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TEI Netpandt ZxoAn Texvoloywkwy Edappoywy Turipa Mnyavoloyiog

Inoubaotéc : Naodc Métpog,  Mapkoyiavvdkng AxtAAéag

MepiAnym

H nAektpodotnon autovopwy SIKTUWY VNOWTIKWY TEPLOXWY 0TO Atyaio NéAayog,
napéxetal £wg oApepa pe TV xprion Tomkwv Beppikwy oTaBpmv mapaywync ot
0moioL AVEAVOUV ONUAVTIKA TO KAOTOG apaywyrg kat mBapivouy to nepiBdiloy.
Ano v dAn Mevpd, n pvon twv Siktiwy petadopds, n HElwpEV eveliia Twy
eykateotnpévuy Beppikiv povadwy akld kal n avakolouBia napaywyng-iitnonc
kaBlotolv adlivatn tny ektetapévn Sleioduon TWY aVAVEDTIHWY TINYWY evépyetac
(elbikd NG auoAkrG evépyelag). IUVEMEWR TwV Topamavw Eival n av§nuévn

andéppupn tng EVEPYELAC TTOU TTAPAYETAL Ao atoAkd napka.[17]

H avarntuén texvoloyuiv anoBrikeuang evépyelag propei va ouvelopépet otn Avon
tou mapandvw mnpoPAnpatog. Ta odéAn amé v uwBétnon texvoloyiiv
anobnkevong evépyelag eivar moAdamAd, pag kat Sivouv v Suvatdtnta
EKPETAAAEVONG TNC AMOPPUTTOUEVNG AT TO HIKTUO EVEPYELG TWV ALOAKWY EPKWY,
gvioxouv Tnv aflomotia tou Siktbou Swavopng kat divouv v Suvatdtnta
BeAtiotonoinong tng Aswtoupyiag Twv  UuPOTAPEVWY  CUPBATIKWY  povASwy
napaywyne.[16] Itov aviinoda, ol texvoloyieg anobrikeuong avupetwnilovrat pe
OKETTIKIONOG, Adyw Tou uPnAol KOCTOUC TNC ApXLKAC EMEVOLONG KAl TWV QMWAELWY

KOTA TNV HETATPOTI TNE EVEPYELAC.[3]

Ndvw ot autd to mAaiolo peletdrar n uviwebémon ocuothipatog anobhikevonc
EVEPYELQC OUMTIECHEVOU aépa, TO Onoilo ekpeTaAAeVETAL TIC anoppielg evog
QloAKOU TAPKOU, Yyl TNV KAAUYN TWV EVEPYELOKWY QVAYKWYV OQUTOVOUWY
vnowTtikwy Sitowv. [17,18]Ma tnv e€aoddiion tng adbLGAEUTING MapoxnG EVEPYELOG
npoc 1o diktuo, To clotnua €xeL v duvatdtnta va Aeltoupyel kal o€ ouppatiko

kUKo aeptootpofilou pe tnv xprion Guoikol agpiov we kavowo.[8)
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Abstract

The electrification of autonomous electrical networks existing in the Aegean
Archipelago Islands is principally undertaken by local, oil-dependent thermal power
stations, responsible for considerable environmental impact and rather high
electricity generation cost. On the other hand, the extensive exploitation of RES
(especially wind energy) in autonomous (in most cases weak) electrical networks, is
subject to strict constraints and barriers owed to the electricity networks nature, the
operational features of the employed diesel/heavy oil units and the disharmony
noted between the instantaneous wind energy production and the corresponding
electricity demand of the local network. As a result, substantial amounts of wind

energy being rejected by the local electricity grid may be encountered. [17]

Meanwhile, the development of energy storage systems suggests an appreciable
solution that may compensate for the encountered wind energy rejections. The
benefits stemming from the adoption of energy storage systems as ancillary power
units are the exploitation of otherwise wasted amounts of energy (e.g. rejected
amounts of wind energy can be stored), the increased reliability of energy supply
(since an extra power source is available) and the improved operation of already
existing power units (e.g. operation of conventional units at optimum point). On the
other hand, storage technologies are faced with some scepticism arising from the

high initial cost of the system and the inherent transformation losses. [3]

In this context, the adoption of a Wind-Compressed Air Energy Storage (Wind-CAES)
configuration will be investigated. To ensure that the system will be able to fulfil the
peak demand energy requirements even in the case that the energy stored is
inadequate, the CAES unit will be able to shift its mode to the typical gas turbine
cycle as well (i.e. the gas turbine will be coupled to the compressor via the use of a

clutch) and use natural gas instead of wind power. [8]
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lipoioyog

Oa Bihape va svxaplotoovpe Bepud tov emuBAénovia kabnynt pag Ap. lwavvn
KaASEMN yLa TV uTooTpi€r Tou, Tov KaBnyntr pag k. AnpAten Zadelpdkn yia 16
oupPouAég Tou kat TNV cuvexr kaBodrynon mavw otnv epyacia pac. Eniong Ba
BéAaypie va ekGPACOUKE TNV EVYVWHOOUVN pag otov dido pag AAEEavdpo Iyapd ya
tnv untooTtApI&r Tou 0TV SnpLoupyia Tou Aoylopikou.
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1. AmoBnxeven svépyelac

1.1 Ewoaywnj-Amodnicsvon svépysiag og peydain KALpaKa

Ta televtaia xpovia ©6A0 Kal TEPIOOOTEPES péBodol  kal TEXVIKEG
avantiooovtal oTov Topa e anoBikeuone e evépyetag. Ot Vo Paatkol Adyot
yla tnv dnuoupyia dlatdéewy anobrkeuong evépyetag ival:

e Heflooppénnon tou Siktvou

o H auéktnon kat ENavaxpnowonoinon TG EVEPYELAG OF OTLYHES
avénpévng itnong

sy npwn nepintwon n amoBfkevon evépysiag PonBael tv Satipnon g
oTaBepdTNTAG TOU SIKTHOU yla pikpd ypovikd Slaotiparta, evw oty Sevtepn
ouvelodEpEL otV KEAUPN TS ZATNONG O WPEC QxS oo ot povadeg Baong dev
pnopouv va avtanokplBoiv.[1]

IXETKA We TNV Xprion Avavedowwv MNnyiv Evépyelag (ANE), napatnpeitat
acupdwvia petald mapaywyic kat IRTonc TN Evépyelac. AuTO TO Xdoud
kahoOvtal va yepupdoouv Ta ouoTipaTa anoBAKEUONG EVEPYELRS, T omoia
Hnopouy va efaodakioouy T péylotn aflonoinon TG MapayopEVNG EVEPYELAC HE
0 Aiyotepo Suvatd owkovopkd kat meptBalloviikd KOOTOG OF CUYKPLON KE TNV
avEnon Twv povadwy mapaywyAc. Akopn, n BéAtiatn Slaxelplon evEpYELQG Kat N
opBoloyikry xprion twv Sabéoipwy Tnywy, of ouVBUAOUO PE TNV evioyuon g
EVEPYELQKNG autovopiag oe un Swaouvbedepeva diktua g NMEPWTKAG KAt TG
VNOWTIKAG XWPac, evBappivouv Ty xphon pedédwy amodrikevons. (71

Onwe npoavadépBnke, éxouv avantuyBei apketéq péBodol anobrikevong
NG EVEPYELAC, OL ONUAVTIKOTEPES QO TIG OMOLES TEPLYpdpovTal MAPaKATW:

o Avaotpéipa uSponektpikd (Pumped Hydro)
e AnoBrkevon cupmieopévou agpa (CAES)

o Idovbulol (Flywheels)

* AnoBrkevon oe payvntiko nedio (SMES)

*  Ynrepnukvwteg (Super Capacitors)

*  Juoowpeuteg (Batteries)

e Ztoweia ponc (Flow Batteries)
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Ito nopakdtw Siaypappa napadétovral o texvoloyieg anoBikevons avaloyws pe
v duvatoTnta napoxric EVEpyELac oto diktuo.

Iuotfpata anobrikevong evEpyeLag
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Audypappa 1: Texvoloyieg anoBrikevong evépyetag

IKOmOg Twv TeXvohoylwy amoBnkeuong evépyelag eival adevog n avaktnon e Un
EKMETANMEDOULNG TIOAPAYOUEVNG EVEPYELAG KOL 1 XPRion TG o€ neplodoug atxpng [24]
kat upnAnc Inong, 6mou ot povadeg Baong dev unopolv va koAvouy To poptio
kot adetEpou n evioxuon tng otaBepotntag tou Siktvou[4].

loxue BixTuou xwpic anodirkeuon
(kETafhnTn napoyn wxuog)
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Avaypappa 2: ArakOpavon dopriov oto Siktuo
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1.1.1 Avaotpépipa v6PONAEKTPIKG

Ot avaotpédpol vbponiextpikol otabpoi divouv v duvatdtnta napaywyng
evepyelag ala kot oamoBnkeuong g pEow avtiotpodne Aswtouvpyiog. Ta
avaotpéPipa vdponlektpikd Swabétouv S0o TapLEUTHPEG VEPOU, Evav 08 UEeydAo
vpopeTpo kal évav otnv pdon. Katd tnv cupPatikr Asttoupyia n porj Tou vepol
Sivel kivnon og ubpoduvapikég pnxaveg (otpopilouc) ol onoleg napayouv NAEKTPIKN
evépyela. Otav unapyeL neplooela evépyelag oto Siktuo, xpnotonotovveal avtAieg
ol oToieg PETadEPOLY TO VEPO OTOV Avw TapEUTHpa.[10]

INUavTiko mAEovEKTNUa Twv udponAextpikwy otabuwv mapaywyng eival n
Suvartotnta ypriyopng mapalafng kot andppidng doptiou peyaAng Loxvog, YEyovoc
oU TouG KaBLoTd kavou g yla TNV kaAuyn Twy atypwv poptiov mou napovoidlovral
oto biktuo.[9]

H nmpwtn edapuoyn peydAng kAipakag avadepetal to 1929 otnv Meppavia. Ta
avaotpéipa vbponhekTpikd E€pya TOU AELTOUpYOUV ORMEPD OF OAGKANPN TNV
udrAo €xouv Loyl nepi g 140 GW and ta onoia: 100 GW oty Evpwnn, v Acia
Kat TV Aatwikn Apepikr, 21 GW otnv lanwvia kat 19 GW ot HNA. Ztnv ENAGda
Asttoupyouv 2 avaotpeipa ubponektpikd epya: [10]

e Tng Idnkide otov notapd Aldkpova (1985) pe 3 avaotpéPpes povasdeg

toytocg 3x105=315 MW,

* Tou Onoaupol otov motapd Néoto (1998) pe 3 avaotpéPipeg povadeg

woyvo¢ 3x127=381 MW, bwBéown uvdpavAwik mwwon H=154 m kal
TApLELTAPa YWPNTIKSTNTAC 565.106 m”

Avaotpébipo ubponiextpiko

Ewova 1: Audraén avaotpédipouv uSponektpikol

10
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1.1.2 Amobijkevon cvumieouévov aépa

Me tnv pébobo amoBrikeuang evépyelag PE TV Hopdr] CURTUECHEVOU aépa
Sivetar n Suvatdmnta kGAung EVEpYEWOKWY ovaykwv ot TepLodous axunig. O
CUMTILECUEVOG aEpag puldooetal ot puokd aepoBuldxia ) Soxeia mieonc. [22]Ztnv
OUVEXELQ, QVOELYVUOMEVOG [E KQUOLHO KOiyETaL TApAyovTag KauoagpLa Ta onoia
EKTOVWVOVTOL OF QePLOoTPOPho Bivovrag kivnon otn yevwwATpla TOU TOPAYEL
pevpa.[20,23]

Ahugiba gupTieong Ahugiba ammogupTTieong/yevwnTpia
EZATHION

WUKTEG

avaxTnon

P, = I0)UG £160680U CUNTTIESTH B Inte

P = 10)0g £g0G0ou yevwijTplag

Kavaio
(T1.). PUOIKG aEplo, ATTOOTAYMa)

70-100 bar
YTooTpwya

ATToBrKeuon
; Atpa
TIETPWHATOG

£18IKoU

Ewoéva 2: Turukn Sidrafn ouvotipartog oupnieonc agpa

Miwa PBaowr mnapdpetpog mou xprilet mpoooxng eivat n  puBwon g
Beppokpaciac anobhikeuonc. Katd t Swabikaocio tng cupnieong tou aépa éva
HEPOC NG EVEPYELAC XAveTalL PE TN popdr) BeppotnTag, yeyovog un emBupnto. Ektog
QUTOU, KOTA TNV EKTOVWON aneAeuBepwvovTal ApKETA ONUAVTIKA Tood BeppdtnTag
Ta onoia av aflonoinBolv pnopouv va BEATULOOUV ONUAVIIKA Tov Babpd anddoong
g povadag. Ta televtaia xpovia yivetar pia onpavtkn npoondBeia aglonoinong
auTWV pHéow Twv adaPatikwy CAES.[13]

1.1.3 Xpoévéviot

0 o¢dvbulog anoteleitat and éva oupnayn dioko mou ouykpateital péow
HayvnTKV eSpavwy kat eivat tpocappoopévos o€ évav dfova neplotpodric. 0oo
TaxUtepa meplotpédetal 0 0dpOVEUAOG TOOO MEPLOCOTEPN EVEPYELQ TLAPAYETAL, N
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omnoia amo8iseTal XpnoyLonoLwvTag tn port tou opoviAou Sieyeipovtag Ty
nAektpoyevvntpla. [5]

.,[,.,[.,._m

Mutai/
Gunerator

Maygnutic

Vacuum Huarings

Hous bng

Compusit

F Rim
Hub

Courtesy of Beacon Power

Ewodva 3: Zpdovéulol

1.1.4 Yvoowpsvtéc-Mnatapisg

OL unatapieg anotedolv Tov MAEoV yvwoto TpOMO amoBhikevong g NAEKTPLKNG
EVEPYELAC UTIO TN Hopdn XNHLIKAG EVEpyELag. Ot o Siabedopévec elvan ol €€ ¢: [2]

e OfEwv polupdou

e Nikehiouv-Kabpiou

* Qeciou-Natpiou

*  XAwpidiou vikediou-Natpiou
® [ovtwv ABiou

*  MetalikoU ototyeiov-Aépa

Ewéva 4: Zuotoiyia pnatapiiv
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MNaodg Nétpog,  Mapkoyiavvakng AXINEQG

1.1.5 Mayvntucd Hedia

H anoBrikeuon evépyelag und popdn HayvnTKWY Tediwy EMITUYXAVETAL HE TNV por)
PEUHATOG OF UMEPQYWYLHO TNvio ot apketd xaunAég Beppokpaoieg (55-77 Kelvin).

(15]

1.1.6 YmepmuKvwTés

H apxn Aewtoupyiag TwV UTEPTIUKVWTWY EVOL OVTIOTOLXN TWV TMUKVWIWV WE TN
Sladopa ot €xouv  Suvatdtnta va anoBnkelouv TEPLOCOTEPN EVEPYELN HEOW
TOAULLEPWY, ETUTUYXAVOVTAG XIMASEG 1 aKOUN KA EKATORPUpLY GOPES HeEYaAUTEPN
EVEPYELOKI TIUKVOTNTA QMO TOUG CURBATIKOUC TIUKVWTES (5F/cm? avti yla 40uF/cm"]
£xovrag eupeia edappoyn ota uBpLdikd autokivnta (texvohoyia boost). [15]

Ewova 5: YIEPIUKVWTAG

AnoBirevtikg Aaraly IMheoverTipute Mewveknijpara ZuvijBie egappan)
Mrotapie: poijs (flow): Yymhi @pINoT|Ta, EZopaivvan Diymong
PSB, VRBr, ZnBr avelapm extijmen wyvos - | Xapph aosvomia evépyawas | Mpov opov
evepyelag
Moiufioov — oZtos . —_ Mepropiopivos xinhoe Zonjs | EZopdhivven aypaov
Kapnaod uppms wooTog e Pubui expéprion
Ni-Cd Yyma) mukvemia evipyewas EZopdivvon Ojmong
KO G U0C, anodoan) hiyav wplv-Lentav
Li-ion . - | Yynhe wooto; aapuyayic. | Kemm mhepeovia,
Yol z'\monl.tu WOL0S KL | vaviel ewbd  sOKLGOE | vROGTaB0E evepyets
EvEpyaing, vy axedoan) i
Nas - . ; Kooro; mapayoyis. pétpa | Elopdivvan n
Y rosorma st s [ oe 2, M OTO  a
EVEpYEIS, VYAY arddocn o—;_ﬁmp;ﬁ)

Egdvévim (Myvwheels)

Elopdiuvar oo ya

Yynaaj wig Kapnhn avovotnta evipyeius Ay dentd
SMES (Yrepuyorypng Xayn) mukvomra | Eguppoye;  mownjrag
Mapvnkij Amodijkever), | Yvnhiom: eVEpYEWS.  LYIAO XGOS | wibos. Gavop
Aupayey
E.C Capacitors[22] Mevidios snioch 3 o _ ; Eguppoyes  aodmrag
Ir'u- o 0e SONG BVISL | Xyl munvotiea evépreias | apvos, diavopi
AvtijowTapieven Yyman FEpNTWOT T, A peai EZopdhuvan Cfunan; aE
{pumped storage) FUpjA0 KOGTOS Axeyu tiery win peyiho gpovisd SioTnue
Evepyerari) Amofijkevon Ynii . R Anmtei ewdna) tonoBegia nix | Efopdakuven Oimonc oe
Zupmeopivov uipe CAES Iﬂ:,l; _J, o e i APNSIHOROIODHEVES | pEYalo YpovinG hidcTija
3 KOWOTITES

Mivakag 1. Zuykpitika xapaktnpilotika pe@odwv anobrikevong
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InoubaoTeg : Naodg Netpog,  MapkoyLavwakng AxtAéag

1.2 Ao01jKEVON ATIOPPLTTOUEVIIS EVEPYELAS AVEHOYEVVI)TPLOV
péow ovpmisons afpa (Wind-CAES)

1.2.1 Heprypagiy

OL avepoyevwnTpLeg mapdyouv nAektpikr evépyela avefaptitwe g IATNong Tng
and to biktuo. Méow Twv ouoTNUATWY amoBrikKeLong CUUMIECUEVOU QEpa, N
napayopevn evépyewa mou bev elvar duvard va anoppodnBel and to biktuo
petatpEneTtal o GAAn  popér) evépyelag wote va  anobnkeutel.  [25,26]
ZUYKEKPIUEVE, 0TO ouoTnua anobnkeuong ocupmieopévou aépa (Compressed Air
Energy Storage) Sloxetevetal n MeplOOELd EVEPYELRC TPOC CUMTEOTH WOTE va
anoBnkeutel oe agpoBuldkio n Soxeia mieong. Otav unapéel EAeupn oe nAekTpLkr
EVEPYELDL XPNOLLOTOLE(TOL OUPMIEOHEVOG Ofpag, Wwote Héow tng Sudraéng tou
KUKAou Brayton va kaAudBel n Zjtnon evépyeLag.

Mwa yeviki mepintwon tou CAES elval n avaktnon evépyelag katd tnv
BLapkela e viXTag, KaL n Xprian TG KoTd TG WPES aXpung Onou oL povadeg Baong
bev propolv va kahOpouv Ty {tnon. [19]Ta aolikd mdpka, Mapdyouv EVEPYELR
KO TIG VUXTEPLVEG WPEG, AOyw OpWE TNG XapnAng IATnong Kat tng umepkaAudng tou
¢optiov and Tig povadeg paong Sev eival Suvatdv autr va anoppodnBei and to
Siktvo. Me tov Tpomo autd, OnMwg Kat ota avaotpéPipa LSPONAEKTPLKA
Xpnotponoteital n nepiooia yia tnv kdAudn g ITNong o WPES AU

Input Air

Compressor
Generator

@)

Energy
Output

NG Input

Rejected Wind
Energy

Compressed Air
Supply

1@ alsepn

¥ e Storage Cavern St
Private Wind Natural Gas
Park Supply

Ewova 6: Turukr] Suatagn Wind-CAES

Kata tv Sudpkela tng npépag omou 1o {ntoupevo ¢optio givar avénpévo
SloxeteletaL o oupnmeopévog aépag aneubeiag otov agplootpofilo tou kikAou
Brayton efolkovopwvtag HeEyaAn mocotnta Kavoipou and v Siadkooia
gupmieons. '
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Inoubaotéc:  Naodg Nétpog,  Mapkoyiavvakng AxthhEag

1.2.2 Appj Asitovpylag

EkpeTaAAEUGHEVOL TNV TEPLOCELQ EVEPYELAG ald TO @lOAkd Tdpko Kkatd Tig
neptodoue xapnAng IAtnong, eipacte oe Béon va TV AVOKTNOOUE Katd TG
NEPLHEOUE aung yia Ty kdAupn g ATnonc.

MeydAn moodtnta aépa CUMMElETaL ME okomd tnv anoBrkevon Tou O
unéyeloug BUAakeg f Soxela mieong umd unAh mieon. Inv ouvéxew, o
oupmieopévog aépag odnyeitat oto BdAapo kavong, avapwyvoetar pE TV
QMALTOULEVN TOOOTNTA KAUOIHOU (0TNV TIPOKELHEVN TEPIMTWON GUOLKO aépPLo) Kat
avadAéyetat. EToL, n EVEPYELX TWV KAUCAEPIWY TIOU TaAPAyoOVTaL MEPLOTPEDEL TOV
aePLooTPOPIAO Kal PEOW NAEKTPOYEVVATPLOG HETATPENETAL TO UNXAVIKG EPYO OF
NAEKTPLONG. ITNV TMEPIMTWON Tou n nocdtnta tou aepa Oev EMAPKEL yla v
koAU OUpE TV {NTOUKEVN EVEPYELQ, CUMMAEKETOL O GUMIIECTHG HE TO 0TPOBLAO Kal
Aettoupyei pe o oupBatikd kukAo Brayton.

Ta Baowdtepa pépn g povadag eivat ta akéAovBa (BAéne Ewkdva 6):

o O NAEKTPOKLVNTIPAG TIOU KLVEL TOV CUPTILEDTH
o O OUUIIEODTNG

* To agpoBuldkio

e O gupmAEkTng

e 0 otpopihog

e Hyswnipla

1.2.3 YQPLOTAPEVES EYKATACTHOELS

1.2.3.1 H povéda tov Huntorf, Peppavia

H povdda tou Huntorf, Ppioketal otn Bépewa Meppavia, Kataokevdotnke to 1978
Ko elval n TPWTN EyKOTAOTAON ANOBFAKEUONG CUMMIECHEVOU QEpa OTOV KOOHO.
TKOMAC TNC KATAOKEUAG auTol Tou £pyou eivar n Gpeon napaywyr NAEKTPIKAG
evEpYELQC yia TNV kdAupn TG avgnpévng Zftnong.[6]

levikde ExeSiaouog

O ouVOAIKOG OyKOG TwV TEPINOU 310,000m* aepoBulakiou aVTaTOKPIVETAL OTIG
TUECELC AELTOUPYLOG TNG HOVASAG KL TNV GNATOUMEVH TOOOTNTA agpa. MeydAn
éudaon 66Bnke ota Beppoduvaptkd xapaktnplotikd tou agpoBulakiov KATA TN
SdpkeLa TG anoBrikeuang kai tg avakmong. Oa HMOPOUOE VA ElXE KATAOKEVAOTEL
¢va povo Buhdxio oA TPOTIHABNKE N KATOOKEUR SUO EMPEPOUC Yl TOUG
napakdtw Aoyoug:[12]
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Inouvbaotec : Naoag Métpog,  Mapkoytavvakng Axteag

KaAiOtepn Slaxeiplon oto avouypa kat to KAeiowlo tou agpoBaldpou.
Eukohotepn mnpooappoyny tou aepoBaAdpou O TEPUTTWOELS TANPOUG
anocupnieong kat enavadopdc.

Kata tnv ekkivnon anacteitat ehaxiotn nieon twv 13 bar og kdBe éva ano ta
Suo agpobuldkia.

To BdBog¢ twv betapeviv éxer oxedlaotel étol wote va Swaodaliler T
otaBepdTNT yla APKETOUG WAVEC Of OUVORKEC atpoodalplkig MEoNg, Kat va
efaopalilel Tnv péylot mieon twv 100 bar. Kat ta §vo agpoBuldkia aviéxouv

efaUPETIKA PEYAAEG TTAPOXES aépa TN TaENG Twy 417kg/sec emtuyydvovrag oAy
HIKPEG AMWAELEG TUHEONC.

MNapakdtw avadbEépovial Ta YapaktnpLoTka tng povadag.[12]

loxog
ZtpoBilou 290 MW (< 3 hrs)
ZUMIEDTH 60 MW (< 12 hrs)
Napoxn agpa
ItpoPihog 417 kg/s
TUNILEDTIG 108 kg/s
N6yog elc680u/ e€660u 1/4
Ap1Buog agpoBulakiwy 2
‘Oykog agpoBaidpov (1) ~140 000 m?
'Oykog aspoBaldpou (2) ~170 000 m?
ZuVOAIKGG OyKOG ~310 000 m?
Aaotdoelg Bulakiov
Kopudn ~650 m
Kdatw pépog ~800 m
Méyiotn Sratopn ~60m
Well spacing 220m
Méoeig agpoBulakiwy
EAGXLOTN EMUTPEMOUEVN 1 bar
EAdiyLotn A€1TOUpYLKN) 20 bar
ks
EAGxLotn oUVOALKN AELTOUPYIKN 70 bar
Méyiotog puBpog ekdoptiong 15 bar/h

Nivakag 2: Npodiaypadég tng povadag Huntorf
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Asttovpyla kot Tpoémog Siayeipiong

H Sladikaocia tng ekkivnong Tou oupmEoTn anautel pa eAdyiotn nieon 13bar, n
onmola EMTUYXAVETAL PEOW MEPLKAC TAfpwonEg Tou evoc aepoBulakiou and to

yELToviko Tou. O aplBpog Twv ekkvAGEWY Tou yivovtat éxeL pua eupeia Stakipaveon
nou anobibetal ota napakdtw:

T0vbeon e éva peyalUtepo biktuo and to 1985 1o onoio mpootéBnke otnv
Siktuo Twy avaotpedipwy ubponAekTpiKwY oTABUWY,

0 apyikdg poAog tou CAES elval va Aettoupyel wg pia ededpiki povada o
nepintwon BAAPNG Twv kpLwV povddwy nAekTtpomapaywync.

Aettoupyia wg evalhaktikr) emoyn otnv kaAupn twyv vpniwv onpeiwv
{Atnong.

H povada xpnotpomnoteitat yw v dpeon kahuhn evépyelag ya ta pecaiov
pueyéBoug oupPatikd nhektponapaywyd (edyn. Xperdlovial nepinou 3-4 HPEG WOTE
va teBel o mfpn wxv adol npwra eival oe Béon va mapdyet pkpry ald otabepny
noootnta evépyslac. Emutpdobeta, akdun pa xprion g napovoag povadag eivat
va amoBnkeVEL TNV MEPLOOEL EVEPYELAG TTOU TIApAyETaL TV VUXTA WOTE va KaAOEL
ta “peaks” TnG eMOUEVNG NueEpag otav Sev eival o Béon va anoBnkevtel dAAn
gvépyela ota avaotpeéPipa ubponAexktpkd. TéAog, n onupaviikh avénon tou
atohikot duvapikol tng Bopelag Meppaviag evioxuoe kat evioxVeL 1o evbluadepov
nepaITEPW EKPETAAAEVONG TNG povadag avtig otny neploxn.[12]

OeppoSuVapIKd YapaKTpLoTIKA

Katd tn SidpKeld Tou MPWTOU VERIOMATOE KOL TWV OQIMATOUHEVWY EAEYXWVY,
npaypotonomBnkay  EKTETOPEVEG HETPROEL, Tuéoewv kot Beppokpaciiv. H
npooopoiwon anokdAuvde ot n perddoon BeppomTag pe To METPWOEC TOIXWHA
AapBdvel xwpa Of pia mepubepetakn {wvn maxoug evog pétpou. Ta akavoviota
oxfpata Twy aepoBulakiwy éxouv o mMAeovéktpa va av§avouv Ty petddoon
Beppotnag Petatl Tou aépa kat Twv Tolwpdtwy TG defapevic, 10 omnoio obnyet
o onpavtky avfnon g xwpnukétrag. Otav 0 aépag EKTOVWVETAL 0TV
atpoodaiptki} THEON , N THEON HELDVETAL ONUAVTIKA HE anotéAeopa tnv peiwon tng
Qeppokpaoiag TOU aépa, ol otav ¢rdost oto EAAYIOTO EMUTIPENTO OPLO 1|
Beppokpaaia aUEAVETCL Kal i [12]

SuvThpnon TS Hovadag

H afloAdynon Twv Tolwpdtwy Twy aepoBulakinuy anodekvietal §0okoAn péow
twy ouvnBopévwy peBodwv yuatt ta dpyava pétpnong elvar evaioBnta otnv
uypaOia TOU CUUTIEOHEVOU aépa kat ouv Tolg dAolg ta eupéwg Sradedopéva lasers
elval avanoteAeopatikd Aoyw ¢ opixAng mou emkpatel oto eowtepko. Otav to
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BuAdkio NK1 ektovwBnke otn Beppokpacia mepipalioviog otig apxeg tou 2001, n
o anoteAeapatikr) péBodog ftav n xprion Beppawvopevou laser. Ta anoteAéopota
QuTIg TNG AMOTIUNONG HETE antd 20 xpovia, dev £6eEav mpakTikd kapia anokAon
and Tt nPoBAETMOUEVES Kal TIC TPAYHATIKEG OUVOKEG. MOVO HETd and pepLkoUg
uriveg Aettoupyiag, evtortiotnkav coPapd onpadia SiaPpwong otn Sidragn tou
otpoBilou, HE aMOTEAEOHA VA UMEVEPYOTOLELTAL OMPOYPOUPATIOTA N HOVASO PETA
anod tnv ekkivnon tou otabpou.[12]

Ewdva 7: H povada tou Huntorf otn Meppavia

1.2.3.2 H povada tov McIntosh, Alabama H.IL.A
l'evikog Eyediaopoc

Amnd to 1991 pa povdda cupnisong aépa 110MW oto Mclntosh tng Ahapndpa
KOTQOKEUAOTNKE YLa va IapAyeL EVEPYELR KOTA TG TEPLOSouG aypung. H Siadopd pe
v povada tng MNeppaviag elvar 6t ekpetareleTal Ti anoppiels evépyelag Twv
oupBotikiv peBOdwv mapaywyig yia tn cupmieon Tou aépa, £T0L MAPAyETAL
evépyela n onola nwAeitat otig neptddoug axurc. Mua kaBnpepwry ekkivnon tou
ovotipatog anatel 14 Aentd wote va emuteuxBel n woylc twv 110MW, evid évog
nopno8éktng eEAEYXEL TNV CupTieon Kal TNV Tapaywyr HEow PUKPOKUPATWY 90 pikia
Hakpld. H Sudtafn mapaywyng éxel prikog 43 pétpa kablotwvrag Ty and tg
HEYaAUTEPEG OTOV KOOMO Kot efomAiletar oxedov kat' amokAEloTKOTATA Ao TNV
Dresser-Rand. O eomAlopog nephapfavet: [13]

s MovopaBuioug agplootpopihoug
e [loAuBdaBuioug aeprootpofhoug
e [evwnTplEQ HE KIBWTLR HETASOONG
o AfovikoUc, GuyokevipikoUg kat EPBoAodGOPOUC CUNTLECTES

Kata tnv Sudragn n yevwntpla eival TOMOBETNUEVN KEVIPIKA KAt CUVBEETAL péow
oupmnAékTn kaL and tig §Uo mAeupég. Ano tnv pia mAevpd eival tonoBetnpévog o
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CUUTILESTAG XapnAng-pecalag-upnAic micong o omoiog cupmiélel aépa Kat Tov
anoBnkelel o umdyelo BUAaka pe mieon €wg 75 bar. Na v PeAtiwon g

anoboang tou kUKAOU cupmnieong xpnotponolodvral TOAUBAOUIOL CURTIESTEG Kal
evoldkreg Beppotnrac (P iktec). [13]

COMPRESSION i GENER
Starting Running Starting Running
92.7% 99.6% 91.6% 96.7%

Mivakag 3: Eratiotikd otoiyeia povadag

IMAgovekTijpata ¢ povadag

1. Avfnon tnc amdboone kai tou ypovou {wric. H eykatdotaon tou CAES
napéxel  Suvardtnra PeAtotonoinong tou Bacikol doptiou HEOW TNG
ghayotonoinong twv anokhoewv Tou MEYIOTOU Kal TOU EAAXLOTOU
epdavilopevou doptiov. Me autd Ttov TpdMo EmTLYXAVETAL O KOAUTEPOS
Suvatdg Babpdcg anddoong kat peylotonoteital o xpévog {wng. H Siadkacla
aut elval o owovopkr yatt adevog amawtel Aydtepa kalowua Kol
adetépou Sev xpnoonolel cupBatikég AoELS yia T kKGAun Twv peaks.

2. Augon andéxplon Tou guotriuarog. H yewtpia tou CAES éxel oxedlaotel £Tot
wote va $Tavel oto mARpeg dpoptio TG o& poA 10 Aentd. Etol, efaheideta
n avdykn yLa tn xpron eviLapecwy povadwy.

3. Eughiktoc kUxAoc Aetroupyiac. To olotnua éxel Tnv SuvatodTnTa va CUPTIELEL
aépa 6tav Sev AelToupyel yla mapaywyn evépyelag kat pPropei va pubpotet
yia kaBnpepwous, epdopadiaioug f kat extetapévoug kOkAoUG Aettoupyias.
Auti} n Suvatotnta enpénel v eflooppodnnan tou Siktbou Kat Ty Xprion
$BnVrG EVEPYELOG KATA TNV ouprtieon.
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Inoubaotég: Maodg Nétpog,  Mapkoylowvakng AYthAeag

4. @O\iko oto meptBaAdov. H eykatdotoon tou CAES mapéyxet mepBorhovikd
od€An ouykpLka pe TG oupBatiké peBOdouC ylati xpnoonotei to 1/3 tou
KQUOLWoU Kot ylati o avtiBeon pe TG Hovadeg opukTwy Kawowy, To CAES

EKMEUMEL TOAD UKPOTEPEC TOOOTNTIEG KaAUOQEPiWV Kal aepiwv ToOU
Beppoknmiou. [13]

To “¢fvmvo” CAES ( Smart CAES)

To SMART-CAES €xeL meploootepa MAEOVEKTH ot Ooov adopd thv texvoloyia,
to meptBdMov kat v Bla tnv etaupia mou To Ypnowomolel. Ta TteXVOAOYLKA
katopBwpara g eykatdotaong tou Mcintosh éxouv BEATUDGEL TNV OMOBOOEVN
Lox0, Tnv anobdoon KoL £XoUV HELWOEL TNV KOTAVAAWON TOU KOWUOLULOU, ToU aépa Kal
ta enineda BopuPou. To cvotnua €xel oxedlaotel, Onwg npoavadépdnke, va divel
ox0 110 MW, evw t0 cUOTNHA TAXUTATWY TIAPEXEL T SuvATOTNTO N CUMTESH va
fekwva oe Ayotepo and 3,5 Aemtd. Adol ocuyxpoviotei, pmopei va amodwoel
onoladnmote Tun wxvog petagd tou 15% kat tou 100% tng ovopaotikng. Méoa og
aUTO To EUPOC Aettoupyiag propel va petaBaMAeL tnv oxy kotd 20% 1} 27MW avd
Aentd. Katd v ¢pacn tng $opTiong oL CUUTIESTEG UOPOLV va AELTOUPYICOUV OF
€0pog ano 65 £wg 100% TG OVOUAOTIKAG TOUG LoXU0G HEoW TNE XpPAong HETaPAntwy
aulwv elcaywyrc. Méoa oe autd to ebpog Aettoupylag undpyel Suvatodtnta va
HeTABAAEL TNV LoXU Katd 35% ava Aemtd. [13]

Power Generation Mode - Normal Start-up Sequence
10 Minutes To 100% Output

Power - MW

6 7 8
Time - Minutes

Adypappa 3 Enni\rncnq m;@:;ﬁin:iﬁtash
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Compression Mode Normal Start Sequence
Start to Full Load In Less Than 4 Minutes

CAES Compression Start Sequence Single Train - 400 Ibm/sec Mass Flow

4000 120
3500 .I ..
100
3000 E
80 <
= 2500
g 3
gzmo 60 5
S 1500 2
ol
1000 § 20 J
20
500
0 0
000 050 100 150 200 250 300 350 400

Time - Minutes

Mdypappa 4: Ekkivnon ouprueot Mc Intosh

Doov adopd T katavaAwoeL, n etaipeia éxet netUxel pia BeAtiwon g taéng
To0U 2% otnv ek Katavdhwon kauoipou oe cuvuaopd pe 1,2% peiwon otnv
el8ikn katavdlwon aépa eviog Tou eUpoug Aetoupyiag and 20 éwg 135MW. H
ek katavaAwon kavoipou twv otpoBilwy eivar xapunAr kat oxedov otabepn yia
éva e0pog Aettoupyiag amd 25 éwg 100% tou doptiou xdpn otnv avefaptntm
Aettoupyla Twv otpoPilwy o€ OXEON E TOUG OUNIECTEG. [13]

= = Sarr =)

Heat Rate Comparison
Dresser-Rand CAES vs Simple Cycle Gas Turbine

Tyl Gas Turbere Simple Cycle

Heat Rate (Bru/kKW-Hr)

= [esser-Fand CAES Expanders _

¥

40
s Load (Rated Load = 135MW)

Awaypappa 5: Z0ykplon kikAou Brayton - CAES
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O oupueotig g Dresser-Rand éxel oxeSla0TEL POGEKTIKA PE GHUAVTLKEC
BeAtuwoeg oy Pon (intercooling) kar emituyydver évav moAutporukd Babud
anodoong tng Taéng tou 80%. Ertiong, n texvohoyia «D-R® duct resonator array» £xeL
NETUXEL HEiwon TwV eTESWY Tou AXoU NG TdEnc Twy 10dB.

To ovotua avdktnong g Beppdtnrag twv kauoaspiwv £xel amid
oxebtaopo kat anddoon 10% vhnAétepn and To mponyolpevo poviého, dbBdvovtac
10 UPNAS MOCOOTO avaktong g Taing tov 85%. H peAetnpévn xwpobitnon twy
auAwy péoa otov evalaktn aAdd kat to vAwkd toug BonBolv otnv peiwon Twy

emukaBioewy kat g SiaBpwong kal BeATiwvouy v pon Twv Kavoaspiwv péca oE
autov. [13]

Hepifarrov

O texvohoyikég BeATIOEL TNG eykatdotaong tou smart-CAES mepthapBavouy kat
pua tpooBetn povada EAeyXoU yia TIG EKTIOPTIES KaL T pUBLLON TWV ETITPEMOHEVWY
opiwv twv NOx kat CO. Mwa anmAi Sidtagn pe eyxutipa VEPOU ETUTPETEL TOV EAEYXO
Twv emunédwy twv NOX kat oe ouvbuaopd pe Tov katalutn oto tédog g didragng
grutuyxavovrar xapnAég tehwkég Tpég ofediwv tou alwtou aAld kat opahn
Asttoupyla tou ouotipatog. EmutpooBitwg, TO oUOTNMA MEWWVEL TOV XPOVO
£KKIVNONG-anmoKkpLong, MepLopiloviag onpavitkad TG EKTTOUNES OTNV EKKIVNON KAl OTLE
TEPUTTWOELG TIOU propel va cuvbuaotel pe avepoyewntpleg 1 pwrooltaikd ot
EKTTOMTEG TwV eMBAaBwv aéplwv PELWVovTal oto £va Tpito. [13]

1.2.5 Abtafatixéd CAES

To abafatikd CAES €xel v iSia apxr Aettoupyiag pe 1o oupPatikd CAES pe T
Swadopd mwg n BepuotnTa Tou oUpmEopEvou aépa Bev  xdvetal oMAd
oupnephapfdvetal otn Sadikacia g mapaywyng evépyewag. [20] Me auto tov
Tpomno, emtuyxavetal avfnon tou Babpov anoddoong (nepimouv 70%). Aev unap)EeL
kdamota vhomownpévn ebappoyr tou adiafatikol CAES mapd povo éva ¢phobdofo
npoypappa pe ovopa “Adele Development Program 2010” to onoio €xeL wg okomd
TV KOTOOKEUR EVOQ mMEpapatikoy adwafatikold CAES. Ito mpoypaupa auto
OUMHETEXOUV Ol PeyaAUTEPOL Kkataokevaotéc eEomAopol napaywyng evépyelag
onwe n General Electric kat n RW.E al\d kat n Meppavikn Awxotnuikl Etatpeia
DLR.[15]

Fevikiéc LyeSaouos
H Baown apx Aettoupyiag tou adwaPatikod CAES eivar n anoBrikevon kat

avdktnon g BepUOTNTAG A0 TOV CUNIIECHEVO aépa. AUTO ETUTUYXAVETOL PEOW
¢ StéAeuang tou Beppov oupmeopévou aépa (600°C) péoa anod peyala povwpéva
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Soxelor mieong ta omola mepiExouv kepapwkd kot Mo UAkd ota omnola
anoBnkevetal n Bepudnta Tou aépa. ITNV CUVEXELW, O aEpac anoBnkeleTal o
UTIOYELEG KOWNOTNTEG. Katd tnv avtiotpodn Aewtoupyia, o aépag Soxetevetal Eava
péoa and ta doxela, Beppaivetal kal odnyeitat oe otpoPiloug OMouU EKTOVWVETAL
napayovtog épyo. H Sabikaoia g ektdvwong yivetar xwpig v xprion
Kauoipwy.[21]

Advanced Adiabatic CAES (EU-funded R&D project)

ambient air I

COMPressor  ygpgrigenciator expansions
turbine

air
storage

Source: Zunft, DLR

E-ucévu 9: ASiaPartikd CAES
HMpoprijpara viomoinong

Ta Baowkdtepa TPoPARHOTA OV TPOKUNTOUV 0TV LAOMOINGN TOU Mapandvw
TPOYPARHATOC EXOUV VA KAvouv He: [21]

o Tnv éAewpn TEXVOYVWOLAG OE CUUTILEOTEG TIOU va HtopoUV va AELtoupyrioouy
oe uPnAEG Tuéoelg (100bar) pe oAU unAEg Beppokpaoieg (600°C).

e Tnv éMewpn Texvoyvwoiag o€ otpoPiloug mou va propolv va Aettoupyrioouy
oe uPnAéc Ttiéoelg (100bar) pe moAl uPnAég Beppokpaoieg (600°C).

e Tnv Suokolia kataokeuri doxelwv avaktnong Beppotntag vdnAng nicong
oA Kat TV avtoxr Toug o€ kaBnuepvolg KUKAoUG

1.3 Aiclodvon evépyetag oo SikTvo

1.3.1 Evowpdtwon oto £Bvixd Siktvo
To onpepwvod Siktuo mapoxrig nAektpikol pevpatog elvat éva apketd olvBETo

olotnpa pe moMéC mapapétpous. O 6pog “oLdTnTa EVEPYELaG” XpnotpuonoLeital yia
va mepypddel T ouoxétion Metafl Twv Tapadoolakwy HEowv Tapaywyrg
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EVEPYELOG HEOW OCUMBOTIKWY KAUOLWWY, TIUPNVIKWVY, EVEPYELAS ONO QVAVEWOLHES
MNYEG KAl TWV  KOTOVOAWTWY-ayopootwy  (HEyaAwy  Blopnyaviwy, OLKLOKWY
katavoAwtwy KAm). Ta tedeutaia 20 kot mAEov Xpovia OMO Kal TEPLOGOTEPES
p£Bobot aflomoinong twv AME apxifouv va avantiooovtal Kot avahoyn Eivat kat n
albénon twy napaywywv mou npootiBevial ota Siktua Swavoprg. Q¢ yvwotov,
Baowde yvpovag eival n aviotoia petall napaywyng kol Ztnong, otav opwg
autd Sev eival duvatov otpedOpacte otnv anobrikeuon NAEKTPLKIAG EVEPYELAG HECW
HETATPOTUG NG 0 Ao eibog onwe, Beppikn, xnuikn, Suvapikn kKA. Ze TOMKO
eninedo, n anokhon g tdong eival To Baoikd npoAnpa mou oxeTlETOL UE TNV
QoMLK EVEPYELQ EVW TaL ENiNES T avoxwy eivat tng tdéng tou +/-10%.[11]

1.3.2 Awaxvpdvoeis atnyy tdaon kat to “flickering”

H Slakopaven otny Tn g tdong tou pevpatog odeiletal otn petaBoln tou
doptiov i/ kat oto yeEyovog ot n tapayduevn evépyeta Sev eivat apketd “nototikn”.
MeyaAeC BLAKUNAVOELS otV TAon pnopolv va mpokAnBolv and evepyoPopeg
Slepyaoieg Onwg xuteuon petdMwv, nAektpoouykOAAnon kat exkivnon peyaAwv
nAektpokvnTnpwy. Mikpég evarhayeg otnv tdon eviog ebpoug -10+6% epdavitovrat
ouyva aAd bev pokadovv mpopAnua.

OL oUvTopeg Kat MKpEG petaBoléc tng taonc ovopdlovial flickering. Ot
petaBoréc autéc aflohoyolvral pe Pdon tov kavoviopd 1EC 1000-3-7, o omoiog
opitetl Ta 6p1a twv petafaAldpevwy doptiwv ota Siktua péong tdong (amd 1 £wg
36kV) kat upniic tdong (36-230kV). H afohdynon yivetar pe PBdon pa
Katayeypappévn kapmvAn n onoia anewovilel to 6plo epddvions opBoywviag
HETABOAAG TNC TAONG OF Evay AQUITAPA TUPAKTWOEWS. Oplakd opatég PETaBoAéq
tdong Bewpolvtat OTL €xouv cuvtedeot Bapltnrag Pst = 1. O avtiotoXog
OUVTEAEOTAG OTIG MEYAAEG MeTaPoAég tng tdong (Plt) umoloyiletat and tov
NapaKATw TUno:

0 Seiktng Py petptétal kabe 10 Aemtd kan o Seiktne Py elvat éykupog yla Stdornua 2
wpwv. [11]

1.3.3 Zuyvotnta
H napoxf kat Stavopn tng evépyeiag Paoiletal naykoopiwe o eVaANACOOHEVO

pevpa (AC). O apBuoc twv evalhaywy petadd g BETKAG KAl apvNTIKAG
noAwotntac kal tng Stevbuvong Tou pedpatog otn povada tou Xpovou opiletal wg
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guxvétnta, petpdtal ot Hertz (Hz) kat yia ta Eupwnaikd Siktua eival S0Hz v g
Apepwng 60Hz. H ouxvotnra eivar avdloyn tng tayltnrag nepiotpodrig Twv
GUYXPOVWY YEWNTPLAV, VEYOVAC T0 omoio eivat Pacikdg mapdyoveag oXedlaopol
NG HNXAVAG.

OL anatioel yw TV EAeyxo NG ouyvotntag otnv  Avtkn  Eupdmn
kataypddovrar otoug kavoveg UCPTE (Union for the Co-ordination of Production
and Transmission of Electricity). H meployf xwpiletat oe évav aplBud {wvav
eAEyxoU, N kABEe e amd TIG omolEg EXEL Eva THAMA TPWTELOVTOS EAEYXOU TOU Elvat
UEVBUVO YL TNV aIOKALON TNG CUXVOTNTAC ME OKOTO va KPaTd TNV Loopporia
HeTafl NG GMEONG KAl TG OUVONKAG TMapayOpevng evépyelas. To THAMA
SeutepeVoviog eAEyxou oToxeUel otnv eflooppomnon TG Mapaywyng Kot g
IATNoNG HECO OTIG AUTOVOUEG LVES Kal PeTall GAwv Twy {wviv petadld TouG.

To Mooo6 TG WYYOE MOV AMAITETaL yia Tov pwToyevr) £Aeyyo avépyetal ota
3000MW kat Suapepiletal Swapéoou twv {wviv eAéyyou dmou N ouxvoTnTA
kataypadetal e pohoyla mou mapakorouBolv Tig eAdyLOTEC SLAKUPAVOELG TNG
gUXVOTATAG ETOL WOTE N HEON TLUA TG va lval ta 50Hz. [11]

1.3.4 EtafepdTTA TOU GUOTHUATOS

Ooov adopd T oTaBepOTNTA TOU CUCTAPATOC TPELS Eival oL TAEOV ONUOVTIKOL
napdpetpol mou pag anacyohoUv: H unepddptwon, n amwlew LOYUoG NG
mapaywyng Kat To Ppayukikhwpa.

H unepdéptwon tou Swtlou petadopdc f n PAGPN of KaMOWO TUAKA QUTA,
SlaTapdooEL TNV LOOPPOTIia TOU cuoTipatog kat autr pnopel va petadpepBel o€
napakeipeva Siktua. AKOpa Kot av UTAPXEL ENAPKELR Tapaywyrg oo TiG HoVASEq n
avigopporia pnopel va mpokaléoel peydAn nuwon tdong, n onoia Svatat va
wBnoet o biktuo extdg Twy opiwv Aettoupyiag Touc mpokaAwvrag TARPN TTWON
oyvog (blackout).

Mua PAGPN o€ povada napaywync Ba mpokaléoet otiypiaia avioopportia LoxVog
oto Siktuo. Av oL UTOAOLTES HoVASEC Sev éxouv Ty SuvatdTnTa va koAU Pouy auth
TV anWAELE péoa OE PIKPO Xpovikd Sidotnpa, Ba epdaviotel peydahn ntwaon tdong
kau ouxvotntag n onoia Ba mpokaréoel oAwr anwasie toxbog (blackout). Evag
tponog anoduyng tou blackout eival va anoouvbeBel and to diktvo pua nepLoxn n
kdmnotol peydhol katavaAwtég Wote va PewBel to deptio £wg dtou anokataotabel
1 looppoTtia Tou CUOTARATOG pEow BonBnTikwy povadwy.

O1 ouyvotepec BAaBes ot éva Siktuo epdavilovral Adyw Bpaxukukhwpdtwy ota
Siktua petadopdc. MoMég and auvtég T PAaBeg SiopBuvovial GUECH HEOW
aodohiotikiy Slatdiewy (relay) i pe Slakomr kat enavaaivdeon tou SIKTUOL EVIOG

25



TEI Newpanie Ixohn Texvohoywuv Edappoyiv Turipe Mnxavohoylag

Inouvbaotég:  Moodg Nétpog,  Mapkoylawdakng Axéag

alvtopou xpovikoU Slaotripartog (milliseconds). Ie kdBe nepimtwon to anotéAeopa
elval n pepkn f ok TTwon Taong yio pikpod Xpovikd Sudotnpo. Edv éva tétolo
YEYOVOCG AGPelL Ywpo O TEPLOXN ONMOU UTEpPYEL aLoAwd mapko ouvbedepévo oto
biktuo, oL eheyktég tou Tapkou Ba exkhdBouv Tnv mrwon tdong wg PAGBn kot Ba
anoguvbEogouv To Tdpko amnd to Siktuo yla va to mpootatéPouv anod mbavi PAABn.
AuTto Ba erutelvel To rpoPAnpa piag kot Ba adatpéoel o mapaywykr povada ano
10 biKkTuo. H avtipeTwnion Tou napandvw npoPAipatog mpoPAEneL Ty TonoBEtnon
eAeykTwV oTa apka, e€ApTNa To omnolo ev toroBeteital péxpL onfpepa. [11]

1.4 YPpibucd ovotijiata amobijkevan evépyelag

Zkomog Twy PPk cuoTnpdtwy anoBrikeuong evépyelag eivat n kdhudn Twv
EVEPYELOKWY avayKwv e Teploxig i autovopwy katavohwtwy. O oguvbuaopog
QVaVEWOWY TNYWV eVEpyELag pe BLadopa cuotripata anoBikevons Propolv va
anoteAéoouv pia anoteAeopatiki Abon.

1.4.1 Mikpd& ovenijpata

Ita pkpd ouotipata n nAektpoxnuikn pébodog anobrikevong o ouvBUAONO HE TOV
KatdAAnAo ouvbuaopd alohkiG Kat nAWKMAG EVEPYELAS OTNV nAEKTpomapaywyn
propel va anotedéoel pa afldmatn Kal otkovoutkr Avor. OL ouCoWPEUTEG PopEL
va eival poAdBSou, otoyeiwv pofg i wWviwv ABiov KA. Autd ta cuothpata
anoBhkeuong unopouv va avantuxBoly we autévopa | we éva (1 Kaw Nepocotepa)
KEVTPLKO oUOTNUA anoBrikeuonc e cuvepyaoia HE aloAKEG povadeg. [1]

Ewkova 11: AtoAlko népko

1.4.2 Meoaia kat peydAa ovoTiuata

Ita pecoio kal To MEYGAO OUOTAMOTA EVIAOOOVTOL OL QvOOTpPEPLHOL
ubponAektpikoi otabpol oe ouvepyaoia pe aloAwa mapka onwg kol Ta CAES ota
onoia avadepBikape napomndvw. Ta IpWTa TPochEPOVIAL VIO KEVIPLKG OUOTHMOTA
anoBrikevonc agol to olvBeTo avdyludo e TOUG OpEWOUG OYKOUG Kat To UPNAS
QOAKG SUVAILKG OTLG OPELVES TIEPLOXEG EUVOEL TV avamtugr Tous. 7]
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Ewova 12: Avaotpédipo ubponhektpiko
1.4.3 YPpidikd cvotijpata pe KUPELEG KAUG IOV
M @AAn péBobog mou xpnotponoleital otnv amoBrikeuon NG MapayoUevVnS

EVEPYELAG QO QVEUOYEVVNTPLEG €lval ot KUPEAEC Kauoipou. Méow autig tng
HEBGEOU EKUETAANEUOHOOTE TNV EVEPYELD TOU TIAPKOU yLa TNV NAEKTPOAUON.

’H ﬁ o

Electrolyser

!

Fuel call!
Hy engine

[> Hy storage

Ewoéva 13: Avaypappa uBpidikig Sidragng

H mpwtn EyKaTAOTOON TOPAYWYNG EVEPYELAG HE QUOALKO TIAPKO Kat KUWEAEC
kauoipou Bpioketat oto vnai Utsira dutikd tng NopBnyiac.[14]

FlywheeliMSM/Battery

ontral system

Electrol

Ewodva 14: H povada Utsira
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2. CAES

To ouvexwe aufavopevo evbiadépov yia v npowdnon TN¢ AMOKEVIPWHEVNG
napaywyrg EVEPYELaG HE TNV XPRoN TEXVOAOYIOG avavewoulwy Mnywy evEpPYELag
kaheital va Sladpapatiost £vav moAl onpaviikoé poAo otnv eMIXEIPOUHEVT oTpodn
anod TIC KEVIPLKES povadeg mapaywyng. Tavtoypova, oe TOMA pépn ava tnv upnio
UTAPXOLY TIEPLOXEG Tlou GEV pmopouv va ouvdeBolv oto kevipikd Siktuo Swavoprng
evépyelac kal efapTval and avefdptnTteg povadeg napaywyns mou Aeltoupyouv
pe eloayopevo kupiwg metpélato.[6] Amd v dAAn, Of QpKeETEG amé AUTES TIG
neploxég undpyouv Kahég npolinoBicelg yia TNy avdntuén napaywyns eVEPYELOS
ano avaveLOES TNYES Onwe ta dpwtoBoAtaikd kat oL avepoyevwiTPLES. MapoTL ot
ev Aoyw Ttexvohoyieg Bewpolvial MAfov apKETA QVEMTUYHEVEG, amatteital n xpron
ededpkiv Sratdfewv yia v kdAupn twy petafallopevwy doptiwv kat g
otoxaotiki¢ ¢Oong tou avépou £tol wote va emteuxBel n mARpng evepyelakn
avtovopia. [4]

Onwg avadépbnke napandvw undpyouv apketéc texvohoyieg amoBrkeuong
evépyelag. To evbuadépov Opwe to tedeutaio Sidotnpa €xel eotiaotel otnv
anoBrikeuon evépyelag pe oupmiecpévo agpa (CAES). H Aswoupyia autol tou
guotipatog Baoiletal otnv Aoyikr TG XprRong tng nepioosiag evepyelag (aLoAkwy
napkwyv) f TNV ayopd evépyelag xapnAov k6oToug Adyw pun apig kaL tnv xprion g
yla oupmieon agpa und upndn nieon e undyeieg koAGTnTeS 1} Soxela mieonc.

Katd Tig WpEeg aypng f o€ mepintwan nmou n napaywyn and avavewolues nnyeg Sev
propel va kaAOPeL TNV IATNoN, 0 anoBnkeuPEVOS aépac aVaKTATAL, AVOHELYVUETOL
e buakd aéplo kat kaiyetor o BdAapo kavong ywa tnv napaywyr KaUooEPiwY
vpnArg evBoAniag, ta omoia Ba exktovwBouv of aeplooTpOPAO HE OKOMO Va
500UV UNXAVIKG £pYO, TO OMOI0 PECW YEWATPLAC METATPENETOL OF NAEKTPIKO
petpa. To Odelog amd v mapandvw Swadwacia eivar Sutho, pag Kol
ekpETAAEVOUAOTE EPiOOELR EVEPYELTS N onola und dAAec ouvBrikee Ba xavotav
QVEKHETAANEUTN Kal PEWDVOUNE TNV KatavdAwon koucipou oe olykplon pe Evav
oupPatikd kUkho aeploatpofilou (kikAog Brayton) énou to kaBapd épyo HELVETAL
onpavtikd ond To yEyovog OT. mepimou ta 2/3 1n¢ toxloc tou otpofilou
XpnoonoouvTal yua v kivnon tou oupmeotr. Mvwpilovtag ta odpédn and mv
Acsttoupyion evog TETOOU ouoTipatog kol Seopévou otL to CAES Bewpeital
autovopo  ouotnpa  anoBnkevong  evépyewag, elvar  Suvatov  va 1O
XPrOWHOTOWOOUHE OF MIKPOTEPN KAIpaKa yia TNV kdAudn TwY avaykwy o HKpoU
kat peoaiov peyéBoug edappoyés. H épeuva autn efetdlel tnv xprion atoikou
ndpkou oe ouvbuaopd pe CAES yia tnv kdAuln twv avaykwy anopakpuopEvwY
MEPLOXWV.
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Mo ouykekpipéva, pécw atyopiBuou BeAtiotonoinong nou avantOxBnke pe Baoikr
npoUnoBeon tnv evepyelakr autovopia peletdrar n oupnepubopd tou CAES.
EmunpooBétwe, yia tnv aohoynon tng enibpaong tou atohikol Suvapikol ota
anoteAéopata, Ba efetaoctovv Sadopetikd aloAikd duvapikd TOG0 MOLWOTIKA 600
kat moootikd. Emiong, peletwvial Svo Suadopetikég ekBOOEL, A pe oupPatikd
CAES ko pa pe Dual-mode CAES, ato onoio to cOotnpa emutpénet tnv evalayr| oe
anhé kukAo Brayton péow oupmAéktn otav Ta anoBépata Tou CUPTIESHEVOU aépa
bev enapkolv yia v kdAun g Iitnong. Ta anoteAéopata avadeikviouy v
BuwotpotnTa e npotewopevng Abong kat v avaykn yua uhnié atohwod Suvapikd
wote va emteuyBel avtovopia. Téhog, daivetal kabBapd OTL OF MEPLOXEC pe YXapnhd
atohtkd Suvapkd Ba npénel va npotiunBel n Abon touv Dual-mode CAES.

2.1 Neprypapny Asitovpylag Tov CAES

Katd tnv Asttoupyia tov CAES n neplooswa evépyelag tou diktbou xpnoiponoteital
yla TNV oupnigon aépa og vdnAn nieon (70-100bar) kat tnv amoBrkevon tou o
undyeieg kolhotnteg (aepoBuldria) fy oxeia mieons. Ze mepddoug mou epdaviletal
avfnpévn UAnon yla evépyela, 0 OUMTUECHEVOG agpag SloxeteUetal oe BdAapo
kabong Omou avapelyvUetal pe $uowd aéplo, Kalyetar kat Sloxereletal oe
aeplootpoflo dnou ektoviivetal. To Baoikd MAEOVEKTNHA TOU CUOTHHATOC £ival f
avebdptntn Aewtoupyia tng daong oupnisong kal g ddong napaywyng £pyou.
Etol, Emtuyxavetal okovopia kavotpou g taéng Tou 66% piag kat dev Samavdral
£pyo amno tov otpoPlo yua v cupnieon. Etal, 6ho to £€pyo mou Mapdyetal otov
otpoPro eival Sabéowpo yia v napaywyn evépyelag mpog 1o diktvo. Mapott n
peiwon g katavaAwaong ival afloonpeiwtn, To ovotnpa Sev navel va efapratal
and opuktd kavowa. Ma v anaykiotpwon and avtd eival Suvarh n xpnon
Blokavoipwv. Eniong, yivetal npoondBeia yua v dnpovpyla adiapatikot CAES, n
Aettoupyia tou onolou nepypddetal avadvtkd napandavw. H xwpoBétnon uiag
povadag CAES amawtei thv Omapfn uméyewwy KOWOTATWY TOU va pmopolv va
XxpnowonoinBoly we¢ anodnkeutikol XWPOL ylad TOV CURMIECHEVO agpa. ZuvnBuwc,
Xpnowonoouvial RETPWEELS KOAOTNTES /) TaAld OpuYELa QAATWY, OHWG Lo HIKPEG
povadeg popolv va xpnotponownBouv kat Soxeia nieong f Bappévol aywyol.

Ta CAES Bewpolviat afioniotec evalaktikée AUOE, TwV  GVaoTpEPidwy
ubponhektpikwy. Mg kat ol anwAele¢ katd tnv anoBrikevon Bewpolvral
QpEANTEEC, N XPOVIKN SLdpkela TNV anoBkevang Sev EXEL OUCLAOTIKO TEPIOPLOO.
¥ta Paoikotepa mAeovekinpata twy CAES meplapfdvovial 0 Hkpog xpovog
avtibpaonc tou ouotipatoc (2-3 dopéc mo olvtopog and Tig cUPPATIKEG HOVADEC),
n otaBepn ik katavdlwon kavoipou oe YapunAd ¢optio Kal oL PELWHEVES
eknopnéc aépuwy punwv. Eniong, Adyw tn¢ Suvatdtnrag Tou va Aettoupyel pe
HEPIKO doptio netuyaivovtag xapnAéq katavoAoels kavoipou, Ta CAES pnopolv
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va xpnotpomnotnBolv wg pubpotég tou diktvou. EkTog autov, ta CAES propolv va
Aettoupynoouy gite wg povadeg Baong, eite we povadeg kAAung poptiou ayurig
napéyovrag TNV duvatotnta KaAUTeEPNS SLaXELPLONG ALOAKWY TapKwV. [13]

2.2 Heprypapi) Asttovpyiag tov Dual-mode CAES

Eotidovtag oTnv OMOKEVIPWHEVN TIOpaywyr] EVEPYELAS aAAG KL 0TNV avdykn yia
EVEPYELOKN auTovopla pe tnv xprion Tou cuvbuacpol atoAkol mdpkou - CAES
npoteivetal o emutAéov  evaMhaktiki  Abon. (9] TN v anoduyd
unepSlaoTactohdynong Tou atoAkol Tapkou, wote va entevyBel 100% autovopia
OTIG OMOMOVWHEVES TIEPLOYXEG, UoBeteital n AUon tou Dual-mode CAES. H povada
autr éxeL v Suvatotnta va petaBdrhel thv Aettoupyia tou and CAES oe KAaooLkO
kUkAo aeplootpoPilou pe TtV Xprion CUUMAEKTN O OMOIOG EMITPENEL TNV cUVEeDN
Tou oupmieot HE tov otpoPflro. H Avon auth (Ewova 13) amoteleitat amnd ta
akdAouBa puépn:

*  ALOAWKO MAPKO amMOTEAOUEVO QIO QVEHOYEVVITPLES E GUVOALKT] LoXU "Nyp".

e HAektpokwnuipa wxvog "N," o omoilog bivel kivnon otov ocupmieot
XPNOULOTIOLWVTAC TNV TEPLOOELR EVEPYELQ TOU QOALKOU Tdpkou pe Babud
anodoone "ny".

e [loAuBdBuiog ouprieotic pe wxv "N o omoiog cupmiElel atpoodaipikd
aépa e oxeon gupmieong "re" ko PaBuo andboaong "n.".

s AepoBulddxio ) Soxeio micong pe Gyko "V kau péyloto BaBog exdpopTiong
"DOD"

e  Odhopog kavonc omou yivetal n avapeln kat kalaorn TOu CUUTIECHEVOU
aépa pe tov Puoko aépilo oe Beppokpaoia T

o Aefopevi anoBrikevong ¢puoikol agpiou pe Beppoyovo Sovaun "H,".

e Aeplootpdfiro woxvog "Ni", pe Babpod anddoong "nr"

Euipyesa ano m aoid ndpmo g;": ’gg; Fviépysan ano w Dual Mode CAES
—
Ot = 1, Aiohind ndpno
{1 2 Kwyuipag
Adpag npog P 3. Fupmeooig
supnison ()

Ewdva 15: Audypappa Asitoupyiag povadag
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lox\¢ nAektpokvntipa "Ny, Nc(Nwp-Nemin)
Andboon nhektpokwvntipa "ny" 0.90
lox0g oupeotr "N (MW) 30
Andboon oupmnieotn "n." 0.70
‘Oykog agpoBulakiov "V" (mg) Variable
loxug agplootpofirou "N, (MW) Variable
B.A aeproatpofilov "nr" 0.80
B.A otpofilou Brayton "ner" 0.35
Avahoyia agpa- kauoipou "\" 3
Oeppoyovog Sovapn "H," (MJ/kg) 50
Oep/oia neptBdriovtog "Tomy" (K) Time series
Oep/oia agpoBulakiov. "T" (K) 300
Nieon neptparlovtog "Pamy" (bar) 1
Ixéon ovprieong "r." 70
Ixéon extovwonc "ry" 30
Oeppoxwentukotnta agpa "C," (ki/kg.K) 1.004
Oeppoywpnukotnta kavoaepiwy "C," (ki/kg.K) b 4
Oep/oia Bakdpou kavone. "T." (K) 1300

Nivakag 4: MetapAntég Aewtovpyiag povabag

Ta gevdpla Aettoupyiag tng napandvw povadag eival ta e§ng: [27)

A. Otav n mopayOpEVn EVEPYELT OMO TO QOALKO TIdPKO apkKel yia TNV kaAupn
g tnong, avt odnyeital an’ evBeiag mpog v katavaAwaorn. Av UTIAp)XEL
TeplOOEI  EVEPYELOG, QUTH XPNOWHOTOLETAL ANG TOV CUUMIESTH yia
anoBrikevon aépa epdoov 1o acpoBuldkio Sev sivat yepdro.

B. Otav n mapayOpevn Evépyela amo To aloAKO Tapko Sev eMapkEl yia tnv
kdAvn tnc INtnone, to EAAEPA KOAUTTETAL and TV EKMETANAEVON TOU
CUNTIECHEVOU QEPQA KOL TOU KAUGIHOU.

C. It nepimtwon mou kavéva and Ta MApPANAavw Oevdpia eV pmopolv va
epappootolv, TOTE 10 EMAEIPPA KOAUTITETAL MEOWw TOU amAol KUkAou
Brayton, 6nAadn pe anevbeiag oupmAeln Tou oupmeoTn kat tou otpofilou.

Ta napandvw cevapla eAéyxovial ot wplaia Bdon.

3. To mpoypappa

Ma v avoutiks kat o€ PaBog perétn tou CAES wote va Bpebei n Abon mou va
npoodépzt TAARPN evepyelax autovopia pedetwvtag OAeg Tig petaBAntég mou to
ennpedlouvv avantvxBnke alyoplBpog otnv yAwooa mpoypappatiopoy CH.

To npoéypappa anatel wg dedopeva pa ypovooelpd pPe wplaieg HETPHOELS
tayVtntag avépou (m/s), Beppokpasiag (°C) kat Iftnong evépyelag (MW) ot apyeio
excel tumou xls (Ewova 16).
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CAES STUDY

step 1 - import data from excel

Please select the excel file which contains the following:
- Wind Speed

- Temperature (if available)

- Energy Demand (if available)

Use Default Temperature List

Use Default Energy Demand Profile

Ewdva 16: Eloaywyr) Sebopévwv Xpovooelpdg

Ie nepintwon mouv bev unapyouvv Sebopéva Beppokpaocuwv kat dev amatteitan
anolutn akpifela ota anotehéopata o xprotng Wopel va emAEEEL TV Xpron
TIPOETIAEYHEVNG XPOVOOELPAS BepHOKPAGILV TIOU amaptiletal amd PETEG wPLaAiES
Beppokpacieg meploxic He fmio khipa.

Eniong, oe nepimtwon mou Sev undapyouv SeSopéva Iitnong evépyelag aha ival
yvwotog o mAnBuopog g meploxrg mou peletdral, UMApXEL emloyr) Omou o
XPNOTNG EL0AYEL TOV aplBPd Twy KATolkwy Kol HEoW TIPOETUAEYHEVNG XPOVOOELPAS
karavaiwong, Snuoupyel to Sikd tou npodil katavdAwong (Etkova 17).

f CAEs sTuDY

step 1 - import data from excel

Please select the excel file which contains the following:
- Wind Speed
- Temperature (if available)

Energy Demand (if available)

¥ Use Default Temperature List

¥ Use Default Energy Demand Profile

Residents

5000

Ewova 17: Xprjon npoemAey péviov XpOVOaELpmV
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Inueiwon: H petdfacn and 1o BApa 1 oto Prpa 2 amoautel Xpovo wote va
boptwbolv oL YPOVOCELPEG OTO MPOYPOUKLL

ITNV OUVEXELD O XPAOTNG EL0AYEL TIC UMONOWNES Tapapeétpouc mou adopolv v
Aertoupyia g povadag (Ewkova 18).

CAES STUDY

step 2 - input variables

HU (MJ/Kg): Gas Turbine

Air Ratio (A): bi Efficiency (0,11:

Cavern Storage Temp. (K): Pressure Ratio: !

Air Heat Capacity (K)/Kg*K): Com pressor
Gas Heat Capacity (KJ/Kg*K): Efficiency (0,1]: [_ y _‘

fewan Kiicency £.3k ‘ : Pressure Ratio: |“_. : ]

Ewova 18: Eloaywyn napapétpwy Aertouvpyiag

Ie nepimtwon swaywyng Aavloopévwy peyeBuv onwe my Beppokpacia -100K A
BaBuo andbdoong ektog tou evpous (0,1] To mpodypappa enotpédet prvupa AdBoug
Ko arautel Ty S1opBwaon Tou wote va npoxwproeL oto endpevo Pripa. (Ewova 19)

CAES STUDY

step 2 - input variables

HU (MJ/Kg): Gas Turbine

Air Ratio (A): Efficiency (0,1} (|2 |

-—.ﬂ o]

Ewova 19: Avayvwpion AavBaopévng eloaywyrs napapétpou
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Edooov 6Aec oL mapdpetpol £xouv eloayBel owotd, nepvape oto teleutaio Brpa
omou arnouteital n ewwoywyn twv petafAntiv. Ymdpxel n duvardtnra HEAETNG
£UPOUC TWV MAPaKATw HEYEBWVY 1 KoL PEpOVWUEVWY TLPWV (Ewkdva 20).

fll cags stupy

step 3 - input range variables

From To

Wind Turbine

poweroiwy (0 ] [0 ]

Air Compressor
Power (MW):

Air Storage ——
Volume (m?): L°4] | [10000

s

Ewkova 20: Evoaywyr petaBintiv

ITNV CUVEXELX TO TPOYpappa unoloyilel ta anotedéopata pe Baon ta debopéva
koL ta €ayel otnv TonoBecia mou unobewkviel o xpriotng (Ewova 21).

Inueiwon: H petdBaon and to Bripa 3 otn efoywyr) amoteAeoUATWY QMALTEL XpOVO
WOTE VoL UTIOAOYLOTOUV OAa T TBavad aevdpla AUogwv.

W Deon b ey e

Gave At type,  Excel Files (ais) -

1& Faldars Save Cancel

Ewova 21: AnoBrikevon anoteAeopdrwv

34



TEI Nelpoud Txohi Texvohoyikiy Ehappoymv Tuipa Mnxavoloyiag

Tnoubaotéc:  Naodc NMétpog,  Mapkoyiavwakng AXAEag

Metd thv amoBrikeuon Twv aMOTEAECUATWY UTIAPXEL N SuvardtnTa VEG PHEAETNG
Sratnpuvrag T ibleg napapétpoug (Ewkdva 22).

il CAES STUDY

success

Results exported to excel successfully!
To start a new study press "START NEW"

Ewova 22: Néa pehétn pe SLatipnon Twy MponyoUpEVWY MApPaUETPWY

Ta anoteMéopata mou efiydnoav and to mpdypappa amoBnkebovial o€ apxeio

excel TG popdnc .xls ko mepLéxouv TO00 TIC SoBeloeg MapapéTpous 00O Kal Ta
anoteAéopara.

4, OL HEAETWUEVEC TIEPLOYES

H pehétn tng evepyelakig autovopiag pe Ty xprion CAES kat atoAtkol MAPKoOU EYWVE Yia 5
VNOWWTIKEG TLEPLOXES oty EAMGSa pe Siadopetikd atohikd Suvapikd n kaBe pua. Oumpog
HeAETN meploXEg elvan ot akoAouBec:

L]

Avbpog (YPnAo atodiké Suvapko)
KpAtn (YPnAé awolkd Suvapikd)
Nagog (Métplo awodikd duvapiks)
Kéa (XapunAo awohiko duvapikd)
Afpvog (XapnAd awohwod duvapiko)

OewpriBnke Ot n {fnon evépyewag eivar (Sia yia OAEC TIC MEPLOXEG £TOL WOTE Ta
anoteAéoparta va elval ouykpiowa petagl touc,

To npodil karavdhwong mou xpnowponouiBnke avtiototxel oe nepimou 10.000 katoikoug
ko blveral oto napakdtw Siaypappa;
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Mpodik katavahwong EVEPYELOG

Evipyria (MW)
[

U 1000 2000 3000 4000 5000 6000 o 8000 w0
Dpeg (h)

Maypappa 6: Evepyeiaxo nipodil Intnong

To awohikd Suvapkd kdBe meploxig mapouotdlet SLadOPETIKA TOLOTIKG KL
TOOOTIKG XAPAKTNPLOTIKA Tou mailouv onpavtikd podo otnv perétn pac. Mo

avalutikd oTo apandvw Tivaka mapaBétovial Bacikd OTATIOTIKA OTOLXEl TwWY
TLEPLOXWIV.

Avbpog | Kpritn Kea Ajpvog | Négog
Méan T avépou (m/s) 7.4 8,1 5,5 4,7 7,0
Turuki anokhion 4,9 51 4,1 3,8 4,8
ABpototikd Swaotrpata vnvepiag (h) 2453 1909 3788 4326 2731
Awaotipara auvexoug vivepiag (h) 91 26 174 108 56

Nivakag 5: Zratiotweé otoikela atohuol Suvopikod TEPLOXWV

A6 Tov apandvw rivaka agilouy avadopds Ta SLacTAATA CUVEXOREVNG vnvepiog
KaBe meploxig. Ol Meploxég e mapatetapéva Slaotipata viveplag éxouv v
MEYGAn avaykn ywa anoBfkeuon evépyewas (wote vo emtevxBel autovopia.
Napatnpolpe 6Tt oty Kéa to Sidotnua ouvexous vvepiag Siapkel mavw and pa
epSopdda, evi to avtiotoo Sidotnua otnv Kphtn Swapkel o nuépa. Ago
avadopdg eivat eniong to aBpolotikd Sidotnpa vivepiag oty Afjuvo kat oty Kéa,
émou ywa 180 ket 158 nuépeg avtiotoa Sev eivan Suvatd n Tapaywyr EVEPYELDS
WECW TWV QVEUOYEVVINTPLWV.

Mo TNV KEAUTEPN CUYKPLON TWV OAKWY SUVALKWY UTIOAOYIOTNKE KaL N nukvoTTa
mBavotntag avépou yia kaBe meployn.

And ta Slaypdpupara rukvotnTag mbavomtas aAAd Kat and TV XPOVOOEE Tou
aohkol Suvapkol propoUpe va SoUpE TIC ILUTEPOTNTEG KABE MEPLOXAG KaL TNV
BuvardtnTa TG va KaAOWEL TIG EVEPYELAKEG TNG AVAYKEG AT TO OLOAKS TIAPKO.
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Atohkd Suvapikéd (Avbpog)

Nukvétnra mBavinrag (Avbpog)
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3 w N\
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i i
i " \““‘v‘
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AloAwkd Suvapiké (Kpritn) NukvétnTa mBavétnag (Kprin)
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Audypappa 8: AtoAé Suvapiks kot nukvétnra mBavétnrag KprAtng
Awohiko Suvapd (Nagoc) | Nukvétnra mBavétnrag (Nafog)
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Mdypappa 10: Alohiké Suvapiké Kat nukvotnta mbavénrag Kéag
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m_n‘iyﬁapiu; 11: AloAwko Suvapuké ko tukvétita mbavétntag Afjuvou
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Napakdtw napatiBetar n adidotatn KapmoAn OXVOGE TNG OVEUOYEWATPLAS TIOU
XpnowonowBnke oto awohikd mdapko. H yevvrtpia mou emhéxBnke eivar tng
gtatpelag Vestas, poviélo V80 e ovopaoTikr Loxt 2MW.

Mon Dimensional Power Curve of a Typical Wind Turbine

]
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Non Dimensional Power Qutput
503 L
I
|

N

o
(=}
(=]

Alaypoppo 12:-A6uiotu'rn 0) U] uva;:ovsw-ﬁtpmc

Me Bdon ta noapandvw Sedopéva kal xpnolponouwnvtag tov alydplBpo mou
avantuxBnke ywa to CAES effxBnoav ta mopokdtw amotedéopata o popdi
Slaypappdtwy.

OL unohoyiopoi éywav Slatnpwvrag otabepn TNV OVOUOOTIK LOXU TOU CUHTILESTH.

4.1 Evepysiakn) avtovopia

Itnv npwtn opdda dlaypappdtwy epdaviletal n avtovopio g kabe mepLoxrig oe
ouvdptnon He TV LoXU Tou aLoAKol TAPKOU Kat TOV aoBnkKEUTIKO XWPO TOu
OUMTILETHEVOU AEPQL.

Qpeg pn avrovopiag (Avspog)

9060

= AepoBuldno
BUGG om3d
—=— At pabludaas
000 10.000m3
| = AcpoBubius
) 20.000m3
6000 . = AgpoBlubdsio
30.000m3
= Aspofiubing
A0.000m3
| " Aspobuliano
.y . 50.000m3
g " H « Aepofuling
: — | 60.000m3
| . A pobluddun
| 70.000m3
2000 i . Acpafubdnio
J . B0.000m3
_— - AepoBulixio

S000

Tipeg [hiy)

' : H - * : H ArpoBulanio

U x 3 100,000m3
(1] 10 0 0 40 50 o0 0
lexog aohinod néaprou (MW)

Avdypappa 13: Autovopia Sitbou otnv Avbpo
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Ano To mapandvw Siaypappa SLamoTWVETAL OTL UE OLOALKO TLdpko 45MW Kat

aepoBUAAKLO XWwPNTKETNTAG 70.000m” kat dviw ETUTUYXAVETOL TIARPNG EVEPYELAKH
QUTOVORLT TNG MEPLOXNS.

Npeg pun avrovopiag (Kprtn)

= Arpolubdun
L. i
+ Azpofhubing
10.000m 3
0w v AgpoBubdis
20.000m 3
o At pofiuhing
30.000m3
) X « ArpoBubang
S A.000m I
Arpothuhimn
A * 50.000m3
« ArpoBuldas
o ° i 60.000m )
. + Aupofudanie
i [ ST ST | 70.000m3
200 AcpoBuding
80.000m3
Arpoehdag
H0.000m §
5 Arpofubane
A00.000m3
i % ™ = 3

loxog asahinod népuou (MW -

Tpeg (hiy]

Awdypappa 14: Autovopia Swtdou otnv Kpriitn

Avuotoixwg yia v mepox g KpAtng mapatnpolpe Ot N autovopia
ETUTUYXAVETOL ME aLOAIKO Tidpko 30MW kat dyko aspoBulakiou (oo fi peyalitepo
ané 30.000m”.

Npeg un avrovoplag (Ndatog)

S

HLOD

Tipeg [hiy)

H0.0003
. : + A il * . 4 Axpobukaxio
| a L] t » a = 3

;

oyl miohxod nagxou (MW]

Avdypappa 15: Autovopia Sutbou otnv Nago
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sty meplox g Nagouv n EVEPYELOKI] CUTOVOMLQ ETUTUYXAVETOL UE TNV
atohikol tépkou 45MW kat agpoBulaxiou xwpnTikoTnTag 50.000m”,

Opeg pn avtovoplog (Kéa)

Tipeg (hiy]

aw == .

a0 o *
baylg aiohined ndprou [MW)

Avdtypappa 16: Autovopia Siktiou otnv Kéa

= Aepoluldng

nnd

= - Aupofhubdan

10.000m3

+ Aapofhuhins

J0.000m3

+ Aupoabias

M Gim 3

« Acpofubing

A0.000m 1
fAspollubiag
540,000
Acpoiiubiag
0.000m3
AzpoBubda
T0.G00m 3
Agpoliubian
0.000m 3
Arpoitudine
S0.000m
Acpobbubinn
00,0003

Xpnon

To xapnAd atodikd Suvapkod oe ouvdptnon pe peydla Saotripata ouvexolg
vnvepiag Sev EmTpENOLY Va emteuXBel MARPNC EVEPYELOKT QUTOVONGH TOU VNGOV,
Axopa koL oty akpaia mepimtwon g xprong 60MW atoAwkol mdpkou kot
100.000m’ agpoBulakiou, n autovopia Sev emtuyxdvetal yia 100 wpeg péca oto
¢toc. MNa tv autovopnon tou vnowov emBdAetal n xprion Dual mode CAES.

Npeg pn avtovoplag (Afpuvog)

Tipee (hiy)

W a0 4 54 w0
logig mohinel napkou (MW)

Awdypappa 17: Avtovopio Siktdou otn Afjuvo

o AepoBuing

Om3d

- Aapofiudus

11.000m3

+ Agpoliuhann

20.000m]

« Agpolludnia

G003

- Auspoliubino

A0.000m 3
AepoBubinia
S0.000m 3
Agpoflishano
o0 000m3
Aspofiulano
F0.000m3
Aspoliudans
EO000mI
Agpotiuling
SO.000m3
fupoliuhdns
100.000m3

Itnv mepintwon tng AHVOU EMITUYXAVETAL EVEPYELOKI OQUTOVOMIOL LOVO HE TNV
xprion 60MW atohwol mépkou kat 100.000m* aepoBulakiou, peyédn ta omoia
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kpivovtar umepPolkd yu ouykekpuévn Tftnon evépyeloc. Kau oe auti v
nepintwon kpivetat anapaitntn n xprion Dual mode CAES.

4.2 Katavdiwon svépysiac CAES

Ie auth v opada Staypappdrwy napatiBetal n katavalwon kavoipou tou CAES.
A6 10 0OVOAO TWV SLaypappaTWy WITOPOURE VO CUPMEPEVOULE OTL N KatavaAwan
aufavetal 600 aufavetal kaw n LoxU¢ Tou ndpkou. Ano éva onpeio kal PETA N
katavaAwon HEWWVETAL Adyw NG ouvelodopdg Tou atoAol Tdpkou otnv KaAuyn
e {ATnons.

Karavédwon kavolpou CAES (AvSpog)

1000

o« AggoBubdss
i | 10.000m3
= AupoBubdinig
20.00Gm 3
+ Aupaliubdnio

- Arpoliubien

A0.000m 3
Adpobiuhdun

AupoBukino

Anpotiulda
J0.000m 3
ArpoBuling
$L000m3
AzpoBubise
100, B00m 3

= a w0 @ L

3%
lepig muokined nageou (MIW)

Avdypappa 18: Karavdwan kavoipou CAES oty Avbpo

Karavihwon kauvolpou CAES (Kprit)

Kemrouse renfy}
%
]

-

wo | | AupoBudding

w i F 0 w 1o

™
(PR yp—

Awaypappa 19: KatavaAwon kauaipou CAES otnv Kpritn
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ITIC TIEPLOXEC OTIOU ETUTUYXAVETQL EVEPYELQKT autovopia (Avbpoc, Kprytn, Nagog) pe
v xprion tou CAES n popdr tou Staypappatog elvarl auntikn apyd Kat otnv
ouVEXEL pewvetal awoBntd. H peiwon odeiletat otnv augnpévn ouvelodopd tou
atohkol dpkou otnv kaAudn Tng Iitnong. Itig unoloues neploxég (Afpvag, Kéa)
n kaprtoAn eivae oAU 1o opadr.

KaraviAwan evépyeiag CAES (Nagog)

- Atpobiubda
10.000m3
' e * Agpobubinn
3 20,0063
« - Arpodubeng
IB0GmS
= Arpobubian
A0 GmY
Aegobukano
50,000m3
Aepobuloxn
ol 0
Agpobuddn
P0.000mS
ArpoBudann
BO.00GmM3
agpobvhano
0.000m3
Aepodukamo
100 0G0 S

Kadews frenfy]

=

i @ W

layls mekino naprou |MW)

Audaypappa 20: KatavdAwon kavoipou CAES oty Nafo

Katavahwon kavolpou CAES (Kéa)

- ArpoBiuMan
¥ 10.000m3

fPos : ; ’ : . i = + o Aspobubiinie
. . 20,000m3

» Arpoliubing
1 7} i 30.000m3

= Arpolubdn
= 40.000m3

e ot . Arpoliubine
50.000m3

Kaivoupe (tonfy)

& Arpobuldsn
(] 60.000m3
ArpoBubinie
70.000m 3
o Aspofiubdno
80.000m3
ArpoBubins.
G0.000m
AqpoBuldmo
00.600m3

5 w0 W o
layig mokikod rapkau (MW)

Audypappa 21: KaravéAwon kavoipou CAES v Kéa

Ito Sudypappa e KEag napatnpolpe peiwon tng katavdiwong 6o avEdvetal n
Lox0g Tou auoAkol Tdpkou amd ta 25MW kat petd. Autrh opwe eival pukpr oe
GUYKPLON KE TIG EPLOXEG ME UPNAG coAKO SUVOIULKO.
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Karavdhwon kavolpou CAES (Ajpvog)

= Arpollubasi
10.000m 3

= Agpobiuldno
1 ; 20.000m3

1300 ' " 1 - ? = AspoBuldng
. . 30.000m 3

= Aspobukino
A0.000m3

Arpotiuhden
S0.0G0m 3

Katiewio (ton/y)

Arpoblubdas
60.000m3
Aepobubdue
T0.000m3
Acpobubing
B0.000m3
AgpoBubding
S0.000m3
AupoBiubdng
100.000m3

1 w i 4 50 o 0
loylg mohikod ndgxow [MW]

Audypappa 22: Katavdlwaon kauoipou CAES otn Afjpvo

ZTIC TEPLOXEG ME XOUNAO QLOAKO SUVAMIKO ONMEWIVETOL QUENMEVN KatavaAwon
kavoipou (1700-1800 TOVOL/£TOG), EVW OTLG TIEPLOXEG HE UPNAG aLoALkd Suvapikd n
katavdAwon kupaivetar mepl toug 1000 tovoug avd €tog. Autd odeiletan otnv
auénuévn ouvelodopd g aoAikrg EVEpYELRS otV KAV tng {RTtnong,

4.3 Kataviélwon evépysiag Dual-mode CAES

Ze autr v opdda Slaypappdtwy Sivetal n katavaAwon kavoipou povo katd tnv
Aettoupyia tou Dual-mode CAES.

Karavahwon kavolpouv Dual Mode (AvSpocg)

- Apofubisg
10.000m 3
= AdpoBuldnio
20.000m 3
» - Arpollulduo
H000m3
« ArpoBulimo
s J0.000m3
Arpofubdno
" S0.000m3
« Aupobubduo
G0.000m 3
Aepobiukdnn
J0.000m3
Arpotuhdno
x . B0,000m3
1600 $ i\ Aepobubdan
: 90.000m3
i v - . Arpolubisig
' H - $ i 3 100.000m3
e -0 o 40 S0 L "

o
Ioygig mohiwod nagkou (MW]

Atdypappa 23: KatavéAwon kauaipou Dual-mode CAES atnv Avépo
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Karavdhwon kavoipou Dual Mode (Kprjtn)

+- BepoBuhdxin
10.000m3
= ArpoBuhing

20.000m3
= Aapobuliuo

30,000m3
= AtpoBubdnio

v A0.000m3
Adpoflubdnn

50.000m3
AspoBudinan

a0 ©0.000m3
Agpoiubinn

M.000m3
Aepobubing

108 BO.000M3
. ArpoBubdiig

900003
Anpobuldio

100.0G0m3

Kaiieys [tonfy)

e ] 40 0 w0
Iy, mohixod adpras (MW)

Adypappa 24: Karavdlwon kauoipov Dual-mode CAES otnv Kprjtn

| KaravéAwon kavoipou Dual Mode (Négog)

- apotubduns
10.000m3
| - Agpoburduno
A 20,000m3
- AgpoBuldng
30.000m3
—s— hrpobulduc
] 40.000m3
+ Mpetuling
50.000m3
-~ upabubdno
0.000m3
Acpoluddug
10.000m3
.y Aepodlubdai

Kaveipo (ton/y)

i

(I N .. AepoBudixio
i A - % $0.000m3

1 - . e - Arpofhahdan

=1t 100.000m3

| . . [} ] b — e |
o W i 1 A 1 ] 0

layig anokwad naproy (MW)

Ddypappa 25: Katavdlwon kaugipov Dual-mode CAES otnv Nago

AN ta napamévw Slaypdpupata GUPIEPAivOUpE OTL N Xprion Tou Dual-mode CAES
Sev eival anapaitnt and pa téén L0xvog aloAlkol TLAPKOU Kot avw. Auto
oupBaiver B16TL T0 QUOAKO Suvapikd ot ouvbuacuo pe to CAES kaAumrouv to
oUvVoAo tne IAtnong evépyetas. H xprion tou Dual-mode CAES eivau amapaitntn pévo
Otav éxoupe pkpd Oyko aepoBulakiou [<30.000m3} i 1kpr XY atoAikol mdpkou
(<20-30MwW).
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Kavowe (ton/y]

Kadouo [tonfy)

1

hon

[}

1]

Adypappa 26: KataviAwon kauoipou Dual-mode CAES oy Kéa

w

Katavéhwon kauoipou Dual Mode (Kéa)

W

i 40
oy aokinod ndprou (MW)

0 ]

Karavdhwon kavoipou Dual Mode (Afjpvoc)

0

40

»
Joys awohxol napray (MW)

+ AgpoBudary |

10.000m3

+ - ArpoBuldno
20.000m3

- AEpoBuldig
300000m3

+ - Acpoluhario
A0.000m3

= - AgpoBulano
50.000m3

 Adpofubang
E£0.000m3
Aeprlubanis
70.000m3
AupoBubiin
BO.000m3
Aepobubdxio
80.000m3

= Arpolubdrio
100,000m3

— hepaduhario
10,000m3

« AupoBukdrio

20.000m3

—=— AtpoBulasio

30.000m3

+ Apobuhaxo
40.000m3

- Agpodubdrio
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+ - Agpobubaxio
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Agpolubaxig
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Aepoluhdro
B0.000m3
Agpolvhdeo
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-~ AcpoBubaro
100.000m3

Audypappa 27: KaravéAwon kauoipou Dual-mode CAES atnv Afjjivo

Tta 600 autd Slaypdupata (26 kat 27) aivetain avdykn ywa xprion touv Dual mode
CAES ywa thv kéAupn tng {Atnong EVEPYELQG. AUTO EIVOL QVOUEVOUEVO ULOG KOL TO
QloAko Suvapkd g reptoxis Sev umopet va koaAOPEeL T TATnon. Ity Afjpvo to
DavopEVO aUTO Elvat Ak THO EVIOVO.

BIBAICOHE!Y
TEI NEILC
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4.4 E¢oucovépnon kavaoipov

Y€ auth TV opdda Staypoppdrwy napatibetal n fowovounon kavoipou Adyw tng
Xprionc tou Wind-CAES og gUyKpLON KE TNV XPrion atoAkol ApKoU Kat CUMBATIKG

povadac kikhou Brayton.

Efoikovopnan kauaipou (Avbpog)

'%: 0 ¥ . =
%1 i) 4 i
E A0 F.
i b 0 i Ay 50 & 0
o0 auohwod napxou (MW)
Adypappa 28: E§owovépnon kavoipou atnv Avbpo
Efowovopnen kavaipou (KpAtn)

RLE T
u 1w il u an
Jayc atohiwol Tapkou (MW)

Mdypappa 29: Efowovopnan kauoipou oty Kpritn
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Efowkovoprnon kavoipou (Nafog)

Wi

S0 i * &

4
E

Hatowe [ton/y)

o w0 n o 40 S0 w0
laypus awohiod naprou [MW)

Audypappa 30: E§okovopnon kavaipou otn Nago

And ta mapandvw Slaypdppara twy MEpOXwY HE uPnAo awoAwkd Suvapukd
napaTnpoUpE OTL KO Kat e aepoBuldkio Oykou 10.000m* eivar Suvatov va
entevyBel afloonueiwtn owovopia puowkol agpiov g tafng twv 500-600 TovwY
avd £toc. Autd elvat oAU onpavtikd, puag kat siver v duvatotnta anobrikevong
oe Soyeia migong kou OxL o€ puoika aepoBuldkia ta omoia pmopel va pnv elvat
SlaBéotpa o ONeG T meploxés. Emiong, and ta Saypdppara paivetar ot n
e€owovopnon kavolpou eivar avtiotpédwg avédoyn tou awlwol Suvapikol
VEYOVOC QVOEVOREVO, LG KL OL TIEPLOXEG ME LPNAS Suvapikd kaUmtouv peyddo
uépoc tne Lhtnone ameuBeiag amd To aLoAKO Mdpko pewwvovtag £§ apyxig v

e€dpTnor| Toug 08 OPUKTA Koo

Efoikovopnon kavoipou (Kéa)

Wi

Kabowo (ton/y)

Joyig atohnod Napnoy (MW)

Atdypappa 31: E§oovounon kauvoipou otnv Kéa
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Efowkovopnon kavoipou (Anuvog) .

()

e . . = AgpoBuhanio i
" 10.000m3 |
- AtpoBubanio |
= i ’ 20.000m3
e . - * - AgpoBubdxio
- 30.000m3
- Aepobuldno
40.000m3
o . = Azpoluiario
50.000m3
- = Aepobuldin
o o) 60.000m3
Boind - &l Aepobukano
V- 70.000m3
AepoBubinio
BD.00OmM3
i Arpofulanio
g 90.000m3
Arpobubario
100.000m3

Kodowo [ton]y)

i 1w .1 w 40 W w n
oyl aohikod ndprou |MW)

Avdypappa 32: E§oikovopnon kausipou otnv Afjpvo

H onpavtkr e€0lKOVOUNON EVEPYELAC Elval EUGAVIG KAt OTLG TIEPLOXEG ME XaunAO
awohikd Suvapkd omou n xprion tou Dual mode CAES eivat emiBefAnpévn yia tnv
kéAudn tne Zitong. H eowovounon kavoipou kupaivetar and 400 éwg 1000

TOVOUG Kauoipou ava £Tos.
5 ZUNTTEPAO AT

H xprion tou AoylopikoO “Wind-CAES” &ivel tnv Suvatdtnta pehétng tng
EVEPYELAKAC autovopiag Stapopwy TMEPLOXWY OTOU oxeblaletar eykardotoon
atoAkol Tdpkou kat Stdrafng anoBrkevong evépyelag (CAES) oA kau Suthiig
Aettoupyiag (Dual-CAES).

H nopamdvw perétn pag £6woe TV Suvatdétnta va umoloyiloupe GAouc Toug
mBavoic ouvBuaopolc aloAkol Tdpkou — amoBikevong atpa Wote va emrevxBel
EVEPYELaKT) auTovopia otV UTO HEAETN neploxn). Me to “Wind-CAES"” mapéxetal n
Suvardtnta HeTaBoArg Tw HETABANTWY TIOU ennpealouV TNV mapaywyr) EVEPYELAC
KO £TOL EAEyXOVTaL OL KATAOKEUOOTIKES TIAPAMETPOL TNG povadag.

Ta amoteAéopata TG NOPanavw HEAETNS katédet§av Ot 1o aloAko Suvapikd kabe
neploxic amoteAel kaBopLoTIKG TapayovIa yila TV EVEPYELOKN QUTOVOUNON TNG.
Onwg daivetar ota mapamdvw Slaypapuata, ot TMEPOXEG HE UYPNAG QWOALKD
Suvapukd autovopolvral pe Ty XprRon aLoALlkoU Ttapkou Kat amAol CAES, evw ol
TEPLOYEC HE XOUNAD SUVEIKG QmautolV Ty Aettoupyia ¢ povddag Dual-CAES.
Eniong, eivaw epdavic n onpaveikn £€0LKOVOUNOT KAUOLHOU IOV ETUTUYXAVETAL OF
OAeg g meploxég avefaptitou TOU awoAol toug Suvapikol. H efowovopnon
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duokwv nopwv dnpovpyel onpavitkd owkovopkd alkd kat meptBarloviikd odeln
OTLC TOTUKECG KOWVOTNTEC aMAd Katl oto ouvolo,

O ouvBUAOHOC TNE MAPAYWYNAG EVEPYELQS HEOW QVAVEWOLUWY TINYWY EVEPYELAS Kol
n anoBrikeuon g eVioXUouv onpavtika tnv mpoonabela avénang tng dieloduanc
twv AME kat tautoypova anakeihouv apketd and ta npopAnpata mouv dnpouvpyei n
napaywyn Eevépyelag péow ANE. Amo tnv daMn mAeupd, n  xwpoBétnon
EyKataoTacewv anobrikeuong Tou oupTeopévou aépa alld kol puoikol aepiouv o
VNOWTIKEG TeploXég elval apketd molumAokn Swbikaoia. Ewbwodtepa, blaitepa
SUokoAn elval n evpeon $puoikol BUAaka ou va pnopei va xpnotponolnBei yia tmv
anoBrikeuon cupmeopévou aépa ald kat n Katackevr povadag anobrkevong
uyponotnpévou guakot aepiou. Evarhaktikd, yia TOV CUMTILECHEVD Tépa HIMOPOUV
va xpnotpornotnBolv doyeia nieong, ta onola opwg neplopilouv Ty SuvapkdTnTa
g povadag kat Ba npénet va ywpoBetnBolv ot neploxég omou dev Ba ennpedlouv
10 duokd tonio vnowtikwy neploxwv. Ooo adopd v anobrikevon tou ¢uoikol
aeplou, n povn Abon mou pnopei va epappootei eival avth g Saolvbeong twy
vnouwy pe o Siktuo napakeipevwy neploxwy. AvtiBeta pe Tig UTIOAOUTES VI OLWTIKE
neploxéc, otnv meptoxn g KpAtng umdpxel n duvardtnta dnuoupyiag pag
povadac CAES, Aoyw tou peyéBoug tou vnool aAdd kat twv oxedialopevwy

uTodopwWyY Tou.
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7 Napaptypa
Ot petaPAntéc nou xpnotponotnBnkay otov ahydpBpo eivar mapabétovial otov napakdtw
nivaka:
MéyeBog TupPOMOpOC Mpoypappa
Tayxvtnta aépa V (m/s) Wind_Speed
| v-1/y G_Power
Ma*A . - MAL i
BaBoc exdoptiong DOD (%) DOD
loxog A/T Nyt (MW) Wind_Turbine_Power
lox\c SupmeaTtn Neom (MW) Compressor_Power
Zntovpevn EvEpyela Eres(MWHh) Energy_Need_List
loxug !'lpoq Nstor (MW) Power_Storage
Anmobrikevon | S
loxug E§660u Nex(MW) DUAL_Turbine_Power_List
EMeppa EvépyeLag Eneed (MWh) Final_Energy_Need_List
AnP pplibets Erej (MWh) Energy_Rejection_List
Evepyerag |
Ka}'avalwun Econs (MWh) Energy_Consumption_List
Evepyeag
B.A. ZUMTIEDTN B Heom (%) CP_Compressor Bedi
B.A. Itpofilov Hiur (%) CP_Turbine
B.A. Brayton Hyra (%) CP_Brayton
Aoyoc Zupmigong MNc Compressor_Ratio
Adyoc Ektovwong Mt Expansion_Ratio
‘Oykog AepoBaAdpou Vitor (M3) Air_Storage_Volume
Ap. Katoikwv NOes Residents
ZTOWEOUETPIKN Stoichiometric_Ratio
avaloyioaépa | 1 . i
Avadoyia agpa- A Lamda
| kavaipou
Oeppoyovoc suvapn Hu(MJ/kg) HU
Ogppokpaoia Tee (C) Combustion_Chamber_Temperature
| BaAdpou kavong
Oeppokpasia Toor (C) Storage_Temperature
| AepoBuAakiou i
OeppoxwpnukoTTa Cpgas (K)/kgK) | Gas_Heat_Capacity
Kavoaepiwv
OeppoxwpnukoTTa Cpar (Ki/kgK) | Air_Heat_Capacity
aépa
Napoxn Aépa Mpog Macom (kg/s) | Mass_Air_Compressor_List
Zupnieon [ 8.
Anattovpevn pata Mgeem (kg/s) | CAES_Mass_Gas_List
Kauoaepiwv
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Anattolpevn pala

. Magem (k CAES M Air_List
aépa agem (kg/s) _Mass_Air_Lis

Anattolpevn pdla
kavoipou

Itdbun
agpoBaddpou

Mf (kg/s) CAES_Mass_Fuel_List

Levelsor Air_Storage_Level_List

Aadopd otdbung

Diff, Storage Difference Li
agpoBulakiou Hstor ge_ _List

Mpaypatikn pala
afpa
Qpeg pepkrign
pndevikng kdAupng

Ma,q (kg/s) MA_Actual_List

NOczes CAES_Non_Coverage_Hours

| Nepiooeta Napkou
| Md{a kavaoipou CAES Mfeaes (kg) Annual_CAES_Mass_Fuel

Mafa kabotpou

DUAL Mfguar (kg) Annual_DUAL_Mass_fuel

MdZa kadoipou Annual_BRAYTON_Mass_Fuel
BRAYTON Mfuay (kg)

suvohki Mala Annual_Total_Mass_Fuel

e Myer (kg)

| KQLOIHOU — — Se—— e
EE,O'LKovopnon AMT (tons/year) | DMf

ka oo ) Ll
Nnvepia NOwind Wind_Calms

M‘éwurn uala anol. M [kl

| aepa -

EJfaxw'l:n pdia anob. Mmin (kg air)

agpa

Nivakag 6: Avriotoiia perapAnruv-peyeBwv alyopibpou

7.1 TumoAdyio

1. Moty KatavaAwon evéEpyELag avd dtopo, S1aipoupe Tov aptbpd twy
kartoikwv (avaywyr] avd 4pelr owkoyévela) kat 1o noAAanAactdiovpe pe
EVEPYELOKS pag podiA:

N
NOres | Efam: 1076

cons = 4

(Mévo edbdoov erthevel n xprion Tou MPOETAEYEVOU TIPOdIA katavaAwoncg)
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H Tntoupevn evépyela, opiletal we n dtadopd tng mapayopeVnS KE T
KaTavaAloKOHEVN:

Eres = prod — Econs

H anoBnkeupévn evépyela vnoAoyiletal we n {ntolpevn eni to Babud
anoboong TOU CUUTILEDTH:

Egior = Eres-Neom

H pdZa tou aépa mpog cupniean eival to ywvopEVo NG anodnkeupévng
evEpyelac ni 1o Pabpd anddoong Tou CUPTILETTH TTPOG T
BeppoywpnukotnTa tou aépa, T Beppokpadia kat to Adyo oupnisonc:

Estor- 1000

}:1‘ 'HCDT!]
Cpair: T (Hc Y — 1)

MaCGH’I =

Avtiotolya opiZetal kat n anatoeVn Hala Twy Kauoaepiwy:

Eyes. 1000

Mggem = — 1 Meur
Cpgas- T. (1 - ?)

Ity

H anattoUpevn pdla tou agpa, unodoyiletal pEow Twv Kavoaepiwy, Tou
ywopévou e pdalag tou aépa kat tou “A” add kat tng Beppoydvou
SOvapn¢ Tou Kauoipou:

Mgaem- Cpgz;w' ‘i

CPair- Tstor + Hut. 1000
Madem = Ma.

. ‘0oov adopd T pdla ToU KauoiHou ToU arauteitat yia Ty KdAupn g
ZATnonc, adaipoUe T Pala Tov aépa and tm HAla Twv NapayopeEVwWY katd
TNV kalon kavoaepiwv:

My = Mgas_Mair

H otadun tou agpobaAdiiov opiletatl wg to @Bpolopa tou Adyou aépa
ouprtieong ouv TV EAGXLOTN XWPNTIKOTATA Yia TV TPWTN TLUA:

Levelgor (i) = Magom + Ma,in
Ev) yia Tig unoAouteq Tipéc elval n anattovpevn pada eni 3600:

Levelgor (i + 1) = Magem- 3600
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10. H petapoln tng otaBung unoAoyileral wg n endpevVn peiov TV nponyoldpevn
Tn:
DE)F)Fsmr = Levezs[or(i + 1) = Leve{smf(i)
11. H SiaBéoun pdada tou agépa divetal mapakdiw:

Magcr = Dif fstor- 3600

12. H 1ox0¢ e£660U ToU CUNTUESTH] SIVETAL TTAPOKATW!

1
Nex = Magee. (143 T-Cogas (1 = 1,_:_1).10-3. Meur
it ¥

13. O1 anoppielg evépyelag divovrar and tn diadopd napaydpevng kat
KQTAVOALOKOUEVNG EVEPYELAG:

Evej = Eproa — Econs

ANOTEAEZIMATA:
1. To tehikd éNeyppa evépysiag divetat and to dpolopa Twv wplainwy

INTOUNEVWY EVEPYELWY TOU ETOUG:

Eﬂeed = Z E‘res(i)
8764

2. Avtiotoa kat o d8poLopa TwV anoppipewy:

=1
Egey = Z Eyej(D)

8764

3. H ebikn katavéAwon kauvoipou:

_ Mfeaps-HU
Heat Rate = 3.6.3 Nox

4. H ouvolikr pdla Tou Kauaoipou yla tov kUkAo Brayton bivetat:

i=1

1
Mfaar = 2, Wres(©) 36 F—

8764
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5. H ouvolikn pala tou kauoipou yua to CAES:

i=1
1

Mfcags = Z Mﬂﬂ;;-3.6-m
8764

6. Evi n pala kavoipou yia to DUAL MODE unoloyilete wc:

Eneed' 3,6

Mfpya, = m

7. Téhog n ouvolikn katavaAwon kavoipou ivat To dBpolopa twy napandve:

Mfrorar = Mfcags + Mfpyar

8. Evw n Stadopd palag kavoipou eivac:

AMf = Mfrorar — Mfsray

9. H napaywyn eVEpYELAG TNG AVEROYEVWNTPLAG UTOAOYIlETaL amd TNV
akoAovdn Khabikn ouvdptnon. Omou v n TaxlTnTa ToU avERoU G m/s.

f 0 v < 4,0 )
N, (0,0126v° —0,072v +0,1177) 4,0 < v <80
N,,,-(0,1546 v —0,8811) w 80<V<115
Nipr(v) = = Y ¥ )
N,,,.(—0,0206v* 4+ 0,5621.v — 2,8397) 11,5 < ¥ < 14,0
N, 14,0 < v < 25,0
L. @ v > 250 )
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7.2 0 adyopiBuocg

0 aAydpBuog avantiyBnke otnv yAwooa mpoypappatiopot C# pe tv xprion tou
Aoytopkou Visual Studio.

7.2.1 AdyoptBuoc mepiffdAiovroc epyaaiog

<MetroControls:MetroWindow
xmins="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmins:x="http://schemas.microsoft.com/winfx/2006/xam|"
xmlins:i="http://schemas.microsoft.com/expression/2010/interactivity"
xmins:Metro="clr-namespace:MahApps.Metro;assembly=MahApps.Metro’
xmlns:MetroControls="clr-
namespace:MahApps.Metro.Controls;assembly=MahApps.Metro"
xmins:MetroBehaviours="clr-
namespace:MahApps.Metro.Behaviours;assembly=MahApps.Metro"
xmlns:MetroConverters="clr-
namespace:MahApps.Metro.Converters;assembly=MahApps.Metro"
xmins:d="http://schemas.microsoft.com/expression/blend/2008"
xmins:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
mc:lgnorable="d" x:Class="CAES.MainWindow"
Title="CAES Study" Height="480" Width="640" ResizeMode="NoResize"
lcon="/CAES;component/Resources/windturbinemetro.png">

il

<MetroControls:MetroWindow.Resources>
<ResourceDictionary>
<ResourceDictionary.MergedDictionaries>
<ResourceDictionary
Source="pack://application:,,,/MahApps.Metro;component/Styles/Colours.xaml"/>
<ResourceDictionary
Source="pack://application:,,,/MahApps.Metro;component/Styles/Fonts.xaml|"/>
<ResourceDictionary
Source="pack://application:,,,/MahApps.Metro;component/Styles/Controls.xaml"/>
<ResourceDictionary
Source="pack://application:,,,/MahApps.Metro;component/Styles/Accents/Blue.xa
ml"/>
<ResourceDictionary
Source="pack://application:,,,/MahApps.Metro;component/Styles/Accents/BaseLigh
t.xaml"/>
</ResourceDictionary.MergedDictionaries>
<Storyboard x:Key="Startin">
<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Opacity)" Storyboard.TargetName="Start">
<EasingDoubleKeyFrame KeyTime="0" Value="0"/>
<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="1"/>
</DoubleAnimationUsingKeyFrames>
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<ObjectAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Visibility)" Storyboard.TargetName="Start">
<DiscreteObjectkKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Visible}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="StartOut">
<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Opacity)" Storyboard.TargetName="Start">
<EasingDoubleKeyFrame KeyTime="0" Value="1"/>
<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="0"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Stc"W:loard.Targe-tProj:lert\,~'="{UIElement.\f'isibilit\f'}" Storyboard.TargetName="Start">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Collapsed}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="Step1In">
<DoubleAnimationUsingKeyFrames
StUfvboard.TargetPropertv="{UIEIement.Opacity}"
Storyboard.TargetName="Step1">
<EasingDoubleKeyFrame KeyTime="0" Value="0"/>
<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="1"/>

</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
S'tﬂWboard.TargetProperty,r:"{U|EIem.'ant.\.lfisibilit\,f]“
Storyboard.TargetName="Step1">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility. Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Visible}" />
</ObjectAnimatioriUsingkeyFrames>
</Storyboard>
<Storyboard x:Key="Step10ut">
<DoubleAnimationUsingKeyFrames
Storyboard. TargetProperty="(UIElement.Opacity)"

Storyboard. TargetName="Step1"> o
<EasingDoubleKeyFrame KeyTime= '0" Value="1"/>

<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="0"/>
</DoubleAnimationUsingKeyFrames>
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<ObjectAnimationUsingKeyFrames
Storyboard. TargetProperty="(UlElement.Visibility)"
Storyboard.TargetName="Step1">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Collapsed}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="Step2In">
<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Opacity)"
Storyboard.TargetName="Step2">
<EasingDoubleKeyFrame KeyTime="0" Value="0"/>
<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="1"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Storyboard. TargetProperty="(UIElement.Visibility)"
Storyboard.TargetName="Step2">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Visible})"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="Step20ut">
<DoubleAnimationUsingKeyFrames
Storyboard. TargetProperty="(UIElement.Opacity)"

Storyboard.TargetName="Step2">
<EasingDoubleKeyFrame KeyTime="0" Value="1"/>

<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="0"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Storyboard. TargetProperty="(UIElement.Visibility)"
Storyboard.TargetName="Step2">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}" />
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Collapsed}"/>
</ObjectAnimationusingKeyFrames>
</Storyboard>
<Storyboard x:Key="Step3In">
<DoubleAnimationUsingKeyFrames
Stofvboard.TargetProperty="{UIEIement.Opacity}"

Storyboard. TargetName="Step3">
<EasingDoubleKeyFrame KeyTime="0" Value="0"/>
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<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="1"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Visibility)"
Storyboard.TargetName="Step3">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Visible}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="Step30ut">
<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(U!EIement.Opacity}"

Storyboard.TargetName="Step3">
<EasingDoubleKeyFrame KeyTime="0" Value="1"/>

<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="0"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Visibility)"

Storyboard. TargetName="Step3">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static

Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Collapsed}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="Finishin">
<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(UlElement.Opacity)"

Storyboard.TargetName="Finish">
<EasingDoubleKeyFrame KeyTime="0" Value="0"/>

<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="1"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
StOryboard.TargetProperty-—-”(UIElement.Visibility]"
Storyboard.TargetName="Finish">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.\!ssibiu}"b
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility. Visible}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
<Storyboard x:Key="FinishOut">
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<DoubleAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Opacity)"
Storyboard.TargetName="Finish">
<EasingDoubleKeyFrame KeyTime="0" Value="1"/>
<EasingDoubleKeyFrame KeyTime="0:0:0.5" Value="0"/>
</DoubleAnimationUsingKeyFrames>
<ObjectAnimationUsingKeyFrames
Storyboard.TargetProperty="(UIElement.Visibility)"
Storyboard.TargetName="Finish">
<DiscreteObjectKeyFrame KeyTime="0" Value="{x:Static
Visibility.Visible}"/>
<DiscreteObjectKeyFrame KeyTime="0:0:0.5" Value="{x:Static
Visibility.Collapsed}"/>
</ObjectAnimationUsingKeyFrames>
</Storyboard>
</ResourceDictionary>
</MetroControls:MetroWindow.Resources>
<MetroControls:MetroWindow.Triggers>
<EventTrigger RoutedEvent="FrameworkElement.Loaded">
<BeginStoryboard Storyboard="{StaticResource Startin}"/>
</EventTrigger>
</MetroControls:MetrowWindow.Triggers>

<i:Interaction.Behaviors>
<MetroBehaviours:BorderlessWindowBehavior ResizeWithGrip="True" />

</i:Interaction.Behaviors>

<Grid x:Name="PageHolder">
<!--<Grid.Background>
<RadialGradientBrush Center="0.504,0.83" GradientOrigin="0.504,0.83"
Radiusy="0.891" Radiusx="0.573">
<GradientStop Color="#FF161616" Offset="0.992"/>
<GradientStop Color="#FF5C5C5C"/>
</RadialGradientBrush>
</Grid.Background>-->
<Grid x:Name="Start" Opacity="0" Visibility="Collapsed">
<TextBlock Margin="25,25,25,55" x:Name="CAESDetailslbl" Text="The CAES
Study program is an engineering tool for energy study in Compressed Air Energy
Storage plants combined with Wind Farms." FontSize="24" FontFamily="Segoe UI"
TextWrapping="wrap" />
<Button Content="START" Margin="0,0,25,25" x:Name="StartStep1btn"
Height="25" VerticalAlignment="8ottom" HorizontalAlignment="Right" Width="75"
Ciickz"StartSteplbtn_CIick" />
</Grid>
<Grid x:Name="Step1" Opacity="0" Visibility="Collapsed">
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<Label Content="step 1 - import data from excel" Height="54"
Margin="25,25,25,0" x:Name="CAESSubtitlelbl_Step1" VerticalAlignment="Top"
FontSize="32" FontFamily="Segoe UI" />

<TextBlock Margin="25,88,25,0" x:Name="CAESDetailslbl_Step1"
FontSize="18.667" FontFamily="Segoe UI" TextWrapping="Wrap" Height="113.882"
VerticalAlignment="Top" ><Run Text="Please select the excel file which contains the
folIowing:"/><LineBreak/><Run Text="- Wind Speed"/><LineBreak/><Run Text="-
Temperature (if available)"/><LineBreak/><Run Text="- Energy Demand (if
aVailab|e}";’><ﬁextB|ock>

<TextBox x:Name="ExcelFilePathTxtBox" Margin="25,205.882,249,220.118"
TextWrapping="Wrap" IsEnabled="False" d:LayoutOverrides="Height"/>

<Button x;:Name="BrowseExcelFileBtn" Content="BROWSE"
HorizontalAlignment="Right" Margin="0,205.882,138.672,220.118" Width="90.376"
Click="BrowseExcelFileBtn_Click"/>

<CheckBox x:Name="DefaultEnergyDemandCheckBox" Content="Use Default
Energy Demand Profile" HorizontalAlignment="Left" Margin="25,0,0,163"
VerticalAlignment="Bottom" Checked="CheckBox_Checked"
Unchecked="CheckBox_Unchecked"/>

<TextBox x:Name="ResidentsTxtBox" Margin="25,0,0,63.131"
TextWrapping="Wrap" VerticalAlignment="Bottom" ToolTip="Number of Residents"
FontSize="14.667" HorizontalAlignment="Left" Width="120.317" Height="27.631"
Visibility="Collapsed"/>

<Label x:Name="Residentslbl" Content="Residents" Height="34.539"
Margin="19.818,0,0,94.762" VerticalAlignment="Bottom"
HorizuntalAIignment="Left" Width="148.516" FontSize="18.667"
VisibiIity="C0!Iapsed"/>

<Button Content="NEXT" Margin="0,0,25,25" x:Name="StartStep2btn"
Height="25" VerticalAlignment="Bottom" HorizontalAlignment="Right" Width="75"
Click="StartStep2btn_Click" d:LayoutOverrides="HorizontalAlignment,

VerticaIAlignment" />
<CheckBox x:Name="DefaultTemperatureListCheckBox" Content="Use

Default Temperature List" HorizontalAlignment="Left" Margin="25,0,0,193"
VerticalAlignment="Bottom" Unchecked="CheckBox_Unchecked"/>
</Grid>
<Grid x:Name="Step2" Opacity="0" Visibility="Collapsed">
<Label Content="step 2 - input variables" Height="54" Margin="25,25,25,0"
x:Name="CAESSubtitlelbl_Step2" VerticalAlignment="Top" FontSize="32"

FontFamily="Segoe UI" />
<Label Content="HU (MJ/Kg):" Height="42" Margin="61,130.633,0,0"

VE‘I"tiCa|A|ignment:"Top" FontSize="15" HorizontaIA!ignment="Left“ Width="107"
d:LayoutOverrides="VerticalAlignment"/> o .
<TextBox x:Name="HUTxtBox" Height="30" Margin="249,133,305,0
TextWrapping="Wrap" VerticalAlignment="Top" FontSize="18.667" MaxLength="5"
d:LayoutOverrides="VerticalAlignment" /> L .
<Label Content="Air Ratio (A):" Height="42" Margin="61,167,0,0
VerticalAlignment:"Top" FontSize="16" HorizontalAlignment= Left" Width="107"/>
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<TextBox x:Name="LamdaTxtBox" Height="30" Margin="249,172.623,305,0"
TextWrapping="Wrap" VerticalAlignment="Top" FontSize="18.667" MaxLength="5"
d:LayoutOverrides="VerticalAlignment" />

<Label Content="Cavern Storage Temp. (K):" Height="46"
Margin="33,203.623,0,0" VerticalAlignment="Top" FontSize="16"
HorizontalAlignment="Left" Width="196"/>

<TextBox x:Name="CavernStorageTempTxtBox" Height="30"
Margin="249,211.623,305,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" MaxLength="5" />

<Label Content="Air Heat Capacity (KJ/Kg*K):" Height="42"
Margin="29,241.877,0,0" VerticalAlignment="Top" FontSize="16"
HorizontalAlignment="Left" Width="212"/>

<TextBox x:Name="AirHeatCapacityTxtBox" Height="30"
Margin="249,252.877,305,0" TextWrapping="Wrap" VerticalAlignment="Top'
FontSize="18.667" MaxLength="5" />

<Label Content="Gas Heat Capacity (KJ/Kg*K):" Height="46"
Margin="29,279.877,0,0" VerticalAlignment="Top" FontSize="16"
HorizontalAlignment="Left" Width="212"/>

<TextBox x:Name="GasHeatCapacityTxtBox" Height="30"
Margin="249,286.877,305,0" TextWrapping="Wrap" VerticalAlignment="Top
FontSize="18.667" MaxLength="5" />

<Label Content="Brayton Efficiency (0,1]:" Height="42"
Margin="33,318.877,0,0" VerticalAlignment="Top" FontSize="16"
HorizontalAlignment="Left" Width="196"/>

<TextBox x:Name="CPBraytonTxtBox" Height="30"
Margin="249,324.5,305,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" MaxLength="5" />

<Label Content="Gas Turbine" HorizontalAlignment="Right" Height="41"
Margin="0,122,93,0" VerticalAlignment="Top" Width="158" FontSize="24"/>

<Label Content="Efficiency (0,1]:" HorizontalAlignment="Right" Height="30"
Margin="0,167,134,0" VerticalAlignment="Top" Width="117" FontSize="16"/>

<TextBox x:Name="GasTurbineEfficiencyTxtBox" Height="30"
Margin="0,167,36,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" HorizontalAlignment="Right" Width="80" MaxLength="5" />

<Label Content="Pressure Ratio:" HorizontalAlignment="Right"
Margin="0,203.623,134,208.377" Width="117" FontSize="16"/>

<TextBox x:Name="GasTurbinePressureRatioTxtBox"
Margin="0,203.623,36,0" TextWrapping="Wrap" FontSize="18.667"
HorizontalAlignment="Right" Width="80" Height="30" VerticalAlignment="Top"
MaxLength="5" />

<Label Content="Compressor" HorizontalAlignment="Right" Height="41"
Margin="0,241.877,93,0" VerticalAlignment="Top" Width="158" FontSize="24"/>

<Label Content="Efficiency (0,1]:" HorizontalAlignment="Right" Height="30"
Margin="0,286.877,134,0" VerticalAlignment="Top" Width="117" FontSize="16"/>
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<TextBox x:Name="CompressorEfficiencyTxtBox" Height="30"
Margin="0,286‘877,36,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" HorizontalAlignment="Right" Width="80" MaxLength="5" />

<Label Content="Pressure Ratio:" HorizontalAlignment="Right"
Margin="0,323.5,134,0" Width="117" FontSize="16" Height="30"
VerticalAlignment="Top" d:LayoutOverrides="Height"/>

<TextBox x:Name="CompressorPressureRatioTxtBox" Margin="0,324.5,36,0"
TextWrapping="Wrap" FontSize="18.667" Width="80" Height="30"
VerticalAlignment="Top" MaxLength="5" HorizontalAlignment="Right" />

<Button Content="NEXT" Margin="0,0,25,25" x:Name="StartStep3btn"
Height="25" VerticalAlignment="Bottom" HorizontalAlignment="Right" Width="75"
d:'-é“,'c-utif)\.*errides:"Hc:rimntaIﬂ'bdignment, VerticalAlignment"
CIick="5tartStep3btn__CIick" />

<Button Content="Back" Margin="0,0,524,25" x:Name="GoToStep1btn"
Height="25" VerticalAlignment="Bottom" HorizontalAlignment="Right" Width="75"
Click="GoToStep1btn_Click" d:LayoutOverrides="VerticalAlignment" />

</Grid>
<Grid x:Name="Step3" Opacity="0" Visibility="Collapsed">

<Label Content="step 3 - input range variables" Height="54"
Margin="25,25,25,0" x:Name="CAESSubtitlelbl_Step3" VerticalAlignment="Top"
FontSize="32" FontFamily="Segoe UI" />

<Label x:Name="Fromlbl" Content="From" Height="30"
Margin="196,126,0,0" VerticalAlignment="Top" FontSize="18.667"
d3LavoutOverrides="VerticalAIignment" HorizontalAlignment="Left" Width="60"/>

<Label x:Name="Tolbl" Content="To" Height="30" Margin="0,126,173,0"
VerticalAlignment="Top" FontSize="18.667" HorizontalAlignment="Right"
Width="60" d:LayoutOverrides="VerticalAlignment"/>

<Label x:Name="Steplbl" Content="Step" Height="40" Margin="0,126,34,0"
VerticalAIignmentz"Top" FontSize="18.667" HorizontalAlignment="Right"
Width="60" d:LayoutOverrides="VerticalAlignment"/>

<Label x:Name="WindTurbinePowerlbl" Content="Wind
Turbine&#xd;&#xa;Power (MW):" HorizontalAlignment="Left" Height="65"
Margin="25,163,0,0" VerticalAlignment="Top" Width="139" FontSize="18.667"/>

<Label x:Name="AirCompressorlbl" Content="Air
Compressor&#ixd;&#xa;Power (MW):" HorizontalAlignment="Left" Height="61"
Margin="25,238,0,0" VerticalAlignment="Top" Width="139" FontSize="18.667"/>

<Label x:Name="AirStoragelbl" Content="Air Storage&ifxd;&f#xa;Volume
(m*):" HorizontalAlignment="Left" Height="62" Margin="25,312,0,0"
Vei’tiCB|A|ignment:"T0p" Width="139" FontSize="18.667"/>

<TextBox x:Name="WindTurbinePowerFromTxtBox" Height="30"
Marginz"174,133’0'0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" MaxLength="5" HorizontalAlignment="Left" Width="140"
CI:'-a‘;’out()w.»rrides:"Hc:rizont.‘:\laﬁkligar:ment" />

<TextBox x:Name="WindTurbinePowerToTxtBox" Height="30"
MarBin="345,18:-’,,0,0" TextWrapping="Wrap" VerticalAlignment="Top"
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FontSize="18.667" HorizontalAlignment="Left" Width="140" MaxLength="5"
RenderTransform0rigin="-0.16,0.7" />

<TextBox x:Name="WindTurbinePowerStepTxtBox" Height="30"
Margin="534,183,0,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" HorizontalAlignment="Left" Width="56" MaxLength="5" />

<TextBox x:Name="AirCompressorFromTxtBox" Margin="174,251,0,0"
TextWrapping="Wrap" FontSize="18.667" MaxLength="5" Height="30"
VerticalAlignment="Top" HorizontalAlignment="Left" Width="140"
d:La\.’OutOverrides="Horizontal,ﬁ.lignment" />

<TextBox x:Name="AirCompressorToTxtBox" Margin="345,251,0,0"
TextWrappingz"Wrap" FontSize="18.667" HorizontalAlignment="Left" Width="140"
MaxLength="5" Height="30" VerticalAlignment="Top" />

<TextBox x:Name="AirCompressorStepTxtBox" Margin="534,251,0,0"
Te"thapping="‘v.'\.-'ra|:1" FontSize="18.667" HorizontalAlignment="Left" Width="56"
MaxLength="5" Height="30" VerticalAlignment="Top" />

<TextBox x:Name="AirStorageFromTxtBox" Height="30"
Margin="174,328,0,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" MaxLength="10" HorizontalAlignment="Left" Width="140"
dzLaYoutOverrides="H0rizontaIAIignment" />

<TextBox x:Name="AirStorageToTxtBox" Height="30" Margin="345,328,0,0"
Te"‘W\"rﬁ‘F’FJiI’HE,'="'v\a'rap" VerticalAlignment="Top" FontSize="18.667"
HorizontaIAIignment="Left“ Width="140" MaxLength="10" />

<TextBox x:Name="AirStorageStepTxtBox" Height="30"
Margin="513,328,0,0" TextWrapping="Wrap" VerticalAlignment="Top"
FontSize="18.667" HorizontalAlignment="Left" Width="100" MaxLength="5" />

<Button Content="EXPORT" Margin="0,0,25,25" x:Name="Exportbtn"
Height="25" VerticalAlignment="Bottom" HorizontalAlignment="Right" Width="75"
c““‘:"EXDOrtbtn_Click” d:LayoutOverrides="HorizontalAlignment,

VerticalAlignment" />
<Button Content="BACK" Margiﬂ::'0,0,524,25'- x:Name:--GoTOStEprtnn.

Height="25" VerticalAlignment="Bottom" HorizontalAlignment="Right" Width="75"
d:LayoutOverridES:"VerticalAlignment" Click="GoToStep2btn_Click" />
</Grid>
<Grid x:Name="Finish" Opacity="0" Visibility="Collapsed">
<Label Content="success" Height="54" Margin="25,25,25,0"
x:l\lame="CAESSubtitIerI_Finish" VerticalAlignment="Top" FontSize="32"

FontFamily="Segoe UI" /> o L il
<TextBlock Margin="25,121,25,54" x:Name="ExportDetailslbl" FontSize="24

FOntFamily:"segge UI" TextWrapping="Wrap" ><Run Text="Results exported to
excel successfully!"/><LineBreak/><Run Text="To start a new study press

&quot;START NEW&quot;"/></TextBlock>

<Button Content="START NEW" Margin="0,0,25,25" .
x:Name:"StartNewStUdVBtn" Height="25" VerticalAIignment="Bottom.' )
HorizontalAlignment="mght=' Width="75" Click="5tartNewStudthn_Clle
RenderTransformOrigin="3.907,g_3z" d:LayoutOverrides="HorizontalAlignment,

VerticalAlignment" />
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</Grid>
</Grid>
</MetroControls:MetroWindow>

7.2.2 AAydpipoc sloaywyijs kat s§aywyis SeSoptvmv

using System;

using System.Collections.Generic;

using System.Linq;

using System.Text;

using System.Windows;

using System.Windows.Controls;

using System.Windows.Data;

using System.Windows.Documents;

using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.lmaging;
using System.Windows.Navigation;

using System.Windows.Shapes;

using MahApps.Metro;

using System.Windows.Media.Animation;
using Excel = Microsoft.Office.Interop.Excel;
using Microsoft.Win32;

using System.Windows.Threading; // For Dispatcher.
using System.Globalization;

using System.Threading;

Namespace CAES
{
/1] <summary>
/// Interaction logic for Mainwindow.xam!
/1] </summary>
public partial class MainWindow
{
public MainWindow()
{
InitializeComponent();
ThemeManager.ChangeTheme(this,
a.Name == "Blue"), Theme.Dark);
ListConstructors();

}

ThemeManager‘DefaultAccents‘First(a =>
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private static void ListConstructors()

{
// Construct all the lists.
List<double> WindSpeedList = new List<double>();
List<double> WindTurbinePower = new List<double>();
List<double> EnergyDemandPerFamily = new List<double>();
List<double> PowerProductionList = new List<double>();
List<double> EnergyConsumptionList = new Listcdouble>();
List<double> EnergyNeedList = new List<double>();
List<double> EnergyRejectionList = new List<double>();
List<double> KelvinList = new List<double>();
List<double> AirHeatCapacityList = new List<double>();
List<double> PowerStorageList = new List<double>();
List<double> MassAirCompressorList = new List<double>();
List<double> CAESMassGasList = new List<double>();
List<double> CAESMassAirList = new List<double>();
List<double> CAESMassFuelList = new List<double>();
List<double> AirStorageLevelList = new List<double>();
List<double> CAESEnergyNeedList = new List<double>();
List<double> DualMassFuelList = new List<double>();

#iregion Variables

// Program Variables.

int currentPage = 1;

public static string filename;

public static string defaultExcelFileName =
System.Environment.CurrentDirectory + @"\Excel\DefaultExcel.xls";
ftregion Static Values

public static double AdiabaticCoefficient = 1.4;
public static double StoichiometricRatio = 15;

#endregion Static Values
#region User Input Values
public static int Residents;
// Other Variables.

public static double HU;
public static double Lamda;

public static double StorageTemperature;
public static double AirHeatCapacity;
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public static double GasHeatCapacity;
public static double CPBrayton;

// Compressor Variables.
public static double CPCompressor;
public static double CompressionRatio;

// Gas Turbine Variables.
public static double CPTurbine;
public static double ExpansionRatio;

// Range Variables.

public static double WindTurbinePowerFrom;
public static double WindTurbinePowerTo;
public static double WindTurbinePowerStep;

public static double CompressorPowerFrom;
public static double CompressorPowerTo;
public static double CompressorPowerStep;

public static double AirStorageVolumeFrom;
public static double AirStorageVolumeTo;
public static double AirStorageVolumestep;

#endregion User Input Values
#region Function Values

public static double DOD;

public static double MAL;

public static double CompressedAirDensity;

public static double CombustionChamberTemperature;
public static double GPower;

#fendregion Function Values
#iregion Excel Imported Lists

// Import Excel.

public static List<double> WindSpee

public static List<double> EnergyDemand
public static List<double> CelciusList = ne

dList = new List<double>();
List = new List<double>();
w List<double>();

// Default Excel.
public static List<double> EnergyDemanct
public static List<double> DefaultCelciusList =

mandPerFamily = new List<double>();
new List<double>();
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public static List<double> EnergyConsumptionList = new List<double>();
#endregion Excel Imported Lists

#tendregion Variables

#region Animation Function

private void pageFadeOut(int currentPage)

{
switch (currentPage)
{
case 1:
Storyboard StartUnload = (Storyboard)FindResource("StartOut");
StartUnload.Begin(this);
break;
case 2:
Storyboard Step1Unload = (Storyboard)FindResource("Step10ut”);
SteplUnload.Begin(this);
break;
case 3: . "
Storyboard Step2Unload = (Storyboard)FindResource("Step20ut”);
Step2Unload.Begin(this);
break;
case 4; J .
Storyboard Step3Unload = (Storyboard)FindResource("Step30ut”);
Step3Unload.Begin(this);
break;
case 5: _— -
Storyboard FinishUnload = (Storyboard]FindResource( FinishOut");
FinishUnload.Begin(this);
break;
default:
break;
}
}

#endregion Animation Function

#region Start Window Code

private void StartStep1btn_Click(object sender, RoutedEventArgs e)
{

pageFadeOut(currentPage); ' ) b,
Storyboard SteplLoad = [Storyboard]Fdeesource( Steplin");
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SteplLoad.Begin(this);
currentPage = 2;

}
#endregion Start Window Code
#iregion Step1 Window Code

private void StartStep2btn_Click(object sender,
System.Windows.RoutedEventArgs e)
{
// Read From Specified Excel.
Excel.Application xIApp;
Excel.Workbook xIWorkBook;
Excel.Worksheet xIWorkSheet;
Excel.Range range;
XlApp = new Excel.Application();
xIWorkBook = xIApp.Workbooks.Open(filename, 0, true, 5, ", ™", true,
Microsoft.Office.Interop.Excel. XIPlatform.xIWindows, "\t", false, false, 0, true, 1, 0);
xIWorkSheet = xIWorkBook.Worksheets.get_Item(1);
range = xIWorkSheet.UsedRange;

// Read from Template Excel.
Excel.Application xIApp2;
Excel.Workbook xIWorkBook2;
Excel.Worksheet xIWorkSheet2;
Excel.Range range2;

xIApp2 = new Excel.Application(); _ e
xIWorkBook2 = xIApp2.Workbooks.Open(defaultExcelFileName, 0, true, 5, ™,

", true, Microsoft.Office.Interop.Excel.XIPlatform.xIWindows, "\t", false, false, 0,
true, 1, 0);

xIWorkSheet? = xWorkBook2.Worksheets.get_Item(1);

range2 = xiIWorkSheet2.UsedRange;

bool valuesCorrectStep1 = true;

if (DefaultEnergyDemandCheckBox.IsChecked == true)
{ .
if (Int32. TryParse(ResidentsTxtBox.Text, out Residents))

{
MessageBox.Show(
Correct value.");
ResidentsTxtBox.Text = "";
valuesCorrectStep1 = false;
}
if (Residents <= 0)

"Residents are not a valid number. Please give a
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{
MessageBox.Show("Residents must be above zero. Please give a correct
value.");
ResidentsTxtBox.Text = "";
valuesCorrectStep1 = false;

}

if (DefaultTemperatureListCheckBox.IsChecked == true)
{
// Read WindSpeedList from excel specified.
// Read EnergyDemandPerFamily from default excel.
// Load CelciusList from predefined excel.
for (inti=0;i<8784;i++)
{
WindSpeedList.Add((range.Cells[i + 2, 1] as Excel.Range).Value2);
EnergyDemandPerFamily.Add((range2.Cells[i + 2, 1] as
ExceI.Range).UalueZ);
CelciusList.Add((range2.Cells[i + 2, 2] as Excel.Range).Value2);

}

EnergyConsumptionList = : )
CAESFunctions. EnergyConsumptionList(EnergyDemandPerFamily, Residents);

}
else
{

// Read WindSpeedList from excel specified.

// Read EnergyDemandPerFamily from default excel.

// Load CelciusList from predefined excel.

for (int i = 0; i < 8784; i++)

{
WindSpeedList.Add((range.Cells[i + 2, 1] as Excel.Range).Value2);
Em‘.‘rgyDemanclP.«:rFamil\«r.aé'u:ld({rangez.{fells[i +2,1) as
Exce'-ﬂaﬂge].vamez];

CelciusList.Add((range.Cells[i + 2, 3] as Excel.Range).Value2);

}

EnergyConsumptionlList =

CAESFunctIons‘EnergyConsumptionList(EnergyDemandPerFamily, Residents);
}
}
else
{ d == true)
if (DefaultTemperatureListCheckBox.IsChecked == tru
{

// Read WindSpeedList from excel specified.
// Read EnergyDemandList from excel given.
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// Load CelciusList from predefined excel

for (inti=0; i< 8784; i++)

{
WindSpeedList.Add((range.Cells[i + 2, 1] as Excel.Range).Value2);
EnergyDemandList.Add((range.Cells[i + 2, 2] as Excel.Range).Value2);
CelciusList.Add((range2.Cells[i + 2, 2] as Excel.Range).Value2);

}

EnergyConsumptionList = EnergyDemandList;
}
else
{
// Read WindSpeedList from excel specified.
// Read EnergyDemandList from excel given.
// Read from 3rd Column the Celcius list.

for (inti=0; i< 8784; i++)

{
WindSpeedList.Add((range.Cells[i + 2, 1] as Excel.Range).Value2);

EnergyDemandList.Add((range.Cells[i + 2, 2] as Excel.Range).Value2);
CelciusList.Add((range.Cells[i + 2, 3] as Excel.Range).Value2);

}

EnergyConsumptionList = EnergyDemandList;

if (valuesCorrectStep1)

{
// Animation to Step 2.
pageFadeOut(currentPage); . -
Storyboard Step2Load = {Storyboard)FindResource{' Step2in");
Step2Load.Begin(this);
CurrentPage = 3;

}

}

Private void CheckBox_Checked(object sender,
SVStem.WindOWS.RoutedEventArgs e)

{ o
ResidentsTxtBox.Visibility = Residentslbl.Visibility = Visibility. Visible;

Private void CheckBox_Unchecked(object sender,
System.Windows.RoutedEventArgs €)
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{
ResidentsTxtBox.Visibility = Residentslbl.Visibility = Visibility.Collapsed;

}

private void BrowseExcelFileBtn_Click(object sender, RoutedEventArgs e)

{

// Configure open file dialog box
Microsoft.Win32.0penfFileDialog dlg = new Microsoft.Win32.0penfFileDialog();

dlg.DefaultExt = " xls"; // Default file extension
dlg.Filter = "Excel Files (.xIs)| *.xIs"; // Filter files by extension
dlg.Title = "Select the Excel data file";

// Show open file dialog box
Nullable<bool> result = dig.ShowDialog();

// Process open file dialog box results

if (result == true)

{
// Open document
filename = dlg.FileName;
ExcelFilePathTxtBox.Text = dlg.FileName;

}
}

Private void releaseObject(object obj)
{

try

{

Svstem.Runtime.lnteropServices.MarshaI.ReieaseComObject(obj);

obj = null;
}

Catch (Exception ex)

obj = null; - -
MessageBox.Show("Unable to release the Object " + ex.ToString());

finally

{
GC.Collect();

#endregion Step1 Window Code

#region Step2 Window Code

73



TEl Nepand Ixohr) Texvoloyikwv Edappoytv TurAua Mnxavohoyiag

Inoubaotéc:  Maodg MNétpog, Mapkoytavwdkng AYAAEag

private void GoToStep1btn_Click(object sender,

5Vstem.WindOWS.RoutedEventArgs e)
{
// Animation back to Step 1.
PageFadeOut(currentPage); ) ;
Storyboard Step1Load = (Storyboard)FindResource("Step1in");

Step1load.Begin(this);
CurrentPage = 2;

Private void StartStep3btn_Click(object sender,
5Y5tem.Windows‘RoutedEventArgs e)
{

// Get Textbox variables.
bool valuesCorrect = true;
#region HU

if (IDouble.TryParse(HUTxtBox.Text, out HU))

MessageBox.Show("HU does not have a valid number. Please give a correct
value.");

HUTxtBox.Text = "";
valuesCorrect = false;

}
if (HU <= 0)
{

MessageBox.Show("HU cannot have a negative or zero value. Please give a
correct valye.");

HUTxtBox.Text = "";

valuesCorrect = false;

}
#endregion HU
#region Lamda

if (!Double. TryParse(LamdaTxtBox.Text, out Lamda))

; . Please give a
MessageBox.Show("Air Ratio does not have a valid number g
Correct value.");
LamdaTxtBox.Text = "";
valuesCorrect = false;

}
if (Lamda <= 0)
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{

MessageBox.Show("Air Ratio cannot have a negative or zero value. Please
give a correct value.");

LamdaTxtBox.Text ="";
valuesCorrect = false;

}
#endregion Lamda
#region StorageTemperature

if (!Double.TryParse(CavernStorageTempTxtBox.Text, out
StorageTemperature))
{
MessageBox.Show("Cavern Storage Temperature does not have a valid
number. Please give a correct value.");
CavernStorageTempTxtBox.Text = "";
valuesCorrect = false;
}
if (StorageTemperature <= 0)
{
MessageBox.Show("Cavern Storage Temperature cannot have a negative or
zero value. Please give a correct value.");
CavernStorageTempTxtBox.Text = "";
valuesCorrect = false;

}
#endregion StorageTemperature
#iregion AirHeatCapacity

if (IDouble.TryParse(AirHeatCapacityTxtBox.Text, out AirHeatCapacity))
{
MessageBox.Show("Air Heat Capacity does not have a valid number. Please
give a correct value.");
AirHeatCapacityTxtBox.Text = "";
valuesCorrect = false;
}
if (AirHeatCapacity <= 0)
{
MessageBox.Show("Air Heat Capacity cannot have a negative or zero value.
Please give a correct value.");
AirHeatCapacityTxtBox.Text = "";
valuesCorrect = false;

}
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#endregion AirHeatCapacity
#region GasHeatCapacity

if (IDouble.TryParse(GasHeatCapacityTxtBox.Text, out GasHeatCapacity))
{

MessageBox.Show("Gas Heat Capacity does not have a valid number, Please
give a correct value.");
GasHeatCapacityTxtBox.Text = "";
valuesCorrect = false;
}
if (GasHeatCapacity <= 0)
{

MessageBox.Show("Gas Heat Capacity cannot have a negative or zero
value. Please give a correct value.");

GasHeatCapacityTxtBox.Text = "";

valuesCorrect = false;

}
#endregion GasHeatCapacity
#region CPBrayton

if (!Double.TryParse(CPBraytonTxtBox.Text, out CPBrayton))
{

MessageBox.Show("Brayton Cycle Efficiency does not have a valid number.

Please give a correct value.");
CPBraytonTxtBox.Text = "";
valuesCorrect = false;

}
if ((CPBrayton <= 0)| | (CPBrayton > 1))

{

MessageBox.Show("Brayton Cycle Efficiency takes values in the range (0,1] .

Please give a correct value.");
CPBraytonTxtBox.Text = "";
valuesCorrect = false;

}
#endregion CPBrayton

#region CPTurbine

if (!Double.TryParse(GasTurbineEfficiencyTxtBox.Text, out CPTurbine))
{

MessageBox.Show("Gas Turbine Efficiency does not have a valid number.
Please give a correct value.");
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GasTurbineEfficiencyTxtBox.Text = "";
valuesCorrect = false;
}
if ((CPTurbine <= 0) | | (CPTurbine > 1))
{
MessageBox.Show("Gas Turbine Efficiency takes values in the range (0,1] .
Please give a correct value.");
GasTurbineEfficiencyTxtBox.Text = "";
valuesCorrect = false;

}

#endregion CPTurbine
#region ExpansionRatio

if (!Double.TryParse(GasTurbinePressureRatioTxtBox.Text, out
ExpansionRatio))
{
MessageBox.Show("Expansion Ratio does not have a valid number. Please
give a correct value.");
GasTurbinePressureRatioTxtBox.Text = "";
valuesCorrect = false;
}
if (ExpansionRatio <= 0)
{
MessageBox.Show("Expansion Ratio cannot have a negative or zero value.
Please give a correct value.");
GasTurbinePressureRatioTxtBox.Text = "";
valuesCorrect = false;

}
#endregion ExpansionRatio
#region CPCompressor

if (!Double.TryParse(CompressorEfficiencyTxtBox.Text, out CPCompressor))
{
MessageBox.Show("Compressor Efficiency does not have a valid number.
Please give a correct value.");
ComnressorEfficiencyTxtBox.Text = "";
valuesCorrect = false;
}
if ((CPCompressor <= 0) || (CPCompressor > 1))
{
MessageBox.Show("Compressor Efficiency takes values in the range (0,1] .
Please give a correct value.");
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CompressorEfficiencyTxtBox. Text = "";
valuesCorrect = false;

}
#endregion CPCompressor
#region CompressionRatio

if (!Double.TryParse(CompressorPressureRatioTxtBox.Text, out
CompressionRatio))
{
MessageBox.Show("Compression Ratio does not have a valid number.
Please give a correct value.");
CompressorPressureRatioTxtBox. Text = "";
valuesCorrect = false;
}
if (CompressionRatio <= 0)
{
MessageBox.Show("Compression Ratio cannot have a negative or zero
value. Please give a correct value.");
CompressorPressureRatioTxtBox.Text = "";
valuesCorrect = false;

}
#endregion CompressionRatio

if (valuesCorrect == true)
{
MAL = CAESFunctions.MAL(StoichiometricRatio, Lamda);
CombustionChamberTemperature =
CAESFunctions.CombustionChamberTemperature(AirHeatCapacity,
StorageTemperature, MAL, HU, GasHeatCapacity);

if (CombustionChamberTemperature > 1700)
{

MessageBox.Show("Combustion Chamber Temperature higher than
1700K!/nAdjust one of the following:/n-HU/n-Air Ratio/n-Storage Temperature/n-Air
Heat Capacity/n-Gas Heat Capacity");

}
else
{

// Calculate hidden variables that are range variable independent.

DOD = CAESFunctions.DOD(CompressionRatio, ExpansionRatio);

CompressedAirDensity =
CAESFunctions.CompressedAirDensity(CompressionRatio, StorageTemperature);

GPower = CAESFunctions.GPower(AdiabaticCoefficient);
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// Animation to Step 3.
pageFadeOut(currentPage);
Storyboard Step3Load = (Storyboard)FindResource("Step3In");
Step3Load.Begin(this);
currentPage = 4;
}
}
}

#endregion Step2 Window Code
#region Step3 Window Code

private void GoToStep2btn_Click(object sender,
System.Windows.RoutedEventArgs e)
{
// Animation back to Step 2.
pageFadeOut(currentPage);
Storyboard Step2Load = (Storyboard)FindResource("Step2In");
Step2Load.Begin(this);
currentPage = 3;

}

private void Exportbtn_Click(object sender, System.Windows.RoutedEventArgs
e)
{

// Get Textbox variables.

bool valuesCorrectStep3 = true;
#region WindTurbinePower
#region WindTurbinePowerFrom

if (IDouble.TryParse(WindTurbinePowerFromTxtBox.Text, out
WindTurbinePowerFrom))
{
MessageBox.Show("Wind Turbine Power From Text does not have a velid
number. Please give a correct value.");
WindTurbinePowerFromTxtBox.Text = "";
valuesCorrectStep3 = false;
}
if (WindTurbinePowerFrom < 0)

{

73



TEI Newpoud Ixohn Texvohoywwv Edappoywv Tunpa Mnyavohoyiag

Inoubaotéc : NMaodg Nétpog,  Mapkoylavvdkng AxthAéag

MessageBox.Show("Wind Turbine Power From Text Box cannot have a
negative value. Please give a correct value.");

WindTurbinePowerFromTxtBox.Text = "";
valuesCorrectStep3 = false;

}
#endregion WindTurbinePowerFrom
#region WindTurbinePowerTo

if (!Double.TryParse(WindTurbinePowerToTxtBox.Text, out
WindTurbinePowerTo))

{
MessageBox.Show("Wind Turbine Power To Text does not have a valid
number. Please give a correct value.");
WindTurbinePowerToTxtBox.Text = "";
valuesCorrectStep3 = false;
}
if (WindTurbinePowerTo < 0)
{
MessageBox.Show("Wind Turbine Power To Text Box cannot have a
negative value. Please give a correct value.");
WindTurbinePowerToTxtBox.Text ="";
valuesCorrectStep3 = false;

}
#endregion WindTurbinePowerTo
#region WindTurbinePowerStep

if (!Double.TryParse(WindTurbinePowerStepTxtBox.Text, out
WindTurbinePowerStep))

{
MessageBox.Show("Wind Turbine Power Step Text does not have a valid
number. Please give a correct value.");
WindTurbinePowerStepTxtBox.Text = "";
valuesCorrectStep3 = false;
}
if (WindTurbinePowerStep <= 0)
{
MessageBox.Show("Wind Turbine Power Step Text Box must have a positive
value. Please give a correct value.");
WindTurbinePowerStepTxtBox.Text = "*;
valuesCorrectStep3 = false;

}
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#endregion WindTurbinePower
#region CheckFromToValues

if (WindTurbinePowerFrom > WindTurbinePowerTo)
{
MessageBox.Show("Wind Turbine Power To Text Box must be greater or
equal to Wind Turbine Power From Text Box. Please give a correct value.");
valuesCorrectStep3 = false;

}

#endregion CheckFromToValues
#endregion WindTurbinePower
#region AirCompressorPower
#region CompressorPowerFrom

if (!Double.TryParse(AirCompressorFromTxtBox.Text, out
CompressorPowerFrom))
{
MessageBox.Show("Air Compressor Power From Text does not have a valid
number. Please give a correct value.");
AirCompressorFromTxtBox.Text ="";
valuesCorrectStep3 = false;
}

if (CompressorPowerFrom < 0)
{
MessageBox.Show("Air Compressor Power From Text Box cannot have a
negative value. Please give a correct value.");
AirCompressorFromTxtBox.Text = "*;
valuesCorrectStep3 = false;

}
#endregion CompressorPowerFrom
#region CompressorPowerTo

if (IDouble.TryParse(AirCompressorToTxtBox.Text, out CompressorPowerTo))
{
MessageBox.Show("Air Compressor Power To Text does not have a valid
number. Please give a correct value.");

AirCompressorToTxtBox.Text = 7
valuesCorrectStep3 = false;
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if (CompressorPowerTo < 0)

{

MessageBox.Show("Air Compressor Power To Text Box cannot have a
negative value. Please give a correct value.");

AirCompressorToTxtBox.Text="";

valuesCorrectStep3 = false;

}
#tendregion CompressorPowerTo
#region CompressorPowerStep

if (!Double.TryParse(AirCompressorStepTxtBox.Text, out
CompressorPowerStep))

{

MessageBox.Show("Air Compressor Power Step Text does not have a valid
number. Please give a correct value.");

AirCompressorStepTxtBox.Text = "";

valuesCorrectStep3 = false;

}

if (CompressorPowerStep <= 0)

{

MessageBox.Show("Air Compressor Power Step Text Box must have a
positive value. Please give a correct value.");

ni,

AirCompressorStepTxtBox.Text = "";
valuesCorrectStep3 = false;
}
#endregion CompressorPowerStep
#region CheckFromToValues
if (CompressorPowerFrom > CompressorPowerTo)

{

MessageBox.Show("Air Compressor Power To Text Box must be greater or
equal to Air Compressor Power From Text Box. Please give a correct value.");
valuesCorrectStep3 = false;

}

#fendregion CheckFromToValues
#endregion AirCompressorPower
ftregion AirStorageVolume

ftregion AirStorageVolumeFrom
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if (!Double.TryParse(AirStorageFromTxtBox.Text, out AirStorageVolumeFrom))
{
MessageBox.Show("Air Storage Volume From Text does not have a valid
number. Please give a correct value.");
AirStorageFromTxtBox.Text = "";
valuesCorrectStep3 = false;
}
if (AirStorageVolumeFrom < 0)
{
MessageBox.Show("Air Storage Volume From Text Box cannot have a
negative value. Please give a correct value.");
AirStorageFromTxtBox.Text = "";
valuesCorrectStep3 = false;

}
#endregion AirStorageVolumeFrom
#region AirStorageVolumeTo

if (IDouble.TryParse(AirStorageToTxtBox.Text, out AirStorageVolumeTo))
{
MessageBox.Show("Air Storage Volume To Text does not have a valid
number. Please give a correct value.");
AirStorageToTxtBox.Text = "";
valuesCorrectStep3 = false;
}
if (AirStorageVolumeTo < 0)
{
MessageBox.Show("Air Storage Volume To Text Box cannot have a negative
value. Please give a correct value.");
AirStorageToTxtBox.Text = "";
valuesCorrectStep3 = false;

}
#endregion AirStorageVolumeTo
#region AirStorageVolumeStep

if (IDouble.TryParse(AirStorageStepTxtBox.Text, out AirStorageVolumeStep))
[

1

MessageBox.Show("Air Storage Volume Step Text does not have a valid
number. Please give a correct value.");

AirStorageStepTxtBox.Text = "";

valuesCorrectStep3 = false;

}
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if (CompressorPowerStep <= 0)

{

MessageBox.Show{"Air Storage Volume Step Text Box must have a positive

value. please give a correct value.");
AirStorageStepTxtBox.Text = "";
valuesCorrectStep3 = false;

}

#endregion AirStorageVolumeStep

#region CheckFromToValues
if (AirStorageVolumeFrom > AirStorageVolumeTo)

{
MessageBox.Show("Air Storage Volume To Text Box must be greater or
€qual to Air Storage Volume From Text Box. Please give a correct value.");
valuesCorrectStepB = false;

}

#endregion CheckFromToValues
#endregion AirStorageVolume

if (valuesCorrectStep3)

{
// Construct Lists.
List<double> KelvinList = new List<double>();
List<double> PowerProductionList = new List<double>();
List<double> EnergyNeedList = new List<double>();
List<double> EnergyRejectionList = new List<double>();
List<double> PowerStorageList = new List<double>();
List<double> MassAirCompressorList = new List<double>();
List<double> CAESMassGasList = new List<double>();
List<double> CAESMassAirList = new List<double>();
List<double> CAESMassFuellist = new List<double>();
List<double> AirStoragelevelList = new List<double>();
List<double> AirStorageDifferencelList = new List<double>();
List<double> MAActualList = new List<double>();
List<double> DualTurbinePowerList = new List<double>();
List<double> FinalEnergyNeedList = new List<double>();

/7 Sum Values.
double FinalEnergyNeedSum;
double CAESNonCoverageHours;
double AnnualCAESMassFuel;
double AnnualDualMassFuel;
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double AnnualTotalMassFuel;
double AnnualBraytonMassFuel;
double WindPowerExcess;

double HeatRate;

double DMF;

double WindCalmsTotalCounter;
double MaxConcecutiveWindCalms;

/[ Calculate list variables that are range variable independent.
KelvinList = CAESFunctions.KelvinList(CelciusList);

double windTurbinePower = WindTurbinePowerFrom;
double CompressorPower = CompressorPowerFrom;
double airStorageVolume = AirStorageVolumeFrom;

// Open excel file to write with a save to file Dialog.
Excel.Application xIApp;

Excel.Workbook xIWorkBook;

Excel.Worksheet xIWorkSheet;

object misValue = System.Reflection.Missing.Value;

xIApp = new Excel.Application();
xIWorkBook = xIApp.Workbooks.Add(misValue);

xIWorkSheet = x\WorkBook.Worksheets.get_Item(1);

// Write variable names to excel file.

xIWorkSheet.Cells[1, 2] = "Wind Turbine Power (MW)";
xIWorkSheet.Cells[1, 3] = "Compressor Power (MW)";
xIWorkSheet.Cells[1, 4] = "Air Storage Volume (m*3)";
xIWorkSheet.Cells[1, 5] = "CAES Energy Deficit (MWh/year)";
xIWorkSheet.Cells[1, 6] = "Wind Power Excess (MWh/year)";
xIWorkSheet.Cells[1, 7] = "CAES Non-coverage (h)";
xIWorkSheet.Cells[1, 8] = "CAES Fuel Mass (ton/year)";
xIWorkSheet.Cells[1, 9] = "Dual Mode Fuel Mass (ton/year)";
xIWorkSheet.Cells[1, 10] = "Total Fuel Mass (ton/year)";
xIWorkSheet.Cells[1, 11] = "Brayton cycle Fuel Mass (ton/year)";
xIWorkSheet.Cells[1, 12] = "Heat Rate (kWhng/kWhe)";
xIWorkSheet.Cells[1, 13] = "Fuel Economy (ton/year)";
xIWorkSheet.Cells[1, 14} = "Total Wind Calms";
xIWorkSheet.Cells[1, 15] = "Consecutive Wind Calms";

xIWorkSheet.Cells[2, 1] = "Compressor Efficiency";
xIWorkSheet.Cells[4, 1] = "Compression Ratio";
xIWorkSheet.Cells[6, 1] = "Gas Turbine Efficiency";
xIWorkSheet.Cells[8, 1] = "Expansion Ratio";
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xIWorkSheet.Cells[10, 1] = "Brayton Cycle Efficiency";
xIWorkSheet.Cells[12, 1] = "Storage Temperature (K)";
xIWorkSheet.Cells[14, 1] = "Air Heat Capacity (KJ/Kg*K)";
xIWorkSheet.Cells[16, 1] = "Gas Heat Capacity (KJ/Kg*K)";
xIWorkSheet.Cells[18, 1] = "Fuel Calorific value (MJ/Kg)";
xIWorkSheet.Cells[20, 1] = "Air Ratio (A\)";
xIWorkSheet.Cells[22, 1] = "Adiabatic Coefficient";
xIWorkSheet.Cells[24, 1] = "Stoichiometric Ratio";

// Write variables first to excel.

xIWorkSheet.Cells[3, 1] = CPCompressor.ToString();
xIWorkSheet.Cells[5, 1] = CPCompressor.ToString();
xIWorkSheet.Cells[7, 1] = CompressionRatio.ToString();
xIWorkSheet.Cells[9, 1] = CPTurbine.ToString();
xIWorkSheet.Cells[11, 1] = ExpansionRatio.ToString();
xIWorkSheet.Cells[13, 1] = CPBrayton.ToString();
xIWorkSheet.Cells[15, 1] = StorageTemperature.ToString();
xIWorkSheet.Cells[17, 1] = AirHeatCapacity.ToString();
xIWorkSheet.Cells[19, 1] = HU.ToString();
xIWorkSheet.Cells[21, 1] = Lamda.ToString();
xIWorkSheet.Cells[23, 1] = AdiabaticCoefficient.ToString();
xIWorkSheet.Cells[25, 1] = StoichiometricRatio.ToString();

double counter = 2;

while (windTurbinePower <= WindTurbinePowerTo)

{
while (CompressorPower <= CompressorPowerTo)
{
while (airStorageVolume <= AirStorageVolumeTo)
{

/[ Calculate Compressor Max Air.
double CompressorMaxAir =
CAESFunctions.CompressorMaxAir(CompressedAirDensity, airStorageVolume);

// Fill Lists.

PowerProductionList =
CAESFunctions.PowerProductionList{WindSpeedList, windTurbinePower);

EnergyNeedLlist =
CAESFunctions.EnergyNeedList(EnergyConsumptionlist, PowerProductionList);

EnergyRejectionlList =

CAESFunctions.EnergyRejectionList(EnergyConsumptionList, PowerProductionList);
PowerStoragelist =

CAESFunctions.PowerStoragelList(EnergyNeedList, CompressorPower,
CPCompressor);
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. MassAirCompressorList =
AESFunctrons.MassAirCompressorList(PowerStorageList, KelvinlList,

AirHeatCapacity, CompressionRatio, GPower);
CAESMassGasList = CAESFunctions.CAESMassGasList(EnergyNeedList,

GaSHeatCapacity, CombustionChamberTemperature, ExpansionRatio, GPower,

CPTurbine);
CAESMassAirList = CAESFunctions.CAESMassAirList(CAESMassGasList,

GaSHeatCapacity, CombustionChamberTemperature, AirHeatCapacity, HU, MAL,

Stm'3BeTemperature};
CAESMassFuellist =

CAESFunctions.CAESMassFueIList(CAESMassAirList, CAESMassGasList);
AirStoragelevellist =

CAESFu nctions.AirStoragelevelList(EnergyNeedList, MassAirCompressorlList,

CAESMassAirList, CompressorMaxAir, DOD);

AirStorageDifferencelist =
CAESFunctions.AirStorageDifferenceList(AirStorageLevelList, CompressorMaxAir,

DOD,'I;

MAActuallist =
CAESFunctions.MAActualList(AirStorageDifferenceList);

DualTurbinePowerlList =
CAESFunctions.DualTurbinePowerList(MAActuallist, MAL,
CombustionchamberTemperature, GasHeatCapacity, ExpansionRatio, GPower,
CPTurbine);

FinalEnergyNeedList =
CAESFunctions.FinaIEnergyNeedList[PowerProductionList, EnergyConsumptionlList,

DualTurbinePowerlList);

// Calculate Sum Values.
FinalEnergyNeedSum =
CAESFunctions.FinalEnergyNeedSum(FinalEnergyNeedList);
CAESNonCoverageHours =
CAESFunctions.CAESNonCoverageHours(FinalEnergyNeedList);
AnnualCAESMassFuel =
CAESFunctions.Annual CAESMassFuel(MAActualList, MAL);
AnnualDualMassFuel =
CAESFunctions.AnnualDualMassFuel(FinalEnergyNeedSum, HU, CPBrayton);

AnnualTotalMassFuel =
CAESFunctions.AnnualTotaI.".'IassFueI[AnnualCAESMassFueI, AnnualDualMassFuel);

AnnualBraytonMassFuel =
cﬁtIESFunctions.aﬂn.nnua|‘Elra\,rt(:ml\ﬂ.as:}FuE.'I[EnergyNeedList, HU, CPBrayton);

WindPowerExcess =
CAESFunctions.WindPowerExcess(EnergyRejectionList);
HeatRate = CAESFunctions.HeatRate{DualTurbinePowerList,

AnnualCAESMassFuel, HU);
DMF = CAESFunctions.DMF[AnnualBraytonMassFueL

AnnualTotalMassFuel);
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Shgse ‘ andCaImsTotaICounter =
unctlons.W|ndCaIms[WindSpeedList}.WindCalmsTotaICounter;
—_— _ M.ach)ncecutiveWindCalms =
Unctlons.WdeaIms{WindSpeedList].MaxConcecutiveWindCalms;
// Export Sum Values to excel
) xIWorkSheet.Cells[counter, 2]=
WlndTurbinePower.ToString[Cu!ture!nfo.InvariantCuIture];
xIWorkSheet.Cells[counter, 3] =
c‘:"""Pi'e550rPcn.»\.fer.ToString{CuIturelnfojnvariantCuItum);
) xIWorkSheet.Cells[counter, 4] =
a'"Stﬂrélge\a"olu;rne.ToString(CuIturelrnfo.lm-ariarltCul
) «IWorkSheet.Cells[counter, 5] =
F'naiEnergyNeedSum.ToString[CultureInfo.!nvariantCuIture};
' xIWorkSheet.Cells[counter, 6] =
WlndPowerExcess.ToString[Cuiturelnfo.lnvarian
leorkSheet.Cells[counter, 7=
CAESNonCoverageHours.ToString{Culturelnfo.InvariantCuIture];
leorkSheet.CeIIs[counter, 8] =
A“"UaICAESMassFueI.ToString[CultureInfo.InvariantCuIture];
leorkSheet.Ce|Is[counter, 9] =
Annua|Dua|MassFue!.ToString{CuttureInfo.lnvariantCuIture);
xIWorkSheet.Ce||s[counter, 10] =
JL'iﬂnua!TotaIl\flassFueI.ToString{CuItureinfo.ln\.rariantCuIn.areJ;
xIWarkSheet.CelIs[counter, 11] =
A"nualBraytonMassFueI.ToString(Culturelnfo.lnvariantCuIture];
xIWorkSheet.CelIs[counter, 12] =

HeatRate.ToString{CuIturelnfo.lnvariantCuIture};
xIWorkSheet.CeIIs[counter, 13] =

DMF.ToString(Cuiturelnfo.lnvariantCulture);
xIWorkSheet.CeIIs[counter, 14] =

WiﬂdCaImsTotaICounter.ToString[CuIturelnfo.InvariantCulture);
xlWorkSheet.Cells[counler, 15] =

MaxconcecutiveWindCalms.ToString{CuIturelnfo.ln

ture);

tCulture);

variantCulture);

counter++;

airStorageVolume += AirStorageVolumeStep;

}

airStorageVolume = AirStorageVolumeFrom;
CompressorPower += CompressorPowerStep;

}

CompressorPowerFrom;

CompressorPower =
WindTurbinePowerStep;

windTurbinePower +=
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}

// Configure save file dialog box
Microsoft.Win32.SaveFileDialog dlg2 = new

Microsoft.Win32.SaveFileDialog(};
dlg2.FileName = "Results"; // Default file name

dlg2.DefaultExt = "xIs"; // Default file extension
dig2.Filter = "Excel Files (.xIs)| *.xIs"; // Filter files by extension

dlg2.Title = "Save Excel data file";

// Show save file dialog box
Nullable<bool> result = dig2.ShowDialog();

// Process save file dialog box results
if (result == true)

{
// Save document
string savefilename = dlg2.FileName;

xIWorkBook.SaveAs(savefilename,
Excel.XIFileFormat.xIWorkbookNormal, misValue, misValue, misValue, misValue,
Excel.XISaveAsAccessMode.xIExclusive, misValue, misValue, misValue, misValue,

MisValue);
xIWorkBook.Close(true, misValue, misValue);

xIApp.Quit();

releaseObject(xIWorkSheet);
releaseObject(xIWorkBook);
releaseObject(xIApp);

}

// Animation to Finish.

pageFadeOQut(currentPage);
Storyboard FinishLoad = {Storyboard)FindResource("Finishln");

FinishLoad.Begin(this);
currentPage = 5;
}
}

#endregion Step3 Window Code
#region Finish Window Code

private void StartNewStudyBtn_Click(object sender,
System.Windows.RoutedEventArgs e)

{
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// Ask if the user wants to reset or keep results.
MessageBoxResult result = MessageBox.Show("Do you want to keep the

Previous values?", "Keep previous values?", MessageBoxButton.YesNo,
MessageBoxlmage.Question];

switch (result)
case MessageBoxResult.Yes:

break;
case MessageBoxResult.No:

#region Clear values on input boxes

// Step 1.
ExcelFilePathTxtBox.Clear();
DefaultEnergyDemandCheckBox.IsChecked = false;

ResidentsTxtBox.Clear();

// Step 2.
CompressorEfficiency TxtBox.Clear();
CompressorPressureRatioTxtBox.Clear();
GasTurbineEfficiencyTxtBox.Clear();
GasTurbinePressureRatioTxtBox.Clear();
HUTxtBox.Clear();
CavernStorageTempTxtBox.Clear();

// Step 3.
WindTurbinePowerFromTxtBox.Clear();

WindTurbinePowerStepTxtBox.Clear();
WindTurbinePowerToTxtBox.Clear();
AirCompressorFromTxtBox.Clear();
AirCompressorToTxtBox.Clear();
AirCompressorStepTxtBox.Clear();
AirStorageFrometBox.ClearU;
AirStorageStepTxtBox.Clear();
AirStorageToTxtBox.Clear();

#endregion Clear values on input boxes

break;

}

// Animation to Step 1.

pageFadeOut(currentPage); . .
Storyboard Steplload = (Storyboard)FindResource("Steplin );
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SteplLoad.Begin(thiS};
CurrentPage = 2;

}

#endregion Finish Window Code

7.2.3 A2 Y0piBuog séiodoswy Kat UTTOAOYLO LWV

using System;
using System. Collections. Generic;
using System, Ling;

Namespace CAES

class CAESFunctions

{

#iregion Function Values
f#fregion DOD

/] <summary> )
/// Returns the DOD based on the Compressor Ratio and the Expansion Ratio

/1] </summary> .
/// <param name="CompressionRatio">The Compression Ratio.</param>
/// <param name="ExpansionRatio">The Expansion Ratio.</param>

/11 <returns></returns>
public static double DOD(double CompressorRatio, double ExpansionRatio)

{
double DOD = (CompressorRatio - ExpansionRatio) / CompressorRatio

return DOD;
}

#endregion DOD
firegion MAL

/// <summary> .
/// Returns the MAL based on the Stoichiometric Katio and the Lamda

/1] </summary> o . )
/// <param name="StoichiometricRatio"> The Stoichiometric Ratio.</param>
/// <param name="Lamda">The Lamda.</param>

/// <returns></returns> -
public static double MAL(double StoichiometricRatio, double Lamda)
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{

double MAL = StoichiometricRatio * Lamda;
return MAL;

#endregion MAL

#iregion Compressed Air Density

/1] <summary>

/1/ Returns the Compressed Air Density based on the Compressor Ratio and the
Storage Temperature (Kg/m”3).
/1] </summary>

/1] <param name="CompressionRatio">The Compression Ratio.</param>

/// <param name="StorageTemperature">The Storage Temperature.</param>

/11 <returns></returns>

Public static double CompressedAirDensity(double CompressionRatio, double
StorageTemperature)

double CompressedAirDensity = CompressionRatio * 100000 / (287 *
St'~"ft"gt-.‘Temperature);
return CompressedAirDensity;

}

#endregion Compressed Air Density
H#region Combustion Chamber Temperature

/1 <summary>
/// Returns the Combustion Chamber Temperature based on the Air Heat
Capacity, the Storage Temperature, the MAL, the HU and the Gas Heat Capacity
(Kelvin),
/1] </summary>
/// <param name="AirHeatCapacity">The Air Heat Capacity
(KJ/KE*Kerin],</param>
/// <param name="StorageTemperature">The Storage Temperature
(Kelvin).</param>
/// <param name="MAL">The MAL.</param>
/// <param name="HU"-The HU.</param>
/// <param name="GasHeatCapacity">The Gas Heat Capacity
(Ki/Kg*Kelvin).</param>
/// <returns></returns> _ _
public static double CombustionChamberTemperature (double AarHeathapacaty,
double StorageTemperature, double MAL, double HU, double GasHeatCapacity)

{
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S double CombustionChamberTemperature = (AirHeatCapacity *
torageTemperature * MAL + HU * 1000)/(GasHeatCapacity * (MAL+1));

return CombustionChamberTemperature;

}

#tendregion Combustion Chamber Temperature

f#iregion GPower

/1] <summary>
/// Returns the G Power based on the Adiabatic Coefficient.

/1 </summary>
/// <param name="AdiabaticCoefficient">The Adiabatic Coefficient.</param>

/1/ <returns></returns>
public static double GPower(double AdiabaticCoefficient)

{
double Gpower = (AdiabaticCoefficient - 1) / AdiabaticCoefficient;

return Gpower;

}
#endregion GPower

// Changes in every step.
#region Compressor Max Air

/// <summary>
/// Returns the Compressor Max Air based on the Compressed Air Density and

the Air Storage Volume (Kg).

/// </summary>
/// <param name="CompressedAirDensity">The Compressed Air Density

(Kg/mn3).</param>
/// <param name="AirStorageVolume">The Air Storage Volume (m?#3).</param>
/// <returns></returns>
public static double CompressorMaxAir(double CompressedAirDensity, double

AirStorageVolume)

{

double CompressorMaxAir = CompressedAirDensity * AirStorageVolume;

return CompressorMaxAir;

}

#endregion Compressor Max Air
#endregion Function Values

#region List Values
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#region Kelvin List

/1 <summary>
/// Converts a List in Celcius to a List in Kelvin.
/1] </summary>
/1/ <param na me="CelciusList">Celcius List.</param>
/1] <returnss</returns>
public static List<double> K
{
// Kelvin List constructor.
List<double> KelvinList = new List<double>();

elvinList(List<double> CelciusList)

double Kelvin;

foreach (double Celcius in CelciusList)

Kelvin = 273.15 + Celcius;
KelvinList.Add(Kelvin);
}

return KelvinList;

}
#endregion Kelvin List
// All the others change in every step.

#iregion Power Production List

/1 <summary>
/// Returns a List of the Power Production of the Wind Turbine based on the

Wind Speed List and the Wind Turbine Power.
/1] </summary>
/// <param name="WindSpeed">The Wind Speed List values (m/s).</param>
/// <param name="WindTurbinePower">The Wind Turbine Power value
(MW).</param>
/// <returns></returns> } X
public static List<double> PowerProductionList(List<double> WindSpeedList,

double WindTurbinePower)
{

// PowerProductionList constructor.
List<double> PowerProductionList = new List<double>();

double PowerProduction;

foreach (double WindSpeed in WindSpeedList)
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{
if (WindSpeed < 4)

PowerProduction = 0;

}
else if (WindSpeed < 8)

{
PowerProduction = (0.0126 * (Math.Pow(WindSpeed, 2)) - 0.072 *

WindSpeed + 0.1177) * WindTurbinePower;

}
else if (WindSpeed < 11.5)

{
PowerProduction = (0.1546 * WindSpeed - 0.8811) * WindTurbinePower;

}
else if (WindSpeed < 14)

{
PowerProduction = (-0.0206 * (Math.Pow(WindSpeed, 2)) + 0.5621 *

WindSpeed - 2.8397) * WindTurbinePower;

}
else if (WindSpeed <= 25)

{

PowerProduction = WindTurbinePower;

d
else // WindSpeed > 25

{

PowerProduction = 0;
}
PowerProductionList.Add(PowerProduction);

}

return PowerProductionList;

}

#endregion Power Production List

#region Energy Consumption List

/// <summary>
/// Returns a List of the Energy Consumption based on the Energy Demand per
Family and the number of residcnts.

/// </summary> ) .
/// <param name="EnergyDemandPerFamily">Energy Demand per Family

List.</param> .
/// <param name="Residents">Number of Residents.</param>
/// <returns></returns>
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public static List<double> EnergyConsumptionList(List<double>
EnergyDemandPerFamily, int Residents)

{
// EnergyConsumptionlList constructor.
List<double> EnergyConsumptionList = new List<double>();

double EnergyConsumption;

foreach (double FamilyEnergyDemand in EnergyDemandPerFamily)

{
EnergyConsumption = (FamilyEnergyDemand * Residents ) / 4000000; //

Note: 4 * 1,000.000
EnergyConsumptionList.Add(EnergyConsumption);

}

return EnergyConsumptionlList;

}

#endregion Energy Consumption List
#region Energy Need List

/// <summary>
/// Returns a List of the Energy Need based on the Energy Consumption List and

the Power Production List.

/1 </summary> .
/// <param name="EnergyConsumptionList">Energy Consumption List

(MW).</param>
/// <param name="PowerProductionList">Power Production List

(MW).</param>

/// <returns></returns> iy
public static List<double> EnergyNeedList(List<double> EnergyConsumptionlList,

List<double> PowerProductionList)

{
// EnergyNeedList constructor.
List<double> EnergyNeedList = new List<double>();

double EnergyNeed;

for lint i =0; i < EnergyConsumptionList.Count; i++)

{

EnergyNeed = powerProductionList[i] - EnergyCOnsumptionList[i] i

EnergyNeedList.Add{EnergyNeed];
}

return EnergyNeedList;

96



TEI Nepance Iyohn Texvoloywwv Edapuoyiv Tunpa Mnxavohoyiag

Inoubaotéc:  MNaodg MNétpog, Mapkoyiavvakng AxtAAéac

#endregion Energy Need List
#iregion Energy Rejection List

/1] <summary>
/// Returns a List of the Energy Rejection based on the Energy Consumption List

and the Power Production List.

/1] </summary>
/// <param name="EnergyConsumptionList">Energy Consumption List

(MW).</param>
/// <param name="PowerProductionList">Power Production List

(MW).</param>

/1/ <returns></returns>
public static List<double> EnergyRejectionList(List<double>

EnergyConsumptionList, List<double> PowerProductionList)

{
// EnergyRejection constructor.
List<double> EnergyRejectionList = new List<double>();

double EnergyRejection;

for (int i = 0; i < EnergyConsumptionList.Count; i++)

{

if (EnergyConsumptionList[i] < powerProductionList[i])

{
1

else

{

EnergyRejection = 0;
}
EnergyRejectionList.Add( EnergyRejection);
}

EnergyRejection = PowerProductionList[i] - EnergyConsumptionList[i];

return EnergyRejectionList;

}

#endregion Energy Rejection List
#region Power Storage List

/// <summary>
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/// Returns the Power Storage List based on the Energy Need List, the
Compressor Power and the CPCompressor (MW).

/1] </summary>
/// <param name="EnergyNeedList">The Energy Need List (MW).</param>

/// <param name="CompressorPower">The Compressor Power (MW).</param>
/// <param name="CPCompressor">The CPCompressor.</param>

/// <returns></returns>
public static List<double> PowerStorageList(List<double> EnergyNeedList,

double CompressorPower, double CPCompressor)

{
// PowerStorage List constructor.
List<double> PowerStorageList = new List<double>();

double PowerStorage;

for (int i = 0; i < EnergyNeedList.Count; i++)
{

if(EnergyNeedList[i]>0)

{

if (EnergyNeedList[i] < CompressorPower)

{

PowerStorage = EnergyNeedList[i] * CPCompressor;

}

else

{

PowerStorage = CompressorPower * CPCompressor;

}
}

else

{

PowerStorage=0;

1
PowerStorageList. Add(PowerStorage);

}

return PowerStoragelList;

}

#endregion Power Storage List
#region Mass Air Compressor List

Kelvin List, the Air Heat Capacity, the Compression Ratio
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//] </summary>
/// <param name="PowerStoragelist">The Power Storage List (MW).</param>
/// <param name="KelvinList">The Kelvin List (K).</param>
/// <param name="AirHeatCapacity">The Air Heat Capacity
(KJ/(Kg*K)).</param>
/// <param name="CompressionRatio">The Compression Ratio.</param>
/// <param name="GPower">The GPower.</param>
/// <returns></returns>
public static List<double> MassAirCompressorList(List<double>
PowerStoragelist, List<double> KelvinList, double AirHeatCapacity, double
CompressionRatio, double GPower)
{
// MassAirCompressor List constructor.
List<double> MassAirCompressorList = new List<double>();

double MassAirCompressor;

for (int i = 0; i < PowerStoragelist.Count; i++)
{
MassAirCompressor = 3600 * ((PowerStorageList[i] * 1000) / (KelvinList[i] *
AirHeatCapacity * (Math.Pow(CompressionRatio, GPower) - 1)));
MassAirCompressorList.Add(MassAirCompressor);

}

return MassAirCompressorlList;

}

#endregion Mass Air Compressor List
#region CAES Mass Gas List

//] <summary>

/// Returns the CAES Mass Gas List based on the Energy Need List, the Gas Heat
Capacity, the Combustion Chamber Temperature, the Expansion Ratio, the CP
Turbine (Kg/sec).

//] </summary>

/// <param name="EnergyNeedList"> The Energy Need List (MW).</param>

/// <param name="GasHeatCapacity">The Gas Heat Capacity
(KI/(Kg*K)).</param>

/// <param name="CombustionChamberTemperature">The Combustion
Chamber Temperature (K).</param>

/// <param name="ExpansionRatio">The Expansion Ratio.</param>

/// <param name="GPower">The GPower.</param>

/// <param name="CPTurbine">The CP Turbine.</param>

/1] <returns></returns>
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public static List<double> CAESMassGasList(List<double> EnergyNeedList,
double GasHeatCapacity, double CombustionChamberTemperature, double
f5"[‘-‘3nsionRa\tio, double GPower, double CPTurbine)

{

// CAESMassGas List constructor.
List<double> CAESMassGasList = new List<double>();

double CAESMassGas;

foreach (double EnergyNeed in EnergyNeedList)

{
if (EnergyNeed < 0)

{
CAESMassGas = -EnergyNeed * 1000 / (GasHeatCapacity *
CombustionChamberTemperature * (1 - (1 / (Math.Pow(ExpansionRatio, GPower))))

* CPTurbine);
CAESMassGasList.Add(CAESMassGas);

}

else
{
CAESMassGas = 0;
CAESMassGasList.Add(CAESMassGas);
1
}

return CAESMassGasList;
}

#endregion CAES Mass Gas List
#region CAES Mass Air List

/// <summary> .
/// Returns the CAES Mass Air List based on the CAES Mass Gas List, the Gas

Heat Capacity, the Combustion Chamber Temperature, the AirHeatCapacityList, the
KelvinList, the HU, and the MAL (Kg/sec).
/1] </summary> .
/// <param name="CAESMassGasList"> The CAES Mass Gas List
(Kg/sec).</param> ‘
/// <param name="GasHeatCapacity">The Gas Heat Capacity

(KJ/(Kg*K)).</param> ;
‘/// <param name:ancombustionchambeﬂ'emperature >The Combustion
Chamber Temperature (K).</param> _ :
/// <param name="AirHeatCapacity">The Air Heat CHRagity

(KJ/(Kg*K)).</param>
/// <param name="HU">The HU of fuel (MJ/Kg).</param>
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/// <param name="MAL">The MA * L.</param>
/// <param name="StorageTemperature">The Storage Temperature</param>

/// <returns></returns>
public static List<double> CAESMassAirList(List<double> CAESMassGasList,

d9uble GasHeatCapacity, double CombustionChamberTemperature, double
AirHeatCapacity, double HU, double MAL, double StorageTemperature)

{
// CAESMassAir List constructor.
List<double> CAESMassAirList = new List<double>();

double CAESMassAir;
for (int i = 0; i < CAESMassGasList.Count; i++)
{
CAESMassAir = (CAESMassGasList[i] * GasHeatCapacity *

CombustionChamberTemperature) / (AirHeatCapacity * StorageTemperature + (HU

* 1000 / MAL));
CAESMassAirList.Add(CAESMassAir);

}

return CAESMassAirList;
1

#endregion CAES Mass Air List
#region CAES Mass Fuel List

/// <summary> .
/// Returns the CAES Mass Fuel List based on the CAES Mass Air List, the CAES

Mass Gas List, (Kg/sec).
/// </summary>
/// <param name="CAESMassAirList">The CAES Mass Air List (Kg/sec).</param>
/// <param name="CAESMassGasList">The CAES Mass Gas List
(Kg/sec).</param>
/// <returns></returns> _
public static List<double> CAESMassFuelList(List<double> CAESMassAirList,

List<double> CAESMassGasList)

{
// CAESMassFuel List constructor.
List<double> CAESMassFuellist = new List<double>();

double CAESMassFuel;
for (int i = 0; i < CAESMassAirList.Count; i+4+)

{ - - T H
CAESMassFuel = CAESMassGasList(i] - CAESMassAirList[i];
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; CAESMassFueIList.Add{CAESMassFue!};

return CAESMassFuellist;

#endregion CAES Mass Fuel List
firegion Air Storage Level List

/1] <summary>
/// Returns the Air Storage Level List based on the Energy Need List, the Mass

Air Compressor List, the CAES Mass Air List and the Compressor Max Air (Kg).

/1] </summary>
/1/ <param name="EnergyNeedList">The Energy Need List (MW).</param>

/1/ <param name="MassAirCompressorList">The Mass Air Compressor List

(Kg/Hour).</param>
/// <param name="CAESMassAirList">The CAES Mass Air List (Kg/sec).</param>

/// <param name="CompressorMaxAir">The Compressor Max Air (Kg).</param>
/// <param name="pDOD">The DOD.</param>

/1/ <returns></returns>
Public static List<double> AirStorageLevelList(List<double> EnergyNeedList,

List<doubles MassAirCompressorlList, List<double> CAESMassAirList, double

C°mpressorMaxAir, double DOD)
{

// AirStoragelLevel List constructor.
List<double> AirStorageLevelList = new List<double>();

double AirStorageLevel;
double DefaultCompressorMaxAirAndDod = CompressorMaxAir * (1 - DOD);

// For the 1st value of the list.
AirStoragelevel = DefaultCompressorMaxAirAndDod;

if (MassAirCompressorList[0] > 0)
{

AirStorageLevel += MassAirCompressorlList[0];
}

AirStoragelevellist. Add(AirStoragelevel);
// For all the other values of the list (2nd tfll‘ end).
for (int i = 1; i < EnergyNeedList.Count; i++)

{
If (EnergyNeedList[i] < 0)

{ . - -
double CAESMassAirList3600Times = CAESMassAirList[i] * 3600;
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if (AirStorageLevellist[i- 1] - DefaultCompressorMaxAirAndDod >
CAESMassAirList3600Times)
{
AirStoragelevel = AirStoragelevellist[i - 1] -
CAESMassAirList3600Times;
}
else
{
AirStoragelevel = DefaultCompressorMaxAirAndDod;
}
}
else
{
double MassAirCompressorPlusPreviousAirStorage =
MassAirCompressorList[i] + AirStorageLevelList[i - 1];
if (MassAirCompressorPlusPreviousAirStorage > CompressorMaxAir)

{
AirStoragelLevel = CompressorMaxAir;
}
else
{
AirStoragelevel = MassAirCompressorPlusPreviousAirStorage;
}

}

AirStoragelevellist. Add(AirStoragelevel);
}

return AirStoragelevellist;

}
#endregion Air Storage Level List
#region Air Storage Difference List

/// <summary>

/// Returns the Air Storage Difference List based on the Air Storage Level List,
the Compressor Max Air (Kg) and the DOD.

//] </summary>

/// <param name="AirStorageLevellist">The Air Storage Level List
(Kg).</param>

/// <param name="CompressorMaxAir">The Compressor ivlax Air (Kg).</param>

/// <param name="DOD">The DOD.</param>

//] <returns></returns>

public static List<double> AirStorageDifferencelList(List<double>
AirStoragelevellist, double CompressorMaxAir, double DOD)
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// AirStorageDifference List constructor.
List<double> AirStorageDifferencelList = new List<double>();

double AirStorageDifference;

// For the 1st value of the list.
AirStorageDifference = CompressorMaxAir * (1 - DOD) - AirStoragelevellist[0];

AirStorageDifferencelist.Add(AirStorageDifference);

// For all the other values of the list (2nd till end).
for (int i = 1; i < AirStorageLevelList.Count; i++)

{

AirStorageDifference = AirStorageLevelList[i - 1] - AirStorageLevelList[i];
AirStorageDifferencelist.Add(AirStorageDifference);

}

return AirStorageDifferencelist;

}

#endregion Air Storage Difference List
#region MA Actual List

/1] <summary>
/// Returns the MA Actual List based on the Air Storage Difference List (Kg/sec).

/1] </summary>
/// <param name="AirStorageLevelList">The Air Storage Difference List

(Kg).</param>

/// <returns></returns>
public static List<double> MAActualList(List<double> AirStorageDifferencelList)

{

// MAActuallist List constructor.
List<double> MAActualList = new List<double>();

double MAActual;

for (int i = 0; i < AirStorageDifferenceList.Count; i++)

{
if (AirstorageDifferencelList[i] > 0)
{
MAActual = AirStorageDifferenceList[i] / 3600;
}
else
{
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MAActual = 0;

}

MAActuallist.Add(MAActual);
}

return MAActuallist;
}

#endregion MA Actual List
#region Dual Turbine Power List

/// <summary>

/// Returns the Dual Turbine Power List based on the MA Actual List, the MAL

the Combustion Chamber Temperature, the Gas Heat Capacity, the Expansion Ratio
the GPower and the CPTurbine (MW). [

/11 </summary>

/// <param name="MAActuallist">The MA Actual List (Kg/sec).</param>
/// <param name="MAL">The MAL.</param>

/// <param name="CombustionChamberTemperature">The Combustion
chamber Temperature (Kelvin).</param>

/// <param name="GasHeatCapacity">The Gas Heat Capacity
(KJ/Kg*Kelvin}.<Iparam>

/// <param name="ExpansionRatio">The Expansion Ratio.</param>

/// <param name="GPower">The GPower.</param>

/// <param name="CPTurbine">The CPTurbine.</param>

/][ <returns></returns>

public static List<double> DualTurbinePowerlList(List<double> MAActuallist,
double MAL, double CombustionChamberTemperature, double GasHeatCapacity,
double ExpansionRatio, double GPower, double CPTurbine)

{
// DualTurbinePower List constructor.
List<double> DualTurbinePowerList = new List<double>();

double DualTurbinePower;
for (inti = 0; i < MAActuallist.Count; i++)
i

DualTurbinePower = MAActualList[i] * {1+1/MAL) *
CombustionChamberTemperature * GasHeatCapacity * (1-

1/(Math.Pow(ExpansionRatio, GPower))) / 1000 * CPTurbine;
DualTurbinePowerList.Add(DualTurbinePower);
}

return DualTurbinePowerList;
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}

#endregion Dual Turbine Power List
ftregion Final Energy Need List

/// <summary>
/// Returns the Final Energy List based on the Power Production List, the Energy
Consumption List and the Dual Turbine Power List (MW),
/// </summary>
/// <param name="PowerProductionList"> The Power Production List
(MW).</param>
/// <param name="EnergyConsumptionList">The Energy Consumption List
{Mw}.</param>
/// <param name="DualTurbinePowerList">The Dual Turbine Power List
(MW).</param>
/// <returns></returns>
public static List<double> FinalEnergyNeedList(List<double>
powerProductionlList, List<double> EnergyConsumptionList, List<double>
pualTurbinePowerList)
i
// FinalEnergyNeed List constructor.
List<double> FinalEnergyNeedList = new List<double>();

double FinalEnergyNeed;

for (int i = 0; i < PowerProductionList.Count; i++)
{
double DualTurbinePowerPlusPowerProductionMinusEnergyConsumption =
pualTurbinePowerlList[i] + PowerProductionlList[i] - EnergyConsumptionList[i];
if (DualTurbinePowerPlusPowerProductionMinusEnergyConsumption < 0)

{
FinalEnergyNeed = -

pualTurbinePowerPlusPowerProductionMinusEnergyConsumption;

}

else

{
FinalEnergyNeed = 0;

}

FinalEnergyNeed = Math.Round(FinalEnergyNeed, 3);
FinalEnergyNeedList.Add(FinalEnergyNeed);

}

return FinalEnergyNeedList;
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}

#endregion Final Energy Need List
#endregion List Values

#region Sum Values

#region Final Energy Need Sum

/// <summary>
/// Returns the Final Energy Need Sum (MW).

/// </summary>
/// <param name="FinalEnergyNeedList">The Final Energy Need List

(MW).</param>
/// <returns></returns>
public static double FinalEnergyNeedSum(List<double> FinalEnergyNeedList)

{
double FinalEnergyNeedSum = 0;

foreach (double FinalEnergyNeed in FinalEnergyNeedList)
{

FinalEnergyNeedSum += FinalEnergyNeed;

}

return FinalEnergyNeedSum;

}

#endregion Final Energy Need Sum

#region CAES Non Coverage Hours

/// <summary>
/// Returns the CAES Non Coverage Hours (Hours).

/// </summary>
/// <param name="FinalEnergyNeedList">The Final Energy Need List

(MW).</param>

/// <returns></returns> '
public static double CAESNonCoverageHours(List<double> FinalEnergyNeedList)

{
doub!e CAESNonCoverageHours = 0;

foreach (double FinalZnergyNeed in FinalEnergyNeedList)

{
if (FinalEnergyNeed > 0.001)

{
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CAESNonCoverageHours++;
}
}

return CAESNonCoverageHours;

}
#endregion CAES Non Coverage Hours
#tregion Annual CAES Mass Fuel

/// <summary>
/// Returns the Annual CAES Mass Fuel (tons).
/// </summary>

//] <param name="MAActualList">The MA Actual List (Kg/sec).</param>
/// <param name="MAL">The MAL.</param>
/]| <returns></returns>

public static double AnnualCAESMassFuel(List<double> MAActualList, double
MAL)

{
double AnnualCAESMassFuel;
double MAActualSum = 0;

foreach (double MAActual in MAActuallist)
{
MAActualSum += MAActual;

}

//AnnualCAESMassFuel = MAActualSum / (MAL * 3.6);
AnnualCAESMassFuel = (MAActualSum * 3.6) / MAL;

return AnnualCAESMassFuel;

}
#tendregion Annual CAES Mass Fuel
#region Annual Dual Mass Fuel

//] <summary>
// Returns the Annual Dual Mass Fuel (fons).
//] </summary>

/|| <param name="FinalEnergyNeedSum">The Final Energy Need Sum
(MW).</param>

/] <param name="HU">The HU.</param>

/// <param name="CPBrayton">The CPBrayton.</param>
/]| <returns></returns>
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public static double AnnualDualMassFuel(double FinalEnergyNeedSum, double
HU, double CPBrayton)
{

double AnnualDualMassFuel;

AnnualDualMassFuel = (FinalEnergyNeedSum * 3.6) / (HU * CPBrayton); //
(3.6%1000)/1000

return AnnualDualMassFuel;

}

#endregion Annual Dual Mass Fuel
#region Annual Total Mass Fuel

/// <summary>

/// Returns the Annual Total Mass Fuel (tons).

/1] </summary>

/// <param name="AnnualCAESMassFuel">The Annual CAES Mass Fuel
(tons).</param>

/// <param name="AnnualDualMassFuel">The Annual Dual Mass Fuel
(tons).</param>

/// <returns></returns>

public static double AnnualTotalMassFuel(double AnnualCAESMassFuel, double
AnnualDualMassFuel)

{

double AnnualTotalMassFuel;
AnnualTotalMassFuel = AnnualCAESMassFuel + AnnualDualMassFuel;

return AnnualTotalMassFuel;

}

#endregion Annual Total Mass Fuel
#region Annual Brayton Mass Fuel

/// <summary>

/// Returns the Annual Brayton Mass Fuel (tons).

/1] </summary>

/// <param name="EnergyNeedList">The Energy Need List (MW).</param>

/// <param name="HU">The HU.</param>

/// <param name="CPBrayton">The CPBrayton.</param>

/// <returns></returns>

public static double AnnualBraytonMassFuel(List<double> EnergyNeedList,
double HU, double CPBrayton)
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double AnnualBraytonMassFuel;
double EnergyNeedSum = 0;

foreach (double EnergyNeed in EnergyNeedList)
{
if (EnergyNeed < 0)
{
EnergyNeedSum += EnergyNeed;
}
}

AnnualBraytonMassFuel = Math.Abs(EnergyNeedSum) * 3.6 / (HU *
cPBrayton); // (3.6*1000)/1000

return AnnualBraytonMassFuel;

}
#endregion Annual Brayton Mass Fuel
Hiregion Wind Power Excess

/// <summary>
/// Returns the Wind Power Excess (MW).
/] </summary>

/// <param name="EnergyRejectionList">The Energy Rejection List
(MW).</param>
//] <returns></returns>

public static double WindPowerExcess(List<double> EnergyRejectionList)
{

double WindPowerExcess = 0;

foreach (double EnergyRejection in EnergyRejectionlList)
{
WindPowerExcess += EnergyRejection;

}

return WindPowerExcess;

}
#endregion Wind Power Excess
#iregion Heat Rate

/1] <summary>
/// Returns the Heat Rate (KWhng/KWhe).
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/// </summary>

/// <param name="DualTurbinePowerList">The Dual Turbine Power List
(MW).</param>

/// <param name="AnnualCAESMassFuel">The Annual CAES Mass Fuel
(tons)</param>

/// <param name="HU">The HU.</param>

/// <returns></returns>

public static double HeatRate(List<double> DualTurbinePowerlist, double
AnnualCAESMassFuel, double HU)

{
double HeatRate;

double DualTurbinePowerSum = 0;

foreach (double DualTurbinePower in DualTurbinePowerList)
{
DualTurbinePowerSum += DualTurbinePower;

}

HeatRate = AnnualCAESMassFuel * HU /(3.6 * DualTurbinePowerSum)

return HeatRate;

¥
#endregion Heat Rate
#region DMF

/1] <summary>

/// Returns the DMF (tons).

/1] </summary>

/// <param name="AnnualBraytonMassFuel"> The Annual Brayton Mass Fuel
(tons).</param>

/// <param name="AnnualTotalMassFuel">The Annual Total Mass Fuel
(tons).</param>

/// <returns></returns>

public static double DMF(double AnnualBraytonMassFuel, double
AnnualTotalMassFuel)

{
double DMF;

DMF = AnnualBraytonMassFuel - AnnualTotalMassFuel;

return DMF;
}

#endregion DMF
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#region Wind Calms

/// <summary>
/// Returns a Wind Calms Object based on the Wind Speed List Containing two

variables. The Wind Calms Total Counter and the Max Concecutive Wind Calms.

/// </summary>
/// <param name="WindSpeedList">The Wind Speed List (m/s).</param>

/// <returns></returns>
public static WindCalmsObject WindCalms(List<double> WindSpeedList)

{
double WindCalmsTotalCounter = 0;
double MaxConcecutiveWindCalms = 0;
double ConcecutiveWindCalms = 0;

foreach (double windspeed in WindSpeedList)
{
if (windspeed < 4)
{
WindCalmsTotalCounter += 1;
ConcecutiveWindCalms += 1;
1
else
{

if (ConcecutiveWindCalms > MaxConcecutiveWindCalms)

{
}

ConcecutiveWindCalms = 0;
1
}

WindCalmsObject WindCalms = new
WindCalmsObject(WindCalmsTotalCounter, MaxConcecutiveWindCalms);

MaxConcecutiveWindCalms = ConcecutiveWindCalms;

return WindCalms;

}

#endregion Wind Calms
#endregion Sum Values

#iregion Wind Calms Class

/// <summary>
/// The Wind Calms Object.
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/1] </summary>
public class WindCalmsObject
{
public double WindCalmsTotalCounter { get; set; }
public double MaxConcecutiveWindCalms { get; set; }
public WindCalmsObject(double windCalmsTotalCounter, double
maxConcecutiveWindCalms)
{
WindCalmsTotalCounter = windCalmsTotalCounter;
MaxConcecutiveWindCalms = maxConcecutiveWindCalms;
}
}

#endregion Wind Calms Class
1
!
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