land areas, to be
as follows:

Texas: 9 billion barrels

Louisiana: 4 billion barrels

California: 2 billion barrels

Total: 15 billion barrels

Olaf P. Jenkins (1955) of the California Division of Mines has.estimated the offshore reserves of California to
be 4 billion barrels. Combining this with the U.S. Geological Survey estimate for Louisiana and Texas gives
17 billion barrels, which has here been rounded off to 20 billion:

The production record of the past two decades, due in part to- Improved recovery practices, indicates that
Weeks' figure of 110 billion barrels for the land may also be . somewhatlow. This has accordingly been
increased to 130 billion, giving a total ultimate potential reserve.of 150 billion barrels of crude oil for both the
land and offshore areas of the United States.

Although arrived at independently, this.figure is in.substantial agreement with Pratt's (1956, p. 94) figure of
170 billion barrels for the total liquid hydrocarbons of the United States. The ratio of crude oil to liquid
hydrocarbons can be obtained approximately.from the latest American Petroleum Institute (1956) release on
proved reserves. As of January 14,1956, the proved reserves of crude oil were 30.0 billion barrels, while
those of total liquid hydrocarbons was.35.4 billion barrels. Applying this ratio to Pratt's figure of 170 billion
barrels of liquid hydrocarbons gives 144 billion barrels of crude oil.

With these modifications we obtain a.figure of-about 1250 billion barrels for the ultimate potential reserves of
crude oil of the whole world:

Since crude oil.and natural.gas.are genetically related, probably the most reliable procedure for estimating
the ultimate reserves of-natural-gas is from the ratio of gas to crude oil in current production and in the
proved reserves. No-attempt -has-been made to do this for the whole world for which gas statistics and
reserve estimates are largely lacking; but for the United States the net gas production during 1955 was 10.1
trillion cubic feet-and the erude-oil production was 2.42 billion barrels, giving a production gas-oil ratio of
4200 cubic feet per barrel.

The proved reserves of gas.and oil for January 1, 1956, as given by the American Gas Association (1956)
and the American Petroleum Institute (1956), are 224 trillion cubic feet of gas and 30.0 billion barrels of oil,
respectively. This gives.a gas-oil ratio of 7500 cubic feet per barrel.

Assuming the ultimate potential oil reserves of the United States to be 150 billion barrels of which 52.5 had
been produced by January 1, 1956, leaves 97.5 billion barrels still to be produced. Then, if we use the gas-
oil ratio of current production, we obtain 410 trillion cubic feet of gas as the future reserve. If we assume the
ratio of 7500 cubic feet per barrel, obtained from proved reserves, we obtain a future reserve of 730 trillion
cubic feet. Adding to these figures the cumulative production of 130 trillion cubic feet tnen gives as the
ultimate potential gas reserve of the United States a low figure of 540 or a high of 860 trillion cubic feet. Of
these figures the latter appears the more reliable since the reserves represent a much larger sample than
the annual production. It also compares more favorably with the estimate of 750 trillion cubic feet recently
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made by Pogue and Hill (1956) of the Chase Manhattan Bank, and is in substantial agreement with the
figure of 850 trillion cubic feet given by Pratt (1956). Pratt's figure of 850 trillion cubic feet is accordingly the
one that is here adopted.

On the basis of the relative magnitudes of the Texas rate of production and proved reserves as compared
with those of the United States, an allotment of 40 percent of the total reserves of the United States to Texas
appears to be of a proper order of magnitude. This would then give for Texas an ultimate potential reserve
for crude oil of 60 billion barrels and 340 trillion cubic feet for natural gas. If the figure of 40 percent should
be too low and the actual ratio more nearly 45 percent, then these reserve figures would be increased
proportionately.

Oil Shales and Tar Sands.—The oil obtainable from oil shales in the United States-has been-taken-to.be
1000 billion barrels. This is based upon a revised figure recently released by.the‘United States Geological
Survey (cited in The Oil and Gas Journal, February 13, 1956, p. 83) of 900 billion-barrels of-oil for the-shales
of Colorado. A. C. Rubel (1955) has recently made a review frcm published literature of all the bituminous
shales of the United States which are potential sources of oil, and has arrived at-an estimate of a-possible
2.5 trillion barrels of oil obtainable from shale.

Outside the United States oil shales are present in various countries; but; with. the exception of the shales in
Brazil, the magnitudes are negligible compared with those of the United States. The oil'shales of Brazil are
reported to be of about the same magnitudes as the earlier estimates for those-of the United States, which
would suggest an oil content of the order of 300 to 500 billion-barrels.

The largest known deposit of tar sands in the vorld is that of the Athabaska tar sands in northeastern Alberta,
Canada. The extractable oil content of these sands is.still not.accurately known, but current estimates range

from about 300 to 500 billion barrels of oil. As compared with this the readily minable tar sands of the United

States would yield only about 1 billion barrels of oil (U.S. Geological Survey, 1951), with a few billion barrels

more obtainable from the less minable deposits.

Other large deposits of uncertain magnitude exist in eastern-Venezuela and in Mesopotamia. Making liberal
allowances for the possible magnitudes.of these,-Ayres and Scarlott (1952, p. 75-76) have ventured as an
educated guess that the total oil obtainable from the-tar deposits of the world might be as much as 800 billion
barrels.

Energy Content.—The relative magnitudes-of the initial world reserves of all the fossil fuels reduced to a
common energy unit of measurement-are shown in Figure 16. It will be noted that of all the fossil fuels
initially present the recoverable’energy of coal represents 70 percent of the total, oil and gas about 14
percent, oil shale about 10 percent, and tar-sands about 6 percent.

A corresponding chart-of-the fossil fuels of the-United 15 States is shown in Figure 17. The total of 8.5 X 10
kw-hr of heat for the fuels.of the United States represents about a third of the fossil fuels of the world. Again
coal represents approximately three-fourths;. oil shale about one-fifth, and oil and gas about 6 percent of the
total, with one-quarter of the oil and.gas already consumed.
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Future Rates of Production

Utilizing the method of extrapolation described earlier and the reserve figures cited, we are now able to make
some approximations of the future production curves for the various fossil fuels. This has been done in
Figure 18 for the world coal production. The scale of the figure for cumulative production is given by the
square in the upper left-hand corner. The altitude of this square is 2 X metric tons per year, and its base is
100 years. Its area, therefore, is:
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2 x 10° metric tons/yr x100 yrs = 200 x10° metric tons. Hence, in this diagram every square of the coordinate
grid represents 200 billion tons of coal. Then, since the amount of recoverable coal initially present was 2600
billion tons, the area under the production curve can contain only 13 squares.

In the projection as drawn, it is assumed that the ultimate peak of production will be about three times the
present rate; should this be the case, the peak would be reached at about the year 2150. If the maximum
rate of production should be greater than this amount, then the peak would occur sooner; if the rate should
be less, the peak would occur later. If the present rate of production should remain constant at-about 2 billion
metric tons per year, the coal supply would last about 1250 years from the present.
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Figure 19 = Ultimate coal production in the United States.

The production of coal-in the United States has been similarly projected in Figure 19. In this case, the
recoverable reserves are about 950 billion short tons and the cumulative production has been 32 billion tons*
Since each square of the grid represents 100 billion tons, the total area under the curve should be about 10
squares. The curve has been drawn for an ultimate peak rate about four times that of the present. With this
assumption, the maximum of the curve would likewise occur at about 2150. But the date of the culmination
would be respectively earlier or later should the peak production rate be greater or less than has been
assumed.

The same treatment for the world production of crude oil is shown in Figure 20. Here the ultimate potential
production is taken to be the 1250 billion barrels shown in Figure 15. The unit rectangle of the grid
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represents 250 billion barrels. Consequently, the total area under the curve will contain but five of these
rectangles. In Figure 20, the curve has been drawn on the assumption that the maximum rate of production
will be about two and one-half times the present rate, which places the date of the peak at about the year
2000. As in the case of coal, variations of this assumed maximum rate will advance or retard the date of the
culmination.
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upon initial resarves of 880 trillion cubic feet (ages Fratt, I1958).

The proved reserves shown in this figure are about 250 billion barrels. The total amount of oil discovered is
the sum of the cumulative production and the proved reserves. Since this is approaching the peak of the
curve, the figure suggests that, even if we are less than half through in our exploration for petroleum, the
period of declining rates of discovery has almost arrived.
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Applying this same technique to the production of crude oil in the United States, there is shown in Figure 21
a graph of the production up to the present, and two extrapolations into the future. The unit rectangle in this
case represents 25 billion barrels so that if the ultimate potential production is 150 billion barrels, then the
graph can encompass but six rectangles before returning to zero. Since the cumulative production is already
a little more than 50 billion barrels, then only four more rectangles are available for future production. Also,
since the production rate is still increasing, the ultimate production peak must be greater than the present
rate of production and must occur sometime in the future. At the same time it is impossible.to-delay the peak
for more than a few years and still allow time for the unavoidable prolonged period of decline.due-to the
slowing rates of extraction from depleting reservoirs.

With due regard for these considerations, it is almost impossible to draw the production curve based upon an
assumed ultimate production of 150 billion barrels in any manner differing significantly from-that shown.in
Figure 21, according to which the curve must culminate at about 1965 and then must decline at.a-rate
comparable to its earlier rate of growth.

If we suppose the figure of 150 billion barrels to be 50 billion barrels too low -an‘amount equal to eight East
Texas oil fields - then the ultimate potential reserve would be 200 billion.barrels.-The second of the two
extrapolations shown in Figure 21 is based upon this assumption; but.it'is interesting to ‘note that even then
the date of culmination is retarded only until about 1970.

One other contingency merits comment. By means of present production techniques; only about a third of
the oil underground is being recovered. The reserve figures cited are for oil.capable.of being extracted by
present techniques. However, secondary recovery techniques are gradually being improved so that
ultimately a somewhat larger but still unknown fraction of the oil underground should be extracted than is
now the case. Because of the slowness of the secondary recovery process, however, it appears unlikely that
any improvement that can be made within the next 10 or+15 years can have any significant effect upon the
date of culmination. A more probable effect of improved recovery-will'be to reduce the rate of decline after
the culmination with respect to the rates shown in Figure 21:

The corresponding extrapolation of the United States-production-curve for natural gas is shown in Figure 22.
Here the ultimate potential reserves aretaken tobe'the 850 trillion-cubic feet recently estimated by Pratt. In
this case the unit rectangle of the graph represents 100 ftrillion.cubic feet so that the total area under the
curve is limited to eight and one-half rectangles-of which-one and one-half represent the approximately 150
trillion cubic feet produced already.

The present production rate is"about 10.trillion cubic feet.per year and the curve is still rising steeply. An
ultimate rate of about 14 trillion,cubic.feet per year is‘about the maximum that appears likely while allowing for
the necessary period of prolonged decline. Assuming this value for the maximum, then the curve as drawn in
Figure 22 is a reasonable extrapolation. The date of culmination in this case should be approximately 1970.

Shown also on the graph-aretwo points indicating the rates of gas consumption for 1965 and 1975
postulated by Pratt (1956, p..92). The consumption rate for 1965 fits the curve very satisfactorily, but it is
almost impossible to'make.the-curve pass through Pratt's point for 1975 without requiring an ultimate gas
production considerably-in excess.of the 850 ftrillion cubic feet assumed.

Curves for the ultimate production of crude oil and natural gas, respectively, for Texas are shown in Figures
23 and 24: These are based-on the assumed ultimate potential reserves of 60 billion barrels and 340 trillion
cubic feet for-oil and.gas, respectively. The behavior of the curves is very similar to that of the corresponding
curves for the United States, with the oil production culminating about 1965 and the gas production about
1970. Improved methods-of secondary recovery will probably make the rate of decline of the oil production
curve less steep than-is shown here, but are not likely seriously to postpone the date of the culmination.

The Outlook for the Fossil Fuels

From this inventory of the energy supplies represented by the fossil fuels, it appears that about three-
quarters of the reserves of the fossil fuels of the world are represented by coal and the remaining one-
quarter is about equally divided between liquid and gaseous hydrocarbons, and oil shales and tar sands.
Production of the world's coal has already consumed about 3.7 percent of the minable reserves initially
present, that of oil and gas about 7 percent, while the production from shale and tar sands has barely been
started.
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Figure 24 - Ultimate Texas production of natural gas.

However, because of the versatility'and usefulness of the liquid and gaseous hydrocarbons, and also
because of their relative ease of extraction, the rate of exploitation of the latter has increased
disproportionately to their magnitude as compared-with coal.

If the world should continue to be dependent upon the fossil fuels as its principal source of industrial energy,
then we could expecta-culmination in-the production of coal within about 200 years. On the basis of the
present estimates.of the ultimate reserves-of petroleum and natural gas, it appears that the culmination of
world production of these products should occur within about half a century, while the culmination for
petroleum and natural-gas.in-both the United States and the state of Texas should occur within the next few
decades.

This does not necessarily imply-that the United States or other parts of the industrial world will soon become
destitute of-liquid ‘and gaseous- fuels, because these can be produced from other fossil fuels which occur in
much greater.abundance. But it does pose as a national problem of primary importance, the necessity, both
with regard to requirements for domestic purposes and those for national defense, of gradually having to
compensate for an increasing disparity between the nation's demands for these fuels and its ability to
produce them from naturally occurring accumulations of petroleum and natural gas.

Finally, there is the possibility of obtaining industrial energy from nuclear sources which we now propose to
examine.

Energy from Nuclear Sources
Ever since the explosion of the first nuclear bomb over Hiroshima in 1945, there has been spectacular

evidence that the tremendous store of energy contained within the nucleus of certain unstable atoms can at
last be released. Gradually during the succeeding years, the veil of secrecy has been lifted until finally, as a
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result of the United Nations International Conference on the Peaceful Uses of Atomic Energy, held in
Geneva during August 1955, virtually complete information on the possible industrial uses of the energy from
the fissioning of the uranium has now been made pubilic.

In addition, very active developments in the United States, England, the U.S.S.R., and other countries, of
large power reactors are under way. Moreover, nuclear-powered submarines are already in successful
operation. What, we wonder, is the magnitude of the potential industrial development of energy from these
sources? How much uranium or thorium would be required to power an industrial civilization-comparable to
that now powered by the fossil fuels? And does this quantity exist in a form that is readily obtainable?

To answer these questions, let us first familiarize ourselves with the basic elements of'the nuclear-power
reactions. The fissionable elements, as indicated in Table 1, comprise two isotopes. of uranium, U-235-and
U-233, and one of plutonium, Pu-239. Of these, only one, U-235, occurs naturally and-the. ether.two are
man-made, Pu-239 being derived by a radioactive transformation from U-238, and U-233 from thorium. The
isotopes, U-235, U-233, and Pu-239, are known accordingly as fissionable-or-fuel'-materials; whereas U-238
and Th-232, while not themselves fissionable, can be converted into fissionable isotopes and so. are known
as fertile materials.

Naturally occurring uranium consists of the isotopes, U-238 and U-235, in the ratio of 140.to 1. Any given
quantity of natural uranium contains 99.3 percent of U-238 and 0.7 percent of-U=235. Natural thorium
consists of the single isotope Th-232.

Spontaneous fissioning of U-235 occurs when a concentration of this-isotope.greater than some critical
amount is brought together. If the reaction is uncontrolled;.the result is-the explosion of an atomic bomb; if
properly controlled, the energy, in the form of heat, can'be released at a determinate rate. Nuclear piles
comprise assemblages of fissionable and auxiliary. materials for-maintaining controlled nuclear reactions.

Table 1

NUCLEAR ENERGY SOURCES
_——

Fisgionable Materials Fertile Materials

U-235 (0.7% of whole uranium)

=238 (99.3% of whole uranium)
Pu-239 (derived from U-238)

The232
U-233 (derived from Th-232)

Table 2
ENERGY RELEASED BY FISSIONING

OF URANTUM
Heat Released
Quantity of U-235 ™o Coal Equivalent | Oil Bquivaleat
1 gram 2.28 x lﬂh 3 metric tons 13 barrels
1 pound 1.03 x 107 | 1400 metric toms | 6000 barrels

The elementary nuclear-power reaction is that indicated in Figure 25. Here U-235 in a critical amount is
undergoing fissioning. When a U-235 atom is struck by a neutron, it breaks into fragments known as fission
products which consist of other atoms near the middle of the table of atomic numbers, and also releases
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neutrons which strike other U-235 atoms, thereby maintaining a chain reaction. Each fission releases, on the
average, 200-million electron volts of heat which, like the heat of combustion of coal or oil, can be used to
drive a steam power plant.

The objections to the sole use of U-235 are its scarcity and the large amounts of energy required to separate
it from U-238. Hence, very great importance attaches to the possibility of converting the fertile materials, U-
238 and Th-232, into fissionable materials by means of the breeder reaction. The breeder reaction for U-238
is shown schematically in Figure 26. In this case, the neutrons from the fissioning of U-235 are used to
cause a radioactive transformation of U-238 to Pu-239 which is then fissionable. By a similar reaction.Th-232
can be converted to U-233 which is also fissionable. It has been experimentally demonstrated that-both of
these reactions are possible and are capable of producing from the fertile materials more fuel material than
is consumed. Thus, in principle, by means of properly developed breeder reactors;.it is possible to-consume
whole uranium and thorium. In the subsequent discussion it will be assumed that complete breeding will
have become the standard practice within the comparatively near future.
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Table 3

URANIUM EQUIVALENT OF

U.5. FOSS5IL-FUEL RESERVES

Bquivalent Equivelsnt
Fuel Reserves Energy Urenium
{lw=hr heat) | (metric tons)
Coal 950 % 107 short toms | 6.00 x 1% 264,000
o1l 97.6 % 10° bbl 0.17L x 102 7,500
Gas 700 x 10°° £t3 0.205 X 10+ 9,000
011 Shale 5
T B } 1000 x 10° Bhl 1.760 X 10™ 775500
Total 8.1 x 10+ 358,000
Table b
U.3. ENERGY REQUIREMENTS FOR 1956
Equivalent
Energy Energy
Source Amount { w-hr heat) [neg::i:nm}
Coal 550 x 10° tons | .24 x 1042 187
Petrolewm | 2.9 x 10° bbl 5.10 X 10%° 226
Natural Ges | 9.2 x 100 #%3 | 2.70 x 1002 119
15 12
1.6 X 107 Btu
Water Power (fuel equiv.) 0.4T x 10 21
Potal 12.51 x 10%2 553
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Table 5

INVENTORY REQUIREMENTS OF URANIUM
FOR VARIOUS POWER CAPACITIES

Inventory Uranium

Power Capacity Required

J.uE dlovatts 600 metric tons

ton
l?tris pe:flnmim THO metrie 4
553 metric tors of wranimm

ccnsumed per year 10,000 metric tons
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Figure 27 = Annual reguirements of uranium for plant inventory
and for fuel during period of growth of generating capacity.

Now for the energy-that is.released by the fissioning of a given amount of uranium (or thorium). As indicated
in Table 2, the fissioning-of 1.gram.of U-235 releases 2.28 x 10* kw-hr of heat, which is equivalent to the heat
of combustion of 3 tons.of coal-or.of 13 barrels of oil. One pound of U-235 is equivalent to 1400 tons of coal
or 6000 barrels of oil.-Within_narrow-limits the same values are valid for U-238 and for thorium.

Using the foregoing data, the-uranium equivalents of the fossil-fuel reserves of the United States are shown
in Table 3: The energy of 358,000 metric tons (I metric ton is equal to 10 grams or 2205 pounds) of uranium
is equal to that-of all the fossil-fuel reserves of the United States. In Table 4 it is shown that the uranium
equivalent of all the coal,.oil,'gas, and water power to be consumed in the United States during 1956
amounts to only 553 metric'tons.

In addition to the uranium used as fuel, there is also an amount which must be permanently tied up in
inventory in the reactors and processing plants as indicated in Table 5. This is estimated to be about 600
metric tons per million kilowatts of generating capacity. The present capacity of the United States is about
100 million kilowatts, which would require an inventory of about 60,000 tons of uranium. The inventory per
ton of uranium consumed per year is about 740 tons, so if the fuels and water power of Table 4 were entirely
replaced by nuclear power, the inventory requirements would be about 410,000 metric tons.

It is clear, therefore, that during the period in which the power capacity is expanding the requirements of
uranium for inventory will greatly exceed those for fuel. When growth ceases, the annual increment to
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inventory will become zero. The relative requirements of uranium for inventory and for fuel of an expanding

nuclear-power system are shown in Figure 27. The initial rate of expansion is taken to be 10 percent per

year, with the power capacity becoming asymptotic to 500 million kilowatts.

Magnitude of Uranium Reserves

With this review of requirements we now ask: What is the magnitude of the supplies? The uranium contents
and fuel equivalents of the principal sources of uranium in the United States are shown in Table'6. The ores
which are currently being produced, the so-called high-grade ores, are those of the type found principally-in

the Colorado Plateau. These are said to average about 0.35 percent uranium, or 3500:grams per metric ton,

which is equivalent to about 10,500 tons of coal or 45,000 barrels of oil per metric ton of ore.

Table 6

FUEL BQUIVALENTS OF URANIUM CHES

e _———————————— ——— L]

Type of gz:’:::: Fuel Bguivalent per Metris Ten
. (grems/metric ton) | Coel (metric/toms) | of1 (bbl)

Colorado

‘l;.‘flt.:tm 3500 10,500 L‘-”m

8
Eh;g;:“ 30 to 300 90 to 900 390 to 3900
e s 10 to 100 30 to 300 130 to 1300
Legmu

Cranite 13gm T } 17 50 250
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Figure 28 = Map showing major uranium and
thorium deposits of the United States.

The so-called "low-grade" ores are the phosphate rocks and the black shales which have uranium contents
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in the range of ?0 to 300 and 10 to 100 grams per metric ton, respectively. Even so, such rocks are
equivalent to 90 to 900 tons of coal or 390 to 3900 barrels of oil per metric ton for the phosphates, and to 30
to 300 tons of coal or 130 to 1300 barrels of oil per metric ton of rock, for the black shales. Even granite, as
has been pointed out by Harrison Brown (1954) and by Brown and Silver (1955), contains about 13 grams of
thorium and 4 grams of uranium per ton, which is equivalent to about 50 tons of coal or 220 barrels of
petroleum per metric ton of granite.

What quantity of uranium in rocks of these various types may there be? An indication of the erder.of
magnitude may be obtained by a glance at the map in Figure 28. The Colorado plateau, which-is the
principal producer of the high-grade ores, has an estimated ultimate reserve of the order of 50>000 to
100,000 metric tons of uranium. The large supplies, however, are to be found in the so-called “low-grade"
ores of the phosphate rocks and he black shales. The Phosphoria formation alone;.it is-estimated.from a
recent paper by McKelvey and Carswell (1955), contains about ?400 million tons of uranium: Another-0.5
million tons, at least, can be obtained from the phosphate rocks of Florida and the neighboring states.

The Chattanooga shale in Tennessee contains a stratum, the Gassaway member;.about 5 meters thick
whose average content of uranium is about 70 grams per metric ton (Kerr, 1955). With a.density of 2.5 metric
tons per cubic meter, this would amount to about 175 grams of uranium per cubic meter, or.to 875 grams per
square meter for the total thickness of the member. Then for an area of a square mile the.uranium content of
this member would be 2.3 X 10° grams or 2300 metric tons. This does.not seund impressive, and in fact, as
compared with contents of the more familiar metallic ores, it is a trifling-amount; nevertheless, the energy
content of this member per square mile is equivalent to 30 billion barrels of-oil, or'to.five East Texas oil fields.
Uranium-rich black shales of Devonian-Mississippian age, which correlate with. the Chattanooga, are
widespread in the Mid-Continent area as well as in Tennessee and the neighboring states. In addition, the
Sharon Springs member of the Pierre shale of Cretaceous-age-occurring.in an extensive area of North and
South Dakota east of the Black Hills is also rich in.uranium. No attempt has'been made to determine the
amount of minable uranium which these shales must-contain,-but.since their areal extent amounts to several
hundred thousands of square miles, their uranium-content would-appear to be as much as several hundred
million metric tons.

Well-defined thorium deposits, on the other‘hand; are comparatively rare, being found principally in placer
deposits of monazite sands. One belt.of these deposits extends north and south along the piedmont of North
and South Carolina. In addition to the reserves in.already. established environments, there remains another
category, as yet unevaluated, of potential reserves of both.thorium and uranium in minor accessory minerals
of alkalic igneous rocks and carbonatites (intrusive limestones) which are widespread in western United
States.

From these evidences it appears that there exist within minable depths in the United States rocks with
uranium contents equivalent to 1000 barrels. or.more of oil per metric ton, whose total energy content is
probably several hundred times that of all the fossil fuels combined. The same appears to be true of many
other parts of the world..Consequently,-the world appears to be on the threshold of an era which in terms of
energy consumption-will be at'least an order. of magnitude greater than that made possible by the fossil
fuels.

As remarked earlier,-experimental nuclear-power reactors are already under construction in several parts of
the United States, and in the United Kingdom, the U.S.S.R., and elsewhere, and nuclear-powered
submarines are in-successful-operation. It will probably require the better part of another 10 or 15 years of
research and development before stabilized designs of reactors and auxiliary chemical processing plants are
achieved after-which we -may expect the usual exponential rate of growth of nuclear-power production.

The decline of petroleum production and the concurrent rise in the production of power from nuclear energy
for the United States is-shown schematically in Figure 29. The rise of nuclear power is there shown at a rate
of about 10 percent per year, but there are many indications that it may actually be twice that rate.

Time Perspective

In order to see more clearly what these events may imply, it will be informative to consider them on a
somewhat longer time scale than that which we customarily employ. Attention is accordingly invited to Figure
30 which covers the time span from 5000 years ago - the dawn of recorded history - to 5000 years in the
future. On such a time scale the discovery, exploitation, and exhaustion of the fossil fuels will be seen to be
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but an ephemeral event in the span of recorded history. There is promise, however, provided mankind can
solve its International problems and not destroy itself with nuclear weapons, and provided the world
population (which is now expanding at such a rate as to double in less than a century) can somehow be
brought under control, that we may at last have found an energy supply adequate for our needs for at least
the next few centuries of the "foreseeable future."
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Figure 29 - Concurrant decline of petroleum production and
rise of production of nuclear power in the United States.
Growth rate of |0 percent per year for nuclear power is
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Mapdaptnua 2: International Energy Outlook 2005

International Energy Outlook 2005
Report #: DOEEIA-0424{2005)

Releassd Dats: July 2005
Newt Release Date: July 2008

Table E1. World Oil Proeduction Capacity by Begion and Country, Reference Case, 1990-2025
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1000 | 2002 2010 | 2015 | 2020 | 2025
QOPEC
Persian Gulf
Iran 3.2 a7 4.0 4.3 4.7 5.0
Iraq 2.2 2.0 3.5 4.2 h.3 6.5
Kuwait 1.7 21 2.9 a5 4.5 h.2
Clatar 0.5 0.8 0.6 0y 0.8 0.8
Saudi Arabia 8.6 Q.2 14.0 14.5 15.4 16.3
United Arab Emitates 2.8 28 3.3 3.6 4.5 b4
Total Persian Gulf 18.7 20.7 28.3 an.s 35.2 303
Other OPEC
Algeria 1.3 1.6 2.0 2.1 2.4 2.8
Indonesia 1.5 1.3 1.5 1.5 1.5 1.5
Libya 1.5 1.6 2.0 2.2 25 2.8
Migeria 1.8 243 2.6 3.0 34 3.8
Venezuela 2.4 31 3.h 4.1 4.7 b6
Total Other OPEC 8.5 9.8 11.6 12.9 14.5 16.7
Total OPEC 27.2 30.6 39.9 437 497 hE.0
Mon-OPEC
Mature Market Economies
United States 9.7 9.3 9.9 a7 9.5 9.3
Canada 2.0 28 3.5 4.8 4.9 5.1
Mexico 3.0 3.6 4.3 4.6 4.7 4.9
Morth Sea 4.0 &.3 5.8 5.4 5.1 4.5
Australia and Mew Zealand 0.7 0.a 1.0 na 0.9 0.9
Other 0.7 0.8 0.7 0y 07 0.7
Total Mature Market 201 23.7 25.2 26.1 25.8 254
Transitional Economies
Former Soviet Linion 11.4 1.2 13.6 15.3 16.5 17.6
Eastern Europe 0.3 0.2 0.3 0.4 0.4 0.5
Total Transitional 11.7 11.4 13.9 15.7 16.9 18.1
Emerging Economies
China 2.8 3.0 3.7 3.6 a6 3.5
Other Asia 1.7 24 2.7 2.8 29 2.8
Middle East 1.4 1.8 2.3 258 2.6 2.8
Africa 2.1 3.1 4.0 5.1 h.8 6.8
Central and South America 2.4 3.8 4.8 5.8 6.4 6.9
Total Emerging 10.4 14.3 17.5 19.9 21.2 227
Total Mon-OPEC 42.2 404 BE.6 e1.7 63.9 66.2
Total World £0.4 80.0 96.5 1056.4 113.6 122.2

Mote: OFEC = Organization of Petroleum Exporting Countries.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information
Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005); and U.S.
Department of the Interior, U.5. Geological Survey, World Petroleum Assessment 2000 (Reston, VA,
July 2000).
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International Energy Outlook 2005

Repont #: DOEEIA-0424(2005)
Rzleassd Date: July 2005
Nt Release Date: July 2008

Table E2. World Oil Preduction Capacity by Region and Country, High Oil Price Case, 1990-2025

(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1000 | 2002 2010 | 2015 | 2020 | 2025
COFEC
Persian Gulf
Iran 3.2 3.7 4.0 4.0 4.2 4.5
Iran 2.2 20 3.1 3.1 3.5 4.0
Kuwait 1.7 21 2.9 2.9 3.3 3.5
Cratar 0.5 0.8 0.6 n.e 0.7 n.a
Saudi Arabia 8.6 9.2 10.4 10.5 10.8 11.0
United Arab Emitates 2.5 28 3.4 3.4 a7 4.0
Total Persian Gulf 18.7 20.7 24.4 245 26.2 278
Other OPEC
Algeria 1.3 1.6 1.8 1.8 2.0 2.2
Indonesia 1.5 1.3 1.4 1.4 1.4 1.4
Libya 1.5 1.6 1.8 1.8 2.0 2.2
Migeria 1.8 243 2.4 2.4 2.7 2.9
Venezuela 2.4 31 3.2 3.2 3.5 3.9
Total Other OPEC 8.5 9.9 10.6 10.6 11.6 12.6
Total OPEC 27.2 30.6 35.0 351 37.8 40.4
Mon-OPEC
Mature Market Economies
United States 2.7 9.3 10.2 10.5 10.9 11.0
Canada 2.0 28 4.0 5.4 5.9 6.4
Mexico 3.0 3.6 4.5 4.9 5.1 5.3
Maorth Sea 4.0 6.3 6.2 ha b4 4.9
Australia and Mew Zealand 0.7 0.8 1.0 1.0 1.0 0.9
Other 0.7 0.8 0.7 0y 0.7 0.7
Total Mature Market 201 23.7 26.6 28.3 29.0 29.2
Transitional Economiss
Former Soviet Linion 11.4 11.2 14.1 16.6 17.8 19.6
Eastern Europe 0.3 0.2 0.4 0.4 0.4 0.5
Total Transitional 11.7 114 14.5 17.0 18.2 201
Emerging Economies
China 2.8 3.0 3.7 37 3.8 3.7
Other Asia 1.7 24 2.9 3.1 3.0 3.0
Middle East 1.4 1.8 2.4 2.6 2.8 3.0
Africa 2.1 31 4.4 8.7 6.7 8.1
Central and South America 2.4 3.8 h.2 6.4 7.2 8.0
Total Emerging 10.4 14.3 18.5 215 23.5 25.8
Total Mon-OPEC 42.2 494 59.6 667 70.7 751
Total World £9.4 80.0 94.6 101.8 108.5 116.5

Mote: OFEC = Organization of Petroleum E:-cp::rting Countries.
Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency

Information Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005);
and .5, Department of the Interior, U.S. Geological Sunvey, World Petroleum Assessment 2000

{Reston, VA, July 2000).
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International Energy Cutlook 2005

Repornt #: DOEEA-04242005)
Releassd Data: July 2005
Msst Releass Date: July 2006

Table E3. World Oil Production Capacity by Region and Country, Low Oil Price Case, 1990-2025

(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 | 2002 2010 | 2015 | 2000 | 2025
QOPEC
Persian Gulf
Iran 3.2 a7 4.8 5.6 6.2 6.9
Irag 2.2 2.0 4.0 57 7.1 8.6
Kuwait 1.7 21 3.6 45 5.4 6.2
Clatar 0.5 0.8 n.s n.a 0.8 0.9
Saudi Arabia 8.6 9.2 15.6 16.5 18.1 20.4
LInited Arab Emitates 2.5 28 4.0 4.8 6.0 7.0
Total Persian Gulf 18.7 20.7 32.8 ara 436 50,0
Other OPEC
Algeria 1.3 1.6 2.2 2.6 3.1 a.7
Indonesia 1.5 1.3 1.5 1.5 1.5 1.5
Libya 1.5 1.6 2.2 2.6 3.3 3.9
Migeria 1.8 243 3.3 4.3 5.5 6.4
Venezuela 24 3.1 4.6 5.4 6.4 7.3
Total Other OPEC 8.5 =] 13.8 16.4 19.8 22.8
Total QPEC 27.2 30.8 46.6 54.3 63.4 72.8
Mon-OPEC
Mature Market Economies
LInited States Q.7 9.3 9.5 9.1 89 8.4
Canada 2.0 28 3.4 4.3 4.4 4.4
Mexico 3.0 3.6 4.2 458 4.5 4.7
Maorth Sea 4.0 6.3 a7 52 4.8 4.3
Australia and Mew Zealand 0.7 0.8 na 0.9 0.9 0.8
Cither 0.7 0.8 0.7y 0.7 07 0.7
Total Mature Market 201 23.7 24.4 247 24.2 23.3
Transitional Economiss
Former Soviet Linion 11.4 11.2 131 14.9 15.8 16.9
Eastern Europe 0.3 0.2 0.3 0.4 0.4 0.4
Total Transitional 1.7 114 13.4 15.3 16.2 17.3
Emerging Economies
China 2.8 3.0 3.6 3.4 3.4 3.3
Cther Asia 1.7 24 2.6 2.7 2.6 2.6
Middle East 1.4 1.9 2.2 2.4 25 2.7
Africa 2.1 31 4.0 4.9 5.5 6.7
Central and South America 24 3.9 4.8 5.6 6.1 6.5
Total Emerging 10.4 14.3 17.2 19.0 201 21.8
Total Mon-OPEC 42.2 404 R5.0 59.0 60.5 624
Total Waorld 9.4 80.0 101.6 113.3 123.9 1356.2

Mote: OPEC = Onganization of Petroleum Exp:ming Countries.
Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency

Information Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005);
and LL.5. Department of the Interior, LS. Geological Survey, World Petroleum Assessment 2000

(Reston, VA, July 2000).
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International Energy Outlook 2005

Report#: DOEEIA-0424(2005)
Releaszsd Dats: July 2005
Nsxt Releass Data: July 2006

Table E4. World Oil Preduction by Region and Country, Reference Case, 1990-2025
(Million Barrels per Day)

History ( Estimates) Projections
Reqion/Country 1990 | 2002 2010 | 2045 | 2020 | 2025
Comventional Production 667 76.6 91.5 aa 105.2 113.2
QOPEC 246 28.3 ar.o 40.0 455 1.4
Asia 1.5 1.4 1.6 1.5 1.5 1.5
Middle East 16.3 19.0 25.8 27.9 321 36.7
Maorth Africa 2.7 3.0 3.6 3.9 44 4.6
West Africa 1.8 20 2.5 27 31 3.6
South America 2.3 29 3.5 4.0 4.4 5.0
MNan-OPEC 421 48.3 54.5 Ra.0 597 61.8
Mature Market Economies 201 22.9 23.5 23.0 22.4 21.8
Lnited States a7 9.3 9.9 a7 a5 9.3
Canada 2.0 21 1.8 1.7 1.6 1.6
Mexico 3.0 3.6 4.3 4.6 4.7 4.9
Western Europe 4.6 2.9 6.4 &0 b6 5.0
Japan 0.1 0.2 0.1 0.1 0.1 0.1
Australia and Mew Zealand 0.7 0.8 1.0 0.9 04 0.9
Transitional Economigs 1.6 11.4 13.9 157 16.8 18.0
Former Soviet Linion 11.3 11.2 13.6 153 16.4 17.5
Russia 11.3 9.6 10.3 10.8 1.1 11.3
Caspian and Cther F3L 0.0 1.6 3.3 4.5 5.3 6.2
Eastern Europe 0.3 0.2 0.3 0.4 0.4 0.5
Emerging Economies 10.4 14.0 171 19.3 20.5 22.0
China 2.8 3.0 3.7 36 3.6 3.5
Cther Asia 1.7 2.4 2.7 2.8 2.8 27
Middle East 1.4 1.9 2.3 25 2.6 2.8
Africa 2.1 29 3.8 4.9 5.5 6.5
Central and South America 2.4 3.8 4.6 5.5 6.0 6.5
Moncomyentional Production 0.0 1.5 2.8 4.9 R N
Linited States 0.0 0.0 0.0 0.0 0.0 0.0
Other Morth America 0.0 0.8 1.7 31 3.3 3.5
Western Europe 0.0 0.0 0.0 0.0 0.1 0.1
Asia 0.0 0.0 0.0 0.0 0.1 0.1
Middle East 0.0 0.0 0.1 0.2 0.2 0.2
Africa 0.0 0.2 n.:z 0.2 0.3 0.3
Central and South America 0.0 0.5 0.a 1.4 1.5 1.5
Liquids Production &6.7 781 94.3 102.9 110.7 118.9
QOPEC 246 287 ar.7 41.3 46.8 a7
MNon-OPEC 421 49.4 56.6 61.7 £53.9 B6.2
Persian Gulf Production as a
Percentage of Warld
Consumption 24.5% 24.3% &7 .5% 27.3% 29,2% 31.0%

Motes: OPEC = Organization of Petroleum Exporting Countries. Corventional production includes
ciude oil {including lease condensates), natural gas liquids, other hydrogen hydrocarbons for refinery
feadstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
MNoncorventional liquids include production from oil sands, ultra-heavy oils, gas to liquids
technologies, coal to liquids technologies, biofugl technologies, and shale oil. Totals may not equal
sum of componeants due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency
Information Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005); and
LS. Department of the Interior, LS. Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).
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International Energy Outlook 2005

Report #: DOEEIA-0424(2005)
Releassd Date: July 2005
Next Releass Date: July 3006

Table E5. World Oil Preduction by Region and Country, High Oil Price Case, 1990-2025
(Million Barrels per Day)

History ( Estimates) Proje ctions
Region/Country 1990 | 2002 2010 | 25 | 2020 | 2025
Comventional Production 66.7 76.6 28.5 926 g87.3 102.4
QOPEC 245 30.2 32.0 1.2 3341 350
Asia 1.5 1.4 1.3 1.2 1.1 1.0
Middle East 16.2 20.9 22.3 21.8 23.3 251
Morth Africa 2.7 3.0 3.1 3.0 3.2 3.1
West Africa 1.8 20 2.2 2.1 2.3 24
South America 2.3 29 3.1 3.4 3.2 3.4
MNon-OPEC 422 45.4 56.5 61.4 4.2 &7 .4
Mature Market Economies 201 22.9 24.3 24.1 239 23.2
United States a7 9.3 101 10.1 101 9.8
Canada 2.0 21 1.9 1.7 1.7 1.7
Mexico 3.0 a6 4.5 4.9 5.1 5.3
Western Europe 4.6 5.9 6.7 6.3 5.9 5.4
Japan 04 0.2 0.1 0.1 0.1 0.1
Australia and Mew Zealand 0.7 0.8 1.0 1.0 1.0 0.8
Transitional Economies 1.7 9.5 14.4 16.9 18.1 20.0
Former Soviet Linion 11.4 9.3 14.0 16.5 17.7 19.5
Russia 11.4 7.7 10.7 11.6 12.0 12.5
Caspian and Cther F3L 0.0 1.6 3.3 4.9 8.7 7.0
Eastern Europe 0.3 0.2 0.4 0.4 0.4 0.5
Emerging Economiss 10.4 14.0 17.8 20.4 22.2 24.2
China 2.8 a0 3.7 a.7 3.8 3.7
Cther Asia 1.7 2.4 2.8 3.0 249 28
Middle East 1.4 1.9 2.4 2.6 2.8 3.0
Africa 2.1 29 4.1 h.2 6.1 7.4
Central and South America 2.4 a8 4.8 5.9 6.6 7.2
Moncomrentional Production 0.0 1.5 4.3 741 8.8 10.5
Linited States 0.0 0.0 0.1 0.4 0.8 1.2
Other Morth America 0.0 0.8 2.1 a7 4.2 47
Western Europe 0.0 0.0 0.1 01 01 01
Asia n.o 0.0 0.1 0.1 0.2 0.2
Middle East 0.0 0.0 0.z 0.3 0.4 0.6
Africa n.o 0.2 0.3 0.5 0.6 07
Central and South America 0.0 0.5 1.4 2.0 2.5 3.0
Liquids Production B6.7 78.1 2.8 99.7 106.1 1129
QOPEC 245 0.6 33.3 33.0 354 37.9
Man-OPEC 422 47.5 59.6 667 0.7 751
Persian Gulf Production as a
Percentage of World
Consumption 24.4% 26.7% 22.7% 20.1% 19.7% 18.4%

Motes: OPEC = Organization of Petroleum Exporting Countries. Conventional production includes
ciude oil {including lease condensates), natural gas liguids, other hydrogen hydrocarbons for refinery
feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
Moncorventional liquids include production from oil sands, ultra-heavy oils, gas fo liquids
technologies, coal to liquids technologies, biofuel technologies, and shale oil. Totals may not equal
sum of components due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency
Information Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005); and
LS. Department of the Interior, U.S. Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).
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International Energy Outlock 2005

Report#: DOEEIA-0424(2005)
Rsleaszsd Dats: July 2005
Nsxt Releass Data: July 2006

Table E6. World Oil Preduction by Region and Country, Low Oil Price Case, 1990-2025
(Million Barrels per Day)

History ( Estimates) Projections
Reqgion/Country 1990 | 2002 2010 | 2045 | 2020 | 2025
Comventional Production 6.7 76.6 96.4 106.1 1159 126.6
QOPEC 245 28.3 43.4 50.3 h8.7 67.6
Asia 1.5 1.4 1.8 1.8 1.9 2.0
Middle East 16.2 19.0 30.3 351 41.4 48.4
Maorth Africa 2.7 3.0 4.3 4.9 8.7 6.0
West Africa 1.8 20 2.9 34 4.0 4.7
South America 2.3 29 4.1 5.0 5.7 6.5
MNan-OPEC 422 48.3 53.0 558 57.2 59.0
Mature Market Economies 201 229 22.8 22.0 21.4 20.4
United States a7 9.3 a5 a1 89 2.4
Canada 2.0 21 1.8 1.6 1.6 1.5
Mexico 3.0 3.6 4.2 4.5 45 4.7
Western Europe 4.6 2.9 6.3 b8 b4 4.9
Japan 0.1 0.2 0.1 0.1 0.1 0.1
Australia and Mew Zealand 0.7 0.8 0.9 0.9 na 0.8
Transitional Economigs 1.7 11.4 13.4 153 16.2 17.3
Former Soviet Linion 11.4 11.2 131 14.9 15.8 16.9
Russia 114 9.6 10.0 10.5 10.6 10.8
Caspian and Cther F3L 0.0 1.6 31 4.4 5.2 6.0
Eastern Europe 0.3 0.2 0.3 0.4 0.4 0.4
Emerging Economiss 10.4 14.0 16.8 18.5 19.6 21.3
China 2.8 a0 3.6 34 3.4 3.3
Cther Asia 1.7 2.4 2.6 27 2.6 2.6
Middle East 1.4 1.9 2.2 24 2.5 2.7
Africa 2.1 29 3.8 4.7 5.3 6.5
Central and South America 2.4 3.8 4.6 5.3 5.8 6.2
Moncomentional Production 0.0 1.5 2.6 4.0 4.3 4.3
United States 0.0 0.0 0.0 0.0 0.0 0.0
Other Morth America 0.0 0.8 1.6 27 2.8 2.8
Western Europe 0.0 0.0 0.0 0.0 0.0 0.0
Asia 0.0 0.0 0.0 0.0 0.0 0.0
Middle East 0.0 0.0 0.0 0.0 0.0 0.0
Africa 0.0 0.2 n.:z 0.2 0.2 0.2
Central and South America 0.0 0.5 0.a 1.1 1.3 1.2
Liquids Production &6.7 781 9.0 110.1 120.2 130.9
QOPEC 245 287 44.0 51.1 50,7 68.5
Mon-OPEC 422 49.4 55.0 R9.0 &0.5 624
Persian Gulf Production as a
Percentage of Waorld
Consumption 24.4% 24.3% 30.6% 31.9% 34 5% 37 0%

Motes: OPEC = Organization of Petroleum Exporting Countries. Corventional production includes
crude oil {including lease condensates), natural gas liquids, other hydrogen hydrocarbons for refinery
feadstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
Moncorventional liquids include production from oil sands, ultra-heavy oils, gas to liquids
technologies, coal to liquids technologies, biofugl technologies, and shale oil. Totals may not egual
sum of componeants due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency
Information Division. Projections: EIA, System for the Analysis of Global Energy Markets (2005); and
LS. Department of the Interior, .S, Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).
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