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XXEAIAXMOZX XTON TOMEA TOY HAEKTPIXMOY I'ATO
AYTONOMO XYXTHMA THX NHX0Y KPHTHX

E@appoyn oxedilov avantving twv Avavewowuwv Inywv Evépyelag
(AIIE) kot TNG €EOLKOVOUNOTG EVEPYELXG OTO VNOL HE TUPAAANAT

r ’ 14 U
avaAvon) Tou TEPPAAAOVTIKOU 0QEAOVG IOV TPOKUTTEL

Ewcaywyn

H KpAtn, wg €éva amd tao HEYAAUTEPO KOl TILO OVETTUYHEVA TOUPLOTIKA vNOold TNG
Meooyeiou, Buwvel katd tn Sldpkela tng teAeutaiag dekaetiag €vtovn avénon Tou
puBUOL avamTuEnG o€ OAOUC TOUC TOUELG, TTOU KATA CUYKEKPLUEVA £TN EXEL EEMEPATEL TO
Suthdolo tou EBvikoU péoou opou.

Toutoxpova, €MISELKVUOVTAC MLOL OO TIG XOUNAOTEPEG KATATALELG OTOV Kpiolpo Selktn
«EVEPYELO ava povada akabaplotou TPoioviog» HeTatl Twv MNepidepewwv tng EE, n
Kpntn avitlpetwrilel onUAvIIKA evepyelakd TpoPAnuata, ouvodeudpeva amo

TEPLBOANOVTLKEG «TILECELG» OTO £VALOONTO KAl LOVASIKO OLKOGUOTNUA TNG.

O mAnBuouog Tou vnoloL Eemepvael toug 600.000 katoikoug, e puBUO avénong amod

Ewoéva 1: Evaépra aron tng KpAtng
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TOUG peyalutepoug maveAAadika, evw umepSutAaolaletal KAt Toug Beplvolg UNRVEG
SLoYKWVOVTAG TIG OMALTHOELS O NAEKTPLKN evEpyela. Afilel va onuelwBel OTL To puoLKO
nieptBaAlov tou Nnolou, o Kupiwg MOAog EAENG TwWV TOUPLOTWV KoL tapaBeplotwy, ivat
0 TIPWTOC TIOU ATEWAEITAL UE TNV AAOYLOTN XPON TWV CUUPBATIKWY TINYWV EVEPYELAC YLA

NV KAAUYPN Twv 0AoEVa AUEAVOUEVWV NAEKTPLKWY KoL AOLTIWV EVEPYELOKWY OVAYKWV.

O «IxeblaOUOGC OTOV TOPEN TOU NAEKTPLOMOU yla TO QUTOVOUO CUCTNUA TNG VAOOU
Kpntng» amoteAel pia oAoKANPWHEVN KAl UTIEPAVOAUTIKN TIPOCEYYLON OTO EVEPYELAKO
MPOPANua ¢ Kpntng, kobwg kot oto Suvapko €€0LKOVOUNONG EVEPYELOC Kall
EKUETAAAEUONG TWV AVAVEWOLUWVY TINYWV, HE TEALKO OTOXO TNV SnULOUPYLA TIPOOTITIKWVY

Blwolung Kot agldpOpoU TEPETALPW OLKOVOULKN G AVATITUENG yLa To vNnol.

Ke@adaio 1° - Amotipnon Owkovoukng kot Evepyslaki¢ TPooTTIkiC yla TO
vnoi e Kpfing

To mpwto kedpdAalo amoteAel ouvomtiky Tmeplypadn ™G KpAtng pe aplbuoug.
JUYKEVTPWVOVTAL OTATIOTIKA oTtolxeia avadopikd pe Ta Kuplwg peyédn ta omoia Ba
AdBouv HEPOC OTOV EVEPYELAKO OXESLAOUO, EVW €ETATLETOL N CUOXETLON TNG OLKOVOULKAG
avantuéng (pubuog avénong mpoiovto¢ ava Topéa) PE TNV avtiotown avénon oe

EVEPYELAKEC QTIALTHOELC.

Mapatnpeital n €kOETIK AUENON TWV NAEKTPIKWY AVAYKWY TwV SEKA TEAEUTALWV ETWV
HE ylyavtiaioug puBuoug mou EemepvoUv Katd mepimtwon 1o 5% etnoiwg evw
edappoletal pebodoloyia «Aoylotikng mpoPAedne» tng avénong tng pHéong Atnong
KaOwg TOOO N YPAUMLKA, 000 Kal n €KOetik TpoPoAr) amodépel pUn PEAALOTIKA

QmoTeEAECOTOL.

Tautoxpova, ol mMpoPAEPel; ylia TO HEANOV, AKOHUO KOl UE TOUC OUYKPATNMEVOUG
puBUOUG alfénong TwV OVOYKWV O OXEon HE Toug onupeplvolg (peBodoloyia

«Aoylotikic» mpoPAedng) eival SucOLWVEC yLa TNV LOOPPOTILO TOU OLKOCUOTHHATOG KOl
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™V molotnTa {wng TWV KATOIKWV KAl EMIOKEMTWY TOU vNoloU. 2TO MAPAKATW ypddnua
napouctaletal n avapevouevn e€EALEN TNG INTNoNG amd MAEUPAC EVEPYELAG Kal dopTiou

KopudNn¢ yla kABe £toc.
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padnua 1: NpdBAeYn IAtnong £€wg to £tog 2030
Ev ouvexeia, tiBevtal cuvonmtikd ol otoxol TNG HEAETNG, oL omoiol cuvoilovtal oToug

KATwoL

e EKTiHNON TWV €L LEPOUG LEAAOVTIKWV EVEPYELOKWY avayKwv pe pebodoloyia n
omola QVTATOKPIVETAL EMITUXWG OTO EVEPYELOKO KATECTNUEVO EVOG TAXEWG
OVOTTTUGOOUEVOU, AUTOVOUOU (Un-6lacuvdedepévou) vnolol onwc n Kpnitn

e E&ftoon Twv SuvatoTATWV TWV TPOOHEPOUEVWY EPYOAELWV EVEPYELAKOU
oxXeSLoopoU Kot EMAOYH TWV KOTAAANAOTEPWV YLA TNV ETUTEVEN TWV OTOXWV TNG
napovaoag StatpBng

e AvAAuOn TWV UTAPXOUOWV TEXVOAOYLWV nAekTpomapaywyns (cupPatikég
povadec AEH, aloAka mapka K.o.) KoL Tou SIKTUOU PETAPOPAC KoL SLOVOUNG
NAEKTPLKAG EVEPYELAG, KABWG KOL TNG TIPOOTTIKAG AVANTUENG AUTWY TOL EMOUEVA

xpovia
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AvAAuon TwV UTTAPXOUCWYV KAl TWV EMEPXOUEVWV TEXVOAOYLWV £EOLKOVOUNONG

EVEPYELAG LEOW TIpOYPAUMATOC «Slaxelplong nTnong»

Awamiotwon, HéOw TNG avamtuéng oevaplwv Slaxeiplong IAtnong Tou

oXeSLAOTIKOU HOVTEAOU, TNG QNMOTEAECUATIKOTNTOC TWV ETUAEYOUEVWY AUCEWV

OTNV CUUTTILEST TWV NAEKTPLKWY OVAYKWV

AvaAuTikn tapouaciacn, povtelonoinon kat availuon KUKAou {wr¢ Tou cUVOAou

TWV £PAPUOCILWY AVOVEWOLUWY TEXVOAOYLWV Kal afloAOynon Twv eNEVOUTIKWY

KLV TPWV TIOU TIPOKUTITOUV aTtd To umapyxov Beopikd mAaiolo
EAaxlotomoinon Twv ekmopnwyv Tou Beppoknmiou, pe e€olkovouncon otn Xpnon
OPUKTWV KOUGIHWY, N omola MPOKUTITEL amo TN PLWOLUN Kal TEXVIKA £PIKTA

EVOWUATWON EVOANAKTIKWY HOPPWV OTIWE OL AVAVEWGLUEG KoL TO GUCLKO AEPLO

E€aywyr QmoTeEAEOUATWY EVEPYELAKNG AVAAUONG Kal afLOAOYnon OUTHG HE

TEPLBOANOVTLKA KO XPNUATOOLKOVOLKA KpLTrpLa
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Ke@alaio 2° - [lapovoiaon SLaBEcILU®wV EQAPLOY®V EVEPYELAKOV CXESLAGILOU

1o Seltepo kepahalo efetalovral Ta SUVNTIKA EPYaAEla — TAKETA £PapUOywWV T
omola kupiwg otoxo €xouv tn Sladopomoinon NG MPOCEYYLONG TOU €PEUVNTH OTO

{NTNUa Tou evepyELOKOU OXESLAOUOU.
OL SL0B€0oL «TUTIOL LOVTEAWYV TIPOCEYYLONG KOTNYOPLOTIOLOUVTAL 0TOUG ENG:

e Movtéla BeAtiotomoinong, ta omola emAéyouv TNV BEATLOTN OLKOVOUIKA Kol
evepyelaka Stabéoun Avon Baollopeva o emleypévoug epLBaAAovVTIKOUG Kal
OLKOVOULKOUG TIEPLOPLOUOUG

e Movtéla Tmpooopoiwong, Ta omoila amaltouv avoAUTIK Tieplypadr) Tou
OUOTNUATOG, ETMILOTPEPOVTAC (00U AVAAUTLKA ATOTEAECU AT

e AoyloTikA TAQIOLO, Ta Omoiot OmOTEAOUV MO €UEALKTN KOl TIPOCOPHOGCLUN
TIPOCEYYLON OTOV EVEPYELOKO OXESLAOUO, XPNOLUOTIOLWVTAG AOYIKEG CUCXETIOELS

HETAEL ETUAEYOUEVWV QTIO TOV XPOTN MOPAUETPOTIOL|OLUWY TIAPUUETPWV

To WWpopdpo Kal NUILOVOTIWALAKO €AANVIKO cUOTNUA TOPAYWYAG Kol SLavopng
EVEPYELAG KAOLOTA KATAAANAOTEPA A0 TA TMAPOTAVW TA «AOYLOTIKA TAAio», KaBwg
UMopoUV VA TIPOCOPUOCTOUV OTO UMApXov Beouikd mAaiolo ayopdg Kal mwAnong
NAEKTPLOMOU, KaBwg kal otnv €AAewdn avalutikwyv otolxelwyv, OIKA 0TOV TOPEA TNG

KATAVAAWONG NAEKTPLKN G EVEPYELAC.

H edapuoyn LEAP (Long range Energy Alternatives Planning system) amoteAel Wbaviko
HOVTEAO auUTOU TOU TUTIOU, TIOU XPNOLLOTIOLE(TAL TIAYKOOWUIWG O OVTIOTOLXEC
TIEPLTTWOELG TIOAUTIAOKWYV QUTOVOUWYV CUCTNUATWY OTWE auTo tnG Kpntng. Tautdxpova,
XPnolpomoleital kat To MaKETo Aoyloptkol RETscreen International ywa tnv avaiuon

KUKAoU {wnG Twv empépous edbappoywyv AME.
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Ke@alawo 3° - Atayeipion ()tnonc kat Suvapiko £otkovounong

To tpito kedpdalalo adopd tov Topéa tnG Slaxeiplong INTNONG NAEKTPLKAG EVEPYELAC
(demand side management). Xpnoliomolouvtal — OTATIOTIKA — OTolelo  ToU
ovakolwvwvovtal etnoiwg amd tn Anuoola Emxeipnon HAektplopou A.E. (AEH) oe
ouvlUOONO HE auTd tng EOBVIKAG Itatlotikng Ymnpeolag, amd ta omoio TMPOKUTTEL N

Katavopn tng {Ntnong ava Nopo Kot Topéa §pactnpLotnTag.

gy, 2%

M Domestic use

W Commercial
Use
M Industrial Use

9%

W Agricultural
Use

39%

padnua 2: ZTATLOTIKA Kotovopr {ATnong EVEPYELAG OVA TOLEX SpaoTnpLotnTog
H Swaxeiplon INTnong otoxo €xel tnv kaAvtepn Suvatov Sloxeiplon twv Slabéoipuwy
MOpWV HEOW a) eKPeTAAAeuong Tou Slabéoiuou duvaplkol €g€olkovounong Tmou
TPOKUTITEL amo BiBAloypadikr) avaokomnon Kol TEKUNPLwHUEVN avaluon kat B) pHeiwon

Tou cuvteAeotn poptiov péow BeATioTomoinong TG KAtavoung tng {Rtnong.

MNa va yivel plot PeaALlOTIK QATMOTIUNON TOU EVEPYELOKOU (KOl KATA OUVETELN
nieptBaAlovtikol) opEloug amo tn dlaxeiplon {ntnong, dnuioupyouvtal dVo oevapla
6paong (ueptknc kou ekTeTauévne Sloxeiplong), ta omola avrtutapatiBevtal pe tnv

€€ENLEN TNC mapovoac katdaotaong epocov Sev AndOouv peTpa.

Katd to oxnUaTIopd autwv Twv oevopiwv mpayuatonoleital evoeAexng avaluon tou
npodiA INTnong ywo kabévav amd tou¢ Pactkolg Topeic dpaotnplotntag (oKLaKOC,
ETAYYEALATIKOC, BLOUNXAVIKOG, QyPOTIKOG, SNUOOCLOC) O EMLUEPOUC KATNYOPLEG XprioNngG.

Ekel, afloloyeital n mapovoa Katdotacn, avaAvstal n Swabéowun texvoloyia Kat
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Tipoteivovtal VEEG TIOALTIKEC I} edapUoyn UTIAPXOUOWV, TIPOKELEVOU va afloTtolnBel To

SUVOULKO e€oLkOvVOUNONG.

Enil mapadelypati, oToV TOUEQ TWV OWKLOKWY KOTOVOAWTWY, UTIOAoyilovTal oL ETACLEC
QVAYKEC TOU CUVOAOU TWV VOLKOKUPLWYV, LE TNV UTIOBE0N WG 0 aplOOG TOUG MOPAEVEL
otaBepog, yla AOYouG OUYKPLOWOTNTAG. 2to Oefl Slaypappa mapouclaletal n
UTtOAOYL{OMEVN ETAOLA KATAVAAWGCN TOU OLKLOKOU TOUEQ, XWPLOUEVN KAl ava Katnyopla
Xpnong, onwg eéeliooetal oupdwWvVA PE TOUG ONUEPLVOUC alEnong SpaoctnpLotnTag Kot
nootntag {wng, Kabwe Kol €EOLKOVOUNONG EVEPYELOC. ITO QPLOTEPO SlAypappol
avtutapatiBetal n umoloyllopevn €TAOLO KATOVAAWGON, TAvia ylo otabepd pubuod

VOLKOKUPLWY, EPOCOV EPOPUOOTOUV OL TIPAKTLKEG EKTETAUEVNC Slaxeiplong rtnonc.
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rpadnua 3: Ta anoteAéopata tou LEAP yia th Staxeipion {tnong ota VOLKOKUPLA
Onwg yilvetal avtlAnmto, ol tpéxovieg pubpotl e€owkovounong 6ev duvavtal va
kaAUYouv TNV avénon TwWV AMAITACEWV - OVECEWV TWV OAOEva KAl TILO
avafabuiopévwy volkokuplwy (6e€l ypadnua). AvtiBeta, epocov edapuootel to
poypappo e€olkovopnong (aplotepo ypadnua), oxL HOvVo Looppomeital n avénon
SpaotnpldTNTAg avA VOLKOKUPLO, OAAG TIPAKTIKA TpowBOeital ouoLlaoTiky €€0lkovounon

miou Eemepva To 30% katad To £10o¢ 2030 o€ oxEon He To £T0¢ avadopac (2005).
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Ta guputepa amoteAéopata TNG MPooopoiwong €€0KOVOUNONG Elval AMOyoNTEUTIKA
yla Tnv mapoloa KOTAoTAcon (TEPAOCTIO QVEKUETAAAEUTO OSUVAMLKO) OAAQ TIOAU
evBappuVTIKA yla To HEANOV (LEYAAN TPOOTTIKN HElWONG KATAVAAWONG HE QA Kal
edapuooLlua HETPA). ZUYKEKPLUEVA, MEXPL TO €10 2030, MLA EVIATLKA TIPOKTLKN
Slaxeiplong umopel va €€OLKOVOUNOEL PEXPL KOL 8,5 XPOVIA EVEPYELAKWY OVAYKWV

oUUPWVA PIE TIG AUTEG TOU £TOouC avadopag (2005).

7.000

6.000

5.000

4,000

Total demand (GWHh)

2005 2010 2015 2020 2025 2030
Year

Fpadnua 4: OAkn e§otkovopunon {Atnong ya to cuotnpua tou Nnowou, yia Kabe cevdapLo
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Ke@adaro 4° - AVAAUGT) TOV GUGTIHATOC TIAPAYWYT)G KAL LETAPOPHC TOV

V116100

21O TETAPTO KEDAAALO TIPAYHOTOTOLETAL KaTaypadr TWV UTIAPXOUCWV TIAPAYWYLKWV
HovASwv Tou vnoloUu. OL cUUPATLKEG LOVASEG, TWV OMOLWV KUPLOG Kl SLOXELPLOTAG Elval
n AEH, amotelovvtal and povadeg Baong (atpuootpoBAkég, vtilel katl cuvduaouévou
KUKAoU), uecaiou doptiou (vtileh, ouvduaopévou KUKAOU) Kot ¢opTiou aLXUng
(aeplootpoPfilol). Zuykekpluéva, avaAUETAL N CUMUETOXN TNG KABe povadag otn
Sladlkacio nAektpomapaywyng, o TPOMOG Aswtoupylag TOU OUOTAMATOC (XPOVIKA
akoAouBila gUmMAOKAG O0TO CUOTNUA), TO XPNOLUOTIOLOUUEVO HELYUO KOUGIHWY Kal oL
OVTLOTOLYOUOEC EKTIOUTEG, EVW UTIOAOYIZETOL KOL TO OVNYUEVO KOOTOC AELTOUpylag Twv

BaolkoteEpwY Hovadwy.

Ewkova 2: BaOLKEG MOPAYWYLKEG LOVASEG Ko Siktuo petadopdg Tou vnolol

AkoAoUBw¢, mpaypatonoleital amotipunon

NG CUMMETOXNG Twv AME otov evepyelakd 120 yd
Py W Licenced, not Installed

xaptn NG KpAtng.  lMapatnpettat N 100 A Capacity

g M Installed Capacity
HOVOSLAOTOTN  CUUMETOX TwV QUOAKWwV 5 80 1

Z 60
TAPKWY, KOL O UTIEPKOPECHUOG Tou Nopou 3 0

8 J
NaoBiou, evw e€nyeitat kat o Adyoc ENAeldng 20 4 .
epapuoywv eKPETANAEUONG TWV UTOAOIMWV 0 : : : :

Lassithi Herakleion Chania Rethymnon
OVOVEWOLUWY HoPPWV.
fpadnua 5: Katavoun atoAikwv ota®pwv ava Nopo
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To mapakdtw Sldypoppa mapouctalest 600 -

TNV KAUmUAnN $optiou TOU CUCTAUATOG
’ y y 500 A

TOU vnowu. H oglpd €UmAOKAC Twv
System load curve
pHovadwyv Eekvael amo ta xapnAa (8.760
400 -

WPEG - povadeg PBaong), KOAUTTEL TNV zzmai"in
=
amoppopoUEVN  EVEPYELL MO TG . | gemaining Steam
(7]
. . .3
OVEUOYEVVATPLEG, CUUTANPWVETOL amo 2

™G povadeg péoou doptiou, evw OTIC 200 | Total Diesel

WPEC aLYUnG (< 1.000 wpeg), oL avaykeg

Wind Turbines*
100

KoAUTTTOVTOL OTIOKAELOTLKAL ano

Steam Turbines (min)

aePLOOTPOPIAOUG.

Combined Cycle (min)
0 T T T T

0 2000 4000 6000 8000
Hours

fpadnua 6: KaurnvAn poptiou

ErmutAéov, oto Staypappa mou akoAouBel mapouclaletal MPOEAEUON TOU EVEPYELOKOU
pelypatog. Mapatnpeital 0Tt yia 1o €tog 2005, povo 10 10% tng eVEPYELOG TTOPAYETAL

OO AVAVEWOCLUEC TINYEG.

W Residual oil
W Diesel il

B RES

padnua 7: NMpoéAeuon evepyeLlakol HElypaTOg
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Ke@dAaio 5° - Tx£810 S1elo8vonC kabapoTEPp®WV TNYWV EVEPYELXG

ITO TEUTITO KAl ONUOVTIKOTEPO KEGAAALO OPYAVWVETAL TO OXESLO QVATITUENG TWV ATILWY

Hopdwv evépyelag oto vnol. Apxwka, opilovtal ol mpolmoBéoel Tou PLwolpou

EVEPYELAKOU oXeSLAOUOU TIOU PETAEL TwV AAAWV meplAapBdavouv:

E€aodpdaiion Twv amaltoVpevwyv Toocootwv otpedouevng ededpelag Kat

0£BAOUOG TWV TEXVIKWY 0plwv Sleloduong Twv pn eAEyXOUEVWVY TINYWV (LKA

TWV ALOALKWV) TIPOKELUEVOU va €aodaAloBel n moldTNTA Kal n otabepdtnTa Tou

Sktvou.

Mpotaon ywa ULoBETNON MOVO TWV OLKOVOULKA Blwolpwy AUCEWV cUudwva HE

v Sobéoun texvoloyia kol To TpEXov Oeopikd mMAaiolo evioxUOEwWV Twv

EVEPYELAKWYV EMEVOUTEWV.

Mot epappoyn tTNG OTPATNYLKAG avATTUENG oupPBaTikwy oTtabuwv oto vnol

OTIWG QUTEG £XOUV TIpoypappaTtioTel amod tn AEH kat to Ymoupyeio Avantuénc.

To ox€61o avamntuéng mepAappavel petafl aAAwV:

Avvapikn €loodo tou puoikol aepiou oTo evepyelako TPodiA Tou vnowou. To

dUOIKO 0E€pLO TIPOPAEMETAL VO HELWWOEL TOCO TIG EKMOUTEC OEPIWV TOU
BepUokNTIiOU OCO KAl TIG EMUTTWOEL OTO TOTILKO OLKOCUOTNUA, EVW N CWOTAH

epappoyr) tou Ba efaodaliosl kol peElwon TOU KOOTOUG OvVA TIAPAYOLEVN

povada evépyelag.

Al&non tou meplBwpiov Slelcduong TwV ALOAKWY PECW KAAUTEPNG XWPLKAG

KaTtavoung kat edappoyng peBddwv amobrikeuong (OVTANGCLOTAULEUTHPES) HE

Toutoxpova £Aeyxo NG PBlwolpotTnTag¢ Twv VEWV emMevOUOEWV KAl TNG

otaBepdTNTAC TOU CUOTHLATOG.
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Ewova 3: AtoAwkog xaptng Kpntng

e Tayutatn €l00d0 TNG NALOKA TIPOEPXOEVNG EVEPYELOG OTO GUCTNO TOU VNoLoU
oUudwva HE TO TPOypaupo avanmtuéng dwtoBoAtaikwv otabuwv. To
OVEKUETAAAEUTO £WG ONUEPA NALAKO SUVOULIKO amoteAel MAEov €mevSUTIKO

KLVNTPO YL LLKPEG ETUXELPNOELS BACEL TWV TIPOBAEMOUEVWYV EVIOXUOEWV.

Ewkova 4: HAwakog xaptng tng Kpntng

e ExkpetdMeuvon twv umoAoumwv SLABECIUWY OVOVEWOIUWY TINYWV UECW TWV

HULKPWV USPONAEKTPIKWV EPYWV KL TNEG NAEKTPOTAPAYWYNG oo Bopala.

H mpooopoiwon Asttoupylog twv mapamdvw kol n avdivon PBlwolpotntag Toug

TPAYHOTOTOONKE HE XPrion €VOG ETUTAEOV UTIOAOYLOTIKOU TtakéTou, Tou RETscreen

International.
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Ke@dAaio 6° - AToTEALOPATA TPOGOUOLWONG

Ito teAeutaio keddlalo mpaypotomoleital n SlapBpwon Twv cevapiwv TApAywWYNS

EVEPYELAG KOL O OUVOUAOUOC auTwv HE Ta mpoavadepbeévta cevapla Slaxeiplong
{tnong.
Q¢ onuelo avadopdg TOETAL N ONUEPLVN KATAOTOON, YPAUUIKA €€QPTNUEVN UE TNV

npoPAenopevn avénon I{NTnong. e auth aviutapatiBevtal SUO KeVIPKA oevaplo

Sieioduonc AME:
e Jevapo avamtuéng AME kat ¢uoikov
o ) ) Business as Usual Extended DSM
aeplou, omou e€avtAouvtal ta neplbwpla loads (BAU) loads (EXT)

Sieiobuong mou O€tel n amPOOKOTTN

Aettoupyla Tou cuotiuartog. H emtuyia

. Renewables
. , , || Current energy ] imol tati
TOU  OUYKEKPLUEVOU  oxedlou  eival mixture (REF) implementation
(RES)

e€aoPaAlopUéEVn HEOW TWV EMEVOUTIKWV - J \ J

KwATpwv  (Avamtu€lakog NoOpog Kot ) [ )
Renewables

. . , . ; Added Pumped
NGOG yla TNV TTapOoywyr EVEPYELOG OO = implementation = Storgage (PSU)
, , (RES)
ANE) kot tTwv Beoukwy SLlEUKOAUVOEWVY J
Yl ULKPEG KOl LECALEC eMeVOUOELC. )

|| Added Pumped
Storgage (PSU)

e Jevaplo eKTeTOPEVNG avamtuéng AmE, J
onou edapudletal avrAnolotapievon pe Ewkéva 5: Aldypappo Sopurg oevapiwv
OKOTIO oV EKUNOEVIOUO ™m¢

QTOPPUTTOUEVNG AVOVEWOCLNG EVEPYELAG ATIO TO SLOXELPLOTA TOU SLKTUOU.

H npooopoiwon yivetal péow tou AoylouikoU LEAP, cupudwva pe t pebodoloyia mou
ovantuxbnke w¢ KatdAAnAn yia 1o W6Lopopdo evepyelakod kabeotwe tou Nnowu. H
avaAlucon omoteAecpatwy TEPAaBAveEL, TOOO evepyelakd Looluyla, OCO  Kal

UTIOAOYLOMO ToU TepLBaliovTikol odpEAoUC yla KaBe cuvduaopo oevapiwy.
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Q¢ amotéAeopa, umtoAoyilovTal Ta EVEPYELAKA HELYUATA OTIWG UTA TPOKUTITOUV OO TN
povtehomoinon, n ocuvelopopd TG KABE avavewolung MNYAG ywa kaBe oevaplo, ol
OTTOUTOUEVEG ELCOYWYEC KAUOIUWY OTO vNnol Kol TEAOG Ol QVTIOTOLXEC EKTOUTIEC OF

agpla tou Beppoknmiov.

To mapakdtw ypddnua mapouctalel T AMOTEAECMHATO  TNG  AVAAUGONG

NAEKTPOTIAPAYWYNC YLO TO TUTILKO oevdplo avamtuéng AME, oe cuvduaouo pe ta poptia

avadopdac.
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padnpa 8: SUPUETOXA NAEKTPOTIAPAYWYLKWV HOVASWVY 0TV KAAUYN TWV avayKwv

Onwg mopatnpsital oto akoAoubo ypddnua, TPAYUATONMOLOUVTOL Ol OTTOLTOULEVEG
TPOOONKeEG 0€ LOVASEC, TOOO OTAV KATOPYELTAL pLa TTAAALOTEPN, OO0 KAl OTAV QUEAVETAL
n {Atnon TOU OCUOTAMATOG. Tautoxpova, SloTnpeital 0 CUVTEAEOTNG OTPEDOUEVNG

edpebpeiag oe mooootd peyalvtepa tou 30%.
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Zuvduoopog TwV oevapiwv ekteTapévng dlaxeiplong ntnong kat dieioduong AME Sivel
TOAU BeTikd amoteAéopata, KaBwe KatadEPVEL VO CUYKPATAOEL TIG EKTTOUMEG OEPLWY
Bepuoknmiov yla to TEAKO €T10G Tpooopoiwong (2030) oe moAU xaunAd emineda,

XOUNAOTEPA KOO KOL ATIO TOUG ONUEPLVOUG SEIKTEG.

H mpoPAemopevn cuvoAkn e§olkovopnon yla to €tog 2030 ayyilel to 66%, n omola
aBpolotikd ooduvapel pe g€olkovounon 40 ekatoppupiwv tOVwv woduvapou CO,

HEXPL TO £T0G AUTO, OMw¢ dpaivetal oto akoAoubo ypadnua.
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padnpa 11: Ekmounég aspiwv Oeppoknmiov, ONwE TPOKUITOUV and cuVSUVAGHOUG oEVapiwY

Ev katakAeidt, n meplBaAAoOVTIK) Kal OLKOVOULKN Tiieon, o€ ouvluaopd HE TNV
epapuooludTNTA NG UAOTOINONG, KABLOTA povOeSdpopo TNV dAueon UuloBEtnon
TIOPOUOLWYV PBLWOLLWY, 1 KAl aKOUaA To pL{ooTIAoTIKWY AUoEwVY, Kabwg ta meplbwpla

€XOUV TIPO KalpoUu e€avtAnBOel kal To MaykOouLlo KAlpa €xel SatapaxBel povipa.



Summary

Crete, as one of the largest and most touristic islands of the Mediterranean, is facing
abrupt population and economic growth tendencies that result in the incessant problem

of inability to meet electrical energy demand increase.

Electrical energy planning for Crete is a complete and thorough evaluation of every
single aspect of the island’s present electrical energy status, together with examination

of every possible future perspective.

In the first chapter, Crete is presented in numbers, showing the great economic
development that the region is undergone during the previous years, combined with the
anticipated increase in energy consumptions. The negative impacts on the island’s
native environment if sustainable development policies and renewable energy

resources are not immediately adopted are considered.

The second chapter examines all available energy planning modeling software solutions
and concludes to the most appropriate ones for this specific case study. LEAP proves a
very capable tool of providing energy outlooks, integrated resource planning and
greenhouse gas mitigation analysis though an intuitive, powerful and customizable user

interface.

The third chapter can be described as the demand side chapter, as it deals with energy
consumption in the island in the most analytical way. The lack of low-level statistical
data on the island has led to the formation of custom methodologies based on various
sources in order to output all data required for the simulation. Additionally, since
demand restriction is one of the most important variables in energy planning schemes,
two main demand side management scenarios where formed, offering realistic solutions

that are available, or will be in future years.



In chapter four, the current electricity production technologies, including renewables
and their contribution to the island’s electrical network is mainly examined. Results
from this chapter are used to form the plan’s reference, current accounts scenario,
against which all energy planning results (demand side management, RES

implementation) will be compared with.

In the fifth chapter, the RES implementation plan is rigorously unfolded. Policies are set
according to the government and EU directives, modeling methodology in analyzed,
future conventional power plants and natural gas adoption are taken into account; and
most importantly, renewable energy resources are fully exploited in the plan’s RES

scenarios, always taking into account all technical and legislative limitations.

Finally, in chapter six, modeling results are presented for the most important
combination of scenarios. Analysis shows that even the most modest and realistic RES
implementation scenario, combined with a partially successful demand restriction,

could indeed mitigate the island’s environmental burdening.

Regarding the feasibility and economic viability of the proposed renewable projects, it is
safeguarded through the recent law for the development of RES, in conjunction with the
4™ Community Support Framework. This new reality drives the motivation of private

capital with adequate incentives that ensure high investment return rates.
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1 General information regarding the island of Crete

1.1 Theisland of Crete

Crete is the fourth largest island in the Mediterranean with an area of 8.335 km2 (6,3% of the total area
of Greece) and population that surpasses 600.000 residents {5,4% of the total population of Greece).
Residents increase dramatically during summer months, as a result of the island’s touristic
development. Crete’s permanent population is the second fastest growing between 13 Greek regions
with an annual rate of 0,16%.

Crete is divided in four prefectures {Chania, Rethimnon, Heraklion and Lassithi), whose capitals are
Heraklion, Chania, Rethimnon and Aghios Nikolaos respectively. All four cities include important
infrastructures such as ports and airports. Official statistics on households and inhabitants for each
prefecture in 2001 are shown on Table 1.

Table 1: Permanent residents and main households (1)

Prefecture Primary Secondary .Perm.anentl .Perm.anentz

households Households inhabitants inhabitants
Heraklion 95.000 48.245 291.225 293.650
Lassithi 26.841 23.393 75.736 76.367
Rethymnon 25.694 17.150 78.957 79.615
Chania 48.252 26.133 148.450 149.686
Crete 195.787 114.921 594.368 599.318

Regarding its morphology, Crete can be characterized as a mountainous island, in which 60% of the
total territory is 400m above sea level. Its complex morphology is proven ideal for wind applications,
hosting hundreds of ideal locations for the installation of scale wind parks. On the contrary, the island’s
mountainous nature combined with limited water resources in the eastern part and a harsh geological
infrastructure, offers quite narrow perspectives for agricultural alternatives such as energy crops
cultivation.

Picture 1: Aerial overview of Crete

! Official 2001 population census values
22006 projection based on average population growth rate
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1.2 Economy and energy overview

Extreme Gross Domestic Product growth rates witnessed over the previous decade (1995-2000), which
almost doubled the Gross National Product growth average, will be considered a product of the
lucrative European incentives that were largely adopted by Crete’s numerous flexible investors.

Dramatic growth rates tend to adapt to the national rates after the year 2000 (2), as described in Table
2. This may result by the strict investment policy applied on the touristic sector as well as the decay in
tourism since the beginning of the millennium. In any case, this study will disregard all economic data
before 2000.

Table 2: GDP growth and forecasts in year 2000 prices

Annual GDP {in Million €) Linear Projections i’:’;?en;?::‘il
2000 2001 2002 2003 2004 2005 2015 2030 2015 2030

Heraklion 3.967 4.179 4665 4911 5.367 5.660 9.175 14.476 11.939 36.049
Lassithi 1.009 1.096 1.121 1.205 1.284 1.355 2,015 3.019 2.412 5.733
Rethymno 1.103 1.107 1171 1.243 1.415 1.492 2.293 3.582 2.844 7.650
Chania 1.955 2.045 2.146 2.318 2.543 2683 4.080 6.277 5.179 13956
Crete 8.034 8.427 9.103 9.677 10.609 11.189 | 17.200 26.542 | 22.313 62.637
Increment 4,66% 7,43% 5,93% 8,79% 5,18% 6,8%
Greece 156.514 163.514 174529 189.790 205.893 220.671

Increment 4,28% 6,31% 8,04% 7.82% 6,70%

Table 2 forecasts demand evolution using linear and exponential approach. It is considered safe to rely
on linear projections for the following six to ten years; unfortunately, long term calculations must be
disregarded (Figure 1). Similarly, exponential projections tend to be highly inaccurate in economic
projections, as any future variations in the mean growth rates cause great deviations {Figure 2).

30.000 70.000
/z
25000 — 60.000

20.000 / 20000 /
/ 40,000
15.000 P
30.000
10.000 50,000
5.000 10.000 w/
0 . . ; . 0

GDP in Million €
GDP in Million €

2000 2010 2020 2030 2000 2010 2020 2030
Year Year

Figure 1: Linear projection for Crete’s GDP in year 2000 prices Figure 2: Exponential projection for Crete’s GDP in year 2000 prices

In order to be realistic, a more complex methodology, namely logistic forecasting will be used. This
“intermediate” means of predicting economy is proven more accurate especially for developing
economies such as Crete’s. Analysis will be conducted on the following chapters.
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It can be clearly seen that Crete’s economy is dominated by the tertiary sector, whose growth is based
on seasonal activity. The services sector includes the touristic industry consisting of restaurants,
commerce, transport and accommodation, as well as permanent residents’ activity including public and
private services, hospitals, universities, financing etc. Tourist overnights in Crete surpass 12.000.000
annually, counting for the Greece’s 20% of total touristic activity. Total tertiary activity surpasses the %
of the regional GDP (3).

Industry, which can be characterized as Crete's “secondary” sector, includes a variety of activities such
as food industry, olive industry, plastics and quite importantly, electric energy production. The majority
of industrial activity is based on the island’s indigenous agricultural production, with the exception of
the energy sector which relies in fossil fuel imports. Industrial activity counts for the 14% of the island’s
product, facing a decreasing tendency in recent years.

Finally, agriculture, which supports the island’s industry, contributes by 8% in the regional GDP
indicator. Agricultural activity maintains a growing tendency over the last couple of years (2%), despite
the national annual decrease by 1,2%.

Table 3: GDP per prefecture and activity (3)

2005 GDP per Prefecture (Million €)3 Fraction on 2005
Regional Growth
Heraklion Lassithi Rethimnon Chania  Crete GDP (%) rate
Commercial Activity 3.735 893 203 1.741 7.272 64,99%
Public Authorities 711 170 172 332 1.385 12,38%
Services (tertiary) 4.446 1.064 1.075 2.072 8.657 77,36% 8,1%
Agricultural 438 139 205 241 1.023 9.14% 1,9%
Industry 776 152 212 369 1.510 13,49% -3,8%
Total GDP 5.660 1.355 1.492 2683 11.190 100,00% 5,8%

An interesting study is that of the correlation between electric energy requirements and economic
growth. In order to safely compare the two growth indicators, the computed GDP growth rate must be
delivered from deflated prices, as in Table 2.

For the needs of this study we will be using electricity demand data published by the Public Power
Corporation SA, which despite the liberalization of the Greek energy market, still holds 100% shares on
Crete’s controllable production units, transmission and distribution network.

Table 4 summarizes electric demands in terms of produced energy and peak load for the previous ten
periods (1995-2005). Graphing the raw PPC data clearly indexes an exponential growth of historical
demand time series. Using exponential forecast methodology, electric demands tend to rise in the
extreme rate of 6,0%; very similar to the rate in which economy develops {6,8%).

?Values refer to year 2000 prices
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Taking a close look to exponential forecasts for year 2015 and 2030 in Table 4, it is rendered clear that
electricity production growth rates (6%) must definitely be forced to decrease, especially after 2010,
due to extreme environmental and economical pressure posed by the enormous demands.

Table 4: Annual escalation of energy production and peak load demand (2)

Energy Production Peak Load Demand
Year cWh Increment MW Increment Load Factor (%)
(%) (%)
1995 1.476 5.9 301,3 5,3 55,9
1996 1.562 5,8 317,0 5,2 56,1
£ 1997 1.659 6,2 341,8 7.8 55,4
§ 1998 1.801 8,5 368,6 7,8 55,8
'g 1999 1.925 6,0 407,2 10,5 54
& 2000 2.079 8,9 417,7 2,6 56,7
g 2001 2.192 5,4 448,1 7,3 56,8
é 2002 2.301 5,0 505,8 12,9 51,9
T 2003 2.445 6,2 498,4 1,5 56
2004 2.545 4,1 5292 6,2 54,7
2005 2.654 4,3 560,3 5,9 54,1
Linear 2015 3.891 826
Forecast 2030 5.724 1.226
Exp. 2015 5.016 0% 1.088 6,
Forecast 2030 12.451 2.831

There are two ways of restraining this catastrophic increase in demands (Figure 3). One is by limiting
economic growth, which would be considered unwise on a region where sustainable development is
the target of European Committee’s heavily funding policy; the other is by reducing energy intensities
on developing activities in order to balance increased energy demands due to activity growth.
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B A Peak Load Demand &
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Figure 3: Projected electric demands based on current growth rates
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Considering a positive reaction to economic incentives on energy saving measures applied by the EU,
combined with the forthcoming increase in electricity pricing to follow the market liberalization, a more
realistic “S curve” increase tendency will better serve our needs. This S curve, projected through logistic
forecast methodology in Figure 4,
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Figure 4: Logistic projection of future electric demands

In further chapters, we will be calculating actual final growth parametrically, using separate variables.
Sectors, whose demands depend simply on economic growth, will follow the logistic forecast
methodology, while others, depending on different variables (i.e. domestic sector) will follow their own,
independent growth rates. Final energy projections will be exported by summing all different sector
projections.

1.3 Crete’s overall energy status

The island's electric energy demand is met
mainly through the use of conventional fuels
{up to 90% in 2005) (4} while, fortunately, a
respectable part of the thermal needs is being
satisfied by the utilization of biomass.

Crete’s demanding electric system can be
described by two parameters; extreme demand
growth rates and low load factor. This is the
cause of power inefficiency problems that the
island experiences, provoked by the
exceptionally high peak power loads caused by
seasonal variations.

Picture 2: PPC conventional thermal station in Linoperamata —
near one of the most touristic areas in North Heraklion
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Crete’s special and unigue island environment and its subsequent touristic and services sectors
development come in direct conflict with any additional environment pressure posed by the increase in
fossil fuel use. Therefore, the island’s public opinion reacts fiercely against the addition of new thermal
plants due to their environmental impacts, while on the other hand, Renewable Energy Sources — based
technologies tend to be positively assessed by the Cretan people.

Current available and applicable renewable technologies are unable to satisfy a significant part of the
system’s requirements, as its autonomous nature requires the major part of produced electricity as well
as the total of the available reserve margin to be served from resource and production controlled units,
such as fossil fuel based power plants.

For years there have been plans for the connection of the island’s grid with the mainland’s electrical
grid. Such practice would allow full exploitation of the island’s endogenous energy sources, such as
solar and wind, while allowing the import of electricity from the mainland when natural reserves fall
short. Unfortunately, due to difficulties caused by the strong undersea streams between Crete and
Peloponnese, high depths and seismic activity, as well as the threat of security of supply in extreme
conditions, the task has been abandoned (5).

1.4 Crete’s existing RES infrastructure and the need for further exploitation

Since 1994, the private sector has been motivated by the law 2244/94 which allowed independent
producers to invest in RES and sell the produced energy at 90% of the consumer’s price per kWh. This
law, together with the subsequent development laws (2234/94, 2601/98 and 3299/04), which
supported private investment with subsidies that reached 45% of the invested capital, led in a
substantial RES implementation of more than 100MW of installed capacity by the end of 2005.

Unfortunately, due to the nature of this specific
law, which provided uniform energy credit
regardless the exploited RES, only wind parks were
realized (with the exception of a small amount of
grid connected photovoltaic applications). The new
RES law, 3468/06 simplifies and evolves the
supportive legislative framework for renewables,
especially in small applications and simultaneously
supports the photovoltaic and solar thermal
applications by increasing the energy credit up to
0,50 and 0,30 €/kWh respectively. Simultaneously,
the updated investment law (3522/06) provides
even higher incentives that reach 50% of the

invested capital.

It appears that the previously inexistent motives
for the development of RES have become a reality,
and Crete’s most prominent sources (i.e. wind and solar) are soon to be fully exploited. Still there are
few more potentially exploitable RES in Crete to be used for electricity generation; biomass, wave

Picture 3: Traditional windmill in Sitia, Lassithi
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energy and small hydro are under consideration by researchers and private investors. In this study small
hydro-electric as well as combined heat and power biomass plants will be investigated.

As renewables installed capacity increases, technical difficulties regarding their maximum penetration
in the island’s system arise. There are already high amounts of rejected energy from the currently
functioning wind turbines, which are bound to get even higher as their contribution on the total
capacity increases. Therefore, careful physical planning must be commissioned to ensure further RES
development and to protect the interests of existing and future investors. For the above purposes, the
Greek Regulatory Authority for Energy has applied strict methodologies for the licensing of new wind
parks, and halted since 2003 the fast development of RES in Crete by characterizing the system
“saturated”.

This study is set to verify the technical difficulties regarding further RES implementation and offer a
variety of scenarios in order to maximize RES contribution in order minimize Green House Gas
emissions and make the island as autonomous as it is technically possible.

1.5 Main targets of the present work

The main objectives of the present work are summarized as following:

» Forecasting future needs with a reliable and intuitive methodology

« Offering demand restraint solutions that are available, or will be in near future

» Examining available modeling software solutions and using the most appropriate for this case study

o Determining, through the model’s results on different load management scenarios, the
effectiveness of the selected solutions in terms of energy requirements reduction

e Determining environmental impacts from the electric demand increase in future years and
emissions mitigation resulting from the selected scenarios.

« Examining the current electricity production technologies and transmission network

» Examining the requirements for new power supplying units to satisfy the increasing demand

« Screening of available RES technologies by estimating resources, system integration potential,
legislative and financial incentives

« Minimizing environmental impacts by migrating into cleaner controllable resources such as adoption
of natural gas instead of fuel oil

« Exporting energy balances, fuel import requirements, emissions for each considered scenario

e OQverall system technical evaluation in terms of stability and reserve

« Reviewing current legislative framework perspectives, incentives and future targets and proposing
even stricter policies in order to achieve further environmental impact mitigation
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2 Adopted methodology

Various approaches for energy planning and GHG mitigation assessment in the energy sector are
offered by applying several available methodologies (6) such as optimization models, simulation models
and accounting frameworks. For the purpose of this study, accounting framework software “LEAP” will
be used, as it is considered most appropriate given the aspects of Crete’s electric energy system as well
as the available raw data.

2.1 Optimization models

Optimization models use mathematical programming to identify configurations of energy systems that
minimize the total cost of providing energy services, based on various constraints (e.g. a CO2 emissions
target). This kind of model selects among technologies based on their relative costs, resulting in
allocation of all market share to the cheapest technology.

Therefore, in order to ensure realistic and trustworthy results, the model must be constrained to yield
“reasonable” results in means of disaggregating demands into more homogenous groups, or by
manually constraining market allocations. Other important parameters in optimization models are [a]
that they typically assume that energy cost is the only factor in technology choice and [b] that they
apply the questionable fundamental assumption of perfect competition (e.g., perfect competition, no
monopolistic practices, no market power, no subsidies and all markets in equilibrium) (7). Trying to
implement this method of analysis is in Crete’s monopolistic and inflexible energy status can only lead
to controversial outcomes.

2.2 Simulation models

Simulation models forecast the behavior of energy consumers and producers under various signals and
constraints. Compared to optimization models they prove flexible to include non-price factors in
analysis.

This methodology is considered more appropriate for energy planning in non-ideal energy communities
such as the one under examination, as it is not limited by the assumption of the system’s optimal
behavior or that energy is the only factor affecting technology choice. On the opposite side, this
methodology tends to be complex and data intensive and hard to parameterize. Additionally, future
forecasts can be very sensitive to starting conditions and parameters.

Due to the fact that crucial parameters required for input are highly abstracted or poorly known,
especially in Crete where disaggregated time series data is lacking, it is rendered clear that in order to
fulfill the expectations of this work, a more flexible methodology is needed to be followed.

2.3 Accounting Frameworks

Accounting frameworks offer a physical description of an energy system, modeling for flows of energy
based on simple engineering relationships. Rather than simulating decisions of energy consumers and
producers, the user explicitly accounts for outcomes of those decisions.
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Among their many advantages, accounting frameworks feature simple, transparent and flexible
interface with lower data requirements than the previous methodologies. They are capable of
examining issues that go beyond technology choice or are hard to specify their cost. They also flexibly
operate regardless the amount of input in parameter completion. User may provide analytical data in
categories where they are available, and aggregate categories using assumptions where not enough
details exist.

2.4 Main software for the development of the study: LEAP

LEAP, the Long range Energy Alternatives Planning system is provided by the Stockholm Environment
Institute, free of charge for academic use. It proves a very capable tool for strategic integrated energy
and environment scenario studies, providing energy outlooks, integrated resource planning,
greenhouse gas mitigation analysis, while offering a wide environmental impact inventory.

Its user interface is simple and transparent, based on the “accounting framework” methodology,
offering a powerful yet friendly, scenario-based, integrated energy-environment model-building tool
{7). Interestingly, it allows for spreadsheet-like “expressions” for the creation of powerful econometric
and simulation models. Its flexible nature also allows for a variety of applications, from local to regional
or national range for a medium to long term time base for unlimited number of periods.

Through the model’s main, analysis view, the user is able to create custom scenarios with different data
structures for the specific area of interest by simulating energy demand and energy conversion,
specifying resources and costs, while modeling environmental parameters and impacts.

LEAP’s results view examines the outcomes of scenarios in the form of charts and tables while the
diagram view shows flows of energy in the area. Also, a very helpful feature of LEAP is the inclusion of
the customizable “Technology and Environmental Database” which offers technology characteristics,
costs, and environmental impacts of more than 1000 energy technologies.

2.5 Additional tools

While LEAP will be the prime IRP and environmental impact mitigation analysis model used for the
development of scenarios included in this work, various additional energy planning tools will be used,
especially for technology-specific calculations.

The most indispensable tool is the RETscreen International Clean Energy Project Analysis suite, an
extremely advanced and analytical spreadsheet based tool capable of specifying the energy production,
life-cycle costs and GHG emissions reductions from every renewable energy and energy efficient
technology available.

RETscreen’s nature is aimed primarily for project-level analysis of separate technologies and not for all
round, regional-level integrated energy analyses, as LEAP is. Hence, it can only be used for screening
options, before their inclusion in system-integrated assessments. RETscreen helps develop the
technical, cost and performance variables required other models such as LEAP.

The RETscreen suite offers a variety of modules (RETs) such as wind, small hydro, photovoltaics,
combined heat and power, solar water heating and others (8}, most of which will be used in this study.
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3 Analyzing the island’s electric energy demands

3.1 Synopsis of the total energy demands

Power stations in Crete still operate 100% on liquid fuel oil, accounting for the 53% of the total fuel
imports on the island. The remainder 47% is mainly used for transport {42%) and industry (5%} (5). In
this study we will only be analyzing fuel transformation into electric energy; fuel consumption for the

needs of transport will not be examined.

Similarly, an important fraction of the thermal energy demands in industry and households is satisfied

by the all-important contribution of biomass, which will not be considered on the framework’s energy

balance scheme.

As referred in Paragraph 1.2, in 2005 more than
2.600GWh of electric energy where distributed
though the transmission grid’s main substations.
Almost half of the produced energy was
consumed for the needs of Heraklion, the
largest and most populated prefecture of Crete,
Another important fraction (25%) serves Chania,
while Rethimnon and Lassithi share the

remainder of the pie.

M Lassithi

MW Heraklion
Rethimnon

B Chania

Figure 5: Fraction of energy requirements per prefecture

A breakdown of demands by category of use is presented on Table 5(9).

Table 5: Electric energy consumption by category of use for the year 2005

Prefecture Domestic | Commercial | Industrial | Agricultural Public Street Total
use Use Use Use Authorities | Lighting

Heraklion 392.879 467.619 134.358 85.041 89.354 14737 | 1.183.988
Lassithi 110.096 130.198 12.165 49.631 21.588 9.540 333.218
Rethimnon 96.172 122.779 32.621 16.505 25.346 5.036 298.459
Chania 217.774 233.155 47.941 30.649 56.260 11.013 596.792
Crete total 816.921 953.751 227.085 181.326 192.548 40.326 | 2.412.457
The predominant amount of electricity is 8o 2%

consumed by the domestic and commercial
sector. Unfortunately, these sectors are the
hardest to apply Demand Side Management
(DSM) policies, since the level of adaptation of
energy saving technologies depends mainly on
self-motivation of individual consumers. On
the other hand, self intrigued industries tend
to apply DSM as it directly reflects on their
profitability. In any case, it is a matter of

9%

W Domastic use

W Commercial
Use
M Industrial Use

W Agricultural
Use

39%

Figure 6: Electric energy consumption per category of use
for the prefecture of Crete, 2005
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regional policy, though the motivation from institutions such as the Regional Energy Agency of Crete, to
implement DSM practices on public authorities or street lighting.

600 One of the most important characteristic in an
electric system is the load curve. It is a graph

500 showing how the peak power demands on a
2400 system vary over the course of a year. In an
‘:E_'goo accounting framework such as LEAP, the load
2 curve can be imported exogenously or exported
5200 ~ 7

endogenously by separately specifying the load

100 curves of each demand activity. In long term

0 ; 1 1 ; ) energy planning and mitigation analysis,
0 2000 400?1 6000 8000 10000 disaggregating loads in activity branch level can
ours

be avoided, as the overall load factor is

Figure 7: Electrical system load curve sufficient for process dispatch calculations.

Another important parameter acquired by the load curve is the |load factor. The lesser the peak loads
compared to the average load of a system the higher the load factor gets. Systems with low load factors
such as Crete (54% in 2005) (4) tend to be demanding and more expensive to run, as peak load
technologies must be employed more frequently. Simultaneously, in order to account with sudden
increases in peak load compared to those of previous years, they require higher reserves on easy to
dispatch technologies, such as gas turbines.

Increasing a system’s load factor with extended and well-orchestrated DSM, by the means of peak
shaving and daily load management is a common practice to reduce generation costs and
environmental impacts, as in general, base load combined cycle units operate with higher efficiencies.
In order to calculate the effect of DSM measures on the system’s load factor, a custom assumption
approach must be used, since historical data on load shapes per activity do not exist and would be
impossible to quantify.

3.2 Scenario building on load forecasting

Restraining the extreme increase rate of electricity demands witnessed continuously in previous years is
the key to ensure long term energy availability and sustainable development. In order to propose
methods for restraining annual loads, correct methodology must be built on forecasting them. Using
LEAP, we will be able to develop different scenarios of load unfolding, results of which will be used to
predict annual minimum and maximum loads, in order to model the addition of further technologies for
the production and transmission of electrical energy. Naturally, forecasting minimum loads will
implicitly define further RES integration possibilities, while forecasting maximum loads will allow for
planning of further controllable production units implementation.

3.2.1 Business as usual scenario

Business as usual (BAU) is the base case scenario that represents changes that are likely to occur in the
future, in absence of any new policy measures. The aim of monitoring BAU is to make available
reference values with which to compare actual Demand Side Management (DSM) scenarios. BAU will
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provide demands that will verify the accuracy of those logistically forecasted in Paragraph 1.2.
Additionally, due to the absence of any DSM policy, load factors will remain unchanged in future years.

3.2.2 Demand side management

Two DSM scenarios will be formed, which are differentiated by the degree of DSM penetration. Both
scenarios will exploit any energy saving potential in the various categories of use by adopting the
available technologies. The most austere, extended DSM scenario will also try to comply with any
existing EU targets in the categories in which they are set.

DSM needs the contribution of both committee incentives and private company agents for fast and
successful implementation. Third Party Financing (TPF) is perceived as the most applicable mechanism
to accomplish the target. It involves the provision of outsourced finance for capital investment in energy
performance projects by any “third party”, which is neither the end-energy user nor the energy supplier
of the industrial or building site. The concept of TPF more usually refers to a specialized company, the
Energy Service Company (ESCO} which provides a complete package of energy services for the
implementation and operation of an energy performance project. ESCO’s usually operate through
energy performance contracting, a form of guarantee that reliefs the end-user from the risk that DSM
involves when combined with traditional ‘turnkey’ equipment supply contracts (10).

3.3 Evaluation of different demand side options

In the following paragraphs, loads for each sector will be analyzed, either based on available historical
data or on logical assumptions. Simultaneously, the available energy saving options on all primary
energy consuming activities will be applied in the DSM scenarios, in order to estimate the final effects in
demand per sector.

#-|7) Key Assumptions
The demand modeling methodology used for calculating the evolution of = (5 Demand
B i . . +-{_2) Chania
demands per sector is final energy analysis (11). A typical approach is to =-F=y Hersklon
+ |2y Agricalkure
=2 Commerdial

disaggregate the available demand data structure, as previously seen in

Paragraph 3.1, Table 5 into four levels representing sectors, subsectors, =5 Ughtig
] ; QB Clectric Requirements
end-uses and devices and/or technologies. A demand tree structure #-{£5 nir Conditianing

+ () Hok water demands
+-{5y Other use

=) Household

1 Seasonal Household

Each sector or subsector is defined by the basic parameter activity level, ) stry
=) Public autharitiss

which describes social and economic activity. When used in LEAP's
+ |7 Street Lighti
demand analysis, activity levels are multiplied by energy intensities (the = J;‘ﬁgit.:f’e e

example for Crete is shownin

¥

average energy consumption of some device or end-use per unit of &0 Rethymnon

#-{5) Statistical Differences

activity) to yield overall levels of energy demand. The final energy analysis  ®- Transformation
. . . . + {3 Stock Changes

methodology is described by the simple function: {5 Resources

#-|5) MNon Energy Sector EFfects
e=axi Figure 8: LEAP's tree, a hierarchical

o o outline used to organize and edit the

where e equals energy demand, g activity level and i final energy main data structures

intensity.
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3.4 Agriculture

The agricultural sector is divided into two subcategories, greenhouse and outdoor cultivations. Qutdoor
cultivations require electricity for water-pumping requirements, while a small fraction of greenhouse
cultivations may require additional electricity for heating purposes. It is impossible to specify the exact
requirements for heating, as there is not enough data on greenhouse cultivations; still it is possible to
aggregate the requirements in a general electricity consuming end use, using the inverted final energy
analysis procedure and calculating different energy intensities for each prefecture.

Table 6: Calculating energy intensities based on unrelated statistic data on agricutural activity

Prefecture Areas of culgivated land Specific energy Total Annual Energy
(x10° ha) intensity (kWh/ha) Demands (MWh)
Heraklion 2752,8 30,89 85.041
Lassithi 1069,2 46,42 49.631
Rethymnon 1242,1 13,29 16.505
Chania 1034,9 29,62 30.649
Crete 6099,0 181.826

Prefectures that account low (Rethimnon) and medium (Chania and Heraklion) energy intensities
correspond apparently in fewer greenhouses than, for example, Lassithi which consumes 46kWh per
cultivated hectare. Considering the fact that most outdoor cultivations less electricity due to reduced
pumping and general requirements, DSM practices are destined to be more efficient on the latter,
combined with the increasing contribution of fuel oil, biomass and solar electric heating (5). Hence a
DSM “extended DSM” scenario will be formed, providing up to 30% savings until 2030 on the energy
intensity values by decreasing aggregate consumptions proportionally, while “Partial DSM"” scenario will
forecast up 10% savings assuming only greenhouse intervention.

Table 7: 2030 Results of extended DSM assumptions in argicultural energy intensity

Prefecture Estimastaiilir;z:house Energy sazvci';gs by year Specific(i\l;,e':%;;tensity
Heraklion 66,6% 20,0% 24,72
Lassithi 100,0% 30,0% 32,49
Rethymnon 28,6% 8,6% 12,15
Chania 63,8% 19,1% 23,95
In any case, all scenarios will follow the key 140
assumption that area of cultivated land grows 130 |=EAU
correspondingly to the agricultural GDP indicator. The 120 = ::
results of both DSM policies are presented in Figure 9; § 110
BAU is the abbreviation for “Business As Usual”, PAR % 100 -
for “Partial DSM” and EXT for “Extenended DSM”. As g 90 -
a conclusion, the proposed DSM policy may save up = so -
to 306GWh of energy until 2030; Load and 70
environmental effects of this practice will be exposed I e e e
and evaluated in later chapters. 2005 2010 2015 2020 2025 2030

Year
Figure 9: Annual demand reduction due to
DSM application
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3.5 Commercial Sector

3.5.1 Overview

The commercial sector is the most crucial of all in the rise of demand in following years. Not only it
corresponds for almost 40% of the island’s total electric demands, but it also grows in the fastest rate
than all sectors, similarly to its GDP, as seen in Paragraph 1.2. The commercial sector comprises of the
touristic, services and commerce activities, which can be described as seasonal, since they all grow
during the summer months. This kind of activities also negatively affect the system’s load factor, hence
commercial DSM practice is considered utterly important for effective energy saving.

The unprecedented growth of over 8% in this sector in recent years is destined to decrease after the
following & years, due to the inevitable saturation in tourism, as well as the expiration of the
forthcoming fourth community support framework. We estimate that from 2011, Crete’s development
rates in this sector will adapt with the national rates (4%) (3), while after 2020 rates will decrease even
more (3%). By these estimations, regional GDP forecasts will most probably follow the logistic
projections described in Paragraph 1.2, rather than the exponential ones.

Business as usual scenario for the commercial sector will follow these activity development rates
combined with no DSM program in consideration. Energy intensities will decrease slightly due to the
expected upgrades in more energy efficient technologies, as old equipment is retired, combined with
the additional new businesses that immediately purchase new equipment. The partial DSM and
extensive DSV scenarios will apply measures for reducing energy intensities in the four main categories
of use unfolded in Table &.

Table 8: Commercial sector demands per category of use for the year 2005 (9)

Prefecture Lighting electric Air-Conditioning W?:;Z?ﬂ;ing Other use enl?;' :::‘:;?1' ds
demands (MWh) demands (MWh) (MWh) (MWh) (MWh)
Heraklion 93.524 163.667 46.762 163.667 467.619
Lassithi 26.040 45.569 13.020 45.569 130.198
Rethymnon 24.556 42 .973 12.278 42.973 122.779
Chania 46.631 81.604 23.316 81.604 233.155
Crete 190.750 333.813 95.375 333.813 953.751

3.5.2 Lighting

Energy saving is a crucial parameter for the viability of small businesses and gets even more important
in lager ones such as luxurious hotels. This fact comes to aid the penetration of energy saving
technologies among which, effective lighting is the easier and more efficient to apply, as lighting
represents more than 20% of the total demands. Since the majority of commercial consumers have
already adopted compact fluorescent lighting (CFL), further savings may occur by adaptation of natural
lighting principles on future buildings, electronic ballasts in older applications that offer increased
efficiency and light quality, as well as energy saving automation that will save power on non-used
sectors of large buildings.
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Combined application of the above measures may contribute in over 50% savings in commercial
buildings (12). Realization of this target is considered quite optimistic, even in 2030 terms, although
future applications are destined to offer even more savings than today’s offerings. The main reason is
that most of techniques are easy to apply in new or renovated buildings, but impossible to apply
effectively in existing infrastructures. A more realistic target for extended DSM by the year 2030 is
considered 40% reduction in energy intensity; intermediate values will be interpolated starting from
2005 (historical data). Still, strict legislative measures on new and existing commercial buildings should
be applied by the government in order for the island to reach the moderately set target.

3.5.3 Airconditioning

Air conditioning accounts for the most determinant activity in the commercial sector, as sales of air
conditioning units in Greece, and consequently Crete, are among the highest per capita in the European
Union. Especially in seasonal-focused commercial sector, which operates at its highest during summer
months, A/C demands may surpass 30% of the total demands. Simultaneously, a vast majority of
husinesses in Crete rely on A/Cs for both heating and cooling requirements.

Natural evolution in A/C technologies drives a transition to higher average Label Class EER/EERavg
Energy Efficiency Ratio (EER) per unit sold. EER is the ratio of the cooling- Limits (%)
heati ity [in Bt hour] to th input [in watts]. It al Astarts over =0
eating capacity [in Btu per hour] to the power input [in watts]. It also Y E— 20150
often described in watt per watt scale (13). A potential “strict” labeling C starts over 130-140
scheme that would help consumers to easily seek for an efficient A/C unit D starts over 120-130
is presented in Table 9. A unit whose efficiency equals today’s average EER E starts over 110120
F starts over 100-100
{about 9) should be labeled “G class” which means inefficient energy-wise; [ g swarts below 100

thus, a labeled “A class” A/C would output EER’s of more than 13 (14).
Table 9: Proposed A/C

fficiency labell
Assuming that all A/C’s sold in 2030 will be offering inverter technologies sy b

that output “A class” or better efficiencies, combined with the inevitable retirement of old, inefficient
A/C’s, it would be safe to forecast an average EER 13 efficiency for the operating A/C’s after 25 years
(BAU scenario). An optimistic DSM policy through labeling and advertisement could help for reaching
the above target earlier; reaching EER 13 in 2020 and climbing to EER 15 in 2030 will form our PAR DSM
scenario, while aggressively achieving EER 13 in 2015 and EER 15 by 2030 will indicate our EXT DSM
scenario.

3.54 Water heating and other demands

Greece may be the EU’s market leader in solar water heating systems, for reasons that are described
later on (Paragraph 3.6), but the commercial sector is proven unable to follow this trend. The reasons
are mainly due to lack of initiatives given for investing in solar thermal in the commercial sector
{especially hotels and restaurants) and the criminal absence of legislation for the compulsory
installation of solar thermal technologies in every new building. It's worth noting that a solar thermal
system provides a pay-back period of initial capital of 7-8 years when no subsidies are given, which
many investors consider long and instead choose to minimize the invested capital.

As reported, solar thermal sales in the tertiary sector was just a small slice of the pie till the year 2000,
representing less than 1% of the total sales {15). Fortunately this proportion changed dramatically after
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2000, in levels of 3-4%, possibly due to the incentives given by the development law. Hotels in Crete
seem keener to adapt solar thermal technologies, but statistics are unavailable. Based on the national
average demands for hot water on the commercial sector {(10% of the total loads), as well the huge
penetration potential combined with increasing sales, it would be safe to forecast 10% savings in 2030
{BAU scenario). Correspondingly, we assume 20% and 40% savings for the two DSM scenarios,
depending on effectiveness on legislative measures taken by the society to exploit this extreme solar
potential.

Finally, the additional electricity consumed by several other devices such as professional equipment,
computers and televisions. Since it is impossible to disaggregate this category into consistent
subcategories, we will simply be treating it as an end use. Regarding the scenarios, “other use” category
will have to catch up with EU’s “20% savings until 2020” where 10% and 20% savings will be achieved
from partial and extended DSM respectively and 5% savings will be the case in business as usual.

Table 10 summarizes the results of DSM practice on each scenario in terms of energy intensity.
Methodology chosen uses the sector's GDP as an activity level value, which is justified by the direct
relation between electricity and economic development observed in Paragraph 1.2.

It is also important to notice that in both DSM scenarios, activity level (GDP) growth rates maintain the
same values as those in the BAU scenario, based on the initial assumption that development will not be
sacrificed in any way, even if energy shortages or environmental impacts occur. After all, economy
tends to evolve together with technology, thus is able to balance itself by taking alternative courses of
action when resource shortages occur.

Table 10: Summarizing scenario assumptions for the tertiary sector

2005 intensities (in End year intensities (in kWh/€ of GDP)
Category of use kWh/€ of GDP)
Current Accounts BAU Partial DSM Extended DSM
~ Unchanged 20% savings by 2030 | 40% savings by 2030
Lighting
0,024 0,024 0,0191 0,0144
Air Conditing EER9 EER 13 by 2030 EER 13 by 2020 EER 13 by 2015
{Heating & cooling) 0,042 0,0291 0,0252 0,0252
~ 10% savings by 2030 | 20% savings by 2030 | 40% savings by 2030
Hot Water
0,012 0,0108 0,0096 0,0072
~ 5% savings by 2020 | 10% savings hy 2020 | 20% savings by 2020
Other use
0,042 0,0389 0,0351 0,0281

3.5.5 Results

Each of the two DSM scenarios will try to limit demand growths on the most crucial sector in Crete’s
economy compared to the expected ones if no action is taken. In 2030, requirements will reach
3.700GWh, an increase of almost 300% compared to present values. If partial DSV policy is applied,
demands will increase by 240%, reaching 3.300GWh per year and will totally save 5.600GWh by 2030,
covering the island’s total demands for almost two years (in present rates).
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Finally, if extended DSM is applied, the 4.000

effects of development on energy 3.500

demand will decrease even more, 3.000 =BAU

reaching just 2.700GWh in 2030, .00 |

increasing only by 190% from today’s %2.000 BXT

levels. This will save 11.600GWh by 2

2030, which equals more than 4 times %1'500 ]

the annual energy demands according S1.000 4

to current accounts. These energy 500 1

savings reflect directly on the 0 ST e
cumulative GHG emission  savings, 2005 2010 W05 2023 2030
promoting the direct correlation Figure 10: Scenario results on the commercial sector

between DSM and GHG emission mitigation.

3.6 Domestic sector

3.6.1 Introduction

Calculating future demands in Crete’s domestic sector is probably the hardest task, as the unrelated
variables of economic growth and population growth both affect building construction rates, whose
technological characteristics, hence energy intensities vastly vary. A very arousing and intriguing
controversy is that of the universal adoption of newer, more efficient technologies in new buildings,
which simultaneously adopt even more new luxuries and as quality of life rises. These two opposing
parameters are hard to quantify, as is the inflexible inhabitant that is unwilling to comprehend the
importance of energy saving to the environment. In the meantime, due to PPC’'s extremely low
electricity tariffs, no noticeable economic motive is given for the average consumer to adopt these
energy saving measures.

As a method of driving consumers in endogenous DSM, PPC’s tariffs increase noticeably as consumer’s
bill {in kWh) rises. Still, the prices are too low, compared to a household’s various other expenses. For
example a exchange of all incandescent lamps with CFL eguivalents in an average household may cost
just 40€, but saves up only 8€ annually on the electricity bill. Thus, although the investment pays up in
just 5 years, the annually saved amount is indifferent and unable to motivate the environmentally
insensitive consumer.

3.6.2 Distinguishing households

It may be impossible to define the level of consumption intensity between households with low and
high incomes, but it is easy to distinguish household energy intensities by their classification as
permanent or seasonal, urban or rural (1). Urbanization in Crete is fast, but still, urban areas keep up
their population and development rates, possibly due to the secondary occupation of most Cretans
with agriculture, as well as their strong family bondages. An overview of the domestic sector status in
Crete, together with their corresponding energy requirements is unfolded in Table 11.
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Table 11: Disaggregated domestic sector demands per category of use for the year 2005, based on the described methodology

URBAN HOUSEHOLDS - CURRENT ACCOUNTS

Number of urban Percentalge on L|ght|r_1g Refrigeration Air-Conditioning Elect_rlc Other Total annual Percentage on total
- Prefecture’s total electric - ) heating ehergy
Prefecture electrified electric d d: {cooling) d d: use energy
households permanent demands (MWh) (MWh) demands —pyn) demands requirements (%}
households {MwWh) {MWh) {MWh) q °
Heraklion 59.850 63% 33.456 19.930 55.177 84.666 25.313 218.542 55,6%
Lassithi 11.614 43% 6.492 3.867 10.707 16.429 4,912 42.408 10,8%
Rethimnon 10.504 41% 5.872 3.498 9.684 14.859 4.443 38.355 9,8%
Chania 25.581 53% 14.300 8.518 23.584 36.188 10.819 93.409 23,8%
Crete 107.549 60.120 35.814 99,152 152.142 45.487 392.714
RURAL HOUSEHOLDS - CURRENT ACCOUNTS
Number of rural Percentage on total :'Ii:::‘f Refrigeration Air-Conditioning E::a‘;:ti:c Other Tot:rl‘:rnnual Percentage on total
Prefecture electrified permanent demands electric d d {cooling) d d dema n§s use demaﬁ‘cfls energy
households households (MWh) {(MWh) {MWh) (MWh) {(MWh) (MWh) requirements (%)
Heraklion 35.150 37% 19.649 11.705 10.127 50.372 14.866 106.719 39,8%
Lassithi 15.227 57% 8.512 5.071 4.387 21.821 6.440 46.231 17,3%
Rethimnon 15.190 59% 8.491 5.058 4.376 21.768 6.424 46.118 17,2%
Chania 22.671 47% 12.673 7.549 6.532 32.489 9.588 68.831 25,7%
Crete 88.238 49.325 29.383 25.421 126.450 37.319 267.899
SEASONAL HOUSEHOLDS - CURRENT ACCOUNTS
Number of L|ght|r_1g Refrigeration Air-Conditioning Elect_rlc Other Totalannual Percentage on total
seasonal Percentage on total electric . . o = heating energy
Prefecture oo electric {cooling) use energy
electrified households demands {(MWh) {(MWh) demands {(MWh) demands requirements (%)
households {MWh) {MWh) {MWh} 9 i
Heraklion 48.245 42% 6.742 8.033 38.918 6.825 5.101 65.619 42,0%
Lassithi 23.293 20% 3.269 3.895 18.871 3.309 2.473 31.818 20,4%
Rethimnon 17.150 15% 2.397 2.855 13.835 2.426 1.813 23.326 14,9%
Chania 26.133 23% 3.652 4.351 21.081 3.697 2.763 35.544 22,7%
Crete 114.921 16.060 19.134 92.705 16.257 12.151 156.308
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3.6.3 Lighting

As previously mentioned, 8€ of annual savings in electricity bill may be indifferent to the consumer, but
the wasted 100.000MWh annually for domestic lighting through incandescent lighting in Crete
contributes to global warming by 86.000 tons of CO,(16).

The domestic sector offers huge potential for energy savings in the lighting end use. Almost 80% of
existing households are equipped exclusively with incandescent lamps. Migrating to 100% CFL lighting
can be easily and quickly applied by the following proposed methods:

» Increasing the tariffs; this would decrease the pay back period of CFL lamps.

« Crediting the sales through electricity bills. This method has been applied successfully but in short
scale during the past. According to this method, the consumer reduces initial costs by getting “free”
lamps that are credited by the hardware store in his PPC account. The corresponding credit is being
paid every two months, together with the reduced electricity bill.

« Even more simply, prohibiting further sales of incandescent lamps; this would simply ensure that
every “dead” incandescent lamp would be exchanged with an efficient one. It can also be combined
with the aforementioned crediting policy.

Quick implementation of the above measures provides a good start for environmental impact
mitigation, as it is also an understandable method to drive the all important energy-awareness of the
public.

Migrating to CFL lamps is not the only method of increasing lighting efficiencies on households;
unfortunately we should not expect better overall results, since the modern, luxurious households that
feature even more efficient lighting technigues also have increased requirements on actual light.
Therefore, it’s enough for the moment to rely on simple exchange methodology that will reduce
lighting intensities by at least 70% on the average household. Simultaneously, household activity level
will grow according to the 60% of the economic development rates, since houses get bigger and more
demanding as average family income increase.

DSM targets for all three categories of households are summarized in Table 12. The target for partial
DSM scenario is set for 2030, while in extended DSM efficient lighting will be 100% achieved by 2015.

Table 12: DSM targets for domestic lighting

Partial DSM Scenario Extended DSM Scenario
Energy intensity Current
2015 2030 2015 2030
(kWh/household) Accounts
Existing 650 80% 50% 0% 0% 0%
Efficient 195 20% 50% 100% 100% 100%
Average (kWh/household) 559 423 195 195 195

For seasonal households, a custom parameter which will be named “intensity factor” will be applied.
Different intensity factors will be implemented in LEAP’s framework; each will specify the reduction of
energy requirements compared to the average urban household, due to partial inhabitation.
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For lighting, the seasonal intensity factor will be set to 0,25. For the following demand categories it will
be set as follows: Refrigeration 0,5; Air Conditioning (cooling) 0,7; Electric Heating 0,1; Other use 0,25.

3.64 Refrigeration and Air Conditioning

Similarly to lighting, refrigeration also represents an important fraction of the island’s domestic load, as
it represents almost 10% of the load (17). Especially in seasonal households, refrigerators often operate
continuously while residents visit the house just occasionally during the week.

Unfortunately, unlike lighting, interfering with home refrigeration is rendered from hard to impossible.
Consumers will purchase new refrigerators, as the existing ones will reach the end of their lifecycle; but
in order to drive them into buying most efficient ones, an informative campaign into energy saving and
labeling, similar to the one proposed for air conditioning on the tertiary sector must be applied. Results
of such campaign are presented, together with BAU predictions, in the following table.

Table 13: Energy intensities in refrigeration for each scenario

. Partial & Extended
Business as usual .
D5M Scenario
Energy intensity Current
2015 2030 2015 2030
(kWh/household) Accounts

Existing 350 90% 80% 60% 60% 20%
Efficient 180 10% 20% 40% 40% 80%
Average (kWh/household) 332 316 282 282 214

Air Conditioning, on the other hand, varies in terms of integration between the three household
categories. Urban households, due to higher temperatures in city environments have become
oversaturated in A/C’s as sales confirm (80%) (14}, while rural households still use natural methods for
cooling to an extent (25%). Impossible to guantify is the integration of room A/C’s in seasonal
households; we assume a saturation of 70% since they are used mainly in summer months. Intensity
factors will be applied to the energy intensities presented in Table 14 accordingly. It is also important to

mention that saturations will also increase accordingly to A/C sales rates.

As in refrigeration, the same actions will be taken in both DSM scenarios, as noticeable variations from
the BAU predictions driven by retirement of old units and progress in average efficiency can prove very

hard to implement.

Table 14: Energy intensities in room air-conditioning for each scenario

. Partial & Extended
Business as usual
D5M Scenario
Energy intensity Current
2015 2030 2015 2030
(kWh/household) Accounts
Existing (EER 9) 1200 90% 80% 60% 60% 20%
Efficient (EER 15) 720 10% 20% 40% 40% 80%
Average (kWh/household) 333 316 282 282 214
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3.6.,5 Electricheating

The RETscreen software was used to evaluate the average annual thermal needs of a Cretan household.
The reverse methodology that we applied accounted for energy saving intensities, rather than energy
consuming. Electric heating, was assumed as the worst heating option, while central, biomass and solar
water heating reduce intensities by applying negative intensity values.

According to the results on RETscreen’s Bioheat module, for a heating degree-day limit of 18°C, the
average household requires 3.725kWh of energy annually, in order to maintain the desired room
temperatures and satisfy hot water demands. Electric heaters provide 100% thermal efficiency, so the
heating demands also correspond to 3.725kWh of electrical energy annually.

Urban and rural households differ mostly in terms of room heating options; this is why thermal
scenarios will be considered separately for these two categories. Central heating, which is also
combined with hot water, is found in more than 45% of the urban households, while only in the % of
rural households (9]. Biomass heating is widely used in rural areas, but in the urban environment is only
adopted in luxurious households. Finally, detailed data exists regarding solar water heating appliances
(15); over 250 thousand m’ of operational solar thermal systems are installed in the domestic sector,
enough for supplying solar hot water in more than 105 thousand households, reaching a saturation
fraction of 35%. We consider the same fraction for all three household categories.

Table 15: Energy intensities for domestic heating in urhan and rural households, for each scenario

Business as Partial DSM Extended DSM
usual Scenario Scenario
. . Current
Energy intensity (kWh/household) 2015 2030 2015 2030 2015 2030
Accounts
3 Solar water heating -1.008 35% 40% 45% 45% 50% 45% 55%
E Central heating &
g ] -2.717 45% 50% 55% 55% 60% 60% 60%
3 combined hot water
ﬁ Biomass & other
@ . . -2.100 35% 35% 35% 35% 35% 35% 40%
-g non electric heating
Average thermal
? 3.725 100% 100% 100% 100% 100% 100% 100%
requirements
Average (kWh/household) 1.415 1.228 1.042 1.042 856 906 700
. . Current
Energy intensity (kWh/household) 2015 2030 2015 2030 2015 2030
Accounts
@ Solar water heating -1.008 35% 35% 40% 40% 45% 45% 50%
2 Central heating &
S ] & -2.717 25% 30% 35% 30% 35% 35% 40%
§ combined hot water
< Biomass & other
© . . -2.100 60% 55% 50% 60% 60% 60% 60%
E) non electric heating
Average thermal
) 3.725 100% 100% 100% 100% 100% 100% 100%
requirements
Average (kWh/household) 1.415 1.402 1.321 1.247 1.061 1.061 874

Further saving with improvements on the overall thermal efficiency of the average household could be
studied, as there is a huge energy saving potential to be exploited (18). Unfortunately, this side option
of DSM will not be studied, since it is easier to emphasize in retro-fit possibilities. Finally, in seasonal
households, urban intensity values will be used, multiplied by a seasonal intensity factor of 0,1.
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Gigawatt-Hours

3.6.6 Other demands and results

The remaining electric needs in households derive from other electric devices such as washing
machines, electric ovens and televisions. Similarly to the commercial sector, we will avoid
disaggregation of this category into subcategories and we will simply form the two DSM scenarios to
progressively catch up with EU’s “20% savings until 2020”.

Subsequently, after all loads have be distinguished and input in the framework, LEAP calculates the
results of our DSM policy by projecting energy demands for each scenario in annual time-steps up until
2030. The two most important assumptions used by LEAP in order to accomplish the forecast are: [a]
the end year urbanization value {that reflects for how many rural households have been reaching
consumption characteristics of the average urban household) and [b] the activity level increase (which
reflects the growth in quantity, size and comforts of the domestic sector).

Results in Figure 11 are ported directly from LEAP, in order to emphasize the framework’s powerful
graphing capabilities. The left graph is exported by a sub-scenario of extended DSM that assumes no
increase in the number of urban households, in order to compare the DSM results annually, in terms of
energy intensity; the right graph depicts just how successfully the extended DSM practice balances the
forecasted increase of household activity.

Figure 11: LEAP's exported results. Extended DSM applied in constant and increasing household activity for the Chania Prefecture
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3.7 Industry

Industrial GDP and annual energy demands on each Prefecture provide us with energy intensities, using
the inverted final energy analysis procedure that was previously described.

It appears that Heraklion industry is the most energy demanding (0,16 kwh/€ of GDP produced) in
contradiction with Lassithi which consumes only 0,07 kwh/€ of GDP produced. These energy intensity
values are exposed for statistic purposes only, such as to point out where DSM policies should be
applied primarily.

Table 16: Calculating energy intensities based on statistic data for industrial activity

A A Calculated Specific DSM Specific
2005 GDP per Fraction on regional . . . . Total Annual Energy
Prefecture . i energy intensity energy intensity
Prefecture {M€) industrial GDP (%) Demands {MWh)

{(KWh/€ of GDP) {(kWh/€ of GDP}
Heraklion 818 49,0% 0,16 0,12 134.358
Lassithi 180 10,8% 0,07 0,05 12.165
Rethimnon 249 14,9% 0,13 0,10 32.621
Chania 421 25,2% 0,11 0,09 47.941
Crete 1668 13,1% 227.085

fraction on total GDP

Industrial consumers are usually medium voltage customers which are offered discounted charges for
low load factors and very low night tariffs. By these means, DSM is being conducted internally through
the industry’s logistic optimization for maximum profit. Potential for substantial energy savings in
industries may be found in terms of Power Factor Correction {PFC), a technique of counteracting the
undesirable effects of electric loads that create an overall power factor that is less than 1,0 (12). When
an electric load has a power lower than 1,0, the apparent power delivered to the load is greater than
the real power that the load consumes. Although this extra power is not actually consumed, it causes
anincrease in current though the transmission lines, which increases total losses.

Power factor correction equipment may be installed by individual electrical customers to reduce the
costs charged to them by their electricity supplier. This is normally achieved by the addition of
capacitors to the electrical network which compensate for the reactive power demand of the inductive
load and thus reduce the burden on the supply. Simultaneously, PFC helps reducing overall system
demands it the industrial sector by reducing the corresponding losses.

It is though impossible to determine real gains of PFC practice, which is considered some sort of DSM.
For example, even if we assumed that the average industry has a power factor of 0,85, that is increased
through PFC in 0,95 and we could specify the reduction in the grid’s current since most industries use
medium voltage (20kV) converters, we still could not specify energy savings due to loss reduction, as
network characteristics regarding medium voltage transmission lines are unknown.

Therefore, in order to fill our DSM scenarios, partial and extended DSM, we assume general targets of
5% and 10% savings respectively until 2030, in terms of energy intensity.
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3.8 Public authorities

Public authorities comprise mainly of buildings with offices, corridors and conference halls, which
mainly demand lighting, air conditioning and electronic device operation (computers, printers etc.)
loads. Public hospitals also consume large amounts of electricity for medical devices, aggregated in the
“other use” category. The summary of electric needs per category of use, which resembles to that of
the commercial sector, is presented on Table 17.

Table 17: Public services sector demands per category of use for the year 2005

Lighting . . Electronic Other 2005 Public GDP Total annual
Air-Conditioning .
Prefecture demands demands (MWh) Devices use per Prefecture demands
{MWh} {MWh} (MWHh) (M€) (MWh)
Heraklion 17.871 31.274 17.871 22.339 949 89.354
Lassithi 4.318 7.556 4.318 5.397 229 21.588
Rethimnon 5.069 8.871 5.069 6.337 269 25.346
Chania 11.252 19,691 11.252 14.065 597 56.260
Crete 38.510 67.392 38.510 48.137 2.044 192.548

The DSM options to be considered in our scenario-building are identical to those analyzed in the
commercial sector in Paragraph 3.5. The main demarcation is that applying these measures should be
considered easier in public authorities, if drastic, non bureaucratic regulations were applied by energy
regulating authorities such as the Regional Energy Authority of Crete,

3.9 Streetlighting

According to calculations based on the annual consumptions per Prefecture, a total of 70 thousand
street lighting devices operate during the nights, from which 37% are sited in Heraklion, 27% in Chania,
24% in Lassithi and the remaining 12% in Rethimnon. The average device found in the region’s streets
uses Low Pressure Sodium (LPS) vapor technology. LPS lamps amps are the most efficient electrically
powered light source, offering an efficiency of up to 200Lumens/Watt.

Table 18: Energy intensities in street lighting for each scenario

. Partial & Extended
Business as usual
D5M Scenario
. . \ Current
Energy intensity (kWh/device) 2015 2030 2015 2030
Accounts
Existing 578 100% 70% 50% 50% 0%
Efficient 405 0% 30% 50% 50% 100%
Average (kWh/device) 578 526 491 491 405

Electronic communicating ballasts are dimming the lamps intelligently when less light level is required
{middle of the night in industrial and commercial zones for instance). Moreover they consume 4 to
SWatts while usual magnetic ballast consume up to 20Watts. Moreover, such electronic ballast can
usually identify failures in the lamp, on the electrical network and in the supply cabinet and
communicate them through standardized protocols. Use of this type of ballasts may reduce electric
demands by over 40% (20).
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In extended DSV, the set target will be the integration of electronic ballasts on all existing devices until
2030, offering savings of 40%. In partial DS, the 2030 target will be half the savings, as of 20%.

3.10 Results

LEAP’s framework provides the possibility to export a range of custom results and graphs by analyzing
demands on each scenario for the six main activity sectors. It is therefore easy to predict the cumulative
benefits of our DSM policy, in comparison to the business as usual scenario, for the whole island of
Crete, or individually for every Prefecture, category of use etc.

The following figure will sum up benefits in terms of electric energy savings for the entire island. In
further chapters we will also analyze financial and environmental benefits which derive from these
energy saving policies.

Figure 13: Crete's total demand evolution as calculated by LEAP
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It appears that end-year demands are significantly lower than the logistic projection forecasted in
Paragraph 1.2, Figure 4. According to LEAP's output, if no DSM practice is applied, demands will reach
6.900GWh which is 30% lower than logistically forecasted. This is justified by the inevitable introduction
of energy saving technologies in the BAU scenario, which will happen due to the emphasis on efficiency
given from researchers and manufacturers worldwide.

Demand side management restrains growths even further; only 5.100GWh will be consumed in 2030
according to the extended DSM scenario which will save an extra 27% of energy annually and a total of
21.000GWh until 2030, which counts for 8,5 years of system demands in present terms.
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4 Analyzing the system’s current transmission and generation
structure

4.1 Transmission networkin Crete

The transmission network of Crete is constructed by 150kV single and double circuit high voltage lines
as well as 66kV medium-high voltage lines. The power is distributed into the medium voltage (20kV)
grid by fifteen 150/20 kV substations.

High voltage grid is presented in Figure 14, It appears that the 600km of vigh voltage grid are efficiently
covering the island’s major cities and power plants, but still, most of the touristic and demanding areas,
especially is Southern Chania, rely solely on the medium voltage lines.

Figure 14: Crete’s electric network structure, including high voltage transmission lines (21)

Crete’s long and complicated medium

Table 19: Electric losses in the "

voltage network is the main cause for high - ¢ Total Energy | Fraction of

8 . . . g island's system (MWh) losses (%)
losses experienced in the island’s system.

. Net Energy Production 2.748.867
Medium and low voltage cause losses _ _

| to the 74% of the island’ ¢ Production Self-Consumption 95.352 3,47%
equal to the o e island’s ne

d o ° i ] Net Energy Demands 2.653.515

energy prOdUCtlon’ while hlgh VOltage and H.V. transmission and S.5. losses 47.373 1,72%
substations only dissipate 1,7%. It is clear Distribution Total 2 615.573
that a more sophisticated design of the Distribution Losses 203116 7 39%
system would save thousands of MWh Final Consumed Energy 3.412.457

annually.

4.2 Existing main units

The major proportion of the electricity demand in Crete is currently fulfilled by fossil fuel based
generators. A total of 26 units comprise PPC’s conventional electrical generation system. Those 26
power units are shared between the three main power stations of the island.

The first and oldest power station is located at Linoperamata, 7 km west from the city of Heraklion. The
Linoperamata station comprises of 14 units:
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« Six residual oil-fired steam turbines, with a total installed capacity of 111,2MW
« Four internal combustion units, running on residual oil, with a total installed capacity of 49,2MW
« Five gas turbine units, which consume diesel oil, whose total capacity reaches 123,8MW

The second power station is located in Ksylokamara, 3 km from the centre of Chania. The station is
mostly equipped with gas turbines which run exclusively on high quality diesel oil and is the first PPC
station to gain an 1SO 14000 certificate:

« Six gas turbine units with a total installed capacity of 221,6MW
« One combine cycle unit consisting of a steam turbine and two gas turbines with a total combined
capacity of 133,4 MW

The third and most recent power station is located in Atherinolakkos, in the Lassithi prefecture and
comprises of:

« Two identical two-stroke diesel combustion units, which run on residual oil, and contribute to a total
capacity of 102 MW

Table 20: Available power units in the island's system during the

Regarding the merit order of the above year 2005
units, technologies are dispatched Gross Production
: : .. Power Production Units Capacity (MW)
according to their efficiency, and (MWh})
therefore production costs. Steam Turbine & CC Units
. . Linoperamata Steam (6 units) 111,2 685.323,7
In Crete the first units to enter the Chania CC (3 units) 1334 477.370,0
system are the steam turbines and the
. ) ) Total 111,2 685.323,7
Combined Cycle (CC) at their technical - -
o . Diesel Units
minimums. This occurs as a result of the . .
) Linoperamata (4 units) 49,2 260.357,0
huge latency in the start up of a steam |\ i okkos (2 units) 102,0 649.334,7
thermal unit. Once a steam turbine Total 1512 909.691 8
starts, it should be kept in its technical [ gasTurbine Units
minimum in order to be able to output Linoperamata (5 units) 123,8 111.9296
even more power when required. Ksylokamara (6 units) 221,6 296.140,8
Total 4788 408.070,4

As a result, steam turbines operate in
very high capacity factors (i.e. 70% for

Renewabhles Production

Small Hydro-electric 0,6 832,0
the Linoperamata steam turbines). The | \yi g parks 105,9 267.579,7
reason that the capacity factor is not | photovoltaics 04 270,0
100% is that because they always work | Total 106,5 268.411,7
at their technical minimum, but do not overall Total 847 7 2748.8675

always reach their nominal maximum,
since other, easy to dispatch processes, offer lower operating costs.

Hence, the second technology to be dispatched in Crete’s system are the two stroke diesel engines,
which offer even lower consumptions and require lower quality fuel (especially compared to the Chania
CC). Such examples of low cost applications are the two identical units in Atherinolakkos, which burn
residual fuel oil costing only 0,052€/kWh, compared to the 0,071€/kWh of the Linoperamata steam
turbines (4). This also justifies the high capacity factors in which diesel engines operate {more than
70%).
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The ultimate units, which are to dispatch only in peak load conditions, are the gas turbines. Gas turbines
only combust high quality fuel (diesel oil or natural gas) and output high flue gas temperatures,
resulting in average thermal efficiencies and high production costs. For example, fuel cost in the gas
Chania gas turbines surpasses 0,18€/kwh, which is more than twice as high as the consumer rates.

4.3 Wind energy

The majority of existing wind parks in Crete can be found in Lassithi, the Eastern prefecture of the
region of Crete. Lassithi boasts numerous locations that experience average wind speeds exceeding 10
m/s. Other locations where wind speeds surpass 10m/s are shown in red in the following map (22).

Figure 15: Wind map of Crete

PPC S.A. invested in five wind parks before 2000 in Itanos Municipality, Lassithi, with a total capacity of
16,8MW. Since the electricity market release with the law 2773/99, Regulatory Authority for Energy
(RAE) operates as the ultimate independent energy administrative authority (23). In any case of new
energy producing facility, RAE investigates the system’s requirements for increase in capacity, as well as
possibility for higher RES penetration, and licenses the investors accordingly.

After the market release, independent producers (according to the law 2244/94) have been licensed for
an extra 1955MW of wind capacity (24}, from which only 89,1 MW are already functioning, together
with the early ones belonging to PPC, accumulating a total of 105MVV.

RAE’s intentions in order to meet the EU 2010 target are met by the following policy measures (25):

« Realization of the licensed extra 106,5 MW, and in case of dropped projects, authorization of new
wind farms to match up the licensed capacity (26)

« Denegation of new applications for the prefecture of Lassithi, allowing only wind turbine additions in
existing parks

« High level of wind park efficiencies ensured by strict licensing evaluation procedures based only on
validated wind potential for the exact site

« Careful spatial planning by scattering of installments in order to reduce rejected electricity due to
similar meteorological conditions in minimum load periods
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The following figure shows an overview of
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difficulties will be explained and solutions for increased penetration will be proposed in the following
paragraphs.
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Figure 16: Operating and future wind power units

4.4 Other existing RES in Crete

44.1 Small hydro

According to the recent law 3468/06 for RES, a hydroelectric power plant (HEP) is classified as a small
one, when its nominal power is less than 15MWe. This classification is not simply a matter of scale, as a
Small HEP (SHEP) differentiates itself from a HEP in a significant number of characteristics, which
simplify its construction and operation. The main difference between the two is that a HEP is designed
to meet peak loads and is designed for large nominal power and the existence of a large water
reservoir. On the contrary, a SHEP is designed to be cost effective in terms of installation and to operate
on its natural - maximum load factor. SHEPs operate without the use of a large reservoir and thus do
not affect natural environment.

In Crete, only two SHEPs operate in Almyros and Aghia, both constructed and owned by PPC S.A.
Capacity and historical production data are summarized in Table 20. The reported average capacity
factor for the two plants is 15,8%.

44.2 Photovoltaic

Very few photovoltaic installments (under 500kWp in total) were realized from independent producers
under the law 2244/94, which unfortunately promoted selling of the produced energy to PPC at a very
low price. Together with those private achievements, PPC constructed its own small demo stations in
Sfakia and Gavdos which failed to reach their expected production due to bad technical implementation
and insufficient maintenance. In any case, current photovoltaic share is dramatically low compared to
the island’s potential, as will be described in the following chapters.
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4.5 Unit dispatch schedule

As mentioned in Paragraph 4.2 hase load units should be kept in their technical minimum in order to
operate efficiently all year round. Steam turbines in Linoperamata have a technical minimum in 47% of
the units’ rated power, while the Chania combined cycle operates in a minimum of 36% (27).

Further dispatch occurs by ascending production cost, simultaneously taking into account the load
undertaking rate ability and the switching-on required time interval of the units.

SHEP, PV and Wind power must be absorbed in priority, directly after the base load units’” minimum
output. PV and SHEP are disregarded in 600 -
present condition, since their contribution to
the annual load duration curve is minimal. On

500 -
the other hand, wind turbines contribute

noticeably {9,7% of the annual demands).
Unfortunately, the random nature of wind 400 -

System load curve

power raises the need for even more units to

lye in standby, i.e. some of the diesel units in | Remaining Steam

their technical minimum, which is in the 20%
of their nominal power.

Power (MW)
(")
o
=3

200 - Total Diesel
As load increases, reaching the annual

average load (330MW in 2005), both steam

wind Turbines®

turbines and diesel units operate in adequate 100
. . . Steam Turbines {min}
capacity to satisfy the demands. Finally, gas
turbines involve when demand peaks during o . Combined Cycle (min) i ,
summer months and major holidays. 0 2000 4000 6000 8000
Hours
System annual load duration curve, the most Figure 17: System annual duration curve — present situation

representing figure for a system’s load shape,

energy mixture and process priority is described in Figure 17. Wind input in the graph is based on the
reduced wind capacity factor due to excess electricity rejection during low demand periods. Thus, for
this instance, wind turbine nominal capacity value is multiplied by its capacity factor and considered as
a permanently operating unit, contributing on the base load demands of the system.

Although not depicted in the duration curve, a fraction of diesel engines also operate in their technical
minimum for the previously described reasons. Their contribution varies in correlation with power
demands. For example, in low consumption hours 7.000 - 8.760, where wind output may suddently
cease, only one unit may be required in standby; on the other hand, in medium-high demand hours {i.e.
1500-3000 hours) all diesel units must be in standby. In any case, actual wind penetration of the system
will be examined in the following chapters.

The remaining capacity of 211MW comprises the system’s 37% reserve margin. This reserve margin for
Crete’s autonomous system is considered ideal, as just over 30% is sufficient for maximum stability and
security.

*Wind turbines fragment does not represent actual capacity
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4.6 Fuel mixture and emissions

An important indicator for the environmental aggravation of the island’s ecosystem is the fuel resource
mixture of the produced electricity. 57% of the totally produced energy comes from residual oil used in
diesel and steam turbine units. Another 33% is
produced by the “cleaner” diesel oil combusted in
the gas turbines as well as combined cycle units.
Finally, only 10,1% of the total energy is produced by

M Residual oil
RES, from which the majority {9,7%) originates from = Diesel oil
wind. mRES

Fuel consumption varies though different units,
even between those using the same fuel and
pollution control techniques, as it the final value is
determined by the specific unit’s efficiency. In order to calculate actual emissions from each technology
and specify RES implementation savings, we will have to rely on the effects caused by each fuel in terms
of gas emissions per unit of thermal value consumed divided by the corresponding unit efficiency. SO,
and NO, values also take into account the emission control technologies that the plants are equipped
with.

Figure 18: Fuel contribution into energy production

In average, residual oil, which is exclusively used in “base load” units, contributes similarly to diesel in
CO, emissions, as seen in Table 21. On the opposite, diesel is proven cleaner in terms of SO; and NO,,
pollutants which mainly affect local environment and public health. This is the reason for which PPC S.A.
is forced to discontinue the operation of the Linoperamata power station in Heraklion in the near
future. On the contrary, the Chania station that is actually in the city, retains its 1ISO 14000 certificate for
clean, emission controlled operation.

Table 21: Average emissions for the main pollutants in units of kg per TOE of energy consumed”

Fuel CO; emissions (kg/TOE) | 50,emissions (kg/TOE) | NO,emissions (kg/TOE)
Residual fuel oil 3.204,58 41,8/ 8,0G 7.1
Diesel oil 3.037,52 6,0 2,1

Given the demand growth forecasted by the model's calculations for each scenario and their
corresponding emissions, the set target is to minimize those emissions by maximizing the RES
contribution in the aforementioned resource mixture. With the help of our accounting framework
modeling software (LEAP) and RES screening modules (RETscreen suite), we will be monitoring CO; and
NO, avoided emissions which will be estimated and presented for each RES technology, as well as the
whole implementation scheme, in the following chapters.

® O, values obtained from LEAP’s Technology and Environmental Database; other values obtained from (5)
® Refers to low-sulfur residual fuel oil used in the near-city units
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5 Migrating into cleaner energy sources and higher RES penetration

5.1 Energy policy development

This study will follow the national RES guidelines set by the Ministry of Development and RAE; the
enthralling incentives given by the development law {3299/04) and RES law {3468,/06) will ensure hard
competition between private investors, resulting in even more mature and consistent implementations.

Additionally, we will also monitor the upcoming transition of PPC’s conventional plants into cleaner
energy resources such as Liquefied Natural Gas (LNG) and even more efficient technologies {i.e.
advanced combined cycle units).

Finally, Pumped Storage Units (PSUs) will be proposed in a separate scenario in order to achieve an
even higher wind penetration margin in the island’s system and also increase its reserve margin. A
summary of the main targets of the adopted energy policy in terms of power generation in this study
follows.

« Direct increase (giving priority to RES) of production capacity in order to satisfy the additional energy
demands in the following years

« Ensuring an adequate reserve margin, capable of dealing with suddenly increased peak loads, while
simultaneously minimizing the recurring use of the reserve units {(gas turhines)

« Installation of the new conventional power stations in locations that require minimum interventions
to the existing high voltage grid, in order to avoid further losses and scenery aesthetic distortion

« Decentralizing the system by adding RES units in scattered locations, preferably near consumption
areas, therefore reducing transmission losses and adding to local development in a sustainable way

« Full exploitation of the available natural resources in a profitable and environment-caring way; key
resources for Crete which can be directly used through mature technologies are considered wind,
solar, hydro and biomass

5.2 Expansion and alternative fuels for controllable resource units

5.2.1 Methodology approach

In the following subparagraphs we will be examining the evolution in Crete’s thermal plants according
to PPC and RAE targets, data which will be imported in LEAP’s electricity generation process tree. New
technologies and power stations will be inserted as exogenous capacity additions, while power
upgrades through expanded units in existing stations will be inserted as endogenous additions.
Endogenous additions will be deployed automatically by the model whenever it is considered necessary
to increase capacity reserve margin.

LEAP also offers the option to mix feedstock fuels or replace one fuel with another during the unit’s
lifespan; using timestep expressions, we will be able to emulate transitions to LNG for each process
according to our forecasts and assumptions. Importing LNG in Crete aims to eliminate SO,, NO, and
flying ashes which deteriorate nearby environment. Still, unlike RES, in terms of thermal pollution and
CO, emissions, LNG does not offer any important advantages over fuel oil,
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5.2.2 The Atherinolakkos station

As planned in the unified generation license issued by RAE, another 93MW of gas turbines capacity
remains to be added in the Atherinolakkos station; according to PPC S.A. plans, these units are expected
to initiate operation in 2008 (23).

The license for a proposed 180MW combined cycle unit, which will cover a significant part of the
island’s base load, has been delayed due to harsh opposition from public opinion and environmental
organizations against further aggravation of the local ecosystem. The plant is expected to operate at
best after 2010, and is expected to offer high efficiencies, although low quality fuel is set to be used.

Migration to LNG is temporarily out of the question for the Atherinolakkos power station. It would be
safe to consider LNG adaptation after 2020, since priority will be given to the near-city stations of
Chania and Linoperamata.

5.2.3 The Linoperamata station

PPC intends to transfer all the existing gas turbine units to the upcoming Corakies station. Gas turbines
will keep operating in order to cover peak loads using diesel oil, until the expected modifications to host
LNG occur after 2012. The newest gas turbine was installed in 2003 (capacity 27,95MW) and PPC
intends to keep replacing old units and adding new ones according to the indefinite emergency demand
coverage license acquired by RAE, until the Corakies station finally starts operating.

Fortunately for the local environment, heavy oil-burning steam turbines and diesel engines will be
discontinued by the estimated end of their lifecycle, as more efficient combined cycle units of even
higher capacity will be operating in the upcoming Corakies and Atherinolakkos stations.

5.2.4 The Chania station

There are no plans for retirement of existing units and reduction of capacity on the Chania thermal
station. On the opposite, PPC intends to replace units at the end of their lifespan and possibly add new
gas and CC units to cope with increased demands, according to the aforementioned indefinite license.

Evolution of the plant is bound to persist at least until 2010, when the 300MW Corakies station is
expected to be launched. Chania will adopt LNG quite possibly concurrently with Linoperamata, namely
2015.

5.2.5 The Corakies upcoming station

During the previous decade, the erection of a new thermal power station that would replace the
degrading Linoperamata plant was heavily discussed. The Corakies location {in between Rethimnon and
Heraklion) was finally selected as it combines some key advantages such as:

» It lies very close to the existing high voltage grid and therefore new network development is not
required
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o It is sited very close to the large consumption area of Heraklion city, compared to other proposed
locations

« There is no direct visual contact with populated or touristic areas, although the archeological area of
Pera Galiniis relatively close

The area requires suffers from difficulties in the construction of the docking station due to steep depths,
however, it is expected that the station will be completed and operating by 2010. This new station will
boast a capacity of at least 350MW, which will comprise of combined cycle and gas turbine units.

In terms of fuel use, it is expected that the units will be using LNG, which is not expected to be imported
earlier than 2010 due to the difficulties in the installation of an LNG terminal station in the island. Until
LNG becomes available, Corakies units will operate with low-sulfur residual fuel oil.

5.2.6 LNG terminal facility

The long-awaited alternative to the use of fuel oil for power generation on the island of Crete, LNG, has
been discussed for years as the ultimate importable resource that would solve the environmental
burdening problem. A basic parameter of the LNG project’s technical feasibility is the selection of an
appropriate area for the installation of a liquefied natural gas terminal. For safety purposes, these
installations should comply with several distance criteria from inhabited areas, as well as several other
requirements concerning the vessel’s mooring, etc (28). The location of the LNG terminal on the island
of Crete also affects the cost of the entire project, since, among others, it determines the course and
size of LNG transfer pipes.

DEPA, the public natural gas company of Greece prepared a site location study back in 1997, along with
the aid of M.W. Kellogg Ltd. and the Development Organizations of Western and Eastern Crete (29).
According to the feasibility studies that DEPA carried out the installation of the liquefied natural gas
terminal at Corakies location to be the most economic amongst other proposed locations, since it lies
closer to the existing PPC stations which will be the main consumers of LNG, as well as in the same
location with the upcoming PPC Corakies plant.

A more recent study conducted by RAE and Advantica Ltd in 2004, proposes a complete
implementation solution that would include LNG storage in 160.000m” tanks and transportation though
ships which would not require a docking bay. The solution would provide up to 900 million m? of LNG
annually, satisfying a total 900MW of installed capacity in combined-cycle based operation (30).

In terms of project viability, the same study reports that direct adaptation of LNG would be 15%
cheaper in terms of overall running costs, at 78€/MWh produced from LNG versus 91,5€/MWh from
fuel oil, in current (2006) prices. The same study characterizes the government and PPC co-decision to
license the station operation temporarily in fuel oil absurd and unacceptable. The verdict is fair, since by
those means, LNG adaptation may be postponed for long, as adequate capacity reserve will exist.

Summarizing the above, we will set 2012 as an optimistic yet achievable target for LNG adoption. In the
following three years, the constructed pipelines are expected to supply LNG to Chania and Heraklion,
and required modifications in equipment will allow all units to operate on LNG. Finally, after 2020, it is
possible that Atherinolakkos will also be fueled by LNG.
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5.3 Wind power, evolution

5.3.1 Feasibility and economic evaluation

The useful and intuitively designed RETscreen wind module will conduct our feasibility analysis on new
wind energy applications in the island. For consistent start, we should specify two main parameters that
will demarcate our investment review. At first, we should consider a minimum wind speed of 8,5m/s, as
RAE does not license projects in locations that fall below this set target; a second, ultimate design
parameter is the park’s minimum capacity factor, which should be set according to RAE’s minimal
licensed level of 27,5%. As will be analyzed in the following paragraphs, there are several means of
increasing the capacity factor, yet evaluation should only consider a worst case scenario in order to
provide secure output.

Picture 4: Wind Park in Aghios Nikolaos, Lassithi

In fact, as will be proven in the module’s sensitivity analysis overview, these two parameters are some
of the most crucial in terms of IRR and year-to-positive indications. Fixed prices for production credit
and credit escalation rate will be used as granted for autonomous systems by law 3468/06, while the
funding scheme will follow track of the revised law 3299/04 with 50% subsidies and 25% debt ratio.

A wide-selling wind turbine featuring a healthy power curve to match the island’s requirements of low
speed cut-in and generous under-frequency tolerance was selected (Figure 19). Costs for a complete
turnkey wind park, including wind turbine foundation and erection, road construction, transmission
line, substation, control and Operation and Maintenance (0O&M) building and transportation costs were
calculated at 1400€/KW for mid-range installments in the 5-10MW scale.

Rejected electricity has been specified as 25% Powerand Energy Curves
miscellaneous losses in the system characteristics o, e 5000
field based on (31). System O&M costs are set at &0 % 4500
0,025€ per KWh produced by the wind turbines, 222 % o] gggg
while incomes are calculated based on fixed price 500 | g: gggg
of 0,0846€ per KWh delivered to the system. ;22 é 12:33
Finally, production credit escalation rate has been 2o | i .
set to 2,5% annually (80% of national inflation) mg | | 200
and debt interest rate into 6,5% for 10 years as o 2 4+ 6 8 igeed 9.12115; 1416 24
limited by the development law. Figure 19: Wind turbine power and energy curves

Financial summary model output unveiled surprisingly rewarding results; Pre tax IRR of 21,0% and year-
to-positive cash flow in 5,2 years can only be characterized as prosperous given that a worse-case
scenario was considered. It is therefore certain that many, even more fruitful implementations will be
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achieved if [a] wind speeds surpass 9m/s, [b] much cheaper equipment is acquired, [c] O&M costs are
shrinked down to optimal and most importantly [d] smaller amounts of electricity are rejected.

5.3.2 Wind penetration potential

Up until present times, no other RES except from wind energy has been noticeably applied to the Greek
islands. This is the reason why the renewables penetration task has been treated for years solely
regarding wind penetration. Prospects given by law 3468/06 for the exploitation of more RES, such as
solar, render essential a differentiated approach for each technology, which will ensure maximum
stability and will build strong GHG mitigation fundamentals.

Up to now, the implementation of more than 100MW of wind projects in Crete and licensing of another
100MW aroused several obstacles that have resulted in system saturation. An interesting controversy
lies between PPC managers and environmentalists. Some of the former reckon that only controllable
energy sources are network safe, while RES are equal to system instability; the latter oversimplify all
technical difficulties in RES integration arguing for immediate migration to higher penetration margins.

The truth lies somewhere in between; it is very important to comprehend that not all RES are as
unpredictable as wind. In fact, from all RES, only wind and wave sources (the latter will not be studied in
the present work) are highly fluctuating and may cause system stability threats. For wind in specific, the
amount of energy produced by a wind park may change suddenly as [a] wind’s nature is very
intermittent and even more importantly [b] wind speeds often surpass the turbine’s maximum speed
limits and result to sudden power cut offs.

Regulations on the determination of wind penetration potential in non-connected, autonomous islands
are based on the following basic admissions:

» Technical minima of the incorporated conventional production units must never be breached; this
measure ensures that no excess electricity resolving from polluting fossil fuels is produced.

« Total wind capacity must not exceed a certain fraction of the total controllable production units’
capacity; this is limited to 30% for Crete in order to preserve the capability of compensating through
conventional units for the frequency fluctuations due to sheer variations in wind power output.

From an environmental point of view, the set limit might be considered conservative, as results show
that wind contribution in the annual energy mixture are still low, but studies carried out by RAE {32)
show that limitations are rather reasonable.

The main argument behind limiting a system’s hourly wind fraction is that frequency drops beyond
safety limits when numerous wind turbines in a wind park, which operates on its apex, cut off
concurrently. This drop in frequency, which sometimes is impossible to counterbalance fast enough if
gas turbines are inoperative, often results in triggering frequency relays on all other operating wind
turbines in near locations, resulting in partial or total system failure. From the above is concluded that
the higher the wind participation in the hourly average energy mixture, the more sensitive the system
gets. This tends to be solved from a new generation of turbines which offer lower frequency cut off
relays, but still it is impossible to interfere with existing installments to solve this aspect of the problem.



Giatrakos Georgios | Technical University of Crete | 2007

In order to ensure quality of produced electricity with respect to conventional units’ technical minima,
contracts between PPC and independent wind power producers are limiting as of maximum hourly
penetration of wind power to the system’s demand. The contract limits total wind output to the 30% of
the operating units’ nominal capacity in hourly basis, giving PPC the authority of discarding excess wind
power. As expected, the higher the wind penetration gets, the more electricity gets rejected during low
consumption periods as is confirmed by recent studies (31}, resulting in lower annual productions,
hence incomes.

In order to preserve viability of existing and upcoming
applications, a minimum overall wind capacity factor has
been set at 27,5%, according to RAE (32). In 2005, Crete’s
wind production achieved a disappointing capacity factor
of 28,8% which is set to decrease even below the set
[imits as licensed projects are brought to life. RAE intends
to license future wind parks judging by the system’s
“viable capacity”; this indicator is set as the fraction of the
island’s average load that, if implemented though new
wind parks, will result in the minimal capacity factor of
27,5%. For the moment, the anticipated applications will
drop the overall capacity factor below the limit, and the
system is bound to remain “saturated”.

It is therefore rendered clear that only an increase in the
current overall capacity factor may allow further wind
exploitation, as [a] the capacity factor is directly related to

excess production and conventional units’ technical
minima which should be respected by regulation and [b] Picture 5: Wind Park in Sitia, Lassithi
reduced profitability will drive back private capital motivation and slow down development speeds.

A simple tactic for increasing penetration is scattering wind parks between different locations in all of
Crete’s territories. Except from decreasing transmission losses and frequency drops, this
decentralization approach utilizes the wide differentiation of wind conditions throughout the island,
resulting in @ more uniform allocation of wind output. Most of wind parks due for implementation
within 2007 and 2008 are set in different, unexploited locations, away from Lassithi, as RAE licensed
only expansions in existing parks for the specific prefecture (26). Analytical modeling could show if the
new wind applications, especially in Chania and Rethimnon, will be able to keep the overall capacity
factor in current levels or decrease it even further, but still, scattering of wind production /s the
desirable approach.

A second, more aggressive tactic is storage of the excess electricity through the means of Pumped
Storage Units (PSU). A PSU operates by storing and producing electricity to supply high peak demands
by moving water between reservoirs at different elevations. At low electrical demand periods, excess
production capacity is used to pump water into the higher reservoir. When the demand peaks, water is
released back into the lower reservoir through a turbine, generating electricity. Abandoned pits could
be used as the lower reservoir, as the height difference between the two natural bodies of water are
useable. Taking into account evaporation and conversion losses, approximately 80% of the electrical
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energy consumed for pumping the water into the elevated reservoir can be regained (33). The pumped
storage technique is considered the most cost-effective means of storing large amounts of electrical
energy on an operating basis, but high capital costs and the difficulties in reservation of a
morphologically appropriate area are critical decisive factors.

Specific case studies for the system of Crete conducted by NTUA and PPC S.A. (24) have shown that the
addition of a pumped storage unit that equals the island’s wind capacity can drive to safe penetration of
wind capacity to an hourly fraction of 36.4%, whereas current limit of 30% without a PSU is considered
critical for the system’s stability. The study concludes that even higher penetration margins would be
possible with the adaptation of such storage possibilities.

According to a study conducted by NTUA and Regional Energy Agency of Crete (5), two sites were rated
as appropriate for PSU installations. The first is located at Linoperamata, near the main thermal station
of Heraklion, where the dump at Almyros spring is sited and the second is in Kourna, Rethimnon where
the existing reservoir of water could be used as the lower reservoir of the final PSU plant. Some other
sites in Crete are also studied, mainly from wind energy companies, which intend to install them in
order to be able to increase wind penetration margins in the island. Determination of size, cost and
economic viability of the plant are mainly depending on the location and the hydraulic head between
the two reservoirs; the technical difficulties in finding and obtaining this location is the cause of delays
in its implementation.

Pumped storage will be examined in LEAP as a separate, PSU scenario, allowing for higher wind
penetration in terms of installed capacity and simultaneously, overall capacity factor increase due to
excess energy utilization.

5.4 Solar power, revolution

54.1 Feasibility and economic evaluation

Similarly to the wind energy feasibility sturdy, RETscreen PV module will be conducting analysis on
possible photovoltaic installments set to rapidly change the island’s energy outlook. “Revolution” refers
to the generous 100MWp proclaimed until 2010, 49 of which will be licensed within 2007. In fact,
incentives for small {20kwp) and medium {100kWp) applications given by law 3468/06, combined with
development law subsidies have already turned photovoltaic investments very popular indeed.

Crete offers excellent solar dynamic throughout its
territory; solar data for the island is acquired by the
Photovoltaic Geographical Information System
{PVGIS) created by the Institute for Environment and
Sustainahility of the European Commission's Joint
Research Centre (35). The PVGIS database is the only Picture 6: Crete’s solar map as provided by PVGIS
reliable and scientifically consistent means of estimating photovoltaic application efficiency, anywhere
within Europe. The model’s algorithm estimates beam, diffuse and reflected irradiation on horizontal or
inclined surfaces. Its computation also accounts for sky obstruction by local terrain features such as hills
or mountains, calculated from the digital elevation model.
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PVGIS calculates more than 4,8 kWh/m?/day of average solar irradiation at optimal angle (28°) for the
largest part of Crete, which equals to 1.600kWh per kWWp of fixed crystalline silicon modules including
ambient temperature losses. System losses, which derive from cabling and inverters, have been
estimated at 18%. Resulting from calculations, a PV system capacity factor of 15,1% is expected by fixed
panel setup at 28°, while optional two-axis tracking systems are capable of increasing it to 19,6%

In terms of scale, a medium range non-tracked PV park will be examined, as investment interest peaks
at 100kWp. This is basically caused by three important variables that this specific installed capacity
offers: [a] high production credit at 0,50€/KWh, [b] possibility of connecting at low voltage distribution
lines and [c] ease of authorization by facilitated licensing procedures. Costs for a complete turnkey PV
park of 100kWp, including modules, mounting structures, inverters, land formation and other essentials
are estimated around 6.000€/KWp based on current prices. O&M costs will been accounted for, but are
minimal compared to the ones for wind turbines.

Financial summary model output, using the same funding scheme seen previously in wind parks,
unveiled even more astonishing results. Pre tax IRR of 29,0% and year-to-positive cash flow in 3,4 years
are even more intriguing than the corresponding wind indicators. It seems unquestionable that
immense interest will be shown by private investors which will be attracted by the profitability and ease
of implementation of PV systems; therefore all set targets for solar penetration in the island will be
easily accomplished.

5.4.2 Penetration potential

Photovoltaics found their operation in solar energy, which offers two significant advantages in
comparison to wind applications:

» Solar energy typically keeps pace with electricity demands; solar stations deliver energy to the grid
during medium and high load hours. This allows for the solar output to be directly consumed by
nearby end users.

« Solar energy resource, for the greatest part of the year, does not vary distinctly during the day. An
island’s total solar output is even steadier if photovoltaic stations have been diligently scattered in

numerous locations.

In order to achieve decentralization, law
3468/06 promotes the installation of hundreds
of small parks {rated capacity below 150kWp).
Production control by output limitations of
such units is impossible and is consider
unnecessary altogether. This will allow the
operation of solar units in their maximum
capacity factor, therefore bypassing the
utilization parameter when dealing with
maximum penetration.

RAE’s reports (32) showed that photovoltaic

Picture 7: Typical, medium scale PV Park adaptation up to 15% of the average system
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load interferes minimally with the obtained wind capacity factor, reducing it only by 0,5 — 1%. Therefore
it is concluded that such level of photovoltaics integration, which equals the 8,1% of the system’s hourly
peak, is considered technically safe.

According to the same source, total RES maximum hourly penetration limit should increase up to 35%
after the addition of PV units in wind-saturated islands. This policy will ensure that the operating units’
technical minima will not be breached on a 99% probability.

For 2007, RAE and the Ministry of Development have proclaimed a total of 42MW on PV licenses, which
correspond to the 15% of the estimated year 2006 average loads. RAE intends to keep licensing PV
parks accordingly, as system loads increase during following years. According to LEAP’s business as
usual demand calculations, the adopted policy will give rise to a total capacity of 140MWp up to 2030.

We consider the set target very realistic and it may well be surpassed; although realization of such
number of PV installments is bound to face several impediments at least until 2010, solar technologies
are destined to become even more affordable and efficient during the next decades. Adding to their
value is also the ease of system integration and the island’s fantastic solar potential, which offers the
highest capacity factors across Europe.

5.5 Small hydro

Unlike solar technologies, law 3468/06 for RES did not provide any additional production credit for
hydro produced electricity, yet it simplifies licensing procedures by granting “application exempts” for
applications smaller than 40kWe. Unfortunately, given the island’s total needs, only considerably sized
SHEPs can noticeably contribute to its energy status.

An important number of sites are suitable for exploitation in the scale of 500kWe — 10MWe. In all such
places, the SHEPs will operate mainly in the autumn and winter months because during spring and
summer months, water is mainly used for irrigation. These potential SHEPs are small in size and require
relatively small amount of capital and thus they can possibly be undertaken by local authorities (5).
Private investors have shown little interest in the past, possibly due to the low obtainable capacity
factors. This is not expected to change drastically, as feasibility investigation is costly compared to the
overall project budget, thus investors tend towards wind and solar applications.

For the needs of our model, we will examine a total of 30MWe of SHEPs until 2030. Economic analysis
cannot be investigated as obtained capacity factors may vary dramatically between locations and
historical hydraulic data for credible locations cannot be obtained.

5.6 Biomass

5.6.1 Technological overview

Biomass burning combined heat and power (CHP) systems could play an important role in global
warming mitigation. Among the potentially CO, - neutral and less polluting energy alternatives that are
being seriously considered for large scale implementation, biomass offers [a] controllable base-load
electrical power depending on annual biomass supply, and [b] possibility to be converted into liguid
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transportation fuels; therefore, it could become a key part of the solution (36). Several plans have been
formulated to exploit this renewable potential, suggesting that biomass residues can substitute a large
part of conventional fuels. Most of these technologies are mature and can be embodied in the Cretan
energy system, contribute in the local - regional development and create new jobs (37).

Exploitation of biomass will be based [a] on the island’s major agricultural residues such as olive kernel,
citrus fruits and grapes, [b] tree branches and [c] forestry biomass. Accurate resource statistics about
the cellulosic agricultural byproducts recovery potential are aggregate, partly because substantial
amounts are exploited informally, but also because the method of utilization varies greatly between
areas. Application of biomass-to-energy systems has to face various challenges in Crete, especially
when combined with remote domestic heating. In order to implement a large scale CHP application,
ensuring the uninterrupted resource availability via contracting and finding a strategic location near a
populated area is compulsory (36).

Studies regarding the island’s endogenous biomass potential have shown that, even with low source
retrieval factors of agricultural residues, installments of the 10MWe scale are possible only near
agricultural areas such as Heraklio’s Messara. Intense exploitation of all sources beyond residues with
increased retrieval factors may result up to 60MWe in different locations around Crete (5). We will set
this target to be accomplished in 2025; implementation will be concluded in 10MWe steps starting
from 2010.

5.6.2 Feasibility and economic evaluation

Regarding the essential feasibility analysis, it would be interesting to specify the marginal average
resource price that would ensure an investment IRR of 15%. We would also like to examine household
heating from this 10MWe CHP plant in order to specify the marginal heating rates that should be
applied to maintain the project’s viability and reduce local heating emissions. RETscreen was used to
conduct this examination, although this specific approach was rather controversial it terms of model
use. Possibility of applying a combined cycle unit exists, in order to increase process heat rates, by using
a biomass gasification system (38). In order to simplify simulation, CC will not be examined as heat
sufficient recovery will occur through remote heating for an important part of the year (November to
April) as seen in Table 22.

Table 22: Annual heating degree- Heat rate
days below 18°C
100 + 3,600 )

Month °C-d <18°C 0 12000 k)/kWh
January 183
February 174 Power
March 158
April 60
May 0 100 kwh
June 0
July 0
August 0 Heat recavery efficiency
September 0 55
October 0 - =78.6 %
November 48 100 - 30
December 143 Figure 20: RETscreen’s CHP Plant Heat Rate & Heat Recovery Efficiency Calculator
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Examined fuel mixture consists of oil industry residues (50%), mixed softwood (30%) and fruit waste
{20%). Mixture is to be provided in a homogenized, dried form and to offer a constant thermal value in
order to achieve production stability. In order for the plant to operate as a base load unit in maximum
power with 95% availability (hence 95% capacity factor), a hefty 77.000 tons of the proposed biomass
mixture are required annually, as the system’s heat rate hardly surpasses 20%.

The fist target was to specify the average marginal resource price that would ensure project viability;
RETscreen’s technology database contributed in the calculation of the facility’s initial and annual costs,
while production credit and funding scheme are following current legislation. It appears that our
hiomass mixture must be obtained at less than 84€/t. This price should include all collection,
transportation, storage and processing costs that may occur.

The second target is to develop a remote heating network that will drive the plant not only to provide
CO, neutral electricity, but [a] cover the heating needs of a nearby buildings in an economic and
sustainable way, (] increase its profitability by selling remote heating services and [c] recover heat
loads produced by the plant (Figure 20), saving even more CO, emissions caused by building fossil fuel-
based building heating.

Assuming that the biomass plant is set close to a district where households exists, we can modify the
steam turbine’s steam flow and backpressure values during winter months and in order to acquire high
output temperatures. The installation of a remote heating network could be easily applied in densely
populated districts where central heating is already available. It could also be combined with further
end-use energy saving measures such as better piping insulation etc.

Resulting from Table 22, 765 heating degree-days below 18°C are required for the capital of Crete,
Heraklion. Arising from the above, a poorly insulated Cretan household requires 6.653kWh of thermal
energy annually to cover its space and water heating demands, corresponding in 660L of diesel oil
costing about 400€ in year 2006 prices. If remote heating is considered for 1.000 households and
energy saving measures are applied, a net peak heating load of 5SMW is required. In order to achieve
the required thermal output and retain the 10MW electrical output simultaneously, increase in biomass
consumption during the winter months occurs due to increased steam flow requirements, together
with the addition of a medium-to-peak load biomass burner.

Marginal heating rates
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6 Modeling and implementation results

6.1 Scenario formation on power generation

For reference purposes, we will be examining our RES implementation policy using the load status
forecasted on the BAU scenario. A RES scenario will be created, inherited by the BAU scenario, which
will allow us to compare implementation results with forecasts that use the current energy mixture.

The RES scenario will apply all RES penetration and

LNG adaptation plans described in Chapter 5. The FEER S UV E] Extended DSM

plans are in accordance with European loads (BAU) loads (EXT)

Committee’s directives, Greek government’s

environmental targets, RAE’'s remote network and

national security regulations and moreover, both Current energy ~ Renewables
N . - . . = . = implementation

legislative framework and financial incentives exist mixture (REF) (RES)

for unobstructed and beneficial implementation.

Furthermore, the same RES policy will be applied

on BAU, refined by adding pumped storage i imR?:r?WV;i?alﬁii) i || Added Pumped

hydroelectricity namely PSU scenario. P (RES) Storgage (PSU)

Finally, the RES and PSU scenarios will also be
applied in extended DSM load status forecasted on
the EXT scenario; this will incorporate the most
aggressive GHG mitigation course of action that this
study has to offer.

|| Added Pumped
Storgage (PSU)

Figure 21: Scenario relationship schematic

6.2 Electricity generation simulation

This paragraph intends to shed light on the methodologies followed to model current and future
system behavior in LEAP’s transformation branch. Accounting framework modeling offers flexibility in
data input, which will be exploited in order to intuitively simulate the island’s electricity generation
unfolding. All engaged processes and criteria will be in respect of the energy policy development
analyzed in Chapter 5.

6.2.1 Endogenous and exogenous capacities

Exogenous capacity values reflect existing capacity as well as planned capacity additions and
retirements. New power plants, such as Corakies and new technologies, such as combined cycle in the
Atherinolakkos plant, will be set implicitly in a user-defined period. New controllable RES plants, such as
biomass CHP, or low-contribution applications such as SHEPs, will also be applied exogenously, as their
set capacity could not interfere with system safety limits.

Endogenous capacity values are calculated internally by LEAP in order to maintain a minimum planning
reserve margin. Existing thermal plan unit expansions will be set as endogenous potential leaving the
model to judge the launch period. RES unit additions will also appear only as endogenously calculated
capacity.
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6.2.2 Planning reserve margin and capacity credit

It is considered ideal to maintain a high reserve margin in an isolated grid, since designing peak capacity
based on hourly load monitoring is insufficient considering instantaneous load variations. A reserve
margin of at least 30% ensures power quality during peak load hours.

Capacity credit is the main parameter used for calculating endogenous capacity additions. The capacity
value is defined as the fraction of the rated capacity considered firm for the purposes of calculating the
system reserve margin (11). For thermal power plants the value is normally 100%. Lower values of 30%
are used for intermittent sources such as wind and hydro, reflecting their lower average availability.
Photovoltaics, output of which is considered to peak during increased-consumption hours, get an 80%
capacity credit.

6.2.3 Dispatch rules and maximum availability

The majority of processes are dispatched hierarchically, according to their merit order. Processes with
the lowest value merit order are dispatched first (base load units) and those with the highest merit
order are dispatched last {peak load, reserve units). Processes with equal merit order are dispatched
together in proportion to their available capacity.

« Steam and combined cycle, as well as the proposed biomass plant operate as base load units and
therefore are granted merit order “1”. Implicitly for these units, only their technical minimums have
priority over renewables

» All RES production is granted “2”, while PSU hydro gets “3” as it operates on excess renewable
electricity

o Diesel units, which offer lower productions costs are ordered “4”

o The “rest” of steam turbines and CC gets a dispatch priority number “5”, due to high fuel costs
compared to diesel units

» Finally, peak load gas turbines are granted “6”

Maximum availability is the LEAP expression for describing a process capacity factor. It is the ratio of the
maximum energy annually produced to what would have been produced if the process ran at full
capacity.

o In the case of RES technologies, maximum availability reflects the overall capacity factor; for
example, 28,8% in wind and 15,1% in PV, as mentioned in Paragraphs 5.3.2and 5.4.1

« Inthe case of a PSU unit, maximum availahility will be estimated by the excess RES power produced
annually, in reference to the unit’s capacity

« Inthe case of the existing thermal plants, maximum availability derives from PPC’s utilization figures,
which are dispatched in ascending order of their overall running costs, also taking into account
undisclosed system stability parameters

« In the case of upgrades on existing units into burning LNG, the same maximum availability values will
be retained, since process efficiencies and therefore relative running costs will remain unchanged

o Finally, in the case of new thermal plants and endogenous additions, full maximum availability rates
will be given, since they will incorporate higher efficiencies and emission saving measures
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6.24 Unit efficiency and fuel mixtures

Unit efficiency is the percentage ratio of energy outputs to feedstock energy inputs in each process.
Efficiency data can also be specified as a heat rate - the rate of feedstock fuel required per unit of
energy produced. The heat rate is the amount of energy input {in kl or Btu) from the fuel required to
produce 1 kWh of electricity.

For hydro and renewable electricity generation systems 100% efficiency will be used, while for
conventional units we will refer to both the RETscreen and LEAP database heat rates in conjunction
with the available PPC data. Finally, fuel energy contents are entered in net form (lower heating values).

Table 23: Unit efficiency and fuel energy content

Process Heat rates (kJ/kWh) Efficiency (%) Fuel Energy content
Steam turbines 11.500 310 Diesel 8.514 kCal/L
Combinead Cycle 7.000 51,5 Residual oil 9.766 kCal/kg
Diesel 8.000 45,0 LNG 5.015 kCal/L
Gas turbines 8.500 42,5

RES ~ 100,0

6.2.5 Generation process overview

Table 24: Electricity generation processes - all variables — RES & PSU scenario

oy [ camyup (0ot | | FE | U | | oty
(%) t?hj\?j)o margin year year . (%) Credit (%)
COR Gas Turbines 42,5 200,0 300,0 2010 2012 6 50 100
CHA Gas Turbines 42,5 2216 100,0 2006 2015 <] 25 100
LIN Gas Turbines 42,5 123,8 ~ 2006 2015 6 25 100
COR CC rest 51,5 100,0 300,0 2010 2012 5 95 100
ATH CC rest 51,5 100,0 ~ 2010 2020 5 90 100
CHA CC rest 51,5 85,4 ~ 2006 2015 5 90 100
LIN ST rest 30,0 58,9 ~ 2006 ~ 5 70 100
ATH Diesel 45,0 102,0 ~ 2006 2020 4 85 100
LIN Diesel 40,0 49,2 ~ 2006 ~ 4 70 100
Pumped Storage 80,0 ~ limited” 2010 ~ 3 100 100
Photovoltaics 100,0 0,2 limited® 2006 ~ 2 16 80
Wind Parks 100,0 105,9 limited’ 2006 ~ 2 29 30
Small Hydro 100,0 30,0 ~ 2006 ~ 2 20 30
Biomass CHP 22,5 60,0 ~ 2010 ~ 1 95 100
COR CC min 51,5 80,0 240,0 2010 2012 1 95 100
ATH CC min 51,5 80,0 ~ 2010 2020 1 95 100
CHA CC min 51,5 48,0 ~ 2006 2015 1 95 100
LIN ST min 31,0 52,3 ~ 2006 ~ 1 95 100

’ Defined by corresponding wind penetration
8 Defined by RES penetration limitations
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Figure 24: Renewabhle energy delivered annually for the BAU + RES scenario
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Figure 25: Renewable energy delivered annually for the BAU + PSU scenatrio
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6.3 GHG mitigation results

6.3.1 Fuel consumption

In order to successfully compare between scenarios, we will be screening fuel consumption in terms
energy content. Energy contents and composition of the used fuels are represented in Table 25 {39)

(40).

Tahle 25: Fuel energy contents and chemical composition (w/w)

E Unit Net/G
Fuel Net Energy n;rs: sinclaf :el;tir:ss Carbon Sulfur Nitrogen Ash
Content P y g_ Content Content Content Content
Unit Value Ratio
Diesel Qil 8514 Keal/L 0,95 86,5 0,4 0,59 0
Natural Gas 5015 Kecal/L 0,875 73,4 0,01 0,03 0
Residual Fuel Oil 9766 Keal/Kg 0,95 84,4 2 1 0,075
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Figure 26: Fuel consumption in terms of energy content — BAU +REF scenario
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Fuel consumptions for the three most representative scenarios are exported in Tons of Qil Equivalent
units in Figures 25 to 27. The EXT+PSU scenario is an extended DSM load scenario combined with PSU
scenario’s generation scheme, created for comparison purposes.
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Figure 27: Fuel consumption in terms of energy content — EXT +PSU scenario

2030

Observed drops in fuel consumption for 2010
and 2015 correspond to the implementation of
higher efficiency units and discontinuation of
the older Linoperamata units. As seen in the
provided figures, the applied measures were
proven quite drastic in terms of reducing the
amount of fuel energy required. Especially in
case of the extended DSM and maximum RES
penetration (EXT+PSU) scenario, fuel
requirements appear to be almost constant up
until 2030.

Figure 27: Fuel consumption in terms of energy content — BAU + PSU scenario
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6.3.2 Environmental loading

In an attempt to designate each fuel’s contribution to the global warming phenomenon, the GHG
emission factor will be used. This aids in calculating the tons of CO, — equivalent pollution potential
per unit of fuel energy content. For the used fuels, emission factors are presented in Table 26.

Table 26: Fuel global warming potential résumé

CO, emission CH, emission N,O emission GHG emission
Fuel factor factor’ factor'’ factor
kgCO,/TOE kgCOze/ TOE kg2eo/ TOE €O,/ TOE
Natural gas 2066,20 0,152 0,0379 2,081
Diesel Oil 2902,57 0,079 0,0791 2,928
Residual Fuel Qil 3102,66 0,120 0,0797 3,129

According to LEAP's final output, implementing RES and cleaner fuels though the described planning in
the RES scenario will save 50% of annual emissions by 2030, cumulatively saving more than 30 million
tons of CO,,, during this 24 year period.

Further load shaving actions such as extended DSM, as described in the EXT scenario, combined with
maximized RES penetration, as in PSU scenario, results in even higher GHG savings of 66% annually.
These correspond to 40 million tons of COy., savings from 2006 to 2030.

4.500

W BAU + REF

by
o
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S

H BAU + RES
3.500

W EXT +P5SU

3.000

2.500

2.000

1.500
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Figure 28: Greenhouse gas emissions summary for every major scenario

1t of CH, equals 21t of CO; in global warming potential (IPCC 1996)
%1t of N,O equals 310t of CO, in global warming potential (IPCC 1996)
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Appendix - Notes & Explanations

Chapter 1.1

Primary Households correspond to Permanent Households. Permanent households include both
urban and rural households used primarily (i.e. as main residence) by Crete’s permanent
inhabitants.

Secondary Households correspond to Seasonal Households. These are used occasionally (i.e.
weekends, holidays) from both Crete’s permanent inhabitants and seasonal inhabitants.

From Chapter 1.1 onward, households are being addressed to as permanent and seasonal.

Chapter 1.2

In table 2, GDP rates for each prefecture, as well as table 3, disaggregation/categorization
between levels of economic activity (from primary to tertiary sector) were seeded from the
website www.economics.gr, which facilitates user access to the Ministry’s of Economy and

Finance statistic database.

Raw data was referring to year 1994 prices, therefore final values were post-processed in order
to match the year 2000 reference standard set implicitly for simulation accuracy purposes.

Chapter 3.5.3

Areas of cultivated land were acquired from the General Secretariat of National Satistical
Service of Greece website www.statistics.gr.

Chapter 3.5.3

Product labeling is a dynamic and evolving classification of consumer electronics that aids the
consumers into easily choosing the most economic model that their money could buy.

By dynamic and evolving we imply that a product classified today as A or A+ may be classified as
C after a couple of years, as technology dramatically evolves.


http://www.economics.gr/
http://www.statistics.gr/

This is the main reason why, labeling policy targets must not be set according to the
performance ratio of today’s “A-labeled” device (i.e. EER), but instead, the average label rate of
the total of devices sold annually should be headed closer to the specific year’s corresponding
(i.e. concurrent) “A-label”.

Methodology described in this specific chapter follows the above logic by simply estimating
(assuming) the advance of technology in parallel with the proposed labeling policy.

Chapter 3.5.4

In Table 10 “end year intensities” do not always refer to the simulation end year (2030). Better
described as “target year intensities”, they vary depending on the ease of measure
implementation. Year 2020 is often used as it is commonly encountered in EU directives.

Chapter 3.6.2

Table 11 “Disaggregated domestic sector demands per category of use for the year 2005,
based on the described methodology” is based on the methodology described on the following
chapters 3.6.3 — 3.6.6 and therefore would be best examined after studying those specific
chapters.

Chapter 3.6.3

In the final paragraph on page 23 “For seasonal households, a custom parameter which will be
named “intensity factor” will be applied”, a new term is being introduced.

In the following paragraphs the same term is mentioned as “seasonal intensity factor” or
“seasonal factor” and is always used to “specify the reduction of energy requirements compared
to the average urban household, due to partial inhabitation”.



Chapter 3.6.3

In order to calculate current and DSM lighting mixtures, a custom methodology has been
formed:

[a] The average household was considered as a 80m?” building flat apartment, with poor natural
lighting potential.

[b] Lighting requirements in lumens were calculated, based on the above assumptions and the
available literature.

[c] Based on the annual electrical energy consumption per household for lighting demands, in
combination with each lamp technology’s efficiency (for simplification purposes only
incandescent and CFL were considered), the current technology mixture was calculated.

[d] Finally, based on the described DSM methodology, future target technology mixtures were
set for 2015 and 2030 as seen in Table 12.

Chapter 3.6.5

In the second paragraph is stated “According to the results on RETscreen’s Bioheat module, for a
heating degree-day limit of 180C, the average household requires 3.725kWh of energy annually,
in order to maintain the desired room temperatures and satisfy hot water demands”.

For the calculation of the thermal requirements, two basic assumptions were used in
combination with the island’s average meteorological data: [a] the average household heated
area is considered 80m?” and [b] the insulation of the average Cretan household is characterized
as “poor” (still, quite optimistic assessment) in RETscreen’s insulation level ratings scheme.

Chapter 5.5

The 30MWe target for SHEPs is a very optimistic assumption which is set as an attempt to
diversify the island’s RES production by increasing the hydro contribution in noticeable amounts.

A more realistic estimate for year 2030 is just 6MWe, which would still be considered as success
if they could be finally exploited.



Chapter 5.6.1

Similarly to the SHEPs, the biomass potential of 60MWe could be described as overestimated.
According to sources from the Regional Energy Agency of Crete, more recent researches on the
subject have concluded in a maximum biomass potential of 40MWe.



