5 Oil Pe klng

Evéyredos A. Aftowog



Oil Peaking: To np6épinpa ¢ xopbemons Tns wetpehaixic LiTnong

QOil Peaking:
To npofinpa T KopLYWONS
TG mETPELUTKNG S TNONG

IIAMY omv Ayponpeia xar Biolonixés Kallépyeres , Aérorog Evdyyelog



el A C AR A A

R e o SeCERE ISR T e 5

e R At * LR - e

Oil Peaking: To np6pinpa s xopbewons s nerpelairis Lijtnong

Afjhooy

H epyooia avni eivar mpwtéTUIn KA exmoviiBnke amokAeloTikd kot uévo ywa v amdéKTnon

Tov Metartuuakod Authdpatog Enovddv oty «Aypoynpeia kar Brohoyikés Kahlépyeisoy.

Evéyyehog Aétorog
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Oil Peaking: To np6BAnpa ¢ xopiQwoNs T RETperainic Gjrnong

Ilepidnym

H odyypovn xowvovia éxer ompiter 10 pélov mg omyv evépyewr. Ta anobépata Spmg TOV
ocvpfankdv kavoipev, 6Teg To TETPEAAIO Kal 10 YKa(l, perdvovial oVVEXDS, EVO N XPTON TOVG
xataotpéper O pévo TV vyeia Tov avBpdnov aAld kot 10 wEPPEAAOV. Oa pmopécouv ot VEES,
xabapdtepeg TEXVOAOYiEG Vo kavomowjcouv v oloéva aviavépevny Oimon 1w evépyewr o10
péddov; Me mowug tpémovg Ba propovoe va Avlei 10 ApOPANpa TIg KopHPWoNG TG TETPEATKIG
Oymong péoo TpaTonopaK®OV TEXVOLOYIKAOV KOIVOTOMIGV;

Zmv napovoa pedétn mapovouilovrar dwdoykd n Pifiwoypagiai avackénnon tov BEpatog,
t0. onpavikd pebodoroyikd mpofAfpara mov avnpeteniler 0 €pEVVIITHG ™G TETPEAXIKTG
KOpLEWOTG, 1 oproBétmom Tov ApoPfAnuatog, N nEBodog metpelaixtic apdPAeyng tov Hubbert, ot
YEOROMTIKEG GUVETELEG IOV TTPOKVITTOUV b TV NETPEAAiKT) KOPLEWOT, He E1d1kT| pveia oTa xphn
tov OIIEK xat omig paydaia avantvoodueves otkovopieg mg Kivag xar g Ivaiag.

¥t ouvvéxeln axolovdel px extevéotatn avivon twv evalloknkdv anydv evépyerag
(avavedopwv xar TVpNVIKYG) Kabdg xat cuykpiTiki} OlKovoptky) avdivon Tovs. H otpatnykt} aov
6a epappdoovy 1600 o1 metpehaikéc etapieg (Shell, Statoil) 600 xal o dnudorog Toptag (6vixdg
Kat evponaikdc) otn peTd — metpelaixy) enoy amotedovv Pacikd Tunpae g avdivong. Télog,
apov avalvBel n nepintoon ™g mAfpovg netpelatnig anethpmong g Zouvndiag, epevvavial
gvallaxtixd cevapia eEEMENG NG neTpEAaiKG KOphPmoTg kat dfvoviar katevBivoels peAhovrixig

épevvag,.

Attag — xdawdud: TMetpehaixny xopvpwon, Evadllaxnikés anyés evépyeiag, AVaVEQOUES mnyég

evépyewg, [p6Preym Hubbert, Avéivon cevapiov
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Oil Peaking: To np6finpa tng xopvomeng ™g nerperaikiis Ljtneng

KepaAaio 1: Elocaywyn

To oil peaking givar i} kOpOPWOT MG METPEAAIKTG TAPAYWYTS, | OTOI COUPWVO UE TOV
YEOQUOIKO Ko atépa TG Gempiag Tng neTpeAaikig kopvoworng Marion King Hubbert, cuvépn na
g HITA petagd 1965 xar 1970 kxar moyxooping 10 2000 (Hubbert M.K. 1956). IIpayuan, 1
QUEPIKAVIKT] TOPAYDYT) ETPEAAIOV KOPVP@ONKE TO 1971 Kot and 16TE perdvetal cuvexhe, pueiwon
6umg mov dev mapoprifnke avnotoiymg omv moykécua mapayoy. Ot VROCTNPIKTEG TOL
povtédov 1ov Hubbert amodibouv avt) v xabvotépnon omv kopHewon g AayKOGuLNG
netpedainlg napaywyis (Campbell C.J. & Laherrere J.H. 1998), otov pun vroloyiopd tav
netpedaikdv kpicewv Tov 1973 xar tov 1979 mov peimoav dpactikd v maykéoua (rTnon
neTpedaion.

To np6PAnua enopévag wov avaxdnre eivar ) avalijmon evarlaxnkdV TyGV evépyelng Tov
6o avaixataomicovv mv netpelaixkt mapaywyn. Zro Adypappe 1 mapovordovrar ot evallaxtikég

myég evépyewag mov Bo. e€eTaoToOV OTNYV TApOvoa Epyacic.

[EVGMGKTIKég Mnyég Evépvelag]
1

[Avava(bmpeg Mopopég Evépvenaa r Mupnvikd Evépyeia ]

e )
o
—{ Biopaga ]
— Hiag )
—{ remam
L{ YEpoyovo )

Avirypappa 1: O evalhaxrikég mnyés evépyelag
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Oil Peaking: To np6finpa g xopvpwaong Tig neTperaixig bijtnong

Baowé pebodoroyixé mpéfAnua yue Tov €pELVIT TG RETPEANIKTG RAPAYOYS ATOTEAOVV
oiyovpa ta avukpovdueva dedopéva ya 1o anobépata netpedaiov. To evdwpépov yia To Vyog TV
naykéoav anodepdrov mpaMm KMpaxdOnke mapdAinio pe TV extivaln TV TIUOV TOV
«UavPOL XPLGOV» oTa onueptva dyn. Olo kar mepiocdtepo, MoTdoO, EVicydeTaL | Groyn 6T €V
TéheL, Oev €xel 1601 onuacia o akpPrig vrohoyioudg Tav Swbéoyev Tocomitev apyol, 6co n
ToOTITa pE TV onoia vrokaBictatal and evallaxnikig myEg EVEPYENS.

Kvpa molepuig pe emixevipo tov kakd vmoroyiopd tov amobepdrov Eéomace kar Q£T0G,
6tav dnpocicvpa Epepe 10 KovPérr va Swabéter oty mpaypanikémta pélg T ot mocoTTa
apyov and ekeivo mov dnhdvel emonpag. IIphnv avdtato otélexog g kpatikig caovdapaPixig
Aramco tomoBetel t0 péyebog twv amodederypuévav Kortaopdtav mg ydpac avtic ota 48 dic.
Bapéha, évavn emionung extipnong nepi 99 dig, n onoia mbavoloyeitar 6T cvunephapPaver kat
U1 anodederypéveg mooOTNTES.

H vndBeom eivar evdektikn} tov djppatog mov wpofAnpatifer tig xbpeg-péin tov OITEK
nepl g TadTTag avénong tv anobepdtov Tovg, avetapmitmg peyédovg. IloAlég and avtés Tig
xdpeg dev €xovv katopldoer va anocuvoécovv v mopein g owovopiag Tovg and to meTpéAaro.
‘Etor av ) e€avrAnon tov anobepdtov kataintel oe taxeio ovppikvemon mg mapaywnyis, iocwg oe
10-15 xpbévia, o eEehierg dev Ba eivar kaléc yia mv aykOopwo olkovopia 610 cUVOAS TG Amo
v @M1, av 1a anofépata dwtnpnBoiv yuia 30-40 ypévia axdpa, o kocpog Ba Exer orpagel oe
@eg popoéc evépyewag, pe amOTEAECHA va pnv €XEl Kapud onpacic o Yyog avtdv TV
anofepdtov.

O emxepalilg owovopordyog g Aebvoig Ymmpeoiog Evépyewg (IEA), @atiy MmpbA,
emonpaivel Tog «to {fmpa dev eivan o anobépata, alld v enevdvtic oMTKY TV peydhov
napayydv xopdv: av avtég dev encvdicovv, dev £xer xaud onpacio av swbitovy anobépata
evog, 5%0 1| Tpudv dic. Bapeldv» (IEA 2006). ITpog 10 mapbdv, 6pwg, 10 péyebog Twv anobepdtmv
eEaxolovlei va nailer onpaivovia pého. H o n IEA, oe ovvepyaocia pe dihoug opyavicpovg,

enckepyaletar pe86doug mov Podotel va aropépouv mo capr ororyeia. O otdyog etvar dvoxolog,

TIAME omv Aypoynpeia xar Brodonixég Kadduépyereg , Aérorog Evayyelog 7



Oil Peaking: To np6Binpa g xophQwong The neTpeAaixiig HiiTnong

Kka0hg avtd mov dev vrdpyel mavia o apbovia eivar 1 TolTikt) BodAnon (onpepa, .., NTinaTa
TOMTIKNG KOl 0o@AAElng wBoOV Tig peyaAdTepeg mopaywyovg ydpeg tov OIIEK va amoxieiovv
Eéveg emyerpnioers and Tig nsrp%tomyég TOVG).

Zntovpevo, petald dAdlwv, elvar n e&edpeon 6ieBvolg mPoTHTOV Y TOV VAOAOYIGHS TV
gvepyewakdv amoBepdtov. Ilpog 10 mapbv, 10 mAnootepo oe éva debvhg amodextd Tétolo
npdtumo efvar o1 kavéveg mov kuBopwoe N Emrponr Kepahmayopds twv HIIA (SEC) xatd 1
dexaetia tov *70. H SEC, mot600, xatnyopifnke kot avtr Y1t TOVG KAVOVES NG, Tov BempridnKay
vrepfolké cvvinpnnikoi, 6tav EEomace To okavdaro pe emikevtpo ™ Royal Dutch Shell kot mv
TPOg T0. K&t avabedpnon Tov anobepdtov g, Tov lavovdpio tov 2004.

Z10xo¢ g moapovoag epyaciag eivar va mapovouicer 1o wPOPANUE ™G mETPElMiKNG
KopOQWoNg kot va SutvrwBovv evollaxTikd oevipe eEEMENG KOl AVTIUETOTIONG 1OV
npoPAipatos. T ) xbpa pag 7 avaykn nerpehaiknig ancEdpmmong efvar axdun peyaldrepn,
kabdg o Pabudc eLdpmong ambd 10 meTpéhato eivar mOAD peyadvrtepog évavni 10V pécov
evponaikod 6pov (65% évavnt 50%). Zvvendg 10 EMC0 TOGOOTO AVTIKATACTACTC TOV TETPEANIOV
and evallaktikég mnyég evépyewg mpEmel va givar peyoAvtepo otnv eAAviK nepintwon (2%
évavn 1.5% tov gvponaixov).

H dopf] m¢ epyaciog éxer wg axorovbwg: 1o dediepo xepdhowo yiverar Prfloypagiki
avackémmon Tov Oépatog xar emonuatvetor n tpayky éAdewyn mov mapovouiler i eAdnvikn
Bprhoypagia oto Oépa. Zto 1pito kepdhowo mopovowGloviar To onpavikd pedodoroykd
npoPfAjuata oV avipeTOLeL 0 epevvNTG TG RETPEAATKTG KOPLE®ONG Kat 6To TéETaPTo Eexva 1
avéivon Tev Kupuov evpnudtwv g epyasias. Edikotepa, petd v oproBémon tov npofAfjuatog,
napovoralovioan Sadoykd n pédodog meTpeldinig tpdPAeyng tov Hubbert xar ot yewmolticég
OUVETIEIES TTOV TPOKVITTOVV amd THV RETPEAAIKY| KOpOE®OT, pe edu pveia ota xpdm tov OINEK
xat o1 paydaia avantucoducveg owovopieg g Kivag xat tng Ivéiog.

It ouvéyewr akolovfel pa extevéotarn avdAivon tov evadlokTikdv TyOV evépyelag

(avavedoipov Kot TupNVIKYG) KaBdG Kol CUYKPLTIKT 01KOVOutKkY) avaivon tovs. H otpamykn mov

ITAME oy Aypoympeia ka1 Buodoyikég Kaluépyeies , Aétorog Evayyedog 8
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Oil Peaking: To npéfinpa ¢ kopbewone ¢ nerpelaini Litnong

fa epapudéoovv t600 ot meTpedaixég eraupieg (Shell, Statoil) 600 xar o dnudolog Topéag (E6vikde
xat EVpomaikeg) o PETh — meTpedaix exoyy) amotedodv Pacikd Tufpa g avaivorng. Télog,
apod avadvdei n nEpinToon ™G mAfpovg metpelaikfc anmethpmong g Zovndiag, epevvdvron
evollaxtikd oevipie eEEMEng g merpelaixiic kopipmorng Ko SwrTvTdVOVIOL TO KO
ovunephopata TG HEAETNG,

IIAMX otyv Aypompeic xat Buoloyikés Kadépyees , Aétarog Evdyyelog 9



Oil Peaking: To mpéfinpa g xopvgwoeng e neTpehaixic Ljtong

KepaAaio 2: BiAioypa@ikiy Avaokomrnon

Eva onuavniké tunpa 1ov epeuvntov g meTpelaikis kopiomong oxvpiloviat
kopvpaon &xer ©on AdPer ydpa. O Campbell vrohoyiler 6Tt n xopvQwon g mapay®Y

ovpPanikov nerperaiov £yve 10 2004 (ASPO 2006), evd o Kenneth S. Deffeyes 1o 2005.

ENDING THL ENIRGY STALEMATI
A Sqpartass Sty 4o Mast Asmgrica ) Eawrgy < Nalemen
m—— . "
Coe St

H Apepikavikiy Emtpom Evepyewaxng IToltiktg 8¢ cuppepilerar my droyn 6T 1y napo
netpedaiov £xer Nén @raoel oV KOPVEWOT g Malicta dev tpofréner kapia kopHpwon iy
2025. O xopwg avitiloyog oe avtés mg aicwdoles mpoPAéyel; eivar 6n o ydpeg O

UREPEKTIHOVV Ta TETPEAATKA TOVG amoOEpaTa.

W AN AT PO RGe A S

O yewldyog Deffeyes emonuaiver 6Tt o1 avavedolpeg mmyég evépyewag dev eivar axoy
6éom va avukaractioovv ™ palik mapaywyn metpeAaiov. Ewwdtepa, 10 xdotog mna

anddoom 60 Watts and nhuaxég xoyéres ayyilel ta 1000$.

MAMEX etqv Ayponpeia xar Biodoyixkés Kaldépyeieg , Aérorog Evayyelog



Oil Peaking: To npéPinpa ¢ kopdpweng T1ig meTpehaixiig (fjtnong

KepaAaio 2: BiBAioypa@iki Avaokémrnon

‘Eva. onuoveik6é tufuo tov gpeuvntdv mg metpelaiki xopdeworg woxvpilovial
xopiowon éxer 9N AdPer ydpa. O Campbell vrohoyiler 6T 1 kopdPwon ™G RAPEYOYN

ovpPatixod netpedaiov €yve to 2004 (ASPO 2006), evé o Kenneth S, Deffeyes to 2005.

ENDING THL ENERGY STALIMATI
A Birartinan Shascgy 10 Mool Amricas ey ¢ Rallinpy s

H Apepuwcovikn) Emtponn Evepyelakng ITohniknig 8e cuppepiletar myv droyn 6t n aopo
netpedaiov Exel H1dn pTdoel oV KopHPwoN ™G. Mahota dev npoPAénea kapia kopvEwon nf
2025. O xVpwg aviiloyog oe aviég mg amowwdokeg mpofréyeg eivar 6m o ydpeg O

UREPEKTIHOVV T TETPEMTKE TOVG amobépata.

HUBBERT'S

O yewhdyog Deffeyes emonuaiver 6Tt o1 avavedhoueg myég evépyewag 6ev eivar akoy
6éon vo avrtikataoticouv m ualky mapaywyn netpehaiov. Ewiwédtiepa, 10 k6o10¢ Yo

anddoomn 60 Watts and nhuaxég xoyéres ayyilel ta 10008.
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Oil Peaking: To np6pAinpa 116 KOPLQWENS TG TETPEMIIKIG LNTRHONG

el

PARTY'S 1 : 04l Addiction
OV E R T""“"fd_ T“ Ferit

iR

Freree ( homat

Of, War and the Fxte
of Industrial Societies

gt Srnmey

0¢ the Edge of o Periions Non Berit i
Paul Roberts

G ewrers et
FanelaQ wbest-~y-gde-

Tnv b droymn cvpupepiletar kar 0 orkovopordyog — evepyeloldyog Richard Heinberg y
ewtoPoArraikd niextpiopd. 1o 1610 prkog KAipatog efvar xat o1 avaiveerg twv Pierre Choma

Paul Roberts.

SURVIVING (e LDNYERLING CHSALTHOPHES
of the TWINTY-FIRST CERTURY

JAMES HOWARD KUNSTLER
ainim &Y RN 51800

210 oW e

IIpoPadiopa oy wupnviksy evépyewa diver o J. H. Kunstler Ocwpdvrag 611 pévo av
evallaktikn pnopel va avienelédder ota TEpdoTIn TOOG EVEPYEWNG IOV KATAVOADVEL O duT
Koopog. O Tom Mast pe ™ oepd Tov avagéper 6Tt 1o NAMoKE cvoTipata Sivovv TEAKG AEVL,
anoddoelg pe SvoHE®PNTO K6GTOG NAPAYWYTC.

e xGBe nepintowon n apym dAwv énive and tov M. King Hubbert 1o 1956 6tav napovoiac
uéBodo mpodPreyng g meTpelaiknig kopdpwons (Ilapdpmua 1). Awd Té1E dtdpopor epevvi
xpnowonoidvrag t pEBodS Tov katEANEay oe S1aPOPETIKEG EXTIUAOELS CXETIKG HE TNV KOPVPU

Z1ov Iivaxa 1 Bpiokovpue cuykevipotikd S1AQOPES EXTIUNIOELS OV £XOVV KaVEL EPEVVNTES YIC

YPOVOAOYI KOPVYMOTNG TG RETPEAIKG RApaYRYNS. TV TPATN GTHAN eivar 1 xpovoloyia

IAME otyv Aypoxnpueia xar Bioloywkég Kalduépyewes , Aérorog Evayyelog



Oil Peaking: To np6pinpa s kopoweng ™S nerpelaiiais Gijtnons

exnipovv 6m Ba mpaypatomomnBel n xopvP®on kar oTg GAleg d¥0 vrApYOUV GTOWEID Yo TOVG

EPEVVITEG KL TOVUG QPOPEIS TTOV TOVG XpNLaToddTnOaY.

Hivaxag 1: HpoPiéyers xopvomong neTperaixis Tapaywyijg

KOPYORIHE HAPArQraz | FPEYNTTRE-QOPEAL | ppopAgyrn @oPEA
nETPEAAlOY ) B X ' R M ] . .
2006 — 2007 Bakhitari, A.M.S. f;;fm meTpehaiicng eTaipio,
2007 — 2009 Simmons, M.R. Tpanelikd otéheyog, H.ILA.
Meré 10 2007 Skrebowski, C. Exd6mg ~ tov  Petroleum
Review, M. Bpetavia
Ipw T 2009 Deffeyes, K.S. I'ewidyoc, H.IT.A.
Ipw 10 2010 Goodstein, D. fltle'ﬁi(og metpehatiicic evonplag,
2010 Campbell, C.J. I'ewAdyog, IpAavdia
Meré 10 2010 World Energy Council Hoyxéopua MKO
2012 Pang Xiongqi i:f’texog TETPEMIIKNG ETAMPiag,
2010 - 2020 Laherrere, J. I'ewAdyog, Fadria
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Oil Peaking: To zp6Binpa s kopdgweng T nerpelainig LijTnong

KegpdAaio 3: MeBodoAoyia

To evepyeuaxd np6PAnpa amoteref éva and to adéov onpavokd {nmipata mov 6Oa
QVTIUETOTIGEL T} AAYKOGHI OKOoVOpia aTo Gueco péddov. Z1dxog g mapovcag epyaciog eivar va
eketdoer 10 mPOPAnua G KopvEmoNg Mg neTpedikig {iytnong kal va avartiter dwpopenkd
oevapua e£EMENG xan avTipeTdIONS Tov TPOoPAfnaTog.

H epyacia peBodoroyixd ompilerar 1o vadderypa tov Hubbert, mov arnotelel to facwdtepo
epyadeio mpoPfreyng g kopvPaong ™G ReTpelaiig npospopds. H cuvipurtua micioynoio twv
EPELVIITAOV NG METPEAAIKTIG KOPOPWONG XPNOWOROWVV OTIG APOPAEYEIS TOVG TO VAGIEIYHO. TOV
Hubbert 1 xanow napadlayn tov.

Baowé pebodoroyixd mpdfinpa ya tov gpeuvnti] ™G RETPEANIKNG TAPAYWOYNG ANOTEAODY
oiyovpa t0 avtikpovdpeva dedopéva ywa ta amofépata nerpelaiov. Pvokd o1éx0¢ TG Epyaoing
dev givan va kdver axéun pa xowvovpyo tpdfieyn na myv netpelaix xopvewon.

AvniBétog, petd v oprobémon tov pofAnpatog avarrocooviar dieEodikd o1 evarlaxtikég
myég evépyewg (avavedoeg ka avprvikn) ko eEetdloviar o atpamyikég wov Oa akolovBiicovv
1600 0 WimTk6g (mETpEIiKEG eTanpiec) 600 xau o dnuéorog Topéag (EMGda, E.E.) ot petd -
netpedaixn emoxn). Ta mévie dwgopenikd oevipur nov avartdicooviar oo TEAog NG EpeEvvag,

oxwypaPovv Tov evepyelaxd xdpo péoa orov omoio Ba KvnOei pedloviika 1 Sebviig xowdTa.

IIAME ety Aypoxmpeia xat Biohoyikés Kalduépyereg , Aérorog Evayyelog 13



Oil Peaking: To npépinpa g xopboaans ¢ reTpehaikiic Giyrnong

KepdAaio 4: AvaAuon Twv ZToIXEiwv

4.1 Opro@érnon rou mpoBAnuarog

Ta netpedaixa amoBipata Sev Ba Swpkécovv Yo wavto kot ektipdror 6n, péoa o 30 £mc
100 xpévia amd onjpepa Ba Exouv Oda eEaviinbei (Owoloyky EmOedpnon 2004). Extupfoeig
opag mov e GAlovg eivar vaepPoikd aorddoEeg prag xar N weTpedaixn kpion €xet 16N apyicer
(Campbell C.J. & Laherrere J.H. 1998). H e&fjynion eivan amiy, piag kar To mo onpavakd dev sivan
10 notEe tEAeudvouv ta anoBépata, mdte dnAadn Ba aviAnbei and T Y xa n TEAEVTAio oTAYGVE
netpelaiov. Mikpa kortdopato pnopel GAAMOTE va avakaADETOVIOL Y EKOTOVTAdEG xpévia and
ofjuepa. To mo onpavnxd {fmpa eivar, Aéte N avénon g ropayayrg dev Oa puropei mAéov va
koddyer v avénon mg {imong. Tnv nuépa exeivn Ba yiver xpay oy ayopd (Hirsch R.L. 2005,

2), axdun kar edv vrapyovv akoun Ttepiona Sabéoiua arobénata Tpog eKpeTdAicvon.

8
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&
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*

-
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[!UEHB DEurope MRussia O Other MM East @Heavyetc 8 Deepwater OPolar .NGL]

Audypappa 2: Extipfioeis napayoyfic nerpehalov avé neproyri (TInmj: Beyond Peak 2006)
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Oil Peaking: To npéfinpa tig kopiemons TS nerpelaikis GiTnong

O Bropnyavikég xdpes mélovv Tov OITEK va avénoer v mapaywyn, dniadn v
oLVEXDG HEYAAVTEPOVG PLOUOVG amd T SlomoTOUEVE KO1TAoHoTo oV dwnbétel. Tlote
méfouv Yo mv avakdivyn v;alvoﬁpylmv kortaopdtov. O Adyog eivar amidg, a
onuavnikd xortdopata £xovv avakaAvedei 1on (Bauquis P.R. 2003, 340). Otav m 8¢
70 Eéomace N npdTN nETperaiky) kpiom, tepdoTion kovOVOAL Ko VEES TEXVIKES (1Biwg 1 |
TOUG TEXVT|TOVG GEIGHOVG) S10XETEVTNKAV OTNV aVOKAALYN VE®V KOTaoudtov. Bpéonk
EKpETAAAEVOIHA KOITdopata, TOAAG amd avtd ot Bropnyavikés xdpeg (HITA, Meydin
Bopewr @dAaooa, NopPnyia kin) 1a omoia mpdcpepav pia TPOCWOPWVY ANOSEGUELC
gwoaywyés netperaiov. Opmg ot avakaAldyel avtég NTOV GUYKPITIKG HIKpEG Kot &€
aodntd 10 ocvvolikd péyebog twv amoBepdtov mov vmapyovv (Hirsch R.L. 200
nepLoodtepa and avTd o Korrdopata 16n tépacav 10 PEYIGTO CNUEI0 TaPAYWYTG TOVG

ouveydg edivouv.

-300 -200 -100 O 100 200 300 400 500 600

Aviypappa 3: H rerpedaliai apaypanikémyra ava neproy: nosérnra nerpelatov mov £xe1 mrapayOel,

anoBipara xau korrGopara wov Ba BpeBodv (Mynj: Peak Oil Action 2006)

To cuvunépacpa and avtéc Tig épevveg fTav 6T o vdyeles «Bdhacoes) mETpEL
151 avaxalvedet g eni To Mheiotov, ko Ppickoviat oV AAeoynEio ToVg OTIG XDPES TC

Av xat o1 avakaAoyel; ovvexilovtat, dev divovior méov to b tepdoTia xovddAa o

TIIAME otqyv Aypoxmpeia xan Buokoywés Kaldrépyereg , Aérorog Evayyeiog
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Oil Peaking: To np6Binpa g xopvemeons s nerperaixig Gijrnong

Inuepa, avaxkaivwrovpe poéhg éva Papé no kdbe névie wov katavaildvovue (Owoloyikr
EmOebpnon 2004). Evéewxtixd, to netpélaro g AAGoxag, yua Tnv EKUETGAAELOT] 1] U TOV OoNTOioV
1600 peydhog aydvag yivetar petabd ETOIpEIDV KAl OIKOAOYIKDV OPYAVAOCEDV, UTOPEL va. KaADYE!
Vv maykéoa xatavaloon na pepikes pévo nuépeg (Roberts P. 2005, 112).

‘Evol 1 épgaot dev diveton ommv avakdivyn xortaopdtov, cAld otnv 6A0 ko peyaldtepn
napaywyn and to verotdpeva. H ayopd £xer eEowkeiwbel pe avté 1o unyavioud, dote kébe popd
nwov avfaver n mapaywyq perdvoviar o1 Tpég, ympic Kaveic vo oképrtetor 61t autd 0dnyet otV
toxotepn e&aviinon 1ov anobepdtav. I'eyovég mov amotelel Tomkd mapaderypa g advvapiog

TAOV UNYEVIGHAV TG aYoPag va aVTIUETOTICOVV TPOBATIHATA U AVAVEDCIU®OV ayaddv.

— . O 1 2D Napeas
13

1930 1940 1950 1960 1970 1980 1990 2

ANNUAL OIL PRODUCTION (BILLIONS OF BARRELS)

S S ~_..==‘___
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Awdypappa 4: Exripiecis napayaryiic nerpeiaiov ava mepiopni (Minyi: Peak Oil Organization 2006)

O exuprfioerg nowiAhovv, 1o ToOALOUG Ka1 Sudpopovg Adyoug, Oyt mhvta TEXVIKODS. Apyd
gfvar dvoxoro va extyunBolv ta dwbéowa arobépata (Heinberg R. 2005, 54). Op pévo Adyw
dvoxohdbv otig petprioeig, ahdd xar yia GAdovg Adyoug. INa mapaderypa, modrég @rayés ydpeg dev
elvan oe Béom va kvouv afudmoteg peTprioew, xat divovv edd kar xpévia Tovg idrovg oTabepoi

api@povg. Xapeg mov Olouv va avEncouv m orpamyiky) TOvg onuacioc TaAPoveuLLovv

TIAME otqv Aypoynpeia xar Brodoyikés Kaluépyeeg , Aérowg Evayyehog 16
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Oil Peaking: To npéfinpa g xopOeaons Tig eTpelainis Lijtnong

peyalvtepovg aptBuovg, evd yhpeg mov Oéhovv va avuiorafoldv o mMECEW 9
TOPEYWYNG TApoVcIalovy HIKPOTEPOVG, KAT

Eivar dVokolo va emp.néei o pvOudg avénone g Liymong (Kleinpeter 196
dvtikég ydpeg vioBeTicovy oAtk EEOIKOVOUNOTNG Kal EXEVOVOOVV OF MMiEG pO
evld napddinia o pvBuds exProunydvions otig "avantooodpeves” xdpeg xpaOEi
{imon netperaiov Ba avEavetar pe apyodg pubpovs. Eav ovpPetl to avtifero, 16

avEndel xataxdépvpa.

¥ NQLs u(i aé #Non-con Gas

Aviypappa 5: ExTipijoeis T)¢ Rapaywyig 0pUKT®OV kavsipov (rerpthaio — ykal) ava eidog (Minnj:Peak

4.2 MNpoBAéweic mapaywyngs: O1 kaumwuAes rou Hubbert

A6 Tig exatoviadeg oyenikés mpoPAéyelg mov £xouv katd xaipovg i
anodeiydnke £wg thpa cwom). O M. King Hubbert, yewAdyog g Shell, npoéfreye ¢
N napayeyh netperaiov tov HITA 6o @Ohoet oto péyioto onueio mg v end)
néproviag £E@ povo katd Afya ypéva (Deffeyes 2005, 35 — 51). Tnv eroxh Tov Aow
npOPAEYT] Tov Eexdotnke. TRuepa OpG HEAETOUV pe pocoxr] TN HéBod6 Tov, mov

™m¢ anii: H xaumoin tov avaxaldyewnv, Tov el poper) Kapumavag, KaAVRTeL To i

TNNAMEX otnv Aypoxnpeio kar Brodoyikés Kaddépyseies , Aétorog Evayyelog



Oil Peaking: To np6finpa s xopbewens ¢ metpelaikiis Ljtnong

TV KAQumOAN TG TAPayYNG, a@od dev umopovue va zapdyovue mapd pdévo 6m Exovpe
avoKahOyeL

Z10 napaxdto Sutypappo PAEnovpe amlomonpéves Tig 600 avTég KapmdAESG, oTNV TVMKY TOVG

popony.

(o)}

Discovery peak

w BN W
] ] |}

Annual volume, units
N
i

0 J] i 5] ] I
0 10 20 30 40 50 60 70 80 90 100 110
Time Years

Avéypappa 6: Or kopmrdires Tov Hubbert (Tinng: The Coming Global Oil Cricis 2006)

Apwotepl, 1 TPOTN KAUWOAN, TAPICTAVEL TG AVOKAAVYEW Kotaopdtov znetpeAaiov.
Gewpnnikd o pvOudg avaxardyemv Ba avEdaver 6A0 kot o Ypiyopa, MGTOV PTAVOUUE GE W0
xopOQwor. Yotepa akorovBel taydtatn wthon. Ia nig HIIA, n ypovid mov ot avakaAdyelg
xortaopdrov épbacav oto péyioto onpeio tovg, Ntav 1o 1940 (Schipper L. & Meyers S. 1995,
252). Aekwd, pwo mapdpola kapumdAn napiothver v napaywy aetperaiov. Aoyikd, ypewdlovral
xdmowa xpévia péxpr va apyioer n afonoinon twv xorrasudtwv wov £xovv avakalvedel. Eto, 10
HEVIOTO TG KOumOANG NG mapaywyis 8a £pBer pepikd xpévia apydtepa and to pénoto g
KapmdAng Tov avaxaAvyewov. And exkel kol népa, n nopayoyq 6a apyicer va @biver. Ov HIIA

¢pBaocav oTo péYIOTO TNG RApay@YiS Tovg To 1970,

TNAME omv Ayponpeia xar Brodoyicég Kalluépyeres , Aérorog Evayyelog 18
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Peak Discovery 1965 Middle EaSt Gulf

Peak Producuon 2009 2014

1980 1953 1970 19%0 2010 2030

Awaypappa 7: H xapnvAn tov Hubbert yua tov Hepowké Kéino (Nnni: Peak Oil Action 20
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Awdypappa 8: H kapnivin Tov Hubbert yia Tig HITA (Ilyy: Peak Oil Action 2006)

Zoppova pe Toug Bewpnrikoig vroloyiopovg tov Hubbert, 1a 600 péyiota a
toug mepinov 30 ypoéwvwa. Enedn n texvoloyla and v emoyy tov £xer PeAnio
petadétovv v andotaot ata 40-45 ypovia (Bauquis P.R. 2003, 46). Av Lowndv E€pc

N ypoviky Tepiodog pe TG MEPIGOOTEPEG AVOKOAVYEL, KOTAOUATOV TeTpedaiov,

NAME omv Avoornucia xat Brolovikéc Kaiiépyeiee . Aéroioc Eu@vveinc



T eV AU APUPANIMG TG ROPpOQUWOTIG TG ALITPLARIRTG SIILROT)

npoPAéyovpe mote Bo £xovpe Kol 10 péyioTo TE MapaywyNg nETpeAaion. Zra Su

BAérovue g kapmoreg Hubbert yia Siapopec neproxéc kadde xat maykoopiog.

Peak Production 2000 W-pomtyw"' : W

1990

Avdypappa 9: H kapoin tov Hubbert yia ™ Bépeia @draoea (Tnyij: Peak Oil Action :

Peak Discovery 1965 World - conventional oil
Peak Production, 2005 .
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Avirypappa 10: H xaprvdn tov Hubbert yua mqv nayxéopia napayweyi nerperaiov (Finyiy: Peak Oi.
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Oil Peaking: To mp6Binpa tn¢ kopieuong e meTpehaikijc Hitnong

To uéynioro onuelo tov avaxaldyewv xortacpdtrov, ot mayk6omo eminedo, 0 EYOVHE
nepaoer 1O and ™ dexoetia tov '60 (Campbell C.J. & Laherrere J.H. 1998). ¥t0 mapakato
Suypappa PAémovue g xaumdreg tov Hubbert, énwg eEeliccovtar omv mpaypatTikdTTa.

Ap1oTEPQE 01 avaxaAdyeLs, Tov TIpGypatt akolovdncav popen kapmavag, Sekud n mapaywy.

: . Th Di les and Production)
R sy T e

produce more oil than has been discovered.
£ Discoveries
g nl -..Production ..
E:
g Y 2 b .\“
s m wowvioennripeniverir ot B creccsrrnssunasacercad N XN L L 5 e .....:...............
b «_ [vanhos's
£ *. Prjection
g 10 ,4....-....._._..,..-...,3_~,‘... .
*on -
o
1920 1940 1960 1980 2000 2020 2040

Year
SOURLES. Dxcorenes Curve sdaped (0@ USGSMartare. 190, Prodection Carve sxvapalated by authe 10 match Discoveries vohrwe {sres wnder
Owcovecios Corvel

Avéypappa 11: Isétnra avaxadbyeov kar rapayoriic otig kapurbies rov Hubbert (NMny: Peak Oil Organization 2006)

Eav n mapayoyf axolovBovoe xar avtij pop@| xaundvac, 6a cixe 161 pBacel 10 péyioto
onueio mg, 1 6a 1o £pBave ta endpeva 2-3 ypévia. H mapaywyd eixe 6pwg dvo amétoues trdoeg,
7OV AVTICTOWOVV OTI METPeEAaikEG kpioeg g dexaetiag Tov '70 xar oTov TP@OTO WOAEUO TOV
Ko6Anov. H 810pBopévn Lowmdv extipnon, mov Prémovpe oto Sdypappa, petadéter to péyroto Afyo
petd 1o 2010. Onwg avagépape, pikph onuacia telxd éxer néte Oa eEaviAndei 6Ao to meTpéAaio.
H xpiown oniyun 6a €épBet, 6tav n napayoyr] 0a mayet va avEdvetar 660 ypriyopa anaitel n ayopd.
Tnv nuépa mov 1 mpoogopd dev Ba pumopei mAfov va aviamoxpiBel om Cfmomn, 6a Eeomboer
owovopikt xpion (Owoloyua; EmOedpnon 2004).

Avtb agopd xatd tphrov Tig HIIA, émov n poporoyia ota xavoua Bswpeitar adavonmm xar
6\n n owovopia ompiletar ot emvi Tipn Toug. Tehxd buwg, n kpion dev Ba apricer kavévav

avemmpéacto. Ov peydhreg netpelaixég etarpeieg, dev cvppwvolv pue myv extipnon 6w n kpiowyn

IAME omyv Aypoympeio xar Broloyés Kalépyeres , Aérorog Evayyehog 21




Oil Peaking: To npéfinpa g xopvewong s metpelaikiis Lijtnong

oTiypn épyxetan oty endpevn dexactia. Ilpoteivouv éva mo «aic1680Eo0» onpeio Yo

napaywyns, ot dekaetia tov 2030 (Shell).

4.3 ewmoAITiKI) TpoOoEyyion Tou mpofAnuaroc

Axéun 6pwg kot o1 mAéov aio1dd0Eot, CVUPWVOLY 6Tt PECE OTa APECHG EMOUE!
PTaCoVV OTAdWKE 010 HEYIOTO TNG MAPAYWOYNG TOVG OAEG 01 XDPEG, EKTOC OPIOpHEVEY
OIIEK xvping (6nwg 10 Ipdx, to KovBéur xat ) Laovdwkny Apafia), Twv onoiwv n 7
ovveyicel va avEdveta ya moAAég dexaetieg axoun (Geller 2003, 78).

‘Hon, 10 onpeio avtd 1o éxovv nepdoer ou HITA (1970), n Pooia (1987), n Bper
10 Ipav (1973), n ABon (1969), n Povpavia (1976), n Alyvarog (1993) xdxn. Or HITA |
egaywyéag netpelaiov petatpdankav o€ onpavnkd ewcoywyéa, pe edptmon and yo

Me&ik6, n Bevelovéha, n Nyympia, ko o1 xdpeg Tov Ieporkod Kéimov.

4.3.1 O otpatnykég péiog TV ypdv Tov OIIEK
Atiler va empeivoope oe avtd, kabdg o yopeg tov OIIEK &Swbétouvv 1a
KOVTAOHQATA, CUVIOUA, KOTE HEPIKOVG HEGA CTIV EMOUEVT MEVTOETIA, TO TOGOGTO G}

0a avéPet, Gote Tavo and 10 pH1od TG TAYKOCUWG TAPAYWYTG VA TTPOEPYETAL AT CVTE(
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Aviypappa 12: Extipecig g nayxéapiag napayomis acrpedaiov (Tinyd: Peak Oil Action 2006
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Oil Peaking: To npéfinpa s xopdgueng Tns nerpehaikiic Sirnong

Enopévag, 6xp pévo ta anodépata Aryostebouv, alld cvykevip@dvoviar 6o kat teprocdrepo
OE TEXVOAOYIKG mﬂumpqpévsg_mt roAMtikd actadeis ydpes. H Aoyt avny kpufétav wicw and
100G noAépovg Tov Ilepoikod K6Amov. Zxomdg fitav 1 eykazdotoon gilikdv kuBepvijoemv kat 1
paluy enévduon, o oty eEedpeon véwv KortaopdTov, aAAd otV TaydTEPN EKUETAAAEVOT TOV
vpotapevov. Etol, 660 npoymph otaduaxd n peivon me mepayoyis otig dieg xdpeg, o Ilepoikig
K6Anog va pmopel texviké va kaAvntel v 6Ao kot avEavopevn Enmon, yopic 6ung va Exer Groym

1@ ToVg puduotc aviAnong 1| mig puég (Roberts P. 2005, 180).

75—

Peax: 55%
nh1e7
v
L a2%n
m-w

O TR
1650 1670 1080 1999 2000

Mviypappa 13: H napayoyr xetpedaiov atov OITEK og noc00T6 g xayxéopag zapaymris
(TInyf: ASPO 2006)

Avirypappa 14: H rapaycoy nerpedaiov orov ONEK xat nayxooplog oe exar. fapéha v fuépa
(MInyi: ASPO 2006)
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Oil Peaking: To p6pinpa tnc xopvowaens g netpeiainig Lijrnong

Ax6un xar av To ox€do neTHave, i mophraoct Lwrig nov Ba £8ive oTo oMuEPVO KATECTNUEVO
OIKOVOpIKG cvotua Ba fjtav cdvroun (fowg pa - dvo dekaetieg), alha Oa anépepe eviopetaty
Ephonia orpamyikd xat oucovc-)pmcd 0QEAN oTg EUMAEKOpEVES XDPeS ka etarpeieg (Abemathy
V.D. 2001). And v @AAn, n péxpy onyung anotvyia 1@V tpdopatwv mapeuPdocwv o Méon
Avatol, Appwuai, Bevelovéra xar arlod, oe cuvdvacud pe ta apofinpate g Poctag, propoiv

va rupodotiicovv mv kpion vopitepa and 1o avapevépevo, av dev v £xovv Eexavijoet o1,

T T T T T T T T T
1960 1570 1920 1990 2000

Aveypappa 15: H nrayxéopwr rapayoyi nerpelaiov ava neproni oc exat. Paptira v nuépa
TInni: ASPO 2006)

Etvan mOavd, xar avtdé gofdrar ofjpuepa n ayopd, va xaralifovpue oto onpeio, evd axdun
vapyovVY arofépata wov 6a propovoav va kahvyouv v avEavépevn Liithom, va unv propodv va
avtAnBouv pe apketd ypriyopovg pvlpuovs, 6o Lnrd n owovopia, Adyw teQVikdv advvapdv kat

moMTik@v tpofinpdtov (Yergin 1991, 206).

4.3.2 To evepyewxé oroiympa e Kivag xar ¢ Ivéiag
Inuaviik} v ™G YEOMOMTIKYG TPOGEYYIONG TOV TPpoPAUaTOG anoTEAEl T0 Evepyelaxkd
oroiymua g Kivag kar g Ivdiag. H evépyewr anotelel 10 «wdhewdi» na mepartépo avartoln mg
owovopfag xat Bekticoon Tov emnédov Lwrig Tov dvo rolvrinbéotepnv xwphdv. Oa acxoAnbovue

QVTRPOSHOREVTIKG HE TV REpinToom ™ Kivag. apé v owovopia eAeddepng ayopbs mov éxet

TIIAME amyv Aypoympueia kar Broloyikés Kaddépyeies , Aétorog Evayyehog 24



Oil Peaking: To np6Binpa tng xopdpwone g neTpehainig bntnong

goaydya n xivelik| xufépvnon o€ TOAAEG TEPLOYES TNG XDPOG KO TO ATVEDUA AVIAYOVIOHOV OV
npowOel yevik6TEPR KAl TO OMOI0 £XEl G GMOTEAEGHO THV TEPAOTIA OWKOVOUIKY] avamtuEn tov
tedevtaiov 15 - 20 etav (Go;)dstein 2004, 176), o Paowég mapdperpor kar ot otéYoL NG
owovopkiig monikig xaBopiloviar axéun Paoer #EVTOETOV KVAOUEVGOV TPOYPAUPATOV
oKovopkTg kan kowvavikig avartuéng (Oil Crash 2006).

Av xar N mPpoKTIKY VT Topanéunel oe v GAAn enoxn (mepiodog Gospla Zoietikig
Evaoong), ev Tovtoig 1o Ilexivo, o Adyovg taxmikig ko naphdoorg, eEaxorovbel pe Bpnoxevtich
gvMiPera vo etowdaler @ TAGva avamtuEng, 6mog to amokaAsi'. To Tpéyov mevraetéc mAGvo
o1KovopkTg Kot Kotvavikig avartvéng mg Kivag, 1o onoio emionua 6a mapovotacOei 1o National
People Congress, dnAadn omv olopérewr tov KKK ota péoa Maptiov, mepiéyer pévo &%o
voopepa. To aphto apopd Tov pudud avénomng Tov xatd kepaiiv ew0odipatog, To omoio wpoteiver
va 1etpamlactacdei péypr 10 2010 (SnA. and To onuepvd eninedo Twv 1.470 dolapinv va @odoer

1a 5.880 doAdpur koTd KEPAAN), Kat TO SEVTEPO EXEL OYEOT HE TNV EVEPYELO.

Proved reserves at end 2004
[Thousand miillion barrels Middie East
7339

Europe &
Agls Paciiic
6.0
4, 610

Avirypappa 16: Ta axodépara rerperaiov avi neproyxt) (Tinyi: Shell)

! IAtov éxouv ydoer ™y nakaid Toug aiyhy, 10 0YKESECTATO PEYEBGS TOUG Kat TO TOAVRANBLG EMOTNHOVIKS TPOCWRIKG
nov epyalbétav o pévipy Bacy yia v napaywyh, rapakolotdnon ko avabempnot) toug. Ta mevroet) oyédw
OIKOVOMIKTG avAnTLENG BEwpObVIAN pHEV CMHAVTIKG, and Gmoyn SaTHNWOTNG Kal ArROCAPTVIoTG THG aKOAOVBOUEVTC
OIKOVOUIKTIG Kt KOIV@VIKTG ROMTIKTG, £xouv Opwmg HeTEEEAXOEL o€ OAMYOsEMDES OYETIKA EXBETELS, O1 OntOlEg TEPLEYOVV
TonoBethoeig enl OVCIACTIKGOV BEPGTOV Kal apopolv Kuplmg TNV APOTEWVOREVN GTPETNYIKT Yiat THY avinTuEy.
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Oil Peaking: To mp6Binpa 116 xopH@@ong THg nerpeiaingg Lijtnong

Ztov evepyewaxd topéa m kaveluai nyeoic embBupei va Pehndoer myv ambédoon oty
EKHETAAAEVOT] TOV EVEPYEWKDV TTOpwV Katd 20%. Avtd onpaiver peyalvtepn anddoon twv 17dN
A£1TOVPYOOVIOV GTAOUdOV mpayMg niextpikiig evépyewag (o1 omoior katd 2/3 kaive képfovvo),
m Bertioon tov cvomudtov 8éppavong, T evepyslakt] anddoon tov ktpiov kot Wiaitepa ™
BeAticoon g andd00TG TOV HETAPOPIKOD EPYOV.

INo mv nolvaAnOéotepn xdpa 10V KOGHOV, N Owovopia g omolog avarTicoETAl ME
alpotddeg puBpovg (vroroyiletar oto 9,8% n avEnon tov AEII), to evepyelaxd amotelel Topéa-
A&l e v mepartépw avartvén g owovopiag ko Bedtioon Tov emrédov g Lot Wwitepa
OTIG UMAVATTUKTEG axOun aypoTikés meploxég mMoAAOV emapidv. Me dedopévo 6T n xvelii
nyecia emBopel po ypriyopn xar woopep] TEPLPEPELRKT] aVATTUEN OTA ApESHG EMOPEVE YPOVIQ, O
naphyov evépyew mailer kaboprotikd poro. H apoonadewa tng xvelikfg xupépvnong eondleta
a@' evog pev oty eEacpaiion oparrg pong TPATOV VADV (TETPEAALO, PUOKS AEPLO, NAEKTPIOHOC)
and £Em mpog Ta péoa, aAAd Kal EVTOG TG axavolg avTig xMpas, 660 KL 6ToV EAEYXO TOV TIHAMV,
wote mapd g méoeg and TG avEnoeg Tov diebvdv Tpdv va pnv eanpeacdei vadpuetpa o
Tap1Bpog xar odnynoet ot peiwon Tov pvOUOL AVATTVENG KAl TOV AEPIOPIGUO TV ENEVIVCEMV
(Campbell 2005, 252).

INa va xatavojcovpe 10 t6co onpaviikd poho mailer To evepyewnxd oy Kiva 8o mpéner va
avapepBoopue o pepikd Paoikd peyédn Omwg n mpwTOYeEviic evepyewkh (Amom, n onoia
avuotoyel oto 12% g naykoouwag (Beyond Peak 2006). H xatavéhwon netperaiov omyv Kiva
and 5,2 exat. Pap./Muipa 1o 2002 Eemépaoe 1a 7,0 exat. fapéia nuepnoing To 2009, n onola
avrictoel nepinov oto 20% g maykéopg eTiowg avEnong omyv katavaimon netperaiov, Kot
eEnyel natl n ovveldpevn vynin Rmon andé v Kiva éxer 1660 coPapég emntdoew; o
Swpdpowon twv SieBvdv Tudv. Ltov topféa TOV NAekIpopoV 1 emowe avénon om LHmon
nAextprkov pedpatog and 11% 1o 2009, Eentpace o 15% 10 2010 pe nepartépo avEnnikég 1doe,
dnuovpydviag cofapd mpoPfiquata oty Swxvopr xar odnydvrag oe extetapéva black out woAAEG

voneg enapyies To 2009 xat 10 2010.
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Oil Peaking: To npépinua ths kopdomeong ¢ nerpelainig Lityong

H Kiva ofjuepa sivar o peyaddtepog nopaywyds dvBpaxa otov ké6opo, eEréyyoviag 1o 12%
tov maykéouev anobepdtov. H napaywyh xapfovvov, 1o omoio ypnowonoeitar xvping omyv
NAEXTPOTAPAY®YT] KAl O B;opnxav(a (xaAvPovpyeia, towwevioPfropnyavia) avrpstwmilel
npoPAnpuata xabhg n wapaywyn dev propei va aviamoxpifel edkoha ot {fmon, apod n emicua
avénomn poéAg mov ebaver 10 11%, evd n xdpa avapetorniler napdiinio cofapd mpofinpata
HETAQOPES TNG MPAOTNG aVTIG VANG HECK Tov evmabolg ownpodpopikod dikrdov (Campbell C.J.
2005, 306). Erol and népvor n Kiva voypeddnke ot dpaotiki peiwon tov sEaywydv xGpBovvov

haote va eummpetioet v avEavouevn eyydpa gvepyeaxt {nmon.

onSUMPLON fer CapIta
Tonnes

Aveypappa 17: H naykéspir kard xegadtf xaravloon nerpeiaiov (Tinyh: Shell 2006)

Toppuva pe extpnocel tov Awebvoig Opyaviopod Evépyewng (IEA) péoa ova endueva 25
1oV, | xan vopitepa, n Kiva 8a avaderyBel wg naphymv-kiedi om dwapdbppwon tov naykdopiov
' evepyewaxod wolvylov, apod 1a peyédn mg aldlovv tdpora aviavépeva mépa and xaGde
apocdoxia’. Ta oucovopkd viovpyeia ™ Kivae amoPA£nouv oty evEpYEIR 110 OIPAVTIKEG VEES
enevdioeg otovg kMidovg Tov meTpelaiov, Tov QLoD acpiov, TOV CTEPEdV Kavoipwv, ™G

niextponrapaywys, Onov ocvunepihopfaverar n afiomoinon ™ mupnvikg evépyewag, TOV

? Me exnppevn pton erhow abEnon g ApwToyEVoDS Evepyawkhs Chmong xata 2,3% i ta enbpeva 25 xpévia, o
xwvelxdg evepyeraxdg Topéag Ba evbivetar yua 1o 21% g abEnomng oy naykéopia evepyeraxty LifTnon, evé to 2030
ocvvolik] evepyeaxt) Lamon g Kivag npoPitnetan va gbhoer oto 16% g Aaykéopung LHmong and 10 12% mov
efvan ofjpepa.
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Oil Peaking: To np6finpa Tns xopipens s metpelaixiig Cirnong

vdponrextpikdv xaw dAwv AIIE (Geller H. 2003, 252). ‘Hén, Bpioxovrar oe €EEMEN peydheg
evepyEwakeg enevdVOE, KVpig ot vEa SwAoTipa Kot oy@yolg UETOQOpas metpeAaiov Kat
puowov agpiov, oV €pevva ‘mt avantoln vdpoyovavlpixwv xar otV nAexrponapayoy.
Extipfioels pépouv Tig tpéxovoes enevdUoels otov evepyewakd topéa va Eemepvoiv ta 600 dio.
Sohapro péxpr 10 2010°. Enpavtikd Tuue g véag oxedwulbpevng niektponrapaywyrg Oa tposAder
and TopNVIKovs 6Tadurovg, pe 32 véeg povadeg, ol onoieg Ba TpooteBodv otig 110N 9 vrdpyovoeg. Or
TEPIGCOTEPOL AN TOVG VEOUG aVTIOPAOTNPES Oa EQaPUOCOVV pia EVIEMDG VEX KOl ANOAVTA AcPaAr]
1evoroyia, ot diepyacio Topnvikiig axdong, mov éxovv avartitel Tedevtaio Kivélol emotipoveg
(Turkenburg W.C. 2000, 83).

‘Eva pey@ho pépog tng mpoPAembuevig véog eykareoTnuéVIG NAEKTPIKAG loybog Oa
KatevBuVOEl 1o TNV GVTILETOMION TOV AVAYKOV TOV GYPOTIKOV TEPLOYDV OTIS PTOYES ERUPYIES TNG
Avtixiig xat BA. Kivag, v avantuén tov onolwv 1 xopépvnon embupei va ompiber petapépoviag
OLKOVOUIKOUG TOPOVG Kat tsxvokoyia‘. Axobpa xor eav ocvveoBei n polucy petagopd mpog g
norewg, to 2030, ov emapyieg g Kivag Oa mpénet va cvvmpnioovv évav ainbvopud 600 exar.
xatofkwv.

Znuavnikd emiong pépog TV evepyewnkdv enevdvoemv Ba katevBuvlel omyv avartoén g
eyxbpwg moapaywyng vdpoyovavlplkwv, ot Snupovpyia véov Swlictikdv povédev xai
anofnkevnikdv YOPWV, GV KATACKELY] ay®@y®dv @uowkov aepiov ko zmetpelaiov xm omyv
avantuin teov avavedowov mmybv evépyewg (AIIE) pe éppaon omv niextpomapaywyn and
awAikd mapka kot @OTofoAtaikd cvotiuata, 6mov £xel TeBel 0 6TOXOGC Y KdAvyn Tov 10% ™g
ocuvolktig niextporapaywyvs ™g Kivag andé ATIE péxpt 1o 2020 (Goodstein 2004, 212). Emnifov

éva pikp6d adld xpictuo moo00T6 TV EvepyEwkdV emevdvoewv Ba xatevBuvlel om dnuovpyia

3 O1 enevdioeig avtég a xatevBuvody xuplng otV NAextponapaywy, 6mov and 420 GW eyKatesmpuéviig 160G 0
2005 avutt) éxet 8Goer ata 600 GW oc névie gpévia kot apénel va £xe1 avknBel cuvorika xatd 860 GW péypr to 2030.
4 Topewva pe 10 mEVIAETéS Tpdypappa, o Mexivo emBupei va pewdoer 0 TEPASTIO XGopa, oV npiovpyHBNKe Ta
tekevtaia 20 ypévia, petabd owovopkav anolaPav oy enapyia ka ota actikd kévipa. Ta 940 exar. karoikwv, and
10 1,3 816. T0V GUVOAIKOV TANBLGPOY MG Kivag, elval enfonpa syyeypappévol wg KGToKol aypoTiK®v neploydv, aild
extypdran ¢ 200 exat. and autoig £Xouv EyKaTaAEiyel Tig TATPOYOVIKEG TOVG £0TiEG Tpog eEaophAion VYNAGTEPWLY
anodoy®v ora acTikd Kévipa.
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Oil Peaking: To npéfinpa tng xop¥owens ¢ neTpeluixiig fjtnong

TANPOPOPWKDOV KAL ERORTIKGOV VIEOSOUGOV Yo TN BEATIOOT TG EVEPYELOKTG 06S00MNG TRV TOAEDV
Kol Tov kupiwv, 1N evepyewki] koaravdioon 1ev onoimv £xer avindel xataképvee kabhg
wpoxwpder axdBextn n moleodopky avamtuln, amotéhecpa €viovig aoTLQMAG, ME KVUTIAPO

avantuEng moAvdpoga xar evepyoPopa ktipla ypapeinv kot KaToKLbY.

Saug Rusea unvel Iran Cntra 1/axico Norway Venezuels MNigera  Unted Arad  Canaca Kusat irag
Aradla States Emiraiee

Unites
Knglor

Auaypappa 18: H zayxéoma rapayo nerperaiov Tov 2010 ava ydpa oc exar. Papéha v npépa
(IImnj: ASPO 2010)

ITw ocvykexpyiéva, otov Topéa tov netpedaiov n onuepwil Hitnon twv 7,0 exat. Bapehbv
avé nuépa, nov avriotoyel oto 8,5% g maykéomag Himong netpelaiov, avapéverar va avénbei
010 11% 1} xan TepLoGGTEPO, APOL exTipdTon paydain avartuén Tov Topéa TV peTapopdv drov 1
£TOW KATAVaAOOT) TETPEMIOEW DV avElverar pe pudpoig 6,5%". AEiler va onpuerwBsi 6T péxpt 1o
péoa mg dekactiog Tov *90 N Kiva fitav avtapkmg oe nerpéhao, xarvrrovrag oxeddv 6An e myv
xataviioon and myv eyxdpu mapaywyt g (Turkenburg W.C. 2000, 89).

Ihuepa n Kiva ewsdyer aepinov 10 50% twv aveykdv g G€ RETPEAAIO, HE TPOORTIKY TO
voduepo avtd vo @Bacer 10 65% 1 ko wEPLoGOTEPO péca ota emdueva S5 xpévia. Evduepépov
napovoraler n anpogopia 6T 10 65% TWV KIVE(IKdDV EGaYWYOV apyod ko tpoidviwv oty Kiva

npayuatonoeitar and eAAnvokmmra netpelaropdpa mwhoia, 1o onoio petépepav 120 exat. Tovoug

3 Mévo omv cuputepn nepioxt Tov Mexivov kGBe nuépa xukhopopodv 1.500 véa avtokiviita, EVG o1 EKTIPTGE Yia T0
2030 eivan 61 1y WBioxtoia avtoxvijtay 8a eddoer Ta 90 ava 1.000 xatoikoug, dnhadh 130 exatoppdpia avroxivita.
Kata myv i gpovixty nepiodo n cuvoru Liymon netperaiov npdxertar va ¢8doet ota 13,5 exar. fap./muépa, pe v
Kiva va eigayer 10 exart. ap./muépa, Snradiy 660 ewsdyouvv ot HITA ofjpuepa.
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Qil Peaking: To npofinua ¢ xopvowong TG meTpeAaiKis LiTnong

6

netpéhaio Tov zepacpévo xpoévo . o va avriperomioer v vynAy and k@be damo

avgavéuevn {fnon ewcaywydv apyod xou 6to mAaiclo pag aveEapmng eEmTepikiig, K
ENEKTOOT EVEPYEIRKTIG, TOAMTIKNG Ta TeEAevTaia Xpovia, N kvelu nyeoia tpoonadei pe kao:
va egacpahrioer kar va eEAEyEer mapaywyikd xoitdopata o€ Sidpopa pépn tov kéouov (D

K.S. 2005, 210).

g
i
&
;

Ewéva 1: lerpelaromyés oto Aog Avrieleg roov HITA 1) dexactia Tov 1920

‘Etor o1 xpanikd eleyydpeveg xvelikég etapeieg netpedaiov (CNPC, CNOOC, SIN(
éxoviag PN eMiyvoon ™G HEYGANG otpamyikiig onpaciag mov £xel 0 EAEYXOG KOLTOO
anavIaxov mg yne, Enevovovy 1eptoTia Tood ot xowtdspuata o Bopela Agpuc (Aryepia, .
Aftyvmrog, Zovdav, Toavt), omv Aykéia kar T Niuympia, ong xbpeg g Kaondag, om Pac
YeVikG 6mov pmopodvv va efacpoiicovv acpali mpécBaon’. Avti mpoPAémerar vo et

nepTEPW® ME TOVG OTOXOVG OV €xel Oéoer oto Tpéyxov meviaetég npdypappa na Perrinc

¢ Avtanodidovrac TV epmatocvvn tev Kwvélmv oty Elnvidh vavtiiia, apkeroi EAANves epomAiotés vavmy
nhoia toug o€ xivelikd vavanyeia. Extipdral mag avti m otiypi vovanyovvran 100 mhoia diapdpwv tin
;u:yeed)v, ocuvolikiig akiac 4 Si0. Sorapinv.

Mépa ané 10 va xateuvaoel 1o afodnpa £viovig evepyelakic avas@aieiag nov dwxatéxel Tovg Kivé{ovg 100w
TakTik) auth) Snpwovpyei napddinia onpavrikég vrepakicg oty epnAexbpeveg etaipeles, cvpPddlovrag £re
nepatépm eviuvapmon g idn w)yupiic owovopiktic 8€ong ™mg ydpag.
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Oil Peaking: To #pépinpa ¢ xopdeuorg Tns teTperainis Ltmong

svepyewxtig anodoorg, didovrag Epgacn oy e£okovounom evépyelag kar oty AP agomoinon
TOV EYXOPUOV EVEPYEWKAOV VAV, pE 6160 T peimon mg evepyewkng éviaong (Sinton J.E. &
Levine M.D. & Qingyi W. 2008, ’820).

BeAtioon 6pwg g evepyeraxnic anddoong pag owovopiag tov ueyébovg g Kivag pe évav
VYNAS otéy0, mov gival to 20%, pe napdiinin enéxraon twv AEII xatd 10%, onpaiver oty ovoia
Bedtrioon Tov evepyewakod £pyov o€ mOG00TO TOAD VYNAOGTEPO Tov 20%, evdexouévag avtd va
@0doel 10 30% 1} xar T0 40%, xaOdhg TapaTNpodvVIAL Eviova ENGYLTIKGE QUIVOUEVE HE OTUOVTIKES
TEVOAOYIKEG SUVEPYIES Kot TEPAOTIES okovopieg khipaxkas (Adelman M.A. 2002, 182).

‘Eton, £@v 0 oté)0¢ avtdg tov Iexivov pnopéoer va viomomOei, Oa eival ovoractikd po véa
TEXVOAOYIKY] EXAVACTACT] UE AVATAVIEXEG EMIATOCEL, GE KOWVOVIKO ENiNEdO, apoV 1 enitevén Tov
npoimoBéter alhayéc ot xowvovikd eminedo, wWwitepa omv veBEmoN  TPOTOYVOPOV
KatavaloTiKdY Kat epyacioxdv mpotimav’. H npéxhnon e5é eivar ndg B emtevydei n avEnon
1OV POV otadwakd, péoa ota eT6peva S ypévia, @ote va pnv vadpEouvv kpadaouoi kar avatpomés
oV E160dNUOTIKY TOMTIKT| Kat EnnpeacBel 1 avartoén g owovopiag. EE dAov, n adénon tav
THov tov Kavoipov (nhextpiopds, netpélato, Puowd aépo) anotehei puépog tov oyediov Tov
[lexivov ya Pertioon g evepyewaxnig amoddoomng, apod m petdPacn ota dvnikd evepyewaka
Katavolotikd npétoma Oa mpéner va emrevyfel ywpig g ondtrales ocvviPeieg TV Avnikdv

KaTaVaAOTOV.

§ Avknon g evepyeraxic anddoong o€ TETow xAipaxka onpaivel rapddinia xai gvatikonoinon ki enéxtacn g
xowvuviag ™mg Yv@ons. O vodése avtég evicxbovian €€ dAhov ané v andpacn g Kivelikng xuPépvmong ya
TauTéYpOV PEIDOT TV ONUAVTIKGOV ENBOTAGEDV CTIV ECWTEPIKT} ayoph RETPEAMIOEB@Y, £101 AOTE Ot Katavolwtés
va apyioovv va aroppopotv To LYNAS KOGTOG TwV VYPGV Kavsipwy.
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Oil Peaking: To xpépinpa T)g kopdgaons TS meTpeiaiic Hitnong

4.4 Avavewoiueg Inyéc Evépyeiag

O ovyypoveg Kowvmvieg KaTavaAdvouv TEPACTIEG MOCOTNIES eVépyewag Y T Oéppavom
LOPWV, Ta HECE PETAPOPAC, TNV TAPAYWYT NAEKTIPIKNG EVEPYELNG, KOOGS KaL Y1 T AELTOVPYia TMV
Buounyavikdv povadwv. Me v ap6odo g owkovopiog kar mv avénon tov Brotikoy emnédov, 1
evepyewaxt] (Rmon avidvetar ohoéva. ITig PEPEG HOG, TO HEYOADTEPO MOCOCTO EVEPYEWNS TTOL
APNCIHOTOI0VUE TPOEPYETAL Al TS cvpPaTiKEG T YES EVEPYELaG Tov eivar To meTpédato, 1 Peviivn
xat o avipaxag. Ilpékertan ywa pun avavedoyes mnyég evépyewg mov apyd mn ypiyopo Oa
ekaviinfodv. H mapaywyn xor ypiion g evépyewg mov zpoépyetar and avtés mg mnyég
dnuovpyodv ma oepd and mepifardovikd mpoPAfijpata pe aypfl TV TO EAIVOHEVO TOL

Beppoxnaiov.

Atia ayopav ANE Tnv nepiodo 2004-2014

AloAIKG
QwrofoATaikG
KuWéAEC Kaugipou

ZOvolo 1024

0 20 40 60 80 100 120
Aioexaroupipia $

02004 m2014

fNnys: Claan Edge 2005

Mbypappa 19: Mpépreyn 11a 1ig AIIE tnv enbpevn dexaeria

An6 mv GA\An mievpd, ov Avavedowueg IInyés Evépyewag (ATIE) avavedvoviar pécw tov
xhKxhov TG PYong kat Bewpovviar npaxtika aveEaviinteg (Walisiewicz M. 2003, 34). O fjhog, o
&vepoc, o mothua, o opyavikéc vAeg 6mmg To EVAO kot akOun Ta aroppippata owakig Kot

yeopyig npoélevorg, eival anyég evépyelag mov TPooPoph Toug dev eEavtieitar moté. Yrbpyovv
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Oil Peaking: To apéBinpa ¢ xopdeaong ¢ rerperainis Himong

o€ apBovia 610 Puokd pag nepiBddiov kat eivar o1 TPdOTEG HOPPEG EVEPYELNG TTOV XPTOTUONOITGE O
GvBpwmog, oxeddv amokAeloTikd, péxpr Tig apyés tov 200V albva, ORGTE KOl GTPAPNKE GTNV

gVIATIKT| XP1IOM 10V GvOpaxa kat Twv vépoyovaviplkwy.

Méoog eTH010¢ pUBUOG avanTutng
TeEXVoAoyiwv ANE Tnv nepiodo 2000-2004

MracuvBedepéve @ aroforrainé
Awohike

Biovrileh

HAroBepnxd {B£ppavon-{eato vepo)
Autovopo @ wrofolraixé
Fewbeppio (Bépuavon)

Afcvohn

Mikpa vBponhexTpixé

Biopole (nAexTponopeywy?)

FewBeppic (nAexTponapeyuwyn)

Biopéla (Bépuaven)

finyn: Worldwatch Institute

Aveypappa 20: O puOpof avérruins rov ATIE

To evdwépov no v evpvtepn afiomoinon tav AIIE, xafdg xar yue v avartoln
afidmotov xar owovopilkd anodonik@v TEXVOAOYWOV WOV deopuevovv 1O duvapkd TOU
napovcuictnke apid petd v mp@T ReTpedaixi ypfion Tov 1979 ko mayudBnke v emdpevn
dexuetia, perd m ocvvednronoinon twv aaykéopwwv neprfadloviikdv npopfAnuatmv (Aleklett K.
& Campbell C.J. 2003, 41). I'o mwoAAég ydpeg, o AIIE anotedovv pio onuavruay eyybdpua anyh
evépyewag, e peyhreg duvardmres avantuiéng oe tomxd xar edvikd eminedo. Zuvveiopépouvv
onpavnkd oto evepyewkd touvg wolimo, cvppdiioviag o pelwon mg eEdpmong and To axkpPo

xa1 eoaydpevo neTpédaio xat STV EVIoYUON NG ACPEALRG TOU EVEPYELRKOD TOVG EPOSAGHOV.
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Oil Peaking: To mp6pAnpea tn¢ kopipwongs g neTpedaixig Litnong

Mapéddinia, cuviehodv kar otnv mpoctacia Tov nepiPdiroviog, xadbg 1 aomoinot Tovg

dev 1o emPapivel, apov dev cuvodedetar amd mapaywyn poTwvV B aepiov OV gvicybovv Tov

kivduvo yo kapatikés ardayés. Exer nhéov Swumotwlel 6Tt o evepyeoxds topbag eivar o

TpWTAPIKOG VIEVBLUVOE Y T povmovon tov mepiPhidoviog, kabhg oxeddv 10 95% g

atpoceapkng pomavor opefletar oty mapaywyh, T0 HETACSYNUATIONO KOl TN YPHON TOV

ovpufanikdv xaveipov (Hanson J. 2001). H EAMGSa Suwbéter aEidhoyo Svuvapixké AIIE, o onoieg

UTOPOUV V& TPOCPEPOVY UG TTPOYUATIKT) EVRALXKTIKT ADOT] Yot THV KAAVYT) TOV EVEPYEWKAOV HOG

avayxdv.

1.

Ta xopra nheovexmijpara Tov AIIE eivar ta €€fg (Goldberg J. 1996, 131):

Eivar npaxtixd aveEdviAnteg nmnyég evépyelag xar copfdAdlovv om peioon g sEdpmong
and cupPatikovg evepyelakods adpovg,.

Amavtovv 610 evepyewxd mpéPAnue na ™ orabepomoinon twv exmopndv Stokewdiov Tov
GvBpaka xar TV vdlowmev acpiov tov Beppoxmmiov. Emadéov, vrokabictdviag Tovg
oTadpoUg Tapaywyng evépyewng and cvpfankég anyég 0dnyovv o EMITIOON EKTOUTDY 0nd
GAhovg pumavtég m.x. ofeidwn Oeiov xat aldtov mov Tpokarovv v 6Evn Bpox.

Efvar eyyopieg myég evépyewrg Kol OUVEISQEPOUV OTV EVIOYUON TNG EVEPYEWRKNG
aveéapnolog xal TG ACPAAEAG TOV EVEPYEWKOD EQPOSIAGHOV OE £0ViKS eminedo.

Eivaw Sutomapteg yewypapikd xat odnyodv oMMV ATOKEVIP®ON TOV EVEPYEWNKOD
oLoTHHATOG, divoviag T duvatdmnta KdAvyng TV EVEPYEWKOV avayk@v of TomKo Kat
nepupepewakd eninedo, avaxovpiloviag £161 Ta CLOTHUATA VIOSOUNG KAl UEIDVOVILS TIG
anOALIEG amd TN HETAPOPh EVEPYEING,.

IIpoopépovv ™ duvvatdémra opbBoroykii afwomoinong 10V  evepyewaxdv wOpwV,
KOAVTTOVTOG £va EVPY GACUA TV EVEPYEWKADV aVEYKAV T@V XpNOTOV (.. nAwk] evépyela
T Beppémra YaUNAOY OppoKpacIOV, ALOAMKT] EVEPYELD Vil AEKTPORAPAYYY).

"Exovv ouvviifwg yaunid Acitovpyixd x6otog mov dev emmpedletar and Tig Sraxvudveeig g

S1e6voig owcovopiag xai EWIKETEPR TOV TIHGOV TOV SVUBATIKOV KOVGIR®V.
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Qil Peaking: To 7péBinpa ¢ xopdewons ™ nerpehainis Linong

7. O enevdioeig twv AIIE dnuovpyodv onpavinkd apiBud véav Béceav epyaciag, Wwitepa
o€ Tomxo eninedo.

8. Mnopodv va anors?»éco;w oc TOAMEG mepurtdoelg mupiiva Y v avalwoydvnom
O1KOVOUIKG ka1 KOwvViKa vrofaduiouévav teproxdv kot 760 Y TV TomK avantoén, He
mv mpohbnon avéloywv emevdvioewv (m.y. xaAlépyeieg Oeppoxmmiov pe ™ ypfon
YewBeppIKTiG EVEPYEWIG).

Ta wopiétepa pewvexknijpara tov AIIE eiven (Tovdeopog Potofortaikdv Etaperbv

2009):

1. "Exovv apketd pkp6 cvviedeot anddoong, mg taEng Tov 30% 1 kan yapunAidtepo. Tuvendg
anateital apkeTd peydho apyké k6otog epapuoynic oe ueydn emodvewa yne. I'a avtd to
AGYO0 HEXPL TdPQ YPNOIUOTOWVVINL GAV CUUTANPOUCTIKES TTNYEG EVEPYEWNG.

2. T'wa tov mapandaveo Adyo mpog 10 Tapdv Sev umopovv va ypnoionotnody ya ™y xdhoyn
TV AVAYKQV HEYAL®V QOTIKOV KEVIPOV.

3. H napoyi xar anddoon g aohkig, véponAextpiktic kar NAwkiig evépyewag eEaptatan and
v enox Tov £€10Vg aAAA xan ad 10 YewypaPikd MAATOg Kat 10 KAlpa TG mEPIOYTG OTHV
onoia eyxadictavror.

4. Twa nig awohxég punyavég vdpyer i droym 6m dev eivan kopyég and aodnruk} aroyn ki én
npoxalovv 86pvBo kar Bavarovg wovAubv. Me v e£éMEn 6pwg g teXvoloYiag Tovg Kat
TV APOCEXTIKOTEPT) emMAOYY| YDpwV eyKatdotaon (m.X. Ot MACTPOPUES CTNV avOLXTN
6d\acoca) avtd ta mpoPAnuata £xovv oxed6v Av0ei.

5. TI'a ta vdpondextpukd épya Aéyeta 6Tt Apoxakovv Exhvon pebaviov and mv anocvvicon
Tov QUIGV mov PBpicxovial kGt® on' 10 vepd K1 £TOL CUVIEAOUV OT0 QUIVOUEVO TOL

feppoxmriov.
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Oil Peaking: To mpéBinpa g kopigoens s retpelainiic SiTong

Mopoés Tov Avavedapov Iinydv Evépyaiag

@ Awliaj Evépyara: n xivnuiky] evépyewn mov maphyetar and ™ dvvaun tov avépov Koi
HETATPERETAL O anolﬁqnp;-] unavik evépyewa 1/ xan o€ NAEKTpIKT| EvEpyEIa.

< Yoponiextpuaj Evépyaia: Ta Mwpda Ydponhextpikd Epya (péxpr 10 MW 1oyog)
aflomoolv T VOATONTACE;, HE OTOXO TNV TAPAYWYT| MAEKTPIKY|G EVEPYEWRg 1| KAl TO
HETAOYTUATIONS TNG GE ATOANYIUN UNYAVIKT] EVEPYELD.

% Bioud{a: sivan anotéleopa g puTocuviETKG Spactnpidmrag, mov petaoympuatier my
nhaxt evépyawa pe pio oepd diepyacidv v PuTik@v opyaviopdv xepoaiag 1| vopoPiag
TPOEAEVOTIC.

% Huaxij Evépyaia, n onoia nepihapfavel ta axéiovda:

> Evepynnxd Huaxd ZXvorjuara: petatpémovv Tv niaxy axtivoPforia oe
Beppdmra.
> Bioxisuagnikdc oyedwacuds ka  maOnnkd nlaxd ovenjuara:  apopovv

APYATEKTOVIKEG AVOELS Kat XPTOT KATAAANA®Y Sopikdv vAK@V Na T peyicTonoinon
™¢ an' evbeiag experdlevong mg nhakg evépyewg N 6éppavor), KAPaTops
POTIOPO.
> Pwrofoiraixd Huaxd Zvonjuara: pctatpénovv v nilaxy evépyewa Gueca oe
nAexTpuct| evépyea.
& I'eawrf Evépyaa: n Geppixi} evépyewa nov RpoépyeTal and To ECWTEPIKO NG YNNG Kat
EUREPEYETAL OE PVOKOVG aTRODG, O empavewakd 1 vadyewa Beppd vepl xar oe Oeppd Enpd
netphdpata.

¢ Ydpoydvo: To vdpoyévo amoterei 10 90% TovV SVpumaviog xau Ba anotedicer éva véo

KaOoWo 1oV 6a XPTNOIHONOWVUE GTO PEMAOV
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Oil Peaking: To np6Ppinpa 15 Kopboweng TN TETpeAainig LRTiog

4.4.1 Awluai evépyewa

Ot Gvepor, dnhadiy o peydhres paleg aépa mov petaxivoiviar pe TodTNTO Ao pic TEPLOX OF
kanow GAAn, opeiloviar otV avouoidpopen Oéppavon mg emedavewng g I'ng and v nAw)
axtivofoAia (Shepherd W. & Shepherd D.W. 1998, 211). H xavnuxn evépyewa tov avépmv gival
t60m 7OV, pe Phom TN onuepvi) TEXVoroyia expetd@Aievong g, 6a propovoe va kKaAdyel Tive and
&00 popég Tig avaykeg g avOp@EOTNTAG O NAEKTPIKT| EVEPYEWR.

H expetédlevon g awohkig evépyswg yaveror ota P&dn g woropiac’. e moAAig
exatovtades ypdvua N xivnom tov thoiwv ompdtav oty dvvaun 1ov avépov, evd 1 yprion Tov
QVELOUVAOL g KIVNTPLAG UNYOVIG EYKOTAAEITETOL HOAG OTa HEGE TOV TPONYOOUEVOL QuDVa.
Eivar i enoyf] mov eEanddvoviar paydaia ta cvpfankd xavoe kat 0 NAEKTPIondS, 0 omoiog
QTaver g ta mo amopaxpvopéva onueia. H netpedaixy kpion otig apyés g dexaetiag Tov 70,
oépvel Eava ato mpooknvio tig AIIE xar v awdw evépyewa (Adelman M.A. 1995, 214). Zto
dbompua péxpt ofjuepa, onperbveral Ha aApaT@dNG avartuén, KATL IOV EVIGYVETAL Kat and Thv
EMTAKTIKY avdykn yw v mpootacio tov nepiaiiovroc. Iiveraw wAéov ovveildnomn oe 6o xat
TREPIOCOTEPO KOG L0, TWG 0 dvepog elvat po xabapn aveEaviAntn anyn evépyews.

Ta olOyypova ovoTipato EKUETAAAEDOTG TG QOMKTG EVEPYELRG aPOpPOUY KVpimg pnyaveég
MOV UETOTPEMOUV TNV EVEPYEWR TOV aVEUOL Of mNAEKTPK evépyewa kar ovoupdloviat
avepoyevwitpieg. H ompavnik6tepn otkovouikd epappoyn t@v avepoyevwnipubv efvar n covdeot
T0V¢ 070 NAextpiko6 diktvo piag xdpag (Swenson B.R. & de Winter F. 2005). Zmyv nepintoon avmi,
éva aolkéd mapxo, dnAhadn pia cvotoyio moAldv avepoyevwnipidv, eyxabiotatar xar Aeitovpyel
ot pia AEPLOI HE VYNAO atoAikd duvapikd xar SroxeTever T0 CHVOAD NG TAPAYWYNG TOV GTO
nextpiké cvomua. Yrapyxer PéPawa xar v duvatdémita Ol GVEHOYEVVITPIEG VG AEITOLPYOUV
autdvopa, Yia TV napaywy NAEKIPIKYG EVEPYEWS oF AEPIOXEG mov dev nAektpodotovvial, N

pmyavikic evépyaag yw xprion o avtMootdow, xabhg kat Bepuémras. Opwg, 1 1W0xVG MoV

% 0 eyxhoPiopds, katé tov Ounpo, Tev avépwv oTov ackd tov Ablov Seixver axpiBdg v avhykn Tev avlpdrwy va
Swbétouv Tovg avépoug GTov 6o Kat xpévo mov ot idio1 Ba NBehav.
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Oil Peaking: To np6Binpa g kopdewong T netperainic Gijtnong

nophyetal o€ EPApROYEG avtod Tov €idovg eivar mepropiopéviy, 10 310 KAl 1] OKOVOMUIKT} TOVG

onuacia

R Ejuned] el fof | F

- - . < f g e = :
EERE R ORI A2 s

: \"t

Ewcéva 2: Avepoyevnijrpieg oo Madpndo g Ienaviag

Ynapyovv moAldv €d@V avepoyevwiipieg ot omoieg karat@ocoviar oe Svo Paocikég
xatyopieg :
% Opuwovriov Gfova, tov omoiov o dpopfag civar Tomov élika ko Bpioketar ovveyds
rap@AATAOG pe TV KatebLBLVOT) TOV aVEROD KL TOV E3GPOVG
% Kataxépupov GEova, o onofog napapéver otadepig ko efvar xd@etog apog v emeavew
0V £3Gpovg
H anddoon mag avepoyevitpuag efaprarar and 1o péyebog g xar myv taydmra TOv
avépov. To péyeBog eivar ouvapmon Tev avaykdv mov xaieitar va eEvanpemoet xat nowiier and
~ pepicég exatoviddeg péxpt pepai exatoppdpa Watt (EAAnvikég Tovdeopog HAextponapaywybv
and AITE 2009). Ow rvmkég Suxoroerg puag avepoyevwitpuag S00 kW eivan : Aviperpog dpopéa, 40
uétpa xar Oyog 40-50 pétpa , evd avtig twv Tpidv MW ot dweotdoeig eivat 80 xar 80-100 pérpa
avrictoya.
Map6ro nov dev voistata xavévag xadopronkds Adyog, extds iowg and v eppdvion, oty
ayopd £XoUv emxpaticel GnOKALIGTIKG Ol avepoyewntpieg opuévniov GEova, pe dvo 1 tpla

mepvyia. Mia tomxn avepoyewiptpua opiovriov GEova anoteleital and ta eEig pépn:
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Oil Peaking: To npéfinpa g kopioweng Tng nerpeldikig Liitnong

..

$pLve
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Avdypappa 21: Ta xoprérepa pépn mag Tomxi|g avepoyevvijrprag (IInnj: Walisiewicz M. 2003)

% 10 Spopéa, mov amoteheitar and 6o 1 1pia miephyw amd evicyvuévo moiveotépa. Ta
ntepUye npocdévovian v o e Afquvn eite otabepd, eite pe ™ dvvatdétnta va
nepoTpéQovial YOpw and to dwaprxn GEova Tovg petapdiroviag o fripna

% 10 cvomua petddoomg g kivnorg, amotehodpuevo amd Tov Kopo GEova, Ta £dpava Tov xat
10 xifdTio ToAAanhacaopod oTpoPdv, 10 onoio Tpooapudler v TaVTNTA TEPIGTPOPY|G
tov dpopta om olyypovn taxbmra g niextpoyewntpug. H taxbmra mepiotpopric
napapéver otafepn} katd TV xavoviki Aettovpyio g UNXaEViiG

% v nAextpn yevviitpua, clryxpovn 1 eraywyikn e 4 f| 6 mo6Aovg n onofa ovvdéetan pe mv
€£080 Tov TOAMaTAacaoT pEcE evOG EAAOTIKOD 1} VIPAVAIKOD CLVOEGLOV Kal peTaTpénet
m unyavik evépyewn ot miekipikr xar Pploketar ocvviiBwg whve otov wdpyo Mg
avepoyevwiipwg. Yzbpyxer xar 10 odomupo nédng to omolo eivar éva ocvvwmbiopévo

doxdppevo mov Tomobeteitar oTov KUpo GEova 1} oTov GEova TG YEVVITPIOG
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Oil Peaking: To npéfinpa g xopbpmeng e nerpeiaixig Hijtnong

% 10 CUCTNUA TPOGAVATOAIOHOV, avVayKALEL cuVEXDS Tov GEova TEPIoTPOPTIG TOL dpopta va
Bploxerar mapaiinia pe tn dievBuvomn Tov avépov

“ 1oV mdpyo, o omoiog c'mg;il;et 6An Vv mopandve niextpounyavorloyiky eykatdotact. O
Topyog eivar ouviBwg COATVOTOG 1] S1KTLMTOG KL oTaViKG amd OTACUEVO CKUPOSEHQ

% 10V nAextpovikd mivaka kar Tov mivaka eAEyyov, ol ontoiol eivar TomoBetnpévor ot Paon

Tov Vpyov. To cvomua eEAéyyov mapaxorovdel, cuvrovilel kot eEAEYXEL OAEG TIG AELTOVPYIES

NG GVEHOYEVVITPLAG, PPOVTILOVTOG Yo TNV ampOCKOMTN AEITOVPYi TNG.

4.4.2 Ydoponiextpua evépysia

H vdpaviikr evépyea, n evépyela Tov vepov, Eival o avave®oyn, Kol GIOKEVIPOUEVT YT
evépyewns. IToAvapBpor vdpavikol tpoyoi, vepduvior, dpwotéddeg, vdpotpiPeia, mprovioTipr,
Khwotobpaviovpyeia kar GAdot pnyaviopol vdpoxivnong ovuveyilouv axbéun kol ofuepa vo
xpnowonowvy 1 ddvapun tov vepold, cvuPdiloviag onuavmikGé TV TPOOSO TG TOMKNG
owovopiog ToALDV TEPOYDV, HE OTOAVTA GUKO TTPOG TO TEPAloV TPORO.

Ze 7moAAG omueic TOV EAAMVIKOD yYdpov xGmoleg mapadoocuaxég, aAAd kol CUYYPOVES
eyxatactdoelg Mixpav Ydponiektpikdv Epywv eEakolovBoiv va aflomoiodv miv evépyewa tov
vepod Yo TNV Topaywyn pnxevikov £pyov aAld kuvpiog mAfov Yo ™MV mapaywyr] NAEKTPUKOD
PELUATOCG.

H oafonmoinon 100 pikpod vdpoduvapikod 1oV AMbdwv pikphv 1| peyorvtepov
vdatoppevpdtov kol anydv mg opewviic EAMGdog mepva and v vAomoinon amokevipopivev,
avantEloKkoV PIKpGY VOPONAEKTPIKGOV GTAOU®OV TOAATANG CKOTUOTNTAG, OV Uropovv dniadi
Vo A£ttovpyoldv Kai Y TNV Tautdypovn xdhvyn vdpevnixdv, apdevtikdv xar dAov TomKdv
avaykov.

O oAb vymhoi Padpol anddoomg Twv vdpoostpoPfilov, mov pepikég popés vaepPatvouy xar

10 90%, ko1 i wOAD peydAn Subpkewe Lonig T@v véponiextpikdv £pywv, Tov uropei va vaepPaiver
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Oil Peaking: To npépinpa tng xopigaong TS aetpelaikiis Citnong

ka1 ta 100 ém, anotedovv d¥0 yapakmMpPLoTiKoVg SEIKTES Yo TV EVEpPYEIEKT] anoTeEEopaTIKOTTA
KOl TV TEXVOAOYIKT] 0PUOTNTA TRV HIKpdOV vdponiektpikdv otadudv (Kraushaar J.J. & Ristinen

R.A. 1993, 87).

Ewéva 3: Tumkég vépoostpépirog

Ta pxpd vdponiextpikd épya mapovordlovv ompavnikd mheovektiuoata Onmg efvar n
duvarémzra Gueomng ovvdeong - andlevEng oto diktvo 1 1 avtdévoun Acrtovpyia Tovg, N aflomotia
006, N mapayoyn evépyewg apiomng mowthtog ywpis dwxvpdvoes, N Gpom Saypoviki
CVUREPIPOPE TouG, N peyadn ddpkewa Long, o mpofréyyiog xpbvog andoPeong Tav avaykaiov
enevddoemv mov o@eidetar 6t0 MOAD YapunAd k6oTog ouvnmipnong Kau Asttovpyiag kol oMV
avuraptio x6otovg rpdg VAN (CADDETT Renewable Energy 2006), n euuxémta mpog 10
neprfdddov pe Tig undevikég exmopnés pimov Kat TG TEPLOPIOUEVES TEPIPUALOVTIKEG EMATAOOELS, 1)
tavtéypovn Kavonoinomn xat @AAwv avaykdv ypriong vepov (08pevomg, Gpdevorng, xAn.), N
duvardmra napepPoAing Toug o€ VRAPYXOVOES VIPAVAIKEG EYKOTACTAGELS, K.0.

| EE opiopov, évag pixpog vdponiextpikds otabpdg anotelret éva £pyo andAvta cvpufatd pe to
| nep\Badlov, mov umopei va ocvoufider axbéun xar o dnuovpyia véov vdpofrotémwv pikpig
kAipaxas. To odvoro 1wV exl pépovg ocuvictwodv Tov £pyov uropel va eviaxfel awodnnxd xau
AcToupIKG  ota  yapakmpwnik@ Tov nEpfddloviog, afomoubviag Ta TOmMKAE VAIKG pe

rapadoowxd 1pdmo xan avaBaduilovrag To YOpw xdpo.
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Oil Peaking: To npéBinpa t5s Kopi@mens s neTpehaixis Sitnong

4.4.3 Buopala

H popdta pe myv evpitepn évvola tov 6pov aeplapfiverl 0rol06MqmoTe VAIKS mPOEPYETAL 06

{wvtavovg opyaviopovs. Ewdwédtepa, n Propdlo yia evepyeraxkolds okomovg, mephapBaver kdOe

om0 mov pumopel va yprotponondei i v napaywyn oTEPEd@V, VYPOV Kav 1} aéplwv KoVGip®V

(Schipper L. & Meyers S. 1995, 385). Zmv npatn vadpyovv 890 tomor Bropdlac. Ilpdrov, ot

VAOAEPHATIKEG HOop@Eg (Ta kdBe eidovg @utikd vmoAeippoata xar Cowd ardfinta xo Ta

amoppippata) xar devtepov 1 Propdla Tov AapdyeTal 0o EVEPYELNKEG KOAMEPYELES.

0
0.0

o
L <

&

O1 x¥preg epappoyég pe xavoipo Propala eivar:
Oépuavan Ospuornninwv: Ze neproyxég 6mov vapyovv peydieg moodtreg hwbéoung Popalag,
ypnowonowirar 1 Popdle cav xovopo o katdAinlovg AéPnieg o T Béppavon
Beppoxnmiov.
Oépuavon xnplwv ue xavon Popdlas oe arouixovs/xevipikods AéPnres : T oplOpEVEG
neproyés g EAMadag xpnoponowodviar ya tm Béppavorn xrpiov atopkoi/xevrpwkoi AEPnteg
mopnvéEviov.
Hapaywyrj evépyerag oe yewpyikés Prounyavieg: Buopala v mopaywyn evépyewg
xpnowonoieitan and yewpywég Propnyavieg otig onoieg n Propdla mpoxdmter o€ onpavrikés
nocOTNTEG cav VIOAEWpa 1) VRORPOIOV g mapayoyg dwdwaciag xar €ovv avénuéveg
anorijoelg oe Oeppdémra. Exxoxxiotipua, nupnvedmovpyeia, Bropnyavieg puiov xabhdg xar
Broteyvieg xovoepPomoinong xaive ta vmoleippoard Toug (VmoAeippato EKKOKKIGHOU,
mopnvéEvdo, Aot kar kovkovTow, avtictowya) yia TV KGAvyn TV Oepuixdv Toug avayKdv
1f//xar péPog TV avayk®v ToUg G NAEKTPIKT] EVEpYEWL.
Hapaywyij evépyeras oe Prounyavies Ebiov: Ta vroleippata Propnyavidv eneéepyaciag E6iov
(xprovidr, novdpa, Eaxpidia kKAT) xpnoLHOTOWVVTAL Yia TH KEAVYN TV OeppikdV avaykdv g
depyaciag xabhg kar yra v 8éppavon 1ev xrpiov.
Tniebépuavon: sivar n npounfewa Béppavong ydpov xadbg xar 8eppov vepod xpnorg ot Eva

oovolo xTiplwv, évav owiopd, Eva yopd f| i BOAN, and Evav Kevipikd 6Tabud mtapaywyng

TMAME omqv Aypoympeia kar Broloyikéc Kalépyeres , Aérarog Evayyehog 42



Oil Peaking: To np6Binpa 1115 Kopipmeng g nerpeiainis Eijtnong

fepudmrac. H Beppudmra petapépetor pe mpo-povapévo diktwo aywydv and 1o o1adud mpog
T0 Bepuavopeva. xripwa .

* Hapaywyi evépyarag o€ pova';isc proiopixod xabapiouod xar Xapovg Yyerovous Taeijs
Aroppruudrov (XYTA): To Boaépo nov nophyetar and tnv avaepofa yovevon tov vyphv
anopAfjtewv o€ povadeg froroyikod kabapiopod, ko Twv anoppiupdtov oe XYTA xaiyetar oc
HNYaVES ECMOTEPIKTG KOVOTS Yo TNV ROoPpay®yl] NAEKTpikiig evépyeing. Tapdinio propet va
afonoieiton n Beppua] evépyewr TV KOLOAEPIOV Kal TOL YUKTIKOU HEGOV TV HNXAVAV Tia va
xaAvpBovv avaykeg Tig diepyaciag fi/kar GAAeg aviykeg Oéppavong (my Oppuavon kupiav).

Ziuepa, o 6pog Prokavoa ypnowonoeitar cuviBMg Yo VYPE KAVGIHO OV PROPOUV va

xprowonomBody otov Topéa TV petagopdv'’. Ta Broxavopo efvar @UMkdTEpE TPOG 10

nepifddlov and ta ovuPoutikd kKoVOWWE NOTL EYOVV AYOTEPEG EKMOUMEG KAl YPTOYLONOIOVV

aVOVEDOES TPDTES VAES. ZUpPaAdovv o1 peimon TV E10aYOYAOV KAl GTV EVEPYELNKT] QUTOVOHia

™G xdpog.

A. Ynolewppatnikéc popoés fropalag
1. Biopd{a yewpyixijc npoéievong

H yewpyuch) propdla mov 8a propodoe va afomondei o mapaywyn evépysiag duakpivetan
om Popdala TOV VIOAEPPATOV TOV YEOPYIKGOV KOAMEPYELDV (OTEAéE)M, Khadd, UAAa, dxvpo,
xhadodépara x.An) xar om Pwopdla tov vrolewpdrov eneepyaciag yewpyikdv mpoibvimv

(vroAcippata exxoxkiopod PapPaxiod, rupnvéEvio, TVprves PpovTOV K.A.T.).

° Ta mo cuwBiopéva 6To eundpio elvan 1o ProvrnGed, pebvdestépag o onofog maphyetar xuping and eharodyovg
ondpoug (nhiavBoc, eEhaiokpaupn, x.&) kat propel va ypnoponomBel efte pévo tov 1} oe piypa pe nerpéharo xiviong o
nETpeAOKIVITIPES Kt 1) BroatBavoin 1 onola mapdyetal and cakxapovya, KUTAPVOUXE Kt pvAovya gutd (cirépy,
xaAapnoKy, 66pyo, 16070, K.G.) xat ypnoponoieitan eite wg £xer o€ Peviivoxivntipeg mov £xovv vrootel petarpont
eite oc piypo pe Beviivy o kavovikoivg Bevivoxkivnmipeg efte 18hog va petatponel oe ETBE (rp6oBeto Beviivng).
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Oil Peaking: To np6finpa g xopiewaeng g metpeiainiic Ltyong

Ewéva 4: Buopala vrodepparov yeopyikdv kadepyeudv

2, Broudia {anxijc npoéicvang

To Swbéowo Svvapkd Propdalag Lwumg mpofhevong, neplapfhvel wuping ardfintoe
eviatikig xmmvorpogiag and mrnvotpogein, xoipocticur, Povotdon ku o@ayeia. H extpoon
npofatwv, mydv k1 apvidv eivar extanikn (n omoia efvon eni 1o TALioTOV MOYPEVIKTG HOPOTIG) Kat
1a napayopeva anofinta Suokoprifovian oe 6Ao 10 fookbTono.
3. Bioud{a dacikijg npoéievong

H Buopdla daocixng npoéhevong ov aronmoteitar 1| pmopei va akromomBei yia evepyeuaxoie
oxomovg ouviotatol oTo KavoOEvAa, ote vroAsippata xoAlépysiag Twv dacdv (aparbocwv,
viotopudv), oto mpoidvia xabapwopdv yo ™MV mpootacio Tovg and mvupkayiés kabdg ke oTa
vnoheippata enctepyaciag Tov EvAov.

4. Aocnixd andfinra: To opyavixd Tufua Twv acTikdv anofintav.

B. Evepyswaxég xadaépyeieg
Ov evepyewakés xadépyeieg eivar  mapadocuaxts KoAMEPYEIEG MOV  PUROPOVV  va
gpnoonombovv yia TV mapaywyr vypdv Proxaveipwv cite Putd mov dev xoAlepyodvrar, RPOG

70 apév, € wd Onog o avBoc, n aypiayKivapa xal 70 KoAdur 7oV 10 TeEMK6 TPoi6V Tovg
pov, eumop ¢ 0 pioxavlog, n aypieyavipa
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Oil Peaking: To np6pinua g xophoneng ™e neTpeiaixig Liitnong

npoopiletar yio TV mapaywyn evépyeiag ko Broxavoipwv (Goldberg J. 1996, 302). O evepyelakég

xaAMépyeeg ywpilovial oe §bo katnyopiec ot omoiec sivan ot eTceg' ' kan ot moAvETELS.

Ewkéva 5: Evepysiaxii kaidiépyeia

I'. Broaépro

To Pwaépro, mapdyerar and v avaepdPfo yhvevon xkTVoTPoPIKGV Kuping amofrftwv
(Muata and yorpoothoia, fovordoin), aypotoPiopnyavikdyv anofritov Kar Avpdtev, kabdg xa
and aoTik@ opyavikd anoppippata (Goodstein D. 2004, 251). Amotereitat and 65% nebavio ko
35% Ow&eidio tov avBpaxa xar pmopel va aflomoindei evepyeraxd, péow g Tpo@odociag Tov o
UNYaVEG €CMTEPIKNG KaUOMG, OE KaVOTNPES aepiov 1| oe aepootpdPfilo Yo v mapaywyr)
NAEKTPIKNG EVEPYEWDS Kot OEppPOTNTAS.

To Buooépro, pe Vv kaTdAAnAn enctepyacia kar avafaduorn, prnopei va ypnoponomBel kat
¢ xabowo pctopophv, pe Wuitepa aviayovionxy tuf. Xm Zouvndia 17dn apketd opjuata
Kivoovtal pe uebdvio xar Aettovpyovv otabpoi S avourig foaepiov.

Mapdiinia, to avafaduicpévo Poaépro pmopei vo Swoxetevdel oto dikrvo tov PLoKOD

:aep(ou, 6mwg mhéov yivetar omv OAhavdia, ™ Zovndia kot v EAPetia xat va ypnotpomomnBel na

" Enjoreg: oaxyapoiyo f| YAvk6 a6pyo (Sorghum bicolor L.Moench), wabeg a6pyo (Sorghum bicolor L . Moench),
xevae (Hibiscus cannabinus 1..), ehawoxpaupn (Brassica napus L.), Bpacsowt] n abéma (Brassica carinata L. Braun).
Moiverels: Tewppkés : Aypraykivapa (Cynara cardunculus), xahau (Arundo donax L.), pieyav@og (Miscanthus x g
iganteus), switchgrass (Panicum virgatum) Aaoxég : Evkéhonvog (Eucalyptus camaldulensis Dehnh. & E. globulus
Labill.), yevdaxaxia (Robinia pseudoacacia).
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Oil Peaking: To #péBinpa g kopbomens ¢ netpeiainns trnong

niextpua] kot Beppuc evépyswa. Ilepapanikd ypnowonoeitoar ko1 yio napaywyn vdpoydvov,

Tpopodotdvrag kuyéleg xavoipov (fuel cells).

Ewéva 6: Movadeg rapaywyic niextpuais evépysiag pe froaépro

H avértuén xar eykardotaon texvoloyidv Proacpiov, anotedel pia evarloxnxy) Adon pe
onuavukd mieovekmipata, kaddg npocpéper mepifalloviikd Qulky evépyelr Kal TALTOXPOVA
emMADEL TO OVUVEYDG droykovuevo npdPAnua g SdBeong Twv amoppippdtav (EAAnvikég Zovdeopog

Zopmapaywoyic HAextpiopov ko @epudmrag 2006).

4.4.4 Huaxa Evépyewa
Evepmnixa nhaxé

Evepynuiké nhwakd ovotmipata eivar 6ca cvddéyouv v nhakn axtivofolia, kat ot
OUVEXEWD T1] HETAQEPOUV ME TN popoT| Oeppudtntag oe vepd, ot aépa 1| o€ xGroro GAlo pevotd. H
texvoAoyia ov epapudletar eivar apxetd amh ko vEdapyovv TOAAEG SuvatdTnTEg EQUPROYIG TG
ot Oeppuikic yprioe yaunidv Beppoxpaciudv (Roberts P. 2005, 192). H mAéov Swdedopévn

EQAPUOYH TOV CLOTUATOV avtdv eivar 1) Tapaywyr eotol vepol xpriomg, ol yveootol oe 6Aovg

niwaxof Beppooipuvec.
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Oil Peaking: To np6Binpa T xopHewons Ti¢ ReTpelaiiic LiTnong

Ewéva 7: Evepymrixé nMoxé svotiipota

H emodvewa nhakdv cvempdiov mov Bpickovial o€ Asttovpyia ot ydpa pag eivan mepinov
2.800.000 m? (otoyeia 2010). 'Hon, neprocdtepeg and 1.000.000 eEAdnvikég owcoyéveleg kKaAvTTOVY
nepinov 80% 1wv emoinv avaykdv 1ovg oe (eotd vepd ypfiong He niaxd Bepuocionva (KAIIE
2006). H anédoon tov nNAax@v CLAAEKTOV Kot N TOWOTNTO TOVG YeVIKG €xouvv PBeltimbel Ta
tedevtaio gpévia. H EAMAGda eivan o peyalivtepog e€aywyéag oe OAn v Evpdnn xar pdliota oc
xopeg pe Waitepn Propnyavikn mopadoot, 6mwg n I'eppavia.

Eva twmké olompa mapaywyis (eotod vepod amoteleitar and eminedovg mArakovg
ovAAéxteg, éva doxelo amoBrkevong g Beppdémrag xar cwAnvaocew. H nhwxy axnvoforio
anoppoditor amd To OVAAEKT kar N OVAAEYOpevn Oeppudmmra petagéperar oto doxelo
anoffjxevong (EAAnvikdg Xiovdéeopog Zuvumapaywyis Hhextpiopod kar Oeppudmrag 2006). On
eminedor nlwakol ocvAléxteg tomodetovviar owviifwg oTv opo@n] Tov kmpiov, pe viTo
nposavatolMopd xar khion 30°-60° wg mpog tov opilovia, dote va peyiotonondel 10 10cd g
axtvofoliag wov GVAAEYETAL ETNGIWG,.

Ilépa and v owaxn] ypijon, n omoia eivar xar 1 mo dwdedopévn onuepa, evepynTikd
nlakd cvomuato pumopodv va ypnowonomodv omovdfmote ammteiton Oeppdnre YounAfg
Beppoxpacwaiiis otdBung. ‘Eton, 11 xpiion mg NAakg EVEpYEIRS T\ TNV Tapayayt) yogng, Na Tov

panopd yopov ko ddeg epappoyés, eppaviletar g plo and g moAAL vmOOXOMHEVES
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Oil Peaking: To zpéBinpa s xopd@aong ¢ neTpehainig Lijtnong

npooTTIKEG, AOY® TNng avénuévng nhakng axtivoforiag axpipdg v enoyn mov ancirodviar Ta
yukTika poptia. YRapyouv 118n HepIkés eEMTUYNUEVES EPAPHOYES TETOWOV GUOTNHATOV GTN Xhpa
HAC Kat aVOUEVETAL va EXOUV taxsic; avantoén.

Mu @\An epappoy nmov éxer efamhwBei omv Evponaic ayopd eivar o ocvvdvaopdg
napaywyns (eotob vepov xpnomg kar Béppavorng xdpwv pe evepynmixd niwokd cvotiuata. H
ZPNON TOV CLOTNHATOV @VTOV oTig eEAMANVIKEG KAMPOTIKEG cuvBikeg ywa ™ Oépuavon ydpav,
Bewpeitar texvikd oAAd xal owovopikd amodotua], av cvVdVACTEL pe TNV KaTGAANAn
peAén/xatackevn] Tov kripiov (kaAf} povmor|, EKPETEALEVCT} TOV TAONTIKOV NAMUKOV OPEAEIDV,

x.An.) xat m cuvepyaoia Tov ypiiom 2.

Buoxlpanikdg oyxedriaopdg xar 7abnrikd nhaxa cvotijpara

O xTipax6g topéag eivar vievBuvog ia to 40% mepinov g ouvolkmg TeEMKNG KaTavaimong
evépyewng o€ eBviké erminedo (AEH 2006). H xatavéimon avti, elte oe popen Bepuikic (kvpiwng
netpéaro) eite o popen MAekTpukg evépyewg, £xEl G anOTEAEOUO, €KTOG TNG OTMAVTIKHG
owovopikg emf3apuvong Adym Tov VYNAoD KOGTOUG TG EVEPYEWS, Kal T1) peydin emPdapuvon ™mg
atpdopapag pue pvmoug, kuping doeido Tov avBpaxa (Azar C. & Lindgren K. & Andersson B.A.
2003, 205), wov gvfuvetar Y T0 pavéuevo Tov Beppoxtypiov.

H peioon mg evepyawaxng xatavaloong ota ktipia emroyyGvetar pe amdég pedddovg kot
TEQIKEG, ME TOV KaTdAAnAo oxedwopd tov knpiov (Bokhpatiky ap)ITEKTOVIKY]) Kol HE
ovompata xat TevoAoYieg, émwg ta nabntikd nAaxd cvonipata.

H Buoxhpanxt| apyrtextoviki apopd oto oyedwacud xnpiov xa xhpov (ECOTEPIKOV Kai
efotepixdv - vraifprov) pe Pdomn 1o Tomkd KAipa, pe okond v eEacedion cuvbnkdv Beppikig
Kat ontikng Gveong, aklonowdvrag v nAlaxy| evépyewr kat dAleg tepiBarloviikég wnyés aAAd xat

Ta puowkd eavopeva Tov kAipatog (KAITE 2006). Baowd otoyeia tov Prokipatixod oxediacpuov

2 Mnopei va eEotkovopnioet cupBartiky evépyela o véa 1 ol ktipia, aTa onofa &xouv AneOel 6Aa Ta eQikTd pétpa
Yo TV EAQYIGTONOINGN TWV QNWALIGV KAl T1 LEYICTONOINGT TG OWKOVORIKOMTag ™G eykatacracne. Efvar naviwg,
XOAD ONUAVTIKGS O SWOTOG GYESIUGIOG TOV NAIAKOD GUETIHATOG KAt 1} APOCEKTIKT) £EETACT TNG OIKOVOUIKOTT|TAS TNIG
£YKATACTAOTS YIa TNV anopuyn AavBacpévev emioyav kat ) BeAtiotonoinon g anddoomng.
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Oil Peaking: To np6Binpa s xopbeaong ¢ netpehainig Hijtmong

anotelobv Ta nafnnikd cucTHHATE TOV EVOMpATOVOVTAL 0T KTipwr pe oTéxo v afonoinen twv
neptadrovakdy tnydv (T.y, HAwo, aépa - Gvepo, PAdomon, vepd, £8agog, ovpavd) ya Bépuavon,

YOEn ka1 poTIoHS TV KTIpinV.

Ewoéva 8: Nabyrika nhaxka cvoripara

O Poxhpanikg oxedacudg eEaptdatar and to tomké Khipa kat Pacilerar ong napaxdte
apxéc:

% OGeppuuai mpootacic 1ov xupinv 16060 10 yEWwdva, 660 kol 0 xahokaipt pe T XPHoN
KoT@AAnAwv TexVik@Vv tov epappdloviar oto eEntepkd kEAVQOG TV KTipinv, Wwaitepa pe
mv xaTdAAnAn feppopdveon Kat aEPOGTEYEVOOT] TOL KTIPIOL KAl TV AVOLYHATWOV TOL.

% AZwmoinon g nhaxiig evépyews ya ™ Oéppavon tev kupiov m xeyepviy nepiodo xa
T2 Puowod PTIoU6 6Mo 10 YXpévo'’. Tpostacia TV kTpiov and Tov xulokatpvé filw,
xuping péow g oxiaong, aAld xat g KaTGAANANG KATACKELVTIG TOV KEAVPOUG.

% Anopdxpuvon g Beppuémrag wov 10 xaloxaipt CVCCOPEVETAL pésa OTO KTipo pe puowd
tpéno mpog 10 eEwtepké REPPEIAOV pE cvoTpHata KAl TEXVIKEG RaBNTIKOD SpocIoHOv,

6m0g 0 PUOKEE AEPIOHO, KVPIMG HE TOV PUOIKO AEPIUS TG VUXTEPIVEG (pEC.

B Avt6 emruyyavetan pe tov npocavatolioué twv xhpwv ka Wiaitepa Tewv avorypdrov (o vénog npocavatorionds
glvan o xaralinAdtepog) xar Ty SiappHBpIon TV ECHTEPIKGOV YhpwV aviloya pe Tig Beppikés TOug avayKeg Katl pe 1a
RaBNTIKG NAaka cveTipata tov cuAiEyouv v NAwaxty axtivoPoria kar anotelovv «Puoixd» cvothpata Oéppavang,
@G Xat QOTIGHOD.
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Oil Peaking: To np6pinpa ¢ kopigueng ™mg nerpedaixic ijtnong

% Etacpdiion emapkoig nAacpod ko gAfyyov mmg nhakig axtivoPforiag ya @uowd
ponicpd Tev xnpiav, o onoiog 8a tpéner va eEacpalilel endpxern ko OpaAs) KATAVOUT] TOL
Q016G péca oTovg XOPovg. -

% Beltioon 1ov xAipatog €@ kar yOpw and ta xtipua, pe tov ProxkhMpatiké oxedoond tov
xbpov yopw xor €0 amé ta xtipww kat ev yévey, Tov dopnuévov mEepBdriovrog,
axolovBdvtag OAEG TIG TAPANAVE® apyEC.

Ta Ilabnukad Hhwaxd Zvomipata eivar avandonacta xoppdnio — Sopwkd ortouyeio evég
xtipiov wov Aettovpyolv xwpig pnyavoloykd eEapripata f| npdcOeT mopox evépyelag Kal pe
puowd Tpémo Beppaivovv, oArd kar dpocilovv ta ktipue (Renewable Energy World 2006). Ta
IMadntiké Zvomjpata xwpilovial oE TPES KOTNYOPIES:

1. Iabnnikd Huaké Zvotiuata Oépuavong

2. Tlebntuiké Zvompato xar Teyvikég Puoikov Apociopod

3. Zvomjuata kot Texvikég Guorkod Potiopuod

O Pwxipanikdg oxedaopds evog xtpiov cvvendyeton ) cuvimapEn kar cuvévacuévn
Aertovpyia 6Aeov T@v cvomudrev, ®GTE va cuvdvalovv Beppuikd kot orTikG opéin xad 6An

hudpkewa Tov 10V,

A. labnnixé Huexé Zvenijpara Oéppaveng

Ta madnnkd nhaxd cvotijpata ota ktipua aborowotv v nAaxt evépyewr T 0éppavon
twv xOpov 10 Xeybva, xadhg kat ya rapoyt Puokov eeTiopol. Ta matnnké nliakd cvompata
Béppavong ocvAdéyouv Tnv nhaxn evépyewr, TV anofnkedovv vad poper Beppudtnrag xor ™

havéuouv oto xbpo (KAIIE 2006).
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Qil Peaking: To np6Binpa tng kKopdeweng T¢ neTperainis Liitnong

Ewéva 9: Tabyrikd nlraxda suotijpara 8éppaverg

H ovAhoym g nhwaxtig evépyewag Paciletar oto @avouevo tov eppoxnmiov xa edkdtepa,
omv €icodo g Nk axtivoforiag péow Tov yvaiod 17| GAAov doeavovg VAIKOV Kol TOV
eyxkhofopd TG TPoKiRTOVOAS OEpUOTNTAG OTO E0MTEPIKO TOV XOPOV TOL KOAVATIETOL 0RO TO
yuaM”. To ouvnBéotepo mabnTkd niakd cvommua (cvompa auesov képdovg) Bacilerar omy
aflonoinon tov napabipwv KaTGAANAOL TPOCAVATOAMGHOU, GE CUVOVAGHO HE TNV KATAAANAN
Beppixy pélo (Bapud viika, 6nwg TETPA, TAGKEG, URETOV GTOVG TOiYOVG KAt oto ddneda, ywpic va
eivar xodvppéva, .y, and yaiid), n onoia amwoppoPd péPog TG HEpHOTNTAG KAt TNV «TIPOCPEPEL
010 XMpo apydtepa kot £To1 Swnpeitar o ydpog Oeppdc N TOAAEG dpeg”. Ta vadrowa nadnnkd
ocvomipata eivan cuotipate EppPesov kEPSoVg kxat TaEVoOpHOUVTaL GTIG TAPAKAT® KaTNYOopies:

% Hhaxoi 7oixor. Exovv omv efwtepiki) toug mhevpd, oe pikpr] andotaon amd v
toyonotia Tl (varomivaxa) xor Aertovpyolv ¢ nAwakoi CLAAEKTEG, peTaépovTag T
Oepubémra eite péow 1oV VAKOU TOv Toiyov (ToiYog Oepuixnc amobhxevorg), eite pécw
Bupidwv (Gepuocripwvixé mavéio) orov ecwTepkd xdpo's.

% Oceppoxiima (qaxoi ydpor): Eivar xdewotol ydpor mov evowpatdvoviar oe voTa

TUAHATO TOV KTIpLaKod KeEAVQovg kot tepifdiiovial and varoordoia. H nhwxi} Beppdémra

4 OMa 1o moBNTIKG NAIOKG CLOTAPATA APETEL Va £XOUV TPOCEVATOMONG Tepinov v6TIo, GGTE va vrdpyer N

n;)bomwon ota avofypara xatd ™ peyaivrepn Suipxera g NuéPag To XEWAVE.
' ‘Eva voto opilévtio oxlaotpo pnopel va epnodioet Tov kahokaipvé HiAto mov spyetar and mo ymAa va pret on'

evleiag oto YhpO.
16 Zuvduaspbds twv 500 Asttovpyuby eivar o Tolxog palag pe Bupideg roiyoc Trombe — Michel.
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Oil Peaking: To mpépinpa Tiig xopd@uons ¢ nerpeiainiis Litnong

amd o Oeppoxmo HETAPEPETAL GTOVG KVPIWG XDPOVS TOV KTPiov HECH aVOLYRATWOV 1] Kat
dwamepvé ov toixo.
< Hhlaxa aifpra: sivar ecotepikol ydpot Tov xtipiov o1 onofor £xovv otV 0poP1} Tovg TEapt

Kkt Aettovpyotv 6mmg Ta Geppoxima’ .

B. Ilafntika cvemipata Kat TeLVIKEG PUGIKOD dposiopod
O mo cuvnopéveg xan amdég péBodor puoikov Spoctopot sivar:

% H nhonpootacia (oxiaon) tov xnipiov, n omoia emtuyydvetar pe Sidpopovg TpdmTOVE KoL
uéoa, 6nmg 1 puoikt} fAdotmon, ta yewuetpikd otovyeio (mpoegoyés) Tov krpiov, oxiaotpa
pévipa 1 ktvitd, eEOTEPIKG 1) E0MTEPIKE TV AVOIYHATWOV, VUAOTIVOKES UE EWOIKEG
emotphoeig 1 ekt eneéepyaciag (avarxhaotikol, emiextikoi, nNAeKTpoypwHIKOL, K.A.T.).

% O oquowobg eLaepiopds pe katd@Ainio oxedwopd ko Aswrovpyic t@v avoryudtov 6to
kEAvQog ka1 Bvpideg 6T0 TAVH KAl KATM TUAKE TOV SWYOPIOTIKOV ECOTEPIKOV TOIYOV OV
EMTPEMOVV TIV KIVION TOV 0£PA CTOVG ECOTEPIKOVS XDPOVG.

% O vuxepvog Swpnepiic aepiopds eivar Wwritepa anoteleopankos, Witepa Tig Oeppués
nuEPES, KaTd TIC OMOIEG O MUEPTIOIOG AEPIopdG Sev efvar Suvatéc's.

% H ypiion avepotipov, witepa avepoTpOV 0poPTic, EVIGXVEL T0 PAIVOLEVO TOV PUOIKOD
aEpIopov, pe eMoTn xatavdlwon niextpwaig evépyews. Eni mifov, cuvewopéper omy
enitevtn Oeppuaig Gveong oe Oeppoxpacicg vymAdtepeg and g cuviifeg (repinmov 2-3°C),
xo0hg pe v xiviion tov aépa wov dnpovpyeitar petapépetor BeppdéTnta and 10

avBphmvo chpa.

" O ta Mednuika Hhwaxé Zvothpuata mpénet va ovvdv@lovian pe v anawrodpevyy Bepuikt) mpootacin
Bcppopbvmon) kar v anairovpevyy deppukty péla Tov xipiov, n onofa anodnkever ko anodider tn OepuéTra G0
wpo pe ypoviky vottpnor, opahonowpviag £tor ™MV xatavoun g 9eppoxpaciag péoa oto ewoorterphwpo. Ta
NG NAakd ovotipata 8a npénel to Kaloxkaipt va cvvdvalovian pe nhonpootacio xar cuyvé pe duvardétyra
XEPIGHOV.

' O vuxtepivog aspiopd; GUVEIGPEPEL STV anoBTikevoT) «Bpodticy ot Beppuc pdka tov KkTipiov, pe onotéAeopa v
wewopévn emPapovon tov xTipiov Katd v endpevn pépa.
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Qil Peaking: To mpéBanpa T1g Kopieacns g nerperaixtc Sifrnong

% H xprion ¢ Beppixiic palag nua ) peinon tav Beppokpaciakdv Suakvpdvoeny katd ™
diudpxewa TOoV E1KOCITETPADPOV.
< Meloon 10v eocwtepikdv kepddv Tov kmpiov (Beppudmta mov mapdyetor and TG

nAextpikes, kuping cLokevés).

Ewéva 10: Madnrikd niakd overipara

Aldeg péBodor mabnmikod dpocicpuod mo ocvvlereg xa 6y t6o0 evpeiag eQappoyc,
empépovv emnpoodeta opEAN YOENG eivar (Renewable Energy Access 2006):

% Oepui] mpooracia Tov Kknpuakov nePPAipaTog pe TEXVIKEG OmMmG Qutepévo ddpa,
aepbpuevo xéAvpog, avaxklactikd emypiopata efntepikdv emeaveudv, Qpaypa
axtivofoliag.

% Evicyvomn 1ov puoikov e£aepiopod pe mopyovs aspiopod 1| nhakeg xapvadeg

€ Apoowpuds pe e£ation vepol pe TEXVIKEG OmOG: EMPAVEIEG vEPOD, TOPYOG SPOGIOHOV,
yuktikég povadeg ebdtpiong (Gueomg, éupeons N ouvdvaopuéviig efatuong), 1 xat
Praomon (pécw ™G eatoodianvong Tev QUTGOV)

% Apoocwopés pe andppiym mg Beppdonrag oty atudéopapa pe axtvoPolria oTo VUXTEPIVO

ovpavéd
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Oil Peaking: To npépinpa g xopOowong tne neTpeiaixiig Lfrnongs

% Apooiwopdg pe andppryn g Oepudtnrag and 1o xripio o YN pe ayoyn, (vdokapa 1

nuwadokapa xtipla, 1| VIESAPL0 GHOTNUE AYWYDOV KoL EVRAMIKTEG £DGPOLG-aEpa).

I'. Zvonjpara xar Teyvikég Poeikot PoTicpov

O @uowdés POTICHOG cTOYXEVEL OTNV EMITEVEN OTIKTG GvEDT|G péoa oTo KTipu, aAAG kKar o1
yevicbtepn Pedtioon tov ocuvvbnkev dwPioong péca otoug ydpovs, cvvdvdloviag @wg, Ofa,
duvatémta aepiopov, aftomoinom kar pvOuion g ewoepyOpevg Nhaxig evépyewag. Idwaitepn
onuoocia Kkatd 10 OXESWOMO TV CUGTNUATOV (QLOWKOD Q®TICUOD £XEl M Kot 70 duvatdv
HEYAADTEPT KAAVYT TOV ATUTHCEWV GE POTIONO amd 10 PLOKS MG, avaloya pe ™ YPYion Tov

xtipiov xat v epyacio mov emteleitar péoa otovg xhpovg (KAIIE 2006).

Ewoéva 11: Texvuai gpuoixot poTiopod

Mécw 1oV KaTdAANAoV cvoTHdToV Kot TExVIKOV eEacpalileTal 0TOVG ECOTEPIKOUG XDOPOUG
ERapKiG oooTHTA (0TGOUN PWTIGHOD), aAAd Kl Opall) KaTavOuT|, AOTE VE GROPEYYOVTOL EVIOVES
buapopomomioelg mg ot@dung, o1 onoieg Tpoxakovv pavépevo «Baufoonoy.

Ta cvotipata uowod POTICHOY dwakpivovial o€ TEooEPIG peydies kKatmyopieg:

% Avoiypata oty Kkatax6pven Toryonoiia
% Avolypata opo@rig

% Alopu
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Oil Peaking: To ap6finpa ¢ xopvpaens T nerpehaixiic bimong

¢ Ootyoyoi’

®wrroforraixa Euo*nipa‘m.

To @wtoPoAtaixd @awvépevo avaxaiveénke 1o 1839 kar ygpnopomomibnke Yo TPAKTIKOVG
okxomovg ota TéAN Tig dexaetiag Tov 'S0 of dwomukés epappoyés. Ta @uroforraikda (P/B)
ovompata EXOUV T SVVaTOTNTE UETATPOMNAG NG MAaKYG EVEpYEWG OE MAekTpikT) (ZHvdeopog
®orofortaikdv Erapeudv 2006). Eva tvmké ®/B chomua arnoteheiton and 10 /B mhaiow 1
NAWKTY YEVITPIO PEVUOTOG KAl T TIAEKTPOVIKG CLOTHHOTAE IOV dloyelpiloviar v NAeKTp
evépyewr mov maplyetor and ™ O/B cvotoyia. ' avtévopa cvoripota vadpyer exiong To

ovotnua anobnkevong evépyelag o€ Pratapies.

Ewdéva 12: Gorofolrraixé abempua napayonis evépyerag

Mia wmx] ®/B ovotoygia amoteheitan and éva 1| mepiocorepa O/B mlaicwr nAextpikd
ouvvdedepéva petaév Touvg. Otav ta O/B mhaiowr extefolv omv Nkt aknivofolria, peratpénovv
7000010 14% mepimov g Apoominrtovsag nAaxng evépyewag oe niextpu). H petatponn tng

nhaxig evépyswag o€ NAeXTpuc] vivetar ab6pvfa, afidmota kar yopic nepiadlovnkes EMRTHOELS.

¥ To ovetipata avtd cuvVALOVIAL pE GUYKEKPIEVES TEXVIKES IOV QPOPOVY GTO GYESIAGHS TV AVOIYHAT®Y, OTIS
ONTIKEG WIOTNTEG TOV VAAOTIVAKOV, GTO GWTOUETPIKA XAPAKTNPIOTIKE EMPAVELDY TOV YDPOV KL TWV XVOIYRATWV TOV
(o1}, xphua, puTodlaNEPATOTNTE VAKGOV) Kat TN XpHom avaxhasThipwy, yia v eEacQAIoT ERGPKEING KAl OUGAHG
xaravours tov @uoikob gwtds. Ot cuVMBECTEPEG TEXVOAOYIES QUOIKOD QWTIOHOY aQOpPOUV VOAORIVOKEG WE
OoUYKEKpEVES 1B10TNTES, MpIoHaTIKG QoTodanepatd otowein, Swapavy) povotikd vk kar avaxiaotipes (papwe
pwnopod N avaxhaotixés nepoldeg).
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Oil Peaking: To npéBinpa s kopbeons e merpelaixis fitnong

Kamyopieg ®/B Zvomparov
Tav xvupdtepeg xatyopies spappoydv ®/B cvompudtov propodv va BewpnBovv ov &g
(KAIIE 2006):

Karavalwnxa zpoiévra (1mW-100 Wp )

Ta cvotiuata g xanyyopiog avtig YPTOHOTOOVVIAL OE £Qapuoyég pikprig KAipakog
10006 dnmg Tpoxdomra, oKden avayvyris, EEQTEPIKIC POTIONOS KV, YOEN Kat Tpoidvia Omme
pikpoi popnroi nhextpovikoi vroloyotés, Pavoti k..

Avtovoua 1 axouovwuéva ecvenjuata (100 Wp —200k Wp )

ZmVv Kamyopio avtl] CLYKATOAEYOVIAL CUCTIHATA TAPAYDYNG MAEKTIPIKNG EVEPYEWS Y
KaTOKIES Kt HIKPOvE OULGHODG oV Sev givat cuvdedeptvor oo Sixrvo™.

Meydia Aiaovvdedeuéva oro Aixrvo P/B vorijuata

H xamyopia avt apopd ®/B otabpovg napayayic niextpixiig evépyewng peyéboug SOkWp
£wg pepixd@ MWp, otoug omoioug 1) mapayduevn evépyew dwoyetevetar anevbeiog o1o dikrvo.

Aiaovvdedeuéva @/B Lvomuara — Owaaxdc Touéac

Zmv xamyopia avti epnintovv O/B ovonjpata tumkod peyéBovg 1,5kWp £wg 20kW, 1a
onoia €yovv eykatactabel oc OTEYEG 1] TPOCOYEIS KOTOWKIDY Kot TPOYOdOTOUV Gueca Tig
xatavaldoeg tov xnpiov, n 8¢ mieovalovoa evépyewn droxetedetar oto nAextpkd dikrvo. H
xatyopia avti anotelel 10 peyalvtepo pépog g naykdopag ayopls ®/B cvomudtav.

Ta o@éln mov wmpoxvmtouv amd v evoopdtwon ®/B oe xtipu elvar (Zovdeopog
®oroPortaixdv Etapeidv 2006):

< Zuyppovicpds yuknkdv Qoptiov xtipiov xatd ™ Oepvii zmepiodo pe ™ peyiom
rapayOuevT 1wox0 and ta O/B.

% Amoguy xpiiong MG N Y EyKathotacn.

» Axépn ypnowonotovvral yia: Hiextpodémon lepdv Movav. Apordtwon / avrinen / kaBapiopd vepod. Zvotipara
eEOTEPIKOD  GUTIOHOV dpdpwy, napxwv, acpodpopfwv kin. ZveTipara TAETIKOW@VIGY, TMAEPETPHoEWV Xal
cuvayeppod. ZvoTiuata onparodétnong odikng xukhopoplag, vavtiniag, acpovavrihiag kKAn. AypoTiKES EQPapUOYES
6w GvtAnen vepol, yBvoxaAMEPYEIES, YWOEN aypoTIKGY TPotévIaV, apudxay KAR.
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Oil Peaking: To npéfinpa s xopbeacngs s nerpelaikic Sitnong

< AmOKEvIp@UEVY) TOpay@y] TAEKIPIKNG EVEPYEWG Kal EMTOMOV KATAVAA®ON NG

&

mapayOpevng evépyelag.
Emiong, o1 ®/B cvotoyieg prnopovv va yprowyonomnBoiv kar w¢ Sdopikd ortouyeio tov
xupiov, epdoov yiver cwotdg oxeduopés. Me tov Tpémo avtd, avEdverar n owkovouky

an6d0o1 10V GVETNATOG, AdYM aROPUYG KOOTOVG CVUBATIKAOV 0IKOSOUIKAOV VAKAY.

Xapaxmyprotikéd ®/B Zvetnparov

Ta Bacikd xepaxmpiotikd tov ®/B cvompdtov, mov 10 Swpoporowodv and T GAAeg

woppég AIIE eivar (KAITE 2006):

@

%

Anevbeiag mapaywyq nlektpuaic evépyewng, axéun xar o€ TOAD pikpi| KAipaka, Ty, G
eninedo pepikdv dekadov W i xau mW.

Eivaw edypnota. Ta pikpd cvomipata unopovv va gykatactabodv amd tovg idovg Tovg
XpoTEC.

Mnopoiv va eykatactaloiv péca ong mOAE, evoopoTOpéEVA OE KTipia Kou dev
apooPaiiovv aiodnTikd 10 TEPPdAlov.

Mmnopotv va cuvdvactodv pe GAieg nnyég evépyelag (vPpdikd cvothpata).

Eivar Babpotd ocvonijuata, dni. propodv va enextabodv o€ petayevistepn pdon na va
avTiIeTOmicovv TG avEnuéveg avaykeg twv xpnotdv, yopic petatponi] Tov apykod
GUOT|PATOG.

Aertovpyotv abépupa, exépnovv undevikoig pinovg, xwpis EmmTO@OES 0T0 REPIPaALOV.
O anarTiiGELG SUVTIPNOTG Eivar oYedOV undevixéc.

"Exovv peydin Sidpxewa Lofig xar alomotia xatd ™ Asrtovpyia. O eyyvioel nov divovian
and 1oug xatackevactés na ng O/B yevwijtpieg efvar nepiocdTepo and 25 ypévia kaArfg

Aerwtovpylac.

JAME omyv Aypompeio xas Bodoyikés Kaldaépyewes , Aévarog Evayyehog 57




Oil Peaking: To mpéfinpa Tiig KopvPwong TG TeTpEMiKiis LijTnoNe

H evepyewa| avebapmmoia tov ypriom sivar 1o peyaddtepo mieovéktnua tav O/B
cuc‘mudm)vz' . H dwogoponoinon omv mapaywy evépyewg, mov zmpoopépetor and ta O/B
CUCTHHATA, OE CUVSVAGHO pE TNV —Ka‘l.'('l peydlo mocootd ancfdpmmon and 1o meTpéAaro ko TV
anopuyn AEPATEPW pOTAVOTG TOV TEPPAALOVTIOG, UTOPOVV va SNUOVPYNOOVV GUVOTIKEG

o1KovopikNg avantuEng (Zovéeopog Portoportaixdv Etaperdv 2006).

Ewéva 13: ®orofiorraikéd ohornpa zapayonic evépyewag

Iapayovreg mov suvredovv oty avantuln Tov /B oy EAada
H EMGda mapovowaler a&ioonueinteg npobmodécers yia avamruEn ko epappoyi tov ¢/B
ovomuatov. Ou Adyol o Tqv pohdnon g O/B 1exvoloyiag, g £pEvvag Kail TWV EPAPUOYHV
omv EAAdda ouvoyilovrar og axolovbng:
% Afwnoinon pog eyxdprag kor avavedoung mnyns evépyewas mov efvar oe agbovia, pe
ovpufoin oty acedieia mapoyis evépyeiag.
% Ynootipiin 10V TOUPICTIKOV Topén Yo avdrtvln @k apog To zwEPPEAlov Kkan

owohoyd Tovpiopd, Wiaitepa ota vowa,

7o k6oT0C ™G MApayOUevng NAEXTPIKYG evépyews ané O/B cvoriuara eival onuepa ovykpioio pe 10 xéotog
Qg 16300g, ROV YPehvear 1) etaipeia NAexTPIGROD Toug meddteg tng. Ta @/B ovomiuara propovv va cuupdiovy
onuavTikG o Aeyopevn «Awtonapm lMapaywyy Evépyewag» (Distributed Power Generation), | onofa anotere( 1o véo
govté).o avanTuEng GUYXPOVWV EVEPYEWIKGY CUCTNHATWV Tapaywyn, HETOPOPAS Kat Sravouric nAEXTPIKTG Evépyeias.

H evepyeiaxt) e£GpTnon 10v VIioWTIKGOV 0TaBUGV Tapaywyng evEpYElag and 10 METPEAMIO Kal TO TEPAOTIO KOOTOG
UETAPOpas ™G, £XOLV Guego apvnTiké avtiktuno oy tow6TNTa {wihg TWV Kato{Kwy, 6TV TOUPIBTIKN avinTuén Kat
070 KOOTOG RAPAYWYNG EVEPYEWS, TO OTO{0 TEAIKGG Ypedvetar | AEH.
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Oil Peaking: To npéfiinpa g xopbowons g aetperainis Gjnong

@

9
0.0

@

Evioyvon tov nAextpikod Swctvov mig dpeg twv peonuPpvdv ayudv, émov ta O/B
naphyouv 10 peyGro pépog niextpikic evépyews, wWwitepa xatd m Oepwiy aepiodo mov
napatnpeitar EAAeyn 1 uc;kﬁ vymAd k8oT0g EVEpYEIDG,.

Meioon tov anolewdv tov diktdov, pe ™V TAPaywY EVEPYEWS GTOV TOMO TG
KaTavaAmong, ELAGPUVOT) TOV YPaup®V Kat Ypoviki| LETGBEST) TeV ETEVEbOE®V 010 dikTvo.

Hepropiopds tov pvBpod avantuing véwv kxevipikdv otabudv 1ox00¢ GVUBATIKNG
texvohoyiag. ZvuPor ot peimon twv dwekondv niektpodomong Adyw vreppdpTmong Tov
dixrbov AEH.

Zradwx] aneEdpnon ambé 1o meTpélato kor kGO HOPPNC EayOuEVn evépyslr Kot
eEacpdhion g mapoyg EVEPYEWLG PEGK ANOKEVIPOUEVIIG TAPAYOYTG.

Kowovixi) apocpopl tov napaywyod — katavalot) kat copfor} ov acpdpo avantogn,
mv nowmre (g xat mpootacic tov mEPPAIAOVIO; GTa ACTIKE KEVIpA KAl OTNV
neEPPEPELD.

Avéntoén owovopkdv dpactmpomitav pe onpaviky] cvuPorn oe avartoéuakoig xat
KOWVOVIKOUG 6TOY0VG,

AvantoEn mg EMnvixig Buopnyaviag ®/B Zvompdtov pe dproteg tpoontikég yio mhipn
xdAvyn g EAlnvikiig ayopdg xar e&aywyikég dpacmprdmtes. Anpovpyia véwv Béoemv
gpyaciag xar avartvén EAAnvikig 1eqvoyvociag.

Ipodhdnom tov otéxwv ¢ EE xat Tov Kyoto oxenxd pe m pefwon tov aepiov pinov xat

m Selodvom 1ov AITE ot cuvolikn nAektponapaywym, o€ tocootd 20% £wg to 2010.
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Oil Peaking: To mp6pinpa 11g Kop¥QwoS TG meTpeiaikig Ljtnong

Awebviig Ayopa ®/B Zvompdrov

Eykaraoraon pwToBoAralikdv To 2004

YnéAotnog
Koopog 14%

ynoAownn

- Teppavia
Eup®nn 8% N

39%

HNA 9%

Ionwvia 30%

ninyf: Marketbuzz 2005

Aviypappa 22: Eykaraoraon véov ®/B Zvernuarov to 2004 (% nayxéopmag ayophs)

H ayopé 10ov ®/B otnv Evpdan eivar onpaviicy xupiong ong ydpeg I'eppavia, OAlavdia,
Ionavio kat Itakia. ISwaitepa om 'eppavia, 0 apyxé E6vikéd Ipbdypappa 1ov 1.000 O/B Zreydv
(1990) xou petémerta tov 100.000 ®/B Zteydv (1999) oe ocvvdvaopd pe emdbémnon mg
napaydpevng nhaxic kWh, dnpovpymoay Wuwitepn avantoén 1600 ong epapuoyés 6co kai ot
Bropunyavia. To ocvvoliké péyeBog g Evponaixig ayopdg oto téhog Tov érovg 2003 fitav nepinov

561MWp, ané ta onoia 10 71%, dnhadn 398MWp, eixav eykatactadel ot I'eppavia.

i i AV LTI A N
(LZTL LT T T 4

\ .‘.t\‘(\‘.’\\\\\\g

Ewxéva 14; ®oroPorralka cveripara rapaywis evépyelag

And v avélvon TovV mapomdveo peyebdv g Evpomaikic ayoplg, mpoxvmter 6t

- SmuovpynBnxav 15.000 dueoeg Béoeig epyaociag (moAAig and Tig onoleg efvar vymfg tevoloyiag
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Oil Peaking: To npéfinpa T Kopbewong ™S aeTpelainis LijTnons

anacy6Anom), o EMo0g KOKAOG epyaciav ftav €1 dig, m detia 2009-2010 xataypdonxe avénon
™G ayopds xatd 33% wo éywvav véeg enevdvoElg o Epevva Kat Kawvotopa mpoidvia vymAtg
texvoloyiag. Zfjuepa, n peyorvrepn ayopd ®/B otov xéopo sivar avt Tng Iamovio.gz"‘ (Baker
Institute Study 2000, 98).

Kabdg 10 xéotog tov /B ovompudtov ocvveyilel va perdverar, 6Ao xar neprocotepes ©/B
EQapuoyés yivoviol OIKOVOHIKG avIay@VIOTIKEG, OE OUYKPION HE Topayoyl evépyswag and
ovufankés popeéc. IMopddinda, n avEavéuevn evaodnoia g KoOwig YVOuNG, AdY® ToV
Svopevdv nepifaddoviikdv ematdoewv and T, cvpBatikéc ueBodovg mapaymyig Kar xpYiong
gvépyewg, o€ ouvdvacud pe ta mieovektipata 1wv O/B cuoTudtov, £XEL 6av ATOTEAESHA aVTH

va anoTEAODV i and TIS TEPLOGOTEPA VIVOCYOUEVES EVEPYEWIKEG texvoMyieg24.

Naykéopia napaywyn
PWTOROATAIKAV OTOIXEIWV
1400 1.256
1200 - -
1000 I S — e e P
800 - e+ — e e e — . 750.
MW 560
600 - - -
401
400 { - 287
202
0 h T T T T T
1999 2000 2001 2002 2003 2004

Nnyr}: Photon International

Mdypappa 23: H S1e0vif¢ ayopd rov ®/B Lvormparov

Egappoyéc ®/B Zvemparov oty E)MGda

el Y £10¢ 2003, o1 lanwvikég stavpeicg /B yevwnrpuv mapiyayav neptnov 400MWp, ané 1a onoia ta 250MWp
gxatamdﬂqxav o x@pa xat ta vrdlouta eEipdnoav, xupimg omv Evpdnn xar 1ig HITA.

Onag éxer rpoxdwer anéd 1 S1e0vy epnewpia, 10 peydho pepidro g ayopls tov O/B cvoTudTOV GTIG AVARTUYUEVES
Y0peg Pploxetar o aoTika kévipa, 6 £YKATACTACEL 6Nwg KTipa, ovpumAifypara owbyv, dnuéowa xripua, eiwtepixof
FOPOL KA.
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Oil Peaking: To np6finua g kopb@wong T neTperaing Lijrnons

O xopieg epappoyés O/B ocvomuatov otov EMadiko ydpo eivar ot eykatastdoeg mg AEH
ota vijoud (K90vog, Apkoi, Avrucionpa, I'addog, Zipvog kAx.), ot nAektpoddmon tov cuvérov Tov
papikod dicrvov and Tnv avrictoryn vanpecia tov IoAepxod Navnikov, avapetadoteg otadepiic
Kol xivnmig ThALQMViag, kabdg kar SdPopeg £YKaTaoTdoelg ota Aaiowr TAOTIKOV EQAPUOYDV
péow emdotovpevav épynv mg EE, adlld xat tov YIIAN (Zovéeopog Potofortaikdv Etapeihv
2006).

H eykateomuévn woydg omv EAAGda extipdtan oe 2,8MWp oto téhog tov £toug 2010, 10
50% twv omoiwv eivar ®/B eykatactdoelg dwacuvdedepéves oto diktwo. H emjow mapayoyn
evépyewg amé ®/B xatd to 2007 xar 2008, Airtav 2,3GWh xat 2,7 G Wh avtictoye. To
EXKTIHOVpEVO duvapikd g Propnyaviag @/B otnv EAMGda givar 60—70 dtopa xai 0 £11610¢ KOKAOG
gpyacudv etvat g TEng twv €3 exatoppvpinv. Avrtictorya, o emjolog eBvikdg mpoimoroyiopds yia

E&A oe O/B texvoloyieg extipdtor oe €2,2 ekatoppvpu.

EEEAMEN ayopac pwToBoATAIKGV oTnRV EAAGSa

5 3,5

2001 2002 2003 2004

|I ZuvoAiki} EYKATEOTNPEVN 1I0XUG (Mwﬂ

Miypappa 24: H ayopé rov ©/B Zvempbrov omy Eldda (Eéviespos Poroforralxdv Evarperdv 2006)

H Suwnx ayopd tov ®/B ocvompdtov omv EMGda alld xar 1 mapayoyki

Spacmpiomta civan avtiotoym g ayopls Tav nAekdv cviiextdv Leotov vepov. H avarruén
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Oil Peaking: To npéBinpa v kopdowons s netpelaiiaig fijtnong

mg ayopdc ekaptdtar oc peydho Pabud and v npoddnon PéAnotev pérpov Kot KIVATPOV €K

HEpovg TG moAtelag.

4.4.5 T'ewOeppuci Evépyewa

Onwg mpoxintel and ta neaiotew, Tig Oepuéc myés Kor and PETPHOEIS OE YEMTPIGELS, TO
gomtEPIKS MG NG Ppioketar o vymAr Beppoxpacia, n onoia vrepPaiver toug 5000 °C otov
nupiiva (AGORES 2006). H 8gppémita avn) mov aepiéxetat 670 6OTEPIKS TG Y1G GROTEAEL TV

yeoBeppiki evépyela xar eivar 1660 peydhn, dote pmopei va BewpnBei mpaxTikd aveEdviinm

popon} evépyewag nua ta avlpdmva pétpa.

Ewéva 15: T'emBeppixt evépyera

Voo npoxwpaue Pabitepa and v eMOAEVELR NG YNIG TPOG TOV TVPTVE, TAPATNPOVUE avEnon
™¢ Beppoxpaciag pue 1o Pabog n omola ovopdletar yewbeppixt Baduida. Kovid oty emodven g
TG N YewBeppixy Paduida £xer puéon tur mepimov 30 °C/ k m. e pepwég nepoxfs, elte Adyw

NPAOTEWTNTAG 6 TPOOPATT YEOAOYIKY REPI0DO, ElTE AMbYd av6dov (eatod vepo and peydha Baon
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Oil Peaking: To zp6éBinpa g xopbowang T meTpelaikis LiTnong

péow pnyudtov, n yewbepuiky Pabuida eivar onpavrikd peyardtepn amd T péon ymivm, pe
anotéAecopun o pikpd oxetikd Padog va amavidviar vépoedpor opilovieg mov mepEYOUV veEPS N
atpd vyming Oeppoxpaciag. Ov meproxés avtég ovopdloviar yewBepuwkd nedia, kar exel N
eExpeT@AAEVON TG YEWBEPUIKTG EVépyerag sivan eEapenikd cuppépovoa (Renewable Energy World
2006).

Tétoweg meproyés o xdhpa pog sivar ta neaiotelakd viiout Tov Aryaiov (Mihog, Nicvpog,
Zavropiviy, Aéofog, ZapoBpdaxm, x.a.), noArég meploxés o Maxkedovia xor T Opaxn (Niypita,
Zwdnpoéxactpo, Néo Ephouto, Néa Keoodavn, Toxepd EBpov x.a.), kabhg kol ot yertonid kabe
uag and TG 56 Oeppués mmyég mov VAGPYOUV OTN YDOPA O,

O epappoyés g yewBeppikng evépyewng mowkilovv avdhoya pe 1 Oeppokpacio kot
epapfavouy :

% nlextponapaywyn (6>90 °C),

% 0épuavom ybpwv (e karoppép ya 6>60 °C, pe aepbdBeppa yia 6>40 °C, pue evdodanédio
ovompa (6>25 °C),

% yoEn kot kKhpatiopsd (pe avriies Bepudmrag anoppbenong yia 6>60 °C, 1§ pe v8poyvKteg
avtiieg Oeppuomrag ya <30 °C)

% 0Bépuavon Oeppoxnmiov xar edaphv emewdn ta Quid avarTbocoviar YpryopOTEpA Kt
yivoviar peyadvtepa pe mm 8eppdnra (6>25 °C), 1} ko yia avrimayeTiky apoctacio

% IxBvoxadhiépyeieg (6>15 °C) enedn] 1a yapa yperaloviar opiopévn Bsppoxpacia yia mv
avartuén Toug

% Bwumravikés epappoyés 6mog apaldiwon OGoiacowvod vepod (6>60 °C), Efpavon
aypoTiK@V npoiéviwv, KAn

% 0Ogppd Aovtpd ya 6 = 25-40 °C

Extég and 1a yewbeppika media, n onuepwvi texvoroyia emtpéner mv expetddievon g
JeppuéTTog RETPpOUATOV pikpov PdBoug, xabdg xat vAdYEWOV 1] KAl EMPAVEIEKOV VIATOV YauNAG

Jeppoxpaociag yua 8€ppavon xar khpanopué (Renewable Energy Access 2006). H texvohoyia avm
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Oil Peaking: To npéfinpa e xopdoweng g nerperaikiic Lijtnong

aepapPaver coifiva peydhov pfkovg kar pikpfg Sapétpov TomobeTnuévig evtog Tov £3Gpovg,
eite evtég yEMTp1ioE@V KO 1) onoia anoteAEl Tov vRdyelo evaildxty Bepudmrag, oe cuvdvaoud pe
v3poéYLKT avtAia BeppdTTag 1} omoia mapéxet OEppavomn 1| yHEn oo lcn']pto25 . E&v vroloyotei 1o
K0oTOg EVEpYEWRG KaBOAN T didpkewa Lwrig Tov cvomipatog, ot yewdeppikés avriieg Oeppdmrag
stoyifouv Mybtepo and éva coTUA TOV KaTAVAADVEL TETPEATIO 1} QUOTKO aEPLO.

Melovuikd, n expetdirevon g yewBepuikic evépyewg Ba yivetar ambd Oeppd Enpd

ieTphuata, ta onoia Ppiokoviar mavrov oe Badn axd 3-5 km, péow TexvnTig KuKAoQOping vepod

Jeppoxpaciag mng 150 °C.

1.4.6 Yépoybvo

To vdpoybévo amotehel 10 90% 10V CVURAVTOG KOt Eivar T0 EAaPPVUTEPO aEPLo 6TV PooT. T
n Bpioketar xvping o€ evdoel; dnwg T0 vepd, 10 mETPEAMIO, TO PUOIKS aépro k.a. Extipdrar 611 10
8poy6vo Ba amoteréoet Eva vEO KadoIHo Tov Ba xPNoYHONOWVRE 6T0 péAdov, TOo0 ota orita 660
o ota avtokiviita pag (KAIIE 2006). Exet to theovéxmpa étav «aiyetam va pnv puraiver v
Tpdopaipa, apov mapdyer pdvo BeppdnTa Kar vepd.

To vdpoy6vo 610 puéddov Ba mopdyetarl o€ peydho 1060610 and TNV NAExTPOAVOT TOV VEPOD,
MA. pa Swdikaoio xatd Tv onoia To VPO dwaomdatar pe YPNom NAEKTPIKOY PEVRATOS GE VOPOYOVO
o1 ofvy6vo. Emopéveg, agov Oa maphyetar and 1o vepd xar m xprion tov Ba exdder vepd, 10
Spoy6vo Bewpeitar mpaxnixd aveEaviinto (Youngquist W. & Duncan R.C. 2003, 298).

O nlextpiopds mov amouteitar yia TV mapaywyn vdpoydvov and vepd wavikd pmopei va
poépyetan and Avavedoyue IInyés Evépyewag (xvupiog dvepo kot fA0), dote va eivar anéivta

nAkn Tpog To mEpPdiiov.

' Or yewBeppikéc aviriec BeppoTnTag Katavakdvouv 10 1/4 T0v NAEKTPIKOD PEGNATOG A6 |t NAEKTPIKT avricTaocy
a 10 Y2 and éva KMPaTioTiKo.
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Oil Peaking: To npopinpa g kopoowong ¢ netperainig Ljmnong

Ewéva 16: Movadeg rapayoric vépoyévov anéd v niextpbivon Tov vepod

Zuykekpipéva, T0 NAEKTPIKG pedpa MOV Taphyel pia avepoyevvitpw 1} éva potofoltaixé 6a
Tpogodotel pin ovokevr] niextpdivong mov dwomd 10 vepd oe vdpoyévo ko ofvybvo. In
ouvéxein 1o vdpoyévo Ba amobnkeverar oe xoTdAAnieg deLapevég na va ypnowonomBei 6mote
npoxvuyer avaykn (Beyond Peak 2009).

To vdpoyévo propei va ypnopononbel oe katdAAnia TPOTOTOMUEVOLS KAVGTAPES, AEPNTEG
KOl KviTipes eomTEPIKNG kavons. Idavikh) evepyewax] tov epappoyn efvar Opwg ot xvwéleg
KaUoipnov wov anoteAovv pia vEo TEXVOAOYIQ OV EMTPEMEL TNV MOPAYWOYT] NAEKTPICUOV amd TNV
évaom vdpoydvov xat o&uyévov mov vadpye otov aépa (Post — Carbon Institute 2006). Ot koyéleg
Kavoipov upmopodv va ypnowonownfodv ota omitia Y@ TNV mEpAywyr NAEKIPIOHOD Kai
Beppomrag, aAld xai omv kivion twv avtoxivijtov. Ba ypewaotel Ouwg va tepGoovv kamow

1povia na va. Pertiodel n andd001 TOVE KAt va TECEL TO KOGTOG TOUG.

4.5 Nupnvixn Evépyeaia

O npdopateg xpioeig ota Quoikd kadvowa otpépovv v E.E. xat ig HITA omv xataokevn
aTopK@V epyootaciov mapaywyhg pevpatog Me GEova T ohoéva avEavOueveg avayxes o€

xavowa, Wik otov avantvocduevo k6opo, xat v naykéouwr avrnovyioa mov mpoxaAei n un
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Oil Peaking: To npéfinpa g xopipwong g nerpelainic Litnong

avooTpoQt] TOV PaVOpEVOL Tov Beppoxmziov, 1 epdton Y 170 €dv o mAavig xpewdleTar v
mopnvik evépyewa enavépyetar pe véa opurfl oe Evpdmm xar Hvopéveg [Tolteieg, perd ko 1ig
televtaieg evepyewnkés kpioeig (Oil Crash 2009).

To aimpua, 6nwg 6Aa deixvouv, eivan capés: xperdleton va yivovv peydleg enevddoes ya Tv
KATOGKEVT] VEOV TupNVIKOV €EpyooTtaciov. Ynd 1o zpicpa avtdv tev eEedifewv, apketég
VpOTAIKEG xOpeg 6mme 1 DvAavdia, n Bpetavia, n BovAyapia, n Toexia, n EABetia, n Ovyyapia
cat n ZAoPaxia, ExdnAdvouv avavempévo evEaQEPOV Y10 TV KATAGKEVT] TUPTVIKAY EPYOCTAGIMV,
v mpwv and Afyeg npépeg n Tovpkia avaxoivewoe kol EMOTU®G TV KOTAOKELY] TVPMVIKOY
:pyoctaciov ot Zivednn. EAAnvik6 eviagépov eni tov mapbéviog dev mpoxdntel, ®oT660 0VSEiC
imopei va tpoPAéyer peta Pefardmrag i mpodkertar va ocvpPei oto pEAAOV Kar 6THV TEPITTHOOT IOV
IEVIKOTEPD. GTOV EVPWNAIKO YOpo onuewwbdel Oeapatikg HETOOTPOPT VAEP NG XPTIOTG TVPNVIKIG
vépyewag (YIT.AN 2006).

Avotpia, Ovyyapia, Itakia, [ToAwvio xor Fadlio eidav mpdopata ™y napoxy uoov aspiov
o Swrapdocetal ot Sipkewr TG PrG0o-ovKpavikig kpiong. H tdon yna e mvpnviki| emotpoei
MoKkAnphvetar pe tovg nepicodtepovg vrovpyovs Evépyewag g E.E va ovyoyiBupilovv v
véyxm dapoponoinong twv apoundevtdv kaddg kar TV myhv evépyeng. TNUEPQ, TAYKOOHIOG,
£1rovpyovv 441 mupnvikoi otabuoi wov xaAvnrouv 10 16% TG cvvolwig {imnong oc nlextpikn
vépyewa, coppwva pe otoyyeia g Aebvoug Ymmpeoiag Atopwknc Evépyewag (IAEA 2006). H
‘alia PBpioketar otV kopve Tov Katahdyov Twv mAfov eEaptnuévav, amd ™ ovyKekppévn
vépyewn, yopov, pe wocootd 78%, xar axorovBoiv n Adovavia (72%), 10 Béiywo (55%), n
MoBaxia (55%), n Zoundia (52%), n Ovkpavia (51%), n Boviyapia (42%), n EABetia (40%) ka1 n
hyyapia (34%).

H atopu evépyewa xatd ovvénea eivar Suvapixd rapovoa otV nayké6ouia ayopd, kat GtV
2updnn edicdtepa, 6mov apBuei 161 135 mupnvixods aviidpactipes o€ Acrtovpyin. Avaptveral
€ va. wyvporomBel nepatépm petd v andpaon g Pwvlavdiag -xdpa pe mokd dvohpecteg

IVapuVHoES and Tov epuadty tov Toepvounil- va TPoOYXWPNGEL TV KATAOKEDY] TOV UEYAAHTEPOL
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Oil Peaking: To np6pinpa ¢ Kopdowotls e netperaiktc bitnong

VPNVIKOY avTdpacTipa GTov TAXVHTY, YEYOVOG Tov amd moAlovg yapaktmpiletar wg «Opiapfog
mg mupnvikiig Poopnyaviagy (Beyond Peak 2006). O avtdpaotipag eivar o mpdhtog mov
xataokevalerar o Avnx Evpdnn énerta and 15 ypévia, Ba éxer woyd 1.600 peyafar, Ppioxerar
oto OAxhovdTo, Eva pikpd Vot g PvAaVIIKTG VOTIOSUTIKIG axTig Kal avapévetal va tedel o
Aertovpyia To 2009.

H anégaon ™ Owiavdiag va evaykaiiotel Tnv mopnvike evépyeln QaiveTal TG avoiyst Tov
dpouo ot avidloyes emhoyég, kaOhg EpYETOL OE pua YPOVIKT OTIYUT KaTtd v omoic ot Tipéc Tov
puoikoV aepiov xar tov xavoipwov ovvexilfovv v avodwn Toug mopein TpoxAADVTAG
ROVOKEQRAOUG oTig S1eBVElg owkovopieg (Peak Oil Organization 2006).

Znuepa, épav TV 6TOUOV TOMTIKGOV ETAOYAOV, O1 OTTOiEg YiVOvTal TPWTICTOG PE OIKOVOUIKG.
cprefipia, apxetoi emotipoveg xar nepfadlovioldyor thocovion avoyytd vmép ™G YpRONG
1TOpIKT)G  EvEpyewag, OBewpdviag 6T Ba pmopovoe va amoterécer XPNOUO EpyaAeio oV
catamoAépnomn g vrepBéppavong tov maviitn. Amé v GAn mievpd, n ewayey ™
SUYKEKPLUEVTIC popeng evépyewag eEaxolovBel va ocuvvavid mig emeuhdEeg tov peyaldiepov
iufpatog g diebvovg emotpovikiig xowvémtag xafdg kal cOevapés Kovavikég aviidpaoelg, evdd
[a epOTHaTa Tapapévouy. Mropei 1 rupnvikT} evEpyewr va aoTEALSEL T ADOT) TOV EVEPYEIAKOV
et nepiadloviik@v wpofAnudrov mov avapetoniler o ovyypovog xéopog; ‘H ouviotrd e

€xvoloyia oAEOpov;
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Oil Peaking: To np6pinpa g Kopiewens s netpelaixic LjTnong

ID.eovexTiipata TG TUPNVIKIG EVEPYELRG:

1. Apeinréa ponavon: Katé ™ Acitovpyia pag povadag mopnvikig evépyelng dev exibovian
aéplol pvmol otV atpdoealpa, 6nmg cvppaivel xatd v Topaywyl] cvpfatik@v popehv
evépyewag Kon yevikétepa, 1 pOmavor} tov nepBaAloviog oE AEPINTOON ONaANg Acttovpyiag
eivan apedntéa Eg un petpioyn.

2. Evepyewaxyy aveEapmyoia: To xdéotog mapayoyis, avetdpmra giv eivar vynAidtepo 1
xounAotepo and GAleg popeég evépyewg, eivar tpoPAfyipo yia peydho ypovik6d opilovia,
KA1 0 omoio Bemwpeitar oAV onuavTikd Yo KGOe xdpa TOV EMALYEL Vo KAVEL pia TETOOV
eldovg enévdvon. Ze PabBog xpbévov, 1 xbpa mov Ba emdéEer v Tupnviky evépyelo Ba
Kataotel aveEdpmtn amd TG evepyewnkég Kpioewy MOV Katd Kapovg mapovoidlovior
debvag.

3. EnGpxewa: H xotooxevn) mopnvikdv povadov a@' evég perbdver v e€dpmon and
ovuPanikéc popeég evépyewag ao' £tépov amodeoucder and mpofAipate OYETIKG pE Ta
Quokd anobépata, 6nws cvpPatver pe To neTPEdano kot 10 PuoKS aépio.

4. Kabapi peraPatuay Loon: H yprion nupnvikiig evépyewag pmopei va ovvdelei pue v
Evodoyia g sVUVINENG, N epappoy g onofag PéPara efivar axbun mOAD paxpvii, icwg
APEVICTEL VO TEPGOOVV £mG Kat TEVIVTA Xpdvia péxpt va yiver TpaypankéTra. 1o ypovikd
duompa mov pecolafei, n mupnvik evépyewr 6a pmopodoe va amotedfoer pur kabapr
petafatuc) Aoom.

Mewvextijpata 116 TUPRVIKIYG EVEPYEIEG :

1. Nadéd rexvodoyia: Or onuepivoi avndpactipeg Bewpovviar yepaouévor xar o€ mepinmov
déxa xpdvur évag peybdog apiBudc e£ avtd@v Oa tpénet va dwrhvel xar va arodnkevtel pali
pe 1a 16N ovykevipopéva andfinta. Ta Tupnvikd epyootdca 6,m eixav va nposeépouv,
10 tpdopepav. Katd cuvénewa, Ba firav emxivévvo ya o nepidilov xai tov Gvlpwno, xar

egapenicd danavnpd o TG OIKOVOUIES 1) KATAOKEVT| VEWV povadwv.
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Oil Peaking: To npéBinpa g xopipmaong g neTpelaixiic Hijtnong

2. TIvpnvikéa anéfinta: Ocwpeitar 1o peilov npépAnpa xaddg oepd Kivdivav ancthovv kabe
OTIYUR| KOWVMVIEG Kal nep}BdMov. Mmnopovv va mpoxAnBovv Sappoég 6mwg avTi) TOL
KooAovtout £mg mupnvikég exprifers HEYAANG 10X00¢ HE avUROAOYIOTEG KATAGTPOQES, VId
opwopéveg ovvBnkes. Emiong, peyalor xivéuvor mpokvmtovy kar katd T pETAPOPE TPOG
T0VG GTafp0Vg amodnKevong.

3. Irpanoniki ypiion: Aev apénet va Suapebdyer 6t y rupnvikn evépyeila ouvdEetal Gueca pe
™mv avantuén 6mlov, mov onuaiver 6 o1 ydpeg mov Swbétovv avudpactipeg propodv
kéAAiota vo anoxTicovv mupnvikdé omhootdolo pe 6,1 autd cuvemdyetar yo ) Siebvn
epnvn.

4. Arvpfpare: Aev mpémel va cuykpivovpe te cupfatikd atoxfpate pe ta aupnvikd. O
oUVERELEG EVOG GUUBATIKOD aTUYfHATOG HTOPOUV E0KOAX VA EXTIUNBOVV, EVOG TVPTVIKOD
6uwg... Zto Toepvounil, Yo nopdderypa, 1 yn epiumoe koL o1 GvBpwnol acbevodoav Kat
éxavav t Con tovg moAM xpoévia uetd o ovpPav. O TupNVIKEG EYKATAGCTAGEL, XOUV Va
emdei£ovv £va oUOVTIKG 16TOPIKO ATUYMUATOVY.

5. Zréyor tpopoxpardv: Ti Oa yivétav oe nepintwon Tpopokpatikiic enibeong o€ mupnvikd
epyootdoio; Evdeyduevo eapenkd mOavd, pe tig dwotdoelg mov £xer AGPer 1 Sebwiig
Tpopokpatio peTd kot ta yrumiuate oe Néa Yoépxm, Madpim xor Aovdivo. Movadeg
eneiepyaciog mov ovykevipdvouv and Sdpopovg oTabpolds Ta TVPNVIKG ardPfAnta oc
AyyMa xou FadAio, anotelovv o16y0v¢ emibeong. Emiong, otig HITA, goPoivviar haitepa
70 EVEEXOHEVO TPOUOKPATIKEG ORGdES va amokTiicovv padievepyd otoyeia oe vypf popen,
Y0 VO TO. YPTCIUOTOICOUV OTN CUVEXEW OE £MOECES KATA TOAVGUYVAST®V dnpudownv
ADPpWV.

6. Acodlera: To Bacikd pelovéxtnpa TG YPHOMG oxetiletal pe v ao@diewa kabbg Texvikd
dev unapyel axéun i duvatdtnra vo amokAelotel TAPOG TO EVOEXOUEVO EVOG pEYRAOD
atuxfuatog, mov umopei va ogefAetar om Aeitovpylo pag povddog aAld xou oe

tpopokpatikt] emi@eon. H aopdrewr amoterel 10 (nrovuevo ywa toug avmdpactipeg
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Oil Peaking: To mp6Binpa tg xopipmarg ¢ nerpelaikiic Ctimqtlg

ropmg yewdg. Tétoim avndpaotipeg, Opwg, Ppioxovion axdpn oto oTadw TOL
oYeEd GOV,

7. Awyeipion anofiirov: H dwyeipion tov amofAitov amotehei peovékmpuo, duwg éxer
doyxwlel xar dev avtamokpivetar TG TpaypaTikés Tov diaotdoels. 'HIn, or moohdTNTEG
mopnvVikdV orofAnitev QuAdocovial enopkdg kar emmAéov, N €EEMEN TV TEXVOAOYIOV
evdéyetan 610 pEAAOV va pag odnyfoel o€ oprotiki Abon Tov poPAfpatoc. To Gevipio m.y.
nov eEetdletat, nia TV anoctoAt} Tovg otov fjo (Peak Oil Action 2006). Av pewwBei 1
moavoémra aotoyiog authv TV Sotukdv anoctoldv 16t iong Bpedei n oprotik| Adon

o1o TpdPAnua.

4.6 ZUyKpITIKI) OIKOVONIKI) AVAAUCT) TWV TINYWYV EVEPYEIAS

H pehém EXTERNE (2001), n onoia exmoviiOnke el pio 10etia and epevvntég and 6Aa ta
kpam-péin g Evponaikig Eveong kot and tig HITA, vroldyrioe mocotikd 10 e€wtepikd xdoTog
TOV JPOPOV YPNOHLOTOWVUEVOV HOPpPhV EVEpYEIaG, Y kGO kpatog-péhog xwpiotd. Zouewnve.
HE TN pedém avty, 10 EEDTEPIKO KOGTOG TMV PPV HOPPDOV EVEPYEWLS OV YPTCIHOTOOVVTAL
omv EAMGda, g ouvolik6é amotélecpa 10V ROCOTIKOMOMpévev pévo eEtepikdv TOoug
emat@oewv Exer o¢ eENG:

% Avyvimg 50-80 evpd/1.000 KWh.
% Tletpéaro 30-50 evpdd/1.000 KWh.
< ®uowoé aépro 10 evp®/1.000 KWh.
% AIIE 2,5 evpd/1.000 KWh.

Efvon pavep6, xatalijyer n oetikn perfmy, 6 €av ot nopanaveo nuts evoopatmdoiv, 6mmng
gfvar €6Aoyo, 610 KOGTOG TV SWPOPWOV EVEPYEIRKAOV HOPOGV OV XPTGILOTOOVVTAL GTUEPE OTN

xbdpa pag, To1e N aviayovioTiki] Toug 8éon avatpéneto tAfpwg vrép tov AllE.
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Oil Peaking: To npéfinua ¢ xopvowong ¢ netperaixig Ljtnong

Ynép mg aviayoviotikdémrag tov AIIE évavni tov vaoloitwv cvpBanxdv popedv
evépyelag cuvnyopei perém tov EMnvikod Zuvdéopov Hiektponapaywydv and ATIE (EAMnvikog
Zuvdeopog Hiextponopaywydv and AIIE 2006). H perém afohoyel xar mocotikomolel xat 1o
eEwtepikd x60TOG TV SPOPOV HOPPDOV EVEPYEING OV XPTICIHONOOVVTAL OTN XDPA MaG Kol
oVpQave HE Ta GVunEpdopuatd g, Yo kabe 1.000 ntpdobeteg KWh ntov mapdyoviar and AIIE, avti

and cvpPankd kadowa, vedpyel 6perog Eva evpd pévov amd T pelwon twv eBvikdv extoundv

dw&ediov Tov GvBpaxa.
Ilivaxag 2: Epyaroéty avé texvoioyio.
ava ava ava
E Lag
pyarocT Mwp GWh €Kar, €
®wrofoAraixa 50 1,5 (s, 56_ '150, 8)
A10AIKG 17,7 0,3 17,7
(6,3-24,5) | (0,08-1,07)
- 47,7 0,2
Biopala (16,5-60,5) | (0,1-0,3) 29,8
ewBeppia 56,2 0,2 27
pH . d (17,5-48,9)
28 0,5 11,2
b ’ ’
HAtoBeppi (15,7-40,7) | (0,3-0,7) | (5.2-20,3)
24 0,55 11
ﬂ ’
Y3ponAexpix (9-38,6) 0.2-0,9) | (4.1-17,5)
10 6,7
AvD ; 0,04 ’
paxag (napoywya) (7,7-25.6) ! (3.9-25,6)
) 20 0,08
AvBpaxac (napaywyi} & opuxeia) (18,5-32) (0,07-0,11)
8 0,06 6,5
NeTpéA w ! !
erpéato (napaywy) (7.8-26) | (0,025-0,18) | (5,8-23,6)
@uoixd aépio (nupaywyr) 4 0,025 8
pro (nopaywyn (3-12,5) | (0,01-0,04) (6-25)
®uoixd aépio (napaywyh & Tpowodoaia kauoiyou) 20 0,11 -

Tny#: Eévbeapos ®aroforralkdy Ermperdw

Evéuépov 6pmg mapovoudler 1 ovpforr} tov AITE om dnpovpyia véov 8écemv epyaciag.
Onog gatverar and toug [Mivaxeg 2 — 3, ) yewbeppia, ta potofortatkd xat n fopdla dnuiovpyotv
10 TEPIOCOTEPE EPYaTOéT AV povada eykateoTnuévng toxvog, Evdd dtav To kprtiplo eivar 1
rapayouevn evépyewr, Ta @otofoitaixd eivar pakpav n xaivtepn emAoyn), HE To VIPONAEKTPIKG
xat to. nAodeppikd va akolovBodv. Ze 6 agopd 1o epyatoét avd emevduuévo xepdiaro,

veodepuia, n fropdla ko Ta aroMka arodenviovial ot KaAVTEPEG EMAOYEG, @V KAl T} KATAOTAOT)
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Oil Peaking: To npopinpa g xopO@wong g us-rpeM’ikf]g tmong

0a BeAnwBel nepartépw vatp 6Awv twv popedv AIIE, xaddg 10 KOGTOG TWV TEXVOAOYIOV GVTAOV

néprel Supxde.

IMivaxag 3: Epyatoérn ava texvoloyia cuoyKpiTIKa pe T0 QUGIKO aépLo

Epvatoérn oe oyéon) pe Quaikd aépio (aépio = 1) p ovr'n:(:’?axl'loc povdan(l::épvﬂﬂ(
OwroBoATaikG 2,5 13,6
A0AikaG 0,9 2,7
Biopala 2,4 1,8
FewBeppio 2,8 1,8
HAoBeppica 1,4 4,5
YOPONAEKTPIKG 1,2 3
‘AvBpaxag (napaywyr}) 0,5 0,4
‘Avlpaxag (napaywyn & opuyeia) 1 0,7
NevpéAaio (napaywyr}) 0,4 0,55
Duokd aépio (napaywyn)) 0,2 0,2
®uoIkd atpio (napaywyr & Tpopodooia Kaugipou) 1 1

IInyi: Zovéeopog ©uroforralxdv Erapardv

4.7 H oTparnyiKn Twv TETPEAQIKWY ETAIPIWY OTI UETA-TTETPEAQIKT) ETrOXT).

Ta evallaxtikd kavopo eivar TALov 0 6T6X0G Mo TIg peYGAeG neTpeMikég ETAIPEIES, pdota
oe nepiodo TaydpvOung avantvéng PBpiokoviar ta Prokavowa. Ta 360 apykd ypappora and ta
onoia wpe 10 dvopud g N etapeio BP, péxpr ofjuepa yvoon wg British Petroleum, anodidovrat

mfov wg Beyond Petroleum, Snladn} népa and 1o netpéharo.

4.7.1 Case study: Shell

L10 site ¢ Shell vadpyer n orpatyuc mg etapiag: «Ta maykéope anodépara netpeaiov
xon agpiov mov Swx@étovpe xar enuthéov avth wov eivan avexpetdlevta aAhd emPefarwpéva,
apxovV 1A va KEADYOUV TIG aVAYKES MOG, HE TOVG OTHEPVODG aAAG kal TOUG mPOoPAEROUEVOUG
puBpodc katavéhoong ye ta emdueva 30 pe 40 ypévue, Ifpepo xatavaldvovpe nepinov 82,0

ekat. Papéha v nNuépa, aAdd 1o 2030 exmpovue 6m Ba xatavaidvovue 60% meprochepn
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Oil Peaking: To npépinua g xopdoueng s nerpeiaikig bijtnong

evépyewn. H aduvvapia Opwe, oe maykocplo eminedo, va avortofovpe o€ peydAn xhipaxo
evoalhaxTikég myég evépyelng, 6mmg A.x. peydho vdponiextpikd £pya, Topnviky evépyew, kupimg
A6y 10V VYNMAOD KOGTOVG Kal TOV BVIIOPACEMV TG KOwNG Yvdung aird kot tov neptpailoviikov
TEPOPICUDV TTOV 1ovOVV TALOV BTNV Repimton xavong dvBpaxa, onuaivel 6TL Y10 apKETE YpoVia
akoun 8o e€axorovBoiie va eiapthueda and Tovg vépoyovavlpakes. Eva kald nopdderyua eivar
N xpfion Quoikov aepiov Yo ™V Tapay@Y) NAEKTPIOHOV GO OIKOVOUIKE AVIXYMVIGTIKOUG
o1aBp00g cvvdvacsuévov kokiov» (Shell 2006).

H Shell, 6nmg xar GAleg peybheg diebveig etopeieg netpelaiov, enevdvovv oe cuvexn Baon
omv £pevva kar otV avartuén véwv xortacudtov netpelaiov kat Quokoy aepiov ot didpopa
Hépn Tov AV K0OGAG Ko GE VEEG TEXVOAOYiEG Kol eVOAMOKTIKG Kavowa (m.)y. v3poy6vo,
Pokavopa). Me éva xoxho epyacidv mov elvar dinddoiog Tov eAAnvikov AEIT xou pe 23 dio.
dordpue xaBapd k€pdn 1o 2009 n etapeia emévdvoe ot epevvnrikég dpaoctmpromeg 17,4 exar.
doAdpua, evdd 10 2010 emevdvOnkav emmhéov 19,0 exat. doAdpwe. H ovvohiky) mapaywyn
netpelaiov kat puotkov aepiov g Shell o 2010 épBaoe 1a 4 exar. Papéha (wov avnictoyei oto
3,5% m¢ mayxbéopag Tapayw@ync)

Me debopévo 6m ot mepoyéc otov mAavijmn 6mov vEapyovV oOwoVoUIKE EKPETAAAEDOLHG
xotdopata eivar mepopiopéveg (n.yx. NA Acla, Kaonia, Avtik] Appwc)) xar yivovrar 6Ao ko
Myb1epeg, apod pueydia TufpoTd Tovg, Kuping ot Méon Avatols, dev eivar eEAevBepa mpoofaciua
Aoy ™G amorAsoTikg EKPETGAAELOT]G TOVG amd T EOvikéG eTarpeieg, 1) eEedpeon vEwv peydhwv
anodoTIK@V KOLTaopaT®V Yivetar oloéva kar mo dvokoAn. I'’ avtd n Shell, wg eTanpia ™G onoiag
npotapwoc otéxog eivar n yopic mpoPfinuata 1 dwkonég oy Tpopodooia, eLvmmpétnon tov
nelat@v ™G, £xet enelepyacOei o paxpoypévia oTpatnyiky] evepyewnkti acpdiewg, 1 onola
Basiletar ot cvvex Pedtioon g evepyewaxg anddoong xar ot peinon TV extoundv acpiov
porv (Shell 2006).

[paypan n orpatyy avt g Shell Bacileto otovg e&ng névie muAdveg:
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Oil Peaking: To npéfinpa g xopi@weng Tyg nerpelaikiig Litnong

1. Zmv ekowovounon evépyewag pe evpvtepn yprion vileloxiviitov 1 vppdikdv
avtoKwvijtev (dnA. Bevgivn - nAextpik6) wov etvan katd 30% o oucovopikd.

2. Zmv avénon mg mapaywyng vépoyovavBpikmv 6 pévo and kortdopaTa Tov EAEYYEL
n idwa n Shell, alMd pécw ocvvepyaoudv pe Ghheg etarpeieg Kvuping and ybpeg Tov
OIIEK «xat m Pooia pe tqv npoocpopd 1exvoroyiag kar enevévoewv.

3. Zv avantugn kot cuvnpnon peyaAng yxbpag anydv netperaiov kot puoikod aepiov
7oV REPLAapPAVOLV TNV EKPETGAAEVON VE®V TTEdimV «un cvpPaTikdvy kavsipwy (.).
Oil Sands otov Kavada), v mapdtacn mg {ong modadv kortaopdtev (n.y. Bopeia
®dlacoa), mv mapaywy] netpelaiov and woAd Pabd xovtdopato kabhdg ke TV
avénomn mg mapaywyng Yyporowmuévov GPuowod Aepiov (LNG).

4. X peloon tov nepiBoalloviikdv EMATOCEOV pe TV €W00Y0YH TAfov KaBapdv
kavoipev énwg A.x. 1ov LNG 1 tov GTL (Gas to Liquids), n rapayey tev onoiov
exnpatar 6T péxpt 10 2010 6a avniotoyel ot pion ouvolkn mapaywyn g Shell.
Onwg emiong pe m yxpnowonoinon uebédwv «aepromoinong Gvlpaxa» mov £xel
avartogel n Shell, na v mapaywyl niexipiopod pue 20% peivon tov CO2 xar 85%
peiwon Aowdv aepiov.

5. Zmv gunopevpatoroinon evOAMIKTIKOV KaVGIUOV PE TNV avantuEn o TPayHATIKG
peyéin iipoxa tov AIIE (nhwuxi ko awdik evépyewr, Popdla) adld xar tov
vdpoyévou.

Oocov agopd 10 tehevtaio, n Shell diver Wwitepn mpocoyn Adym 10V SwpopeTikdv
TEXVOLOYIOV 7OV amarTovvtar kar o1 omoieg ypeudloviar xpévo Mo va wpiudoovv. Avtd €xel
wuitepo evwpépov oy acpintoon twv Pokavoipwy, ta onola &xouvv 78N e16éAhder o€ nepiodo
Taxdpuung avantuéng, apov apketés ydpes, £xovv vobenioel roltikég evioyvong 1600 GTOV
topéa petamoinong ko Suibeong addd xar mapaywyrg, oto mhaiclo Suxpoponoinong mg aypotkig
Rapay@yns UE TV El0ay®yn evepyerakdv xadlepyeubv. Me éva ypoviké opilovia 10 - 15 ety n

Shell podokel va maphyer Yopw 610 15% TV VYphv Kavaipwv ™mg and Proxavoua.
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Oil Peaking: To npéfinpa g xopvowong g netperaixng Hitnong

Avtd agopoiv kxvpiwg Proabavéoln mov mapdyetan amd woAopmoxt ko {ayapoxdiapo,
owoloyikd vriled, dnA. Provrited pe Baom T Bio - Adpara, moAd xabapbd cvpPankd vrilel (amd
GTL) mov mapdyer 1dn n Shell o Molawsia, xor moAd ovvropa oto Quatar. Tavtdypova
egetaloviar o1 duvatdmreg mapaywymg netpelaiov and xépfovvo kar n mapaywyn vVIPOY6VOL pE
texvoloyla fuel cells. «Eneidn morrég and Tig teXVOAOYiEG oTig onoleg emevdbovpue evpickovia
axoun oe eEEMEn kar dev yvapilovpe wow teElkd Oa emxpatiioet, 1} Shell enevdiel oe Swrpopenikig
neBodoug xan TPpowdel morkhia TPoidvTwv, £T01 MOTE Vo UROPECOVUE PE TV RAPOSO TOL XPdVoUL Va
viofemicovpe Tig o kaTGAANAe Kot oucovoutkd armodonikég 1exvoloyieg, emonpaiver o pavatiep
¢ etopiag x. Routs (Shell 2006).

Zrov topéa Tov vdpoyévov n Shell dpacmpromoreitar and o 1997 xar 113N Acitovpyel cepd
npatnpiov, xvping omv neproy tng WashingtonDC, onig HIIA. Zta dueca oxédua g eivar n
avnton aeppepelakdv Siktiov amobikevong, Suwukivnong xar epmopiag v3poydvov oc
ovvepyaoia pe GAeg etarpeieg. To 8épa ™mg acpdieing amodikevorng kat petapophs eivar Wwitepa
onuavtikd, i’ avtd ko tpofAitmovv e pdriiov apyn dieiodvom ong ayopés, n onoia wpoPfAéneTar

T v nepiodo 2010 — 2015

4.7.2 Case study: Statoil

‘Eva ffjpa mo xovid omv avfnon g metpelaixig mapaywynis Tovg, 10 omoio Suwg
QU.0d0E00v 6T Ba. cupPdler xon ooV TEPLOPIGUG TOV Yovopuivou Tov Beppokmmiov, oyedidlouvv ot
evepyewkoi kohooooi Statoil xar Royal Dutch Shell. IIpéxkertan e 10 maykooping peyarvtepo
£pyo tagg Propnyxavikdv agpiov ka1 and tov fubd ™mg 8dhaccag, £Ew and ™ NopPnyia.

[péxertan ya Rayx6cuo TpwToTuRia, aPov 0 £pyo avtd -1o VYOG Tov onoiov Ba eBAcEL 10
1,2-1,5 810. SoAdpua- B eivar To TpdTO 670 OMolo Ba yiver yprion Sroewdiov tov @vlpaxa yo mv
wpod@Onon» netpelaiov o OoTpOpata MO Kovid omv empdvew. Avtiotoyyn dwdwacia
epapudletar oto TéEag, oe netpeharommyés om oteput, 19N and m dexaetia tov *70, evd épya

cvykévipoong kot anobfixsvong tovhdyotov 1 exat. té6veav dofewdiov tov GvBpaxa emoing
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Oil Peaking: To npéfinpa s kopbpwone ¢ neTpehaikiis Ljmmong

npaypatomoovval 1181 otov Kavada, otv Adyepio kot oy zetpelanomym) g Statoil, Sleipner,
£Ew and ™ NopPnyia. )

Onng emotjpave o€ ovvévievEn Tomov o dievBivav copPovrog g Statoil, Xédyke Aovvr,
«@v EMTUYOVUE, N TEXVOAOYiR avt) pumopei va ypnoyponomBel xar oe GAleg meTpelaomnyés ot
NopBnyic xar diebvgy. Bacer tov oxediov mov avakowvdbnkav (Statoil 2006), n Statoil 6a
ovyKevipdaoer S10&eidio Tov GvBpaka amd TEPAGTIO EPYOOTACIO NAEKTPIKTG EVEPYELNG, TO ONtoio B
éxer duvatémyta napaymyig 860 pueyafar, 6a Asttoupyei pe puokd agépro kal Oa KaTaoksvaotei
ot ovykpdmpua Tjeldbergodden g vopPnyixig etopeiag. To SwoEeidio tov avBpoxa Oa
doxeredetal, ot ovvérewr, pécm aywyod otnv metpelatonnyn Draugen tng Shell é€m amd ™
Nopfnyia -xar apydtepa xor otnv netpedaromnyn Heidrun g Statoil- émov xan 6o eyyéetor oe
unoBaldcow xortdopata, @0d@VTAg 10 TETPEAIO TPOG TA TAVM.

Zopowva He T0 avaxovmbév, to épyo -nov oxedidletar va Eexiviioet to 2010-12- and kovoy
HE TNV KOTROKEU] TOV €pyootaciov ot dvtmkn Nopfnyle 6o ypewotel «onpavoky kpatuay
xpnuatodémon xar avapeEn». To €pyo, yépwg oto omoio Oa emtponei n Taph 2-2,5 Té6vVeV
doEediov tov GvBpaxa emoing, 6a xootioer 1,19-1,49 dio. doddpua. Aev StevkpvioTIKE 10 VoG
™m¢ xpanxig ovppetoxns. Eivar, 6pwg, yapoxmprotixd 6T mohhég Ghheg etapeieg £xovv avaPdier

avtiotoya oyéda Aoym tov vymAov K6GTOVG.

4.8 EOvikN) KaI eUpwTTAIKI) EVEPYEIQKI) OTPATNYIKA

H andépact g Mooxag va Kheioel, £0Tw xat Yo pEPIKEG HEPES, TIG OTPOPLYYES TOV ayydV
puowkol aepiov ota ovvopa pe v Ovkpavia, -pécm Tov onoinv difpyerar 10 80% tov pwoikdv
etayoydv npog mv Evpdmn- o aneirég twv HITA ya otpanwnx enéufacn oto Iphv xat o
avtiotoyeg aneég and mhevphc Tov Y peioon mg mapaywyrig aetpelaiov, 1 cuveLopevn
moMTIKY aoT@dew xar o1 Tpopoxpatikég evépyeeg ot Pacikés neTpelmonapaywyés xdpeg (%.X.

Nimpia, Bevelovéha, Ipak) eivar ot kOplEg GUVIGTOOEG TIG CNUEPIVIIG YEMROMTIKIG acTdderac.
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Oil Peaking: To np6pinpa s kopbeweng ¢ neTpedainnc HijTnong

Avmi, pali pe ™ ovvexéuevn onuavaikn avgnon e evepyelaktg Littnomg amd ydpeg mwg 1
Kiva xar n Ivdia, o1 xdrowor TV onoiwv &xovv apyicer va amOKTOUV SVTIKEG KATAVOAMTIKEG
ouwviBeieg, elvar o1 kUpieg attieg Y T vynAég Tipég metperaiov kar TV GAA®MV EVEPYELOKDV
TPAOTWV VADV.

Eivan eppavég 6nt dravbovpe mv tpitn petamorepkny netperaik kpion, apol ot diebveic
nuég metperaiov €xouvv ortabepomoinfel mAéov waveo amd Ta 70 SoA. to Papéht pe TOVG
TEPIOGOTEPOVG avOALTEG 17O va oplovv i mepartépm cofapés avEnoeg péxpt ta TéAn g
dexaetiog (Beyond Peak 2006).

Téco 10 Bépa T@v vynhdv Tipdv netpelaiov 6co kot Tov Quokod aepiov, OV cuvdicTar
Gueoa pe 10 neTPEAaIO, N ACQAAELR TOV EVEPYEWOKAV TTpopunBewdv (Post — Carbon Institute 2006),
aAAd kot 1 emrayvvouevn dwdikacia Y v aneievdépwon Tov ayopdv evépyelac, 6mov o
NAEKTPIOUOG Kat T0 puokd aépro mailovv e&éxovia péro, BETouv emraktikd Yo pio axéun opd
mv avéym Sapbppwong pag evwaiag evponaiig evepyewaxfic moMtuaic®. H Evpomaixy
Emtpont| npoonabel tdpa va enavatonodetBei pe véa mpbdtaon yia ko evepyewaki moMniky, &V
oyer mg avEavopevng eEdpmong g E.E. tov «25» and eroayoyés xavoipmv, tov vroloyileta va
pBaoer 6to 70% 10 2030 and to onueptvéd eminedo tov 50%. Xe avtiv eEeraleran n) Srapoponoinom
TV TPOUNOEIDV EVEPYEIRG ava xavoo kar Swedpop, evd mpoteiverar n dnpovpyla pnyoviepdv
T Tv enilvon kpioemv mov Oa aviipstdmle evdexopévag va kpdrog. Kuping 6pumg amofrénet
otov ouvtoviop6 Tev peddv g E.E. oe diebvég eninedo.

Avti| givar | devtepn popd oe Mydtepo amd mévie xpéwia émov n E.E. anozeipdrar va
Swtvndoe pio ko] ToMTik] otov Topéa TG evépyetag. Ot Abyor dev etvar dhhor amd Tig coPapég
EMATDOOEL; OV £XEL 1) EVEPYEWKT] MOMTIKY] 0TV EMTEPIKT] MOMTIKY} WG XDpag el Kol OTQ
EUTOPIKG. oVUEEpOVia TV EBvikdv etapeidv. Aev efvan tuxaio efddov 6t omv Twpvi

npoonadew T0 TEMKO Keipevo g apdTaong enetepydletar vnd v Gueon enonteia 10V apudSoL

% Avt xabfotatar avoykaia 660 noté GAhote £Gv kplvovpe and T npdopareg eEeillers, 6mov 1 pev Evponalict
Emtpons Swumotover ooPapd npofrfipata o Swadikasia ancdevdépmong TV ayopav pe v AEICHATIKH dpvion Twv
REYEAmV EBVIK@V ETAPEIDV va Tapaywpigovy uepidia ayopls, evd tephotieg evepyewakés etaupeieg (BALRE yeppavuai
E.ON, onavixi Endesa) npoonabovv va S 1apop@dcouvv Hovonmlaxés KatasTaoel.
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Oil Peaking: To npéfinpa g xopbpwons ¢ neTpelaikiic fjtnons

emtpoémov na mv eEwtepiki] monik). Avtd kar pévo deixver 6m 1 Emtpomn| Oa emdidEer va éxel
ATOTEAEC LA GTOVG GTOYOVG TG e o evépyewr, Kupimg péow g EEMTEPIKTG TOMTIKNG.

Avon ara ypévio evepyeuaxd npoPrnpata ™ Evponaikic ‘Evoong, n onola e€aptatat and
10 7eTpéAoio ™G Méong AvatoAris, @rhodokel va ddoer N Aeyopevn «Ipdoivn BifAog» g
Evponaixkig Emtponrg. Kopa npoiindfeon na va xatapéper n Evponaikn ‘Evoon va e£€A0er and
10 evepyewakd adrE&odo, ovppuva pe v Koptowdv, eivar va dpdoet wg apaypatikiy Evoon ki 6
xG0e xparog-pélog va evepyel pepovopiva.

Zmv Ilpaown Bifro wpoteivoviar Baocikég xkatevBivoel TPOKEWEVOL VA, AVTIHETOTOTOGV OL
onuepwvég evepyewakés avlykeg g Evoong, alld xar va kalvpBolv amoteleopanikétepa ot
peAovrikeg:

1. evémra xatd ™ Swempaypdrevon pe Tovg TPOUTOELTES

2. oAoxAMpmoT) TG EVPWTATKTG AYOPds EVEPYEWLS

3. aAAnieyydn 1@V KpaTOV-pEADV

4. acwopio pécw G avanTuéng evarlaxnk®v Tnydv evépyeug

5. amodonikdTEPN XPTIOT TNG EVEPYEWRG

6. avantobn xawotdpwv EXVOloN@V 7oL dev Ba emPapivouv 10 TMEPPEIIOV pE
exnopnéc GvBpaxa

I TpoxAficel; avtég, vaevBupiler n Emipom, newotua andvinon propet va tpoéidet pévo
andé mv evuaia Evpdnm, 61 10 xGbe pélog mg yopictd. Z1o mhaiolo avtd evidocoviar ov £EL
Baocwkée xatevBivoeg g «([Ipdowvng Biflov», «evomra, ohoxiipwon, aAlnieyydn, aswpopia,
anddoomn kar kavotopio», Tov £xovv g Smhd yvdpova 1 dwyeipion Tov ouepa napddinia xai
TaVéxpova pe v mpoctoacia tov avpwo. Kapia and ng ewonmiceig tov BpuEehbv dev etvan
napadotn. H avayxm ma ma «Iphown Biflo» Seixver méco ddoxoro eivar, ocvyvé, va
£papuoocHovv ta avrovonra.

E1on, 1ua éva ap6v mov napapéver Séopuo tov ewcaydpevov retpehaiov, n Emtpomi opniel

pe éupaocn v TV avayxn va avénoet N ‘Evoon tg emdoyég e, t6co oe 6,m agopd v
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Oil Peaking: To np6finpa g xopipweong g merperaikiig Lftnong

npoéhevon tov netpelaiov 600 kol o€ 6,1 apopd ™ dwdpoput} Tov and v neTpelaronny, GTO

onitia To avToKivnTa Kot Ta EPYOSTACIX TNG Eupém]g”.

H Evpdnn unaiver o o véa emoxm via v evépyewa. O €61 apotepardtnteg g E.E. éxovv

g eENG:

1.

Evérnra. H E.E. xodeitar va exppaletar mpog 1a €€ pe o kowr eovi, Wwitepa e
TPOG TOVG KVPOVG APOYMYOVs Ko katavah@tég evépyews. Ilpéner va aklonomjcovpe
10 péyeBog g ayopds pog xar 6Ao 10 QAcHa TV pécwv mov dudétovpue, MOTE Vo
NaxEPLoTOVUE KoTdAANA TNV evepyslakny eEGpmon pag, va Sapopomoricovue Tig
TNYEG TV EVEPYERKDOV Tpopndaidv pog ko va eacpaiicovpe maykdéouio oTipEn o
TV GVTWHETOMOT TOV EVEPYEWKGOV apofAnudrov. M véo odumpaln pe Toug
yertovikovg mpoundevtég pog, cvumepapfavopivng g Pooiag, eivar anapaitt.
[Ipéner va enevdvoovpe oto apofaio ovueépov g Evpdmmg xar tov xvprav
YEVTOVIKDOV EVEPYEIAKDV TPOUNBEVTOV g, dote va eEacparicovue aceareis, avouté
KOl AVOTTUGCOUEVEG EVepYEwakES ayopéc. Emiong, apénel va evieivovpue ™ ouvvepyaoia
pag HE Toug VAGAOTOVG KUPOVG ETaipovs pag ot Méomn Avatolr, otnv Acia ko oy
Apepuciy.

Olowijpoon. Ilpéner va Snuovpyioovpe pue aAnbivé evuio evpomaic ayopd
niextpopod ka1 Quokod aepiov. To yeyovég avtd Oa ouvpPdrer omv emitevén
acpdiewng, avrayovioTikémtag kar acupopiog. Ot avoiktég ayopés Acttovpyodv mpog
6Qel0g TV Katovalwthv. Awpopehvovv T0 paxponpddespo mhaicw wov etvan
avaykafo ya v apaypotonoinon enevdvoewv. I[lpoopépovv 0 KOTGAANAO

navevponaiké nedio, Omov zmpayporTomowUVIAL O  TPEYOVOES  dpactmProTnTEg

7 O evalhaxTikég evepyewkés myés mapapévouy enl dexactieg «evadhaxtikégy, yati ovdénote vmipée enctyovoa
avéyxn avantvEfc tovs. Ta yeyovéra twv televtaliwv €1GV KAl ot TPOORTIKEG MOV Suryphgoviar yia 10 pérdov
xaradeikvoovy, népav mdong apeiPoiriog, v avayxn. To {nrovpevo, elvar T0 «enelyovn, N karavénon 1ov peyéboug
™G TPOKANGNG Kot N avainyn Spaanc, puoika o navevpwnatké entnedo, yia v avantvln twv popedv evépyelag
exelvav mov Oa emtpéyouv mv evepyelaxny anodéopcvon g Evwong, elte avié apopd tov mepopiopd g
KQTavaAmong 1€ TOV EKGUYXPOVIOHO VPISTAUEVGIV TEXVOLOYIAV gfte T Siddoom ELWTIKGV akOun CTIHEP EVEPYEIAKGV
mMYGV 6nag 0 fA0G, 0 afpag kar To Vépoyodvo.
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Oil Peaking: To apépinpa g kopdenons ¢ aetpehaixiic Citnong

ovyydvevong. H Evphonn evnuepei evepyewaxd, 6nwg eEGAAov kot oe GAAovg Topeis,
érav ehayrotonowei kar 631 brav Snpiovpyei epnddra.

3. Aldndeyyon. Trv ohoxAfipwon ntpéner va cuvodever n arinieyydn. H Evpodmn kaieitar
va avtamokplOel mANPECTEPO OTIC SAKVUAVOES TWV EVEPYEWNKAOV QYOpdOV KAl TV
npounberdv, Kol va enaveEeTAGEl TV TPOGEYYIGT] NG YW TG GTPATNYIKE anofépata
netpedaiov kot agpiov.

4. Aagopia. Ilpéner va emtaydvovpe ™ perédfoon oe pua owovopio yapnAdv eknopndv
&vBpaxa, ypnoponoidviag 1000 TG VEEG EVEPYEIOKEG HOPPEG GO0 KO TIS VOIGTAUEVES.
H Evpom ogeider va dwopoppdhoet 10 xotdAinio mhaicio yie va dicvkoAuvOel n
«GvBnon» TV ddpwv EVEPYEIRKOV LOPOOV OV CUVEMGYOVTOL XOUNAEG EKMOMREG
GvBpaxa. I'la opiopévoug avtd Ba orjpaive arohkn} evépyew, y” GAlovg nAaxt evépyela
xat YU’ GAovg, xabapd avBpaxa. Opopéva xpatn - uéhn eEetalovv pdloto 0
EVOEYOUEVO TNG TEPOLTEP® AVARTVENG TNG TVPTVIKTIG EVEPYEING. AEV EYOVHE TAVTWOG TNV
noAvTéAEld TpohOnoTg puag kar pévng Hoperig evépyelag, anokieiovrag Tig dhdeg. O
avaveDoes HOPPEG evépyewng mpénel va eEaKOAOVONCOLY VO AVARTOGCOVIOL GTO0
mAaico 1oV evepyewakov pag «uetypatos», Aapfavoviag mwohd cofapd vrdyn pag ™
déopevon pag yo evEpyelEg YapnAdv exnopndv dvBpaxa. Béawa, avtég dev propodv
VO VTOKATACTIICOVV TATPWG TOLG VIpoyovavBpakes. Tmv nepintoon towv frokavoipwy,
6pwg, pmopodv ot ovoia va avaperyBoliv pe avtés,

5. Anébédoon. Ilpéner va arrGEovpe bt pévo tov evepyewaxd pag epoduaopd, aArd xar Tnv
evepyewaxy {fmom. Yxndpyovv evpvtata mepiddpia Y va  xpnoyuomownOei
amodoTikétepa N evépyewr, mPog OPELOG TOV KAHATOG, TOV KATAVOAWMTAOV KAl TG
ac@dreris pag. Kat 6’ avté to onuelo dev evvooipe anddg to yopioua 1ov dakont,
polovén 6hot pag iowg Exovpe apnoel kanote ™ Béppavon avapuévn, e avo(rd to
nap@Bupo. Evwoodue oy ovoia v avartvuén texvolonidv koi ocvunepipopdv mov 6a

aAAGEouV 10 evepyelaxd poveédo g Evphmmg xat 6a ompifouv v aewpbpo avartuén.

IIAME omqv Aypoyypeia xan Buoloyixés Kadaépyereg , Aérorog Evayyehog 81



Oil Peaking: To np6pinpa g kKopipweng g merperaixiig Ljmnong

Ipénel va e£axkorovBGOVUE VA aVOTTOCGOVHUE TPOTVAN EVEPYEWKTG ANGS00T Y10 TOVG
peydiovg Kamvakmré_g evépyewag, Ommwg Yo mopGdEtypa TG UETAQOPEG Kal TG
owodopikég dpactnpiotmes.

6. Kawortopia. H Evphmn civar mpotombpa oty avantuén texvoroyldv yapnicov
exnopndv @vlpaxka. Ilpénel onwodnmote va dwrnpricovpe avtiv ™ 0€om, xabdhdg ta
o@éAn na to nepiParlov efvar tepdonia. To B0 woyder kar N TG emyelpnuaTIKES
evkaipieg, oe pw avartvooduevn Siebvr) ayopd teXvoloyubv vynAig evepyewaxig
anddoong war yapunAdv exmoumdv GvBpaxa. H idpvon Evpomaixod Ivetnitovtov
Texvohoyiog 6o pmopodoe va cvuPdier onpaviikd ot Swripnon g Evpdnng omyv
KOpVPT NG opddag Twv kavoTéuwv ywphv.

O mapandve £5L mpotepardTTeg diémoviar and §V0 oMuavTikég EVVoleg, KpIoWeg na v
aewpdpo, avVIaywvioTiKT| Kol ac@arr evépyewa. H mpdm elvar n Siapoponoinon towv evepyelaxdv
mydv, TV XOphv TPoiAsvong kot Twv yopdv dwpetaxkbéuions. H Sevtepn évvouwr eivar
enetyovoa avayxr. Oa XpeWcToOOV aKOpT TOAAL YPOVIO Y10 VO XPIIOTHOTOIOUVTaL EVPEWNS OPICUEVES
and TG Véeg evepyewkig popPés. Avtd Spwg axpipdog, amotedei to Pacikd emyeipnua o TV
avilnym Gueong dpdong xar 6r e xwivowepyle. H Evphmn dev éxer v nolviéhen va
napapeiver adpovig.

H EMdda 1o 2009 nAfipwoce nepinov 9,0 d16. evpd ya ewcaywyés netperaiov (5,0% tov
AEIT) and nig omoieg k@Avye 10 70% TV TPOTOYEVAOV TG EVEpYEWKOV avaykdv (PvBuonixi Apy
Evépyewag 2006). Ze ovykpion pe Ghheg ydpeg g E.E. n EAAGda epgaviletar and nig mhfov
ekaptopeveg and ewoaywyés netpedaiov apod o péoog evpaonaixds 6pog eEGpmong xvpaivetal
uetakv 40%-50%. Odnyeita pe pabnpatuai axpifeia oe TApn ounpeio and ewcaywyés Kavoipwy,

Ta tehevtaia 20 xpévia axorovOnoe pua povoddotam mopeia vaépuetpng avEnong g
xatavoong netpehaiov g Bapog dAhov xavoipwv. Avt anedeixbn pla arvyéotam evepyewaxn
emioy nov Paciomke oe MaBog exniunoels kot copeia Aabhv. Ev 1o petald dev éyive ovdepin

ovowoTik) mpoondBeia na v afomoinon tov evallaxtikdv RNydv evépyewg, evd dev
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Oil Peaking: To np6Binpa g kopO@wonNg TS nETPEIAiKIg CiiTnong

nEPLOpicTNKAV N OMATEAT Kavoipmv ki 11 aAdynom avEnon tov apiBuod Tav oMUAETOV TaoNG
pioenc, m onyul wov 1 xdbpa advvatel V' avantoter katdhinieg vrodopés, Wing ota aotikd
kévipa (EBviké Kévipo Ilepifarroviog & Aerpopov Avantvéng 2006). Eniong dev emdubydnke 1
otadwakn] eévylavon tov evepyewaxov 1ooluyiov av ko ficav Eekdbapeg o SumoTdoelg kol ot
ovpuPoviés Tov [EA.

Efvar mpogavég 6T edv.dev AneBovv pétpa, modd cvviopa n e&dptnon g xdpag amd TO
RETPELALO KOl TO PUOIKS aépto Ba extvaydei oto 80% f ko vynAdTepa®. Kan evéd o EVEPYEWNKOG
topéag ep@avitetor @g évag and tovg Pacikovg Touels g EAANVIKTG owovopiag, pe CVMUETOXH
v and 12% tov AEII, puéypt ontypng dev vmdpyer pla ovykpotnpévn moMniks yia TV 1oopuept
avamrtoén Tov?.

H dmapln apbovng xon aviayowiotikiic oe TWEG evépyswg, amotelel mpotindOeon na mv
owovopky avéntugn. Edv eiapéoovpe v eicay@yn Tov @uotkod aepiov, IOV ®G WOATIKT
andéaon eEMedn to 1987, and téte ovdepio GAAN coPapn tpwtofoviia eAfpln . Extog BEBora ¢
acOuaivovcag Suadikaciag anelevdépmong g ayopls nhextpukic evépyswg, otnv onoia exovoa-
Gxovoa odnyeitar n xdpa AOY® ™G avéykng oLUuOPE®ONG TG HE TNV EvpomAiK o0dnyia
EK/2003/54. O AIIE xou | avtomapayoyn kapkivopatodv péca o' Eva adavonto ypapelokpatiko
torio mapd 1o yeyovdg 6T 1 dekaetia Tov ‘80 Wpvlnke 10 Kévipo Avavedoipmv Inydv Evépyelog
xan apyotepa Baoer Tov v. 2294/94 366nke GOnon oy avartvEn g aohkiig evépyewag,.

Opag o topéag TG evépyewng mapovordler Tavtdypova kol cofapéc enevévnikég evkapieg, o
omofeg edv afomonBoiv kataAnia Oa copBdriiovv dote va eEEABer n xdpa and Tov povodpopo
™G RETPEAIIKTG e&dm'nong”. E£ iocov coPapbc, and enevdvnixfig mhevpdg efvar o topéag tov AIIE

ROV UMOPEL Vo ATOPEPEL JIGEKATOUPDPIN EVPD OF VEEG EREVIVOEL; KUt TAVTOXPOVA VA SNUIOVPYHGEL

% Mio epudTiK OIKOVOUIKT) TPOONTIK, apod ot VyNAEs Tée metpelaiov apyd 1 ypiyopa petapépovial oV
E0WTEPIKT ayopd pE OAEOPIEG ERMTOOELS Yia TO 100L0Yt0 EEOTEPIKAV TANPpWIGDV, TOV TANBWPIoUS Kan KATd Guvéned
TNV OIKOVORIKT avantué).

» 1.y evé vadpyel mohitiki} ywa Tv avantvgn guowov aeplov kdtt mov Exet apyioer va anodidel, dev vrapyel otk
Yz Tov £AEYY0 ™ KaTavilwong netperaiov, 6nov ) poporoyia oty ydpa pag eivar ond Tig yauniotepeg oty Evponn,
pe amotéAecpa v eVOappOVETAL cuvexhs N SEVpUVOT TOV UETAPOPIKOD £pYou pEcw TOL autokivijTou €15 Phpog
EVIAAKTIKOV pHECWV.

Y Avagepopucda kuping oty dnovpyin vémv povadwv niextponapaywymic He Kadon GuEIKoD aepiov 61ov o WTIKGG
topéag, dnradt| o1 aveLaptnrot napaywyol extég AEH, pnopel va naifel éva onpaviikd pdio apxel 1 kuBépviion va
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Oil Peaking: To npéfinpa s xopbmong T¢ neTperaikiis LRTnong

ddeg véeg Béoeig epyaciag. EE icov onuavnikd poio and erevdvtikig mievpdg nailovv kat ot
dieBveig evepyeraxés chn)vSéoetg_ (dnhadn) aywyoi puowov aepiov EAMGSog - Tovpxiag - Itaiiac,
netperaiaywyoi Mmovpyxds — AdeEavdpovmoAn).

Baowdg afovag pag véag evepyeuaiig molimiknig 8a npéner va givar | peioon tov eicaynydv
netpelaiov, o enineda mov Ba TAncidlovv TovAdxiotov Tov péco 6po Tng Evp. Eveong, pe v
nap@Anin avantoin tov eyydprov mnydv evépyeuag, cvpuPatikdv kot pn. Avtifeta pe v supéag
dwdedopévn avtiinyn 6m n EMAGda slvar gtox) oe mphteg vAeg, n xdpo sivar raitepa
npowopévn e  afidloyoug evepyewakolg mOpovg axdpo kot avaflomointa  Koithopota
vdpoyovavipaxav.

Tovg tehevtaiovg prjveg, népacav amd ) Bouvdfq pic oepd and onpovakd evepysiakd
vopooyédia (amerevfépwon ayopdv nAekTpkig evépyelng, @uowod agpiov kar Proxavoipwv,
AIIE) ta onoia eyyvdvriar v opadn] Asrtovpyia g ayopds. Opwme, maph tovg Apog 1o avtifeto
1oYVPON0VG, N YNPion aVTGV Kat GAAwv mapepepdv vopooyediov dev cuviotodv evepyeiok
ROMTIKT.

Avrifeta, n xGpakn pug amoTeEAECHATIKIG EVEPYEWKTG OTpatN YK Oa npéner va Paciotet
070 YV©OOT6 TpinTLYO TOV HaKPOYPOVIOV EvepYEWaKOD GYESOROV Bote va eEvampetodvial ot e&ng
paocixoi otéyou (a) n Srwwopdion g npoopophs evépyews, (B) n npootasia Tov nepiBaAiovrog
xat (Y) N evioyvoN TOV OIKOVOUIKOD avIaY@VIGH0VD. £¢ YVaoTé Kkavéva kadowo, and uévo tov, dev
mnpol ng tpewg aviég mpodmobéceg na v EAMGda. O Myvitng elvar oxemxd ¢bnvég xar
dwxbéorpog, alld moAv pumoyévos. To @uowd aépro eivar oxenikd xabapd xar (uExpr npdopata)
eonvo, alla mpobmobéter avEnuéveg ewoaywyés. To nerpélano eivan woAd akpif6, Oa yiverar
axpifétepo ko ewodyerar kad’ oroxinpiav. Ou AIIE elvon GpBoveg, dev porvvouv 1o mepiBailov
Kot ftopovv va kaAvyouvv tinddpa avaykdv (8éppavon, nhextpiopd, petapopikd £pyo) arrd dev
éxouv avantuyfel 6heg oe eumopikd eminedo. H mupnvik evépyewa ypnowonowel oyetikd Aiya
XaUOa Kal Sev EXTERTEL aépua OV EVICYVOVV T0 Paivéuevo Tov Beppoxmmiov Al owovopikd

dev eivan oAV elxvonikn xar anantel vymAn texvoroyia ua va efvar acpainc.
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Oil Peaking: To np6pinpa ¢ Kopvpwong ¢ TeTpeiainig Ljtnong

Eto1, 0 xaAbtepog 1pémog va emtevyfodv o mapandve otdyol eivan 1 pikTi yprion 6Aov Tov
xavcipwv. Mia tétown mowihia o€ Kxavoa kot anyEg SucpuAilel enapki] TPOCPOPE EVEPYEWRG Kal
avIayovioTikd x6010¢. e ka0e nepintwon, ol Tiuég evépyewng ommv EAdda 8a npéner va avéndovv
onuaviikd péca oTa apécwg ErOpEVa Ypoéva yia v’ avtavakiovv 10 vynio aepPaiiovikéd k6oTog

(nov evd vrapyer, ouvilBwg ayvoeitar ot xdhpa pag) kot rig avEavopeveg Siedveic Tpss.

4.9 Case Study: H mAnpn¢ ame§aprnon ¢ Zoundiac amé ro merpéAairo

H Xoundia eropdletrar va mpoywpricer oto peyahidtepo PrAua mov éxer xdver mwoté
Bopnyovikn owovopic g Avong ot 6,7t agopd TNV evépyeln, kabdhg Ba emyeproel va
ancEapmOBei mAnpog and 1o netpélato oe 15 xpédvua xwplc va kataokevdoel véa yevid otadudv
nopnvikic evépyeras. To oyxédo peletd emrpomf mapayéviev tng Popnyaviag, akadnuaixdv,
aypotdv, oteAex@v ¢ avtoxivirofropnxaviag ko dnpociov vraAliilov aov 6a wapovoidost
oxenw] éxkBeomn oro KowvoPoviio o€ pepikovg prives. Ztdyog TG givan va avakatacstadovv 6Ax ta
OpUKTA KAVGIHA PUE AVAVEDCINA.

«H eEGpmon pag and 10 merpélaro npéner vo apBel péypr 10 2020», toviler i vovpyde
Bubowyng Avantvng, Méva Zaliv, cOppwve pe v onolo «xavéva omin dev Ba ypeidletar
netpéhao Béppavong xat xavévag odnydg dev Ba mpéner va kataPevyel anokAEIOTIKG Kot pdvov
om Bevlivyy. Al xvBepviikd otedéxm xopoktipioav 10 oxEdo «avrtidpaon otnv ailayi tov
KMparog, Tic avEavopeveg mypég 100 mETpEaiov, oAl xar TIG TPOEWBOMOUIOES OPLOHEVMOV
emomuévov o emkelpevn eébviinon tov arobepdrav netperaiovn. H Zovndia, mov emhim
onpavtikd and mv netpelainy kpion g dexaetiag tov 1970, aviAel otjpepa oxedév 6An ™V
niextpun evépyeld g amd mupnviky) Kar VIponAExTpu evépyewn Kai XPMOILOMOEl OPVKTH
xavowa kuping Yo T petapopés. Tnv nepacuévn dexaetia petétpeye oxed6v 6Ao 1o ovotnua
0épuavong oc évav unyaviopd ov Swvéuer atpd 1 xavtd vepd and yewbepuikn evépyewn f| and

xavon anofintov.
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To ev Adyw oxédro i TG Zovndiag tnv tonobeOel npdTn petakd 1oV npdoivav xopaov. H
Iohavdia evedmotei 6Tt péxpt To 2050 Ba kel 6Aa Ta avtokivijra xar 1o mhoia TG pe v3poyévo
nov Oa mapdysrar and niextpikr) evépyera avrAovpevn and avavedoes mnyés evd n Bpalidia
oxoneveEL va Tpopodotel péca oe mévie ypovie 10 80% twv petapopdv g pe abavoin and
Caxapoxdiapa.

Zoppova pe otedéym tov coundikod vrovpyeiov Evépyewns, n emipom Oa taydel vaép g
nepoItépm avartuéng tov Proxavcipwv tov Tapdyovial and ta extetapéva ddon mg ydpog, aAdd
Kal MG ENEKTOONG GALDOV aVAVEDGIU®OV TNYDV EVEPYEING OMMG TG CIOAKTG KoL TNG EVEPYELRG TTOV
napayetat and Bardcow xopata. H Zovndia mponyeital 10V neprocotepov xopdv kaddg to 2003
10 26% T0V GLVOAOV TG EVEpPYEWNG OV KATAVAAWGE TPOTIADE and avavedolueg ayég evépysuag
gevd o péoog 6pog mg E.E. fjrav 6%. And metpéhaio mpohbe 10 32% 1n)¢ evépyewag mov
katavaimoe evdh 10 1970 10 avrictoro m0c0at6 ftav 77%. Mapdiinia ot avtoxivnrofopnyavieg
Saab xat Volvo oyedudlovv avtokiviita kar goptnyd mov 8o kivodviar pe abavédn xar GAla
Broxadoua.

Ot HITA oyxedidlovv va ovEfjoovv onuaviikd tnv mopnviky tovg evépyswa. H Bpetavucai
xvPépvnomn, mov €xel deopuevbei va mapdyer 1o 2012 10 10% g evépyerdc TG a6 OVAVEDOIUEG
mmyés, mapovesiace TOV mEpacuévo piva £xdeom) mov vroopiler v avgnon g TUpNViKYG
evépyewag. Toppwva, 6uwg, pue éxdeon g cupPovievnikig etapeiag Emst & Young, n| Bpetavia

&xer petver wiow otov 0TOX0 TG YU TIG AVAVEDGIUES TYEG EVEPYELG,.

4.10 AvdAuon Zevapiwv

e avté 10 pépog g epyaoing Ba avamtOfovpe oevapur oyeTikd pe to wPOPAnua g
xopbwong g netpelaiiaig {Nmong. Apxkd 8o eferdoovpe Swrpopenikis TEpUTTOOEL; EEEMENG

g {ymong xat peta mg napaywyig netpelaiov.
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Oil Peaking: To apépinpa tng xopiewong s nerpelaixiig Hitnong

Zro Suiypoppa mov akorovBel PAémovpe Swrpopenikd oevapio e£EMEng g {Tong

netpelaiov and Toug mmvuhorég. Mnopodpue va duaxpivovpe Tig ak6Aov0eg TEPTTOCELS:

Growth in Demand ~

Conservation

LifeStye Change

Substitution

Oil Supplies

Deprivation?

1900 2000 2050
Avdypappa 25: Zevapra ebéhing tymong xerpelaiov (Thyi: Oil Crash)
AapPéavovrag véyn é6m n Hion Ba cvveyilet va avEdvetar evd 1 Tapaywyy Oa peidveral,
o1 KoTavaAntég 6o TPosaPUOCTOUY GE KGO0 oUVOVLAcHS TV ak6A0VOWV CUUTEPIPOPHV:

1. Awnipnon tpémov {wiic (Conservation): oty nepintoon avti égovue datipnon
tov tpémov {wng xor TV cuVMBEIBV 1OV KATAVOAWTOV Kol oUVERdg avinon g
{imong metperaiov. Avtd pmopei va emrevyfei pévo péow texvoloying mov O
ekoxovopel TepaoTiEg TOGOTNTEG NETPEAXTING EVEPYEWS.

2. Alayq tpémov Lanjg (Life — Style Change): o1 xatavalwtég arrdlovv tov Tpbémo
Lorig Toug, mpoiudvtag Adyov xGpn va xaTotkovv Kovild oTov T6m0 epyaciog Tovg Kot
ouvolkd va perboovy T Himon netperaiov.

3. YnoxatGotaon - Amnootéipnon =erpelainng evépyewag (Substitution -
Deprivation): cOpQWVE pE To GEVapW avtd T0 ReTpéAaio oradiaxd vroxatactaTal
and evallaxnxég myés evépyewas. O xatavalwiég dev aAldlovv cuviiBeieg addd
AEOV YPOLUOTOLOVV TEXVOAOYID oUVaQT) UE TIG EVEAaKTIKES TINYEG EVEPYELQS.

Meyalvtepo 6pweg eviapépov mapovouiler 1 avéivon tov cevapiav yia v napoywyd

-netpelatov.
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Oil Peaking: To npéfiinpa g xopbaeong g aeTpelaixiic LiTnons

4.10.1 Yaép — arcrédoto (Pollyanna Scenario)

Zoppova pe 0 vigp — aoldd0E0 cevaplo, N TayKOCHIR OKOVOuIKT avanTuEn pnopel va
ovveyioer ywpig evepyelakig SecpUEVOE. AV Kat | mapaywy] netperaiov teMkd Ba peiwOei, To
xpovikd onueio mg peimong petatifetar oto pakpvéd példov, onueio oto omoio o1 evarlaktikés

mnyés evépyewag Ba £xovv TAfpwg avanTuxdei.

Pollyanna Scenario 2%
{ ANernative
: SOUrces

;§ To.dav ¢
H IR ;
ped | i
[=] : :
! Convertiianal Oil ;

| Time ™/ OliScenarios. info

Aviypappa 26: Zro vaép — aroi680L0 oevépio ) napaywoyi nerpehalov propei va kaddyer T Limyon éwg to 2050
(ITyy: Oil Scenarios)

Ynapyovv 300 evarlaxtikég eEeMEels oo vaép ~ aowddoEo oevipo. Zoupwva pe v pdm,
1 TEQVOAOYIKY) TPG0SOG Kat 1} avakdivym véav xorracubtav tetpelaiov Ba emrpéyouv v avénon
¢ mopaywyrs cvupatikod netpedaiov éwg to 2050, nepiodog xatd v omofa 8a xopveWOEL N
napaywyr. Zopeova pe T devtepn evardaokmtik], 1o netpéhao éxer afrotuai mpoédcvon xai
ouvendg Ba ovvexilet va avrikabiotd ta eEaviAnuéva anobépara. H droyn avni 6png de Bpioker
xavéva emotnpoviké aviikpiopo xar Paciletar omv eopadpévn Oswpic 6 10 mETPEAONO
dnuovpyeitar puoroloyikd and 1o vatdapog g YNG.
Baowég vroBéoers Tov oevapiov givar ot axéhovleg:
1. Hpénrer va avaxalvedel tovidyotov éva axdun vreppéyebeg merpelaixd xoitacpa

(100 15 Baperrdv) 1 Suvnnixd 10 neTpédaro va avrikabiotatar and véo aetpéiaro.
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Oil Peaking: To np6finpa 1116 Kopvpweong g werperaiig Ljtnong

2. Ov duvapeg g ayopdg 6a Samavicovv mOALG kepdiawr otV avaxdivym véwov
KOVTAOHATOV. )

3. On véeg texvoroyieg Ba emtpéyouv v owovopkt eE0poEn netpelaiov and ta 119N
VaPYOVTa KOLTdopaTa.

4. Ta 10N vrapyovia anobépata nerperaiov eivar vd ~ exmpunpuéva, Wing om Méon
Avatoln.

5. O Babudg avaninpwong 1ov netpelaiov exapkei Yo va kavorouioel Tv avénomn om
Cirenon.

Topgpova pe 10 vEp — act6doEo oevapo ta amobépara metpelaiov dev mpdKeEwTal va

eavtAnfovv ka1 ouvend@g Oev vmdpyer kavévag Adyog evioyvong Tov evaldoktikGv ANYGOV

evépyews. H Baou) 6pwg mapadoxn tov oevapiov avtod eivar emotnuovika esQuApévi.

4.10.1.1 Aqprovpycitar neTpéhaio akopa Kol GTHpHEPQ;

To merpéhano dmuovpyeitar axépo ko onuepa, yati ov yewympukés Swadikaocicg nov 10
yevvoiv €3® xar ekatoviddeg exatoppdpuar xpévia eEaxolovBodv va cuviehovvial exei dmov
vadpyer 0 kat@Ainlo zmepiBdidov: omg ApuvoBdAacoeg, OTOVG KOATOVG TV WOTAPAV, OF
OalGooieg Aekaveg PTmxég o€ 0Evydvo kat oTa NAEPOTIKE VEALOTPaVT).

Exel o1 opyavikég ovoieg (kovpapua {bwv kar vroieippata Qutdv) mov nepiéyovv dvBpaxa
ovocwpedoviar o dwdoxkd otphpata ywpic va Saokopriloviar and Tovg aTpooPaLPIKOVG
napayovies. Av n Aexavn BaBuver | xalvglel and dAla otphupara 1o yewioykods Adyov,
peratpénetar oe uNTPKd 7wéTpOuo kot péoa G, avdioya pe T ovvbikeg mieong wau
Beppoxpaciag, oynuatifoviat o Gvlpakag, To pedavio 1 To tetpéiaro.

INa va dnuovpymBei metpéhato, av kar epdoov 1 Beppokpacia eivar vynin, ypewdloviar
nepwég phadeg xpévia. Av n Ogppoxpacia efvar xapunif xpewdlovrar tovAdportov exatd
exaToppuvp xpévie. Avaloya pe 1o yewhoyikG ovuPhvia, to untpikéd mérpopa pmopel va

napapciver exel 6rov dnpuovpyibnke 1 va petaromotel adlov xar va yiver "avadvopevn” ym.
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Oil Peaking: To npéPinpa ¢ xopi@ueong TS netpelaixiic Hitnong

YnoAoyiletar 6T1 p6évo 10 1% 10V AvBpaKE TOV MEPIEYETAL OTIG OPYAVIKEG OVOIEG CLUHUETEYEL
ot dnpovpyia vSpoyovavepaxcEw. To merpéhao mov e£opvocetar onpepa dnuovpynke mpwv
and éva £mg dddexa exatopuvpla ypévia, eV 10 mo RoAd TP and Sraxdoin. Ewg TEVTOKOOLN
gxatoppdpa xpévio. Zuvendg, o Badudg avrikatdotaong 6 umopel va kadvyel v avEavéuevn

{nmon netpedraiov.

4.10.2 Aw1660E0 (Optimistic Scenario)

Toupwve pe 10 ao1680£0 GeVAplo, N TayKAGHIa OKOVOuIKY] avarTuén Ba cuvexicel pécw
peydhov enevdvoewv otV mopaymyy pn — ovpPortikod 7ETpedoiov kot oMV avémtoln
evoMakTikdv nydv evépyews. Av km Ba vadpyouv mepiodor mepropiopévig mpopriBeiag

netpedaion, o duvaues g ayopls Ba pmopécouvv cuvolkd va avieneEEABovv otV avdykn

avEnpévng mapaywymg.

Optomistic Scenario 200

Today Alsmativs Sources

Hydiogen. Fusion, Salar
Oil 3haie O)l Sands, Wind

Oil Production

|
t
|
1
}
1
)
]

B I L L. L R L T ury ey

! Conwentional Ol
Time —— OliScenarios.info

Auiypappa 27: Lopgove pe o atoi680ko oevipio v napayoyh serpelaiov propel ae cuvdvaopd pe Tig evadlaxtiés myyés

evépyerag va xalbyouy ) [iitron evépyeag éog To 2050 (Tinyi: Ol Scenarios)

Baowkég vroBéoerg Tov oevapiov ivar o1 ax6Aovdeg:

; 1. Ta dnlopéva nerpelaixd anodépata etvar coviibog vd — extpnpéva.
i
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Oil Peaking: To np6Binpa ™ kopdewons ¢ neTpelaixic GijTnong

2. Ot dvvaperg g ayopds 6a cvveyicovy va avEdvouv myv napaywyr aetpeiaiov xat va
evBappivouv 1o un — cvufanikd neTpélato kat Tig EVOAMAKTIKES Tryég EVEpYEWS.
3. Ov véeg 1eYvoroyleg Ba emrtpéyovv v owovopksy £E6pvén  mEpLoGOHTEPWV
nETPEAUIKDV TOGOTINTOV and Ta 3N vadpovTa KolTdcHaTa.
4. Ynapyovv axépun moAAG netpelaixd xortdopata o dev £xovv axdun avakalveOei.
To mow6dofo oevipo dev avnipctoniler 10 meTpéAowo ¢ T0 povadikd moapdyovio
OIKOVOpIKTYG avATTUENS. AVTIOET®G, O1 01KOVOHOADYOL — VOOTNPIKTEG TOV qo10d0Eov oevapiov,
emBupotv enapkn netpelaikd anobépata povo Ppaxvypévia, puwag kar ot evalhaxtikéc mNyég
evépyewng Oo 1@ AVTIKOTOOTOOLV, emTVXDG, HaxpompdBecua. Oewpodv 6T O TPayuaTIKEG

duvatditeg TV EVAAAMIKTIKOV ANYQAV EVEPYEING, TAPOVOUALOVTOL AN TOVG TECUIOTEG VAEPPOMKG

VRO — EKTIUNUEVES,.

4.10.3 MetpronaOég (Plateau Scenario)

Zopgpova pe 10 petpronadéc oevdpro, av xar 1 mapaywyn zmerpelaiov Ba xopvewOel Ta
endpeva 3 — 4 ypévia, ot duvaueg g ayophs Ba dwnpicovv 10 ENinEdo KOPHPWONG Ve TOAAL
xpévia axéun, emtpénoviag oto pn — cvpPatikd neTpéAao Kat 6TG EVOAAUKTIKEG ANYESG EVEPYEWS
va kaAVmrTouvv 10 kevé mov Ba dnpovpyel omowdnmote evdeyxdpevn peiwomn g mETPEAiKTG
rapayoyig. [apdbla avtd n avénon g Suadéoung evépyelag yivetar pakponpddeopa avépikn, pe
anotélecpa vo zmopatnpovviar empPpadvvopevor pvbuoil okovopikig avantvEng kat ovpEg
mEGE and 10 SuTIKG KOO0 OF VIEVATTUKTIEG KOWMVIES Tov emidkovv va avEnoovy to Protikd
tou¢ eminedo. H xatdotaon avt) 8a dnuovpyioer actabelg ayopés yia moAdd xpévia xar 6o

avbioer ig mBavéTyTeg TAyKdouuwv xpicewv eEaitiag Tov nepropopévev anobepdtov evépyewag.
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Oil Peaking: To np6pinpa t1c xopvoweng ¢ neTperaixig Lijtnong

Plateau Scenario 2

To'urf
]

]

: Allemative Sources

! Hyrogwn, Soiw, Ehanc
] Cil Shate, O Sanos Wind
H

: Converlional Ot

Time — . _OliScenarios. info |

Ol Production
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Aviypuppa 28: Zépgmva pe To petpronadic aevipio n rapaywyth merpehaiov 8a perwBef kat o evaddaxrikés myés evépyerag

de Ba xaropBdeovv erapkd va To avrikaraotijsovv (TInnj: Oil Scenarios)

Baoikég vmoéoers Tov oevapiov eivar ot akdérhovleg:

1. Aev apéxertar va avaxaiveOei onpaviikd koltasua netpehaion oto péAlov.

2. H mapaywyn metperaiov and véa xowrdopata 8¢ umopei va avrikatactioer v
e€aviinon 1oV 1aAadTEPNOV KOITAOUGTOV.

3. O véeg texvohoyieg emtpémouv 1 Ypnyopotepn e£6pvEn netpedaiov ympic dpwg va
avEavouv £1o1 TN GUVOMKGE Tapaydpevn Toodmra.

4. Ta dnAopéva anoBépara merpehaiov eivar vaép — exmunuéve, Wwing om Méon
Avatol.

5. To pun — ovpPankd nerpéhoro kar or evalhaxtikéc myEg evépyewg, av kar 8 Oa
HTOPECOUVV VA AVTIKATAOTIOOVV AANPME T0 KEVO HETA TTV KOPOG®OT TG RAPEYDYS
ovpPatnikov netpelaiov, 6o pmopécovv TovAdcTOV VA TIPOOoPEPOVV €va. oTalEpPS
puBud mapo)ig evépyelas.

IToAdoi owovopordyor vrmoompilovv 6m orjuepa Ppoképacte otV KoThoTaAGY 7OV
nEPYPaOEL T0 petplonadéc oevapwo. AMwote, 1 moykOouw mapaywey netpelaiov Eupewve
cvykpitikd otadepf and 10 2009 oto 2010 evd n {ymon nrapovoiace peiwon. Tt Oa yiver dpowg
6tav 1 {ymom avEnBel mih, 6mog hoyikd Ba ovuPel; Oa pmopécer va aviaroxplel 1| pimog N

napaywyn netperaiov £xer 116M xopvPwOEL;
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Oil Peaking: To npéfinpa g kophoweng s neTpelaiiiis Litnong

4.10.4 Anarvor680E0 (Pessimistic Scenario)

Toppwva pue 10 anaolédofo oevaplo, N KOpHPWOY TG TETpEMaiKTS mapaywyng 0a cupfel

010 Gpueco péAov, e anotéheopo axdun ko yryaviioics npoonddeisg eE6pvENg véov neTpelaion

va. yUn HropEcovV va wkavorocouvv v avEavopevn {pmon. O vymAdtateg netpelaixés Tipég de

6a otpéyouv ™ {ftnom otig evallaxtikég anyég EvEpyelng apov ot véeg TEXvoLoYieg o Oa Exouv

KaTo@EPEL Va TS KaTacTHo0LV TPocttég 010 €vpb kowvd. H Paouk 6éom o10 ancici660éo oevipro

etvar 6T Ba vadpEer evepyewkd ydopa LAmmong xat wpoopopds, mov Ba Eekwrioer péoa oy

endpevn neviactia kat 8a Swpkéoer Y ta exdpeva 10 pe 20 ypévia, £wg dtov o1 evalhaktikég

myég evEpYEWS aTOTEAEGOVV OIKOVOUIKG Brdotpeg AVCEL,.

Pessimistic Scenario 200
¢ Peak oil is near and

aiternative energy
sources won't be able

{
[}
| - ‘
. o .
E ?" i to replace the losses
8 ! :
E ! ! Aftermnative Sources
.6 : ” MNydrogen Solw, Ethano!
) ! Oit Shabs. Od Sunds Wind
| Convertionat O1 :
Time — OliScenarios. info

Avirypappa 29: Zoppova pe T0 anaioibdolo oevipio ) rapayoni xerperaiov kar o evaldantikés myés evépyerag be Oa

KaropOdaovv enapkds va IKavenowjoovv Ti evepyeraxés aviykes g nayxéopag owovopiag (Tinyii: Ofl Scenarios)

Baowig vrodécelg Tov oevapiov eivat o1 ak6Aovdeg:

1.

2.

Aev mpéxeiTar va avaxaivpdoiv onpavnikd xotrdoparta netpelaiov.

H napaywyn véov netpedaiov de Ba kaldyer v avEavopuevn {mon.

Or véeg texvohoyieg Ba avEfjoovv 10 pubud mapaywyig netperaiov aldd o m
GUVOMKT Tapayduevn rocoHTNTA.

To dnhmpéva amobépata metperaiov eivar vrép — extunpéva, Wwing om Méon

Avatol).
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Oil Peaking: To npéfinua g kopdomeng Tig neTpeiainig bitnong

5. Ov evodhoxktkég mmyés evépyewag Oa  xpewotodv MOAD  ypdévo  péxpr  vo
AVTIKATAGTI|OOUV é_otm Kol HEPIKAG TNV RETPEAQTKT} TPOCPOPG, e AmOTEAEGUA T
nrayx6opio owkovopio va e16éA0gL o€ Swopxm xpiomn.

To peyodidtepo tpfpa ™mg Piflwypagpiag yia mv xopvpoon mg netpehoinie Limong
axolovfel 10 anaci6doEo cevépro. To evepyewakd 7npOPAnua 6o dnuiovpyrcel onuavtikég
TOMTIKEG TPOCTPIPES HETAED TOV TETPEAMONAPAYRYAV XOPAV ad TN put Kot TV eEQPTNUEVOV —
netpehaixd ywpdv amd v GAAnN. Ooeg xhpeg axorovbricovv emrvymuéva 10 Spdpo 1wV
gvalhaktikdv mnydv evépyewg 6o yvopicovv mpwtdyvepn owovopks] avamtuén. Kevipkd

Cmua oto anacidédoo oevapo etvar 6 n Kiva kar n Ivéia 8a vaostodv Tg peyahvrepeg

owovopikég kpioewg Adym g peyding eEdpmnonig Tovg and 1o meTpédano.

4.10.5 Ynép — anarcr680to (Head for the Hills Scenario)

Zoppwva pe 10 vaép — anool6dofo oevapro ov evallaktikég mMyég evépyewag de G
Kkatopb@oovv va avtikatooTioouv 10 evepyelakd EAdepa andé myv aviavépevn upeimon g
netpelaixtic mapayoyis. H maykéopo owovopio 61 pévo 6a amootabepomondei, aArdd Oa
avEnboiv onuaovakd or MOavOTNIEG TAYKOCUIOV TOAEUIKGOV ocupphéemv 1 Tov EAeyyo TV

EVONOUEWVAVTAOV anodepdtov netpedaiov ka1 puokov aepiov.

Head for the Hills 200 50 o is close ot hanat
e i ' Will result in the collapse
c Scenario . of economies ond notions
} Tosay which will limit the ability
H 10 respond with other
! energy sources
a ! : .
8 /ym Alternative Sources
l = Oprien §
|Cormentonat OFf ‘
Time — .. ____ Ouscenarios.info

Avdypappa 30: Zopgnva pe To vrép — armobdoto aevapo 1) ohyypovn xowvovia 8a arabel Spaparicd Adym ™ pn

Eyxaipyg npoeroypaciag axévavre ato evepyevaxd npépinpa (Tinni: Oil Scenarios)
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Oil Peaking: To #p6pinpa ¢ xopbewone e merpelainig Ljtnong

Baowég vmobéce; Tov oevapiov sivat ot ax6Aovdeg:

1. Aev apbkertar va avaxkoiv@dovv onpaviikd kottdopata tetpeiaiov.

2. H nopaywyn véov nerperaiov de Oa xarvyer myv avEavépevn Lijmon.

3. O véeg 1exvoroyieg Oa avEfoovv 10 pvOud mapayayic metpedaiov addd 6 ™
GUVOALKT] Tapayduevn TocoT)Ta.

4. To dnlopéva amoBépato metpelaiov efvar vmép — exmunpéva, Wiog om Méon
AvatoAn.

5. Ot evalhaxtikég mmyég evEpyelng € Ba aVTIKATACTIICOVV TNV TETPEAIKY TPOCPOPE,
ue amotéieopa 1 naykdouwx owovopia va e16éA0eL o€ drapkni xpiom.

6. Kd&be ydpa 0o npoonabel va avto — cvvmpeitar eEacparilovrag dom mepiocdTEpn
evépyewa pmopel Yo Tovg moAfteg TG,

Z10 oevaplo avtd, ot evallaxtikég mNyéG evépyewag de ypewdleran va Sopbhdoouvv T0
evepyewakd EAdeppa, ag kat kowvovikés ahlayés Ba eivar téoo dvopeveic nov de Ba yperdlovian
TALOV UEYAAEC TTOGOTNTEG EVEPYEWNS TPOKEMEVOV VO cuvIpeital pa aobntd amodvvapmpévn
nayk6cpw otkovopia. Zopeova e pua mo aotddoln exdoxm Tov oevapiov, ot evadlaxtikég myyés

evépyewg 6a Bondrcovv v maykéopia owovopia va ocvuvérBet ehappdg petd to 2050, Yotepa and

i ueydhn nepiodo kpiong.

KepdAaio 5: Zupmrepaopara kol wPOTACEIS

Kaipdg eivar ma va xaraldfovpe 6T n erox tov TLeT, 10V WBIOTIKOV CVTOKIVITOV, TOV
Kupanonxkdv, tavel ot éva Téhog, PE T Hope1] TovAdotov mwov mv Efpovpe. Kavéva kavoyio
(my, kGpBouvo, PuaIK6 aépro) dev umopel va avrikatacTioeL T0 RETPEAAIO OE GAEg TOV TG XPTOELS,

ak6un xat av vrobécovue 6m Ba mpordPatvav va yivouv ot anapaitmie peratpomég Kar va

LTOTOVV VEES EYKATAGTACEL.
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Oil Peaking: To npépinpa tn¢ xopd@uong tie merperaixiic LiTnons

Av oxeptovue v encpyépevn metpelaixyy kpion oe ocvvdvaoud pe 10 Quvopevo oL
Beppoxnmiov, T cuvéneieg tou_onoiou 101 Bubvoupe, 8o xatahdfovue 61t 0 duTikdg TOMTIGHOG
katoonatdinoe, puéca oec 100 pdhig yxpbévua, mNyég evépyewrg MOV XPEWGOTNKAV TEVIAKOCLA
EXQTORHVPW YPOVIO VO CYNUATIOTOVV, YWOPI va Aoyaplaoel T TaPEVEPYELEG Yo TO TEPIBAdov,
ov1e 10 pedhovnikd adtfoda. Znpepa, pévn mpaypatiky Adon eivalr n avompn TEPIOTOAR KaOe
evepyewaknig onatding, n taxeio eEGmioon Tov MOV HOPEAOV EVEPYEWS KAl T) GTPOQY] TPOG
Koveovikd poviéla apyng owkovoutkng HEYEBUVOTS Kat AEAOTICUEVTIS KaTAVAAWOTG.

[péxertar yia pia enciyovoa avayxadtnra, mov 6Ao ko TEPLOGOTEPES YDPES TNV AauPavouv
uréym. I' av1é @povrifovv Tig palikég ovykowwvieg Tovg, enexteivouvy Tovg modnratodpduovg,
Kataokevalovv Prokipanikd onina, otivovv alolMké wapka, avaxvkiAdvouvv, avEavovv Ttnv
EVEPYEWNKT anO000T], KATEVBUVOLV TIG OIKOVOIES TOVG TPOG TV TWOLOTIKY avarTvén pudilov mapd
TPOG TNV ROCOTIKT| HeYEBUVON.

O Swopanikoi enevdvtég yvopifovv 6T 1 owkoroyua evépyewn avapévetar va eEehydei oe pia
and nig mMéov emkepdeig emyeprioels Tov 217 arbva. Te maykéouo eminedo, 1 awolkn evépyein
Hévo, anodider ofjpepa whve and 2,3 dig SoAdpia kat o1 kopveaieg ETatpieg TG evepyEaKT|S AYOPas
éxouv N8N apyioet va enevdiouv oe avavedoueg tnyés evépyewns. H Shell extiud 6t 10 50% tov
EVEPYEWKAOV avaykdv Tov k6cuov upmopei £wg 10 2050 va kaldmretar amd TETOEG HOPQEG
evépyews,.

Z10 nopehdév, n povaduai dwpwvia oxetikd pe v avavedown evépyew ftov 10 k6oTOC:
ywti va Eodebovue otnv épevva xar v €EEMEN TOV AVOVEDGIUGV TNY@OV EvEpyEwg Otav Ta
opvxtd xavowa elvar @Onvétepa kol oe apBovia; Ov avrppnoel avtég Oumg exieimovv Stav
aviAneOovpue 10 Wpaypuanké kO0TOG TG XPNONG TWV OpLKTdOV Kavoipwv. ZOupeva pe 10
AuUEPIKEVIKG voTITOUTO MEAET@OV «AwBvég Kévipo e myv Amotiunon mg Texvoloyiog», 10
netpédato mov xootilel 1 doAdplo oto Bevivadiko, oy mpaypankoéTnta kootiler S ~ 15 dohdpua,
av Adfovpe vIOYN HaG KAl TO pT 0patd k6oTog, Mg 10 K6GTOG TG HOAVVETNG Tov afpa, G

8dlacoag xat g ENpag, kat Ty ToAD pikpt popoioyia mov emPBaiieTan onig neTperaikéG eTarpieg.
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Oil Peaking: To npéfinpa tns kopOewens TS neTpelaixijs Lijtnong

Eivar anapaimto va OgpehwBoiv nepiocdtepo dikaeg poporoyikég empPapivoes, mov Oa
avtapeiyouv g xabapodtepeg _ texvoloyieg xar Oa wBnoovv enevdvmikd kepdlowa 7TPOg TIG
avave®opueg Texvoroyies kal TG NmMOTepeg Mopeég evépyews. N mapdderypa, ot Meydin
Bpetavia £mg 10 2012, 10 10% ™ nAextpikiig evépyewag tov Oa mapdyouv o1 eTapieg evépyelag Oa
TPENEL va TPOEPYETAL amd avaveDOes myés. AAMG xat ot katavohwtés wdodviar TPOg TG
avavedoweg nnyég evépyewas. Ita AN g Oexaetiag Tov 1990, n anedevbépwon ™ ayopdg
evépyewg £dwae To dikaiopa otovg katavarntés g E.E. va emAéyouvv v etarpia mov Be. napéyer
nAekTpiké pevpa otmv owila tovg. IloAlof fitav avtoi mov otphonkav ot etalpisc pe TG
ueyahvtepeg meptParloviikés aviovyieg xal CTjpepa VAAPYOVV TWOAMEG €Taupieg mov mapéyovv
npdovo nAextpikd pedpa and avavedopes TyEg EVEPYEWG.

Méoa ota endpeva xpévia, o1 Tnyég avtég Ba avédvoviar el BGpog TV OPVKTAOV KALOiUmY
KO TN TUPNVIKTIG EVEPYELRG, EVD OF pakporpdBecpo opilovia, Ba pnopécouvv va aviiKatastioovV
T ovpuPanikés mnyéc mapoxhg 1oxvos. Av cvpPel avtd, éva elvar 1o npdfAnua mov Ba mpénel va
Eenepaotel: n Suvatdémra npdPreyng g CRmong. H evépyeia eivan ypoun pévo v givor omy
KaTaANAN Béom, pe TV xaTdAANAN LOPQPT Kar oToV KaTtdAAnho ypbévo. O evepyerakoi otaduoi
PUoKOV agpiov umopovv va Tileviar evidg 1 extdg Acitovpyiag avdloya pe TG arMTHOEL, 0AAd
avtd dev eivar dvvatd va yiver pe T avavedoipeg nnyég evépyewg, pag Kar 6 UROPOVUE va
eAéyEovpe TV 10%0 TOV aVEROVL, TV KVUATOV Kat TG TaAippowg.

H anrévtnon Bploxetar omv anobikevon mg nheovalovoag avavedoiung popeng evépyerag
Xa1 TNV EAEYXOHEVT] aneAEVBEPOT| TG, avdloya pE TG RALTIOE KaTavaiwong. Avtd uropel va
yiver edxoda pe v aviyoon g evepyewaxts otdbung 6tav n evépyew eivar deBovn, xar v
anehevfépwon g o€ ontypés évrovn {fmong. Ileprocdtepo nponyuéveg texvoroyieg mpoteivouv
pua kaAvtepn Avon: 1 mAeovalovoa avavedolur EvEpyewa, UE TN HOPOT| MAEKTPIKOD PELUATOG 1)
Ocpudémrag, pmopei va ypnowwonomOel na va draywpicer 10 vepd ota Bepehddn otoxeio Tov —
v8poy6vo xar ovybévo. Ta aépua avtd propovv va vyporonBovv, Na akéun peyardtepn evkoiia

anofNKEVoNG KAt HETAPOPAS, Kal 0T CUVEXEWR va EvBoUV Tl pécw g xuyEANG Kavaipov na
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mv nrapaywyr) niextpiaig evépyewas. Ot xuyéheg xavoipov éxouv anoddoel; mov EEmepvoliv 10
70% xat 10 pévo Toug katdhowto eivar to vepd. 'Han ypnowomotovviat yia v mapoxy kivnong ce
Aeogopeia xat avtokivijta kat and woAlovg Bewpodviar wg 1 andivtn myy w)dog Tov péAdovTog,.

Q¢ xatev@uvoelg pelloviuig EPEVvag puropovv va mPotafodv 1 CUYKPITIKY] OLKOVOMIKT)

aviivon tov anybv evépyawsg, 1 eEétaon g pedédov npdPieyng tov Hubbert, n dievpuvon tov
evallaxtkdv oevapiov e£EMENG 10V TPOPARATOG, T} HEAETH REPUITOOEMV YOPAV Ko ETApidV
6N Hetd ~ TETPEAKN EmOY).

Méoca and ta evallaxnxd oevapur eEéMEng xat avoypuetdmong Tov npofAnuatog yiveta
avilnet) 1 Gueon avaykn otaduaxig avrikatdotactg Tov aetpelaiov amd evarlaknkés anyég
evépyews. INa ™ xdpa pag 1 avayxn netpelaikig ancEdpmong eivar akdun peyarvrepn, kaddg o
Badpdg eEdpmong and 10 netpéhaio eivon TOAD peyadvtepog Evavn Tov HECOV EVpTAikod Gpov
(65% évavn 50%). IIpdraon g peAémg eivar 1o TG0 TOCOCTO AVTIKETAGTACTG TOV TETPEAAIOV
and evadhaxnikég nnyés evépyewag va elvar peyaddtepo oty EAANVIKY EPITTOON KAt VA QTAVEL 10
2% évavn 1.5% tov evponaikoV. Ewdwétepa or AITE punopovv va anoteAécouvv yia 10 xdpa Hag
ouykpiniké mAcovéxTnua kot aitia &)t pévo ovykpdnong Twv EAANViKGV xepaiaiov om ybpa

aAAd oA TEP160HTEPO TPOGEAKLOTG GueswV EEviv encvdOoEWV.
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Napaprnua 1: NUCLEAR ENERGY AND THE FOSSIL FUELS
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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 the areas 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, a voyager 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, for the 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 outicok 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, 2 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 chemical industry 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
production of marketed natural gas in Figure 6. The production of crude oil in Texas is shown in Figure 7,
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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.

R

Figure | -~ World production of coal.
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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.

The significance of this is that during the initial stages all of these rates of production tend to increase
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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.

(LOGARITHMIGC SCALE)
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Figure 9 ~ Coal production of the United States
plotted on semliogarithmic scale.
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Figure 10 ~ Crude-oll production in the United States
plotted on semliogarithaic scale.
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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 bya
thousandfold; in twenty by a millionfold. For example, if at a certain time the production rate were 100 million
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barrels of oil per year - the U.S. production in 1803 - 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 da 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: (1) For any production curve of a finite resource of fixed amount, two paints 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; namely, if there exists a single-valued function y =
f(x), then

X
/] yx=a, (1)
[+

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=dQdt, (2)

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

As ft Pt = It (aQ/at)at = Q , (3)
o o

where Q is the cumulative production up to the time t. Likewise, the ultimate production will he given by
[ ]
%x bl ! Ht , (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 for the 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 illinois
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 Illinois Basin was potentially oil bearing, which was later verified when a new cycle of
expioration 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
llinois 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 as has 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-percent loss 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
amount which has been consumed already. These estimates of ultimate potential reserves are, with two
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exceptions, those obtained by L. G. Weeks (1948, 19503, 1950b, 1952), of the Standard Qi 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 Middie 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 oil 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 production 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 somewhat low. 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 1, 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 crude-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 cumuiative 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
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
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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 QOil 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 obtainabie from shale.

Outside the United States oil shales are present ir 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:

2 x 10° metric tons/yr x100 yrs = 200 x10° metric tons. Hence, in this diagram every square of the coordinate
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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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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
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
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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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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.

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

NAME omyv Aypoynpeia xar Buokoyixég Kalaépyeres , Aérorog Evayyelog 118




Oil Peaking: To npéfinpa tne xopipwong ¢ neTperainis Litnong

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 are taken to be the 850 trillion cubic feet recently estimated by Pratt. In
this case the unit rectangle of the graph represents 100 trillion 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 are two 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 trillion 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 fossit 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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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 expect a culmination in the production of coa! 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 public.

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 other 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

BUCLEAR EXERGY SOURCES

m

FPisaionable Materisle Fertile Materiale

0=235 (0.7% of whole uranium)

0-238 (99.3% of vhole uranium) .
Pu~-239 (derived from U-238)

Th-232
0-233 (darived from ™-232)
Table 2
BXERGY RELEAGED BY YIBSIONTNG
OF URANTIN
Beat Beleased
Quantity of U-235 TRy Coal Bquivelent | 011 Bjuivalent
1 grem e.ﬁxm" 3 metric tons 13 darrels
1 powma 1,03 x 107 | 1400 metric tans | 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

- URANIIM EQUIVALEST OF
U.5. F08SI1~-FUEL RESERVES

valent valant
Foel Reserves 3'1:"” “:‘ému
{1 (xv=hr heat) | (metric tous)
Coal 9% % 107 ebort tons | 6.00 x 100 | 264,000
on 97.6 x 10° w1 0471 x 107 7,500
Ges 700 x 10'2 £¢3 0.203x10% | 9,000
gw} 1000 X 30° b1 1.760 x 101> 77,500
Total 841 x10% 358,000

Tadle &

U.5. ENERGY REQUIREMENTS FCR 19%6

Bquivalent

Toergy Energy

Bource Muounts (rebr Beat) | (AT o)
Coal 550 x 10° tons | 4.2k x 2042 187
Petrolewm | 2.9 x10° b | 5.0 x 30%° 026
Fatural Ges | 9.2 x 1022 £¢3 | 2,70 x 202 19

1.6 x 20" Pt a2

Veter Pover | 12 X0 PR | 0.t x 20 a
Total 12,5 x 102 3
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Table 5

" INVENTORY REQUIREMENTS OF URANIUM
¥OR VARIOUS POJER CAPACITIES

106 xilowvatts 600 metric tons

I:ctrtct:.:tmm 740 metric t

553%;:.01’“1-: 410,000 metric tons

800]- GENERATING 10,000
CAPACITY «
44 3
- "
T 400 ":o";"’” ~{e000 £
§ o INVENTORY e
J 3 300} He000 =z £
D= -
s 2o
z o bl
< > W
gtk 200 - 4000 € -
18 URANIUM 2l
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Flgure 27 - Annual requirements of vranium for plant Inventory
and for fuel during period of growth of generating coepaclty.

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
inventory will become zero. The relative requirements of uranium for inventory and for fuel of an expanding
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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.

Teble €

FUEL BEQUIVALEYIS OF URANIUM ORES

b - = - ___ ______— )

Type of m Fuel Equivalent per Netric Ton
Coloredo .
Plateau 3500 10,500 3,000
Qres
o | o300 9 to 900 30 to 3900
Elack
o) 10 to 200 30 to 300 130 to 1300
entte | 3BT } 17 % 20

PHOSPHORIA FORMATION
Q.003 10 0.03% V

{ URANIFEROUS
LIGNITE

— o —

OLORADO
LATEAU

038% U
CHATTANOOGA
DEV-=MISS SHALE
BLACKSHALES 0.001 1o 0.0) X VL

0.00t 10 0.0 § U

Flgure 28 ~ Map showing major uranium and
thorium deposlts of the United States.

SANDS)

The so-called "low-grade"” ores are the phosphate rocks and the black shales which have uranium contents

in the range of 70 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
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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
petroleumn per metric ton of granite.

What quantity of uranium in rocks of these various types may there be? An indication of the order 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 7400 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 sound 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
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
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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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Napdaprnua 2: International Energy Outlook 2005
international Energy Outlook 2005 _
Report #: DOE/EIA-0484(2005)

Reteased Date: July 2005
Next Release Date: July 2008

Table E1. World Oil Production Capacity by Region and Country, Reference Case, 1990-2025
(Million Barrels per D

roay)
| History (Estimates) Projections .
Region‘Coun 1990 2002 2010 2015 | 2020 2025

OPEC
Persian Gulf
Iran 3.2 37 4.0 43 47 5.0
fraq 22 20 35 42 53 6.6
Kuwalit 1.7 2.1 29 35 4.5 5.2
Qatar 0.5 0.8 0.6 0.7 08 08
Saudi Arabia 8.6 9.2 14.0 145 15.4 16.3
United Arab Emitates 25 29 3.3 36 4.5 54
Total Persian Gulf 18.7 20.7 28.3 308 35.2 39.3
Other OPEC
Algeria 1.3 1.6 2.0 2.1 24 28
indonesia 15 1.3 1.5 15 1.5 1.5
Libya 15 1.6 2.0 22 25 29
Nigeria 1.8 2.3 2.6 3.0 3.4 39
Venezuela 24 3.1 3.5 4.1 4.7 56
Total Other OPEC 85 9.9 11.6 129 145 16.7
Total OPEC 27.2 30.6 39.9 43.7 40.7 56.0
Non-OPEC
Mature Market Economies
United States 9.7 8.3 99 9.7 9.5 9.3
Canada 20 29 3.5 48 4.9 5.1
Mexico 3.0 3.6 4.3 46 47 49
North Sea 4.0 6.3 58 54 5.1 45
Australia and New Zealand 0.7 08 1.0 0.9 0.9 09
Other 0.7 0.6 0.7 0.7 0.7 0.7
Total Mature Market 20.1 237 25.2 26.1 25.8 254
Transitional Economies
Former Soviet Union 114 11.2 13.6 15.3 16.5 176
Eastern Europe 0.3 0.2 0.3 04 04 0.5
Total Transitional 11.7 114 139 15.7 16.9 18.1
Emerging Economies
China 28 3.0 3.7 36 36 3.5
Other Asia 1.7 24 2.7 28 29 28
Middie East 14 19 2.3 25 26 28
Alrica 2.1 3.1 4.0 5.1 5.8 6.8
Central and South America 24 3.9 4.8 50 6.4 6.9
Total Emerging 104 143 17.5 10.9 21.2 227
Total Non-OPEC 422 494 56.6 61.7 63.9 66.2
Total World 69.4 80.0 96.5 105.4 113.6 122.2

rganzat etroleum Exporting Countries.
Sources Htstory 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.S. Geological Survey, World Petroleum Assessment 2000 (Reston, VA,

July 2000).
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Table E2. World Oll Production Capacity by Region and Country, High Oll Price Case, 1990-2025
r Day)

(Miltion Barrels

History (Estimates) Projections
. Region/Country 1990 | __ 2002 | 2010 | 2015 2020 | 2025
OPEC
Persian Gulf
Iran 3.2 37 4.0 4.0 4.2 4.5
lraq 2.2 2.0 3.1 31 3.5 4.0
Kuwait 1.7 2.1 29 29 33 35
Qatar 05 0.8 0.6 0.6 07 0.8
Saudi Arabia 8.6 0.2 10.4 105 10.8 11.0
United Arab Emitates 25 29 34 34 a7 4.0
Total Persian Guif 18.7 20.7 24.4 245 26.2 27.8
Other OPEC
Algeria 13 1.6 1.8 18 20 2.2
Indonesia 1.5 1.3 14 1.4 1.4 14
Libya 1.5 1.6 1.8 1.8 20 2.2
Nigeria 1.8 23 2.4 24 27 2.8
Venezuela 24 3.1 3.2 32 3.5 3.9
Total Other OPEC 85 8.9 10.6 106 11.6 12.6
Total OPEC 27.2 30.6 35.0 35.1 37.8 404
Non-OPEC
Mature Market Economies
United States 0.7 0.3 10.2 105 10.9 11.0
Canada 2.0 29 4.0 54 59 64
Mexico 3.0 3.6 4.5 49 5.1 5.3
North Sea 4.0 6.3 6.2 5.8 5.4 4.9
Austrafia and New Zealand 0.7 08 1.0 1.0 1.0 0.8
Other 0.7 08 0.7 07 07 0.7
Total Mature Market 20.1 237 26.6 283 20.0 20.2
Transitional Economies
Former Soviet Union 114 11.2 14.1 166 17.8 19.6
Eastern Europe 0.3 0.2 0.4 04 0.4 0.5
Total Transitional 11.7 114 14.5 17.0 182 20.1
Emerging Economies
China 28 3.0 3.7 3.7 3.8 37
Other Asia 1.7 24 29 3.1 3.0 3.0
Middie East 14 1.9 2.4 26 28 3.0
Africa 2.1 3.1 44 57 6.7 8.1
Central and South America 24 3.9 5.2 6.4 7.2 8.0
Total Emerging 104 14.3 18.5 215 235 25.8
Total Non-OPEC 42.2 404 50.6 66.7 707 75.1
Total World 80.0 94.6 101.8 108.5 115.5

Note: OPEC = Organization of Fet:oleum Eponlng Countries.

Sources: History: Energy information Administration (EIA), Energy Markets and Contingency

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

(Reston, VA, July 2000).
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Table E3. World Oll Production Capacity by Region and Country, Low Oll Price Case, 1980-2025

(Million Barrels per Day)
History (Estimates) Projections
I Reglon‘Country 1990 | 2002 _ 2090 | 2015 2020 | 2025
OPEC
Persian Gulf
ran 3.2 37 4.8 56 6.2 6.9
Iraq 2.2 20 4.0 57 741 B.6
Kuwait 1.7 2.1 3.6 45 54 6.2
Qatar 0.5 0.8 08 0.8 0.8 0.9
Saudi Arabla 8.6 0.2 15.6 165 18.1 20.4
United Arab Emitates 25 29 4.0 4.8 6.0 7.0
Total Persian Gulf 18.7 207 328 379 436 50.0
Other OPEC
Algeria 13 16 2.2 26 3.1 37
Indonesia 15 1.3 15 15 1.5 15
Libya 1.5 1.6 22 26 33 3.9
Nigeria 1.8 23 3.3 43 55 6.4
Venezuela 24 3.1 4.6 54 6.4 7.3
Total Other OPEC 85 99 138 16.4 19.8 228
Total OPEC 27.2 30.6 46.6 54.3 63.4 72.8
Non-OPEC
Mature Market Economies
United States 9.7 9.3 9.5 9.1 89 84
Canada 2.0 29 34 43 44 4.4
Mexico 3.0 3.6 42 45 4.5 47
North Sea 4.0 6.3 57 52 4.8 4.3
Australia and New Zealand 0.7 0.8 09 0.8 0.9 0.8
Other 0.7 0.8 0.7 0.7 0.7 0.7
Total Mature Market 20.1 23.7 244 24.7 24.2 23.3
Transitional Economies
Former Soviet Union 114 11.2 13.1 14.9 16.8 16.9
Eastern Europe 0.3 0.2 0.3 04 0.4 0.4
Total Transitional 11.7 114 134 153 16.2 17.3
Emerging Economies
China 28 3.0 3.6 34 34 3.3
Other Asia 1.7 24 26 27 26 26
Middie East 14 1.9 2.2 24 25 27
Africa 21 a1 4.0 49 55 6.7
Central and South America 24 39 48 56 6.1 6.5
Total Emerging 104 14.3 17.2 18.0 20.1 21.8
Total Non-OPEC 42.2 494 55.0 59.0 60.5 624
Total World 69.4 80.0 101.6 113.3 123.9 135.2
: = Organizat troleumn Exporting Countries.

Sources: History: Energy Information Administration (ELA), 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.S. Geological Survey, World Petroleum Assessment 2000

(Reston, VA, July 2000).
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Table E4. World Oll Production by Reglon and Country, Reference Case, 1900-2025

(Miltion Barrels per Day)

History (Estimates Projections
Reglon/Country 1990 | 2002 | 2010 | 2015 | 2020 2025
Conventional Production 66.7 76.6 815 98 105.2 113.2
OPEC 24.6 28.3 37.0 40.0 455 51.4
Asia 15 1.4 1.6 1.5 1.5 1.5
Middie East 16.3 19.0 25.8 279 32.1 36.7
North Africa 27 3.0 3.6 39 4.4 4.6
Waest Africa 1.8 20 25 27 3.1 3.6
South America 23 29 35 4,0 4.4 5.0
Non-OPEC 421 483 54.5 58.0 59.7 61.8
Mature Market Economies 20.1 229 235 23.0 22.4 21.8
United States 9.7 9.3 0.9 0.7 9.5 9.3
Canada 2.0 21 1.8 1.7 1.6 1.6
Mexico 3.0 36 4.3 4.6 4.7 4.9
Western Eutope 46 6.9 6.4 6.0 5.6 5.0
Japan 0.1 0.2 0.1 0.1 0.1 0.1
Australia and New Zealand 0.7 0.8 1.0 0.9 09 0.9
Transitional Economies 11.6 11.4 13.9 167 16.8 18.0
Former Soviet Union 113 11.2 13.6 15.3 16.4 175
Russia 11.3 2.6 10.3 10.8 111 113
Caspian and Other FSU 0.0 1.6 33 4.5 5.3 6.2
Eastern Europe 03 0.2 0.3 04 04 0.5
Emerging Economies 104 14.0 171 10.3 20.5 220
China 2.8 3.0 3.7 36 36 3.5
Other Asia 17 24 2.7 28 28 27
Middle East 1.4 1.9 23 25 26 28
Africa 2.1 29 38 4.9 55 6.5
Central and South America 24 3.8 4.6 55 6.0 6.5
Nonconventional Production 0.0 1.5 2.8 4.9 55 57
United States 0.0 0.0 0.0 0.0 0.0 0.0
Other North Ametica 0.0 0.8 1.7 3.1 33 35
Waestern Europe 0.0 0.0 0.0 0.0 0.1 0.1
Asla 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 0.2 0.2 0.3 0.3
Central and South America 0.0 0.5 0.8 1.4 1.5 1.5
Liquids Production 66.7 78.1 94.3 102.9 110.7 1189
OPEC 246 287 37.7 41.3 46.8 52.7
Non-OPEC 421 494 56.6 61.7 63.9 66.2
Persian Gulf Production as a
Percentage of World
Consumption 245% 243% 275% 21.3% 202%  310%

Notes: OPEC = Organization of Petroleum Exporting Countries. Corventional production includes
crude oll (including lease condensates), natural gas liquids, other hydrogen hydrocarbons for refinery
feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
Nonconventional liquids include production from ol sands, ultra-heavy oils, gas to liquids
technologies, coal to liquids technologies, biofuel technologies, and shale oll. Totals may not equal
sum of components due to Independent rounding.

Sources: History: Energy information Administration (E1A), 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.S. Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).
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Table E5. World Ol Production by Region and Country, High Ol Price Case, 1990-2025
(Million Barrels per Day)

History (Estimates) Projections
Reglon/Country 1990 | 2002 2010 | 2015 ] 2020 | 2025

Conventional Production 66.7 76.6 885 92.6 97.3 1024
OPEC 245 30.2 32.0 31.2 33.1 35.0
Asla 1.5 1.4 1.3 1.2 1. 1.0
Middle East 16.2 20.9 223 218 23.3 25.1
North Africa 27 3.0 3.1 3.0 3.2 3.1
West Africa 18 20 2.2 2.1 2.3 24
South America 2.3 2.9 3.1 3.1 3.2 34
Non-OPEC 422 464 565 614 64.2 674
Mature Market Economies 20.1 229 24.3 24.1 239 23.2
United States 9.7 93 10.1 10.1 10.1 9.8
Canada 2.0 2.1 1.9 1.7 1.7 1.7
Mexico 3.0 3.6 45 40 5.1 5.3
Westemn Europe 4.6 6.9 6.7 6.3 59 54
Japan 0.1 0.2 0.1 0.1 0.1 0.1
Australia and New Zealand 07 0.8 1.0 1.0 1.0 0.9
Transitional Economies 117 9.5 144 16.0 18.1 20.0
Former Soviet Union 114 9.3 14.0 16.5 17.7 195
Russia 114 7.7 10.7 11.6 12.0 125
Caspian and Other FSU 0.0 1.6 33 49 5.7 7.0
Eastern Europe 0.3 0.2 0.4 0.4 0.4 0.5
Emerging Economies 104 14.0 17.8 204 2.2 24,2
China 2.8 3.0 37 3.7 3.8 37
Other Asia 1.7 24 2.8 3.0 29 29
Middle East 14 1.9 24 26 28 3.0
Africa 21 29 4.1 52 6.1 7.4
Central and South America 24 38 4.8 59 6.6 7.2
Nonconventional Production 0.0 1.5 4.3 7.1 88 10.5
United States 0.0 0.0 0.1 04 0.8 1.2
Other North America 0.0 0.8 2.1 37 4.2 47
Western Europe 0.0 0.0 0.1 0.1 0.1 0.1
Asla 0.0 0.0 0.1 0.1 0.2 0.2
Middie East 0.0 0.0 0.2 0.3 0.4 0.6
Africa 0.0 0.2 0.3 0.5 0.6 0.7
Central and South America 0.0 0.5 1.4 20 25 3.0
Liquids Production 66.7 78.1 2.8 90.7 106.1 1129
OPEC 245 30.6 333 33.0 354 37.9
Non-OPEC 422 47.5 50.6 66.7 70.7 75.1
Persian Gulf Production as a
Percentage of World
Consumption 24.4% 26.7% 227% 20.1% 19.7% 18.4%

Notes: OPEC = Organization of Petroleum Exporting Countries. Corwentional production includes
crude ol (including lease condensates), natural gas liquids, other hydrogen hydrocarbons for refinery
feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
Nonconventional liquids include production from oll sands, ultra-heavy oils, gas to 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 (ELA), Energy Markets and Contingency
information Division. Projections: EIA, System for the Analysis of Global Energy Matkets (2005); and
U.S. Department of the Interior, U.S. Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).
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Table E6. World Oil Production by Region and Country, Low Oll Price Case, 1990 2025
{Miltion Barrels per Day)

History (Estimates Proje ctions
Reglon/Country 1990 2002 2010 | 2015 | 2020 | 2025

Conventional Production 66.7 76.6 96.4 106.1 1159 126.6
OPEC 245 28.3 43.4 50.3 58.7 67.6
Asia 15 1.4 1.8 1.9 19 2.0
Middle East 16.2 19.0 30.3 35.1 414 48.4
North Africa 27 3.0 4.3 49 5.7 6.0
Waest Africa 1.8 20 2.9 34 4.0 47
South America 23 29 41 5.0 57 6.5
Non-OPEC 422 48.3 53.0 558 §7.2 59.0
Mature Market Economies 20.1 229 228 22.0 21.4 20.4
United States 9.7 9.3 9.5 9.1 89 8.4
Canada 20 2.1 1.8 1.6 1.6 1.5
Mexico 3.0 3.6 4.2 4.5 45 47
Waestern Europe 46 69 6.3 58 54 49
Japan 0.1 0.2 0.1 0.1 0.1 0.1
Australia and New Zealand 0.7 0.8 0.9 0.9 0.0 0.8
Transitional Economies 1.7 11.4 134 153 16.2 17.3
Former Soviet Union 114 11.2 13.1 14.9 15.8 16.9
Russia 114 96 10.0 10.5 10.6 109
Caspian and Other FSU 0.0 1.6 3.1 44 5.2 6.0
Eastern Europe 03 0.2 0.3 04 04 04
Emerging Economies 104 14.0 16.8 18.5 19.6 213
China 28 3.0 3.6 34 34 3.3
Other Asia 1.7 2.4 2.6 27 2.6 26
Middie East 14 1.9 2.2 24 2.5 27
Africa 2.1 29 3.8 47 5.3 6.5
Central and South America 24 3.8 4.6 583 58 6.2
Nonconwventional 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 North America 0.0 0.8 1.6 27 28 29
Waestern 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
Middie East 0.0 0.0 0.0 0.0 0.0 0.0
Africa 0.0 0.2 0.2 0.2 0.2 0.2
Central and South America 0.0 0.5 0.8 1.1 1.3 1.2
Liquids Production 66.7 78.1 99.0 110.1 120.2 130.9
OPEC 245 287 44.0 51.1 59.7 68.5
Non-OPEC 422 49.4 55.0 58.0 60.5 624
Persian Gulf Production as a
Percentage of World
Consumption _24.4% 24.3% 30.6% 31.9% 34.5% 37.0%

Notes: OPEC = Organization of Petroleum Exporting Countries. Corventional production includes
crude oll (including lease condensates), natural gas liquids, other hydrogen hydrocarbons for refinery
feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources.
Nonconventional liquids include production from oll sands, ultra-heavy oils, gas to liquids
technologies, coal to liquids technologies, biofuel technologies, and shale oll. Totals may not equal
sum of components due to independent rounding.

Sources. History: Energy information Administration (EIA), Energy Markets and Contingency
Iinformation Division. Projections: E(A, System for the Analysis of Global Energy Markets (2005); and
U.S. Department of the interior, U.S. Geological Survey, World Petroleum Assessment 2000 (Reston,
VA, July 2000).

IAMEX omyv Aypoxnpeia xar Brodoyikés Kaddiépyeieg , Aérowog Evayyelog

134



