EONIKO METZOBIO NOAYTEXNEIO

2XOAH XHMIKQN MHXANIKQN

MoAukpLtnplakn BeAtiotonoinon ya TNV Aoy

HETPWV £EOLKOVONONG EVEPYELOG OE KTipla

AINAQMATIKH EPTAZIA

KQNZTANTINOZ ZIQZAZ

EmBAEnwv Kabnyntng:

rewpylog¢ Mavpwtdg, AvanAnpwtr¢ Kadnyntric EMN

AOHNA 2016






NMPOAOIOz

H mapoloo SutAwpatik epyaocia, ekmovAbnke oto mAaiolo tN¢ OAOKANPWONG Twv
T(POTITUXLOKWY OTIOUdWY MoU otnv oxoAn Xnuikwv Mnxavikwv tou EBvikou MetoofBiou
MoAuteyveiou, oto epyaoctnplo Blopnyavikng kat Evepyelakng Owkovopiag. H Begpatikn
gvOTNTA TNG LEAETNG EVTAOOETAL OTOV TOPEA TNG Emuyelpnotakng Epeuvag Kol CUYKEKPLUEVA

oTov Top£a tou MoAukpttnplakol Mabnuatikol MpoypaaTIouoU.

JKOTOC TNC Epyaciog autng eival n xprion MoAukpltnplakol Mabnuatikol Mpoypoppatiopol
ylo TOV €VEPYELOKO OXeSLAOUO KTIpiwv. Xpnoluomoleital pabnuatikd povtého o yAwaooa
GAMS, pe OKOTO TNV €AOXLOTOMOINON TWV OVIIKEIUEVIKWY CUVOPTHOEWY, TOU GUVOALKOU
£TNOLOU KOOTOUC, TNG GUVOALKAC KATAVAAWONG MTPWTOYEVOUG EVEPYELAG KOL TWV EKTTOUTTWY

Slo€eldiou Tou AvBpaka Kal TNV €MAOYI TWV QVTIOTOLXWV CUCTNUATWV.

Me tnv oAokAnpwaon tng cuyypadng, Ba nBeka va suyaplotow Bepud tov Avaminpwtn
KaBnyntn k. Flewpylo Maupwtd yla TNV enifAePn tng mapoloag pyaciog Kal ThV CUVEXN
kaBodnynon tou kab' OAn tnv SldpKela TG MEAETNG auTng, KabBwg Kal tov uroyndlo
Si6aktopa K. Mdaplo KappéAlo yia tnv moAUTiun Bonbeld tou, xwpig tnv omoia Ba ntav

Slaitepa SUokoAn n oAoKANPWaON QUTAS TNG Epyaciog.

Eniong Ba nBela va euxaplotriow TOUC YOVelG pou kot Toug ¢iAoug pHou ToU Hou
cupnmapaoctddnkav kab' OAn tnv dldpkelo Twv omoudwv pou. Télog Ba nbeha va
EUXOPLOTHOW ATO KAPSLAG TOV LaBNUATLKO LoU K. ZwThplo E¢apyxako, Tou pe TNV Hadnuotikn

naldeio mou pou mpooédepe NUouva oe BEon va OAOKANPWOW e EMLTUXLO TIC OTIOUSEG oU.



NEPINAHWH

Ta tepBOAAOVTIKA TIPOPANOTO TTIOU AVTLUETWITIEL 0 GUYXPOVOG KOGHOG £XOUV 08NYNROEL TNV
TLAYKOO LA ETILOTNLOVLKH KOLVOTNTA VO avalnTA CUVEXWE VEOUG TPOTIOUG yLa TNV BeAtiwon tng
eVePYELAKNG amddoong Twv KTpiwv. Ta ktipla eivat urevBuva yia to 40% TNG TOYKOOLOG

KOTAVAAWONG EVEPYELAG.

Jtnv napoloa epyacio yYivetal po tpoomaBeia avantuéng evog poviéAou o yA\wooa GAMS
LLE XPrioN TMOAUKPLTNPLAKOU LOBNUOTIKOU TIPOYPOULATIOUOU TTIOU OKOTIO €XEL TOV amodOTIKO
EVEPYELOKO OXEOLAOUO €VOG KTLpilou. IKOTOG TOUu HOVTEAOU elval n eaywyr tou mediou
AVoswv Ttou mpoPAnuatog, £tol wote o amodacilwv va eivol oe Béon va emlé€el Ta

KOTAAANAQ cuoTHOTO TIOU Ba LKAWOTIOLOUV TA KPLTApLa TOU.

Adou yivel pla elcaywyr otov  HoBNUATIKO TIPOYPAUUOTIONO Kal otnv puéBodo mou Ba
xpnowomotnBel, yivetal pla £l00ywyry OTOV EVEPYELAKO OXeSLAOUO TwV KTlpiwv. Meta
neplypadovral ot PETAPANTEG, OL TTOPAUETPOL, Ol TIEPLOPLOUOL KOl Ol OVTIKELUEVIKEG TOU
povtélou. AkoAouBel n mapouaciaon Twv MAPAUETPWY TOU KTLPioU TNG LEAETNG. Eylve HeEAETN
2 meputtwoswv. Miag mepimtwong He OKOMO TNV €AAXLOTOMOLNGN TWV OVIIKELUEVIKWY
CUVOPTHOEWY TOU OUVOALKOU ETACLOU KOOTOUG, TNG GUVOALKAG KOTAVAAWGNG TIPWTOYEVOUC
EVEPYELOG KAl TwV ekmoumnwv Stofetdiou tou GvBpaka, Kol Lo TTEPIMTWAONG UE OKOTIO TNV
g\ayLOTOMOLNGN TOU GUVOAIKOU €TNOLOU KOOTOUC KOl TNG OUVOALKAG KATAVAAWGCNG

TIPWTOYEVOUC EVEPYELOC.

AdouU ekteleotel 0 kwdikag oe y\wooa GAMS, xpnotpomnoltwvtag tnv pébBodo tnv pébodo twv
TiEPLOPLOUWY (e-constraint), mapouoitdovral Kal oxoAld{ovtal Ta amMoTEAECUATA LECW TWV
KOTAAMNAWY Slaypappdtwy. KoataAfyoupue 0To CUUMEPAOHO OTL TA KPLTAPLO TOU GUVOALKOU
£TACLOU KOOTOUG, TNC MPWTOYEVOUG KATOVAAWONG EVEPYELAG KOL TWV EKTOUMWY SlofeLSiou

Tou avBpaka eivat aAAnAocuykpouopeva. TENOG, TPOTEiVOVTaL LOEEC YLA TIEPALTEPW PEAETN.
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KEDAAAIO 1 : EIZATQrH

H av€non tg KatavaAwong IPWTOYEVOUG EVEPYELOG KOOWE KoL TWV EKTTOUTWYV SLoEeLSiou Tou
avBpaka £xouv 0SNYNOEL TNV TTAYKOOULO ETILOTNOVLKA KOLWVOTNTO OTNV CUVEXH avalntnon
VEWV HEBOSWV yla TNV Helwong Toug. To pOPANUa Tou HeAETATAL oTnV Ttapoloa epyacia
glval o evepyelokOG oOXeSLOOUOGC KTplwv He Xxpnon MoAukpitnplokol Mabnuatikol

MpoypapUaTIONOU.

To povtélo o autiyv TNV gpyacia Baoiletal os €va UMAPXWV UOVTEADO, ald £XEL TIG €EAG
TPOTIOTIOLNOELG Kol TPpooBnkeg. Mpwtov €xeL ypappikomolnOel, €xeL ewoaxBel pa akopa
OVTLKELUEVIKI) CUVAPTNON, QUTH TwV ekmounn¢ Slofeldiou Tou avBpaka, €xel povtehomolnOel
oe yA\wooa GAMS kal £xel emAUBEL pe TNV HEBOSO TWV TIEPLOPLOUWV (e-constraint). TKOmOg
TOU MOVTEAOU eival va emAé€el ta KOTAMNAQ cucTApOTa KoL HEPN TOU KTLPiou Tou
€\AXLOTOMOLOUV TNV KATAVAAWGN TIPWTOYEVOUC EVEPYELOC KOL TWV PUTTWY, KABWC Kol To
OGUVOALKO €T 0L0 KOGTOG. To LOVTEAD B UTIOAOYLOEL TIG TIUEG TWV LETABANTWY amodaong mou
LKOVOTIOLOUV TOUG TMEPLOPLOHOUG ToU TPofANuatog kal Ba Swoel Tig katd Pareto BEATLOTEG
AOoeLg, amno tig onoleg o anodacilwyv Unopel va emAEEEL QUTH TIOU LKOWVOTIOLEL T KpLTApLO

TOv.

MeAetwvtal 2 TMEPUTTWOEL Tou TpoPARUATOoC, Uiot pHe okomo TNV elaylotomoinon Tou
OUVOALKOU £THOLOU KOOTOUG, TNG KATAVOAWONG TIPWTOYEVOUG EVEPYELAG KOL TWV EKTTOUTWY
Slo€eldiov Tou avBpaka, Kol i PLE OKOTIO TNV €AAXLOTOMOLNGCN TOU OUVOALKOU E£THGLOU

KOOTOUC KL TNG KOTAVAAWGONC IPWTOYEVOUG EVEPYELAG.

Y10 20 Kedpdalalo yivetal pio BipAoypadiky avackonnon. 2to 30 KebpdAalo yivetal pia
£L0AYWYI OTOV HAONUATIKO TIPOYPAUUATIOUO, OTLG UTIOKATNYOPIEG TOUG, oTIG HeBOSouG Tou
KoOwe Kal oTig edpapHUoyEG Tou. 3To 40 KeDAAALO YIVETOL UL ELOAYWYH OTOV EVEPYELOKO
oXeOLOOUO KTLplwy, OTa HEPN EVOC KTLPLwV, OTIG omwAeleg Bepuotntag Kal ota Siadopa
EVEPYELOKA OUOTAMOTA. YTO 50 KePAAALO TOPOUCLATETOL TO HOVIEAO TOAUKpPLTNPLAKOU
T(POYPOUUATIOHOU Tou Paociotnke n epyaocia. Mapouoldlovial OVAAUTIKA OAeG ol
anapaltnteg HeToPANTEG €ElOWOELS KAl TEPLOPLOPOL Kot opilovial Ol QVTIKELMEVLKES
OUVOPTHOELG. 2T0 60 KepAAalo Tapouctdlovtol OAEC Ol MAPAUETPOL TOU KTlpiou Tou
MEAETATE, TWV oUOTNUATWY TIou SlatiBevral yla emiloyr, KaBwg Kal Ta ONMOTEAECUATO UE
OXOALa. 210 70 KedAAALO MAPOUCLAIOVTAL TO. CUUTIEPACHATA TNG EOPLOYNG TOU HOVIEAOU
yla 2 TIEPUTTWOELG, TPWTOV TNG €AOXLOTOMOINONG TWV OVTLKELUEVIKWY CUVAPTHOEWV TOU

OUVOALKOU €THOLOU KOOTOUG, TNG KATAVOAWONG TPWTOYEVOUG EVEPYELAG KOL TWV EKTTOUTWY
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Slo€eldbiov tou avbpaka, KoL pia HE TNG KATOVAAWONG TIPWTOYEVOUC EVEPYELAG KOL TOU
OUVOALKOU €TAOlOU KOOTOUG. Emiong avadépovtal LOEEC ylo TEPALTEPW EPEUVA. 2TO
TapAapTNUa mopatiBevtal o KwHLKOG TTOU XPNOLUOTOLNONKE OTIG 2 MEPUTTWOELS 0 YAwooa

GAMS.



KEDAAAIO 2: BIBAIOTPADIKH ANAZKOMHZH

O UTtOAOYLOMOG TWV EVEPYELAKWY POPTIWV TWV KTIplwV Kal n BeATiwaon TNG EVEPYELOKAG TOUG
amnodoon €xelL epeuvnBel ektevwe. Auth n epyaocia Baoiletal otnv dnuooieuon twv Karmellos
et al [1], oL omoilol €xouv avomtuéel €vo POVIEAO TOAUKPLTNPLAKOU HaBnUOTIKOU
TIPOYPAUHUATIOMOU TIoU ETUAUETAL PE TNV HEBOSO TWV CUVTEAECTWY OTABULONG, UE OKOTIO TNV
£MAOYN TWV KOTAAANAWY HEPWV TOU KTLPLOKOU KEAUGPOUC KOL EVEPYELAKWY CUGTNUATWY TTOU
Bo eAOYLOTOTOLOOUVE TO KOOTOG KAl TNV KATAVAAWON TPWTIOYEVOUC eVEPYELAG. AUTh Nh
dnuooievon eival pa e€€AEN tng Snuooieuong twv Diakaki et al [2], oL omoiot €xouv kat TV
OVTLKELUEVIKT) oLUVAPNTNON TWV ekMopunwy dloéeldiov to avBpaka. Ot Asadi et al [3] £xouv
ovamtuéel £vol LOVTEAO TIOAUKPLTNPLAKOU TIPOYPAUUOTIOMOU XPNOLLOTIOLWVTOG TO KPLTHPLO
Tchebychef yla tnv avakaivion twv ktipiwv. Emléyel mopdBbupa, Lovwon yla Toug Tolyoug
KOL TIG OpOodEC Kal NALOKO OUAAEKTN, KOL £XEL WG OVTLKELUEVIKEG OUVAPTHOELS TNV
gfolKovOUNoN EVEPYELAG Kal TO kKOOTOG avakaivionc. Ot Kolokotsa et al [4] £€xouv acxoAnBel
UE KTipla pNOevikng evépyelag. MeAstolv emiong Kol TNV TEPIMTWON KTIPlWV OETIKAG
EVEPYELAG KOL TWV CUCTNUATWY QUTOOTIOMOU TIoU €ival umtelBuva yio Tov BEATIOTO EAey)0
TWV CUCTNUATWY TIOPOYWYNG EVEPYELAG UE AVAVEWOLUEG TtNYEC. OL Mahlasi et al [5] £xouv
QVamTUEeL €val LOVIEAO yla TNV avakaivion Kupiwv, JE OKOMO TNV HEYLOTOMOLNoN TG
€€0lKOVOUNONG EVEPYELAG KAl TNV €AayloTomoinon tou XpOvou amocBeong, HE Tn Xpnon
YeVeTIkoU aAyopiBuou. OL Mavrotas et al [6] €xouv avamtigel éva LOVIEAO €VEPYELAKOU
oXeblOOHOU, UE OKOMO TNV HEyLoTomoinon tng kavomoinong tng {ATtnong o ouvelnkeg
opeBaiotntag tng evepyelakng Ntnonc. H pelétn neplmtwong adopd £vo Voookopeio otnv
ABrjva kol KotaAnfave oto cupMEpacpa OTL N EYKOTACTAON GUCTHMOTOC CUUMOPOYWYAC
eVEpYELaG elval oupdEépouca OTIC TTEPLOCOTEPEG MEPMTWOELS. ETtiong ot Mavrotas et al [7]
£XOUV UEAETAOEL TO Ttapamdavw mPOPAnUa pe mpooopoiwon Monte Carlo, mou e€dyel mio

okpLPeic AVoslg Sebopévng tng afefaldtnTag TNG TIUAC TWV KAUGCLUWV.
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KEDAAAIO 3: MAOHMATIKOZ NMPOrPAMMATIZMOZ

3.1 Eloaywyn otov MaBnpuatikoé NMpoypappatiopo

O MaBnuatikdg NpoypapuaTiopog sival o KAAS0g TwV HoBnUatikwy TIou aoxoAeital pe TV
povtedomoinon kot BeAtiotomoinon cuotnuatwy. Mo va elval epiktd autd MPEMEL TO
oUOTNUA VA EVOL LOVTEAOTIOLNUEVO O KATAAANAEG LOONUATIKEG OXEOELG £TOL WOTE va €lval

Sduvatn n xpnon twv pebddwv tou Madnpuatikol MpoypapUATIOHOU.

Ta Baoikd Sopika otolyela evog mpoBAnuatog Madnuatikol MNpoypapupatiopol eivol ta e€Ag

[8]:

MetaBAntéc anodaong: Exkdpdlouv TOuG ayvwotoug tou TPoPARUATOC Kol elval ot
uetaPAntég mou o amodoacilwv pnopel va kaboploel. Tkomodg tng PeAtiotonoinong eival n
gUpPECN TWV TWHWV TwV HETAPANTWY omdPpacng mou PBEATIOTOMOLOUVE TNV OVILKELUEVIKA

cuvaptnon.

Neplopiopoli: Eival oL paBnpatikég oXEOELS, LOOTNTEG I AVIOOTNTEC, TTOU KOBoplloUVE TIG TUUEG
TIOU ETUTPEMETAL VA TIAPOUVE oL PeTaBANTEC amodaong, opilouv dnAadr to medio oplouoU

Tou TpoPAnuartoc.

AVTIKELLEVIKA ouvaptnon: Elval n pabnuotik oxéon twv PetafAntwv anodaong mou
ermublwketal va Pektiotonoinbei, dnAadn va peylotomonBel A va ehaylotomoindei. Eva

TPOBANUA UITOPEL VA TIEPLEXEL TIAVW ATIO IO OVTLKELUEVIKEG CUVOPTAOELG.

Napapetpot: Eivat ol 6pol Tou mpoPAnuoatog mou Sev kabopilovtal anod tov anodacilovra
Kal £xouv otaBepn T og 6An v dladikacia emiluong. TuvnBwg gival oL CUVTEAECTEG TV

petafAntwv anodaong.

Ta npoBAnpata Madnuatikol MpoypoppaTIopoU Unopouy va Tagvopnbouv avaioya e To
£(60¢ Twv petapAntwy anodaonc, To €l60¢ TWV MAPAUETPWY, TO MTARBOC TWV AVTLKELUEVIKWY

CUVOPTHOEWV KOl TO £(60¢ TwV HaBONUATIKWY OXECEWV TOU TIPOBAAUATOG.

‘Ocov adopd To €l60¢ TWV AVTLKELUEVIKWY CUVAPTNOEWV KoL TWV TIEPLOPLOMWY TO TIPOBANUA
xapaktnpiletal Fpappkov Mpoypappaticpol (Linear Programming) OTav oL OVTIKELUEVIKEG
OUVOPTHOELG KAl OL Tieploplopol elval YpapULKEG WC TPOG TIG METABANTEG anddacng. Av
UTIAPXEL TOUAQXLOTOV £VaG UN YPOLULKOC TIEPLOPLOUOC 1) OVTLKELUEVIKT] ouvApTNoN TOTE TO

pOBAnua xapaktnpiletal Mn Frpappkol Npoypappatiopou (Non Linear Programming). Ta
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npoPAnuata Mpapptkol MpoypappaTiopol pmopouv va AuBoUv OXETIKA €UKOAQ HE TNV
uéEBobdo Simplex kat tTig mapoaAAayég tng. Me autn) tnv péEBodo eival duvatni n emiduon
TPOPANUATWY PE PEYAAO aplBpd petaBAntwy anddaong oe MOAU ULKPO XPOVIKO Sldotnua.
Ta ypopptka ipoBAnpoto odnyolv og oAlkd BEATIoTa, 0 avtiBeon Ue Ta Un YPAUULKA TTOU
o6nyoLv oe Torikd BEATIoTA. Ma autd To AGYO Ta LN YPOUULKA TpoBAnpata otav Kplvetal
anapaitnTto YPOoUULKOTIOLOUVTAL UE TIC KATAAANAEG TtapadoxEC Kal peBodouc wote va eivat

mo arAn n Stadikaoia emiluonc.

Oocov adopd 10 €idog Twv peTtafAntwv amodaong ta mpoPAnuata Taflvopouvtol o€
Aképatou Mpoypoppatiopol av ol PeTaBANTEC lval AKEPALEG, EVW OV £XOUVE KL CUVEXELG
petafAntég taflvopouvral oe Miktou Aképatou MPoypOopaTIoHOU. ITIC TIEPLOCOTEPES

TLEPUTTWOELG OL AKEPOALEG LETABANTEC eival Suadikég, SnAadn mailpvouv Tipég 0 n 1.

TEAOG, OV UTIAPXOUV TEPLOCOTEPEC QMO Mo QVTIKELUEVIKEC OUVOPTHOELC TO TPOBANHA

xapaktnpiletal MoAukpitnplakol Mabnpatikol Mpoypappaticpou.

3.2 EdappoyEg Mpappkol MNpoypapaticpou

Ot epappoyEc Tou Mpoppkol Mpoypappotiopol sivat mapo MOAAEG Kol o€ TTOAOUC TOLELC.
H mpwtn edappoyr tov Mabnuotikol Mpoypappatiopol Atav otov B’ Naykdouto MoAeuo ,
KOTA TNV SLApKELa TOou omoiou ol Bpetavol avtipetwnioav mpoPANUA e TNV KATAVOUN TwV
nopwv Toug ota diddopa otpatoneda [9]. Ma autd kalL o 6po¢ Emxelpnolakr Epsuva
T(POEPXETAL ATIO TNV OTPATIWTIKA EMLXELPNON KAl OXL Ao TNV eneipnon-plopnxavia. Meta
n xpnon tou e€anAwOnke kal og Blopnxavieg netpelaiov, kaBWE pLa Blopnyavia metpelaiou
£XELTNV €TUAOYN VO 0lyOPAOEL TIETPEAALO A0 SLADOPES TNYES UE SLADOPETIKEG CUOTATELG OE
SLOPOPETIKEG TUEG KOL VO TTAPOACKEUATEL TIOAAG TipoiovTa pe SladopeTIKEG TpodSlaypadEd.
OL neploplopol evog TETolou MPoPARUATOC Uopel va elval otny moodtnta TnG mpwtng UANG
TIOU WUMOPEL VO TTOPOOKEUAOEL KOl TV TTOOOTNTA TIOU UIOPEL va oyopAosl amd [a mnyn.
Eniong pe tnv xpron tou MM eivol Suvatog o oxedlaopdg evog TMAGVOU TG TTapaywyng.
Aedopévou OTL ol MWANCELG pag Blopnxaviag petaBdallovral, n Blopnyovia £xet dtadopeg
ETAOYEG OMWG VO TIPOYPAUUOTIOEL UTEpwWpPieg yla va kovormowjost tnv {Atnon. e
Blropnxavieg tpodipwv gival Suvatog o oxedlaopudg evog BéATiotou oxediov Stavoung twv
TPOLOVTWY amo TG Blopnxavieg otic Stddopec amobrkeg. Ot HeTOANOUPYIKEG Blopnxavieg

xpnotpomotloUv tov M yla vo emidé€ouve av CURPEPEL N ayopd 1N N KATAOKEUN EVOG
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TpoiovToc.

3.3 NoAukpLtnpLakog MpoypP oL HATIONOG

O NoAukpltnplakde Mabnuatikdg Mpoypappatiopdc (MMM) amoteAel tnv yevikeuon Tou
amAol MpaputkoU MpoypapUaTIoHoU Kal XopoaKtnpiletal and tnv Umapén mavw oamnod piog
OVTLKELUEVIKNG ouvaAptnong. Avamtuxbnke SOTL n xprion mMAvw omd W0 AVTIKELLEVLKAG
ouvapTNOoNG omoTeAel Ula TILO PEAALOTIKA TIPOCEYYLON UOVIEAOTOINONG PEAALOTIKWY
npoPAnuatwy. Ta nmpofAnuata MMM avkouv oTnv Katnyopia Twv MpoBANUATWY XapnAou
BaBuol dounong (ill structured problems), eivat dnAadn mpoBAnuata omou n opBoAoyikni
AUon 6ev kaBopiletal amno 1o 6o to MPOPANUA AANA OMOTEAEL OVTIKEIUEVO TIPOOSEUTIKNG
avalntnong pe gumlokn tou amodacilovta otn Swadikacio avt) [10]. ¥to Ixnua 1

napouataletal n tafvounon twv pebodwv MMN.

Ytov MMM 8ev umdpyxel n évvola tng BEATIOTNG AUong S1oTL dev umapyel AUon mou va
BeAtiotomolel TautOXpova OAEG TIC AVIIKELUEVIKEC CUVAPTAOELS. 2Tov MMIT uTtdpXEL N évvola
Twv Kkotd Pareto dplotwv AUoswv. H &uadikooia PBeAtiotomnoinong evdg cuvolou

OVTLKELUEVIKWY OCUVAPTHOEWY OVOUATETOL TTOAUKPLTNPLOKH N Stavuopatiky BeAtiotomnoinon.

AHYHAIIO®AYEQN ME
TITOAAATIAA KPITHPIA

Zuveyég oUVOLO
EMAOY DV

ALOKPLTO GHVOAD

EMAOYOV
- ITOAYKPITHPIAKOZX
[TIOAYKPITHPIAKH AN AA?’ZH MAOHMATIKOS
(Electre, Promethee, AHP xin) [TIPOT PAMMATIEMOS.

Mn-ypUpIKES
GUVUPTIGELS

I'poppukég
GUVUPTIGELS

ITOAYKPITHPIAKOY MH- [TOAYKPITHPIAKOZX
I'PAMMIKOX TPAMMIKOX
[TPOTPAMMATIXMOX [MTPOI'PAMMATIXMOX

Ewkova 1: Tafwvounon nedddwv MoAukpitnplokng Andng Amoddoswy

A¢ Bswpriooupe To akoAouBo mpdPANpa MM pE p AVTIKELUEVIKEG CUVOPTHOELG, N LETABANTEG

anddoong Kal m MepLopLopolG:
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max f1(x)=z1

maxf2(x)=z2

maxfp(x)=zp
s.t
XES

Omou S eival To ePIKTO XWpPLo Twv ePLOPLOUWY TTou kaBopileTal amod Toug m epLOPLOPOUE, X
elvat to Slavuopa twv n petapAntwv anodpaong kal fi, f, .. fy oL p avriKelpeVIKEG

CUVOPTHOELG.

OpLoNOG: Mia AUon x’ tou Ttaparndvw rpoPAruatog Aéyetal katd Pareto dplotn AUon (av Kot
povo av x” € S kat Sev urtapyel AAn Avon x € S tétola worte fi(x) 2 fi(x’) yla kabe i=1,2,...,p Kat

fi(x) > fi(x’) yLa touAdyLotov €va i.

AnAadn pa Abon Pareto eival n AUon n omola avtiotolyel o éva pn BeAtwwotpo dtavuopa
OTO XWPO TWV OVTLKELUEVIKWY OLUVOPTACEWV. Me amAd AdyLa auTo onuaivel 0tL Sev umopoulue
va BEATLWOOUE TNV TLUH MLOG OVTLKELEVIKAG OUVAPTNONC XWPLC va XELPOTEPEPOUUE TNV TLUN
ToUAdyLotov pilag amd TG dAAeg. H emiluon tou mpoPAnUaTOog €lval oUCLOOTIKA N €UPEDN

ekelvng tnNg Kata Pareto AUonG mou kavomolel meploodtepo Tov anodacilovra.

TeAkn N oxetka BEAtiotn Avon (final or best compromise solution): H wavr ekeivn
AUon mou TeAKA eMAEYEL Ao TO GUVOAO TwV IKavwV AUCEwWV 0 amodacilwyv, Aéyetal TEAKN
1 oxetkd BéAtiotn Abcon. O Opog «OXETLKA» onuaivel akpBwe OTL amOTEAEL UTIOKELUEVLKN
gnhoyn tou anodacilovra os avtiBeon pe t PEAtiotn AUon og éva pdPAnua M mou givat

OVTLKELUEVIKA TIPOaSLopLIOUEVN.

Nivakag Typwv (payoff table): Elval o TeTpaywvikog mivakag moU amoteAeital and T00eg
YPOUUEG Kol OTHAEG OOEC KOLL OL OVTLKELUEVIKEG CUVAPTNOELG TOU TpoPAnuatog NMMM. Ze kabe
OTAAN UTtAPXEL N BEATLOTN TLUN LA OVTLKELUEVIKI G CUVAPTNONG KOL OL TLLEC TWV UTIOAOLTIWV

OVTLKELUEVIKWY CUVAPTHOEWV TIOU TIPOKUTITOUV.
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3.4 M£00o6ot tou MoAukpitnplakot Madnpatikol Npoypappatiopou

Ot péBodot tou NMIM taglvopouvtal avaloya os oo otadlo enepPaivel o anodpacilwv. Av
SnAadn enepPaivel mpuv tnv eniduon (LEBodol a priori, TT.X. TPOYPAUUATIONOC OTOXWY, goal
programming), katd tnv dtapkela (aAAnAemidpaotikég péBodol, interactive methods) ) peta

v eniAuon (L€BodoL mapaywyng, generation methods).

Itnv amAn mepimtwon mpoPAnUATwyY He Ulo OVTIKELUEVIKH ocuvaptnon o amodacilwv
enepPaivel poévo otnv popdomnoinon tou mpoPAnuatos. Aol oploel TNV QVIIKELUEVIKA
cuvaptnon kat tv kotevBuveon Beltiotomnoinong , dev xpeldletal vo eMEUPEL TTEPATEPW.
AUTO cupBaivel S10TL Ta TTpoPARATA LE VO LOVO KPLTAPLO (AVTIKELMEVLKA cuvaptnaon) elval
OUCLOOTIKA TpoPARUHaTa €Upeong TG PBEAToTNG AUong kot OxL mpoPAnuata AQPng
anmodAcswyv. Ita MoAuKpLtnpLlakd mpofAnpata Opwe o anodacilwy MPENEL va eMEUPEL oTNV

Sladkaoia miAuong yla va ELOAYEL TIG TTPOTLUAOELG TOU.

TNV mpwtn mepimtwon pebodwv a priori, o amodoocilwv pnopel va anodwosl oe KAbe
OVTLKELUEVIKN cuvaptnon €vav cguvteheoth Baputntag oto Stactnua [0,1] Kal otn CUVEXEL
VA ELOAYEL ML TEALKN) OVTLKELUEVIKI) OCUVAPTNON TIOU TIEPLEXEL OAEC TIG OVTLKELUEVIKEC
OUVOPTAOEL , OuVNBWC UE YPAUUIKO GOpOLOPO QUTWVY WOTE va UNV OAAOLWVETAL N
YPOUULKOTNTA Tou TpoPARuatog. H dplotn AUon tng MapayOUeVAG OVTLKELUEVIKNG TOU
YPOUULKOU TIPOoPBARMATOC glval Kot Lkavr AUon yla To apxtkd mpoBAnua MMM étav 6ot ot

OUVTEAEOTEC BaputnTag eivat Stadopol Tou pPnNdevag.

Itnv &eltepn nepimtwon koabopilovtalr a priori oL TIUEC-OTOXOL TWV OVTLKELLEVLKWV
ouvapTHOoEwWY AUTO A€yeTOl TPOYPOUUATIONOG oToXwv (Goal Programming). Ze authi tnv
HEBOSO 0 amodaoilwyv BETEL WG OTOXOUG TLG TIUEG TTOU EMIOUEL va TIApEL KABe pla amd TG
OVTLKELUEVIKEG CUVOPTNAOELG KAl TPooTaBel va eAOXLOTOMOLAOEL TNV AMOKALON TNG KAOe

OVTLKELUEVIKNG CUVAPTNONG A0 TNV KABOPLOPEVN TLU — OTOXO.

To BaoLKO MAEOVEKTNO AUTA G TNC KATNYOPLAG TEXVIKWY €lval OTL n dtadikaoia emiluong eival
amAn KalL ypnyopn , KaBotL umdpxouv TOAAEG €TMIAOYEC AOYLOMLKOU Yld YPOUULKO
TPOYPOUULATIONO.

Otav o amodoaocilwv emepPaivel kotd tnv dldpkela TnG emiluong oL péBodol mou
Xpnollomnolouvtal ovopdlovtol aAANAEMSPAOTIKEG. Z€ QUTEG TIG HeEBOSoUG o amodacilwy
Bploketal oe “dldloyo’ (aAnAeniSpaon) pe To mMPoypappa Kol auth n oAAnAemnidpoon

ouveylletal péxpl va kavomolnBel To kpLtriplo oUYKALONG Tou £xel oploBel kat va Bpebel n
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teAkn AUon. MMpokewral ya pia emavaAnmriky dladikacio omou oe kaBs emavainyn
TPOKUTITOUV KAToleg AUoeLS. O amodpaci{wv MIAEYEL LA KAL LE QUTO TOV TPOTO ELCAYEL

QUEOA TLG TIPOTLUAOELG TOU KateuBUvovtag tnv dladikaocia emiluong pLexpL tnv TeAkn Auon.
Ta Baotkd MAsovekTAUOTA TwV CAANAEMLOpAOTIKWY HEBOSWV eival Tor akoAouBa:

1) Aev amnatteital n xpron €€el8IKEUEVOU AOYLOULIKOU KOBOTL XpnOLUOTIOLOUV POUTIVEG

YPOUULKOU TIPOYPOUHOTIOMUOU.

2) MrmopoUv va xpnotgomnotnBouv yia tnv AUon peyaAwv mpofAnUaTwy
3) H enavoAnmrikn toug ¢puon emTpEnel otov anodoaaoilovta va Katavornoetl Babutepa
TO MPOPBANUa.

TéAog otav anodaci{wv eLOAYEL TIG TTPOTLUNCELC TOU UETA TNV eniluch Tou mpofAnuaTog oL
néBodol mou xpnotuomolouvtal ovopalovral péBodol mapaywyng (generation methods). Ot
pnéBodol autol mapayouv TIG LKAVEG AUCELC ] €val UTTIOCUVOAO auUTWV. MEeTA TtV enilucn Tou
npoPAnuarog, o anodacilwy e€eTdlel OAEG TIC IKAVEG AVCELC KOl ETUAEYEL TNV TTPOTLUOTEPN WC
tehkn). Ot uéBodol autég mapouatlalouv OAeG TIG SUVATEC eTAOYEC otov amnodaailovta mpLv
eMAEEEL TNV TEAKN AUon. OL péBodol mopaywyng omaLtouv HEYAAn UTOAOYLOTIKN oYU,
amoLTOUV £EELOLKEVUPEVO AOYLOWULKO. Z€ TpoPANHaTA LE TIOMEG HETAPANTEG KAl TIEPLOPLOUOUG
0 apLOUOC TWV IKAVWV AUCEWV gival UTIEPBOALKA LEYAAOG TTOU 0 UTIOAOYLOUOG TOUu KoBiloTatal
UTIOAOYLOTIKA. aVEDLKTOG, OHWC e TNV €€EAEN TwV UTIOAOYLOTWVY OAO Kol UeyaAlTepa

npoBAfuata uropouv va emAuBouv.

O pébBodol mapaywyng xwpilovral og 2 KATNYOPLEG : AUTEG TOU TTAPAYOUV TLG AKPALES LKAVES
AUOELG KOL QUTEC TIOU TTOPAYOUV KAl 1N akpaieg tkaveg AUoeLS. H teAkn Auon ouvnBwg eivatl
oo To cUVOAO TWV akpaiwv AVCEWY, av Kal amo TNV MPOTLUOTEPN aKpaia wavh AVon Kal TLg
VELTOVIKEG TNC UMOPOUV va TipokUPoUV Kal oL evdlapeoeg AUOELG TIG OMOLEG UMopel va

e€etaoel o anodaci{wy.

H mo amAn pébodog mapaywyns tTwv akpaiwv AUcewv elval péow Tou oTaBULopEVOU
06polopaToC TWV AVTLKELUEVIKWY CUVOPTHOEWY Kol OVOUAleTal PEB0SOG TWV CUVTEAECTWY
otaBuiong (weighting method). Me tnv petaBoln Twv cuvteEAEoTWV OTAOULONG COPWVETAL
0o 10 dpaopa TwV LKavwy AVoswv. Artattel évav armAo emAUTN YPAUULKOU TIPOYPAUUOTIOMOU.
MeloveéKTNUA TNG elvol OTL 0t TPOPANUOTA HE TIEPLOCOTEPEG OMO HIO OVTIKELUEVIKEC

CUVOPTAOELG N e€£TAON TWV CUVSUOOUWY TWV CUVTEAECTWYV oTABWLONG Eival xpovoBopa.

Mia GAAn  péBodoc mapaywyns wovwv AUcewv sivol n péBodoc twv meploplopwv (e-

constraint method). Ytnv péBodo outr emMIAEyETAL LA QVTLKELLEVLK) OUVAPTNGCN Kal oL
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UTIOAOLTTEG £lodyovTal wG Tmeploplopoi. OL meploplopol sival <<peyaAlTEPO f (00>> av n
OVTLKELUEVIKN €XEL KATELBUVAON LEYLOTOTIONONG KaL <<ULKPOTEPO N L00>> av €XEL KateLBUvOn
ghaylotomnoinong. H aplotn AUon tou MPoPARUATOC MPOKUTITEL LOVO av OAOL OL TEpLOpLOpOL
LKOVOTIOLOUVTOL 0aV LOOTNTEG. AV SEV LKAVOTIOLOUVTAL KoL TIPOKUTITOUV EVOAAOKTLKA ApLOTA,
TOTE pnopei n dplotn AVon mou Ba Ppebei va pnv tkavomolel to mpdPAnua tou MMM, e authv
Vv mepintwon o mivakag mMAnpwpwyv (payoff table) tou mpoBAiuatogc MMM pmopsl va
BonBrioel otov kaBoplopd TNG OCUCTNUATIKAG HEeTABOANG Tou Oeflol okéAoug Twv
TIEPLOPLOUWV TWV AVTIKELLEVIKWV CUVOPTACEWV. A TNV mapoywyrn TOU CUVOAOU TWV LKOVWV
AUOEwWV MPETEL N CUCTNUOTLKI LETOBOAN va glval ULKPN) yLo val €LVAL TILO TTUKVO TO GUVOAO TwV
AOoewv. Av sival peydhn n petaBoln n Stadikacio Oa eival cuvtopotepn aAAd To cUVOAO TWV
AVoswv Ba sival o apatd. Mo mpoBARLOTO LUE TIEPLOCOTEPEC ATTO 2 AVTIKELUEVIKEG N LEB0SOC

autn eival duoceddappootn.

Mta Tporomnolnpévn popdn tng HeBOSouU TwV EPLOPLOPWV Elval n emauénpévn uEBodog Twv
neploplopwyv (augmented e-constraint) yvwot kat w¢ AUGMECON [10].H péBodog

TIAPOUCLATLETAL TTAPAKATW :

max(( f,(x) +epsx (S, /r,+S;/r,+..+5 /1))

st

f,(X)-S, =¢,
fo(X)-S; =¢,
f.(x)-S,=¢,
XeS

S, eR”

OToU eps elval €vag PKpog aplBuoc.

H €€€Ai&n autng tng pebdodou odrynoe otnv AUGMECON2. H AUGMECON2 €xel pia pkpn

TPOTOTOLNGN OTNV AVTIKELUEVIKN ouvaptnon [11]. H uéBodog mapouaotaleTol mopakATw :

max( f,(x)+epsx (S, /1, +10 xS, / r,+..+10 " xS /1))
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KEDAAAIO 4: ENEPTEIAKOZ ZXEAIAZMOZ KTIPIOQN

4.1 Evepyelakn katavaAwon Ktipiwv

H abénaon tng mpwtoyevou g KOTOVAAWGONG EVEPYELAC KOL N KALLATIKN aAAayr) eivol pia omo Tig
UEYAAUTEPEC IPOKANCELG TOU 210U QLWVO. ITIC TIEPLOCOTEPEG XWPEC, OL KUBEPVNOELG £XOUV
ULOBETAOEL TTIOALTIKEG TTIOU ATTOCKOTIOUV OTh HELWON TNE TPWTOYEVOUG KATAVAAWGCNG EVEPYELOG
ME TNV TpowdNOoNn TNG EVEPYELAKNG amoOdoonG. ZUYKEKPLUEVA, O KTILPLAKOG TOHEQS
avtutpoowneVeL tepinou 1o 40% tng TEAKNG KATAVAAWONG EVEPYELAG oTNV Eupwraikr Evwaon
Ka epinou 1o 40% Twv TG MPWTOYEVOUG KATAVAAWONG EVEPYELAG OTOV KOOWO [1]. H pelwaon
NG KATavAAwong evépyelog Kat dlaitepa tng mpwtoyevolg Ba cUUPAAEL otn pelwaon NG
EVEPYELOG OTNV OUVOALKN evepyelakr aAucida kal tnv abénon tng asipopiag Twv Ktipiwv. H
enévduon otnv evepyelakn amnodoon eival amapaitntn KaBwW¢ TA OLKOVOULKA Kol
nieplBarlovTikd Ba umepkaAUouv To apxLlkd KOoTog emévbuang. O KTLPLAKOG TOUEAS elval
UEYAAoG, TOG0 000V adopd TNV KATAVAAWGON eVEPYELAG, OAAG 600V adopd Tov aplBuo Kot To
€i6og Twv KTipiwv. MPOKELUEVOU va PELWOEL N KATOVAAWGON TPWTOYEVOUC EVEPYELAG OTA
Ktipla, mpémel va edappootolv dladopa PETPA yla TNV aUENCN TNG EVEPYELOKAG TOUG
anodoonc. Ta HETPA QUTA MMOPOUV va XwploBoUv oe KaTnyopleg, OMwC eKeiva mou
oXeTl{ovTal JE TO KTLPLAKO KEAUGDOG, TOL EVEPYELOKA CUCTALATA TIOU TtapEXouv BEpuavon,
PUEN kal {eotd vepo, oL NAEKTPLKEG CUCKEUEC KAL T cUCTAHaTO dwTlopoU. Eniong, umdapyxouv
EVEPYELOKA CUOTHUOTA TIOU UTOPOUV VA TIAPAYOUV NAEKTPLKI EVEPYELA OTTWC OL HOVASEC
CUMTTAPAYWYNG i AVAVEWOLUES TINYEC evEpyeLag (AMNE), Onwe n Blopdla, n aLoALKn eVEpyeLa
KoL N nAtakn evépyela. Ta PETpA yla TV BeATiwon TNG evepyelakng amodoong os Kabe
katnyopia €xouv &ladopetikl oUUBOAR OTn Helwon TNG TPWTOYEVOUC KATAVAAWGCNG
eVEPYELAG AANG £XOUV EVal apXLKO KOOTOC emeviuaong, cuvnBwg uPnAGTEPO amod Ta CUUBATIKA
cuotiuarta. EmutAéov, n tomoBeoia tou KTpiou Taillel onpavtikd poAo , oTNV KATovaAwon

EVEPYELAG , KABwC 0g KAOe TomoBeoia eMKPATOUV SLAPOPETIKEG KALPLKEG CUVONKEC.
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4.2 BaolKA OUCTAHOTA EVOG KTLplou

H evepyelokn katavalwaon evog ktipiou kabopiletal and téooepls Baoikol ¢ mapdyovreg [12]:

Ta N EVEPYELOKA CUCTHMOTA TOU KTipiou, SnAadn to KEAUGDOC KoL TO ECWTEPLKO TOU KTLPLoU

(toixol, 6ameda, opodécg, ywplopata mapaBbupa, mMOPTEG KAT).

° Ta ouoThpoTa Tou TEPIPBAANOVTOC XWPOU TOU KTLpiou Onwg dUTeUON, £viatn uypwv
otolyelwyv, umaiBpla okiooTpa, EKUETAAAELON TWV KAAOKOLPLVWV SPOCEPWY PEVUATWY AEPQ,
npootacio and toug Puxpolg XELLEPLVOUC AVELOUG.

. JTO EVEPYELOKA CUOTILATA TOU KTLpiou, SnAadr) Ta CUCTAATA TTOU ATALTOUVTAL VLo
™ B€puavon, Tov KALLATIONO, TOV AEPLOUO, TO PWTLOUO KATL.

. Ta avBpwrniva cuotipata, mou neplhapfdavouv toug avBpwmoug mou {ouv CTo

KTiplo.

4.2.1 Evepyelako loofOylo — Mevika yia Oepuikég AnwAeteg Ktipiwv

Y€ €va KTiplo To evepyelako LoolUylo umoAoyiletol amo ta Oepuikd KEPSN Kal TIC BEPULKEG
omwAeLeC. Ta OepUikd KEPSN TPOEPYOVTaL amod Ta cuoTHUaTa BEppavong Tou KTpiou , TNV
NALOKA okTvoBoAia, KOBWE Kal armd To ECWTEPLKEG TINYEC BeppudTnTag ONWG 0 GWTLOUOG, O
AavOpwIoC Kol oL NAEKTPOVLIKEG CUOKEUEG. OL BepIKEG amwAELEG OMWCE dalvovtal otnv Elkdva

2 mpoépyovtal amno [13]:

1. Pon Bepudtnrog Stopéoou tou KTiplakol keEAUdoug, SnAadn Twv SOULKWV UALKWY Tou
KTiplou, oupnepAapBavopévwy Kal tou Samédou Kal tng opodng

2. Pon Beppotntag péow NALAKAC akTvoBoAilag amo ta mapdbupa Tou KTLpiou Kal and
TO avolypato Tou Ktipiou

3. Ateiobuon e€wteplkol agpa oTo KTipLo
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Ewkova 2 Oepuikég anwAeleg KtiplakoU keAudoug [3]

4.2.2 Oepuikég AnwAeleg o€ EEwTepLkoug Toixoug —MNapaBupa-Opodeg

Ytov e€WwTePLKO TOlXO TOU KTlpiou, mMpaypatomnoleital petadopd BepudTnTag HE cuvVAywyn
METOED TNC ETLPAVELNG KOL TOU QEPO TTIOU BPLOKETAL OE OXETIKN Klvnon Kal TauTtoxpova o€
gnadn Pe autny, Kabwg emiong Kal petadopd BepuotnTac e akTvoBoAila armo Tig EMIPAVELES

OTLG OTtoleG TtpOOTITTEL NALaKT) akTvoBoAia. Ot Bepuikég anwAeleg paivovral otnv Ewkova 3.

Bl Incident
c:lO[> solar
sga radiation
Absorbed Radiant heat
+—p solar < exchange with other
radiation surfaces
Reflected
solar Temperature
radiation / profile across a
wall
Outdoor
temperature, T, J
Conduction through
the wall
Convection at external Convection at internal
surface <4 " curface
Radiant heat An
exchange with I|l> external \ Indoor
surrounding wall temperature, T;
| I

Ewkova 3 OepLkEG anwAeLeg 0TO EEWTEPLKO ToiXwpa[13]
Eniong €xoupe petadopd Bepuotntag Sla PEcou Twv Mapabupwv. MEPoG tTNG NALAKAG

oktwoBoAiag, Ba mepdosl péoa amod To MapAbupPo OTOV ECWTEPLKO XWPO TOU KTpiou, Omwg
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daivetal otnv Ewkova 4. KaBwg n nAtakr aktivoBolia Aoutov SielobUel eviog Tou KTipiou,
uépoc autng Ba amoppodpnBel and 1o UALKO Tou MapaBupou odnywvtog cs avénon TG
Bepuokpaciag Tou, Snuloupywvtag £ToL Petadopd BepUOTNTOC KAL TTPOG TA LECA KAL TTPOG TA
£Ew, MPWTOV UE aywyn €vtoc Tou TIOHLOU Kol SEUTEPEVUOVIWG UE CUVAYWYN Kol aKTVOoPBoALa

OTLG eMLPAVELEG KL Ao TLG U0 TAEUPEG TOU.

By Incident
-::JOr:- solar
A radiation
Absorbed Radiant heat
« E < exchange with other
5 surfaces
Reflected radl.':i;on
solar Transmitted
radiation solar
Qutdoor Nlﬁmt!on
temperature, T, Temperature
< Conducti - profile across
onduction the glass
_ through the =
Convection at external glass Convection at internal
surface D A surface
Radiant heat window
exchange with the glass Indoor
surrounding pane temperature, T;

Ewkova 4 Oepuikég anwleles ota napaduvpa [13]

KaBe mapabupo xapaktnpiletal anod tov S1kd Tou cuVTeAEoTH NALAKNG BepUknG amoAaBng

(SHGC), o omolog opiletal amd TNV mapakdtw e¢iowon.

Q@solargain

SHGC = : OTou

Qincident
Qsolargain: Képbog nAtaxng Bepuotntag péca amo To napddupo
Qincident: HAtakn aktivoBoAia tou mpoomimntel mavw oto mapddupo

O ouvteAeoT ¢ aUTOC Ttallpvel TIHEG oo 0 €wg 1, pe TV T 1 va avTtlotolyel o pia Tpumna

otov tolyo, kaL tnv T 0 va avtlotol el og anouaoia mapabupou.

Mo va UMOAOYLOOUME Ta TIPOYHATIKA NAlaKA KEPSN Tou KTlplou amd ta mapdbupa

XPNOLLOTIOLOUE TNV TAPAKATW OXEON:

Qsolargain = SHGC * Awindow * Qincident
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Awindow: enupavela mapabupou

‘Evag aA\og Tpomog XapaKInplopol twv mapablpwyv pe Bacn tTnv cuunepldbopd Toug otnv
nAtakn aktivoBolia ival va To cuykpivoupe pe éva mopdBupo mou £xoupe BEoel w¢ onpeio
avadopdc. Opilovpe Aowumov eva mapabupo pe SHGC (oo pe 0,87 wg onueio avadopdg Kat
Héow autoUl opiloupe tov ouvteheotn okiaong (SC) wg tov Adyo tou SHGC tou eKAOTOTE

napaBUpou wg npog Tov SHGC tou mapabupou avadopdc. AnAadn oyvet :

_ SHGC _ SHGC
~ SHGVref  0.87

MNa adladaveic emipdvele OMwG oL toixol Kot ol opodég n emidpacn tNG NALAKAG
aktivoBoAiag Sev umopel va ayvonBeil. H Bepuokpaocia autwv Twv emidpavelwyv eivat
peyaAltepn amod tnv Beppokpaocia tou meplBaiiovtog. MNa opBATEPO UTIOAOYLOUWY TWV
BepuLkwv PpopTiwv Tou KTipiou, otig e€lowaoelg petadopdg Bepuotntag aviikablotoUe TNV
efwteptkn Oeppokpaocia pe tnv Tsolair. H Bepuokpacio auth umtoAoyileTal amno TV MAPAKATW
oxéon [14].

a * Qsolar & x o = (Tambient* — Tsurface*)

Tsolair = Tambient + -
ho ho

Tambient : Beppokpacia meppdAloviog

a : oUVTEAEOTNG NALOKAG OIToPPOdNTIKOTNTAG

Qsolar : nAtakn aktwvoBolia Tou MpooTinTeL oTNV emudaveLla
€ : OUVTEAEOTNG EKTIOUTIAG

o : otaBepa Stefan — Boltzmann

Tsurface : Bsppokpaoia enipavelag toixou

Yo otaBepéc ouvOnkeg, o pubudg petadopdg Bepudtntag omolouSATIOTE TUNUOTOS TOU

KTiplou, eite mpdkettal yla toixo i opodr uropei vo mpoadloplotel amod v efiowaon

Q=UxA=*(Ti—To)

U: oAwko6G ouvteheotn¢ petadopag Beppotntag
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A: eTudavela ou Aappavel ywpa n petadopd tng Beppotntag
Ti: ecwteplkn Bepuokpacia
To: e€wtepikr Beppokpacia

O ouvteheotic U éxet povddec W/m2*K, SnAadr ekdpdlet Tnv Bepudtnta mou péeL o€ UAKO
ava povada enipavetag kot Babpou K. Ekdppdlel To mOco anodoTko eival To EKAOTOTE HEPOC
TOU KTpilou otnv petadoon BepudTNTOC OTO £0WTEPLKO Tou. 0O MIKPOTEPOC eival o
OUVTEAECTNGC, TOOO ALlyOTEPN BEPUOTNTA ELOEPXETAL OTO ECWTEPLKO TOU. TUTILKEG TLUEG Tou U
kupaivovtat amnd 0,18 W/m?*K yia povwpévo toixo péxpt 2 W/m2*K yia amAd tovBAa. Ze

Toixoug mou amoteAoUvtal ard TOAAG UALKA N cuvoALkA Tuur tou U Sivetal amo tnv oxéon:

1 1 1 1

Utotalzm-l_ﬁ-l_' Un

U1,U2...Un o cuvteAeotnc petadopdg Bepuotntag tou kKaBe UAIKoU

4.2.3 OgpuoTNTA MAPAYOEVN OO TOUG AVOpWIOUC

OL avBpwrol armoteAoUVTAL A0 TPLOEKOTOUMUPLO ULKPOOKOTILKA KUTTOPO, HECO OTA Oomola
Aappavouv xwpa Stddopeg Aettoupyleg amapaitnTteg yla thv emiBiwon. To cUVOAO AUTWV TWV
Aewtoupylwv ovopdletol petaBoAiopds [14]. OAeg autég ol Asttoupyieg, eleuBepwvouv
Bepuotnta and Tig Kavoelg Twv Stadopwv Tpodwv. O puBUOE HeTABOALOUOU O KOTAOTAON
npepiog ovopdletal Baokog LeTaBoAkog pubudg, kat eivat o puBudg Tou petaBoAlopol mou
QUTALTELTOL VLA VA KPATHOEL VO CWHLA TIOU EKTEAEL TIG PAOLKEG CWHATIKEG AELTOUPYLEC OTIWG
avarnvor), kukAodopia tou aipatog xwplc kapia dAAn e€wtepikn Spactnplotnta. MNa éva péco
avBpwro 30 etwyv, paloag 70 khwyv, UPoug 1,73 m, o Baolkdg peTtafoAlkdg pubuog eival
niepimou 84W. O puBpog autdc pmopei va av€nOet péxpt kat 10 popig, avaroya e To eninedo

NG CWUOTIKAG AOKNONG.

4.2.4 OQgppotnta ano ta cuotipata GwIlcpou

H evépyela mMoOU KOTAVOAWVOUVE TO CUOCTAUOTA PWTLOHOU amotelel mepimov 10 7% NG
OUVOALKNG EVEPYELOG OTLC KATOLKIEG KAl TO 25% ota epmoplkd Ktipla [14]. OAa ta cUyypova

cuotAuata GWTLOHOU XPNOLUOTIOWOUY NAEKTPIKN evépyela. To mood Bepudtnrag rmou
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EKTEUTEL Eva cUOTNUA GWTLOHOU e€apTdaTtal oo To £i60G Tou. OL AQUIES TTUPAKTWOEWG EXOUV
xaunAn anodoaon, o avtiBeon pe tig Aapuneg dBoplopou mou €xouv uPnAn anodoon alid
KoLt UPNAG KOoTOC. MLa Kowvr) Adpma mopayel 5 €éwg 20W evw o Aaumna ¢pBoplopol 55 pe

200W. Anoppintouve oto reptBaAlov nepimou to 40% TG EVEPYELAG AUTAG.

4.2.5 Ogppotnta ano TG NAEKTPLKEG CUOKEUEG

OL mepLooOTEPEG NAEKTPLKEG CUCKEUEC TIEPLEXOUV €Va NAEKTPLKO KVNTHPA, £€TOL N BeppotnTa
TIOU €KTEUTIEL LOOSUVANEL E TNV EVEPYELA TIOU KATAVOAWVEL O NAEKTPIKOG KvnThpag. H
OVOLLOLOTLKI LOXUC ToU KvnThHpa ekdpalel Ty Beppotnta nou anodibel oe cuvOrKeg TANPoUC
doptiou. AANG £vag KlvnTApog Asttoupyel cuvnBwe oe ouvbnkeg peptkol doptiou, mepimou
30% £wg 40%. Etol opiloupe tov cuvteleotn ¢optiou (loading factor) wg tov Adyo tng
XPNOLUOTIOLOUHEVNG LOXUC WG TIPOC TNV HEYLOTN Suvath Loy Tou KWvNTAPQ, Ke TNV Tiun 1 va
avtlotolxel oe ocuvBnkeg mAnpoug poptiou. O AOYOG TNG KIVNTLKAG EVEPYELAG TIOU TTAPAYETOL
W¢ TPOG TNV NAEKTPLKN evépyela Tou SlvouUe oTov Klvntrpo ovopdletal anddoon Tou
Kwvntnpo. H amddoon Tou KvnThpa PELWVETAL LE TNV HElwaON Tou cuvteleotr) doptiou. Evag
GANOC TTOPAYOVTAG TTOU EMNPEALEL TO TTOOO TNG OEPUOTNTOG TOU EKAUETOL E(VAL O CUVTEAEDTHG
Xprnong, He tTnv TN 1 va avtiotolyel oe mAnpn xpnon. H cuvoAikr) Bepudtnta mou eKAUETAL
OO MLO NAEKTPLKN) GUOKEUN TIOU TIEPLEXEL NAEKTPLIKO KlvnTrpa SlveTal amd tv mapoKATw

eflowon:

Wmotor * fload * fusage
n

Qea =

Wmotor: n oxUg Tou Kvntripa
fload: cuvteheotnc poptiou
fusage: ouvteheoTn ¢ xpHong

n: anodoon Kwntnpa

H nopandavw etlowon pmopel va xpnolpomnolnBel yia ocuokeueg onwg to Yuyeio kal to
TIAUVTNPLO. ZUOKEUEG OTWG N TnAedpaon Kal n NAEKTPLKA Kouliva mepLEXouv HOVO NAEKTPLKN
avtiotaon kat n BgppdtnTa Mou ekAUOUV LOOUTAL LE AUTHY TIOU TIAPAYEL N CUVOALKA TOUC

avtiotaon. Yrnohoyiletal and tnv oxéon :
Qtv,cooker =V x[ =% %R

V: tdon Aettoupyiog
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I: évtaon nAEKTPLKOU PEVATOC
R: oAk NAEKTPLKN avtioTaon TG CUOKEUNG

4.3 EvepYELOKA CUOTHHATA KTLPlwV

4.3.1 HAlakol cUAAEKTEG

Ot maBntikol nAtakol CUAAEKTEG amoTteAoUvTaL o pa pavpn emidavela mou anoppodast
nAtakn oktwvoPolia, éva Slakevo aépa Kot Eva YuaAwvo Kaluppa. O aépag HEoa oTo SLAKEVO
Beppaivetal KoL e TNV OELPA TOU BEPUALVEL TO VEPO TIOU PEEL GTOUCG CWANVEG TOU, TTAPEXOVTOS

{e0To vepO xpnonc. TomoBetouvtal cuvnBwE oTIC 0podEC TWV KTLplwv.

4.3.2 NéBnteg

AEBNTag elval éva oxelo misong oto omoio petadépetol BepudTnTa Ao TA KAUCAEPLO OE
£€va peuoTo. MNa va emtevxBel uPnAn amddoon, To vepd TIOU MEPLEXETAL OTA KAUCOEPLA
TPEMEL VA SUUMUKVWOEL kal n AavBavouca Bepudtnta mou Ba aneheuBepwbel mpénel va
xpnotpomnotnBet ylo tnv enavobéppavon tou vepou emiotpodng. Auto mpoUmoBETel OtTL h
Bepuokpaocia emotpodn vepou va eival kAtw amd 1o onueio 6pdooU TwV Kauoaepiwv
(mepimou 55 ° C ywa toug AéBnteg duoikou aepiou)[15]. Ooco Yuxpdtepo eival to vepd
emoTPodnG, Téoo peyaAltepn elval n moodTnTa TOU vePOoU ou Ba cuuNUKVwWOEL, dpa Tooo

udnAotepn n anodoon. OLAEBNTEG CUUTIUKVWONG €X0UV amodoon mepinmou 85%-95%.

4.3.3 JuoKeVECG BEppavon e NAEKTPLKA avtictaon

H andédoon twv cuokeuwv BEppavong e NAEKTPLKN avtiotaon, eivat 100%, kabw¢ To cUVOAO
NG NAEKTPLIKAG EVEPYELAC TIOU XPNOLUOTOLE(TAL PETATPEMETAL O BepudTNTA. ITO TAPWY
oUOTNUA NAEKTPLKNG TTOPAYWYNG, EVO LEYANO LEPOC TNG NAEKTPLKIG EVEPYELAC TIOPAYETOL A0
Kauon avBpaka pe xaunAn anddoorn, MPAyUa TIOU CNUALVEL OTL N LETABOON amo NAEKTPLKN
Bépuavon oe xprnon metpelaiouv n puowkol aepiou pe €va AéBnta uPnAng amodoong Ba

obnyoloe g GNUAVTLKA HElWON OTN XProN MPWTOYEVOUG EVEPYELOC.
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4.3.4 KAMpotiotika

‘Eva KALLATLOTIKO pmopet va BewpnBel w¢ pa pikpr) avtAlo Bepuotntag mou Aettoupyel otnv
Aettoupyla PUENG. XpnOLUOTIOLELTOL O KATOLKIEG KOlL O ULKPA EUTTOPLKA KTipla. OMwCe KoL OTLG
avtAleg Bepuotntag, n amddoon evog KALWOTIOTIKOU yapaktnpiletal amd tov Babuo
anodoaong COP, o omoloc eival o Adyog tng Bepudtnrtag mou adoatlpei anod éva Ktiplo mpog tnv
XPNOLLOTIOLOUHEVN EVEPYELA. Ta KALLATIOTIKA CUMTTLEIOUV KOL EKTOVWVOUV TO PUKTIKO TOUC
p€oo. To PUKTIKO péoo efatpiletal o xaunAn nieon o £vav efatuiotnpa, omou kadiotatot
Yuxpotepo amd tov mepBariovia aépa (avTAWVTOC £ToL BepUdTNTA OO TOV A£pa), UETA
OUUTUKVWVETAL UTIO Tileon O€ €vo GUMTUKVWTHA, Omou yivetal Oepuotepo amd Tov

niepLBairovta agpa (ameleuBepwvovtag €ToL BepudTNTA OTOV 0EPQ).

4.3.5 Oeppooipwveg

OL nAektplkol Beppoocidwveg xpnolpomololve TNV Bepuotnta Tou ekKAUEL N NAEKTPLKA
avtiotaon toug yla va Bepudvouv To vepo, kat €xouv 100% amnodoon. Ouwg mapoAo mou
gxouv uPnAn amodoon, auvfdvouv MOAU TNV MPWTIOYEVH KaTavaAwon evépyelag, SLOTL n
NAEKTPLKN €VEPYELQ TIOU XPNOLUOTIOLOUV TOPEXETAL amd To SIKTUO TOPOXNG NAEKTPLKNG
EVEPYELAG, TIOU €XEL XAUNAO BabBud anddoaonc, Tng tagng tou 30% pe 35%. OL Bepuoocidwveg
TIOU XPNOLUOTIOLOUV PUOLKO 0EPLO YLa TNV BEpUavan Tou vepou, éxouv anodoon 76% e 85%
[15]. Av to vepd amoBnkeutel os pla de€opevn yla va xpnotpomnotnBet apyotepa, n Bgppotnta
Ba péel péow TWV TOWHATWY NG defapevig kot Ba xabel. OL anwAeleg BepuoTnTAG TNG
Se€apevng eCaptwvtat and Tov Aoyo g emupavelag tng Se€apevig wg MPog Tov OYKOo TN,
otnv Beppokpactakr dltadopd LETALYU TOU ECWTEPLKOU TN deEAUEVHG KOl TOU TtepLBaAlovia

XWpou, KaBwg Kal arnod tnv aviiotaon tng Lévwong.
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KEDAAAIO 5 : NEPITPADOH TOY MONTEAOQOY

5.1 ZKOmAG Tou povtéAou

210 KedaAalo auTto mapoucLaletal To POoVIEND 0TO onoio Baoiotnke n mapovoa epyaocia. To
LOVTEAO TIEPLEXEL TIG QTMAPAITNTEG EELOWOELG, TIEPLOPLOUOUG, TIOPAUETPOUG KOl TAPASOXEC
TIOU XPELA{OVTAL yLO VO UTIOAOYLOTOUV OL EVEPYELAKEG AVAYKEC EVOG VEOU KTlplou Kol va
emAexBouv ta KatdAAnAa cuotrnuata, adol To HoVIEAO SWOEL TOo GUVOAO TwV AUCEWV TOU
npoBARuartog. Baoiletal 0To LOVIEAO TNG EMLOTNUOVIKAG dnuocicuong twv M.Karmellos et al
[1]"A multi-objective approach for optimal prioritization of energy efficiency measures in

buildings " aAAd €xel TIC £€11G TPOTIOTIOLNOELG:

1. ‘Exouv ypappLkomolnBei ol e€LOWOELC yLa TOV UTIOAOYLOUO TWV EVEPYELAKWY AVAYKWV

(To TeAKO mMPOBANUA lval yPAUULKO).

2. ‘ExeL mpooTebel N AVILKELUEVIKA CUVAPTNON TWV CUVOALKWV eKTTOUTIWV Sloeldiou Tou
avBpaka.

3. EmlUetal pe tnv péBodo AUGMECON2 avti tg pebBodou Twv ouvieAeotwv
otaduong.

4, ‘ExeL povtelomolnBéL o mAatpopua GAMS (n mponyoUpevn povtehomoinon Atav oe
MATLAB).

5.2 Nepypadn Twv eELOWOEWV TOU HOVTEAOU

5.2.1 AVTIKELUEVIKEG ZUVAPTACELG

To mpoPANUa TTou peAETATOL £XEL 3 OVTIKELUEVIKEG CUVAPTAOELG :

1. JUVOALKH TIPWTOYEVAC KATAVAAWGT EVEPYELAG
2. YUVOMIKEG ekTTOUTTEG SLo€eLSiou Tou dvBpaka
3. YUVOALKO ETHOLO KOOTOC

Mapakdtw Teplypadovtal OAEC TIC EELOWOELG AVOAUTLKA, WOTE VA 0pLOBOUV e AETITOUEPELEG

Ol 3 QVTIKELUEVIKEG CUVAPTAOELG TOU TIPOoPBARLATOC.
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5.2.2 E§LowoEeLg ETAOYNG LEPWYV TOU KTLPLOKOU KeAUDOUG

Mo tnv emhoyn cuotnuatwy xpnotomnotnnkav Suadikég petafAntég. Otav eTuAéyetal Eva
cuotnua n avtiotown duadikn petaPAntn maipvel Ty T 1, aAiwg tnv Tun 0. Mo va apet
T auti n duadikn petaBAnti npénel va oploBel n avtiotowyn efiowaon. OL elowaoelg yla

TNV €AOYI TWV LEPWV TOU KTLPLOKOU KEAUPOUG mapatiBevTal mMapaKATW :

° Nopteg

Mo tnv emloyn) moptag xpnotpomnoleital n e€iocwon :

D
ZXdDOOR =1 (1), 6mou

a1
xB90R: n uadikn petaBAnth yia thv emoyn tng mdptag d and éva clvolo D Slabéotuwv
gTAOYWV

° Napabupa

Mo tnv emdoyn mapabupwv xpnoomnoleital n eélowon:

YA
D> ™ =11(2), érou
z=1
xIV: 0 Suasikr peTaBANTA yia T eMAoyr Tou apaBUpou z amod £va 6UVOAo Z Slabéciuwy

gMAOYWV

. Toixot

Mo TNV emdoyn) Tolxwv xpnotponoleital n e€lowon:

W

W
ZXWALL =1 (3), 6rmou

w=1

WALL.
w .

x n duadikn petoBAntr yLo Tnv enthoyn Tou toixou w amod éva cuvolo W Stabéotuwv

gMAOYWV

° Opodég
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Ma tnv emAoyn TG opodnc xpnoLuomoleital n efiowon:

R
Z x =" =1 (4), 6mou

r=1
xCEIL: n Suadikn petaBAnTh yo Thv emhoyr TG 0podAc r amd éva cUvoho R Slabéotuwv

gMAOYWV
° Adamneda

Ma tnv emdoyn tou Samnédou xpnotuonmehat n eéiowon :

ZXFLO 1 (5), 6OV

xCEIL: 1 Suasikr petaBAnTh yia tnv emloyr tou Samédou r amod éva oUvolo R Slabéotuwv

ETUAOYWV

5.2.3 E§LoWOoELG ETAOYNG EVEPYELOKWV CUOTNHATWY

° ZTuothpata O£pupavong

Ma tnv Aoy Tou cuoTtnuatog Béppavong xpnolpomnoleital n eélowon:

EHSI NEHSI NEHWSI
EHS x NEHS EHCS EHWS NEHWS _ ,
z Xensi T Z nehsi T z Xehesi T Z Xetwsi T Z Xnehwsi = 1 (6), omou
ehsi=1 nehsi=1 ehcsi=1 ehwsi=1 nehwsi=1
xfffssl n duadikn petaPAnTr ylo tnv emhoyn Tou nAektpkol cuothipatog Bépuavong ehsi amno

€va ouvolo EHS Slabéotuwy emthoywy

xNEHS . n Suadwkr petaPAnt ya tv emhoyr) Tou pn NAEKTPLKOU GUCTAMOTOSG BEpHavOng

nehsi anoé éva cuvolo NEHS SltaB£oipwy emhoywy

EH CS.
Xehcsi *

n Suadikn petaBAnT yLa Thv emhoyn Tou NAEKTPLKOU cuothpatog Béppavong-PuEng

ehcsi and éva cuvolo EHCS dlabéoipwy emhoywv

xf,’fm'%f n duadikn LeTaBANTN yLa TNV €TLAOYT TOU NAEKTPLKOU CUOTALATOG BEPUAVONE XWPOU

KoL vepol ehwsi amo éva cUvoho EHWS Stabéotpwv emthoywy

NEHWS.
nehwsi *

x n Suvadikn petaBAntn yla TNV mAoyr] Tou pn NAEKTPLIKOU cuothipatog Béppavong

XWpPoU Kal vepol nehwsi and éva cuvolo NEHWS SlaBéotpwy emthoywy

° Tuotipata Yuéng

o tnv emloyn Tou cuothpatoc Yuéng xpnotpomnoleitat n e€icwon:
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ECSI EHCSI

Z XESS 4+ Z xEHCS = 1(7), 6nou

ecsi ehcsi
ecsi=1 ehcsi=1

55; n Suadikn petaPAnTr yla TNV €mAoyr Tou hAektplkol cuotrnpatog PuEng ecsi amo éva

ouvoAo ECS SlaBéoipuwy emhoywy
xEHES: ) uasiki petaBAnTh yia thv emiloyn tou nAektpikol cuotApatog Béppavong-Pigng

ehcsi and éva clvolo EHCS Slaboipwy emhoywv

° Zuotipata O£pupavong vepou

Ma tnv emAoyn Tou cuoTnUatog B€ppavong vepou xpnolpomnoleital n eflowon:

EWSI NEWSI NEHWSI
EWS NEWS EHWS NEHWS __ .
Z Xewsi + Z XneWS| + Z XehW5| z Xnehwsi =1 (8)' orouv
ewsi=1 newsi=1 ehwsi=1 nehwsi=1

xf‘,‘(,'/sf: n duadikn petaBAnT yla TNV €mAoyr Tou NAeKTPLKOU cuothuatog BEppavang vepol

ewsi ano éva cuvolo EWS SlaBéotpuwyv emthoywy

xNEWS: 1 Suadikh petaPAnTh yla TNV emAOyY TOU Wn NAEKTPKOU GUOTAMATOG BEpUavong

vepoU newsi amo éva cuvoho NEWS SlaBeatpwv emthoywv

xf,’{lm‘f;f: n duadikn LetafAnTN yLa ThV eAOYr TOU NAEKTPLKOU CUOTHHATOC BEpavong Xwpou

KoL vepoU ehwsi amo éva cuvoho EHWS Slabéotipwv emthoywy

xNEHWS . 1 Suasdikf petaBAnTh yia thv emhoyr TOU Un NAEKTPLKOU GUGTAUATOG BEpUavong

XWpou Kal vepol nehwsi and éva cuvolo NEHWS StaBéatpwy emhoywy

. HAwakog Bspuocidowvag

Mo TNV emidoyn) Tou nAtakol Beppoacidwva xpnollomnoleitatl n efiowon:

SLCI
2 xS <1 (9), brou

slci
slci=1

SSILCf n duadikn LeTaBAnTA yla tnv enthoyn Tou nAlakou Beppocidwva slci anod éva cuvolo

SLCI Staféouwv emloywv

H ermloyn tou nAlakoU Bepuocidwva elval TPOALPETIKY, YLO AUTO OTNV aviowon £XOUME

<<ULKPOTEPO 1 00>> avti yla amAn odtnta.

. dwtoBoAtaika

Mo tnv emidoyn) Tou pwtoPfoAtaikol xpnowlomnoleital n e¢lowon:
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RESI
Z x"E <1(10), mou

resi —
resi=1

xRES: n Suadikh petaBAnTA yia Ty emloyr) Tou dpwtoBoAtaikol resi amd éva cOvoho SLCI

SlaBgotpwy emAoywv

H emdoyn tou ¢wtofoAtaikol eival TPOALPETIKA, yld autd othv aviowon E£XOUpE
<<ULKPOTEPO 1 (00>> avtl yla amAn wotnta.
. Zuotiuata pwtopol
Mo TNV emAoyr] TOU CUCTAKATOC GWTLOUOU Xpnollomnoleitatl n efiocwon :
LI
Z X" =1 (11), émou
li=1
xEAMP: 1 Suadikr neTaBANnTh yla Thv emthoy Tou GUSTAUATOG GwTLopoU li and éva clvolo
LI StaBéoiuwy emloywy
. TnAeopaon

Mo tnv emdoyr) TNAsopacng xpnotgomnoleital n e€lowon :

TVS

Z x,] =1(12), 6mou

tvi=1

xz;}/i: n Sduadkn petaBAnti ywo tnv emidoyn thg thAedpoonc tvi amd éva ouvoho TVS

Slo0gopwy emloywv
MAuvtiplo

Mo TNV emtidoyr) MAuvtnpiou xpnolpomnoleital n e§iowon:

WASH
WASHING __ i
z Xoasni =1 (13), émou
washi=1
xvvyfs‘s;f}”NG: n duadikn petoBAntn yia tnv emthoyn tou mAuvtnpiou washi and éva cvvolo

WASH 8laBéoipwv emiloywv

° HAektpikr kouliva
Mo TNV emidoyn nAektpikng koulivag xpnotponoleital n e€lowon:

COOK
z X COOKING =1(14), 6rou

cooki
cooki=1
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xgoooo,(’f’NG: n duvadikn PeTaBAnTA ya TNV mhoyn TNG NAEKTPIKNG Koulivag cooki amd éva

ouvolo COOK SLabéotpuwy emhoywy
Wuyeio
lMNa tnv emdoyn Yuyeiou xpnotpomnoleital n e€iowon:

REFRIG
D Xee =1(15), émou

refi
refi=1

Xyofi: N Buadwkn petaBAnti yia v emdoyr tou Yuyelou refi amd éva olvodo REF

SlaBgotpwy emAoywv

5.2.4 E§LOWOELG UTIOAOYLOOU EVEPYELOKWY OVOLYKWV

ApXLKG uTtoAoyilovTal Ol LNVIALEC EVEPYELOKEG OIVAYKEG TOU KTLPLOU.

. Mnvlaieg avaykeg Bépuavong

O avaykec Bépuavong Sivovtal amo tnv mapokatw sfiowon :

HD .
Qm = HSm * I:conv *(QT,m +Q/EN,m _QINHG.m _QSL,m) (16), av Q;D >0, aMuwg
QHD — 0
Qr n =BLC*(T, =T, )™t (17) : amwAeleg evépyelag péow Twv TolywpdTwy (kWh)
Quen m =0y *CPy *ACH *V *(T, =T, . )*t, */3600 (18): anwleleg Adyw e€aeplopol
(kwh)

Quriem = (Moeope * Qpeopte + Qeam) * L (19): BeppoTTA TIOU MAPdyETAL AT TOUG AVBPWTTOUG

KOLL TLC NAEKTPLKEC oUOKeVEG (kWh)
Qs m = Avingoms * e *Fs *Fo *1g_, *t, *X"™ (20) : Oeppikd nhwokd képsog (kWh)

coMm

BLC = z A:om *Ucom *bcom (21)

com=1
O 6pog BLC untohoyiletal ylo com=mndptec, mapdbupa, Samneda, opodég, toixoug

Aom: ETLAVELD oTOLKEIOU TOL KTIpiou (mopTeg, mapdbupa, Sdneda, opodEg, Toixoug) (m?)
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Ucom: ouvteleotig petadopdg Bepupotntag otolxeiou tou kiplou (mdpteg, mapdbupa,

daneda, opodEg, Toixoug) (W/m?*K)

beom : SUASIKA TIOPAUETPOG TIOU TtallpvEL TNV T 1 av To EKAOTOTE OTOLXELOU TOU KTLpiou

S€xetal pon Bepuotntag kat 0 av Sev S€xetal

HS,,,: SuadiKr TAPAUETPOG TIOV TtalpVeL TNV T 1 otav amnatteitot Béppavon kat 0 otav dev

amnouteitat

Feonv: OUVTEAEDTN G HeTatponig Twv kWh og MJ (3,6 MJ/kWh)

BLC : ouvteAeotrig dpoptiou Tou KTLpiou

Fg: Aoyog emudavelag T{aplol Tpog cUVOALKN TV emdavela opabupou
Fs: ouvteleotng 610pBwong okioong mapabupou

F(: ouvteheotng 610pBwong okioong mapabupou yla LETOKLVOULEVO AVTLKELLEVDL
Apindows : EMdaveLla Ttapabupou

Is; m : nAakr) aktwvoBolia mpog npooTtintel oto mapdBbupo

ty: 6LApKELD TOU HAVO M OE PEPES

tm: SLAPKELO TOU UV M OE WPEG

T;y: ecwtepikny Oeppokpaocia oxedlaouou yia thv nepiodo B€ppavong (°C) (
To.m: MEoN e§wTepLkr) Beppokpacio Tou prva m (°C)

CP,;ir : Beppoxwpntikotnta tou aépa (kJ/mol*K)

dgir : UKVOTNTO aépa (kg/m?3)

ACH: puBuoc avavéwong ToU ECWTEPLKOU QPO TOU KTLpiou

V: 6ykog Tou aépa tou Ktipiou (m3)

Qpeople: OEPHOTNTA TOU EKMEUTEL EVOG AVBPWTTOG

Npeople: TANBOG AVOPWTIWVY 0TO ECWTEPLKO TOU KTLPiOU

Qeq: BEPULOTNTA TOU EKTIEUTIOUV OL NAEKTPLKEG CUCKEUEG

o Mnviaieg avaykeg pogng

OL avaykeg Pueng divovtal anod tnv mapakatw eiocwon :
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anw:D = CSm * I:(:onv *(QINHG.m +QSL,m _QT,m _Q/EN,m) (22), av Qn(iD >0, aMuwwg Qn(iD =0
QT,m =BLC*(T, _To,m)*tm (23)

QVEN,m = da\ir *CPair * ACH *V *(TIC _TO,m)*tm /3600
24
+0,, ¥ *ACH *V *(w, —w, ) *t,, / 3600 24)

CS,, : 6uadikn TapAapeTpog mou maipvel tnv T 1 étav anatteital O€ppavon kat 0 6tav 6ev

amatteitat

T;c: eowtepikr Beppokpaoio oxedlaouov yia tnv epiodo Yuéng (°C)
o: anoppodNTIKOTNTA TOU UALKOU OTO £EWTEPLKO TOU TOlXoU

hsg: AavBavouoa Beppotnta egatuong

W;: E0WTEPLKN Bepuokpaacia 16k vypacia

Wo m: MECN ESWTEPLKT Lypacia

G501 NALOKN akTvoBoAia TOU TIPOOTILTTEL 0TV EMLOAVELA TOU TOXOU

. Mnviaieg avaykeg B€ppavonc vepol

OL avdykeg B€ppavong Tou vepou Sivovtal amo tnv mapakatw efiocwon :
DHW '
Qm :Wsm * I:conv *(thwu,m _QdSLC,m) (25)' av thwu,m > QdSLC,m aMqu QDHW,m = 0

WSy, : Suadikn mapdueTpog mou maipvel Tnv T 1 otav anatteital n B€ppavon tou vepou

KoL TRV T 0 6tav dev amatlteital
Qanwum: BeppoOTNTA TTOUL aTtaLTeiTaL YL TNV BEpUAvVON TOU VEPOU XPHONG TOV Hrva m

QasLcm: EVEPYELQ TIOU TtapEXETAL artd Tov NALakd Bepuocidwva yia thv B€ppaveon tou vepoy

Xprong tov priva m

thwu,m = m*dwater *CPater ™ (Torw _TDCW,m)*tm (26)
m: porj {eotoV vepou xpriong (m3/s)
dyater - TIUKVOTNTA VEPOU
CPyater : OEPUOXWPNTIKOTNTA TOU VEPOU
Tpuw : eBuunth Beppokpacio tou Leotou vepou xprong (°C)
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Tpew,m : Oeppokpacio Tou vepou mapoxrig tov priva m (°C)

SLCI
— * * * *t * SLC %
QdSLC,m - I:conv ASLC I:SLC ISLC,m td Z Xslci rlslci (27)

slci=1
Agpc: emuddvela nAtakou Beppocidwva
Fs; c: ouvteheotng S16pBwong okiaong tou Beppoocidpwva
Is ¢ m: NAakn axtivoBoAia ou mpooTtintel otov nAtako Beppocipwva
Ngci: amdSoon Tou nAakoL Beppoacidwva

. Mnviaieg avAayKeg NAEKTPLKAG EVEPYELOC VIO PWTLOUO

OL avaykeg NAeKTPLKNG EVEPYELAG VIO dwTIopO Sivovtal amod tnv mopokdatw e€iowon :

L LI
Q;D = I:conv *td *Z I:>I * fuse *Z XIIi_AMP (28)
1=1

li=1
P; : loxUg Aapumtnpa

fuse : NHEPAOLA Xprion Aaprtipa

L : aplBuog Aapmntipwv

. Mnviaia mapaywyn NAEKTPLKAG EVEPYELAG amo PpwToBoAtaikd

H pnvialo mopaywyn NAEKTPLKAG EVEPYELOC SlveTal amo v mapakatw efiocwon :
Q' = A, N, *PR, *F, * 1y, (29)

Apy 1 eTuddvera pwtofoAtaikou

Ny : aroboon Tou dpwroBoAtaikov

PR, : andboon mou ekPpAalel TLG AMWAELEG TOU CUOTHUATOG

F,y, : ouvteheotig okiaong

Isp m : NAakn) aktvoBolia mpoomintouca 0to dpwtoBoAtaikd Tov piva m
Mnviaieg ovayKeg NAEKTPLKNAG EVEPYELAC YL TIC NAEKTPLKEG CUCKEUEG

OL avayKeg NAEKTPLKAG EVEPYELAC VLA TG NAEKTPLKEG CUOKEVEG Silvovtal amd TV MapaKATw

EA
8&00.)01’] : QnEA = I:conv *td * z (XEAS * Pea * fuse_ea * fIoad) (30)

a
ea=1
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P, : 10XUG NAEKTPLKAG CUOKEUNG
fuse_ea : NHEPNOLA XPON CUCKELNG
fload : OUVTEAEOTNG PopTioU CUCKEUNG

Metd umtoAoyilovtal Ol €T OLEG EVEPYELAKES QVAYKEC.

° Etnola anattoUpevn evépyela yla Bépuavon

H etnola anattovpevn evépyela yla Béppavon Sivetal and tnv mapakatw fiowon :
12

Q™ =>"Qn° (31)
m=1

. Etola amattoUpevn evépyeta yio Puén

H etiola anattolpevn evépyela yia PuEn divetal amod tnv napakdtw sficwon :
12

Q®=>Q" (32
m=1

. Etnola amattolpevn evépyeLa yLa Thv BEppavaon tou vepou

H etriola analtovpevn evépyela yla tnv B€puavon divetal amo tnv nopakdatw eéiowon :

. Etnola amoattolpevn evépyela ya ¢pwTlopd

H etiola anattolpevn evépyela yio. dwTlopd Slvetal amo tnv mapakdtw efiocwon :
12
LD _ LD
Q¥ =>Q:°(34)
m=1

. ETola anattoUpevn eVEPYELA YL TLG NAEKTPLKEG CUOKEUEG

H etnola amattolUeVn evEPYELD YLA TIC NAEKTPLKEC CUCKEUEC Sivetol amd Thv MOPOKATW

eiowon :
12

Q™ => Q" (35)
m=1

° Etiola mapaywyr nAeKTpLKNG evépyelag omd dwtoPoAtaikd
H etrola mapaywyn nAeKkTpKNG evépyelag anod pwrtofoAtaikd Sivetal amd tnv MopakATw

elowon :
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12
Q™ =>"Qr (36)
m=1

5.2.5 YIOAOYLOHOG KOTAVAAWGCNG TTPWTOYEVOUG EVEPYELOLG

Ma va UTTOAOYLOTEL N TIPWTOYEVIC KATAVAAWGT EVEPYELAC EVOG CUOTHLATOC TIPETEL TIPWTA VOl
UTIOAOYLOTEL N OUVOALKA KOTOVOALOKOUEVN evépyelo. Mo vo PpeBel n  ouvolika
KOTOVOALOKOUEVN EVEPYELA TIOAAXTTAQCLALETOL O OALKOG CUVTEAEDTH) OMOS00NC TOU EKACTOTE

CUOTHLATOC HLE TNV avtioTtolyn {Atnon evépyeLag.

Mapakdtw yivovtal ol UTIOAOYLOHOL ylol TNV TEPIMTWON TOU CUOTHUOTOG Béppavong He

NAEKTPLKA EVEPYELQAL.

O 0OAKOC CUVTEAEOTC AMOS00NG TOU CUOTHHOTOC BEpavang e NAEKTPLKA evépyela Sivetal
oo Tnv apakatw e€iowon :
EHSI yEHS  EHCSI y EHCS  EHWSI o EHWS

X o X
_ ehsi ehcsi ehw3|
SEH,, = Z EHs T Z EHCS T Z EFWS (37)

ehsi=1 "lensj ehcsi=1 nehcs| ehwsi=1 ehw5|

nf,’fssi : CUVTEAEOTNC AmOd00NG TOU CUOTNUATOG BEpavong e NAEKTPLKN evépyeLa ehsi

Me mapopolo Tpomo umoAoyilovtal Kol oL OALKOL CUVTEAECTEG AmOSoong TwV CUCTNHATWY

B£puavong pe kaaotpo, PuEng, BEpuavonc Tou vepol UEe NAEKTPLKA EVEPYELD KL LE KAUOLUO.

H cuvoAika katavaAlokopevn evépyela Sivetal anod tnv mopokatw eéiowon :

Q) =Q"™ *SEH,, (38)

el

Mapatnpeital OTL N Mapanavw efiowaon elval pn yPAUULIK. ZTO TAPWV LOVTEAD ETUAEXONKE

va ypappwkonolnBel n mapandavw efiowon cuudwva e Tnv akdAoubn pébodo:
Opilovtal ot BonBNTIkES petaPAnTC yl,y2,y3 Kot £vag peydho BeTIKOG aplBuog mpos.

Me tnv BonBsla Twv mopamdvw UTOAOYLIETAL N CUVOALIKA KOTOVOALOKOUEVN EVEPYELD TOU

CUOTAMATOC 1 LIE TIG TTOPAKATW OVIOWOELC:
y1< mpos* X&', (39)

y1<Q"™  (40)

y1> Q" —mpos*(1-x5,) (41)
y1>0(42)
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EHS1: To mpwTto cUoTtnua BEpUavong Ue NAEKTPLKN EVEPYELQ
Ot petaBAntég y2,y3 opilovral pe mapopoLlo TpoTo yia EHS2 kot EHS3.

Me tnv nopandavw pEBodo av emiheyel mapadeiyparog xdpv To cvotnua 1, n petaPAntn

anodaong Oa mapeL tnv TN 1. H aviowon (41) Ba yivet:

ylZ QHD
Y& ouVSUAONO pe TNV aviowon (40) n petapAntA y1 Ba mapet T Tun QP .

Y& nepimtwon mou dev emideyel to cvotnua 1, n petapAnti anodaong Ba napst tnv tun 0.

‘EtoL n aviowon (39) Ba yivel:
y1<0
Y& guvduaouO e TNV aviowon (42) n petaBAnt) y1 Oa mapet tnv TR O.

Kat otig 2 meputtwoelg n petafAnti y1 "avaykaletal'" va mdpel tTnv KAtaAnAn tun, Stott

HUOVO N LoOTNTA LKOVOTIOLEL OAEC TIG OVIOWOELC.

‘EtoL umoAoyiletal N GUVOALKA KATavaALoKOUEVN evEpyeLa aBpoilovtag OAEC TIG TIEPLITTWOELS

1 2 3
QeT = gHs + sz + sz (43)

r]EHSl EHS2 EHS3

Eneldn povo éva cuotnua Ba emleyel, Lovo pia ek Twv petafAntwy Ba mapel Tun dtadopn

ToU pndevoc.

Me tnv dla péBodo umoloyiletal Kal n CUVOALKN KATAVAAWGCN €VEPYELOC yla BEppavon e

Kauaoluo, yia Pugn, yla B€ppavon Tou vepoU PE NAEKTPLKI EVEPYELA KAL LE KAUGOLLO.
H ouvoAlkny amattoUpevn NAEKTPLKN eVEPYELa UTIOAOYIZETAL amo TNV Mapakatw eflowon :

Qi =Quf +Qi + Qi +Qu +Qy" (44)

Adalpwvtag TNV eVEPYELA TTOU TTOPAYoUV Ta pwToBoAtaikd BpilokeTal n NAEKTPLKA eVEPYELA

TIOU TLaPEXEL TO SiKTUO.
grid _ D PV
Qa =Qu; —Q" (5)
ABpoillovtag TIC KATOVOAWOELS TWV WN NAEKTPLKWY CUOTNUATWY PplOKETAL N OUVOALKN

KOTAVAAWON EVEPYELAG TWV [N NAEKTPLKWY CUCTNHATWV.
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H W
Qnel - Qnel + Qnel (46)

QL : evepyelakn katavdAwon pn NAEKTPIKWY CUCTNUATWY BEppavong
QY : evepyelokn KATAVAAWGN N NAEKTPLIKWY GUOTNUATWY BEppavang vepol

Twpa pmopel va oploBel N MPWIN QVIKELUEVIK CUVAPTNON, OUTH TNG KATAVAAWONG
TIPWTOYEVOUG EVEPYELAG. H GUVOALKH KATAVAAWGN TIPWTOYEVOUG EVEPYELAG opileTal amd tnv

napakatw eéiocwon :

lerid
e

n

Q=

+ Qnel (47)
grid

5.2.6 YMOAoylopoG oAlkwv cuvteAeotwv OeppotnTag Toixwv-danédwv-opodpwv
AwatiBevtal 3 emiloy£g yia toixoug, Sameda kot opod£C Kal 3 UALKA yLa TNV HOVWON QUTWV.
O umoAoyLopog Tou oAkoU ouvteheotr) petadopd Beppdtntag kabes otoleiou ylvetal pe

Bdon tnv eklowon (49):

1 1 L
U=(—=+=—+—-)" (48
(h. y k) (48)

Ot urmtoloylopol Twv oAkwv cuvtedeotwv éywvav os éva GUANO excel kal slonxBnoav cav
TaPAPETPOL He Tiivaka 12 otolxelwv. Ta otolxeio 1-3 avtiotolyouyv otig 3 Slabéoiueg eTAOYES
XWwpi¢ povwon, Ta otolyeia 4-6 avtiotolyolV oTic emAoyEG 1,2 Kat 3 pe UAKO povwong 1, ta
otolxela 7-9 otig emloyég 1,2, kot 3 pe UALKO poOvwong 2 Kal TéAog ta otolxeior 10-12

avTLoTtoLyoUV oTLG eTAOYEG 1,2 Kal 3 e UALKO povwong 3.

5.2.7 YtoAoylopOG ekmopnwv Sloeldiov Tou avOpaka
Mo Tov UTIOAOYLOUO TWV EKTTOUTWYV SLoEELSioU Tou GvBpaKka Tou SLKTUOU XpNnoLUOoMoLEelTal N

mapakatw efiowon :

CO, _grid =Q%™ *grid _CO, (49)

el
grid_CO02 : ouvteleotng ekmopmnng CO2 tou Siktvou (0.295 kgCO2/MJ)

ot TOV UTTOAOYLOUO TWV EKTIOUTTWY SLOEELSIOU Ao LN NAEKTPLKG CUCTHLOTO XPNOLULOTIOLELTOL

n mapakdtw efiowon:
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y. *emission _ factor, , *d

fuel

efficiency, *lhv,,

fuel

CO, _non _electric, = (50)

V;: n BonOnTikA UETAPANTH TIOU MALPVEL TNV TN TNG EVEPYELAKNG KATOVAAWGNG TOU Wn

NAEKTPIKOU cuotipatocg i (i=NEHS, NEHWS, NEWS)

emission_factorg,e: ouvteheotng ekmopunng tou kavoipou fuel (fuel=natural gas, oil)
dfyer: TUKVOTNTA TOU Kawoipou fuel

effieciency;: BaBuog anodoong Tou un NAEKTPLKOU CUOTIUOTOG i

lhvg,ep: Katwtepn Beppoyovog duvapn tou kavoipou fuel

ABpollovTtag TIG EKTIOUMEC OAWV TWV N NAEKTPLKWY CUOTNUATWY, UTIOAOYL{OVTaL Ol GUVOALKEG

EKTIOUTTEG S10EELSI0U TWV PN NAEKTPLKWY GUCTNUATWY :

N vy *emission factor, , *d
COz_neI:Zy' —

— efficiency, *Ihv

fuel fuel

(51)

Me tnv xprion twv eflowoswv (49) kat (51), opiletal n S£UTEPN AVTIKELUEVIKH cuVApPTNON,

OLUTH TWV CUVOALKWY ekTopnwy Stogetdiov wg €N :

Total _CO, =CO, _nel +CO, _ grid (52)

5.2.8 YTOAOYLOLOG GUVOALKOU ETHOLOU KOOTOUG
Mo Tov UTIOAOYLOUO TOU GUVOALKOU E£TACLOU KOOTOUC €ival amopoitnTo¢ O CUVTEAEOTHG
avaktnong kedalaiou. O cuvtedeotr¢ avaktnong kedpalaiou opiletal amd TV MOPOKATW

eflowon:

lifetime

rate* (1+ rate)

ann__ factor = i
1+ rate)™™ -1

(53)

rate : €MUTOKLO POeEOPANCNG
lifetime : xpovog {wng emevduong

To pépn tou Ktplakol keAUdpoug Bewpeital dtL £xouv 50 xpovia xpovo {wng, ta mapddupa
30 xpdvia, Ta evepyelakd cuotiuata 20 xpovia, ol NAEKTPLKEC CUOKEUEG 10 xpovia Kol T

cuothuata pwtiopoL 4 xpovia. Oswpeltal emitoklo npoefdodAnong 6%.

Yrioloyiovtal ta KOoTn ayopdc Twv UEPWV TOU KTlplakol keAUdoug pe Baon thv e€icwon

(54).
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N N
COST,,, = D AP * > 2™ *C" (54), bmou
n=1 n=1

com=DOOR,WIN,WALL,CEILING,FLOOR
ASP™ : euddvela Tou ekAOTOTE oTOoLKElOU

CEO™ : KOOTOG AVA TETPAYWVIKO HETPO TOU EKACTOTE GTOLXElOU

com

252 petaBAntn anodaong tou ekdotote otoxeloU (tun 1 av emtheyel to otoxelo N TR 0

av 8ev emileyel)

Yriohoyiovtal ta KOOTN ayopag Twv cuotnuatwy He Baon tnhv efiowon (55).

COST,

system

N
— Z Xsystem *Csystem (55) 4Tou
n n ’
n=1
system=heating, cooling, dhw, heating-cooling, heating-dhw, solar, photovoltaic, lighting 1

electrical appliance

csystem, . ,
n . KOOTOG TOU EKAOTOTE OUOTNMUOTOG

x3VSH™: LetaBANTH anddaong Tou eKAOTOTE GUOTANATOC (Tur 1 av emkeyei T0 cuoTnUA f

T 0 av Sev emileyel)
To ouvoAKO kGoToG eméviuong urtohoyiletat abpoilovtag Ta EMPUEPOUG KOOTN.

INV _COST =COST,,, +COSTy00q +COSTr 00r + COSTegy i +COSTya +
COST, gy +COSTgys +COSTy s +COSTgys + COST s +

COST, g +COSTecs +COSTgys +COSTygys + COSTeo pp + COSTooro +
COSTTV + C()STREFRIG + COSTCOOKER + CC)STWASHINGea

(56)

To k6oto¢ kedahaiov kaBe xpdvo umoAoyiletal MOANATANCLALOVTOC TA EMUEPOUG KOOTN LE

ToVv avtioTtolyo cuvteAeatr) avaktnong kedalaiou.

CAP _COST = (COSTyo0 +COST,, o0z + COSTegy e + COST,,, ) *af
COST, g4y *af gy + (COSToyg + COST s +COSTy s +COSTygys + (57)
COSTygys +COSTees +COSTgys +COSTyeys +COSTeg a + COSTo070) * A ggens +
(COSTTV + COSTREFRIG + COSTCOOKER + COSTWASHING ) * afea + COSTWIN * afwindows

strucure +

To AELTOUPYLKO KOOTOG TWV NAEKTPLKWY cuoThudtwy Sivetal amd tnv mopakdtw eiowon :
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OPER _COST, = (i)*cost _elec*Q3™ (s8)

el
conv

cost_elec : k60T0G ayopAg NAEKTPLKNG EVEPYELAG OO TO SiKTUO
To AELTOUPYLKO KOOTOG TWV 1N NAEKTPIKWY CUCTNUATWY SLVETAL Ao TNV Mopakatw elowon:

OPER _COST —i Y cost
- " S efficiency, *Ihv

fuel

(59)

fuel

Vi : n Bondntikn peTaBAnTr) TOU TIOUPVEL TNV TN TNG EVEPYELAKNG KATOVAAWONG TOU KN

NAekTpLlkoL cuotnuatog i (i=NEHWS, NEWS, )

effieciency; : BaBpodg anodoong tou pn NAEKTPLKOU CUCTAUATOG i
lhvg,e : KoTWTEPN BeppOYOVOCG SUVANN Tou Kauoipou fuel

COStye] : KOOTOG TOU Kawaoipou fuel avd m?

To oUVOALKO £TROLO AELTOUPYLKO KOOTOC Sivetal amo tnv e€lowaon (61) :

OPER _COST =OPER _COST,, +OPER _COST,, (61)

T€Aog, opiletal N TPITN OVTLKELUEVIKI) CUVAPTNON, TO CUVOALKO ETACLO KOOTOC. YroAoyilletal

aBpoilovrag Ta 2 mapandvw KOoTN :

Total _Annual Cost=CAP _COST +OPER _ COST (61)

42



KEDAAAIO 6 : MEAETH NEPINTQZHZ

6.1 NMeplypadn Tou KTLPLOU Kal TWV CUCTNHATWY
To ktiplo tnN¢ mapovoag HeAETNG Ba KTLOTEL oTnV gupUTEPN MEePLoXn TG ABAvag. Elval éva
KTiplo 2 opodwv e ecWTEPLKN OKAAQ, TIoU Slabétel 4 Swudtia og kabe opodo. Itnv Elkdva

5 ¢aivetal n katoPn twv 2 opodwv.

» 375 “» 1.75 “r 4.5 “« > 375 “ 175 “» 450 “
v v v ~ - ‘ v
Z
a
va — )
“ Kitchen // hm 3.30 325 Bedroom 2715
476 ?
\ '_s‘)‘ y v
4— | frmmmmmmmmmm E Lobby mo 320 s 375
] wc 4 Bedroom
174
" L \
: 4 1 2 3 * )\ 3 1 — . - A
> 200 “ 8.00 < > 375 als 275 “ 3.50 <
GROUND FLOOR FIRST FLOOR
Ewova 5 Katoyn tou ktipiou[1]
Ytov MNivaka 1 Sivovtal Ta XapaKTNPLOTIKA TOU KTLpiou :
Eruddvela e€wteptkwv toixwv (m?) 194
ErudpAvela ecwTEPLKWY Tolxwv (m?) 99
Eruddvela tooyeiou (m?) 65
Eruddvela otéyng (m?) 75
Erudadvela opodng mpwtou opodou
(m?) 65
Eruddvela mapablpwv (m?) 13
Erupdvera optag (m?) 3
Eowtepkdg Oykog (m3) 344

Mivakog 1 XapaKktnpLoTika KTLpiou
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2to Mivaka 2 Sivovtal Ta KALLOTOAOYIKA XaPOKTNPLOTIKA TNG ABrvag :

Mrvore O:ét:;izggia Huspf']cna HAlakn szr’LKr'] OepuIOKpaq'La

(Celsius) AxtwvoPolia (kWh/m2/day) | Yypaocia (%) | Nepou (Celsius)
1 7,4 1,39 69,5 11,3
2 7,8 1,91 64,4 10,9
3 10,8 2,78 56,7 11,8
4 15,8 3,85 47,4 14,3
5 21,5 5,01 39,9 17,7
6 26,4 5,27 34,5 21,6
7 28,6 4,93 33,9 24,7
8 28 4,62 36,5 254
9 24,2 3,93 41,6 24,2
10 18,9 2,49 51,5 21,1
11 13,1 1,54 63,7 16,9
12 8,7 1,22 71,2 13,5

Mivakog 2 KAuatoAoyika Yopaktnplotika thg ASnvag

Y10 Ktiplo Bewpeital otL Ba Katolknoouv 4 AvBpwWIOL, TIOU KOTA HECO OPO EKTEUTOUV

Bepuotnta ion pe 115 W €kaotog. O agpag Ba mpémel va avavewvetal 1,5 popég ava wpa. H

{tnon oe {eoto vepod xpriong Bspuokpaociag 60 °C Bswpseital ion pe 60 Aitpa avd pépo. H

eowTepKn Beppokpaocia oxedlaopou yo tnv repiodo YUEng Bewpeitan ion pe 26 °C ko 18 °C

yla tnv mepiodo Béppavong. Oewpnbnke OTL amatteital B€pupavon, PuEn kat eotd vepo

XPNong 6Aoug Toug AVEC TOU XpOVou.

To povtélo kaleital vo emilé€el mopta, mapdbupa, Toixoug, Samedo kol opodn amod €va

ouvolo SlaBéolpwy emhoywy. Elval amapaitntn n emioyn Hovo evog. Ta XapaKTNPLOTIKA

autwv apatiBevrtal otoug Mivakeg 3, €wg 7.

Kdotog
U value (W/m2*K) (Euro/m2)
Doorl 3.00 226
Door2 1.00 510
Door3 2.20 244

Mivakag 3Xapaktnplotika Stadeoiuwy moptTwv
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Kootog

U value (W/m2*K) SHGC (Euro/m?2)
Window1 1,6 0,44 209
Window?2 0,9 0,64 258
Windows3 14 0,44 161

Mivakag 4 Xapaktnplotikd Stadéouwy napadupwv

U value (W/m2*K)

Kdotog (Euro/m2)

Walll 1,4731 90,25
Wall2 1,4203 140,5
Wall3 1,5295 100

Wall4 0,3388 99,09
Wall5 0,3359 149,34
Wall6 0,3417 108,84
Wall7 0,5587 97,21
Wall8 0,5509 147,46
Wall9 0,5666 106,96
Wall10 0,4926 95,2

Wall1l 0,4865 145,45
Wall12 0,4987 104,95

Mivakacg 5 Xapaktnpilotika Stadeaiuwy toiywv

Kdotog
U value (W/m2*K) (Euro/m2)

Floorl 2,694 26,25
Floor2 2,6676 28,25
Floor3 2,7005 27,25
Floord 0,3782 35,09
Floor5 0,3777 37,09
Floor6 0,3784 36,09
Floor7 0,6746 33,21
Floor8 0,673 35,21
Floor9 0,675 34,21
Floor10 0,5805 31,2
Floorll 0,5793 33,2
Floorl2 0,5808 32,2

Mivakag 6 Xapaktnplotika Stadéouwv Sanédwv
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U value (W/m2*K) Kéotog (Euro/m2)
Ceilingl 2,6901 20,95
Ceiling2 2,7079 20,5
Ceiling3 2,4296 44,25
Ceilingd 0,3781 29,79
Ceiling5 0,3785 29,34
Ceilingb 0,3725 53,09
Ceiling7 0,6744 27,91
Ceiling8 0,6755 27,46
Ceiling9 0,6567 51,21
Ceiling10 0,5804 25,9
Ceiling11 0,5812 25,45
Ceiling12 0,5672 49,2

Mivakog 7 Xapaktnplotika Stadéatuwy opopwv
To povtéAo Kaleital va emA£EeL evepyelaka cuothpata (B€ppavong, Puéng, ZNX, kKAT) amno
£€va oUvVoAo SlaBéotuwv emloywy. Eival anapaitntn n emloyr HOVO EVOC GUOTIUATOC, EKTOC
and tnv Tepimtwon tou nAlakol Beppocipwva kat tou PwtofoAtaikol Tou eival

T(POALPETLKN N ETAOYH. Ta XOPAKTNPLOTIKA QUTWV tapatiBevtal oToug mivakeg 8, £wg 22:

Mivakag 8 Xapaktnplotika Stadéotuwv

Mivakag

Am63oon(%) Kootog (Euro)
EHS1 100 1290
EHS2 98 1226
EHS3 95 1161

nAekTpLKWY cuoTnUATWVY B€pUavong

Amdd00m (%)

Kéotog (Euro)
ECS1 250 387
ECS2 300 516
ECS3 350 645

9 Xapaktnplotikd SLaFEOIUWY NAEKTPLKWY CUOTNUATWY YUuénc

Amddoon (%)

Kéotog (Euro)
EHCS1 300 645
EHCS2 350 774
EHCS3 400 903
Mivakag 10 Xapaktnplotikd Stadeéoiuwy NAEKTpLKWY cuoTnuatwy Bépuavonc-Yuéng
Am6doon(%) Ko6otoc (Euro)
EHWS1 100 1548
EHWS2 98 1277
EHWS3 400 3057

Mivakag 11 Xapaktnplotikd Stadéotiuwy NAEKTPLKWY ouoTnuatwy Fépuavong-ZNX
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Am6doon(%) Ko6otoc (Euro)

EWS1 100 1169

EWS2 98 1096

EWS3 95 1032

Mivakag 12 Xapaktnplotikd Stadéoiuwy NAeKTpLIkwy ouotnuatwyv ZNX
Anodoon (%) Erudavela (m2) Kéotog (Euro)

solarl 82,7 2,3 7224
solar2 64,2 2 5160
solar3 79,1 2,35 6966

Mivakag 13 Xapaktnptotikd Stad€otuwyv nAtakwy Sepuocieowvwy

Emodvewn Koéotog
Yuvolikn woyvg | Amodoon (%) (m2) PR (%) (Euro)
photovl 1000 15,65, 6,4 75 1548
photov2 1040 16,16 6,4 75 1585
photov3 1200 14,8 8,13 75 1817
Mivakacg 14 Xapaktnptotika Stad€otiuwv pwtoBoAtaikwv
Huepnola xpnon Koéotog
ApLlOUOG Aountnpwy (h) loxug (W) (Euro)
lamp1l 20 13
lamp2 8 13 24 6,5
lamp3 18 78
Mivakacg 15 Xapaktnplotika Stad€oiuwy Aauntripwyv
loxug (W) Huepnowa xpnon (h) Kéotog (Euro)
TV1 120 4 437
TV2 52 4 551
TV3 58 4 516
Mivakag 16 Xapaktnplotika Stad€oiuwy thnAeopdoswy
loxuc (W) Huepnota xpnon (h) Kdotog (Euro)
cookerl 9530 1.50 645
cooker2 10475 1.50 516
cooker3 10000 1.50 580
Mivakog 17 Xapaktnplotikd SLaF€otuwy NAEKTPLKWY KOULLVWV
KatavaAlwon ava KukAoug tng Anodoon nAektpikou Kbéotog
KUKAo (kWh) pEpa Kwntrpa (%) (Euro)
washing1l 1.05 0.50 70 387
washing2 0.73 0.50 70 516
washing3 0.79 0.50 70 495

Mivakag 18 Xapaktnpiotika Stadéotuwy nAvvinpiwv
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HuepRoLa Anééoon' '
, NAEKTPLKOU Koéotog (Euro)
KotavaAwon «nThpa (%)
refrigl 0.51 70 445
refrig2 0.42 70 516
refrig3 0.50 70 477
Mivakag 19 Xapaktnpiotika Stadéoiuwy Yuyeiwv
Ano6doon (%) Kéo1tog (Euro)
NEHS1 83 838
NEHS2 85 877
NEHS3 91 1019
Mivakag 20 Xapoaktnptotika Stadeotuwy Un NAEKTPLKWY CUCTNUATWY FEQPUAVONC
Anodoon (%) Koéotog (Euro)
NEHWS1 88 1032
NEHWS2 89 1096
NEHWS3 95 1225

Mivakog 21 Xapaktnplotika SLaBETiuwy Un NAEKTPLKWY cuaTnuUaTwy Fépuavoncg-ZNX

Amnddoon(%) Koéotog (Euro)
NEWS1 83 645
NEWS2 60 451
NEWS3 80 580

Mivakog 22 XapaktnploTikd Std€otuwy Un NAEKTPLKWY ouaThuatwv ZNX
To mpoPAnua AUBnke pe tnv yAwooa povtelonoinong GAMS (General Algebraic Modeling
System). To mpoPAnua eivat Miktol Aképatou Mpoypappotiopol (MIP). AvBnkav 2
TIEPUTTWOELC TOU TIPOPBANUATOG, Hid LE TLG AVTLKELUEVIKEG CUVAPTOELC TOU GUVOALKOU £TROLOU
KOOTOUC, TNG CUVOALKNG TIPWTOYEVOUC KATAVAAWONC EVEPYELAC KO TWV EKTTOUTWY Slo€eldiou
Tou avBpaka, Kol piot PE T OVILKELUEVIKEC TOU OUVOALKOU E€TNOLOU KOOTOUG Kal TNG

TIPWTOYEVOUC KATAVAAWONG EVEPYELAC.

YTV TEPIMTWOon TwV 3 AVTLIKELUEVIKWY CUVAPTHOEWY, TO TPOBANUa £xel 128 petaBAntég, 224
gflowoelc Kal AUBnke og 21,59 SeutepdAenta, Xpnolponowwvtag tov ermthutn GUROBI. Ytnv
TEPIMTWON TWV 2 QVIIKEWEVIKWV ouvopTtioswy, €xel 124 petofAntég, 219 eflowoelg Kot
A0OBnke 5,19 O6eutepdhenta, Ypnowomolwwvtag tov emAUtn GUROBI. EkteAéotnke o

umoloyloth pe enefepyaotn Intel Core 2 Quad Q6600 pe 4GB Ram ota 64-bit.
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6.2 AntoteAéopata Mepintwong 3 AVTLKELUEVIKWV CUVAPTICEWV
Ta amoteAéopata ano thv eKTEAECN Tou KWOLKA otnv YAwooa GAMS yla TIG OVTLKELUEVIKEG

OUVOPTHOELG TOU GUVOALKOU ETHOLOU KOOTOUG, TNG KATOVAAWONG TIPWTOYEVOUG EVEPYELAG KL

TWV eKTOUTIWVY Slo€eldiou Tou avBpaka mapatiBevtal otoug nivakeg 23, 24, 25.

TAC ENERGY EMISSIONS TOT_CAPCOS | TOT_OPERCOS
(Euro/year) (MJ/year) (kgCO2/year) T (Euro/year) T (Euro/year)

2286,9 168518,25 17399,51 2025,42 261,48
2287,52 156366,73 16144,86 2044,89 242,63
2289,07 144211,35 14889,82 2065,3 223,77

2291,2 133036,31 13736 2084,77 206,43
2323,78 122016,36 12598,19 2134,45 189,33
2358,55 105872,25 10085,97 2045,36 313,19
2391,13 94852,29 8948,16 2095,04 296,09
2405,89 88189,15 8260,19 2120,14 285,75
2493,03 77221,94 7973,17 2373,21 119,82
2641,95 65950,37 6809,38 2539,62 102,33
4271,08 54582,48 5635,64 4186,39 84,69
2327,11 116915 12071,47 2145,7 181,41
2356,42 117047,29 11239,8 2025,89 330,53
2394,38 94736,06 8936,16 2098,47 295,91
2465,6 83106,2 7735,38 2187,74 277,86
2536,95 74666,7 7709,34 2421,09 115,86
2612,97 71279,11 6514,23 2353,46 259,51
2690,66 63213,65 6526,81 2592,57 98,09
4356,76 64194,35 5319,65 4026,67 330,09

Mivakag 23 AnoteAéouata mpoBANUATOS UE 3 AVTIKELUEVIKEG
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INVCOST QHel QHnel QCel Qwel Qwnel Qlel QAel
(Euro) | (MlJ/year) | (MJ/year) | (MJ/year) | (Ml/year) | (MJ/year) | (MJ/year) | (MJ/year)

28660,25 | 23673,18 0 6886,3 16269,39 0 3279,74 8872,79
28967,15 | 19860,46 0 6445,98 | 16269,39 0 3279,74 8872,79
29288,9 | 15970,74 0 6081,32 | 16269,39 0 3279,74 8872,79
29595,8 | 12345,99 0 5794,8 16269,39 0 3279,74 8872,79
30427,1 8133,56 0 6150,25 | 16269,39 0 3279,74 8872,79
29143,8 | 12345,99 0 5794,8 0 19319,9 3279,74 8872,79
29975,1 8133,56 0 6150,25 0 19319,9 3279,74 8872,79
30152,1 7116,87 0 5381,47 0 19319,9 2733,12 8872,79
33073,13 6508,5 0 5996,03 3863,98 0 2733,12 7926,05
35106,31 | 6096,33 0 5992,96 3863,98 0 2733,12 8251,92
56183,97 | 5269,83 0 5831,63 1832,27 0 2459,81 7566,01
30556,1 7116,87 0 5381,47 | 16269,39 0 3279,74 8872,79
28836,9 | 15970,74 0 6081,32 0 19319,9 3279,74 8872,79
30029,1 8095,86 0 6147,27 0 19319,9 3279,74 8872,79
31070,31 | 6096,33 0 5243,84 0 19319,9 2733,12 8251,92
33827,79 | 5688,26 0 5921,93 3863,98 0 2733,12 7926,05
32912,31 | 6163,02 0 5219,22 0 19319,9 2733,12 7926,05
35769,79 | 5672,75 0 5902,82 3863,98 0 2733,12 7807,79
54351,97 0 22188,74 | 5831,63 0 7714,84 2459,81 7566,01

Mivakag 24 AnoteAéouata mpoBANUATOG UE 3 AVTIKELUEVIKEG
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CO2_HS CO2_WS CO2_GRID
(kgCO2/year) | (kgCO2/year) | (kgCO2/year)

0 0 17399,51
0 0 16144,86
0 0 14889,82
0 0 13736
0 0 12598,19
0 1149,44 8936,53
0 1149,44 7798,72
0 1149,44 7110,75
0 0 7973,17
0 0 6809,38
0 0 5635,64
0 0 12071,47
0 1149,44 10090,35
0 1149,44 7786,72
0 1149,44 6585,94
0 0 7709,34
0 1149,44 5364,79
0 0 6526,81

1320,13 459 3540,52

Mivakag 25 AnoteAéouata npoBANUATOC Ue 3 AVTIKELUEVIKEG
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OL EMAOYEG TWV CUCTNUATWY YL TNV TEPIMTWON TWV OVTLKEWEVIKWY CUVAPTACEWV TOU

OUVOALKOU €TNOLOU KOOTOUC, TNG KOTOVOAWGONG TIPWTOYEVOUG EVEPYELOG KOL TWV EKTTOUTIWY

Slo&eldiou Tou avBpaka Sivetal otoug Tivakeg 26 €wg 34.

DOOR1 | DOOR2 | DOOR3 | WIND1 | WIND2 | WIND3 | WALL1 | WALL2 | WALL3 | WALL4 | WALLS

Mivakac 26 Emidoyec ouatnuatwy nmpoBANUAToc Ue 3 QVTIKEIUEVIKES

WALL6 | WALL7 | WALLS | WALLYS | WALL10 | WALL11 | WALL12 | CEIL1 | CEIL2 | CEIL3
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Mivakag 27 Emnidoyég cuotnuatwy npoBANUATOG UE 3 AVTIKELUEVIKES

FLOOR1

CEIL4 | CEILS | CEIL6 | CEIL7 | CEIL8 | CEIL9 | CEIL10 | CEIL11 | CEIL12

Mivakacg 28 Emidoyec ouatnuatwy npoBANUatoc Ue 3 QVTIKELUEVIKES

FLOOR2 | FLOOR3 | FLOOR4 | FLOORS | FLOOR6 | FLOOR7 | FLOOR8 | FLOORS | FLOOR10

Mivakag 29 EmiAoyéc ouatnuatwy tpoBANUatoc Ue 3 QVTIKELUEVIKEC
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FLOOR11 | FLOOR12 | EHS1 | EHS2 | EHS3 | NEHS1 | NEHS2 | NEHS3 | ECS1 | ECS2 | ECS3

Mivakag 30 EmAoyeg ouotnuatwy mpoBARUATOC UE 3 AVTIKELUEVIKES

EWS1 | EWS2 | EWS3 | NEWS1 | NEWS2 | NEWS3 | EHCS1 | EHCS2 | EHCS3

Mivakag 31 Emtidoyec ouotnuatwy npoBARNUatog ue 3 aVTIKELUEVIKEC
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EHWS1 | EHWS2 | EHWS3 | NEHWS1 | NEHWS2 | NEHWS3 | SLC1 | SLC2 | SLC3 | L1 | L2 | L3 | TVl | TV2 | TV3

Mivakog 32 EmAoyeg cuotnuatwy mpoBANUATOC UE 3 AVTIKELUEVIKES

COOK1 | COOK2 | COOK3 | WASH1 | WASH2 | WASH3 | REFRIG1 | REFRIG2 | REFRIG3

Mivakag 33 EmtiAoyec ouotnuatwy mpoBARUatog ue 3 aVTIKELUEVIKES
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PHOTOV1 | PHOTOV2 | PHOTOV3

O|O|O|O|0O|0O|0O|O|O|O|O|O|O|O|O|O|O|O
OO0 0O|0|0|0O|0O|0O|0O|O|O|O|O|O|O|O|O
RPIROO0O|0O|O|R|PRIO/O|O|O|O|O|O|O|O

0 0 1
Mivakog 34 EmiAoyég ouotnuatwy mpoBARUATOC UE 3 AVTIKELUEVIKES
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Jtnv Ewkéva 6 Sivetal to Slaypappa Le TiG Kotd Pareto tkaveg AUCELG TOU TIPOPBANUATOG LIE TIG
OVTLKELUEVIKEG CUVAPTAOELG TOU OUVOALKOU ETNGLOU KOOTOUG, TNE KATOAVAAWGNG TPWTOYEVOUG

EVEPYELAG KOL TwV ekmopunwv Slo&eldiou Tou avBpaka.

Ewkova 6 Aldypappa Pareto Ue TIG 3 OVTIKELUEVIKEG CUVOPTHOELG

PAYOEE Primary Energy
TAC(Euro/year) Consumption Emissions (kgCO2/year)
TABLE
(MJ/year)
minTAC 2286,9 168518,25 17399,51
minEnergy 4271,08 54582,48 5635,64
minEmissions 4356,76 64194,35 5319,65

Mivakag 35 Payoff Table- MNivakac MAnpwuwv mpoBANUATOC UE 3 AVTIKEYUEVIKEG
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6.3 ArntoteAéopata Mepintwong 2 oVTLKELUEVIKWV CUVOAPTHCEWV

To anoteAéopata ano TNV eKTEAECN TOU KWOKA oTnV YAwooa GAMS yLa TIC OVTLKELUEVIKEG

CUVOPTHOELG TOU CUVOALKOU ETAGLOU KOGTOUG KOl TNG KATAVAAWGNC TIPWTOYEVOUC EVEPYELAG

napatibevral otoug mivakeg 36 kal 37.

TAC ENERGY | TOT_CAPCOST | TOT_OPERCOST INVCOST QHel QHnel QCel
(Euro/year) | (MJ/year) | (Euro/year) (Euro/year) (Euro/year) | (MJ/year) | (Ml/year) | (MJ/year)

2286,9 168518,3 2025,42 261,48 28660,25 23673,18 0 6886,3
2287,52 156366,7 2044,89 242,63 28967,15 19860,46 0 6445,98
2289,07 144211,4 2065,3 223,77 29288,9 15970,74 0 6081,32
2291,2 133036,3 2084,77 206,43 29595,8 12345,99 0 5794,8
2318,31 128276,4 2119,26 199,04 29844,8 12378,27 0 5768,72
2323,78 122016,4 2134,45 189,33 30427,1 8133,56 0 6150,25
2327,11 116915 2145,7 181,41 30556,1 7116,87 0 5381,47
2358,55 105872,3 2045,36 313,19 29143,8 12345,99 0 5794,8
2361,82 105770,5 2048,79 313,03 29197,8 12313 0 5792,19
2391,13 94852,29 2095,04 296,09 29975,1 8133,56 0 6150,25
2394,46 89750,93 2106,29 288,17 30104,1 7116,87 0 5381,47
2405,89 88189,15 2120,14 285,75 30152,1 7116,87 0 5381,47
2436,9 82782,92 2308,45 128,45 32387,1 7149,14 0 6120,45
2493,03 77221,94 2373,21 119,82 33073,13 6508,5 0 5996,03
2575,09 71649,42 2463,91 111,18 34074,1 7116,15 0 6117,46
2641,95 65950,37 2539,62 102,33 35106,31 6096,33 0 5992,96
3117,86 60202,95 3024,45 93,41 40813,97 5342,78 0 5890,73
4271,08 54582,48 4186,39 84,69 56183,97 5269,83 0 5831,63

Mivakag 36 AnoteAéouata mpoBANUATOC UE 2 QVTIKELUEVIKEG
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Qwel Qwnel Qlel QAel
(MJ/year) (MJ/year) (MJ/year) (MJ/year)
16269,39 0 3279,74 8872,79
16269,39 0 3279,74 8872,79
16269,39 0 3279,74 8872,79
16269,39 0 3279,74 8872,79
15455,92 0 2733,12 8560,71
16269,39 0 3279,74 8872,79
16269,39 0 3279,74 8872,79

0 19319,9 3279,74 8872,79
0 19319,9 3279,74 8872,79
0 19319,9 3279,74 8872,79
0 19319,9 3279,74 8872,79
0 19319,9 2733,12 8872,79
3863,98 0 3279,74 8560,71
3863,98 0 2733,12 7926,05
3863,98 0 2733,12 8560,71
3863,98 0 2733,12 8251,92
2492,49 0 2733,12 7926,05
1832,27 0 2459,81 7566,01

Mivakag 37 AnoteAéouata mpoBANUATOC UE 2 QVTIKELUEVIKEG
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OL eM\OYEG TWV CUOTNUATWY YL TNV TIEPIMTWAON TWV OVTLKELUEVIKWY CUVAPTICEWY TOU

GUVOALKOU ETAGLOU KOOTOUG KAl TNG KATOVAAWONG MPWTOYEVOUC EVEPYELAG SlvovTal OTOUC

Tiivakeg 38, Ewg 45.

DOOR1 | DOOR2 | DOOR3 | WIND1 | WIND2 | WIND3 | WALL1 | WALL2 | WALL3 | WALL4A | WALLS | WALL6
1 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0
0 0 1 0 0 1 1 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 1 0 0
0 1 0 0 0 1 0 0 0 0 1 0

Mivakac 38 EmiAoyec ouatnuatwy mpoBANUATOC UE 2 QVTIKEIUEVIKES
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WALL7 | WALL8 | WALLYS | WALL10 | WALL11 | WALL12 | CEIL1 | CEIL2 | CEIL3 | CEIL4 | CEIL5 | CEIL6

Mivakog 39 EmiAoyeg cuotnuatwy mpoBANUATOC UE 2 AVTIKELUEVIKES

CEIL7 | CEIL8 | CEILS | CEIL10 | CEIL11 | CEIL12 | FLOOR1 | FLOOR2 | FLOOR3 | FLOOR4 | FLOORS5 | FLOOR6

Mivakag 40 Entidoyec ouotnuatwy npoBANUAToC UE 2 QVTIKELUEVIKES
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EHCS3

EHCS2

EHCS1

NEWS3

FLOOR7 | FLOORS8 | FLOORY | FLOOR10 | FLOOR11 | FLOOR12 | EHS1 | EHS2 | EHS3 | NEHS1 | NEHS2 | NEHS3

Mivakog 41 EmAoyeg cuotnuaTwy mPoBANUATOC UE 2 AVTIKELUEVIKES

NEWS2

NEWS1

EWS3

EWS2

EWS1

ECS3

ECS2

ECS1

Mivakag 42 Emtidoyec ouotnuatwy npoBANUaToc Ue 2 QVTIKELUEVIKES
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EHWS1 | EHWS2 | EHWS3 | NEHWS1 | NEHWS2 | NEHWS3 | SLC1 | SLC2 | SLC3 | L1 | L2 | L3 | TV1 | TV2 | TV3

Mivakac 43 Emidoyec ouotnuatwy npoBANUATOC UE 2 QVTIKELUEVIKES

REFRIG3

REFRIG2

REFRIG1

WASH3

WASH2

WASH1

COOK3

COOK2

COOK1

Mivakag 44 Emtidoyec ouotnuatwy npoBANUaToc Ue 2 QVTIKELUEVIKEC
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PHOTOV1 | PHOTOV2 | PHOTOV3
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0
0 0 1
0 1 0
0 0 1

Mivakag 45 Emidoyec ouatnuatwy mpoBANUAToC UE 2 QVTIKEIUEVIKES
To Slaypoppa Ue TIG KOtA Pareto kavég AUGCELG yla TNV TEPIMTWON TWV OVTLKELUEVIKWY
CUVOPTHOEWY TOU CUVOALKOU ETNGOLOU KOGTOUG KaL TNG KOTAVAAWONG TTPWTOYEVOUG EVEPYELOG

Slvetal otnv Ewkova 7.

Total Annual Cost-Primary Energy
Consumption
__ 4500
§ 2
£ 4000
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& 3000 *
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Primary Energy Consumption (MJ/year)

Ewova 7 Ataypauua Pareto - SUVOALKO €T1OLO KOOTOG - ZUVOALKN KATAVAAWGT TIPWTOYEVOUC EVEPYELOG
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PAYOFF TABLE TAC Energy
minTAC 2286,9 168518,3

minEnergy 4271,08 | 54582,48
Mivakacg 46 Payoff Table- Mivakag MAnpwuwv npoBANUatoq Ue 2 QVTIKEIUEVIKES

Ytov mivaka MAnpwpwv (mivakag 35) yla tTnv mepIMTwon Twv 3 AVIIKELUEVIKWY, BAEMOUUE TNV
TR TNG KABE QVTIKELUEVIKAG OTav laxlotomoleital avefdptnta. H ehdyxiotn Tl tng
OVTLKELUEVIKNG TOU €Tiolou KdoToug sival 2286,9 euro/year. Nopatnpsitol 4t ylo auth thv
TLUA TNG QVTLIKELEVLKI G TOU KOOTOUG, N QVTLKELEVLKN TNG TPWTOYEVOUG KATAVAAWGONG TapveL
™Tv TR 168518,25 MJ/year KalL n OVTIKELUEVIK Twv ekmopmwyv CO2 maipvel thv TUA
17399,51 kgCO2/year. AnAadr) dtov EAAXLOTOTOLETAL I AVILKEWEVLKE TOU KOOTOUC, OL GANEC
600 QVTLKELUEVIKEC PeyLoTOTIoloUVTAL. AUTO glval AoyLlko KaBOTL eTIAEYOVTOL TO CUCTAUATA
EWS1 kot EHCS3, ta omola eival nAeKTpLKA, Gpa £XOUV TEPLOCOTEPEG EKTIOUTEC SLoEeLSiou Tou
avBpaka. Emhéyetal n mopta Doorl, o toixog Walll, n opodn Ceil2, to amedo Floorl,
SnAadn pépn tou KTiplakoU keAUdoug ou £xouv tn uPnAotepn tun U, kaBotL Sev €xouv
pHovwaon. Aev emAéyeTolL Kavéva PN NAEKTPLKO cuotnua Béppavong R mapoxng (eotol vepou
xpnong. Emiong &ev emhéyetal kamolo pwtoBoAtaiko rmavel N NAlakog Bepuocidwvag kabwg
Ba auéavotave To KOOTOG. OTav N AVIIKELUEVLKA TNG KOTOVAAWGONG TIPWTOYEVOUC EVEPYELAG
g\aylotomoleital, maipvel tnv T 54582,48 Ml/year. Mo oUTAV TNV TLK, Ol AVTIKELUEVLKEC
Twv ekmopunwv CO2 kot tou kdoToug maipvouv TiG TIpéG 5635,64 kgCO2/year kat 4271,08
euro/year avtiotoo. Opwg n Tt 4271,08 euro/year &ev eival n péylotn TR TG
OVTLKELUEVIKNG TOU KOOTOUG, OTwG Ba mepipeve kavelg. Auto cuppaivel SLOTL Sev eTUAEyETOL
EeXWPLOTO olOTNUA Yla TNV BEPUAVON TOU XWPOU KOl EEXWPLOTO yLa thv BEpuavan vepou,
aAAa erdéyetal To cuotnua EHWS3 mou mapéxet kot ta 2 Kot £XEL TNV LEYOAUTEPN AMOS00n
omd TIC UTIOAOUTEG €TIAOYEC, KOl £TOL HELWVETOL TO OUVOAIKO KOOTOC. Mapolo Tou n
OVTLKELUEVIKN) TNG EVEPYELOC eAaLoTOTOLE(TOL SEV CUMPBAIVEL TO (810 KOl LE TNV OVTIKELUEVIKNA
TWV EKMOUMWYV. AUTO cuppaivel SLOTL eMAEyOVTOL CUCTAMATO NAEKTPLKA, TA OTola £xouv
OUWC HeEYOAUTEPO QMOTUMWHO AvOpaka amd Tt aviiotowa pn nNAekTpkd. TéAog otnv
mieplnmtwon e\axLoTOMoiNoNG TNG QVTIKEWEVIKAC Twv ekmopnwy CO2, n eAdxLotn T Tng
Bploketal ion pe 5319,65 kgCO2/year. Mapatnpeital OTL yLa QUTHV TNV TLUN N OVTIKELUEVIKA
TOU KOOTOUC HEYLOTOMOLE(TAL, €VW N OVTLKELUEVIKH TNG EVEPYELAG OXL. To KOOTOG
MEYLoTOTOLETOL SLOTL TAL GUCTHOTA TTOU €XOUV TO EAAXLOTO 0VOPAKLKO AMOTUTIWLA £XOUV TO
uPnAOTEPO KOOTOC. EMAEyeTaL TO PN NAEKTPIKO ocvotnpa NEHWS3 yia tnhv Bépuavon tou
XWPOU KAl TOU VEPOU Kol auTtd odnyel otnv ghaylotonoinon TG NAEKTPLKAC EVEPYELAG TIOU

ayopaletal amo to SIKTuo Tapoxn g NAEKTPLKAG EVEPYELAG, Apa Kal Lelwaon Twy ekmounwyv CO2
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mou ekAUovtal. Me Bdaon ta MopaAMAvVWw AMOTEAECUOTA 06NYOUUOOTE OTO CUUMEPOOUA OTL
KABe mpoomadBela PEIWONG TNG KATAVAAWONG TPWTOYEVOUC EVEPYELAG N TWV EKTTOUTIWY
Slo€elbiov Ba au€noel To GUVOALKO ETNOLO KOGTOG. AV EMIBUUOUUE TNV LELWON TWV EKTTOUTIWV
CO2, npémnel va oTpadoUUE O LN NAEKTPLIKA cUOTAUATA, KUPiwG PuaLkol aegpiou, aAAd Kot
va Tipofolpe otnv eykatdotoochn ¢wtoBoAtaikou maveh kat nAtakol Bepuocidwva. Eniong
napatnpeital otL dev emléyetal og Kapla mepimtwon nAekTpko clotnua Bépuavong, al\a
cuothiuata mou cuvbualouv B€puavaon pe Pon r B€ppavon vepou. AUvovTag TO TAPATIAVW
MPOPBANUA PE TIG OVTLKELUEVIKEG CUVAPTNOEL, TOU OUVOALKOU ETHOLOU KOOTOUC KAl TNG
KOTAVAAWONG TPWTOYEVOUC EVEPYELAC, TTAPATNPOUE QO TOV TivaKa MANPWHWY (mivakag
46) OTL OL EAALOTEG TLUEG TWV QVTLKELUEVIKWY TNG EVEPYELOG KaL TOU KOOTOUG eival (8leg pe
QUTEG TNG TIEPIMTWONG TWV 3 QVTIKELUEVIKWY. AUTO cupPaivel SLOTL, OAEC OL TTAPALETPOL KO
oL meploplopot eivat (Slot. H dladopad mou mapatnpeital eival 0Tl otV MEPIMTTWON Twv 2
OVTIKELUEVIKWV SV eTUAEYETAL O€ Kapla mepimtwon un NAeKTpLlkd cloTnua BEpuavong xwpeou
OANG TO HOVO PN NAEKTPIKO cUCTNUA TOU eTAEyetal €ival to cvotnua NEWS3 yia tnv
B£ppavan tou vepou. Mpaypa AoyLlkd SLOTL OKOTOC TG emiAuong ival n eAaxlotonoinon Tou

KOOTOUG KAl TNC TPWTOYEVOUE KATAVAAWGNG Kal OXL oL ekmopmnég CO2.

66



KEDAAAIO 7: 2YMNEPAZIMATA

Jtnv napovoa epyacia HEAETNONKe TO MPOBANUO TOU evePYELAKOU oXeSLAOUOU KTlplou He
xprnon Miktou Aké€patou Tpappikol [MpoypapauTIopNoU. JUYKEKPLUEVO, HEAETAONKE n
TepIMTWon VoG VEOU KTLPilou otnv eploxn tng ABRvag, o 2 mepumttwoelg. Mia epintwon pe
OKOTIO TNV €AAXLOTOMOINGN TNG AVILKELUEVIKAG CUVAPTNONG TOU GUVOALKOU E£TNGLOU KOOTOUC,
NG KOTAVAAWGONG TPWTOYEVOUC EVEPYELAG KAl TwV ekmopnwy Slofeldiov tou avBpaka, Kal
pilo pe pe okomo Tnv eAayLlotomnoinon TG OVIKELLEVIKAG OUVAPTNONG TOU GUVOALKOU £TROLOU
KOOTOUG KaL TNG KATAVAAWGONG TPWTOYEVOUG eVEPYELAG. Kal oL 2 TEpUTTWOELG eTUAUBNKaV o€
vAwooa GAMS pe tnv péBodo AUGMECON2. And tnv emiluon twv TpoBARUaTwV
KOTAANYOUE OTO CUUTTEPAOLLO OTL OL OIVTLKELUEVIKEG CUVAPTIOELS TOU GUVOALKOU KOGTOUG Kol
NG KATAVAAWGONG MPwToyevoUs evépyelag eival aAAnAoouykpouopevec. Andadn n peiwon
NG KATOVAAWONG TIPWTOYEVOUC evépyelag odnyel otnv av€énon tou ouvoAlkoU €£TRGLOU
KOOTOUG. Otav EAOXLOTOTIOLELTAL N KATAVAAWON EVEPYELAG TO GUVOALKO ETHOLO KOOTOC YIVETAL
péyloto. EmAéyovrtal péEpn Tou KTiplakoU KeAUGOUG PE HOVWON, KABWE Kal TOo NAEKTPLKO
ovotnua Puéng ECS3, to omoio £xel TNV HeyaAUTEPN amOd0oon amod TG UTTOAOUTEG ETILAOYEC.
Ma B£pupavan xwpou Kal VeEpou eMIAEYETAL TO NAEKTPLKO cuotnua EHWS3, to omolo €xeL thv
peyaAUtepn anddoaon amo tig urtoAouneg ertthoy£g. Otav eEAQXLOTOTIOLELTOL TO GUVOALKO ETHOLO
KOOTOG, LEYLOTOTIOLELTAL N KATAVAAWGCN TIPWTOYEVOUG EVEPYELAC KL OL EKTIOUTIEG Slogeldiou
TOU AvBpaKa. I€ QUTHV TNV MEPIMTWON EMAEYOVTAL TOL CUCTALATO TIOU £XOUV TO XONAOTEPO
KOOTOC, T OMOol0l OUWG elval NAEKTPLKA KoL £XOUV HEYOAUTEPO OVOPOKIKO QMOTUTTWHAL.
JUpIEPAIVOUE OTL OL OVTIKELUEVIKEG CUVAPTIOELS TOU CUVOALKOU ETOLOU KOGTOUG KOl TWV
ekmopnwv 8lofeldiov tou avBpaka eival aAAnAoocuykpououevec. ‘Otav slayloTtomoleital n
OVTLKELUEVIKN TwV KoUMWy Slo€eldiov Tou AvOpOKa, PEYLOTOMOLEITAL TO GUVOALKO ETNGOLO
KOOTOC, KOOOTL emIAéyovTal PEPN TOU KTLPLOKOU KEAUPOUG HE HOVWON, KAl CUCTAUATO
B£puavong xwpou Kal vepol pn NAEKTPLKA EMELSH €XOUV ULKPOTEPO AMOTUMWA AvOpaKa.
Eniong o autiv tnv mepintwon emAéyetal nAtakog Bepuooidwvag kot pwtofoAtakd. Ta
dwtoPoAtaikd Sev mapdayouv Slofeldlo Tou AvBpaka, ylo aAutd Kal emAéyovial oTnv
neplntwon elaylotonoinong tTwv ekmopnwyv. Mopatnpeital otL dev emiléyetal os Kapia
neplntwon ovuotnua B€pUavong TIOU TIOPEXEL OTMOKAELOTIKA Oéppavon, oAAd oe KABe
nepintwon enAéyetal cuotnua Bppavong mou cuvdualel Bépuavon pe YuEn R Bépuavon
Tou vepoU. Emlong emhéyovtal pépn TOU KTLPLaKOU KeAUGDOUG e LOVWON, OTAV TO KPLTHPLO
™G Lelwong TNG KATAVAAWGONG TPWTOYEVOUC EVEPYELAG 1 TwV ekMoUTwyY Sloeldiou yivetal

TILO ONUOVTLKO. AvaKkedaAoLWVOVTAC, CUUTMEPOIVOULE OTL oTtoLadnoTe mpoonabsia peiwong
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NG KOTOVAAWONG TIPWTOYEVOUG EVEPYELOG I TWV EKMOUTTWYV SLogeldiou, aufAvel To CUVOALKO
£TN0L0 KOOTOC. H emAoyr Un NAEKTPLKWY CUCTNUATWY yLo OEPLLOVON TOU XWPOU KL TOU VEPOU
LELWVEL TIG eKTIOUTIEG Slogeldiou, aAAG aufavel To kOotog. Emiong n emloyn pepwv tou
KTLpLaKoU KeAUDOUG UE HOVWON, LELWVEL TNV KATAVOAWON TIPWTOYEVOUG EVEPYELOC KL TWV

ekmopnwv Sto€etdiov, aAAd aufavel To GUVOALKO ETAOLO KOOTOC.

Mpotaoelg yia to péEAAov

H PBeAtiwon tng evepyelakng amodoong Twv Kupilwv eival avapeoa oOTIC TPWTEG
TIPOTEPALOTNTEG TNG TIAYKOOMLOG EVEPYELAKNG TOALTIKAC. A oUTO TPEMEL va yivouve
T(POOTIABOELEC IO VA TNV TTEPALTEPW PBeATiwon tTnNG. AuTO pmopel va emiteuyBel pe Tnv xpnon
OUCTNUATWY CUUTTOPOYWYNG EVEPYELOC, KABWE KAL LE TNV XPNON HLKPO-OVELOYEVVNTPLWV.
Jtnv mapovoa epyacia €ywve n mapadoxr OTL Ol TIHEC TWV KAUOIHwV elval otaBepéc.
Mpodavwg auto Sev LoxVEL, KABOTL N ayopd TWV KAUGIUWV Yapaktnpiletal ano afepalotnta.
Jtoxaotikn avaiuon pe tnv pEBodo monte carlo pmopet va dwoel opBoTepa amoteAéopata.
Emtiong éylve n mapadoxn otL anatteital Ogppavan, PouEn kat (eatd vepo Xprong OAOUC TOUG
UAVEG TOU Xpovou. Mia mpoogyyion mou Ba Aaupave untoPv tnv petafoln tng {Atnong tng

evépyelag Ba £6Lve TLo akpLPn amoteA£éoparal.
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NAPAPTHMA

1. Kwdikag GAMS He 3 QVTIKELUEVIKEG CUVAPTAOELG

Mapakdtw rmoapatiBevtal o KWSLKAG IOV XPNOLUOTIOLBNnKE yLa TNV €MAUGCN TOU TIPOBANUATOG

LE TLG 3 AVTIKELUEVIKEG OUVAPTNOELG 0 YAwooa GAMS :

Seolcom //

* to make the model linear sets of walls, floors and ceilings
have 12 components

* componets 1:3 are without insulation, 4:6 with insulation 1,
7:9 insulation 2, 10:12 insulation 3

Sets
d door type
/doorl*door3/
wZ window type
/windowl*window3/
W wall structure
/walll*walll2/
r structure of ceiling
/ceilingl*ceilingl2/
h floor structure
/floorl*floorl2/
tv television /tvl*tv3/
cooker cooker
/cookerl*cooker3/
washing washing machine
/washl*wash3/
refrig refrigerator
/refrigl*refrig3/
pvs photovoltiacs /pvsl*pvs3/
ehsi electrical heating system /EHS1*EHS3/
nehsi non electrical heating system
/NEHS1*NEHS3/
ecsi electrical cooling system /ECS1*ECS3/
ewsi electrical DHW /EWS1*EWS3/
newsi non electric DHW
/NEWS1*NEWS3/
ehcsi electrical heating-cooling
/EHCS1*EHCS3/
ehwsi electrical heating DHW
/EHWS1*EHWS3/
nehwsi non electrical heating DHW
/NEHWS1*NEHWS3/
slci solar collector category
/solarl*solar3/
17 type of lamps
/lampl*lamp3/
month month /1*12/
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hour period of day /1*24/

k objective functions /1*3/

14

Parameter dir (k) direction of the objective functions 1 for
max and -1 for min

/1 -1
2 -1
3 -1
/
Parameters
To (month) Average external temperature for each month
(Celsius)
/
1 7.4
2 7.8
3 10.8
4 15.8
5 21.5
6 26.4
7 28.6
8 28
9 24 .2
10 18.9
11 13.1
12 8.7
/
td (month) month duration in days
/
1 31
2 28
3 31
4 30
5 31
6 30
7 31
8 31
9 30
10 31
11 30
12 31
/
Isl (month) solar radiation kWh * m*2*day)"-1
/
1 1.39
2 1.91
3 2.78
4 3.85
5 5.01
6 5.27
7 4.93
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8 4.62

9 3.93

10 2.49

11 1.54

12 1.22

/

tm(month) mo
/

1 744
2 672
3 744
4 720
5 744
6 720
7 744
8 744
9 720
10 744
11 720
12 744
/

Tdcw (month)
(Celsius)

/

1 11.3
2 10.9
3 11.8
4 14.3
5 17.7
6 21.6
7 24,7
8 25.4
9 24 .2
10 21.1
11 16.9
12 13.5
/

WSm (month) i
/

1 1

2 1

3 1

4 1

5 1

6 1

7 1

8 1

9 1

10 1

11 1

12 1

/

nth duration in hours

temperature of cold water inlet to the DHW system

ndicator for DHW demand each month
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CS (month) indicator for cooling demand each month
/

1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
/

HS (month) indicator for heating demand each month

O O ~J o U WN P

PR R RRRR R R

e
N H O

~

Wo (month) specific humidity outdoors each month (kgwater per
kgair)

/

1 0.00400
2 0.00420
3 0.00450
4 0.00520
5 0.00630
6 0.00730
7 0.00820
8 0.00850
9 0.00770
10 0.00690
11 0.00590
12 0.00495
/

Udoors (d) heat transfer coefficient for doors W*m-2*K
/

doorl 2.04
door2 0.86
door3 1.64

/
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Costdoor (d) Cost for doors per square meter
/

doorl 226

door2 510

door3 244

/

UWindows (wz) Heat transfer coefficient for windows
/

windowl 1.28

window2 0.79

window3 1.15

/

CostWindows (wz) cost for windows per square meter
/

windowl 209

window?2 258

window3 161

/

Gwin (wz) Solar heat gain coefficient
/

windowl 0.44

window2?2 0.64

window3 0.44

/

Uwalls (w) heat transfer coefficient of walls
/

walll 1.4731
wall2 1.4203
wall3 1.5295
walld 0.3388
wallb5 0.3359
walle 0.3417
wall7 0.5587
wall8 0.5509
wall9 0.5666
walllO 0.4926
wallll 0.4865
walll2 0.4987
/

CostWalls (w) cost of walls euros per m2

/

walll 90.25
wall?2 140.50
wall3 100.00
walld 99.09
wallb 149.34
wallo 108.84
wall? 97.21
walls8 147.406

wall9 106.96
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walllO 95.20
wallll 145.45
walll? 104.95

/

UFloor (h) heat transfer coefficient of floors
/

floorl 2.6940
floor2 2.6676
floor3 2.7005
floor4 0.3782
floor5 0.3777
floor6 0.3784
floor7 0.6746
floor8 0.6730
floor?9 0.6750
floorl0 0.5805
floorll 0.5793
floorl2 0.5808
/

CostFloors (h) cost of floors euros per m2
/

floorl 26.25
floor2 28.25
floor3 27.25
floor4 35.09
floorb 37.09
flooro6 36.09
floor7 33.21
floor8 35.21
floor?9 34.21
floorl0 31.20
floorll 33.20
floorl2 32.20
/

UCeiling(r) heat transfer coefficient of ceilings

/

ceilingl 2.6901
ceiling2 2.7079
ceiling3 2.4296
ceiling4 0.3781
ceilingb 0.3785
ceiling6 0.3725
ceiling7 0.6744
ceiling8 0.6755
ceiling9 0.6567

ceilingl0O 0.5804
ceilingll 0.5812
ceilingl2 0.5672
/

CostCeiling(r) cost of ceilings euros per m2

/
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ceilingl 20.95
ceiling2 20.50
ceiling3 44.25
ceiling4 29.79
ceilingb 29.34
ceiling6 53.09
ceiling7 27.91
ceiling8 27.46
ceiling9 51.21
ceilingl0 25.90
ceilingll 25.45
ceilingl2 49.20

/

LampsPower (1j) power of lamps
/

lampl 20

lamp2 24

lamp3 18

/

CostLamps (1j) cost of lamps
/

lampl 13
lamp2 7
lamp3 77

/
EfficiencyElecHeatSys (ehsi)
systems

/

EHS1 1
EHS2 0.98
EHS3 0.9
/

CostElecHeatSys (ehsi)
systems

/

EHS1 1290

EHS2 1226

EHS3 1161

/

efficiency of electrical heating

cost of electrical heating

EfficiencyNonElecHeatSys (nehsi) efficiency of non-

electrical heating systems
/

NEHS1 0.83

NEHS2 0.85

NEHS3 0.91

/

* For non elec systems the lhv of respective fuel is used
* for o0il is 34560 MJ per m3 and for gas =32.4 MJ per m3
lhvnonelecheatsys (nehsi) low heating value of non elec heat

Sys
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/

NEHS1 34560
NEHS?2 32.4
NEHS3  32.4

/

CostNonElecHeatSys (nehsi) cost of non- electrical heating
systems

/

NEHS1 839

NEHS2 680

NEHS3 1019

/

EfficiencyElecCoolingSys(ecsi) efficiency of electrical
cooling systems

/

ECS1 2.5

ECS2 3

ECS3 3.5

/

CostElecCoolingSys (ecsi) cost of electrical cooling systems
/

ECS1 387

ECS2 516

ECS3 645

/

EfficiencyElecHeatCoolingSys (ehcsi) efficiency of electrical
heating cooling systems

/

EHCS1 3

EHCS2 3.5

EHCS3 4

/

CostElecHeatCoolingSys (ehcsi) cost of electrical heating
cooling systems

/

EHCS1 645

EHCS2 774

EHCS3 903

/

EfficiencySolar(slci) efficiency of solar collectors

/

solarl 0.827
solar?2 0.0642
solar3 0.791
/

AreaSolar(slci) area of solar collectors

/
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solarl 2.3
solar?2 2
solar3 2.35
/

CostSolar(slci) cost of solar collectors
/

solarl 7224

solar2 5160

solar3 6966

/

EfficiecyElecDHW (ewsi) efficiency of electrical DHW
/

EwWsS1l 1

EwWs2 0.98

EWS3 0.95

/

CostElecDHW (ewsi) cost of electrical DHW
/

EWS1l 1169

EWS2 1096

EWS3 1032

/

EfficiecyNonElecDHW (newsi) efficiency of non-electrical DHW
/

NEWS1 0.83

NEWS2 0.6

NEWS3 0.8

/

CostNonElecDHW (newsi) cost of non-electrical DHW
/

NEWS1 645

NEWS2 451

NEWS3 580

/

1lhvNonElecDHW (newsi) fuel of non-electrical DHW
/

NEWS1 34560

NEWS2 34560

NEWS3 32.4

/

EfficiencyElecHeatingDHW (ehwsi) efficiency of electrical
heating DHW

/

EHWS1 1
EHWS2 0.98
EHWS3 4

/

CostElecHeatingDHW (ehwsi) cost of electrical heating DHW
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/
EHWS1 1548
EHWS2 1277
EHWS3 3057
/

EfficiencyNonElecHeatingDHW (nehwsi) efficiency of non-
electrical heating DHW

/

NEHWS1 0.88

NEHWS2 0.89

NEHWS3 0.95

/

lhvNonElecHeatingDHW (nehwsi) fuel of non-electrical heating
DHW

/

NEHWS1 34560

NEHWS2 32.4

NEHWS3 32.4

/

CostNonElecHeatingDHW (nehwsi) cost of non-electrical heating
DHW

/

NEHWS1 1032

NEHWS2 1096

NEHWS3 1225

/

PowerTV (tv) energy consumption of televisions W

/

tvl 120

tv2 52

tv3 58

/

CostTV (tv) costs of tv
/

tvl 437

tv2 551

tv3 516

/

PowerCooker (cooker) consumption of cookers W
/

cookerl 9530

cooker2 10475

cooker3 10000

/

CostCooker (cooker) cost of cookers

/
cookerl 045
cooker?2 516
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cooker3 580
/

PowerWashing (washing) consumption per cycle for washing
machines KWh

/

washl 1.05

wash?2 0.73

wash3 0.79

/

EfficiencyWashing (washing) efficiency of washing machines
motors efficiency (%)
/

washl 0.7

wash2 0.7

wash3 0.7

/

CostWashing (washing) cost of washing machines

/

washl 387
wash?2 516
wash3 495
/

PowerRefrig(refrig) daily consumption of refrigerators KWh
/

refrigl 0.51

refrig2 0.42

refrig3 0.50

/

EfficiencyRefrig(refrig) efficiency of refrigerators motors
/

refrigl 0.7

refrig?2 0.7

refrig3 0.7

/

CostRefrig(refrig) cost of refrigerators
/

refrigl 445

refrig2 516

refrig3 477

/

GenerationEfficiencyPhotoV (pvs) generation efficiency of
photovoltaics systems (%)

/

pvsl 0.1565

pvs2 0.1616

pvs3 0.1480

/
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AreaPhotoV (pvs) area of photovoltaics systems m”"2

CostPhotoV (pvs) cost of photovoltaics
/

pvsl 1548

pvs2 1585

pvs3 1817

/

annfactor systems annuity of energy systems
annfactor structure annuity of structure components
annfactor win annuity of windows

annfactor lamps annuity of lamps

annfactor ea annuity of electrical appliances

14

Scalars

ACH air change per hour (h"-1)
/1.5/

Awin area of windows (m"2)

/13/

Fconv Conversion Factor MJ*kWh”-1
/3.6/

Adoor area of doors m"2

/3/

Awallint area of internal walls m"2
/99/

Awallext area of external walls
/194/

Aceil area of ceilings m"

/62/

Afloor area of floors m"2

/127/

ShadingFactorWindows Windows Shading Factors
/1/

UsageLamps dialy usage of lamps hours
/13/

Nlamps number of lamps

/8/

UsageTV daily usage of tv hours
/4/

UsageCooker dialy usage of cooker
/0.5/

ShadingFactorSolar shading factor of solar
collectors /1/

CPair specific heat of air at
constant pressure kj* (kg*k)~-1 /1.0035/
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CPwater

constant pressure kj* (kg*k)~*-1
FCm

movable devices (%)
Ff

/1/

dair

/1.2/

dwater

/1000/

ho

radiation coefficient W* (m"2*K)"-1

Mw

per second)

Npeople

/4/

Hfg

(kj per kg)

wi

(kgwater per kgair)
ngrid

supply grid

SEAel

supply to consumption
Tih

for heating season (Celsius)
Tic

for cooling season (Celsius)
Tdhw

/60/

\Y

building (m"3)
PRphotov

/0.75/

Qhuman

/115/

CyclesWashing
washing machines

mneg

statement

mpos

statement

life systems life for energy systems

specific heat of water at

/4.18/
window correction factor for
/1/
frame factor for windows (%)

air density (kg*m"-3)

water density (kg*m"-3)

outdoors combined convection-

/28/

daily need of hot water (m3
/0.00000278/

number of people

latent heat of vaporization

/2340/

specific humidity indoors
/0.00834/

efficiency of the electricity

/0.35/
assuming no losses from
/1/

internal design temperature
/18/

internal design temperature
/26/

tempreature for dhw

internal volume of the
/344/
PR Value for photovoltaics

heat emmitted from people (W)

usage cycles per day for
/0.5/
negative number for if
/=1000000/
positive number for if
/1000000/
/20/

(years)

life structure life for walls ceils and floors /50/

life win life for windows /30/
life lamps life for lamps /4/

life ea life for electrical appliances /10/
rate rate for annualized cost /0.06/

cost oil cost of oil in euros per m3 /740/
cost ng cost of natural gas in euros per m3 /0.3/
cost elec electricity cost when buying from grid per kWh

/0.01596/

*lhv o0il low heating value of o0il kWh per m3

/9600/

(for boilers)



*1lhv _gas low heating value of gas kwh per m3 (assume 0.55 of
air density) /9/
elec sale price price for electricity sales per kWh /0.02/

*from diakaki

0il co2 oil emission factor kg co2 per kg of oil /3.142/
ng co2 ng emission factor kg co2 per kg of ng /2.715/
grid co2 elec emission factor kg co2 per MJ /0.295/

*from springer energy and other
0il dens density of oil in kg per m3 (assumed) /800/
ng dens density of oil in kg per m3 assumed 0.55 of air /0.71/

14

Binary Variables
XDOOR (d)

XWIN (wz)
XWALL (w)
XCEIL(r)
XFLOOR (h)
XEHS (ehsi)
XNEHS (nehsi)
XECS (ecs1i)
XEWS (ewsi)
XNEWS (newsi)
XEHCS (ehcsi)
XEHWS (ehwsi)
XNEHWS (nehwsi
XSLC (slci)

XL (17)

XTV (tv)
XCOOKER (cooker)
XWASHING (washing)
XREFRIG (refriqg)
XPHOTOV (pvs)

4

)

positive Variables

Qc annual primary energy consumption for
cooling (Mj*year”-1)

Oh annual primary energy consumption for
heating (Mj*year”-1)

Qcel annual primary energy consumption for
cooling consumed by an electrical system (Mj*year”-1)

Qdhw annual primary energy consumption for DHW
(Mj*year”®-1)

Qwel annual primary energy consumption for DHW
by a electrical system (Mj*year”-1)

Qwnel annual primary energy consumption for DHW

by a non-electrical system (Mj*year”-1)

Qhel annual primary energy consumption for
heating from a electrical system (Mj*year”-1)
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Qlel energy consumption for lighting Mj per
year

QDel annual demand for electricity Mj per year
QCDtot annual cooling demand (Mj*year”-1)

QHDtot annual heating demand (Mj*year”-1)

QLDtot annual energy demand for lighting
(Mj*year”-1)

QWDtot annual energy demand for DHW (Mj*year”-1)
QEaDTot total annual energy demand for electrical

appliances (Mj*year”-1)

QAel annual energy cosnumption for electrical

appliances (Mj*year”-1)

QCD (month) cooling demand each month MJ

QHD (month) heating demand each month MJ

OSL (month) solar heat gain each month (kWh)

QeaD (month) energy for electrical appliaces each month
MJ

DQdhw (month) net DHW demand MJ

QLD (month) energy demand for lighting each month MJ
QdSLC (month) DHW demand provided by a solar collector
kWh

QPhoto (month) energy produced by a photovoltaic cell kWh
Qelgrid energy provided by the grid MJ per year
BLC Building Load Factor (W*K"-1)

QINHG (month) internal heat gain each month kWh

QTV (month) energy demand for TV each month kWh
QCooker (month) energy demand for cooker each month kWh
QOwash (month) energy demand for washing machine each
month kWh

Qrefrig (month) energy demand for refrigerator each month
kWh

QHel energy consumption of electrical systems
kWh

QHnel energy consumption of non-electrical
systems kWh

pvsupply photovoltaic supply kWh

Q TV _HEAT (month) heat from tv kWh

Q COOKER HEAT (month) heat from cooker kWh

Q WASH HEAT (month) heat from washing machine kWh

Q REFRIG HEAT (month) heat from refrigerator kWh

QEA HEAT (month) heat from electric appliances kWh
COSTfordoor Investment cost for doors
COSTforwindows Investment cost for windows
COSTforwalls Investment cost for walls
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COSTforceilings Investment cost for ceilings
COSTforfloors Investment cost for floors
COSTforheatingsystem Investment cost for heating
systems

COSTforcoolingsystem Investment cost for cooling
systems

COSTforwatersystem Investment cost for dhw systems

COSTforheatingcooling

cooling systems

COSTforheatingwatersystem

dhw systems

Investment cost for

Investment cost for

heating-

for heating

COSTforsolar Investment cost for solar
collectors

COSTforlight Investment cost for lighting
COSTforPhotov Investment cost for
photovoltaics

COSTforTV Investment cost for TVs
COSTforcooker Investment cost for cookers
COSTforWashing Investment cost for washing
machines

COSTforRefrig Investment cost for
refrigerators

TOT OPERCOST
INVCOST
TOT CAPCOST

total operational cost
investmenet cost
total capital cost

FUEL DHW NEL COST
FUEL HEAT NEL COST

cost for fuel water systems
cost for fuel heat systems

OPERCOST FUEL
OPERCOST EL

operational cost for fuel
operational cost for electricity

Qalt total alternative energy
generation in MJ

Q pe sys el

of electrical systems

Q pe sys nel

of non electrical systems

total primary energy consumption

total primary energy consumption

CO2_ HEAT NEL
heating systems
CO2_DHW_NEL

DHW systems

emissions from non electrical

emissions from non electrical

CO2 GRID emissions from grid

vl variable for linearization
y2 variable for linearization
y3 variable for linearization
v4 variable for linearization
y5 variable for linearization
y6 variable for linearization
vy variable for linearization
y8 variable for linearization

86



v9 variable for linearization

y1l0 variable for linearization
yll variable for linearization
yl2 variable for linearization
y13 variable for linearization
y1l4 variable for linearization
y15 variable for linearization
y16 variable for linearization
y17 variable for linearization
y18 variable for linearization
y1l9 variable for linearization
y20 variable for linearization
y21 variable for linearization
y22 variable for linearization
y23 variable for linearization
y24 variable for linearization
y25 variable for linearization
y26 variable for linearization
y27 variable for linearization
y28 variable for linearization
y29 variable for linearization
y30 variable for linearization
y31 variable for linearization
y32 variable for linearization

y33 variable for linearization

4

Free Variables

Qdhwu (month) DHW demand kWh

QTClosses (month) heat transimitance losses each month

heating season kWh

QTHlosses (month) heat transimitance losses each month

cooling season kWh

QCVEN (month) ventilation losses each month cooling

season (kWh)

QHVEN (month) ventilation losses each month heating
)

season (kWh

Z (K) objective functions

TAC total annual cost

Qt total primary energy consumption
TOT CO2 total emissions

Equations

e Orismos eksisoseon-----—-—-——-————————————
doors Decision equation

for door

windows Decision equation

for window

walls Decision equation

for walls

ceilings Decision equation

for ceilings
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floors

for floors

Photov

for photovoltaics
TVs

for TVs

Cooker eg

for cookers
Washing eq

for washing machines
Refrig eq

for refrigerators
lamps

for lamps

spaceheating

for spaceheating
spacecooling

for spacecooling
dhwsystems

for DHW systems
solarcollector

for Solar Collectors

COSTfordoor eq
investment cost for
COSTforwindows eq
Investment cost for
COSTforwalls eq
Investment cost for
COSTforceilings eq
Investment cost for
COSTforfloors eq
Investment cost for

doors
windows
walls
ceilings

floors

COSTforheatingsystem eqg

Investment cost for heating systems

COSTforcoolingsystem eg

Investment cost for cooling systems

COSTforwatersystem e

d

Investment cost for dhw systems

COSTforheatingcoolin

Investment cost for heating-cooling

COSTforheatingwaters
Investment cost
COSTforsolar eq
Investment cost
COSTforlight eqg
Investment cost
COSTforPhotov_eqg
Investment cost for
COSTforTV eqg
Investment cost for
COSTforcooker eqg
Investment cost for

for

for

g_eq

ystem eq

solar collectors

lighting

photovoltaics

TVs

cookers

for for heating dhw
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systems

systems

Decision
Decision
Decision
Decision
Decision
Decision

Decision

Decision
Decision
Decision

Decision

Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation

Equation

equation
equation
equation
equation
equation
equation

equation

equation
equation
equation

equation

of
of
of
of
of
of
of
of
of
of
of
of
of
of

of



COSTforWashing eq

Investment cost for washing machines

COSTforRefrig eq
Investment cost for refrigerators

BLC eq
value of a building

QTClosses eqg(month) Equation
cooling season

QCVEN eqg (month) Equation
cooling season

QTHlosses eqg(month) Equation
heating season

QHVEN eq (month) Equation
heating season

QCDtot eq Equation
kWh

QHDtot eq Equation
kWh

QINHG eqg(month) Equation
QSL eqg (month) Equation
QTV eqg (month) Equation
each month kWh

QCooker eqg(month) Equation
each month kWh

Qwash eqg(month) Equation

washing machine each month kWh
Qrefrig eg(month) Equation
refrigerator each month kWh

Q tv _heat eg(month)

Q cooker heat eqg(month)
Q wash heat eg(month)

Q refrig eqg(month)

Qea heat eqg(month)

QLD eqg(month) Equation
lighting each month kWh

QLDtot eqg Equation
lighting Mj per year

QLel eqg Equation
lighting Mj per year

QWDtot eq Equation
DHW (Mj*year”-1)

QPhoto_eg(month) Equation

photovoltaic cell per month

Qalt eqg Equation
of a photovoltaic cell
QEaDTot eq Equation

electrical appliances
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of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

Equation of

Equation of

Equation of BLC

monthly Transimission
ventilation losses
monthly Transimission
ventilation losses
annual cooling demand
annual heating demand
internal heat gain
solar gains each month
energy demand for TV
energy demand for cooker
demand for

energy

energy demand for

energy demand for

annual energy demand for
energy consumption for

annual energy demand for

energy generation by a
total energy generation

annual energy demand for



QAel eq Equation of annual energy
consumption for electrical appliances

altenergy eq Equation of power supply from
alternative energy generation systems

QdSLC eg(month) Equation of DHW demand provided by a
solar collector kWh

Qdhwu_eqg (month) Equation of DHW demand

Qea eqg(month) Equation of energy for electrical

appliaces each month kWh

QDel eq Equation of annual demand for
electricity

ifequationl (month) if equation 1

ifequation2 (month) if equation 2

ifequation3 (month) if equation 3

ifequation4 if equation 4
A linearization-———------""--"-"-"—————-——————

linear eql
linear eq2
linear eqg3
linear eq4
linear eqgb
linear eqg6
linear eq7
linear eqg8
linear eqg9
linear eql0
linear eqll
linear eql2
linear eql3
linear eql4
linear eql5
linear eqglé6
linear eql7
linear eql8
linear eql9
linear eq20
linear eq20
linear eq2l
linear eqg22
linear eqg23
linear eqg24
linear eg25
linear eqg26
linear eq27
linear eqg28

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
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equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
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linear eqg29
linear eq30
linear eq3l
linear eq32
linear eqg33
linear eqg34
linear eg35
linear eqg36

Qhel eq

consumption for heating from

linear eq37
linear eqg38
linear eqg39
linear eq40
linear eq4l
linear eq4?2
linear eq43
linear eq44
linear eq45
linear eq46
linear eqg47
linear eqg48
linear eqg4?9
linear eg50
linear eg5l
linear eqgb2
linear eg53
linear eqgb54
linear egb5
linear egb56
linear eqgb7
linear eg58
linear egb59
linear eqg60

QHnel eq

linear eqg6l
linear eqg62
linear eg63
linear eqg6t4
linear eqg65
linear eqg6t6
linear eq67
linear eg68
linear eg69
linear eq70
linear eq7l
linear eq72
linear eq73
linear eq74
linear eq’5
linear eq76

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

Equation of annual primary energy
a electrical system

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
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linearization
linearization
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Equation of energy consumption of
non-electrical systems kWh

equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation

(Mj*year~-1)



linear eq77
linear eq’8
linear eq79
linear eqg80
linear eg8l
linear eqg82
linear eg83
linear eqg84

Qcel eq
(Mj*year™-1)

linear eqg85
linear eqg86
linear eqg87
linear eqg88
linear eqg89
linear eq90
linear eq9l
linear eqg92
linear eq93
linear eq9%4
linear eqg95
linear eqg96
linear eq97
linear eg98
linear eg99
linear eql00
linear eqlOl
linear eql02
linear eqlO3
linear eql04
linear eqlO05
linear eql06
linear eql07
linear eql08

Qwel eq

linear eql09
linear eqllO
linear eqlll
linear eqll2
linear eqll3
linear eqll4
linear eqllb
linear eqllé6
linear eqll7’
linear eqll8
linear eqll?9
linear eql20
linear eqlZ?l
linear eql22
linear eql23

Equation of
consumption for DHW by a electrical system

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
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Equation of annual primary energy
consumption for cooling consumed by an electrical system

equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
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equation

annual primary energy
(Mj*year”-1)

equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation



linear eqlZ24 linearization equation
linear eql25 linearization equation
linear eql26 linearization equation
linear eql27 linearization equation
linear eql28 linearization equation
linear eql29 linearization equation
linear eql30 linearization equation
linear eql3l linearization equation
linear eql32 linearization equation

Qwnel eq Equation of annual primary energy
consumption for DHW by a non-electrical system (Mj*year”-1)

investment cost

capital cost (annuity)

annual operational cost

operational cost of fuel based systems
operational cost electricity

total annual cost

invcost eq
capcost eq

tot opercost eq
opercost fuel eq
opercost el eq
tot ann cost eq

fuel heat nel cost eq
fuel dhw nel cost eq

co2 heat nel cost eq
co2 dhw nel cost eq
co2 grid eq
tot co2 eq

cost for fuel
cost for fuel

co?2 emissions
co?2 emissions
co?2 emissions

based heating systems
based water systems

from fuel heating sys
from fuel dhw sys
from grid

total co2 emissions

Q pe sys el eg Equation of annual primary
consumption from systems consuming electricity

Q pe sys nel eq Equation of annual primary
consumption from systems consuming fuels

obj2 energy objective function for energy

consumption

objl definition of Z1

obj2 definition of Z2

obj3 definition of Z3

doors.. sum (d, XDOOR (d) ) =e=1 ;

windows. . sum (wz, XWIN (wz) )=e=1;

walls.. sum (w, XWALL (w) ) =e=1 ;

ceilings.. sum (r, XCEIL(r))=e=1;

floors.. sum(h, XFLOOR (h))=e=1 ;

TVs.. sum (tv, XTV (tv) )=e=1;

Cooker eqg.. sum (cooker, XCOOKER (cooker) )=e=1
Washing eq.. sum (washing, XWASHING (washing) )=e=1;
Refrig eq.. sum(refrig, XREFRIG (refriqg) )=e=1;
lamps.. sum((13), XL(13j)) =e=1 ;
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spaceheating.. sum (ehsi, XEHS (ehsi)) + sum(nehsi,
XNEHS (nehsi)) + sum(ehcsi, XEHCS (ehcsi)) +

sum (ehwsi, XEHWS (ehwsi)) + sum(nehwsi, XNEHWS (nehwsi))=e=1 ;
spacecooling.. sum (ecsi, XECS(ecsi)) + sum(ehcsi,

XEHCS (ehcsi)) =e= 1 H

dhwsystems. . sum (ewsi, XEWS (ewsi)) + sum(newsi,

XNEWS (newsi)) + sum(ehwsi, XEHWS (ehwsi)) + sum(nehwsi,

XNEHWS (nehwsi)) =e= 1 ;

solarcollector.. sum(slci, XSLC(slci)) =1=1 ;

Photov.. sum (pvs, XPHOTOV (pvs)) =1= 1;

e e e OBJECTIVE 1: COST-————————————

COSTfordoor_ eq..

COSTfordoor=e=Adoor*sum(d, XDOOR (d) * Costdoor (d)) ;
COSTforwindows_eq..

COSTforwindows=e=Awin*sum (wz, XWIN (wz) *CostWindows (wz) ) ;
COSTforwalls eq.. COSTforwalls=e=Awallext*sum (w,

XWALL (w) *CostWalls (w)) ;

COSTforceilings eq..

COSTforceilings=e=Aceil*sum(r,XCEIL(r) *CostCeiling(r)) ;
COSTforfloors eqg..
COSTforfloors=e=Afloor*sum(h, XFLOOR (h) *CostFloors (h)) ;
COSTforheatingsystem eq..
COSTforheatingsystem=e=sum (ehsi, XEHS (ehsi) *CostElecHeatSys (ehs
i) ) tsum(nehsi, XNEHS (nehsi) * CostNonElecHeatSys (nehsi)) ;
COSTforcoolingsystem eq..
COSTforcoolingsystem=e=sum(ecsi, XECS (ecsi) *CostElecCoolingSys (
ecsi)) ;

COSTforwatersystem eq..
COSTforwatersystem=e=sum (ewsi, XEWS (ewsi) *CostElecDHW (ewsi) ) tsu
m(newsi, XNEWS (newsi) *CostNonElecDHW (newsi) ) ;
COSTforheatingcooling eq..
COSTforheatingcooling=e=sum(ehcsi, XEHCS (ehcsi) *CostElecHeatCoo
lingSys (ehcsi)) H

COSTforheatingwatersystem eq..
COSTforheatingwatersystem=e=sum (ehwsi, XEHWS (ehwsi) *CostElecHea
tingDHW (ehwsi) ) +sum (nehwsi, XNEHWS (nehwsi) *CostNonkElecHeatingDH
W (nehwsi)) ;

COSTforsolar eq..

COSTforsolar=e=sum(slci,XSLC(slci)* CostSolar(slci));
COSTforlight eq..
COSTforlight=e=sum(1lj,XL(1j) *CostLamps (17j)) *Nlamps ;
COSTforPhotov_eq..

COSTforPhotov=e=sum (pvs, XPHOTOV (pvs) *CostPhotoV (pvs) ) ;
COSTforTV eq..

COSTforTV=e=sum (tv, XTV (tv) *CostTV (tv)) ;

COSTforcooker eq..
COSTforcooker=e=sum (cooker, XCOOKER (cooker) *CostCooker (cooker))

14
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COSTforWashing eq..
COSTforWashing=e=sum(washing, XWASHING (washing) *

CostWashing (washing)) ;

COSTforRefrig eq..
COSTforRefrig=e=sum(refrig, XREFRIG (refrig)*CostRefrig(refriqg))

4

invcost eq.. INVCOST =e= COSTforlight +
COSTforwindows + (COSTfordoor + COSTforwalls +
COSTforceilings + COSTforfloors)

+ (COSTforheatingsystem +
COSTforcoolingsystem + COSTforwatersystem +
COSTforheatingcooling + COSTforheatingwatersystem +
COSTforsolar + COSTforPhotov)

+ (COSTforTV + COSTforcooker

+ COSTforWashing + COSTforRefrigqg);

capcost eq.. TOT CAPCOST =e=
COSTforlight*annfactor lamps + COSTforwindows*annfactor win +
(COSTfordoor + COSTforwalls + COSTforceilings +
COSTforfloors) *annfactor structure

+ (COSTforheatingsystem +
COSTforcoolingsystem + COSTforwatersystem +
COSTforheatingcooling + COSTforheatingwatersystem +
COSTforsolar + COSTforPhotov) *annfactor systems

+ (COSTforTV + COSTforcooker
+ COSTforWashing + COSTforRefrig) *annfactor ea;

tot opercost eq.. TOT OPERCOST =e= OPERCOST FUEL +
OPERCOST EL;

opercost fuel eq.. OPERCOST FUEL =e= FUEL HEAT NEL COST +
FUEL DHW NEL COST;

opercost el eq.. OPERCOST EL =e= 1/fconv*cost elec*Qelgrid;

tot ann cost eq.. TAC =e= TOT CAPCOST + TOT OPERCOST;

objl.. Z('1l'")=e= TAC;
*———--0BJECTIVE 2: ENERGY CONSUMPTION----- *
BLC eq.. BLC =e=

Adoor*sum (d, XDOOR (d) *Udoors (d) ) +tAwin*sum (wz, XWIN (wz) *
)

)
_.|_

UWindows (wz) )+ Awallext*sum(w, XWALL (w)* Uwalls (w)
Aceil*sum(r,XCEIL (r)*UCeiling(r)) +
Afloor*sum (h, XFLOOR (h) *UFloor (h))

QTClosses_eg(month) .. QTClosses (month)=e=BLC* (Tic-

To (month) ) *tm (month) /1000 ; //kWh

QCVEN_eq (month) .. QCVEN (month) =e=dair*CPair*ACH*V* (Tic-
To (month) ) *tm (month) /3600 + dair*Hfg*ACH*V* (wi-

Wo (month) ) *tm (month) /3600; //kWh

QTHlosses eg(month) .. QTHlosses (month)=e=BLC* (Tih-

To (month) ) *tm (month) /1000; //kWh

QHVEN eq(month) .. QHVEN (month) =e= dair*CPair*ACH*V* (Tih-
To (month) ) *tm (month) /3600 ; //kWh
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QINHG eqg(month)..
QINHG(month)=e=(Npeople*Qhuman/lOOO)*tm(month)+QEA_HEAT(month)
; //kWh

QSL eg(month) .. QOSL (month) =e=sum (wz, XWIN (wz)*Gwin (wz))
* Awin*Ff*ShadingFactorWindows*FCm*Isl (month) *td (month)
;//kWh

QTV_eg(month) .. QTV (month)=e=sum(tv,

PowerTV (tv) *XTV (tv) ) *UsageTV *td(month) /1000 ; //kWh

QCooker eg(month) ..

QCooker (month)=e=sum (cooker, PowerCooker (cooker) *XCOOKER (cooker
) ) *UsageCooker*td (month) /1000 ; //kWh

Qwash eqg(month) .. Qwash (month) =e=td (month) *CyclesWashing
*sum (washing, PowerWashing (washing) *XWASHING (washing)) ; //kWh
Qrefrig eg(month) ..

Qrefrig (month)=e=td (month) *sum (refrig, PowerRefrig(refrig) *XREF
RIG(refrig)) ; //kWh

Qea eg(month) .. QeaD (month)=e=Fconv* (QTV (month) +
QCooker (month) +Qwash (month) +Qrefrig (month)) ; / /MJ

Q tv heat eqg(month).. Q TV HEAT (month) =e= QTV (month) ;
//kWh

Q cooker heat eg(month).. QO COOKER HEAT (month) =e=

QCooker (month); //kWh

Q wash heat eg(month) .. Q WASH HEAT (month) =e=

td (month) *CyclesWashing

*sum (washing, PowerWashing (washing) *XWASHING (washing) /Efficienc
yWashing (washing)); //kWh

Q refrig eqg(month) .. Q REFRIG HEAT (month) =e=

td (month) *sum(refrig, PowerRefrig(refrig) *XREFRIG (refrig) /Effic
iencyRefrig(refrig)) ; //kWh

Qea heat eg(month) .. QEA HEAT (month) =e=

Q TV _HEAT (month) + Q COOKER HEAT (month) + Q WASH HEAT (month) +
Q REFRIG HEAT (month); //kWh , converted to MJ in another eqg

QLD eqg(month) ..
QLD (month) =e=Fconv*td (month) *Nlamps*UsageLamps*sum (17,

LampsPower (1) * XL(1j))/1000 ; //MJ
e —— PV and SLC ANNUAL GENERATION-—----
QPhoto_eqg(month) .. QPhoto (month) =e= sum(pvs,

XPHOTOV (pvs) *
AreaPhotoV (pvs) *GenerationEfficiencyPhotoV (pvs) ) *PRphotov*Shad
ingFactorSolar*Isl (month) *td (month); // kWh

Qalt eq.. pvsupply=e=sum (month, QPhoto (month)) ;
//kWh

altenergy eq.. Qalt =e= pvsupply*Fconv; //MJ

QdSLC eqg(month) .. QdSLC (month) =e=ShadingFactorSolar

*Isl (month) *td (month) *sum(slci, AreaSolar(slci)*XSLC(slci)*
EfficiencySolar (slci)); //kWh

Qdhwu_eqg (month) .. Qdhwu (month) =e=Mw*dwater*CPwater* (Tdhw-
Tdcw (month) ) *tm (month) ; //kWh

96



*-—-—TF EQUATIONS----*

ifequationl (month) .. QHD (month) =g=

HS (month) *Fconv* (QTHlosses (month)+ QHVEN (month) -QINHG (month) -
QSL (month)); //MJ

ifequation2 (month) .. QCD (month) =g=

CS (month) *Fconv* (QINHG (month) +OSL (month) - QTClosses (month) -
QCVEN (month)); //MJ

ifequation3 (month) .. DQdhw (month) =g=

WSm (month) *Fconv* (Qdhwu (month) -QdSLC (month)); //MJ

Ao ENERGY —————— - ———m o oo
________ *

QHDtot eq.. QHDtot =e= sum (month, QHD (month) ) ;

// MJ

QCDtot eq.. QCDtot =e= sum(month,QCD (month)) ; //
MJ

QLDtot eq.. QLDtot =e= sum(month, QLD (month)); // MJ
QEaDTot eq.. QEaDTot =e= sum(month, QeaD (month)); //
MJ

QWDtot eq.. QWDtot =e= sum(month, DQdhw (month)) ;
// MJ

QDel eqg.. QDel=e=QHel+QCel+Qwel+QLel+QAel ;

//MJ, electricity demand

ifequationd.. Qelgrid =g= QDel - Qalt; //MJ

QHel eq..

QHel=e=(yl/EfficiencyElecHeatSys ('EHS1'"))+
(y2/EfficiencyElecHeatSys ('EHS2'") ) +
(y3/EfficiencyElecHeatSys ('EHS3"'")) +

(y4/EfficiencyElecHeatCoolingSys ('EHCS1'") )+
(y5/EfficiencyElecHeatCoolingSys ('EHCS2'))
+(y6/EfficiencyElecHeatCoolingSys ('EHCS3')) +

(y7/EfficiencyElecHeatingDHW ('EHWS1'") ) +
(y8/EfficiencyElecHeatingDHW ('EHWS2')) +
(y9/EfficiencyElecHeatingDHW ('EHWS3')); //MJ

QHnel eq..
QHnel=e=(y10/EfficiencyNonElecHeatSys ('NEHS1'") )+ (yll/Efficienc
yNonElecHeatSys ("NEHS2'") ) +
(yl2/EfficiencyNonElecHeatSys ('NEHS3') ) +

(yl3/EfficiencyNonElecHeatingDHW ('NEHWS1')) +

(yl4/EfficiencyNonElecHeatingDHW ('NEHWS2')) +
(yl15/EfficiencyNonElecHeatingDHW ('NEHWS3"')); //MJ
fuel heat nel cost eq.. FUEL HEAT NEL COST =e=

le*cost_oil/(EfficiencyNonElecHeatSys(‘NEHSl‘)*lthonElecHeat
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Sys('NEHSl'))+yll*cost_ng/(EfficiencyNonElecHeatSys('NEHS2')*l
hvNonElecHeatSys ('NEHS2') )+

yl2*cost ng/ (EfficiencyNonElecHeatSys ('NEHS3')*1hvNonElecHeat$S
ys ('"NEHS3') )+
le*cost_oil/(EfficiencyNonElecHeatingDHW('NEHWSl‘)*lthonElec
HeatingDHW ("NEHWS1'))

+
yld*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1hvNonElecH
eatingDHW ('NEHWS2"') ) +
yl5*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS3') *1lhvNonElecH
eatingDHW ('NEHWS3')); //euros (based on fuel consumption per
m3)

QCel eqg.. QCel=e=
(yle/EfficiencyElecCoolingSys ('ECS1"'))
+(yl7/EfficiencyElecCoolingSys ('ECS2'") )+
(y18/EfficiencyElecCoolingSys ('ECS3"'))

_.|_

(y19/EfficiencyElecHeatCoolingSys ('EHCS1')) +
(y20/EfficiencyElecHeatCoolingSys ('EHCS2')) +
(y21/EfficiencyElecHeatCoolingSys ('EHCS3')); //MJ

Qwel eq.. Qwel=e=(y22/EfficiecyElecDHW ('EWS1')) +

(y23/EfficiecyElecDHW ('EWS2') )+ (y24/EfficiecyElecDHW ('EWS3"'))
_I_

(y25/EfficiencyElecHeatingDHW ('EHWS1')) +
(y26/EfficiencyElecHeatingDHW ('EHWS2') ) +
(y27/EfficiencyElecHeatingDHW ('EHWS3')); //MJ

Qwnel eq.. Qwnel=e=(y28/EfficiecyNonElecDHW
('"NEWS1')) + (y29/EfficiecyNonElecDHW ('NEWS2')) +

(y30/EfficiecyNonElecDHW ('NEWS3"') ) +

(y31/EfficiencyNonElecHeatingDHW ('NEHWS1'))+
(y32/EfficiencyNonElecHeatingDHW ('NEHWS2')) +
(y33/EfficiencyNonElecHeatingDHW ('NEHWS3"')); //MJ
fuel dhw nel cost eq.. FUEL DHW NEL COST =e=

y28*cost oil/ (EfficiecyNonElecDHW ('NEWS1')*1lhvNonElecDHW
("NEWS1'")) +

y29*cost oil/ (EfficiecyNonElecDHW ('NEWS2') *1hvNonElecDHW ('NEWS
2')) +

y30*cost ng/ (EfficiecyNonElecDHW ('NEWS3"') *1lhvNonElecDHW ('NEWS3
"))+ y3l*cost oil/ (EfficiencyNonElecHeatingDHW
("NEHWS1') *1hvNonElecHeatingDHW ('NEHWS1'))+

y32*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1hvNonElecH
eatingDHW ('NEHWS2')) +

y33*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS3"') *1hvNonElecH
eatingDHW ('NEHWS3')); //euros (based on fuel consumption per
m3)
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QLel eq.. QLel=e=QLDtot*SERel; //MJ

QRAel eq.. QAel=e=QEaDTot*SEAel; //MJ

*—-——- PRIMARY ENERGY CONSUMPTION-—-—-—------ *

Q pe sys el eq.. Q pe sys el =e= Qelgrid/ngrid; //MJ
Q pe sys nel eq.. Q pe sys nel =e= QHnel+Qwnel; //MJ
obj2 energy.. Qt =e= Q pe sys el + Q pe sys nel;
//MJ

obj2.. Z('2"')=e=Qt;
*————EMISSIONS-———————————————— *

co2 heat nel cost eq.. CO2 HEAT NEL =e=

yl0*0il co2/ (EfficiencyNonElecHeatSys ('NEHS1') *1lhvNonElecHeats
ys ('NEHS1') /oil dens)+yll*ng co2/ (EfficiencyNonElecHeatSys ('NE
HS2') *1hvNonElecHeatSys ('NEHS2') /ng dens) +

yl2*ng co2/ (EfficiencyNonElecHeatSys ('NEHS3') *1lhvNonElecHeatSy
s ('NEHS3') /ng_dens) +
y1l3*0il co2/ (EfficiencyNonElecHeatingDHW ('NEHWS1') *1hvNonElecH
eatingDHW ('NEHWS1') /oil dens)

_I_
yl4*ng co2/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1hvNonElecHe
atingDHW ('NEHWS2') /ng dens) +
y15*ng co2/ (EfficiencyNonElecHeatingDHW ('NEHWS3') *1hvNonElecHe
atingDHW ('NEHWS3') /ng dens); // kg CO2

co2 dhw nel cost eq.. CO2 DHW NEL =e=

y28*0il co2/ (EfficiecyNonElecDHW ('NEWS1')*lhvNonElecDHW
('"NEWS1') /oil dens) +

y29*0il co2/ (EfficiecyNonElecDHW ('NEWS2') *1hvNonElecDHW ('NEWS2
')/o0il dens) +

y30*ng_c02/(EfficiecyNonElecDHW(’NEWS3’)*lthonElecDHW('NEWS3'
) /ng_dens)+ y31l*oil co2/(EfficiencyNonElecHeatingDHW
("NEHWS1') *1hvNonElecHeatingDHW ('NEHWSl’)/oil_dens)+

y32*ng co2/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1hvNonElecHe
atingDHW ('NEHWS2') /ng dens) +

y33*ng co2/ (EfficiencyNonElecHeatingDHW ('NEHWS3') *1hvNonElecHe
atingDHW ('NEHWS3') /ng dens); //kgCO2

co2 grid eq.. CO2 GRID =e= Qelgrid * grid co2; // kg CO2

tot co2 eqg.. TOT COZ =e= COZ2 GRID + COZ DHW NEL +
CO2 HEAT NEL;

obj3.. Z('3') =e= TOT CO2;

K LINEARIZATION FOR SYSTEM SELECTION--—---- *

linear eql.. yl=1=mpos*XEHS ('EHS1") ;

linear eq2.. yl=1=QHDtot ;

linear eq3.. yl=g=QHDtot-mpos* (1-XEHS ('EHS1"')) ;
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linear eq4..

linear eqg>5..
linear eg6..
linear eq7..
linear eqg8..

linear eqg9..
linear eqlO..
linear eqll..
linear eqlZ2..

linear eql3..
linear eql4..
linear eql5..
linear eqleé..

linear eql7..
linear eqls8..
linear eql?9..
linear eq20..

linear eqg2l..
linear eqg22..
linear eqg23..
linear eqg24..

linear eqg25..
linear eqg26..
linear eqg27..
linear eqg28..

linear eg29..
linear eqg30..
linear eqg3l..
linear eqg32..

linear eqg33..
linear eqg34..
linear eqg35..
linear eqg36..

linear eq37..
linear eqg38..
linear eqg39..
linear eq40..

linear eq4l..
linear eqg42..
linear eqgi43..
linear eqg44..

linear eqgi45..
linear eqgi46..
linear eq47..
linear eqgi48..

yl=g=0 ;

y2=1=mpos*XEHS ('EHS2"') ;

y2=1=QHDtot ;
y2=g=QHDtot-mpos* (1-XEHS ('EHS2"'))
y2=g=0 ;

y3=1=mpos*XEHS ('EHS3"'") ;

y3=1=QHDtot ;
y3=g=QHDtot-mpos* (1-XEHS ('EHS3"'))
y3=g=0 ;

y4=1=mpos*XEHCS ('EHCS1") ;
y4=1=QHDtot ;
y4=g=QHDtot-mpos* (1-XEHCS ('EHCS1"'")) ;
y4=g=0 ;

y5=1=mpos*XEHCS ('EHCS2") ;
y5=1=QHDtot ;
y5=g=QHDtot-mpos* (1-XEHCS ('EHCS2"'")) ;
y5=g=0 ;

y6=1=mpos*XEHCS ('EHCS3") ;
y6=1=QHDtot ;
y6=g=QHDtot-mpos* (1-XEHCS ('EHCS3")) ;
y6=g=0 ;

y7=1=mpos*XEHWS ('EHWS1') ;

y7=1=QHDtot ;

y7=g=QHDtot-mpos* (1-XEHWS ('EHWS1')) ;
y7=g=0 ;

y8=1=mpos*XEHWS ('EHWS2"') ;

y8=1=QHDtot ;

y8=g=QHDtot-mpos* (1-XEHWS ('EHWS2'") ) ;
y8=g=0 ;

y9=1=mpos*XEHWS ('EHWS3"') ;

y9=1=QHDtot ;
y9=g=QHDtot-mpos* (1-XEHWS ('EHWS3')) ;
y9=g=0 ;

y10=1=mpos*XNEHS ('NEHS1"'") ;

y1l0=1=QHDtot ;
y1l0=g=QHDtot-mpos* (1-XNEHS ('NEHS1")) ;
y10=g=0 ;

yll=1=mpos*XNEHS ('NEHS2") ;

y1l1=1=QHDtot ;
yll=g=QHDtot-mpos* (1-XNEHS ('NEHS2"')) ;
y11l=g=0 ;

y1l2=1=mpos*XNEHS ('NEHS3") ;

y1l2=1=QHDtot ;
y1l2=g=QHDtot-mpos* (1-XNEHS ('NEHS3')) ;
y12=g=0 ;

100



linear eqg49..
linear eqg50..
linear eqgb5l..

4

linear eqgb2..

linear eqgb53..
linear eqgb4..
linear egb5..

14

linear egb6..

linear eqgb57..
linear eqgb58..
linear egb9..

14

linear eqg60..

linear eqg6l..
linear eqg62..
linear eqg63..
linear eqg64..

linear eqg65..
linear eqg66..
linear eqg67..
linear eqg68..

linear eg69..
linear eq70..
linear eq71..
linear eq72..

linear eq73..
linear eq74..
linear eq75..
linear eqg’e6..

linear eq77..
linear eqg78..
linear eq79..
linear eqg80..

linear eqg81..
linear eqg82..
linear eqg83..
linear eqg84..

linear eg85..
linear eg86..
linear eqg87..
linear eqg88..

linear eqg89..
linear eqg90..

y13=1=mpos*XNEHWS ( 'NEHWS1")

y13=1=QHDtot

14

4

y13=g=QHDtot-mpos* (1-XNEHWS ('"NEHWS1"'))

y13=g=0 ;

yl4=1=mpos*XNEHWS ('NEHWS2')

y1l4=1=QHDtot

4

’

y1l4=g=QHDtot-mpos* (1-XNEHWS ('NEHWS2'))

yld=g=0 ;

y15=1=mpos*XNEHWS ( 'NEHWS3")

y15=1=QHDtot

14

4

y15=g=QHDtot-mpos* (1-XNEHWS ('"NEHWS3"') )

y1l5=g=0 ;

yl6=1=mpos*XECS ('ECS1');

y16=1=QCDtot

ylo=g=0 ;

y17=1=mpos*XECS ('ECS2") ;

y17=1=0CDtot

y17=g=0 ;

y18=1=mpos*XECS ('ECS3") ;

y18=1=QCDtot

y18=g=0 ;

I4

y16=g=QCDtot-mpos* (1-XECS ('ECS1")) ;

4

y17=g=QCDtot-mpos* (1-XECS ('ECS2")) ;

.
4

y18=g=QCDtot-mpos* (1-XECS ('ECS3"'")) ;

y19=1=mpos*XEHCS ('EHCS1") ;

y19=1=0CDtot

y19=g=0 ;

4

y19=g=QCDtot-mpos* (1-XEHCS ('EHCS1"))

y20=1=mpos*XEHCS ('EHCS2") ;

y20=1=0QCDtot

y20=g=0 ;

4

y20=g=QCDtot-mpos* (1-XEHCS ('EHCS2"))

y21=1=mpos*XEHCS ('EHCS3") ;

y21=1=QCDtot

y21=g=0 ;

y22=1=mpos*XEWS ('EWS1")

y22=1=QWDtot

y22=g=0 ;

y23=1=mpos*XEWS ('EWS2")

y23=1=QWDtot
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4

y21=g=QCDtot-mpos* (1L-XEHCS ('EHCS3"'))

’

y22=g=QWDtot-mpos* (1-XEWS ('EWS1"))

.
4

’

.
14

’

.
14

.
4



linear eqg91..
linear eqg92..

linear eqgS3..
linear eqg94..
linear eqg9%5..
linear eqg96..

linear eqg97..
linear eqg98..
linear eqg99..
linear eql00..

linear eqlOl..
linear eqlO2..
linear eql03..
linear eqlO4..

linear eql05..
linear eql06..
linear eqlO7..
linear eql08..

linear eql09..
linear eqllO..
linear eqlll..
linear eqll2..

linear eqll3..
linear eqll4..
linear eqll5..
linear eqlle6..

linear eqll7..
linear eqllS8..
linear eqll?9..
linear eqlZ20..

linear eqlZ2l..
linear eql22..
linear eqlZ23..

14

linear eqlZ24..

linear eql25..
linear eqlZ26..
linear eql27..

’

linear eqglZ28..

linear eql29..
linear eql30..
linear eql3l..

4

linear eql32..

y23=g=QWDtot-mpos* (1-XEWS ('EWS2"'))
y23=g=0 ;

y24=1=mpos*XEWS ('EWS3"') ;
y24=1=QwWDtot ;
y24=g=QWDtot-mpos* (1-XEWS ('EWS3") )
y24=g=0 ;

y25=1=mpos*XEHWS ('EHWS1") ;
y25=1=QWDtot ;
y25=g=QWDtot-mpos* (1-XEHWS ('"EHWS1"))
y25=g=0 ;

y26=1=mpos*XEHWS ('EHWS2") ;
y26=1=QWDtot ;
y26=g=QWDtot-mpos* (1-XEHWS ('EHWS2") )
y26=g=0 ;

y27=1=mpos*XEHWS ('EHWS3") ;
y27=1=QWDtot ;
y27=g=QWDtot-mpos* (1-XEHWS ('EHWS3"') )
y27=g=0 ;

y28=1=mpos*XNEWS ('NEWS1') ;
y28=1=QWDtot ;
y28=g=QWDtot-mpos* (1-XNEWS ('"NEWS1"))
y28=g=0 ;

y29=1=mpos*XNEWS ('NEWS2"') ;
y29=1=QWDtot ;
y29=g=QWDtot-mpos* (1-XNEWS ('"NEWS2"))
y29=g=0 ;

y30=1=mpos*XNEWS ('NEWS3') ;
y30=1=QWDtot ;
y30=g=QWDtot-mpos* (1-XNEWS ('NEWS3"'"))
y30=g=0 ;

y31l=1=mpos*XNEHWS ('NEHWS1'"') ;
y31=1=QWDtot ;

y31=g=QWDtot-mpos* (1-XNEHWS ('NEHWSI'

y31=g=0 ;

y32=1=mpos*XNEHWS ('NEHWS2"') ;
y32=1=QWDtot ;

y32=g=QWDtot-mpos* (1-XNEHWS ('NEHWS2'

y32=g=0 ;

y33=1=mpos*XNEHWS ('NEHWS3"') ;
y33=1=QWDtot ;

4

14

))

))

y33=g=QWDtot-mpos* (1-XNEHWS ('NEHWS3"') )

y33=g=0 ;
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model example /all/;
*option mip=gurobi;

annfactor_systems=rate*((l+rate)**life_systems)/(((l+rate)**li
fe systems)-1);
annfactor_structure=rate*((l+rate)**life_structure)/(((l+rate)
**life structure)-1);
annfactor_win=rate*((l+rate)**life_win)/(((l+rate)**life_win)—
1);

annfactor lamps=rate* ((l+rate)**life lamps)/ (((l+rate)**1life 1
amps) -1) ;
annfactor_ea=rate*((1+rate)**life_ea)/(((l+rate)**life_ea)—1);

$STitle eps-constraint method

Set k1l (k) the first element of k, kml (k) all but the first
elements of k;

k1 (k)S$S(ord(k)=1) = yes; kml (k)=yes; kml (kl) = no;

Set kk (k) active objective function in constraint allobj
set diff different objective function values per problem
/1*1000/

Parameter
rhs (k) right hand side of the constrained obj
functions in eps-constraint
maxobj (k) maximum value from the payoff table
minobj (k) minimum value from the payoff table

intervals (k) number of intervals that we divide the k-1
objective functions

bestobj (k) the best objective function value (maxobj for
dir=1 minobj for dir=-1)

worstobj (k) the worst objective function value (minobj for
dir=1 maxobj for dir=-1)

step (k) the step obtained from range divided by
intervals
Jump (k) the jump for augmecon?

* added on 13/08/13

R A b b b b b b 2 b b b b I b b a2 b g b b S b b b b d b b b b b b b d b b b b b b b d b b b b B b b g b b b b a4
*kAhkkkhkkhkkkhk ki kK kkhKkk %k

loopworst (k) the worst value from the loop
R A b b b b b b 2 b b b b I b b 4 b b b b g b b S b b b b d b I b b b b b d b b b b b b b d b b b b b b b g b b b b I b b4
*kAhkkkhkkhkkkhk ki krkkhkkhkkkhKkk %k
* added on 17/09/13
KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A d Ak k Kk
KAk kA kA kA hkhkhhkhhkhkkkkkkk

progress (k) the progress for loop k
KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A Ak Kk

R IR I dh b b db b b S b b db b b g 4

zdiff (diff, k) values of objective functions in different POS
zstar (k) auxiliary parameter for the comparisons;
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Scalar

iter total number of iterations

infeas total number of infeasibilities

elapsed time elapsed time for payoff and e-sonstraint
start start time

finish finish time

summax auxiliary parameter

firstOffMax, lastZero some counters

numdiff number of different POS

dcount counter for different POS

issamenum auxiliary parameter counting how many obj. values
are same with already found

Variables
a_objval auxiliary variable for the objective function
obj auxiliary variable during the construction of

the payoff table
Positive Variables

sl (k) slack or surplus variables for the eps-
constraints
Equations

con_obj (k) constrained objective functions

augm_obj augmented objective function to avoid weakly
efficient solutions

allobj all the objective functions in one expression;
con obj (kml) .. z(kml) - dir (kml) *sl (kml) =e= rhs(kml);

* We optimize the first objective function and put the others
as constraints

* the second term is for avoiding weakly efficient points
*augm_obj..

* sum(kl,dir(kl)*z(kl))+le-3*sum(kml, sl (kml)/ (maxobj (kml) -

minobj (kml))) =e= a objval;
augm obj..
sum (k$ (ord(k)=1),dir (k) *z (k)) +
sum (k$ (ord (k) >1),power (10, - (ord (k) -1)) *sl (k) / (maxobj (k) -
minobj (k))) =e= a objval;
*  sum(k$ (ord(k)=1),dir(k)*z(k)) + 1.0e-

3*sum (k$ (ord (k) >1),power (10, - (ord (k) -1)) *sl (k) / (maxobj (k) -
minobj (k))) =e= a objval;

allobj.. sum(kk, dir (kk)*z(kk)) =e= obj;

Model mod payoff / example, allobj / ;
Model mod epsmethod / example, con obj, augm obj / ;

Parameter

payoff (k,k) payoff tables entries;
Alias (k, kp);
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option optcr=0.000;

* Generate payoff table applying lexicographic optimization
loop (kp,
kk (kp)=yes;
repeat
solve mod payoff using mip maximizing obj;
payoff (kp, kk) = z.1(kk);

z.fx(kk) = z.1(kk); // freeze the value of the last
objective optimized
kk (k++1) = kk(k); // cycle through the objective
functions
until kk(kp); kk(kp) = no;

* release the fixed values of the objective functions for the
new iteration

z.up(k) = inf; z.lo(k) =-inf;
)
if (mod payoff.modelstat<>1 and mod payoff.modelstat<>8, abort
'no optimal solution for mod payoff');

File fx / c:\gams\ziozas dipl log.out /;
File dx / c:\gams\ziozas dipl.out /;

PUT dx ' PAYOFF TABRLE'/ ;

loop (kp,
loop (k, put dx payoff (kp,k):12:2);
put dx /;
) ;
put dx /;
*new 28-11-2013 for finding the actual range
Sontext
loop (kp,
kk (kp)=vyes;

solve mod payoff using mip minimizing obj;
if (dir(kp)=1,
maxobj (kp)=smax (k,payoff (k, kp));
minobj (kp)=0bj.1
)
if (dir(kp)=-1,
maxobj (kp)=-0bj.1;
minobj (kp)=smin (k,payoff (k, kp))
)5
kk (kp)=no;
)
Sofftext

*display payoff;

minobj (k) =smin (kp,payoff (kp,k));
*minobj (k) =0;

maxobj (k) =smax (kp,payoff (kp,k));

*new 17.03.2013
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*loop (k, intervals (k)=maxobj (k) -minobij (k));
loop (k, intervals(k)=10);

if (dir(k)=1,
bestobj (k) =maxobj (k) ;
worstobj (k) =minobj (k) ;
else
bestobj (k)=minobj (k) ;
worstobij (k) =maxobj (k)
)7
step (k) = (maxobj (k) -minobj (k) ) /intervals (k)
)7

rhs (k) =worstobj (k) ;
iter=0;

infeas=0;
start=jnow;

// added 2/3/14 for printing only the different values. New
items are:

numdiff=0; // number of different POS

issamenum=0; // counter for objective function values in the
comparison with the recently found

infeas=0;

zdiff (diff, k)=0;

zstar (k)=0;

*new 13/08/13

P b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b b b i b b b b b
PR b b b b b b b b b b b b b b b ¢

loopworst (k) =bestobj (k) ;

P b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b b b i b (b b b i b 4

R IR IR e dh b db b S db b b db b db 3 4

Put fx ' #!

loop (k$ (ord(k)>1), put fx ' Progress', ord(k):1:0);
loop (k, put fx ' OBJ',ord (k) :1:0);

put fx ' ',

loop (k$ (ord(k)>1), put fx ' SLACK',ord (k) :1:0);
put fx /;

dx.pw=20000;

put dx ' # TAC ENERGY EMISSIONS ';
put ' TOT CAPCOST TOT OPERCOST INVCOST
QHel QHnel QCel?’;

put ' Qwel Qwnel QLel QAel';

put ' CO2 _HS CO2 _Ws CO2 GRID '
loop(d, put ! DOOR',ord( ):1:0);

loop (wz, put ! WIND', ord(wz) : 1 0);

loop(w, put ! WALL',ord (w) : 0);

loop(r, put ! CEIL',ord(r) : 0);

loop(h put ! FLOOR',ord (h) : 0);

loop (ehsi, put ' EHS',ord(ehSL) 1:0);

loop (nehsi,put ' NEHS', ord(nehsi) :1:0);
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loop (ecsi, put ' ECS',ord(ecsi) :1:0);
loop (ewsi, put ' EWS',ord(ewsi) :1:0);
loop (newsi,put ' NEWS', ord(newsi) :1:0);
loop (ehcsi,put ' EHCS',ord(ehcsi) :1:0);
loop (ehwsi,put ' EHWS', ord(ehwsi) :1:0);
loop (nehwsi, put' NEHWS', ord (nehwsi) :1:0) ;
loop(slci, put ' SLC',ord(slci):1:0);
loop (13, put ! L',ord(13):1:0);
loop(tv, put ! TV',ord(tv) :1:0);

loop (cooker,put ' COOK', ord (cooker) :1:0);
loop (washing,put ' WASH', ord(washing) :1:0);
loop (refrig,put ' REFRIG',ord(refrig):1:0);
loop (pvs, put ! PHOTOV',ord(pvs) :1:0);
put/;

repeat

solve mod epsmethod maximizing a objval using mip;
iter=iter+1;
if (mod epsmethod.modelstat<>]1 and mod payoff.modelstat<>8,
// not optimal is in this case infeasible
infeas=infeas+l;

put fx iter:5:0, ' infeasible'/;
lastZero = 0;
loop (k$ (ord (k) >1),
f (abs (rhs (k) -worstobj (k) )>0.000001 and lastzero=0,

lastzero=ord(k))
) ;
loop (k$ (ord(k)>1 and ord(k)<=lastzero),rhs (k)=bestobj (k));
else
* update the worst value found so far - added 13/08/13

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A KA A A A A A A A A A A A KA A A A A A A A AR AR A AR A AKXk K

KAXKAKAKAKAKAKAKAA KA AKX XA XK KK

loop (k$ (ord (k) >2),
f(dir(k)=1 and z.L(k)<loopworst (k),
loopworst (k)=z.L(k))
f(dir(k)=-1 and z.L(k)>loopworst (k),
loopworst (k)=z.L(k))
*********l;***************************************************

KAXKAKAKAKAKAKANKAA KA AKX XA XK KK

put fx iter:7:0;
* added on 17.09.13 for reporting

KA KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A KA A A A A A A AR AR AR AR AR A AR KKK

KA AKAKAAAKA KA AKX KA AKX XK,k K

loop (k$ (ord (k) >1),

if (dir(k)=1, progress(k)=100* (rhs(k)-
minobj (k) )/ (maxobj (k) -minobj (k))

else progress (k)=100* (maxobj (k) -rhs (k) )/ (maxobj (k) -
minobij (k))

)7
put fx progress(k):10:2,'S"';
)7

KA KA A A A A A A A A A A A A A A A A A KA A A A A A A A A A A KA A A A A A KA A A A A A A AR A A A A A A A A A A Ak kx k%

KAXAKAKAAAKANKA AKX KA AKX X)) K
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loop (k, put fx z.1l(k):12:2);
put fx ' *** '; // put /;
loop (kml, put fx sl.l(kml):12:2);

//************************************************************
kkhkkkkkKhk kK

// added 2/3/14 for printing only the different values. New
items are:

// set diff /1*1000/

// parameters zdiff(diff, k), zstar (k)

// scalars dcount, issamenum,numdiff

for (dcount=1 to numdiff,
loop (diff$ (ord(diff)=dcount), loop (k,
zstar (k)=zdiff (diff,k)));
issamenum=0;
loop (k,
f(abs(z.L(k)-zstar(k))<0.001,
issamenum=issamenum+l) ;
)7
if (issamenum=card(k), dcount=numdiff); //in order to
exit the loop
) // for loop
if (issamenum<card(k),
numdiff=numdiff+1;
loop (diff$ (ord(diff)=numdiff), loop (k,
zdiff (diff,k)=z.L(k))):
put dx numdiff:5:0;

loop (k, put dx z.1(k):12:2);
put dx ' ;
put dx TOT CAPCOST.1:9:2;
put dx ' '
put dx TOT OPERCOST.1:9:2;
put dx ' '
put dx INVCOST.1:9:2;
put dx ' '
put dx QHel.1l:9:2;
put dx ' ';
put dx QHnel.1:9:2;
put dx ' '
put dx QCel 1:9:2;
put dx '
put dx Qwel.1l:9:2;
put dx ' ';
put dx Qwnel.1l:9:2;
put dx ' '
put dx QLel.1:9:2;
put dx ' '
put dx QAel.1:9:2;
put dx ' '
put dx COZ HEAT NEL.1:9:2;
put dx ' '
put dx CO2 DHW NEL.1:9:2;
put dx ' '

put dx CO2 GRID.1:9:2;
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put dx ' ;
loop(d, put dx XDOOR.1l(d):9:0);
loop (wz, put dx XWIN.1(wz):9:0
loop (w, put dx XWALL.l(w):9:0);
loop(r, put dx XCEIL.1(r):9: O),
loop (h, put dx XFLOOR.1 (h): 0);
loop (ehsi, put dx XEHS.1 eh81): :0);
loop (nehsi, put dx XNEHS. l(neh51) 9:
loop (ecsi, put dx XECS.1(ecsi):9:0);
loop (ewsi, put dx XEWS.1 (ewsi):9:0);
loop (newsi, put dx XNEWS. l(new51) 9:

9:

9:

1

0);

4

I

~

) :
VA
) :
) :
h
(

loop (ehcsi, put dx XEHCS.1 (ehcsi):
loop (ehwsi, put dx XEHWS.1 (ehwsi) :
loop (nehwsi, put dx XNEHWS. l(nehws
loop(slci, put dx XSLC.1(slci):
loop(lj, put dx XL.1(1j):9:0);
loop(tv, put dx XTV.1(tv):9:0);
loop (cooker, put dx XCOOKER.1 (cooker) :9:0);
loop (washing, put dx XWASHING. l(washlng) 9:0);
loop (refrig, put dx XREFRIG.1 (refrig):9:0);
pvs, put dx XPHOTOV.1 (pvs):9:0);

)t

4

14

N~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~

loop
* )

* put dx (sum(p,cost(p)*X.L(p))):10:0,
(sum(p,X.L(p))) :5:0;
* loop(p, put dx X.L(p):4:0);
put /;
)7

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A KA A A A A A KA A A A KA A AR A A A A A AR AR AR AR A AKXk K

KAXKKAKKAKAKAAKAKA XA KKK KK

* the jump is for AUGMECONZ2

Jjump (k) =1;
* The jump is calculated for the innermost objective
function (ord(k)=2)
Jump (k) $ (ord(k)=2) = l4+abs(floor(sl.L(k)/step(k))):
loop (k$ (jump (k) >1),put fx ' Jjump') ;
put fx /;

)7
* Proceed forward in the grid
firstOffMax = 0;
loop (k$ (ord (k) >1),
f (abs (rhs (k) -bestobj (k) )>0.000001 and firstOffMax=0,
if (dir(k)=1,
rhs (k)=min ( (rhs (k) +jump (k) *step (k) ) ,bestobj (k))
else rhs (k)=max ((rhs (k) -jump (k) *step (k) ) ,bestobj (k))
)7
firstOffMax=ord (k)
)7
)7

loop (kS (ord (k) >1),
if(ord(k)< firstOffMax, rhs (k)=worstobj (k))
) ;
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*new 13/08/13 go to the worst value from the previous loop of
k-1
R b b b b a2 b 2 b b b b d b b d b S b b db b b S b b b b I b b b b b b b 4 b b b b b b b db b b b b b b b d b b b b a4

KA A KA A A AR A KA KA A AKX KKK

Sontext
loop (kS (ord (k) >1),
if (ord(k)=firstOffMax and firstOffMax > 2,

*Florios add 27.11.2013

if (dir (k)=1, rhs (k) =loopworst (k) +step (k) ;
loopworst (k) =bestobj (k) ;

else rhs (k) =loopworst (k) -step (k) ;
loopworst (k) =bestobj (k) ;)
*end Florios add 27.11.2013

* K rhs (k)=loopworst (k) +1;
*x loopworst (k) =bestobj (k) ;
)7
)5
Sofftext

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A KA A A A A A KA A KA A KA A KA A KA A A AR AR AR AR AR AR KRRk K

KAXKAKKXKAKAAKXANKAA KA AKX XA KKK K

summax=0;

loop (kS (ord (k) >1
if (abs (rhs(
) ;

* for check premature end

* if (iter = 120,

* summax=card (k) -1;

*

*

),
k) -bestobj (k) )<0.000001, summax=summax+1l);

firstOffMax=0;
) ;

until summax=card(k)-1 and firstOffMax=0;

finish=jnow;
elapsed time=(finish-start)*86400;

put /;
put 'Infeasibilities = ', infeas:5:0 /;
put 'Elapsed time: ',elapsed time:7:2, ' seconds' / ;

putclose fx; // close the point file
putclose dx; // close the point file
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2. Kwéikag GAMS HE 2 QVTIKELUEVIKEG CUVAPTAOELG

MNapakdtw rapatiBevtal o KwdLKAG IOV XPNOLUOTIOLBNnKE yLa TV €miAucn Tou TPoBANLATOG

ME TLG 2 AVTLKELEVLKEG OUVAPTNOELG 0€ YAwooa GAMS :

Seolcom //

* to make the model linear sets of walls, floors and ceilings
have 12 components

* componets 1:3 are without insulation, 4:6 with insulation 1,
7:9 insulation 2, 10:12 insulation 3

Sets
d door type
/doorl*door3/
wZ window type
/windowl*window3/
W wall structure
/walll*walll2/
r structure of ceiling
/ceilingl*ceilingl2/
h floor structure
/floorl*floorl2/
tv television /tvl*tv3/
cooker cooker
/cookerl*cooker3/
washing washing machine
/washl*wash3/
refrig refrigerator
/refrigl*refrig3/
pvs photovoltiacs /pvsl*pvs3/
ehsi electrical heating system /EHS1*EHS3/
nehsi non electrical heating system
/NEHS1*NEHS3/
ecsi electrical cooling system /ECS1*ECS3/
ewsi electrical DHW /EWS1*EWS3/
newsi non electric DHW
/NEWS1*NEWS3/
ehcsi electrical heating-cooling
/EHCS1*EHCS3/
ehwsi electrical heating DHW
/EHWS1*EHWS3/
nehwsi non electrical heating DHW
/NEHWS1*NEHWS3/
slci solar collector category
/solarl*solar3/
17 type of lamps
/lampl*lamp3/
month month /1*12/
hour period of day /1*24/

k objective functions /1*2/
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Parameter dir (k) direction of the objective functions 1 for
max and -1 for min

/1 -1
2 -1

/
Parameters
To (month) Average external temperature for each month
(Celsius)
/
1 7.4
2 7.8
3 10.8
4 15.8
5 21.5
6 26.4
7 28.6
8 28
9 24 .2
10 18.9
11 13.1
12 8.7
/
td (month) month duration in days
/
1 31
2 28
3 31
4 30
5 31
6 30
7 31
8 31
9 30
10 31
11 30
12 31
/
Isl (month) solar radiation kWh * m*2*day)"-1
/
1 1.39
2 1.91
3 2.78
4 3.85
5 5.01
6 5.27
7 4.93
8 4.62
9 3.93
10 2.49
11 1.54
12 1.22
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m (month) month duration in hours

t

/

1 744
2 672
3 744
4 720
5 744
6 720
7 744
8 744
9 720
10 744
11 720
12 744

Tdcw (month) temperature of cold water inlet to the DHW system
Celsius)

(

/

1 11.3
2 10.9
3 11.8
4 14.3
5 17.7
6 21.6
7 24.7
8 25.4
9 24 .2
10 21.1
11 16.9
12 13.5
/

WSm (month) indicator for DHW demand each month
/

1 1

2 1

3 1

4 1

5 1

6 1

7 1

8 1

9 1

10 1

11 1

12 1

/

CS (month) indicator for cooling demand each month
/

1 1

2 1

3 1
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HS (month) indicator for heating demand each month
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Wo (month) specific humidity outdoors each month (kgwater per
kgair)

/

1 0.00400
2 0.00420
3 0.00450
4 0.00520
5 0.00630
6 0.00730
7 0.00820
8 0.00850
9 0.00770
10 0.00690
11 0.00590
12 0.00495
/

Udoors (d) heat transfer coefficient for doors W*m-2*K
/

doorl 2.04
door2 0.86
door3 1.64

/
Costdoor (d) Cost for doors per square meter
/

doorl 226
door2 510
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door3 244
/

UWindows (wz) Heat transfer coefficient for windows
/

windowl 1.28

window2 0.79

window3 1.15

/

CostWindows (wz) cost for windows per square meter
/

windowl 209

window?2 258

window3 161

/

Gwin (wz) Solar heat gain coefficient
/

windowl 0.44

window?2 0.64

window3 0.44

/

Uwalls (w) heat transfer coefficient of walls
/

walll 1.4731
wall2 1.4203
wall3 1.5295
walld 0.3388
wall5 0.3359
walle 0.3417
wall7 0.5587
wall8 0.5509
wall9 0.5666
walllO 0.4926
wallll 0.4865
walll2 0.4987
/

CostWalls (w) cost of walls euros per m2

/

walll 90.25
wall?2 140.50
wall3 100.00
walld 99.09
wallb 149.34
wallo 108.84
wall? 97.21
walls8 147.46
wall9 106.96

walllO 95.20
wallll 145.45
walll?2 104.95
/
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UFloor (h) heat transfer coefficient of floors

/

floorl 2.6940
floor2 2.6676
floor3 2.7005
floor4 0.3782
floorb 0.3777
floor6 0.3784
floor7 0.6746
floors8 0.6730
floor9 0.6750
floorl0 0.5805
floorll 0.5793
floorl2 0.5808
/

CostFloors (h) cost of floors euros per m2
/

floorl 26.25
floor2 28.25
floor3 27.25
floor4 35.09
floorb 37.09
flooro6 36.09
floor7 33.21
floor8 35.21
floor?9 34.21
floorl0 31.20
floorll 33.20
floorl2 32.20
/

UCeiling(r) heat transfer coefficient of ceilings

/

ceilingl 2.6901
ceiling2 2.7079
ceiling3 2.4296
ceiling4 0.3781
ceilingb 0.3785
ceiling6 0.3725
ceiling7 0.6744
ceiling8 0.6755
ceiling9 0.6567

ceilinglO 0.5804
ceilingll 0.5812
ceilingl2 0.5672
/

CostCeiling(r) cost of ceilings euros per m2

/

ceilingl 20.95
ceiling2 20.50
ceiling3 44.25
ceiling4 29.79
ceilingb 29.34
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ceiling6 53.09
ceiling7 27.91
ceiling8 27.46
ceiling9 51.21
ceilingl0 25.90
ceilingll 25.45
ceilingl2 49.20

/

LampsPower (1j) power of lamps

/

lampl 20

lamp2 24

lamp3 18

/

CostLamps (1j) cost of lamps

/

lampl 13

lamp2 7

lamp3 77

/

EfficiencyElecHeatSys (ehsi) efficiency of electrical heating
systems

/

EHS1 1

EHS2 0.98

EHS3 0.9

/

CostElecHeatSys (ehsi) cost of electrical heating
systems

/

EHS1 1290

EHS2 1226

EHS3 1161

/

EfficiencyNonElecHeatSys (nehsi) efficiency of non-
electrical heating systems

/

NEHS1 0.83

NEHS2 0.85

NEHS3 0.91

/

* For non elec systems the lhv of respective fuel is used
* for o0il is 34560 MJ per m3 and for gas =32.4 MJ per m3
lhvnonelecheatsys (nehsi) low heating value of non elec heat
SYS

/

NEHS1 34560

NEHS2 32.4

NEHS3 32.4

/
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CostNonElecHeatSys (nehsi) cost of non- electrical heating

systems

/

NEHS1 839

NEHS2 680

NEHS3 1019

/

EfficiencyElecCoolingSys(ecsi) efficiency of electrical
cooling systems

/

ECS1 2.5

ECS2 3

ECS3 3.5

/

CostElecCoolingSys(ecsi) cost of electrical cooling systems
/

ECS1 387

ECS2 516

ECS3 645

/

EfficiencyElecHeatCoolingSys (ehcsi) efficiency of electrical
heating cooling systems

/

EHCS1 3

EHCS2 3.5

EHCS3 4

/

CostElecHeatCoolingSys (ehcsi) cost of electrical heating
cooling systems

/

EHCS1 645

EHCS2 774

EHCS3 903

/

EfficiencySolar(slci) efficiency of solar collectors

/

solarl 0.827
solar2 0.642
solar3 0.791
/

AreaSolar (slci) area of solar collectors
/

solarl 2
solar?2 2
solar3 2

/

.3

.35
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CostSolar (slci) cost of solar collectors
/

solarl 7224

solar2 5160

solar3 6966

/

EfficiecyElecDHW (ewsi) efficiency of electrical DHW
/

EWS1l 1

EWS2 0.98

EWS3 0.95

/

CostElecDHW (ewsli) cost of electrical DHW
/

EWS1 1169

EWS2 1096

EWS3 1032

/

EfficiecyNonElecDHW (newsi) efficiency of non-electrical DHW
/

NEWS1 0.83

NEWS2 0.6

NEWS3 0.8

/

CostNonElecDHW (newsi) cost of non-electrical DHW
/

NEWS1 645

NEWS2 451

NEWS3 580

/

lhvNonElecDHW (newsi) fuel of non-electrical DHW
/

NEWS1 34560

NEWS2 34560

NEWS3 32.4

/

EfficiencyElecHeatingDHW (ehwsi) efficiency of electrical
heating DHW

/

EHWS1 1
EHWS2 0.98
EHWS3 4

/

CostElecHeatingDHW (ehwsi) cost of electrical heating DHW
/

EHWS1 1548

EHWS2 1277

EHWS3 3057

/
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EfficiencyNonElecHeatingDHW (nehwsi) efficiency of non-
electrical heating DHW

/

NEHWS1 0.88

NEHWS2 0.89

NEHWS3 0.95

/

lhvNonElecHeatingDHW (nehwsi) fuel of non-electrical heating
DHW

/

NEHWS1 34560

NEHWS2 32.4

NEHWS3 32.4

/

CostNonElecHeatingDHW (nehwsi) cost of non-electrical heating
DHW

/

NEHWS1 1032

NEHWS2 1096

NEHWS3 1225

/

PowerTV (tv) energy consumption of televisions W

/

tvl 120

tv2 52

tv3 58

/

CostTV (tv) costs of tv
/

tvl 437

tv2 551

tv3 516

/

PowerCooker (cooker) consumption of cookers W
/

cookerl 9530

cooker2 10475

cooker3 10000

/

CostCooker (cooker) cost of cookers

/
cookerl 045
cooker? 516
cooker3 580
/

PowerWashing (washing) consumption per cycle for washing
machines KWh
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washl 1.05

wash?2 0.73

wash3 0.79

/

EfficiencyWashing (washing) efficiency of washing machines
motors efficiency (%)
/

washl 0.7

wash2 0.7

wash3 0.7

/

CostWashing (washing) cost of washing machines

/

washl 387
wash?2 516
wash3 495
/

PowerRefrig(refrig) daily consumption of refrigerators KWh
/

refrigl 0.51

refrig2 0.42

refrig3 0.50

/

EfficiencyRefrig(refrig) efficiency of refrigerators motors
/

refrigl 0.7

refrig?2 0.7

refrig3 0.7

/

CostRefrig(refrig) cost of refrigerators
/

refrigl 445

refrig2 516

refrig3 477

/

GenerationEfficiencyPhotoV (pvs) generation efficiency of
photovoltaics systems (%)

/

pvsl 0.1565

pvs2 0.1616

pvs3 0.1480

/

AreaPhotoV (pvs) area of photovoltaics systems m"2
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pvs3 8.13
/

CostPhotoV (pvs) cost of photovoltaics
/

pvsl 1548

pPVs2 1585

pvs3 1817

/

annfactor systems annuity of energy systems
annfactor structure annuity of structure components
annfactor win annuity of windows

annfactor lamps annuity of lamps

annfactor ea annuity of electrical appliances

14

Scalars

ACH air change per hour (h"-1)
/1.5/

Awin area of windows (m"2)

/13/

Fconv Conversion Factor MJ*kWh"-1
/3.6/

Adoor area of doors m"2

/3/

Awallint area of internal walls m"2
/99/

Awallext area of external walls
/194/

Aceil area of ceilings m"

/62/

Afloor area of floors m"2

/127/

ShadingFactorWindows Windows Shading Factors
/1/

UsageLamps dialy usage of lamps hours
/13/

Nlamps number of lamps

/8/

UsageTV daily usage of tv hours
/4/

UsageCooker daily usage of cooker
/0.5/

ShadingFactorSolar shading factor of solar
collectors /1/

CPair specific heat of air at
constant pressure kj* (kg*k)~-1 /1.0035/
CPwater specific heat of water at
constant pressure kj* (kg*k)~-1 /4.18/

FCm window correction factor for
movable devices (%) /1/
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Ff frame factor for windows (%)
/1/

dair air density (kg*m"-3)

/1.2/

dwater water density (kg*m"-3)
/1000/

ho outdoors combined convection-
radiation coefficient W* (m"2*K)"*-1 /28/

Mw daily need of hot water (m3
per second) /0.00000278/

Npeople number of people

/4/

Hfg latent heat of vaporization
(k7 per kg) /2340/

wi specific humidity indoors
(kgwater per kgair) /0.00834/

ngrid efficiency of the electricity
supply grid /0.35/

SEAel assuming no losses from
supply to consumption /1/

Tih internal design temperature
for heating season (Celsius) /18/

Tic internal design temperature
for cooling season (Celsius) /26/

Tdhw

/60/

\Y

building (m"3)
PRphotov
/0.75/

Qhuman

/115/
CyclesWashing
washing machines
mneg
statement
mpos
statement

tempreature for dhw

internal volume of the
/344/
PR Value for photovoltaics

heat emmitted from people (W)

usage cycles per day for
/0.5/
negative number for if
/=1000000/
positive number for if
/1000000/

life systems life for energy systems (years) /20/
life structure life for walls ceils and floors /50/

life win life for windows /30/
life lamps life for lamps /4/

life ea life for electrical appliances /10/
rate rate for annualized cost /0.06/

cost oil cost of oil in euros per m3 /740/
cost ng cost of natural gas in euros per m3 /0.3/
cost elec electricity cost when buying from grid per kWh

/0.01596/

*1hv 0il low heating value of o0il kWh per m3 (for boilers)

/9600/

*1lhv _gas low heating value of gas kwh per m3 (assume 0.55 of

air density) /9/



Binary Variables
XDOOR (d)

XWIN (wz)
XWALL (w)
XCEIL(r)
XFLOOR (h)
XEHS (ehsi)
XNEHS (nehsi)
XECS (ecsi)
XEWS (ewsi)
XNEWS (newsi)
XEHCS (ehcsi)
XEHWS (ehwsi)
XNEHWS (nehwsi
XSLC (slci)

XL (13)

XTV (tv)
XCOOKER (cooker)
XWASHING (washing)
XREFRIG (refrig)
XPHOTOV (pvs)

4

)

positive Variables

Qc annual primary energy consumption for
cooling (Mj*year”-1)

Oh annual primary energy consumption for
heating (Mj*year”-1)

Qcel annual primary energy consumption for
cooling consumed by an electrical system (Mj*year”-1)

Qdhw annual primary energy consumption for DHW
(Mj*year”®-1)

Qwel annual primary energy consumption for DHW
by a electrical system (Mj*year”-1)

Qwnel annual primary energy consumption for DHW

by a non-electrical system (Mj*year”-1)

Qhel annual primary energy consumption for
heating from a electrical system (Mj*year”-1)

Qlel energy consumption for lighting Mj per
year

QDel annual demand for electricity Mj per year
QCDtot annual cooling demand (Mj*year”-1)

QHDtot annual heating demand (Mj*year”-1)

QLDtot annual energy demand for lighting
(Mj*year”™-1)

QWDtot annual energy demand for DHW (Mj*year”-1)
QEaDTot total annual energy demand for electrical

appliances (Mj*year”®-1)
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QAel

annual energy cosnumption for electrical

appliances (Mj*year”®-1)

QCD (month)
QHD (month)
QSL (month)
QeaD (month
MJ

DOdhw (month)
QLD (month)
QdSLC (month)
kWh

)

QPhoto (month)

Qelgrid

BLC

QINHG (month)
QTV (month)

QCooker (month)

Qwash (month)
month kWh

Qrefrig (month)

kWh

QHel

kwh

QHnel
systems kWh

pvsupply

Q TV _HEAT (month)

Q COOKER HEAT (month)
Q WASH HEAT (month)

Q REFRIG HEAT (month)

cooling demand each month MJ

heating demand each month MJ

solar heat gain each month (kWh)

energy for electrical appliaces each month

net DHW demand MJ

energy demand for lighting each month MJ
DHW demand provided by a solar collector
energy produced by a photovoltaic cell kWh

energy provided by the grid MJ per year

Building Load Factor (W*K"-1)

internal heat gain each month kWh
energy demand for TV each month kWh
energy demand for cooker each month kWh
energy demand for washing machine each

energy demand for refrigerator each month
energy consumption of electrical systems
energy consumption of non-electrical
photovoltaic supply kwWh

heat from tv kWh

heat from cooker kWh

heat from washing machine kWh
heat from refrigerator kWh

QEA HEAT (month)

heat from electric appliances kWh

COSTfordoor Investment cost for doors
COSTforwindows Investment cost for windows
COSTforwalls Investment cost for walls
COSTforceilings Investment cost for ceilings
COSTforfloors Investment cost for floors
COSTforheatingsystem Investment cost for heating
systems

COSTforcoolingsystem Investment cost for cooling
systems

COSTforwatersystem Investment cost for dhw systems
COSTforheatingcooling Investment cost for heating-
cooling systems

COSTforheatingwatersystem Investment cost for for heating
dhw systems

COSTforsolar Investment cost for solar
collectors
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COSTforlight Investment cost for lighting

COSTforPhotov Investment cost for
photovoltaics

COSTforTV Investment cost for TVs
COSTforcooker Investment cost for cookers
COSTforWashing Investment cost for washing
machines

COSTforRefrig Investment cost for
refrigerators

TOT OPERCOST total operational cost
INVCOST investmenet cost

TOT CAPCOST total capital cost

FUEL DHW NEL COST cost for fuel water systems
FUEL HEAT NEL COST cost for fuel heat systems

OPERCOST FUEL operational cost for fuel
OPERCOST EL operational cost for electricity
Qalt total alternative energy
generation in MJ

Q pe sys el total primary energy consumption
of electrical systems

Q pe sys nel total primary energy consumption

of non electrical systems

vl variable for linearization
y2 variable for linearization
v3 variable for linearization
v4 variable for linearization
v5 variable for linearization
V6 variable for linearization
v/ variable for linearization
y8 variable for linearization
v9 variable for linearization
y10 variable for linearization
yll variable for linearization
yl2 variable for linearization
y13 variable for linearization
yl4 variable for linearization
y1l5 variable for linearization
y1l6 variable for linearization
y1l7 variable for linearization
y18 variable for linearization
y19 variable for linearization
y20 variable for linearization
y21 variable for linearization
y22 variable for linearization
y23 variable for linearization
y24 variable for linearization
y25 variable for linearization
y26 variable for linearization
y27 variable for linearization
y28 variable for linearization
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y29
y30
y31
y32
y33

4

Free Variables
Qdhwu (month)
QTClosses (month)
heating season kWh
QTHlosses (month)
cooling season kWh
QCVEN (month)
season (kWh)

QHVEN (month)
season (kWh)

Z (K)

TAC

Qt
consumption

14

Equations

doors

for door

windows

for window

walls

for walls
ceilings

for ceilings
floors

for floors

Photov

for photovoltaics
TVs

for TVs

Cooker eg

for cookers
Washing eq

for washing machines
Refrig eq

for refrigerators
lamps

for lamps

spaceheating
for spaceheating
spacecooling
for spacecooling

variable
variable
variable
variable
variable

DHW demand kWh
heat transimitance

heat transimitance

ventilation losses

ventilation losses

for
for
for
for
for

linearization
linearization
linearization
linearization
linearization

losses each month

losses each month

each month cooling

each month heating

objective functions

total

127

total annual cost

primary energy

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision

equation
equation
equation
equation
equation
equation
equation
equation
equation
equation

equation

equation

equation



dhwsystems

for DHW systems
solarcollector

for Solar Collectors

COSTfordoor eq
investment cost for
COSTforwindows eq
Investment cost for
COSTforwalls eq
Investment cost for
COSTforceilings eq
Investment cost for
COSTforfloors eq

doors

windows

walls

ceili

ngs

Investment cost for floors
COSTforheatingsystem eqg
Investment cost for heating systems
COSTforcoolingsystem eq
Investment cost for cooling systems

COSTforwatersystem e

q

Investment cost for dhw systems
COSTforheatingcooling eqg
Investment cost for heating-cooling
COSTforheatingwatersystem eq

Investment cost
COSTforsolar eq
Investment cost
COSTforlight eqg
Investment cost
COSTforPhotov eqg
Investment cost for
COSTforTV_eq
Investment cost for
COSTforcooker eq
Investment cost for
COSTforWashing eq
Investment cost for
COSTforRefrig eq

for

for

Investment cost for refrigerators
BLC eq

value of a building
e TECHNICAL PARAMETERS
QTClosses eqg(month) Equation of
cooling season

QCVEN eqg (month) Equation of
cooling season

QTHlosses eqg(month) Equation of
heating season

QHVEN eqg (month) Equation of

heating season

for for heating dhw

solar collectors

light

ing

photovoltaics

TVs

cookers

washing machines
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systems

Decision

Decision

Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation
Equation

Equation

Equation

equation

equation

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

of

of BLC

monthly Transimission

ventilation losses

monthly Transimission

ventilation losses



QCDtot eqg Equation
kWh

QHDtot eqg Equation
kWh

QINHG eqg(month) Equation
QSL eg(month) Equation
QTV eqg(month) Equation
each month kWh

QCooker eqg(month) Equation
each month kWh

Qwash eqg(month) Equation
washing machine each month kWh
Qrefrig eqg(month) Equation
refrigerator each month kWh

Q tv _heat eqg(month)

Q cooker heat eqg(month)

Q wash heat eg(month)

Q refrig eqg(month)

Qea heat eqg(month)

QLD eg(month) Equation of
each month kWh

QLDtot eqg Equation of
lighting Mj per year

QLel eqg Equation of
lighting Mj per year

QWDtot eqg Equation of
DHW (Mj*year”-1)

QPhoto eqg(month) Equation of
photovoltaic cell per month

Qalt eq Equation of
a photovoltaic cell

QEaDTot eqg Equation of
electrical appliances

QAel eqg Equation of

for electrical appliances

altenergy eq

of annual cooling demand

of annual heating demand

of internal heat gain

of solar gains each month

of energy demand for TV

of energy demand for cooker

of energy demand for

of energy demand for
energy demand for lighting
annual energy demand for
energy consumption for
annual energy demand for
energy generation by a

total energy generation of
annual energy demand for

annual energy consumption

Equation of power supply from

alternative energy generation systems

QdSLC_eqg(month) Equation
solar collector kWh

Qdhwu_eq (month) Equation
Qea eg(month) Equation

appliaces each month kWh

QDel eq
electricity

Equation

ifequationl (month)

of

of
of

of

if equation
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DHW demand provided by a

DHW demand
energy for electrical

annual demand for



ifequation2 (month)
ifequation3 (month) if equation 3
ifequation4 if equation 4
e linearization----—---——--—----—--————-—————-

if equation 2

linear eql linearization equation
linear eq2 linearization equation
linear eqg3 linearization equation
linear eqg4 linearization equation
linear egb linearization equation
linear eqg6 linearization equation
linear eq7 linearization equation
linear eqg8 linearization equation
linear eqg9 linearization equation
linear eqlO linearization equation
linear eqll linearization equation
linear eql?2 linearization equation
linear eql3 linearization equation
linear eqli linearization equation
linear eql5 linearization equation
linear eqglé6 linearization equation
linear eql? linearization equation
linear eql8 linearization equation
linear eql9 linearization equation
linear eq20 linearization equation
linear eq20 linearization equation
linear eqg2l linearization equation
linear eq22 linearization equation
linear eqg23 linearization equation
linear eqg24 linearization equation
linear eqg25 linearization equation
linear eqg26 linearization equation
linear eq27 linearization equation
linear eqg28 linearization equation
linear eqg29 linearization equation
linear eq30 linearization equation
linear eq3l linearization equation
linear eqg32 linearization equation
linear eqg33 linearization equation
linear eq34 linearization equation
linear eq35 linearization equation
linear eqg36 linearization equation

Qhel eq

Equation of annual primary energy
consumption for heating from a electrical system

linear eq37 linearization equation
linear eqg38 linearization equation
linear eqg39 linearization equation
linear eq40 linearization equation
linear eqgi4l linearization equation
linear eqg4?2 linearization equation
linear eq43 linearization equation
linear eq44 linearization equation
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linear eqg45
linear eqgi46
linear eqg47
linear eqg48
linear eqg4?9
linear eg50
linear eg5l
linear eqgb2
linear eg53
linear eqgb4
linear eg55
linear egb6
linear eqgb57
linear eg58
linear egb59
linear eqg60

QHnel eq

linear eqgé6l
linear eqg62
linear eqg63
linear eqg64
linear eqg65
linear eqg66
linear eqg67
linear eg68
linear eqg69
linear eq70
linear eq71
linear eq72
linear eq73
linear eq74
linear eq75
linear eq76
linear eq77
linear eq’8
linear eq79
linear eqg80
linear eqg8l
linear eq82
linear eqg83
linear eqg84

Qcel eq
(Mj*year™-1)

linear eg85
linear eqg86
linear eqg87
linear eg88
linear eg89
linear eqg90
linear eq91

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization
linearization

linearization
linearization
linearization
linearization
linearization
linearization
linearization
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equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation

Equation of energy consumption of
non-electrical systems kWh

equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation
equation

Equation of annual primary energy
consumption for cooling consumed by an electrical system

equation
equation
equation
equation
equation
equation
equation



linear eqg92 linearization equation
linear eqg93 linearization equation
linear eqg9%4 linearization equation
linear eg95 linearization equation
linear eg96 linearization equation
linear eqg97 linearization equation
linear eg98 linearization equation
linear eg99 linearization equation
linear eql00 linearization equation
linear eqlOl linearization equation
linear eql02 linearization equation
linear eql03 linearization equation
linear eql04 linearization equation
linear eqlO05 linearization equation
linear eql06 linearization equation
linear eql07 linearization equation
linear eqlO8 linearization equation

Qwel eq

Equation of
consumption for DHW by a electrical system

annual primary energy
(Mj*year”~-1)

linear eql09 linearization equation
linear eqllO linearization equation
linear eqlll linearization equation
linear eqll2 linearization equation
linear eqll3 linearization equation
linear eqll4 linearization equation
linear eqllb linearization equation
linear eqllé6 linearization equation
linear eqll7’ linearization equation
linear eqll8 linearization equation
linear eqll?9 linearization equation
linear eqlZ20 linearization equation
linear eqlZ2l linearization equation
linear eql22 linearization equation
linear eql23 linearization equation
linear eqlZ24 linearization equation
linear eql25 linearization equation
linear eql26 linearization equation
linear eql27 linearization equation
linear eql28 linearization equation
linear eql29 linearization equation
linear eql30 linearization equation
linear eql3l linearization equation
linear eql32 linearization equation
Qwnel eq Equation of annual primary energy

consumption for DHW by a non-electrical system (Mj*year”-1)

invcost eq objective function for cost
tot opercost eq annual operational cost
opercost fuel eq operational cost of fuel based systems
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opercost el eq
tot ann cost eq t
capcost _eq

operational cost electricity
otal annual cost

fuel heat nel cost eq cost for fuel based heating systems

fuel dhw nel cost eq cost for fuel based water systems

Q pe sys el eqg
consumption from
Q pe sys nel eq
consumption from
obj2 energy

Equation of annual primary
consuming electricity
Equation of annual primary
systems consuming fuels

objective fucntion for energy

systems

consumption

objl definition of Z1

obj2 definition of Z2

doors.. sum (d, XDOOR (d) ) =e=1 ;

windows. . sum (wz, XWIN (wz) )=e=1

walls.. sum (w, XWALL (w) ) =e=1 ;

ceilings.. sum(r, XCEIL (r) )=e=1;

floors.. sum (h, XFLOOR (h))=e=1 ;

TVs.. sum (tv, XTV (tv) ) =e=1;

Cooker eqg.. sum (cooker, XCOOKER (cooker) ) =e=1;

Washing eq.. sum (washing, XWASHING (washing) )=e=1;

Refrig eq.. sum(refrig, XREFRIG (refriqg) )=e=1;

lamps.. sum((173), XL(13)) =e=1 ;

spaceheating.. sum (ehsi, XEHS (ehsi)) + sum(nehsi,

XNEHS (nehsi)) + sum(ehcsi, XEHCS (ehcsi)) +

sum (ehwsi, XEHWS (ehwsi)) + sum(nehwsi, XNEHWS (nehwsi))=e=1 ;
spacecooling.. sum (ecsi, XECS(ecsi)) + sum(ehcsi,

XEHCS (ehcsi)) =e= 1 ;

dhwsystems.. sum (ewsi, XEWS (ewsi)) + sum(newsi,

XNEWS (newsi)) + sum(ehwsi, XEHWS (ehwsi)) + sum(nehwsi,
XNEHWS (nehwsi)) =e= 1 ;

solarcollector.. sum(slci, XSLC(slci)) =1= 1 ;

Photov.. sum (pvs, XPHOTOV (pvs)) =1= 1;
e OBJECTIVE 1: COST-—-——————-—————-
COSTfordoor eq..

COSTfordoor=e=Adoor*sum(d, XDOOR (d) * Costdoor (d)) ;
COSTforwindows_eq..

COSTforwindows=e=Awin*sum (wz, XWIN (wz) *CostWindows (wz) ) ;

COSTforwalls eq..

XWALL (w) *CostWalls (w)) ;
COSTforceilings eq..
COSTforceilings=e=Aceil*sum(r, XCEIL (
COSTforfloors eqg..
COSTforfloors=e=Afloor*sum(h, XFLOOR (h) *CostFloors (h)) ;

COSTforwalls=e=Awallext*sum (w

r)*CostCeiling(r)) ;
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COSTforheatingsystem eq..
COSTforheatingsystem=e=sum (ehsi, XEHS (ehsi) *CostElecHeatSys (ehs
i) ) +sum(nehsi, XNEHS (nehsi)* CostNonElecHeatSys (nehsi)) ;
COSTforcoolingsystem eq..
COSTforcoolingsystem=e=sum (ecsi, XECS (ecsi) *CostElecCoolingSys (
ecsi)) ;

COSTforwatersystem eq..
COSTforwatersystem=e=sum (ewsi, XEWS (ewsi) *CostElecDHW (ewsi) ) +su
m(newsi, XNEWS (newsi) *CostNonElecDHW (newsi) ) H
COSTforheatingcooling eq..
COSTforheatingcooling=e=sum(ehcsi, XEHCS (ehcsi) *CostElecHeatCoo
lingSys (ehcsi)) H

COSTforheatingwatersystem eq..
COSTforheatingwatersystem=e=sum (ehwsi, XEHWS (ehwsi) *CostElecHea
tingDHW (ehwsi) ) +sum (nehwsi, XNEHWS (nehwsi) *CostNonkElecHeatingDH
W (nehwsi)) ;

COSTforsolar eq..

COSTforsolar=e=sum(slci,XSLC(slci)* CostSolar(slci));
COSTforlight eq..
COSTforlight=e=sum(lj,XL(1lj) *CostLamps (1lj)) *Nlamps ;
COSTforPhotov_eq..

COSTforPhotov=e=sum (pvs, XPHOTOV (pvs) *CostPhotoV (pvs) ) ;
COSTforTV_eq..

COSTforTV=e=sum (tv, XTV (tv) *CostTV (tv)) ;

COSTforcooker eq..
COSTforcooker=e=sum (cooker, XCOOKER (cooker) *CostCooker (cooker))

COSTforWashing eq..
COSTforWashing=e=sum(washing, XWASHING (washing) *

CostWashing (washing)) ;

COSTforRefrig eq..
COSTforRefrig=e=sum(refrig, XREFRIG (refrig) *CostRefrig(refriqg))

14

invcost eq.. INVCOST =e= COSTforlight +
COSTforwindows + (COSTfordoor + COSTforwalls +
COSTforceilings + COSTforfloors)

+ (COSTforheatingsystem +
COSTforcoolingsystem + COSTforwatersystem +
COSTforheatingcooling + COSTforheatingwatersystem +
COSTforsolar + COSTforPhotov)

+ (COSTforTV + COSTforcooker
+ COSTforWashing + COSTforRefrig);

capcost eq.. TOT CAPCOST =e=
COSTforlight*annfactor lamps + COSTforwindows*annfactor win +
(COSTfordoor + COSTforwalls + COSTforceilings +
COSTforfloors) *annfactor structure

+ (COSTforheatingsystem +
COSTforcoolingsystem + COSTforwatersystem +
COSTforheatingcooling + COSTforheatingwatersystem +
COSTforsolar + COSTforPhotov) *annfactor systems

+ (COSTforTV + COSTforcooker
+ COSTforWashing + COSTforRefrig) *annfactor ea;
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tot opercost eqg.. TOT OPERCOST =e= OPERCOST FUEL +
OPERCOST_EL;

opercost fuel eq.. OPERCOST FUEL =e= FUEL HEAT NEL COST +
FUEL DHW NEL COST;

opercost el eq.. OPERCOST EL =e= 1/fconv*cost elec*Qelgrid;

tot_ann _cost_eq.. TAC =e= TOT CAPCOST + TOT OPERCOST;

objl.. Z('l"'")=e= TAC;
*----0OBJECTIVE 2: ENERGY CONSUMPTION----- *
BLC eq.. BLC =e=

*

Adoor*sum (d, XDOOR (d) *Udoors (d) ) +tAwin*sum (wz, XWIN (wz)
) +

UWindows (wz) )+ Awallext*sum(w, XWALL (w) * Uwalls (w)
Aceil*sum(r,XCEIL (r)*UCeiling(r)) +
Afloor*sum (h, XFLOOR (h) *UFloor (h)) ;

QTClosses eqg(month).. QTClosses (month)=e=BLC* (Tic-

To (month) ) *tm (month) /1000 ; //kWh

QCVEN_eq (month) .. QCVEN (month) =e=dair*CPair*ACH*V* (Tic-
To (month) ) *tm (month) /3600 + dair*Hfg*ACH*V* (wi-

Wo (month) ) *tm (month) /3600; //kWh

QTHlosses eqg(month) .. QTHlosses (month)=e=BLC* (Tih-

To (month) ) *tm (month) /1000; //kWh

QHVEN eq(month) .. QHVEN (month) =e= dair*CPair*ACH*V* (Tih-
To (month) ) *tm (month) /3600 ; //kWh

QINHG eqg(month) ..
QINHG (month)=e= (Npeople*Qhuman/1000) *tm (month) +QEA HEAT (month)
; //kWh

QSL eg(month) .. QSL (month)=e=sum(wz, XWIN (wz)*Gwin (wz))
* Awin*Ff*ShadingFactorWindows*FCm*Isl (month) *td (month)
;//kWh

QTV_eg(month) .. QTV (month)=e=sum (tv,

PowerTV (tv) *XTV (tv) ) *UsageTV *td(month) /1000 ; //kWh

QCooker eg(month) ..

QCooker (month)=e=sum (cooker, PowerCooker (cooker) *XCOOKER (cooker
) ) *UsageCooker*td (month) /1000 ; //kWh

Qwash eqg(month) .. Qwash (month)=e=td (month) *CyclesWashing
*sum (washing, PowerWashing (washing) *XWASHING (washing)) ; //kWh
Qrefrig eqg(month) ..
Qrefrig(month)=e=td (month) *sum (refrig, PowerRefrig(refrig) *XREF

RIG(refrig)) ; //kWh

Qea eg(month) .. QeaD (month)=e=Fconv* (QTV (month) +
QCooker (month) +Qwash (month) +Qrefrig (month) ) ; / /MJ

Q tv heat eqg(month).. Q TV HEAT (month) =e= QTV (month) ;
//kWh

Q cooker heat eg(month).. Q COOKER HEAT (month) =e=

QCooker (month); //kWh
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Q wash heat eqg(month) .. Q WASH HEAT (month) =e=

td (month) *CyclesWashing

*sum (washing, PowerWashing (washing) *XWASHING (washing) /Efficienc
yWashing (washing)); //kWh

Q refrig eg(month).. Q REFRIG HEAT (month) =e=

td (month) *sum (refrig, PowerRefrig (refrig) *XREFRIG (refrig) /Effic
iencyRefrig(refriqg)) ; //kWh

Qea heat eqg(month).. QEA HEAT (month) =e=

Q TV _HEAT (month) + Q COOKER_HEAT (month) + Q WASH HEAT (month) +
Q REFRIG HEAT (month); //kWh , converted to MJ in another eqg

QLD _eg(month) ..
QLD (month)=e=Fconv*td (month) *Nlamps*UsageLamps*sum(lj,

LampsPower (1) * XL(1j))/1000 ; //MJ
Km o —— PV and SLC ANNUAL GENERATION----- *
QPhoto eg(month) .. QPhoto (month) =e= sum(pvs,

XPHOTOV (pvs) *
AreaPhotoV (pvs) *GenerationEfficiencyPhotoV (pvs) ) *PRphotov*Shad
ingFactorSolar*Isl (month) *td (month); // kWh

Qalt eqg.. pvsupply=e=sum (month, QPhoto (month)) ;
//kWh

altenergy eq.. Qalt =e= pvsupply*Fconv; //MJ

QdSLC eqg(month) .. QdSLC (month)=e=ShadingFactorSolar

*Isl (month) *td (month) *sum(slci, AreaSolar(slci)*XSLC(slci)*
EfficiencySolar (slci)); //kWh

Qdhwu_eqg(month) .. Qdhwu (month) =e=Mw*dwater*CPwater* (Tdhw-
Tdcw (month) ) *tm (month) ; //kWh

*————-TF EQUATIONS----*

ifequationl (month) .. QHD (month) =g=

HS (month) *Fconv* (QTHlosses (month) + QHVEN (month) -QINHG (month) -
QSL (month)); //MJ

ifequation2 (month) .. QCD (month) =g=

CS (month) *Fconv* (QINHG (month)+QSL (month) - QTClosses (month) -
QCVEN (month)); //MJ

ifequation3 (month) .. DQdhw (month) =g=

WSm (month) *Fconv* (Qdhwu (month) ~-QdSLC (month) ) ; //MJ

*omm ENERGY === —m o oo oo -
________ *

QHDtot eq.. QHDtot =e= sum (month, QHD (month)) ;

// MJ

QCDtot eq.. QCDtot =e= sum(month, QCD (month)) ; //
MJ

QLDtot eq.. QLDtot =e= sum(month, QLD (month)); // MJ
QEaDTot eq.. QEaDTot =e= sum(month, QeaD (month)); //
MJ

QWDtot eq.. QWDtot =e= sum(month, DQdhw (month)) ;
// MJ
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QDel eq.. QDel=e=QHel+QCel+Qwel+QLel+QAel ;
//MJ, electricity demand
ifequationd.. Qelgrid =g= QDel - Qalt; //MJ

QHel eqg..
QHel=e=(yl/EfficiencyElecHeatSys ('EHS1"))+
(y2/EfficiencyElecHeatSys ('EHS2'")) +

(y3/EfficiencyElecHeatSys ('EHS3"'")) +
(v4d/EfficiencyElecHeatCoolingSys ('EHCS1'") )+
(y5/EfficiencyElecHeatCoolingSys ('EHCS2'))
+(y6/EfficiencyElecHeatCoolingSys ('EHCS3')) +

(y7/EfficiencyElecHeatingDHW ('EHWS1'") ) +
(y8/EfficiencyElecHeatingDHW ('EHWS2')) +
(y9/EfficiencyElecHeatingDHW ('EHWS3')); //MJ

QHnel eq..

QHnel=e=(y10/EfficiencyNonElecHeatSys ('NEHS1'"))+(yl1l/Efficienc
yNonElecHeatSys ('NEHS2'") ) +
(yl2/EfficiencyNonElecHeatSys ('"NEHS3') ) +

(y13/EfficiencyNonElecHeatingDHW ('NEHWS1')) +

(yl4/EfficiencyNonElecHeatingDHW ('NEHWS2')) +
(y15/EfficiencyNonElecHeatingDHW ('NEHWS3"')); //MJ
fuel heat nel cost eq.. FUEL HEAT NEL COST =e=

le*cost_oil/(EfficiencyNonElecHeatSys('NEHSl')*thNonElecHeat
Sys('NEHSl'))+y11*cost_ng/(EfficiencyNonElecHeatSys('NEHSZ')*l
hvNonElecHeatSys ('NEHS2') )+

yl2*cost ng/ (EfficiencyNonElecHeatSys ('NEHS3') *1lhvNonElecHeats$s
ys ('"NEHS3'")) +
yl3*cost oil/ (EfficiencyNonElecHeatingDHW ('NEHWS1') *1lhvNonElec
HeatingDHW ("NEHWS1'))

+
yl4*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1lhvNonElecH
eatingDHW ('NEHWS2"') ) +
yl5*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS3') *1lhvNonElecH
eatingDHW ('NEHWS3')); //euros (based on fuel consumption per
m3)

QCel eq.. QCel=e=
(yl6/EfficiencyElecCoolingSys ('ECS1"'))
+(yl7/EfficiencyElecCoolingSys ('ECS2'"))+
(y18/EfficiencyElecCoolingSys ('ECS3"'))

+

(yl19/EfficiencyElecHeatCoolingSys ('EHCS1')) +
(y20/EfficiencyElecHeatCoolingSys ('EHCS2')) +
(y21/EfficiencyElecHeatCoolingSys ('EHCS3')); //MJ

Qwel eqg.. Qwel=e=(y22/EfficiecyElecDHW ('EWS1')) +
(y23/EfficiecyElecDHW ('EWS2') )+ (y24/EfficiecyElecDHW ('EWS3"'))
_|_
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(y25/EfficiencyElecHeatingDHW ('EHWS1')) +
(y26/EfficiencyElecHeatingDHW ('EHWS2') ) +

(y27/EfficiencyElecHeatingDHW ('EHWS3')); //MJ
Qwnel eq.. Quwnel=e=(y28/EfficiecyNonElecDHW
('"NEWS1')) + (y29/EfficiecyNonElecDHW ('NEWS2')) +

(y30/EfficiecyNonElecDHW ('NEWS3"') ) +

(y31/EfficiencyNonElecHeatingDHW ('NEHWS1'))
(y32/EfficiencyNonElecHeatingDHW ('NEHWS2'))
(y33/EfficiencyNonElecHeatingDHW ('NEHWS3"')); //MJ

_|_
_|_

fuel dhw nel cost eq.. FUEL DHW NEL COST =e=

y28*cost o0il/ (EfficiecyNonElecDHW ('NEWS1')*lhvNonElecDHW
("NEWS1'")) +
y29*cost_oil/(EfficiecyNonElecDHW('NEWSZ')*lthonElecDHW(‘NEWS
2')) +

y30*cost ng/ (EfficiecyNonElecDHW ('NEWS3') *1hvNonElecDHW ('NEWS3
"))+ y3l*cost oil/ (EfficiencyNonElecHeatingDHW
("NEHWS1') *1hvNonElecHeatingDHW ('NEHWS1'))+

y32*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS2') *1hvNonElecH
eatingDHW ('NEHWS2')) +

y33*cost ng/ (EfficiencyNonElecHeatingDHW ('NEHWS3') *1hvNonElecH
eatingDHW ('NEHWS3')); //euros (based on fuel consumption per
m3)

QLel eq.. QLel=e=QLDtot*SEAel; //MJ

QAel eq.. QAel=e=QEaDTot*SEAel; //MJ

*———— PRIMARY ENERGY CONSUMPTION-—--—-—-—-—-—- *

Q pe sys el eq.. Q pe sys el =e= Qelgrid/ngrid; //MJ
Q pe sys nel eq.. Q pe sys nel =e= QHnel+Qwnel; //MJ
obj2 energy.. Qt =e= Q pe sys el + Q pe sys nel;
//MJ

obj2.. Z('2'")=e=Qt;

e LINEARIZATION FOR SYSTEM SELECTION--—---- *

linear eql.. yl=1=mpos*XEHS ('EHS1"'") ;

linear eq2.. yl=1=QHDtot ;

linear eq3.. yl=g=QHDtot-mpos* (1-XEHS ('EHS1"')) ;
linear eq4.. yl=g=0 ;

linear egb.. y2=1=mpos*XEHS ('EHS2") ;

linear eg6.. y2=1=QHDtot ;

linear eq7.. y2=g=QHDtot-mpos* (1-XEHS ('EHS2"'))
linear eqg8.. y2=g=0 ;

linear eqg9.. y3=1=mpos*XEHS ('EHS3") ;

linear eqlO.. y3=1=QHDtot ;
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linear eqll.. y3=g=QHDtot-mpos* (1-XEHS ('EHS3"')) ;
linear eqlZ2.. y3=g=0 ;

linear eql3.. y4=1=mpos*XEHCS ('EHCS1") ;

linear eql4.. y4=1=QHDtot ;

linear eql5.. y4=g=QHDtot-mpos* (1-XEHCS ('EHCS1"'")) ;
linear eqlé6.. y4d=g=0 ;

linear eql7.. y5=1=mpos*XEHCS ('EHCS2") ;

linear eql8.. y5=1=QHDtot ;

linear eql?9.. y5=g=QHDtot-mpos* (1-XEHCS ('EHCS2")) ;
linear eqg20.. y5=g=0 ;

linear eqg2l.. y6=1=mpos*XEHCS ('EHCS3") ;

linear eqg22.. y6=1=QHDtot ;

linear eqg23.. y6=g=QHDtot-mpos* (1-XEHCS ('EHCS3")) ;
linear eqg24.. y6=g=0 ;

linear eg25.. y7=1=mpos*XEHWS ('EHWS1') ;

linear eg26.. y7=1=QHDtot ;

linear eqg27.. y7=g=QHDtot-mpos* (1-XEHWS ('EHWS1')) ;
linear eg28.. y7=g=0 ;

linear eqg29.. y8=1=mpos*XEHWS ('EHWS2"') ;

linear eq30.. y8=1=QHDtot ;

linear eqg31l.. y8=g=QHDtot-mpos* (1-XEHWS ('EHWS2") ) ;
linear eqg32.. y8=g=0 ;

linear eqg33.. y9=1=mpos*XEHWS ('EHWS3"') ;

linear eq34.. y9=1=QHDtot ;

linear eqg35.. y9=g=QHDtot-mpos* (1-XEHWS ('EHWS3"'))
linear eqg36.. y9=g=0 ;

linear eq37.. y10=1=mpos*XNEHS ('NEHS1"'") ;

linear eqg38.. y1l0=1=QHDtot ;

linear eqg39.. y10=g=QHDtot-mpos* (1-XNEHS ('NEHS1")) ;
linear eq40.. y10=g=0 ;

linear eqg4l.. y1ll=1=mpos*XNEHS ('NEHS2"') ;

linear eqg42.. yl1=1=QHDtot ;

linear eqg43.. yll=g=QHDtot-mpos* (1-XNEHS ('NEHS2")) ;
linear eqg44.. y1l1l=g=0 ;

linear eqi45.. y12=1=mpos*XNEHS ('NEHS3") ;

linear eqgi46.. y1l2=1=QHDtot ;

linear eq47.. y1l2=g=QHDtot-mpos* (1-XNEHS ('NEHS3'))
linear eqgi48.. y12=g=0 ;

linear eqg49.. y13=1=mpos*XNEHWS ('NEHWS1'"') ;

linear egb50.. y13=1=QHDtot ;

linear eqgbl.. y13=g=QHDtot-mpos* (1-XNEHWS ('NEHWS1"))
linear eqgb2.. yl3=g=0 ;

linear eqg53.. yl4=1=mpos*XNEHWS ('NEHWS2') ;

linear eqgb54.. y1l4=1=QHDtot ;
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linear egb5..

14

linear egb6..

linear eqgb7..
linear egb8..
linear egb9..

4

linear eqg60..

linear eqg6l..
linear eqg62..
linear eqg63..
linear eqg64..

linear eqg65..
linear eg66..
linear eqg67..
linear eqg68..

linear eqg69..
linear eq70..
linear eq71..
linear eq72..

linear eq73..
linear eq74..
linear eq75..
linear eqg7e6..

linear eq77..
linear eq78..
linear eq79..
linear eqg80..

linear eqg81l..
linear eqg82..
linear eqg83..
linear eqg84..

linear eqg85..
linear eqg86..
linear eqg87..
linear eqg88..

linear eqg89..
linear eqg90..
linear eqg91..
linear eqg92..

linear eqg93..
linear eqg94..
linear eqg95..
linear eqg96..

linear eq97..

yl4=g=QHDtot-mpos* (1-XNEHWS ('NEHWS2"') )

yld=g=0 ;

y15=1=mpos*XNEHWS ('NEHWS3') ;
y15=1=QHDtot ;

y15=g=QHDtot-mpos* (1-XNEHWS ('NEHWS3'))

yl15=g=0 ;

yl6=1=mpos*XECS ('ECS1") ;
y16=1=QCDtot ;
y16=g=QCDtot-mpos* (1-XECS ('ECS1")) ;
yl6=g=0 ;

y17=1=mpos*XECS ('ECS2") ;
y17=1=QCDtot ;
y17=g=QCDtot-mpos* (1-XECS ('ECS2") ) ;
y17=g=0 ;

y18=1=mpos*XECS ('ECS3"');
y18=1=QCDtot ;
y18=g=QCDtot-mpos* (1-XECS ('ECS3") ) ;
y18=g=0 ;

y19=1=mpos*XEHCS ('EHCS1") ;
y19=1=QCDtot ;
y19=g=QCDtot-mpos* (1-XEHCS ('EHCS1"))
y19=g=0 ;

y20=1=mpos*XEHCS ('EHCS2") ;
y20=1=QCDtot ;
y20=g=QCDtot-mpos* (1-XEHCS ('EHCS2"))
y20=g=0 ;

y21=1=mpos*XEHCS ('EHCS3") ;
y21=1=QCDtot ;
y21=g=QCDtot-mpos* (1-XEHCS ('EHCS3"))
y21=g=0 ;

y22=1=mpos*XEWS ('EWS1') ;
y22=1=QWDtot ;
y22=g=QWDtot-mpos* (1-XEWS ('EWS1"'))
y22=g=0 ;

y23=1=mpos*XEWS ('EWS2"') ;
y23=1=QWDtot ;
y23=g=QWDtot-mpos* (1-XEWS ('EWS2"))
y23=g=0 ;

y24=1=mpos*XEWS ('EWS3"') ;
y24=1=QWDtot ;
y24=g=QWDtot-mpos* (1-XEWS ('EWS3") )
y24=g=0 ;

y25=1=mpos*XEHWS ('EHWS1") ;
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linear eqg98..
linear eqg99..

linear eql00..

linear eqlOl..
linear eql02..
linear eql03..
linear eql04..

linear eql05..
linear eql06..
linear eqlO7..
linear eql08..

linear eql09..
linear eqllO..
linear eqlll..
linear eqll2..

linear eqll3..
linear eqll4..
linear eqll5..
linear eqll6..

linear eqll’..
linear eqll8..
linear eqll?9..
linear eqlZ20..

linear eqlZ2l..
linear eql22..
linear eqlZ23..

14

linear eqlZ24..

linear eql25..
linear eqlZ26..
linear eql27..

4

linear eqlZ28..

linear eqlZ29..
linear eql30..
linear eql3l..

14

linear eql32..

y25=1=QWDtot ;
y25=g=QWDtot-mpos* (1-XEHWS ('"EHWS1"))
y25=g=0 ;

y26=1=mpos*XEHWS ('EHWS2") ;
y26=1=QWDtot ;
y26=g=QWDtot-mpos* (1-XEHWS ('EHWS2"') )
y26=g=0 ;

y27=1=mpos*XEHWS ('EHWS3") ;
y27=1=QWDtot ;
y27=g=QWDtot-mpos* (1-XEHWS ('EHWS3") )
y27=9g=0 ;

y28=1=mpos*XNEWS ('NEWS1') ;
y28=1=QWDtot ;
y28=g=QWDtot-mpos* (1-XNEWS ('NEWS1"'))
y28=g=0 ;

y29=1=mpos*XNEWS ('"NEWS2") ;
y29=1=QWDtot ;
y29=g=QWDtot-mpos* (1-XNEWS (' NEWS2"') )
y29=g=0 ;

y30=1=mpos*XNEWS ('NEWS3"') ;
y30=1=QWDtot ;
y30=g=QWDtot-mpos* (1-XNEWS ('NEWS3"'") )
y30=g=0 ;

y31=1=mpos*XNEHWS ('NEHWS1'"') ;
y31=1=QWDtot ;

y31=g=QWDtot-mpos* (1-XNEHWS ('NEHWS1'))

y31=g=0 ;

y32=1=mpos*XNEHWS ('NEHWS2"') ;
y32=1=QWDtot ;

y32=g=QWDtot-mpos* (1-XNEHWS ('NEHWS2'))

y32=g=0 ;

y33=1=mpos*XNEHWS ('NEHWS3') ;
y33=1=QWDtot ;

y33=g=QWDtot-mpos* (1-XNEHWS ( 'NEHWS3") )

y33=g=0 ;

model example /all/;

*option mip=gurobi;
annfactor_systems=rate*((l+rate)**life_systems)/(((l+rate)**li
fe systems)-1);
annfactor_structurezrate*((l+rate)**life_structure)/(((l+rate)
**life structure)-1);
annfactor_win=rate*((l+rate)**life_win)/(((l+rate)**life_win)—
1);
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annfactor_lampszrate*((l+rate)**life_lamps)/(((l+rate)**life_l
amps) -1) ;
annfactor_ea=rate*((1+rate)**life_ea)/(((1+rate)**life_ea)—1);

$STitle eps-constraint method

Set kl(k) the first element of k, kml (k) all but the first
elements of k;

k1l (k) $(ord(k)=1) = yes; kml (k)=yes; kml(kl) = no;

Set kk (k) active objective function in constraint allobj
set diff different objective function values per problem
/1*1000/

Parameter
rhs (k) right hand side of the constrained obj
functions in eps-constraint
maxobj (k) maximum value from the payoff table
minobj (k) minimum value from the payoff table

intervals (k) number of intervals that we divide the k-1
objective functions

bestobj (k) the best objective function value (maxob]j for
dir=1 minobj for dir=-1)

worstobij (k) the worst objective function value (minobj for
dir=1 maxobj for dir=-1)

step (k) the step obtained from range divided by
intervals
Jump (k) the jump for augmecon?

* added on 13/08/13

R b dh b b b b b 4 b b b b I b b A b b b b I b b g b b b A b b b b b b b d b b b b b b b d b b b b b b b b b b b g b i 4
KAk A A A A A A A Ak kkkkkk*k

loopworst (k) the worst value from the loop
KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AKXk KKK
KAk A A A A A A A Ak kkkkk*k
* added on 17/09/13
KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A ARk KKK
kAhkkkhkkhhkkhk Ak Ak hkkhkkhkkkhxk %k

progress (k) the progress for loop k
R A b b b b b b 2 b b b b I b b a2 b g b b S b b b b d b b b b b b b d b b b b b b b d b b b b B b b g b b b b a4

KA AKAKAAAKAN KA AKX KA AKX XK KK

zdiff (diff, k) values of objective functions in different POS
zstar (k) auxiliary parameter for the comparisons;

Scalar

iter total number of iterations

infeas total number of infeasibilities

elapsed time elapsed time for payoff and e-sonstraint
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start start time

finish finish time

summax auxiliary parameter

firstOffMax, lastZero some counters

numdiff number of different POS

dcount counter for different POS

issamenum auxiliary parameter counting how many obj. values
are same with already found

Variables
a_objval auxiliary variable for the objective function
obj auxiliary variable during the construction of

the payoff table
Positive Variables

sl (k) slack or surplus variables for the eps-
constraints
Equations

con_obj (k) constrained objective functions

augm_obj augmented objective function to avoid weakly
efficient solutions

allobj all the objective functions in one expression;
con_obj (kml) .. z(kml) - dir(kml)*sl (kml) =e= rhs(kml);

* We optimize the first objective function and put the others
as constraints

* the second term is for avoiding weakly efficient points
*augm_obj..

* sum(kl,dir(kl)*z(kl))+le-3*sum(kml, sl (kml)/ (maxobi (kml) -

minobj (kml))) =e= a objval;
augm obj..
sum (k$ (ord (k)=1),dir (k) *z (k)) +
sum (k$ (ord (k) >1),power (10, - (ord (k) -1)) *sl (k) / (maxobj (k) -
minobj (k))) =e= a objval;
*  sum (kS (ord(k)=1),dir(k)*z(k)) + 1.0e-

3*sum (kS (ord (k) >1),power (10, - (ord (k) -1)) *sl (k) / (maxobj (k) -
minobj (k))) =e= a objval;

allobj.. sum(kk, dir(kk)*z(kk)) =e= obj;

Model mod payoff / example, allobj / ;
Model mod epsmethod / example, con obj, augm obj / ;

Parameter
payoff (k,k) payoff tables entries;
Alias (k, kp) ;

option optcr=0.000;

* Generate payoff table applying lexicographic optimization
loop (kp,
kk (kp) =yes;
repeat
solve mod payoff using mip maximizing obj;
payoff (kp,kk) = z.1(kk);
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z.fx(kk) = z.1(kk); // freeze the value of the last
objective optimized
kk (k++1) = kk(k); // cycle through the objective
functions
until kk (kp); kk(kp) = no;
* release the fixed values of the objective functions for the
new iteration
z.up(k) = inf; z.lo(k) =-inf;
) ;
if (mod payoff.modelstat<>1 and mod payoff.modelstat<>8, abort
'no optimal solution for mod payoff');

File fx / c:\gams\ziozas dipl log.out /;
File dx / c:\gams\ziozas dipl.out /;

PUT dx ' PAYOFF TABRLE'/ ;

loop (kp,
loop (k, put dx payoff (kp,k):12:2);
put dx /;
)
put dx /;

*new 28-11-2013 for finding the actual range
Sontext
loop (kp,
kk (kp)=yes;
solve mod payoff using mip minimizing obj;
if (dir(kp)=1,
maxobj (kp)=smax (k,payoff (k, kp));
minobj (kp)=0bj.1l
)
if (dir(kp)=-1,
maxobj (kp)=-0bj.1l;
minobj (kp)=smin (k,payoff (k, kp))
)
kk (kp) =no;
) ;
Sofftext

*display payoff;

minobj (k) =smin (kp,payoff (kp,k));
*minob7j (k)=0;

maxobj (k) =smax (kp,payoff (kp,k));

*loop (k, intervals (k)=maxobj (k) -minobj (k));
loop (k, intervals(k)=20);

if (dir(k)=1,
bestobj (k) =maxobj (k) ;
worstobj (k) =minobj (k) ;
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else
bestobj (k)=minobj (k) ;
worstobj (k) =maxobj (k)
) ;
step (k) = (maxobj (k) -minobj (k) ) /intervals (k)
) ;

rhs (k) =worstobj (k) ;
iter=0;

infeas=0;
start=jnow;

// added 2/3/14 for printing only the different values. New
items are:

numdiff=0; // number of different POS

issamenum=0; // counter for objective function values in the
comparison with the recently found

infeas=0;

zdiff (diff, k)=0;

zstar (k)=0;

*new 13/08/13

R b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b b b i b b b b i b
Ak hkkhkkhkhkkhkhkhkkhkkkhkKhkxkx*k*k

loopworst (k) =bestobj (k) ;

R b b I b b b b 2 b b 2 b a2 b a2 b a4 b b b b I b b b b b b b i b b b b b b b d b b b b a2 b b b b b b a4
Ak hkkhkkhkhkkhkhkhkkhkkkhkKhkxkx*k*k

Put fx ' #!

loop (k$ (ord(k)>1), put fx ' Progress', ord(k):1:0);
loop (k, put fx ' OBJ',ord (k) :1:0);

put fx ' '

loop (k$ (ord(k)>1), put fx ' SLACK',ord(k) :1:0);
put fx /;

dx.pw=20000;

put dx ' # TAC ENERGY ',

put ' TOT CAPCOST TOT OPERCOST INVCOST
QHel QHnel QCel';

put ' Qwel Qwnel QLel QAel ';
loop (d, put ! DOOR',ord(d) :1:0) ;

loop (wz, put ! WIND',ord(wz) :1:0);

loop(w, put ! WALL',ord(w) :1:0) ;

loop (r, put ' CEIL',ord(r):1:0);

loop(h put ! FLOOR',ord(h) :1:0);

loop (ehsi, put ' EHS',ord(ehsi) :1:0);

loop (nehsi, put ' NEHS', ord(nehsi) :1:0);

loop (ecsi, put ' ECS',ord(ecsi) :1:0);

loop (ewsi, put ' EWS',ord(ewsi) :1:0);

loop (newsi,put ' NEWS', ord (newsi) :1:0) ;

loop (ehcsi,put ' EHCS',ord(ehcsi) :1:0);

loop (ehwsi,put ' EHWS', ord(ehwsi) :1:0);

loop (nehwsi, put' NEHWS', ord (nehwsi) :1:0) ;
loop(slci, put ' SLC', ord(slci):l:O);

loop (1], put ! L',ord(1lj):1:0);

loop (tv, put ! TV',ord(tv):1:0);

loop (cooker,put ' COOK',ord(cooker) :1:0);
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loop (washing,put ' WASH', ord(washing) :1:0);
loop(refrig,put ' REFRIG',ord(refrig):1:0);
loop (pvs, put ' PHOTOV',ord(pvs):1:0);
put/;

repeat

solve mod epsmethod maximizing a objval using mip;
iter=iter+1;
if (mod epsmethod.modelstat<>1 and mod payoff.modelstat<>8§,
// not optimal is in this case infeasible
infeas=infeas+l;

put fx iter:5:0, ' 1infeasible'/;
lastZero = 0;
loop (k$ (ord (k) >1),
if (abs (rhs (k) -worstobj (k) )>0.000001 and lastzero=0,

lastzero=ord(k))
)5
loop (kS (ord(k)>1 and ord(k)<=lastzero),rhs (k)=bestob]j (k));
else
* update the worst value found so far - added 13/08/13

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A KA A KA A KA A KA A A A A AR A AR KRR AR AR ARk K

R IR IR e dh b db b b db b b db b b 9 4

loop (k$ (ord (k) >2),
if(dir(k)=1 and z.L(k)<loopworst (k),
loopworst (k)=z.L(k));
if(dir(k)=-1 and z.L(k)>loopworst (k),
loopworst (k)=z.L(k));
*********l;***************************************************

KAXKAKAKKAAKAKANAKA KA AKX XXX KK

put fx iter:7:0;
* added on 17.09.13 for reporting

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A KA A A A A A KA A A A KA A AR A A A A A A AR A AR AR A AKXk K

R IR IR e dh b db b S db b b db b db 3 4

loop (kS (ord (k) >1),
if (dir(k)=1, progress(k)=100* (rhs (k) -
minobj (k) )/ (maxobj (k) -minobj (k))
else progress (k)=100* (maxobj (k) -rhs (k) )/ (maxobj (k) -
minobij (k))
)7
put fx progressi(k):10:2,'%";
)7
PR b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b (b b b b ¢

Ak hkkhkkhkkhk )k khkhk k) khkhk*k*x*%
loop (k, put fx z.1l(k):12:2);
put fx ' *** '; // put /;
loop (kml, put fx sl.l(kml):12:2);

//*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k********************************************
* ok ok ok ok ok ok ok kk

// added 2/3/14 for printing only the different values. New
items are:

// set diff /1*1000/

// parameters zdiff(diff, k), zstar (k)
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// scalars dcount, issamenum,numdiff

for (dcount=1 to numdiff,
loop (diff$ (ord(diff)=dcount), loop (k,
zstar (k)=zdiff (diff,k)));
issamenum=0;
loop (k,
if (abs(z.L(k)-zstar(k))<0.001,
issamenum=issamenum+1) ;
)7
if (issamenum=card(k), dcount=numdiff); //in
exit the loop
) // for loop
if (issamenum<card(k),
numdiff=numdiff+1;
loop (diffs$ (ord(diff)=numdiff), loop (k,
zdiff (diff,k)=z.L(k)));
put dx numdiff:5:0;
loop (k, put dx z.1(k):12:2);

put dx '

put dx TOT CAPCOST 1:9:2;

put dx ' '

put dx TOT OPERCOST.1: 9:2;

put dx ' '

put dx ' '
put dx INVCOST.1:9:2;

put dx ' !

put dx QHel.l: 9 2;

put dx ' ';
put dx QHnel.1:9:2;

put dx ' '
put dx QCel 1:9:2;

put dx '

put dx Qwel.1l:9:2;

put dx ' ';

put dx Qwnel.1l:9:2;

put dx ' '
put dx QLel.1:9:2;

put dx ' '
put dx QAel.1:9:2;

put dx ' '

loop (d, put dx XDOOR.1l(d):9:0);

loop (wz, put dx XWIN.1(wz):9:0);

loop (w, put dx XWALL.1(w):9:0);

loop (r, put dx XCEIL.1l(r):9: O),

loop (h, put dx XFLOOR.1 (h): 0);

loop (ehsi, put dx XEHS.l(eh51):9:O);
loop (nehsi, put dx XNEHS.1 (nehsi):9:0);
loop (ecsi, put dx XECS.1l(ecsi):9:0);
loop (ewsi, put dx XEWS.1 (ewsi):9:0);
loop (newsi, put dx XNEWS.1 (newsi) :9:0);
loop (ehcsi, put dx XEHCS.1 (ehcsi) :9:0);
loop (ehwsi, put dx XEHWS.1 (ehwsi) :9:0);
loop (nehwsi, put dx XNEHWS.1 (nehwsi) :9:0);
loop(slci, put dx XSLC.1l(slci):9:0);
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loop(lj, put dx XL.1(1j):9:0);

(
loop (tv, put dx XTV.1l(tv):9:0);
loop (cooker, put dx XCOOKER.1 (cooker):9:0);
loop (washing, put dx XWASHING.1 (washing) :9:0);
loop (refrig, put dx XREFRIG.1 (refrig):9:0);
loop (pvs, put dx XPHOTOV.1 (pvs) :9:0);
* )7
* put dx (sum(p,cost(p)*X.L(p))):10:0,
(sum(p,X.L(p))) :5:0;
* loop (p, put dx X.L(p):4:0);
put /;

) ;

KA AR AR AR AR A AR A AR A AR A AR A A A A AR A AR A A AR A A AR AR A AR I AR A AR A AR A A A kK

KAXKKXKKAKAKAKAKXAKANKXA KKK KK

* the jump is for AUGMECONZ

jump (k) =1;
* The jump is calculated for the innermost objective
function (ord(k)=2)
Jump (k) $ (ord(k)=2) = l+abs(floor(sl.L(k)/step(k)));
loop (k$ (jump (k) >1),put fx ' Jjump') ;
put fx /;

)7
* Proceed forward in the grid
firstOffMax = 0;
loop (kS (ord (k) >1),
if (abs (rhs (k) -bestobj (k))>0.000001 and firstOffMax=0,
if (dir(k)=1,
rhs (k)=min ( (rhs (k) +jump (k) *step (k) ) ,bestobj (k))
else rhs (k)=max ((rhs (k) -jump (k) *step (k) ) ,bestobj (k))
) ;
firstOffMax=ord (k)
)7
)7

loop (kS (ord (k) >1),
if (ord(k)< firstOffMax, rhs (k)=worstobj (k))
) ;
*new 13/08/13 go to the worst value from the previous loop of
k-1
R A b b b b b b 2 b b b b I b b a2 b g b b S b b b b d b b b b b b b d b b b b b b b d b b b b B b b g b b b b a4

KA AKAKAAAKAN KA AKX KA AKX XK KK

loop (k$ (ord (k) >1),
if (ord(k)=firstOffMax and firstOffMax > 2,

*Florios add 27.11.2013

if (dir (k)=1, rhs (k) =loopworst (k) +step (k) ;
loopworst (k) =bestobj (k) ;

else rhs (k) =loopworst (k) -step (k) ;
loopworst (k) =bestobj (k) ;)
*end Florios add 27.11.2013
*x rhs (k) =loopworst (k) +1;
*x loopworst (k) =bestobj (k) ;

)5
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) ;

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A A A A A A A AKX KK

KA A A A A AR A KA KA A AKX KKK

summax=0;

loop (kS (ord (k) >1
if (abs (rhs(
) ;

* for check premature end

* if (iter = 120,

* summax=card (k) -1;

*

*

),
k) -bestobj (k) )<0.000001, summax=summax+l);

firstOffMax=0;
) 7
until summax=card(k)-1 and firstOffMax=0;

finish=jnow;

elapsed time=(finish-start) *86400;

put /:

put 'Infeasibilities = ', infeas:5:0 /;

put 'Elapsed time: ',elapsed time:7:2, ' seconds' / ;

putclose fx; // close the point file
putclose dx; // close the point file
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