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Evyaprotieg

[Tpdrta an’ 6’ Ba Bela va gvyaplotnom tov emPAémovia kabnynt pov Ap. Anuntpn
ZgvoMmovp Yo, TNV Kalfodrynon mov pov mopeiye kab’ OAn v S18pKELD TG EKTOVIONG
g Atopkng Aummiopatikng pov Epyacioc. @a fela eniong va vyopioticm TovV K.
Zompn Kovotavtivov, ddaktopikd @ortnt) tov Ilavemiomuiov Kompov, yio v
KaBodnynomn, vrootpiEn kat yio TV cLUPOA oL Elxe oTNV TOPOVCO SUTAWMUATIKY
gpyacio. Akoun 0o n0eha va gvyapiotiom tov Ap. Avopéa Kovotavtivion, kadnynm
[TAnpogopiknc tov IMavemotnuiov Frederick yio tnv moAvtiun Bondeta mov pov mopeiye

KaTd TV avdmntuén tov alyopifuov.

Emmpdobeta Oa Mfeha va euxaptoTiom TNV OWKOYEVELD LoV Yio TV GTHPLEN TOL LOL
mopelye, OWKOVOUIKO Kol WOYOAOYKO T TeAgvtaio ypovia OmMOV  (OLTOVGH GTO
[Mavemomuo Kdnpov. Xwpig v ompi&n toug dev Ba giya katapépet vo avtane&El0om,
Kot vo. 0El0ocm 6TO PEYISTO duvatd emimedo TIG OLuvaTOTNTEG HOL (OTE V.

0AOKANPOG® TO TTTVYIO LOV.

Téhog Ba 10eha va evyaplomom tov Kébe Eva Eexmplotd amd TO SIOUKTIKO TPOCSHOTIKO
tov Tunuoatog [TAnpoeopikng tov [Havemiompiov Kompov 8161t péca and to padnpato
T 0700 £Y® OAOKANPADGEL £ TAPEL TAL KATAAANAQ EPOJLOL, OPYLKEL Y10 VO OLOKANPDGC®

TO TPOYPOLLLLO GTTOVOMV LoV, OAAL KoL Y10 TOLG LEAAOVTIKOVG OV GTOYOVG.



Iepiinyn

[Tépav maong apeiPoiiag Eva amd Ta KOpLo TPOoPANHOTO TOL £XEL N AVOPOTOTNTA (G
otoY0 va Adoetl etvan 1 vtepBEpaven Tov TAavitn. H peyadvtepn kivntipio dOvoun g
Béppavong etvat n ekmopnn Tov aepiwv Tov Beppoknmiov, £K TV 0noimv TEPAV TOL 66%
amoteAeitan amd d10&€idto tov avBpaka (CO2). o v peimon TOV EKTOUTOV POT®V
dwo&ediov tov GvBpaka yivovtar kaOnuepwvd mpoomadeleg amd OAeC TIG YDOPES TOV
KOGLLOL Y10 €0peST TPOT®V PE GTOYO TNV Heimon Tov. Kupila mnyr| ToV EKTOUT®OV oVTOV

glvat 1 KOO OPLKTAOV KOVGILLOV YLl TNV TOPAYDYT] EVEPYELNGC.

2NV TopoVGa SITAMUATIKY €pyacia, To TpOPANUE To omoio entyelpeitar vo AvBel elvar
LEl®oT TV eKTOUTdV pOTTOV d10&ediov Tov AvOpaKa amd TV KATavAA®GT EVEPYELOG
mov yivetat evtdg g owioc. H avdmtuén tov éEunveov cvuokevdv, pall pe to Awadiktvo
tov [paypdtov to terevtaio ypdvia pag 6ivovv v dSuvatdTNTO VA SLOYEIPICTOVUE TTLO
€EVTVAL TIC GLGKEVEG OWTES, LE TETO0 TPOTO IOV Vo, eELTNPETEL KATO10VE GTOYOVS, OGS
Yo Tapddetypa v peiwon tov ekmoundv porwv. [a v enitevén tov 6tdYoL VT,
EMYEPOVUE VO EKUETAAAELTOVUE OGOV TO OLVOTOV TEPICCOTEPT EVEPYEWL 1 Omoin
TOPAYETAL OO OVOVEDGLUEG TINYES EVEPYELNS, LEWDVOVTOG TOPAAANAN TIG AVAYKES TOL
OTITION Y10 VO EI0AYEL EVEPYELD OO TO EVEPYELOKO OIKTLO, KATL TOL o PELDOEL KOl TNV

EKTTOUTY] PUTT®V 010E€15{0V TOL AvOpaKa.

o v emilvon 1oV mpoPAnuatog to omoio Oécape, ovomtOEope 000 €KOOGELS
aAyopiBuov, v €ékdoon GreenCap kot v €kdoon GreenCapComfort. O aAydpiOuog
YPNOOTOLEL TNV AOYIKN TOL YEVETIKOV adyopiBuov. [Tio cuykekpipéva, n apytkonoinon
oV ahyop1Bpov yivetan pe éva aplBud and tuyaieg AOoels, Kot Tpéyet yio Eva aplBpd and
veviEc. Ze kbBe yevid yivovton ta factkd Bripato evog yevetikov akyopibuov, e emmiéov
000 EVPETIKEG GLVOPTNOELS, EXOVTAG OC 0TOYO KA yevid va eivon KaAvtepn amd Vv
wponyovpevn. Xtov alyopiBpo GreenCap emiyeipodpe v HEI®ON TNG EIGAYOUEVNS
EVEPYELOG TTOV YIVETOL OO TO EVEPYELAKO OIKTVLO, GpOl TOPAAANAQ KOL TV EKTOUTT POTOV
dro&ediov tov avbpaka evd otov alyopiBuo GreenCapComfort o ypriotng divel kat

KATO0VG KOvOveG dveons, kol 0 aAyOoplBpog emyelpel v pHei®OTN NG EGOYOUEVNS



EVEPYELOG OO TO EVEPYELAKO OTKTLO, YWPIG OGS va Tapafralel TOVG KavOVeS Aveon S TOVGS

omoiovg divel o ypNnoTNg.

Mo v a&loAdynon Tov 2 ekd0GE®V TOV 0AYopiBLov, VAOTOGOUE OKOWO 3 TEPIMTMOCELS
alyopiBumv. O TpmdTog ahydpiBlog emtyelpel KATOEG AMAOTOMGELS GTO OESOUEVA, YWPIG
oumg va emnpedlet to amoteréopata. O debtepog odydpOuog ektelel TvyOioL
OVOKOTOVOUY] TNG KOTOVAAMONG TWV CLGKELAOV KOTA TNV dtdpKeln TG uépag. O tpitog
alyopiOpog etvar m gupeon g PEATIOTNG ¥POVOSPOUOAOYNONG TG KATAVAAMONG TV

OVOKEVDV.

Me to mépag ¢ a&loAdynong mov €ywve Yo TOVG OAYOPIOLOVS TOL VAOTOMGULLE,
KatapEpape vo avénoovpe Ty wokotoviiwon ond 21% ota apyikd pog dedopéva, 6To
50% otov alyopiBuo GreenCapComfort kot 54% otov akyopiOuo GreenCap. Emiong
TETOYOLE VO LELMGOVE TNV ELGOYOUEVT] EVEPYELDL OO TO EVEPYEINKO OIKTLO Yol TNV
GLVOMKT] KAALYN TOV EVEPYELOKDV avVayK®V TNG okiag armd 1o 78% mov Ntav ota apyitkd
pog dedopéva oto 46% otov aryopOpo GreenCap kot oto 49% otov alydpiduo
GreenCapComfort. EmumAéov pe takyopbpo GreenCapComfort metvyaivovpe va £xovpe
ONUAVTIKY HEI®ON TNV eloayOUEVT eVEPYELD Gpa Kat otnV ekmounn pumov CO2, yopig
va emmpedletol o peydro Pabud to enimedo dveong tov ypNoTr, TO OTOI0 TUPUUEVEL

nepimov 90%.
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1.1 Kivntpo

Avopoeifodra éva amd ta kKOpla {NTHUATO TOL TPETEL VO OVTILETOTIGEL 1] avOpOTHTN T
elvo 1 KMULOTIKY 0AAOYT] Kot o GLYKEKPIUEVO 1) bITEPOBEpOVeT ToL TAavT|Tn. O KOPLOg
HOYAOG TNG KALOTIKNG aAlayng eivor To gawvopevo tov Bepuoxnmiov. Opiouéva aépia
GTNV ATHOCPOLPO TNG YNG AELTOLPYOVV cav YVOAL 6€ éva BepOKNTIO, TayOELOVTOS TN
Beppomra Tov NAoL Ko epumodilovtag TV va d1oppeVcEL TIG® GTO JAGTN LA, KATL TOV
glval kavo va tpokarécel Ty vrepBéppavon tov maAovn. [ToAld and Ta aépla Tov
Beppoxnmiov eppaviCovtal ELOIKA, 0AAG 1 avOpoOTVY dpacTnpPoTNTa aVEAVEL TIg

GLYKEVIPAOGELS OPIGUEVOV OO aVTA 6TV oTHoOG@atpa [1].

H peyadvtepn kivnmiplo duvaun g vrephépuavong elval n ekmouny| agpiov, n onoia
OMUoVPYA 10 PavopEVO Tov Beppokniov, EK TV 0TOlWV TEPICCOTEPO Amd TO 66% elva

70 d10&€id10 Tov GvOpaka (CO2) [2]. H kavon opuktdv Kawcipmy (dvOpakoc, TeTpélaio



KOl QUGIKO 0€PL0) Yo KaTOvOA®mon evépyelag eivor 1 KOHpl Tyn TOV EKTOUTMOV

dro&ediov tov avOpaxa (CO2).

H owtoxn katavaioon eivor évag omd TOLG MO ONUOVIIKOVG TAPAYOVIEG TNG
KOTOVOA®ONG evEPYELag Kol tov ekmoundv pvrtov CO2. H ékBeon g United State
Energy Information Administration (EIA) yw to 2021 avépepe 6Ot mepimov 1.5
exatoppvpro KWh niektpikng evépyelog moinnkay o€ okiokove Kotovaiwtég 1o 2019,
N a&ia g onolog avépyetor oe mepinov 10 37.8% TV GLVOMKAOV TOANCEDY NAEKTPIKNG
EVEPYELDG OTOVG TECOEPIS UEYAAOVG TOpElS (OWKlOKY, EUTOPIKY, PLOUNYOVIKY Kot
petapopikn). Emmiéov, coppova pe 1o [3], mepinov to 30% g TayKOGUING GUVOAIKNG

KATOVIA®ONG EVEPYELNG KATAVOADVETOL EMTL TOL TAPOVTOG EVTOG GTLTIOV.

Kdanoteg ydpeg ékavay onpoavtikny PRuato ®g Tpog v Uelmon oV ekmtouny] pOnwov
dro&ediov Tov avOpaka and v Katavdiwon evépyetas. Ommg propodpe va dovue amod
10 Zynua 1.1 6mov ydpeg onwe n Pviavdio N Zovndia £xovv moAD pkpt| ekmopnr) CO2
avé KWh n omoia katavoldvetat. Ltoxog g Evponaikng Evoong ivaw n peimon katd

55% tov ekmoun®dv aepinv tov Oeppoknmiov £mg to 2030 [5].

CO2 Intensity in Europe

kg CO2/kWh

l 0.744

0.372

Powered by Bing
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2ynuo 1.1 Evtaon CO2 ava kWh oe diapopeg ywpes tne Evpanne [4]



Axoun éva TpoOPANUa To omoio mapatnpeital, givot To ToAD YNAQ KOGTN GTNV NAEKTPIKN
evépyela. Avtd o@eiletol Kupimg 0TV KATOVIA®GN EVEPYELOG 1) OTTOlaL YIVETOL KATA TIG
MPES YUNG, APOV GE OVTEG TIG MPEG TO KOOGTOG OO TNV KOTAVAAMGT eVEPYELNS glvat
VyMAGTEPO o’ OTL 6TIC LIOAOES MPec. H avEnomn toug KOGTOVE OTIG MPES Oty UnG EXEL
WG OTOYO TNV ATOPOPTION TOV EVEPYELNKOV OIKTOOL KOTA TIG MPES OLYUNG, Otvovtog
TAPAAANAO KIVITPO GTOVG KOTOVOAMTEG £T6L OOTE VO LELOCOVY TO KOGTOC amd TV

Katavalmon evépyetag [6].

EmutAéov, ta tehevtaio ypdvia Tapatnpeitar ToA0 peydAn avantuén oto S10dikTvo Tmv
apaypdtov (10T), aeod n emyepnuotiky ayopd tov 10T ovénbnke ota 157.9
dwoekatoppvpla doAdpra to 2021, evd avapéveror péypt to 2027 va Eenepdost Ta 525
doekatoppopa [7]. Xpnoporoidvrag EVTVEG GLOKEVES Ol 0Ttoiec vVTooTnpilovTal oo
70 S1OIKTVO TOV TPAYUATOV, LG EXITPETOVY TNV UETATPOTT TWV OIKIDV GE MO EEVTTVEC.
Me Vv ¥pnoWOTOiNc TOL JSIKTVOV TV TPUAYUAT®V OTIG OlKIES UTOPOVUE V.
Swyelplopoote dueco TG £EVMVEG CLOKEVEG PEGO OTNV OlKio, KATL TOL pog oivel
AmEPLOPLOTEG OLVAUTOTNTES, OTMG TV TaPaKoAoVON oM Kot emeepyacio TG KatavaAwong
evépyelng mov yivetan and Tig £EumveC GLOKEVEG, TNV Beppokpacio, TNV TOWOTNTO TOL

aépa, av VIhpyel Kivnon evtog g owkiag KTA. [8]

1.2 Topadsiypora

[Ma v enitevén awTod TOL GTOHYOL ™S Hel®ONG TOV EKTOUTOV PUTOV J10EESTIOV TOV
GvBpaka vtapyovy daeopeg AGELS Ol omoieg umopohv va vioBeTnBovy. Apykd pe v
V10OETNON AVAVEDGIL®V TNYOV EVEPYELNG YO TNV TOPAYWOYN TNG EVEPYELNS TNV OTOia
KOTOVOADOVOLLE. YTAPYOLV O18pOopol OvOvEDGIHOL TPOTol Tov umopel va mopayDel

evépyelo OTMG e TOV a€Pal, LE TO VEPO KO LLE TOV NA10.

270 KTHPLOL KOl € TNV EVOOUATMOOT] OVOVEDGIL®V TNYOV EVEPYELNS OTwS TomoBEéTnon
QOTOPOATATKOV cLGTNUATOV, Oa LTOpPOVoE Vo YIVETOL 1O10KOTOVAA®MGN TNG MNALOKNG
evépyelog n omoia mapayetot. ETumAéov, Kol TG HETAPOPES VTLAPYOLV SAPOPES AVGELS
omoleg LTOPOvV va, EMPEPOVY TNV Heiwon ekmounmv puTtov CO2, dnwg yio mapadery o

NV xpnotponmoinon kavsipmy pe mo Peitiopévn anddoon. Eniong ta tekevtaia xpovia



VILAPYEL TEPAOTIOL OVATTTUEN GTO NAEKTPIKE avTOKIVNTO, TO OTToin £ival «KaBapoTEPO

and ta Pevivokivnto 1 Ta TETPpEAAIOKivTO avTokiviTa [9].

EmumAéov pe v xpnon tov Demand-Side Management ko thv Suvapikn TiHoAdynon g
NAEKTPIKNG €vEPYELDg Ofvetal KIVITPO OTOVG KOTOAVOAMTEG VO UETOQEPOVY TNV
KOTAVAAW®GT EVEPYEWONG TOVG OO TIG MPES OLYUNG OTIS U DOPES OLYUNG £TOL DGTE V.
UEIDGOVY TO KOOTOG TNG MNAEKTPIKNG EVEPYELDG TO Omoio Tpémel va mAnpwdcovyv. H
V10BETON TOL JSOIKTOOV TOV TPAYUATOV KOl LE TNV EVOOUAT®OOTN TOV EELTVOV
GLGKELMV EVTOG NG OIKIOG, 1 HETAPOPA TNG KOTAVAAWOONG EVEPYELNG OO pior dpa O

GAAN yivetan axopo EKOAOTEPT).

1.3 IMpopipa

To mpoPAnpa to omoio emyepel va AVCEL N TAPOVGO SIMAMUATIKY EPYOcia Eivon pE TOV
oxedlcpd Ko TV aEloAdynon evog akyopiBuov Yoo KAUOTIKE 0VOETEPT] KOTAVAA®GNG
evépyelag oe €€umva omitia, apyiKa TNV HEIWON TOV EKTOUTOV pOTTOV 010E€1310V TOV
GvOpaka amd TNV KOTOVAAW®GCT EVEPYELNG G Ui OlKia, Kot OEVTEPO VO EKUETOAAEVTOVLLE
oTOV peYaAVTEPO duvatd Babud v duvapikn TIHOAGYNOT GTNV KOTOVIAMOT| EVEPYELOG
uéo® tov Demand Response £161 doTe T0 KOGTOG TG NAEKTPIKNG EVEPYELNG VO EIVOL OGOV
10 dvvartov Aryotepo. TlapdAinAa pe v peioon tov ekmoundv pimov CO2 kot Tovg
KOGTOVG TG EVEPYELNG, EMLYEPOVUE HECH KATOIWV KAVOV®V GVESTG VO S1OTNPTCOVLLE Kol

TO €MIMEDO AVESTC TOV YPNOTN OGOV TO dLVATOV YNAOTEPQ YIvETAL.

1.4  Zyetucn Epyoocio

[Tave oto TpdPANHa dTm TEPLEYPAPNKE EYIVE APKETN EPEVVA KO GYEIAGTNKAY SLAPOPOL
GLOTAHOTO, OOV ElYOV ®G 6TOYXO TNV UEI®OTN TOV EKTOUTOV pOTOV d10&ediov Tov
dvBpaka 1 TV HEI®OT TOL KOGTOLG TNG NAEKTPIKNG eVEPYEWNS 1 Kot To. 0v0 pali, pe

Kot €€ aVTOV va AapPAvouY LTOYLV Kol TO EMITEDO AVESTG TOL YPNOTY.

Mo mapddetypa, vrdpyovv Etola cuothpate O6TmMg To Sunny Home Manager a6 v
SMA [10] v to Bosch Energy Manager [11] ta omoia givar dtabécipa avtiy TV oTiypn
TNV AyOpd Kol LTOPOVV Vo, YKOTAGTAO0VV 6TV O1Kict 6oV, Kot e tnv EEumvn dtayeipion

TOV GLOKELOV TNG OKiaG £Y0LVV ®C OTOYO TNV EKUETAAAELGOT OGOV TO SVVATOV



TEPLOCOTEPNG EVEPYELNG M OTola TapdyeTal omd T0 PMTOROATAIKO GVOTNUA TNG OKiaG.
Eniong to Google Nest Learning Thermostat [12] kot To Ecobee Thermostat [13] sivot
¢€umvol Bepprootdteg ot omoiot UmopovV Vo, 6oL €EOTKOVOUNGOLV EVEPYELD HECH
OlPOp®V Kavévmv ol 0moiot divovial amd Tovg ¥PNOTEG ETCL MOTE VO UNV AELITOLPYA
doroma o Bepuootdng ™ owiag. EmmAéov pe v eykatdotacn £Eumvev Tpilldv oTig
GLGKEVEC TOV OTLTION O O10KTNTNG UTOPEl Vo TapaKOAOVOEL TNV KaTavAA®GON EVEPYELNG
N omoia yiveton amd TIG CLOKELEG Kal Vo TIG avaPevkheivel pe otdyo g peimon g

OTOTAANG EVEPYELOC.

[Ma v mapakorovOnon Kou eneEepyacio TG KOTAVAAMONG EVEPYELONS OO TIG GUCKEVEG
TOV OmTOV avamTOYONKAV Kol SdPOope GLOTHUATO OLTOUOTOTOINGNG, OT®MG TO
OpenHAB [16] ka1 to Domoticz [17] 6ov péc® TOV EPUPLOYDY OVTOV TOV GLGTNUATMOV
0 YPNOTNG Hmopel va TapakoAoLOE TV KATOVAADGT EVEPYELNG TTOV YIVETOL OO SIAPOPES
OLOKEVEG otV otkia Kot va oAAGEel TNy katdotoaon (ON/OFF) tnv omoia Bpickovtat ot

GUOKEVEG.

210(0G OVTOV TOV GLGTNUATOV glvar 1 dlayeipton g (Tnong evépyelag, onAadn g
QAAOYAG OTNV KOTOVOA®GT MAEKTPIKNG evépyelas. Avto emtvyyavetar pe to load
shifting, 6mov petagépetor 1 KUTOVAA®GON EVEPYELNG OO TIC MPES ALYUNG OTIC U] MPES

OLYUNG.

Apket] OOVAEWD €yve KOU OO TNV EPELVNTIKN KOWOTNTA Yo TNV E€NIALON TOL
wpofAnpartog to omoio Bécape mponyovpuévag. ITo cuykekpipéva Tpotddnkay dtdpopot
aAYOPIOLOL Y10 TV AVTILETMOMIGT) TOV TPOPANLLOATOG TO 0TOi0 opicaple TponyoVUEVOS. XTO0
[26] mpotdbnke m ypnon Linear Programming yw v HeETOQOPE TOL QOPTOV TNG
NAEKTPIKNG EVEPYEWONG OO TIG MPEG OLYUNG OTIG U ®peg ayuns. 1o [29] kau [30] ot
GLYYPOPELG TV dV0 ApBp®V TPoTEIVOLV TNV YPNON HOVIEA®V UNYOVIKNIG HLAOnong Kot
7O GLYKEKPLUEVE TNV Yprion vevpovikdv dtktvmv (Neural Networks) yio tv dwoyeipion
mong evépyelog. EmmAéov oto [32] ko [33] mpoteivetar m ypnoomoinon tov
aAyopiBpov Mixed Integer Linear Programming yio thv BeAtiotonoinon g dtoyeipiong
evépyelag oty okia. Xto [35] mpoteivetal n ypnowonoinon tov adydpiBuov Mixed
Integer Non-Linear Programming kot tpoteivouy £va GOGTN O SL0EIPLONG EVEPYELLG OTO

onitt. Xto [37] xou [38] mpoteivetal n xpnoyLoroinoy Tov TPoPANUATOS TOL GaKIdiov



(Knapsack Problem) yiwo v gloyiotomoinom tov kOGTOVG TG NAEKTPIKNAG EVEPYELNG GE
pio owcio. Xto [41] ko [42] mpoteivetar 1 ypromn YeEveTKov adyopifuov yio v exilvon
TOV TPOPANUATOS ELOYIOTOTOINGTG TOV KOGTOVG NAEKTPIKNG evépyelag. TéNog oto [44]
TPoTaOnKe M YPNOUOTOINCT SVVAUIKOD TPOYPOUUATICHOD YloL TNV VAOTOINoM €vOg
mAouciov Owayeipiong evépyelag mov Ba €xel ¢ oTOXO TV HEI®ON TOV KOGTOLG NG

NAEKTPIKNG EVEPYELNG GE ol OtKiaL.

1.5 IMCF

H dovAeld mov €ytve amd TOV TPONYOOLUEVO POLTNTH KOTA TNV €KTOVNON TNG ATOUIKNG
Auwmlopatikng tov Epyaciog elxe g otdx0 v enilvomn tov mpofAnpatog g peimong
TOV KOGTOLG TNG NAEKTPIKNG EVEPYEWS G pia okio KpaTmdVTag TO €Minedo dveons Tov
xpNotn YyNAd. [M'a v enitevén tov 6TdYov aVToL Ha £Tpene va Yivel YpOvVOSPOLLOAOYNON
TOV GLOKELAOV NG Oowkiag og ddpopeg wpeg Tig Nuépac. O aAiydpiBuog o omoiog
oxedldoTNKe TOUpVEL MG €16000 KATOLOVE KAVOVES Agttovpyiag mov divovtal amd Tov
YPNOTN Kot KAmolo pakpoypovio 6todyo. O alyoplBpog amotedeitan amd 60VO VTOPOVTIVEG,
Tov aAyopiOpo Amortization Plan (AP) to omoio pe Bdon kdmowo oyédo amdoPeong
VTOAOYILEL KATOLOV TEPLOPICUO MG TTPOS TOV TPOVTOAOYICUO TNG EVEPYELNS. AKOAOVOMG
1 €nOUEVT VTTOPOVTIVO ooTELEITOL £iTE 0O TOV akyOp1Ouo Energy Planner (EP) [45] eite
and tov akyopiBuo Green Planner (GP) [46], 6mov ypnotporolobv toug akyopifpovg hill
climbing xou simulated annealing ot omoiot givan aAydpBuot gpmvevopévol amd v
aAyOpIOLOVG TEXVNTIG VONLOGUVIG, Y10 TNV EVPECT TNG KAAVTEPNG AVOTG LE BAcT TOVG
TEPLOPIoovE ov divovtat. H povn dtoupopd otovg 0o aiydpiBuovg eivan 6t o Green
Plan Aappdaver vroyy tig ekmopmég d10&gdiov Tov avBpoako og avtibeon pe tov Energy

Plan o omoiog Aappdavel vad Yy TV KATAVAIA®GT EVEPYELNS.

1.6 GreenCap

O olyopBuoc GreenCap avomtoyOnke ypNOULOTOUDVTAG TV AOYIKN TOL YEVETIKOV
alyopiBuov. ITwo ovykexkpyévo, o aAyoplOlog yPNOLOTOIOVTOS TNV AOYIKN TOV
YEVETIKOV aAyopiBov emtuyydvovue o€ kbBe yevid Tov TpEyel 0 alyoplOuog va Eyovpe
KAAVTEPEG ADGELS, MG TPOG TO o1 ueio a&loAdyNoNg TO 0TOi0 YPNGLOTOLOVUE. ZXEOACOE

dvo ekdocelg Tov alyopBpov GreenCap, pio £ékdoon mov AapPdvel VIOYY TO EMIMEDO



Gveong tov ypnot (GreenCapComfort), kot pio éxdoon mov dev AapPdvel vIOYIYV TV

dveom tov yprot (GreenCap).

1.7 THewpdpoato

Mo v dokiun TV 600 exddcemv Tov aiyopiBuov GreenCap viomomOniay akdpa TPELS
aAyopiBpotl, o adydpiBuoc Random omov ypovodpoporoyei tuyoio v Kotavalmon
EVEPYELONG TOV CLOKEVMOV KOATO TNV SLOPKELN TNG NUEPAGS, UE GEPUCUO GTNV GLVOMKN
KotavdAwon 1 omoia yiveton amd v kdbe cuokevn Eex®PloTd KoTd TNV SLAPKELL TG
UEPOAG KOl GTNV UEYIOTN KOTOVIAMGT] TOL UTOPEL VO KAVEL fiol GUCKELY GE i PO TG
pépag. O devtepoc aryopOpog o omoiog vAomomnke eivar o Brute Force o omoiog
ypnowonotei DFS yuo v €bpeon g PEATIGTNG XPOVOIPOLOAIYNOTG TNG KATOVAAMONG
EVEPYELOG TV GLGKELMV KOTA TNV dtdpkela TG pépac. Emiong viomombnke akdpo vag
aAyopiBpoc, o alydpiBuog Standard, o omoiog petoTpénet o apyikd pog dedouévo amd
LETPNOELS AVA AENTO, GE LETPTGELS OVA MPO. Y10 TNV OTAOVGTEVCT| TV AELTOVPYLDV TOV
voAOT®V okyopiBumv. Me o amhd Aoy, o adlydpBpog Standard emiotpépet Ta apyikd

dedopéva.

A6 ta mepdpata Bprkape 0t o alyopiBupoc GreenCap emitvyydvel vo HEWOGEL TNV
€100YOLEVT] EVEPYEL TNG OKIOG OO TO EVEPYELNKO JIKTVLO, ALEAVEL TNV 1O10KOTAVIAMOT)
ov yivetol amd TV NAakn evépyeln ond T0 POTOROATAIKO CUGTNU Kol LELOVEL TNV
eKmounY) pUTTEV d1oeldiov tov dvBpaka. ITo cvuykekpiéva, oe oxéon pe Tov ahyopBpo
Standard, 6émov eivar ta. apyikd pog dedopéva, 1 10KoTaVIA®on 1 oroia yivetat givot
nepinov 21%, n ewoayduevn evépyela elvar mepimov 78% g MPOS TNV GLVOAIKN
katavéioon mov yivetat. O akydpiBuog GreenCap emituyydver va HEMGEL TNV
gloayopevn evépyela amd To vepyelako diktvo, amd 10 78% mov elval apyikd, oe mepimov
46%, ka1 va, v&NoeL TNV 1010K0TOVAA®GT TNV Wlokatavdimon and 21% o 54%. Eniong,
0 olyopOpog GreenCapComfort, metvyaivel v peimon g E1G0YOUEVIG EVEPYELNG OO
78% apywd, oe mepimov 49%, evd av&avel v wokatavailmon and 21% ce mepinov

51%.

Ye avtifeon pe tov adyopBuo GreenCap o adyopiBuog GreenCapComfort emttvyydvet

NV Hel®ON TG €GO YOUEVIG EVEPYELNG KO TOPAAANAL TNV EKTOUTY] POT®V O10EEL5T0V



oV GvOpoaka, OpmG o pkpdTEpo Pabud amd tov aryoppo GreenCap. O alydpiBuog
GreenCapComfort oumg emtvyydvel vo S1otnpioEl TO0 EMIMEDO AVECNS TOL YPNOTH,
ONAadN TV V10BETNON TOV KAVOVOV AVECTC TTOL O1VEL O YPNOTNG O TOAD YNAQ emimeda,
Kot o cuykeKpéva tEpav tov 90%, evd To eminedo Aveomng Tov ¥pNotr 6Tov adyoptipo

GreenCap sivou tepimov 30%.

1.8 Ilepiypappa.

H Atopi Amlopatikn Epyacio arotedeiton amd €61 kepdiato. Avaivtikdtepa ta €61
KepdAaio givor n «Eoayoyn», n «Zyxetikn Epyacio», 10 «lotopikd tov IMCF», 1o
«GreenCap Framework», n «Ilepapotik; Megbodoroyia kot Amotiunon» Kot o

«ZVUTEPAGLOTON.

210 mopdv kepdrowo (Kepdrao 1 — Ewcaymyn) avagpépdnke ko availvdnke to xivntpo
T0 0omoio pog dbnoov otV avamtuén €vog adyopiBpov yio TV KAMUOTIKY 0LdETEPT
Katavilmong evépyelag o EEumva onitio. Emiong avaeépOnkav kot ot oyetikéc epyacieg
ot omoieg &ywav, kabmg emiong &ywve ko pio pkpn tepiAnyn tov aiyopifuov Kot TV

OTOTEAECUATOV.

210 devtepo kepdiaio (Kepdhowo 2 — Exetikny Epyacia) yivetoan pio meprypoen tov
GYETIKAV EPYACIAOV TOV OMOlMV £Yvav 6€ GYE0T LE TO TPOPANUO TO OTOi0 EYOVLLLE V.
Mooovpe. [Tapovsialovrar vdpyovio TPoidvTo TOL VIAPYOLY OVTHY TNV CTIYUN GTNV
ayopd, Ko Topovcstalovrol dtieopot ahydptpot ot 0moiol GYedAoTNKAY Y10 TAPOUOL

TpoPAnpora.

>10 tpito kepdlaio (Kepdroto 3 — Iotopikd tov IMCF) mapovoidletal  60vAeld mov
£€Yve amd TOV TPONYOVLEVO (POITNTH 6TO TAAIGLN TNG OKNG TOV ATOMKNG AITAMUOTIKNG

Epyociog. To IMCF éxet wg otdy0 TV Ao Taporotov TpoAnHatog.

Y10 tétapto keparao (Kepdararo 4 — GreenCap Framework) Ttapovcialet tov akyopdpo
GreenCap. AvaAivovior TAMpoc OAec ot dwadikacieg Tov aAyopibuov, ta dedopéva

€10000V TOV aAYOpiOUOL Kot Tl EMGTPEPEL G £5000.



210 méunto kepdroo (Kepdhao 5 — Ilepoapotiky MeBodoroyio kot Amotipunom)
avoAdETOL TANP®G 1 peBodoAoyion TOL YpNOILOTOWONKE Yo TNV EKTEAEST] SoPOHPOV
nepapdtov. [To cvykekpipéva, avaibovtal ot aAyoplOpol Tov ypnooromonKay yio
TNV GUYKPIoN TOV OMOTEAEGUATMV Kol Ol LETPIKEC TTOV YpnoomomonKay. AKohovbmg
neprypapetal n a&loAdynon g omddoong Tov kdbe akydpiBuov Eexymplotd kot Emetta
GLYKPITIKA PETOED OA®V TV adyopiBumv.

Téloc, oto £kto xepdioo (Kepdrowo 6 — Zvumepdopata) ovagépoviolr To
ocvumepdopoto to. omoio Pynkav péoa amd v dovield wov £ywve. Emiong yivetan pia
amotipnomn g O0VAELLG 1| omola £Yve TOVG TEAELTAIOVG UNVEG KO TEAOG OVOPEPETOL Tt

EUEVE OC LEALOVTIKT epyacial.
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Xe avutd 10 KEQPAAN0 B0 TOPOVGIACOVLE TIG GYETIKES EPEVVEG TTOV EYIVAY GTOV YMPO TNG
YPOVOOPOUOALOYNONG TNG AEITOVPYIONG SIAPOPWV EELTTVAOV OIKIOKDV GUOKEVMV E GTOYO
TNV UETATOMION @OPTIOL Oomd MOPES oINS O MPEG UN OYung, OAAL Kol o€

YPOVOSPOLOAOYNON EEVTTVAOV GLGKEVMV LLE GTOYO TNV E0IKOVOLNON EVEPYELDG,.
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2.1 "E&vmva cvotipato dtoyeipiong evépyerag

Ta tehevtaio gpdvia pe v vioBétnon tov dadiktvov tev mpaypdtov (Internet of
Things), kot v lcaywyn £EVTVEOV GLOKEVOV GE OLEG TIG OIKIEC, 1] LETAPOPA SESOUEVMV
amd KOl TPOG OLTEG £Yve €VKOADTEPN Kol €161 €0MGE TNV €vkolpic 6TO Vo yivel
EVUKOAOTEPN 1 YPOVOSPOUOAOGYNOT TOVG HE GTOYO TNV UEIMON TOV KOGTOVG Oomd TNV
KOTAVAA®ONG evépyelag. ApkeTég £peuveg ot omoieg £yvav, kabdg Kot Kamoleg AVoELg

TOL VLAPYOLV GTNV AYOPH CUEPO OVOADOVTOL TTOPUKATO.

2.1.1 Ynapyovro cvoTHNATO GTV OYOPd

O Sunny Home Manager a6 tnv SMA [10] ntapakorovbei OAeg TIG poéc eVEPYELNG GTO
onitt kot dnpovpyd Eva £ELTVO GVGTN LA, TO OTTOT0 UTOPEL VL EAEYEEL VTOLLOTOTOMUEVL
TIG GUOKEVEG UEGO GTNV OlKia, LE GTOYO TNV UEYLOTY OLVOTH EKUETAAAELON TNG NALOKNG
evépyelong mn omoio mopdystor amd TO QOTOPOATAIKO GLGTNUA TO OMOl0 VLEAPYEL
EYKATEGTNUEVO GTO OTiTL. AVTO YIVETOL YPNGLOTOLDVTAG TV TPOYVMOGT] TOL Kopov Ko
™V avOALoN NG KOTOVAAW®GONG EVEPYEWG TOL Yivetol péco oty owkeio, Kot €Tol
onuovpyd pia nuepnota arddoon mapaywyns. O Sunny Home Manager aroteAeiton and
10 emTOPOATAIKO cvoTNUa, ToVv Sunny Home Manager o onoiog gaivetot 6to Zynuo 2.1
Kol Tic €EumveC GLOKEVEG Ol omoieg vmapyovv oto omitt. [Ipoaipetikd umopel va
ypnooromOet ko pratapio yio amodnkevon nhokng evépyetag. H emkowvovia petadd
TOV Manager kKot Twv GVoKEVAV Yivetor pe 10 Tpwtdkoirlo EEBUS av o1 cuokevég 10

vrootpilovv, adlimg pe to Simple Energy Management Protocol (SEMP).

/ SUNNY HOME MANAGER 2.0

2ynua 2.1 Sunny Home Manager 2.0 [10]
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[Mapodpoto ovotnua eivor ko to Bosch Energy Manager [11] to omoio, pe v yprion evog
KEVIPIKOV onueiov, StovERETOL 1 MAOKN €vEPYEl 1 Omoiol mopdyeTol omd TO
QEOTOPOATAIKO CVUOTNUA, OPYIKA OTIG £EVTVEC GLOKELEC TOL OTMITION, £TCL MOTE VA
KOALDQTOOV Ol OVAYKES TOLG, aKOAOLOWC otnv avtiio Bepudtnrag g okiog, Kot 1
TePIoOEIL MAMOKT €VEPYEWD OMOONKEVETAL GTNV UTOTOPI0. TOV VAAPYEL OTO OTiTL.
A&woompueimto gtvon 6T N etanpio avagépet 6t propet va Kahvetel To 50% g avaykng
TOV OTITIOL Omd TNV NMMOKT EVEPYELD 1) OO0 TOPAYETAL, EVD LE TNV XPNON UTaTopiog
umopet va koAvetel péxpt kot 10 70% TV avayk®v Tov onttiov(vrobétovtag pia owkio

TEGOGPOV ATOUOV e ®TOROATAIKO cvotnuo 6 KWp kot arofnkevon uratapiog 8 KWh.

Solar power
> automatically
listributed.

X

2yniua 2.2 Bosch Energy Manager [11]

To Google Nest Learning Thermostat [12], eivon £é€vmvog Oeppootdtng o omoiog pabaivel
10 TPOHYPOUUN GOV Kot mpoypappatiletar pe Pdorn avtd, pe otdxo Vv eEowkovounon
evépyetrag. [To cvykekpyuéva, Hmopeis va mopakoAoVONGELS KOt VO TPOYPOUUATIGELS TV
Bépuavon kal v Yoén evtdg g owiog kKabmg kot va mapakoiovdel oo evépyeia
KaToavoA®ONKe amd 1o cvotnua Oéppavong kot yoéng. EmmpocbHeta pe v ypnon
aeOnmpov, aviyvedel av Ppioketot KAmolog evtog TG okiog Kot avaioya tpocapudlet
v Beppokpacio g okiag, EE0IKOVOUMVTAS [LE AVTO TOV TPOTO EVEPYELD, ATOTPETOVTOG

TNV OTOTOAN EVEPYELOG.
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2yniua 2.3 Google Nest Learning Thermostat [12]

[Mapdéporo ovomua eivor kot to Ecobee Thermostat [13], to omoio sivar £€vmvog
BepprooTdtng, 6oL HE TNV YPNoN AsONTNPOV UToPEl Vo aviyveEDEL OV LITAPYOLV ATOUN
€VTOG NG okiag aAAd Kol av VITAPYOVY avolyTd Tapddvpa £TCL OGTE VO ATOTPETETAL 1|
doxonn Aertovpyiol TOL HE OMOTEAECUO TNV N omatdAn evépyswag. O €heyyog tov
Beppootdrn yivetar péom g epapuoynic. H dopopd pe to Google Nest Learning
Thermostat sivatl 611 o Tpdypappa Asttovpyiag tov Bepuootdrn kabopiletor amd Tov
xpno, oe avtifeon pe to Google Nest Learning Thermostat to omoio mapéyet v

duvatotta va dnpovpynBel avtdpata o Tpdypappa Asttovpyiog tov Beppostd.

2ynuo. 2.4 Ecobee Thermostat [13]
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2.1.2 "EEumveg 01KLOKES GVOKEVEG

Ot €&uveg O1KIOKEG GUOKEVEG EIVOL GUVOEDEUEVEG LLE EVOL KEVTPIKO GUGTI LA OO TO OTO10
UTOPOVV VO TPOYPOUUUATIOTOOV 1 VO eAEyyeTal 1 Asttovpyio tovg €€ amootdoews. O
éleyxoc pmopel va yivel HEC® €VOG GLGTNLOTOS OVTOUATOTOINGONG OTMG OVOAVETOL
TOPOKATO 1| LEC® TNG SIKNG TOL EQPAPUOYNG OOV oG TapEyel N etoupio Tapoywyns. Ot
ePLocOTEPEC EEVTVEG OLOKEVEG £PYOVTOL HE EVOOUATOUEVOVS oucONTpeG TOv
aVLVEVOVV TTPAYLOTO KOl KATOGTAGES OTMG Beppokpacia, enimedo pmTog, N oV VITAPYEL

Kivnon dimha and ovtég KT, [14]

Agv yperdletal va ayopdcoovpe KovoOpYlEg GUOKELES GE ePInT®MON Tov BEAovue va
petatpéyoovpe TV otkia pog oe EEumvn owio, apkel povo va ayopdcovpe £Eumveg mpileg
o1 omoieg umopovv va 1omofeTnBovv GTIC VITAPYOVTEG GUGKEVES LOG KOL LEGM OLTMV VoL

mapoKolovBolpe TV KATOVIA®ON TOV YiveTat omd TIG OIKLOKEG CLGKEVEC.

2ynuo 2.5 Wemo Wi-Fi Smart Plug [15]

2.1.3 Xvotiporto AvTopaTomoinong

ApPKETA GLOTNUATO CLTOLATOTOINGNG £YOVV avamtLyOel £T61 MGTE 0 YPNOTNG VO Pmopel
va xepieTal TIG GLOKEVEG TNG OKIOG TOV, OTOL Yol TOPASELY LA V. LTOPEL avaPet /Kot
va KAglvel ouokevéc. Emiong péom avtdv tov cuotnudtomv o ypnotng propel va opilet

KATOL0VG KOVOVES Kol VoL AEITOVPYOHV OVTOUATOTOMUEVO 01 GVOKEVEG Mo owkiag. [a

14



Tapadey L £vag Kovovag Bo LTopodce vo TaV VoL avayouy To gmTa TG Kovlivag noig

VOYTOGEL.

To OpenHAB [16] &ivou éva 6OoTHUO L TOUATOTOINGNG, TO OO0 0 YPNOTNG UECH TNG
EPOPUOYNG UTOPEL VAL ONULOVPYNGEL KAVOVEG AEITOVPYIOG GUCKEVADV, Ol OO0l KOVOVES
Ba evepyomolovvtan pe Pdorn kdmoto yeyovodg (m.y. avéopeiowon Beppokpaciog, aAlayn
QEOTEWVOTNTOC KTA.) KoOMOC Kot va avdwyel n/koar vo kAeioer cvokevég. To openHAB
vrootnpiletar and €va pueyddo edpog amd cvokevéc ommg to Amazon Alexa, Google

Assistant, Daikin, Samsung «tA.

eecoc T-Mobile Wi-Fi & 19:16 $ 0% m_)
< Main Menu Widget Overview =

Domoticz

BINARY WIDGETS
] . F Filter
() Toggle Switch [ )

DISCRETE WIDGETS

Wallsocket

#lk Scene Selection
Printer

4k Scene v Reading

§  Temperature _— =+

Bedroom

PERCENT-BASED WIDGETS o tat

Y Dimmer

. N\ =\

N RGB Light ky O CY/ Dinner Room
T Roller Shutter @ (.) Cv) B

= Blinds —

MAP/LOCATION

Brandenburg Gate Berlin

2ynuo. 2.6 Kivytée Epopuoyéc OpenHAB[18] xa: Domoticz[19]

AxoOua £vo, TopAdELY oL GLOTHOTOS QVTOUATOTOINOT G ivot Ko To Domoticz [17], to
01010 GOV EMTPEMEL VO, TAPAKOAOVOEIS KoL Vo YE1PLoTElS dLdpopeg cLOKEVES (Y. PdOTO,

npileg KTA.), O1dpopovg ocOntpeg(m.y. Oeppokpacio, Nepd KTA.) Kot GAA0 TOALA.
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2.2  Awyeipion ané v mhevpa {iTnong

H dwyeipion g (nong evépyewog (Demand Side Management - DSM) eivor pia
ALY OTNV KATOVOAMON MAEKTPIKNG EVEPYELNG YO TNV KOAVTEPY] OVTIOTOI(ION TNG
Mmong evépyelog pe v mpoceopa [20]. ITo cvykekpipéva, e Ty ¥PNOILOTOINOT
OLVOUIKNG TILOAOYNONG GTNV TN TNG NAEKTPIKNG EVEPYELNG SIVETOL 1 EVKALPIOL GTOVG
KOTOVOAWTEG VO LLELOCOLV, 1| VO LETOTOTICOLV TNV YPNOT NAEKTPIKNG EVEPYELNG OO TIG
MPEG ALYUNG OTIS U1 MPES ALYUNG £TCL DGTE VO LELDGOVY TOV AOYAPLOCUO TNG NAEKTPIKNG
evépyelag [21]. Yrapyouvv didpopa tpdmot yia v enitevén tov DSM 6nmg to Energy
efficiency, onAadn o1 GLOKEVEG TOV £YOVV APKETO KOGTOG GTNV NAEKTPIKY EVEPYELD VL
XPNOLLOTOL0VVTOL TTLO 00d0TIKG (10.). va yepiCovv ta mAuveipia), i) pe To pe o Demand
Response, onAadn tnv peimon 1 tnv HETAPOPAE TOL POPTOL EVEPYELNG ATO TIC MPEG OUYUNG
oe un opeg ayung (Load Shifting).

2.3 Meratomon @opTtiov (Load Shifting)

Me tov 6po load shifting evvoodue v petatdmion kataviAwong evépyelog amd pia
nepiodo og pio aAAN. H 0An 18éa micw amd tov 6po load shifting eivor pe v petatdomion
@optiov amd o dpa 6e pio GAAN, To TAcoveKTaTe omd TV E0KOVOUN GO KOGTOVG
evépyelag 1 tov Demand Response 6nwg avadlddnke mponyovuéveg ivorl meptocdtepa
oo TV OMAOAELN TG TOPAYOYNS NAOKNG EVEPYELAG EAV VTTAPYEL o€ pia otkia. e avtifeon
pe to Demand Response, to load shifting avtipetonilel to aiviypo «mdten Kot Oyt 10
«ooo» [22]. "Eva mapddetypo yio v HETATOmIoN popTiov amd pio dpa o€ pio GAAN givat
N XPNoyomoinon Tov Beprocipmva Katd n dpa 1pp, 0pov To HECTULEPL OEV LITAPYEL TOAD
peydan {nrnom evépyelag, mapd v ypnoLonoinon tov Beppocipmva n dpa 7pp To
Bewpeitor dpa aryungs.
Load shifting

Consumption

Time
2ynuo 2.7 Load shifting [23]
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2.4 "Epgoveg, 0NpHooievoels Kot alyopipon

ApKeTéc épevveg €yvav GTO TEDI0 TOV GLOTNUATOV YPOVOSPOUOAOYNONG EELTVOV
ovokevav, oto load shifting kot oto Demand-Side Management, 6mov o¢ ot6)0 giyav
v  Helwon TOv  KOOGTOUG 1TNG MNAEKTIPIKNG EVEPYEWS. XTIG  EPEVVEG  OVTEG
YPNOOTOMONKAY S14Popol aAYOPIOUOL Kol TOPUKAT® OVOEEPOVTAL KOl OVOADOVTOL

KA&mo1ot amd avtovg.

2.4.1 Tpappkog Mpoypappaticpds (Linear Programming)

O ypoppikdg Tpoypappaticpnos eivon pia teyvikn Peitiotonoinong vy éva cvotnua
YPOUUIK®DV TEPLOPIGUOV Kot pio ypoppukn objective function. Méow g objective
function opiletatl n TocdTTA TOL TPETEL VOL fEATIOTOTOMNOEL KOt 0 GTOYOG TOV YPOLLLKOD
TPOYPOUUOTIGHOL gival va PBpel TG TWEG TOV UETAPANTAOV TOV UEYIGTOTOWUV 1)
ehayotomotovv v objective function [24]. Ta ypappuikd Tpoypaupato Pwopovy va

EKPPOCTOVV GE KOVOVIKT LOPPT| G akoA0VOMG.

Find a vector X

that maximizes cl'x
subject to Ax <b
and x = 0.

2ynua 2.8 Kavoviky Mopen I pogyurxod Tpoypouuotionod[25]

Y10 [26] ot ocvyypapeig mpoteivovv TV avamtuén evog oAyopibpov pe otdHxo TV
LETAPOPA TOV POPTOL TNG NAEKTPIKNG EVEPYELNG OO DPES OLYUNG GE U1 MPES OLYUNG, LE
cefacud OTIC TPOTWNGCEIS TOV TEAATMOV £TCL OCTE VO PNV EMNPENCTEL TO EMimEdO
wavomoinong. H péBodoc tv omoion vAomowovv Aettovpyel o€ mpoypotikd ypovo
Aappavovtag TANPoEopies amd TIC AVOVEDGLEG TNYEG TAPOYWYNG EVEPYELNS, KOOMG Kot
amd TV Katdotaon v onoia Ppickovtatl ot cuokevég oty owkeio (ON/OFF) ko pe
Baon ovtd Pektiotomotleite M katavaiwon evépyelag. O aAdyopilOuog o omoiog
vAomomOnke £ywve pe Baon Tov YpoUUIKO TPOYPOUUOTIGHO, ONANOT opioTnKay KATOL01

Kavoveg Kot avoAdymg avafovv M ofnivouv ot ocvokevés. Ta amoteléouata
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emPefardvovy 6t umopel va emitevyBel PEATION) KoTAVOUN EVEPYELNG Y10, SLAPOPES

KOPIKES GLVONKEC.

2.4.2 Mnyovikn Madnon (Machine Learning)

H pnmyovueny pdbnon eivor n pedétn akyopibumv ot omoiot propovv va fondncovv oty
aVTOHOTOTOINoT OpopUévaV dlepyactav. Ot aAdydpiBuot unyovikng pdbnong ytiloovv
HOVTEAQ TO. OO0l EKTTAOEVOVTOL YPTCLUOTOLOVTIOS £VOL GUVOAO OEOOUEVA, TOL OTTOlN
ovoudlovtau training data, pe oté0 T0 LOVTELO TO OTOI0 EKTOUBEVTNKE VO UTOPEL Vo
TPOPAETEL KATACTAGELS e PAOT KATOM YOPOUKTNPIOTIKA To OToia ovoryvmpilel amd ta
dedopéva [27]. 'Eva mopddetypo povtéAov pnyovikng pédnong esivar to axdAovbo
Anrtificial Neural Network (Multilayer Perceptron). Ké0e axur oto mapakdto oynpo Exet
éva Bapog. Me tov Opo €KmaidgLON, €VVOOVLE TNV EVOALOYN TOV Popdv HEYPL TO
Gbpoopa Tov €66dwv emi ta. Papn, ypnowomowdvtog pio activation function (my

Sigmoid Function), va pag divet tnv avapevouevn ££060.

hidden layers

2ynua 2.9 Artificial Neural Network (Multilayer Perceptron) [28]

210 [29] ot cvyypaPEig TPOTEIVOLV ETIGNG TNV YPNOYLOTOINCT UNYAVIKNG HAOnong yio

Vv Onovpyior VoG HovTELOL Yo TV dtayeipion (Rnong evépyetag kot Tov £Eumvou
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ocvotuatog owayeipiong evépyelag. Ilo ovykekpéva, eotialovior oe 4 KoTyopies
Qoptiwv, ot omoieg mepAapPdvovy KMUATIOTIKO, BEpLOGipmVA, TAVVTAPLO POHY®V Kot
yoyeio. EnéheEav va ypnowponooovy feed-forward Neural Network kot tov akyopibpo
Levenberg-Marquardt ywo v ekmaidevon tov poviédov. To poviého mpoPrénel tnv
BéLTio Ypovodpopordynon TV TpoavapepBivimv cuokev®v. H épevva toug £de1&e OtL
HE TNV YPNOLOTOINGCT TOV HOVTEAOV TOL TPOTEWVAY ETMTVYXAVOLV TNV UEI®ON NG

KOTOVAA®ONG EVEPYELNG YwpPic va ennpedletal 0 TpOTog LONG TOV TEAUTOV.

Y10 [30] ot ocvyypageic mpoteivovy TV YPNCIUOTTOINGT UNYAVIKAG udnong ywo v
onuovpyio €vog povtédov yia v dlayeipion CRong evépyelag Kol tov EELTVOL
ocvotuatog owayeipiong evépyelag. Ta @optia amd TG cvokevés ywpilovror oe 3
Katnyopieg, 1o otabepd (my. O®TO, LWOAOYTEG), T puvOwloueva (my. HVAC,
Beppocipmvag) kot to avofailopeva @optia (m.y. mAvVIIPlo) kot pe Pdon ovtd
TpoTeiveTal €vog amoouvoedenévog unyoviopos dlayeipiong {ntnong evépyslog yio
Bértiom dayeipion. Ta dbo poviéha mov ypnoyomotovvrar ivar to Neural Network
Based Learning (Multi-layer Perceptron) xou to Regression based Learning. H épguva
TOVG £0€1&€ OTL TO LOVTELO TTOL EXTIOAV £JIVE TAL KAADTEPO ATOTEAEGLLOTA GE GVYKPLOT| LLE

To GAAOQ LOVTEAQ TOL OTTOT0 SOKILOGOY Y10 VO GUYKPIVOUV TOL ATOTEAEGLOTO TOVC.

243 Muwktog Aképarog I'pappkég Mpoypappaticpog (Mixed Integer Linear
Programming)

Ot aly6piBpot Mixed Integer Linear Programming sivon akyopiBpog Beltictomoinong
GTOV 0010 KAmoleg LETaPANTEG eivor aképatot aptBpol Kot Kamoleg pn aképotot €500
kot To Mixed oto 6voua tov. To objective function tov aAydpiBpov kat ot TepLopio ol
tov givan ypoappikot. o tapdoderypa 1o akdAovbo tpofinua 6mov Bewpeitan n yevikng

popon evog Integer Linear Programming mpopAnuatog [31].

min ¢’z

s.t. Ax = b
T = 0
T e Z"

2ynua 2.10 Feviy Mopgn Mixed Integer Linear Programming mpofiiuarog [31]
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Y10 [32] ot ovyypageic Tpoteivovv v xpron tov Mixed Integer Linear Programming
yuo TV dtaxeipion {Rong evépyelag. AVOALTIKOTEPQ, TPOTEIVOLY TNV PN O
NAEKTPIKOV OVTOKIVITOV MG YDPOG ATOONKEVONG EVEPYELNG KOl LLE TNV PN ON EVOG
£€EVTVOL O1AYELPIOTI EVEPYELG EMITVYYAVETAL LEIMGT GTNV GLUVOAMKN T TOL

yperaletal va TANpmBel amd pio owelo Yo TNV KOTOVAA®OOT EVEPYELNG.

210 [33] ot ouYYypaeig Tpoteivovy OTmG TO TPOPANUA TNG BEATIGTOTOINGNC Y1 TN
dwayeipion evépyelag oto omitt va avaivbel og Eva TpoPAnua Bedtiotonoinong 6vo
emmédwv. 1110 GuYKEKPIUEVO GTO TPMTO EMITEDO VO LITAPYEL VO KABOAKO GO
Swxeipiong evépyetag (GHEMS) 6mov Oa yivetar ypovodpopordynomn g amobnkevong
Kot TG dtakivnong evépyetag Letah TV GOV, Kol 6TO 0EVTEPO EMIMESO VA TOTIKO
ovotpa (LHEMS) mov Oa givor tomoBetnuévo og kébe owkeia 6mov Oa yivetan
YPOVOSPOLOAOYNGN TV OIKIOK®MV GUGKELMOV UE BACN TO TPOYPOLLLLOL KO TIC
TPOTIUNGELS TV YpNoT®dv. O akydpdpog mov ypnotponoteitar eivar to Mixed Integer

Linear Programming.

2.4.4 Miktog Aképarog Mn I'pappikég Mpoypappatiopos (Mixed Integer Non-
Linear Programming)

Ot adyopiBpot Mixed Integer Non Linear Programming eivor aAyopiOpog
Bedtiotomoinong mapdpotog pe to Mixed Integer Linear Programming pe tqv povn
drapopd 611 To Objective function tov alyopBuov f/kar o1 TeplopiGpoi TOV Eivar pun
ypappkoti. ['a mapddetypa o axkolovBo tpofAnua émov Bewpeital n yevikn pLopen
evog Mixed Integer Non Linear Programming mpofAnpatog, 6mov to ke Ci(X,y) eivar
éva mapping ané to R" oto R. Zuviifog ot suvaptioe f kat ¢ éxovv kémoteg 1816t TEg
OHOAOTNTAG, OOV Y10 TOPAOELY L UiTopel va lvat pia 1) 600 pOPEG TLVEXDG

drapopomomorueg [34].

min  f(z,y)

st. cl(r,y) = 0 VieE
clz,y) < 0 Wiel
T e X
Y € Y integer

Zynuo 2.11 T'eviknp Mopgrn Mixed Integer Non-Linear Programming zpofiquazog [34]
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210 [35] ot cvyypapeig Tpoteivovy éva cvuaTnpa dloyEiploNg EVEPYELNG GTO OTITL TO
07010 EVOOUATMVEL SLAPOPES O1KLOKEG cLOKEVEG. H OAn dwoyeipion yivetan pe amdkpion
G€ QUVOUIKT TILOAOYNOT| LE GTOYO TNV EAOYLIGTOTOINGT TOV GUVOAIKOU KOGTOVS TNG
NAEKTPIKNG evépYelng. Xpnoipomoldvtog tov akyopdpo Mixed Integer Non-Linear
Programming o€ emavolapfovopuevn popen Katd Ty Sidpkela e HEPAG ETGL MOTE Va,
akoAovOeital 1 SUVOIKT TIHOAOYNGT TOL NAEKTPIKOD PEVUATOG EMTVYXAVETOL 1)
UEl®ON TOV KOGTOVE TNG NAEKTPIKNG EVEPYELOG, OALA Kot dlaTnpeite TapdAANAa TO

EMMEd0 AVEOG TOV YPNOTOV.

2.4.5 TIpoépiqpa tov Zaxidiov (Knapsack Problem)

To mpoPfinua tov ocaxidiov (Knapsack problem) eivoar mpodpAnua cvvévaoTiKng
BektioTonoinong. Agdopévov evog Guvorlov amd avrtikeipeva pe to ke Eva va €xet Eva
Bapog kar pio Tipn, mpémet vo Ppebet o apBpuog twv popdv mov Ba cupmeptinedel ot
GLALOYT €161 AGTE TO GUVOAIKO Papog va gival pikpdTeEPO 1| 100 pe €va dedopévo dplo
Kot 1 oLVOAIKY a&ia va givol 660 to duvatd peyorvtepn [36]. Tlapakdto @aivetor Eva
napadetypa evog Knapsack mpofAnuatog, 6mov to W Oswpeitar to 6plo 1o omoio dev

umopet va, EemepaoTei.

i
maximize E (i
i=1

1
subject to Z wir; < Wanda; £ {0,1,2,...,¢c}.
i=1

2ynuo 2.12 T'evikn Mopen Knapsack Problem [36]

Y10 [37] ot cuyypageic mpoteivovv v ypnon single Knapsack mpofiquatog yio v
onNuovpyioe €vOC HOVTEAOL €AOYIGTOTOINCNG TOLV GLVOMKOV KOGTOVS TNG NAEKTPIKNG
evépyelog o pio owcio pe TNV ¥pNon GLCTHHOTOS dlayelptong evépyelag To omoio gival
EVOOUOTOUEVO UE OVOVEDCIUES TNYEG EVEPYEWNG. XPNOLULOTOUOVTOG TOV aAYOpOpo
Knapsack, vAomoiodv 600 Topadeiypoto eKTELEGNC, £VOL LE AVOVEDGCLES TTNYEG EVEPYELNG
Kol umatopio amwodnkevong evépyelag kot Eva ywpic. X10yog o€ KAOe Eva amd avtd ivat
VO EAOYIOTOTTOGEL TO KOGTOG TNG NAEKTPIKNG EVEPYEWNS, OU®MG TOpdAANAL vo givat

avolyTéS 000 TEPLocOTEPEG CLOKEVEG eivar duvatov. Kdébe cvokevr| 610 mpoOfinua
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happaver veoyy too Watts mov kdvel katavdiwon (weight) kot to méon dpa givar
avorytég (value). Emtvyydver pe v ypnion tov aiyopibuov Knapsack kai ota 600
mopadetypato vo pelwdel 1o KOGTOC, e OV O10POPA LLE TNV XPNON AVAVEDCIL®Y TNYDV

EVEPYELOG KOl umatopiag vo unv emnpedleTon  AveEST) TOL XPNOTN.

Y10 [38] ot cvyypagpeig mpoteivovy v xpnon Multiple Knapsack mpopAnuoatog, kot mo
ovyKekpluéva ypnouorotovy Eva Knapsack mpdpinua yio kabe dpa tng HéEPOC 161 OOTE
va dpoporoynfohv S1APope; GLOKEVEG OTNV OIKioL UE GTOYO TNV EANYLOTOMOINGT TOL
KOGTOVG TNG MAEKTPIKNG EVEPYELNG KOL TNG LEYIGTOTOINGNG TOV EMIMESOV AVECNG TOL
xpnom. Emiong ypnowwomotovv to Ant Colony Optimization (ACO) 1o omoio givar pia
LLETOLEVPETIKY TEXVIKN OV EMTPEMEL YPTYOPO pLOUS GUYKAIGNG Y10 TOV TPOYPAUUATICUO
TV ovokev®v. Avolvtikdtepo to ACO pmopel va Bpel 10 pUKPOTEPO LOVOTTATL Yo
KGmwotov Tpoopiopod. Xe kdOe Knapsack pofAinio ypnoHOTOLEITE MG AVTIKEIUEVO 1 KAOE
OGLGKEVT], TO BAPOC TNG EIVOL 1] KOTOVAA®OT EVEPYELNG TTOV KAVEL 1] GLOKELN, Kat To value

elvat 10 KOGTOG NG KATAVAAWDGNG EVEPYELNS TTOV KAVEL 1| GUGKELN.

2.4.6 Tevetikog AlyoprOpog (Genetic Algorithm)

O yevetikdc alyopiBuog eivan évag evpetikdg ahydpBpog avalrtnone. Avikoatontpilet
™ JdKocio. PLGIKNG EMAOYNG OMOL EMAEYOVIOL TO TIO KOTAAANAG, dTopo Yo
avomopoy®yn mpokeévoy va moapayxbodv ot amdyovor g emduevng yeviag. O
akyopiBuoc amoteleitoanr omd 5 otad Ommg @oiveton oto oynuo mapakdtom [39].

[Mopandve avédivon tov adyopiBuov Ba yivel oto kepdiowo 4 (Kepdiawo 4.2) .
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Initial population

l<
| Calculate the fitness value |

v

| Selection |

v

| Crossover |

v

I Mutation |

s termination criteria
satisfied?

2ynuo 2.13 Ievetikog ALyopiBuog [40]

210 [41] ot cvyypapeic mpoteivouy éva akyopBuo diayeipiong {\Tnong pe otodxo v
elo1oToTOINoT TOV KOGTOVG NG NAEKTPIKNG EVEPYELNS Le Bdon TV peTapopd @OPTOL
amd MPES ALYUNG OE UM DOPES OLYUNG. ZTNV £pevva TOVG AapBdvouy VoYY dvo TOTOVG
eoptiov, o dtakpltd kot to. cvuveyf. To mTpdPfAnua to opifovv wg éva 0-1 Knapsack
TPOPANLL TO 0m0i0 apyOTEPA TO EMADOLVV LLE TNV YPToT YEVETIKOD akyopibuov. To fitness
function mov ypnoyonoovy givar To ABpPOIGHO TNG KOTOVAA®GN KOl TO KOGTOG TNG

EVEPYELOG aVA P Y1l OAEG TIG GUOKEVEG TNG OKELNG.

Y10 [42] ot cuyypagei Tpoteivouy évav evpeTikd alyopduo Beltiotonoinong 6mov £xet
®G GTOYO TNV EANYLOTOTOINGT] TOV KOGTOVG TNG NAEKTPIKNG EVEPYELNS, TOV KOPLODOV
(peaks) omnv {\tnon, TtV ekmopumdv PYTOV S10&Eiov Tov GvOpaka Kol TNV
LEYLOTOTOINGN TNG GVESTG TOL YPNOTN. TNV £pguva avT AAUPAvovVTol VITOYY Kot
umatopio amobrKevong evépyelag, EOTOPOATAIKO GVGTNUO Kol CUCTNUO OlaXEIPLoNG
evépyewc. [a v ermitevén tov mpoavapepfiviov otdywv ypnolomomdnkay ovo
mapodeiypata, Tov yevetikd adyopifpo kot akorlovbmg tov HGPO aiydpiBuo émwg tov
ovopaovv, 6Tov givat GLVOLACUOG TV YOPAKTIPICTIKMV TOV YEVETIKOD aAyOptOLLOov Kot
tov Particle Swarm Optimization. Mg ta 600 mapadsiyuata adyopifuwv, exttvyydvoovy

TNV EAOYIGTOTOINCT) TOL KOGTOVG TNG NAEKTPIKNG EVEPYELNG, TOV KOPLP®V otnv {RTnomn,
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TOV EKTOUTOV GVOPOKO KOl TNV HEYIGTOTOINGN NG GVESNG TOL XPNOTN, OU®MG UE

KaAvtepa amoteléopata va divet o HGPO adyopiBuog.

2.4.7 Avvopkog [poypoppatiopog (Dynamic Programming)

O dvvoukdg TPOYPOUUATIGHOS  eivar  oAyopiOuoc vy  emilvon  mpoPAnudtov
BeltioTonoinong ondlovtag To 6€ AmAOVGTEPN VTOTPOPANLATO KOL P CLOTOIDVTIOG TO
veYovog 6tL n BéATIoT ADoT 610 GLVOAKS TPOPANUa e€aptdtatl amd ™ PEATIOT Adon

TV vrorpofAnudatov [43].

Fib(1) Fib(O)

2ynua 2.14 Avvogurog Tpoypouuationog yia o mpofinuo tov Fibonacci [52]

210 [44] ot suyypoaeeic Tpoteivouy TNV VAOTOINGOT EVOC TALGIOL dayeiplong evEPYELNG
10 0moio Ba £xel WG 6TOYO TNV Hel®OT TOV KOGTOLG TG NAEKTPIKNG evépyetag. H teyvikn
1 OToi0 YPNGUYOTOLOVV EXEL WG GTOYO TNV UETAPOPA POPTOV OO TIC MPEG OLYUNG GE UN
MPES ALYUNG, KO EVOOUATDOVOVV GTO KTIP10 Kol pOTOROATOTKO cLGTNUA, OC Hio AVom Yo
eEowkovounon evépyetac. Eniong Aappdvouy vmoyty Kot Tig TPOTIUGELS TOV YPNOTAOV GE
OTL aQOPE TNV YPOVOSPOLOAOYNON TV GLOKELMV TOL omitoy. o v emitevén ToLv
otdyov Tov £yovv BEcel mpoteivouy pio GTPATNYIKN XPOVOIPOLOADGYNONG OV £XEL ®G
Béion Tov duvopkd Tpoypoppaticpd. Exituyybvouy pe autiyv v oTpatnyikn v peiowon

katd 82.3% 1oV KOGTOVS TNG NAEKTPIKNG EVEPYELNG TNG OKI0G.
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2.4.8 Xvykpron alyopiOpmv

Avaeépnkav 01dpopot adydpiBot o1 omoiot ypnoipomomOnkay e S1popeg EPELVES OL
omoiec €ywav, kal onuootevtnkav. Kabe évag amd avtovg cuvodedeton pe KAmolo
mAgovekTNUATO OAAG Kot pelovektnpato. Olot ot adlyopBpol ot omoiot avapEpnkay,
glyav ®g KHPLo 6TOYO TV UEI®OT TOV KOGTOVG TNG NAEKTPIKNG evépyelag. Kdmotol amd
avToOC AaUPAvoLY VITOYLY Ko TO EMIMESO AVESTG TOVL YPNOTN OTWG Y10 TAPASELYLOL O
aAyopiBpoc Knapsack, kdmotot ypnoipomolohv avavedoueg mnyég evEpyElag OTmG Yo
mapadelypa o aAyopiBpoc pe Paon tov Avvopkd TPOYPOUUOTIGUO, €VE KATO0l
EMLYEPOVY VO EKPETOAAEVTOVY To demand response 6mmg Yo mopadetypo. o aAyoplOpoc
Mixed Integer Linear Programming. To mo ohokAnpopévo apbpo givar to [42], kot wo
GLYKEKPLLEVA 1) YPNOT YEVETIKOV 0AyopiBuov pall pe emmAéov €VPETIKEG GUVAPTHGELS
OOV £YEL MG OTOYO HE TNV XPNOUYLOTOINGT AVOAVEDGILOV TNYOV EVEPYELNG TNV ETIALON
TOV TPOPANUATOG £TGL OTWS TO OPIGAULLE TPOTYOVUEVMG, ONAAST], TNV ELOYICTOTOINGT) TOV
KOGTOVG TNG NAEKTPIKNG EVEPYELNG, TOV KOPLO®OV 0TV {NTNoT, TOV EKTOUTOV pOTOV

dro&ediov tov dvBpaka kot TapAANAQ TNV LEYIGTOTOINGN TG GVEGT|G TOL YPNOTH.
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2e avtd 10 Ke@AAao Ba avaivBel n dovAeld mov €yve oto mAaicia TG ATOUIKNG
Auwhopotikng Epyoaciog amd tov mponyoduevo @ortmt) pe Bépa v avamtuén
aAyopiBuov yia e&otkovounon evépyetog. Oa yivel pia mepiAnym tov 10T Meta Control

Firewall kot akolovBwg Ba avarvbei n apyitexTovikn Tov.

3.1 Ilepiinyn

H mponyodpevn dovield mov éywve ota mhaicta g Atopkng Amiopatikng Epyaciog
TOV TPOTYOVUEVOL POITNTY| ElXE TAPOUO10 BEHQ LE TV TOPOVCO OITAMUATIKY] EPYOCiQ.
[T ovykekpyéva, 1o Bépa apopovoe TV avamtuén Kot a&loAdynon evog alyopifpov
v eEotkovounon evépyelog o€ £Eumva omitio. Méca amd tnv epguvnTiky SovAELd 1 ontoia
&ywve kot amd apOpa to omoia dnpoocievray, Ba yivel n tepartépm avaivon tov IMCF

OTIG EMOUEVEC VTTOEVOTNTEG,.

Me ™V avanTuEn TOV OVOVEDCIUOV TYMOV EVEPYELNG OVAOELYTNKE 1) CNUOVTIKOTNTO TNG

1010KATOVAAWDGCNG TNG EVEPYELOG 1) OTTOT0C TOPAYETOL OTTO TIG OLVOVEMDCUEG TINYEC EVEPYELNG
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HEG® TOV SAPOpOV EEVTVOV GLGKEVMV TTOV LILAPYOLVV £VTOG TG olkiog. Me avtd ToV
TPOTO TO €VEPYELNKO OIKTLO GTAPEPOTOIEITE, ELYIOTOTOEITE 1] O10IGTTOPE EVEPYELNG KO

TOPAAANAQ EAOICTOTOLIOVVTOL KOl O1 EKTOUTEG POT®V 010EE1010V TOV AvOpaa.

210%0G TOVL alyop1Bpov o omoiog avamtdyOnke givar va yepupwbei to ydopo peta&d g
dveong Tov ¥PNoTN, NG KOTOVAAWMONG EVEPYEWNS KOl TV EKTOUTOV 010&E13i0v TOL
avOpaxo (CO2). T'a v emitevén toV 6TOYOL AVTOD OVATTOYONKE EVOG KOVOTOUOG
aAyopiBuoc, o Energy Planner (EP), o omoiog givat évag alyopOpog eumvevouévog and
TNV TELVNTN VONUOGHVT], TOL TPOYPOUUATICEL TNV KOTAVAA®MOT EVEPYELNG e pio TOtKIALD
otpatnyikov amdcPeong (Amortization Plan). O adyopiBuoc tov IMCF Aappdvel vioyy
kamola Meta-rules (kavovec) to omoia divovtal and Tov xpHot HEC® EVOC GLGTHOTOG

TO OTO10 KATOGKEVAGTNKE £TGL MOTE O YPNGTNG VO EIGAYEL TOVG KOVOVEG.

3.2  ApyLTeKTOVIKN

g ot 10 vrokePdrao Ba avaivBel TANpwg N apyrtektoviky tov IMCF, onAadn Ba

avaAvOovv Oha o KOPATIo To 0Toia GVVOETOLY TNV apyttektovikn Tov IMCF.

3.2.1 AlyoprOpog

O aAydpbpog amotekeitar and 600 vropovtives, To akyopiOuo Amortization Planner
(AP) kau ite Tov akyopOuo Energy Planner (EP) [45] €ite tov adyopiBuo Green Planner
(GP) [46]. O ocvvdvacpog avtdv Tmv 600, onAadr tov AP uali pe éva ek tov EP 1 GP

amotelel T dwadikacio dtoyeiplong evépyelag.

210%0G ToV ahyop1Bpov gtvar va Bpet éva evepyelokd omodoTikd GyE010 Yo TNV EKTEAEOT
€vOog cuvolov amd Meta-rules kot evog SOKIUAGTIKOD 1GTOPIKOD KATAVAAMONG EVEPYELOG
(ECP - Energy Consumption Profile), ko mapdAinio va. tkovomotel ToAhovg 6TOY0VE TOV
VIOKEWTOL GE GLYKEKPLUEVOLG HOKPOTPODEGLOVS TEPLOPICUOVG EITE TNG GLVOAIKNG
Katavalmong evépyelag atov Energy Planner gite g exmounng pdnov CO2 ctov Green

Planner.

27



Ot petpikég o1 omoieg ypnoyoromdnkav givor T0 KOGTOS GCOAALATOS TNG GVESNS TOL
xpnom (Comfort Error - CE), n xotavilwon evépyewag (E) ko n ekmounn pdnov

droéewdiov tov avBpaxka (7).

3.2.2  AkyoprOpog Amortization Planner

O oalyopiOuog Amortization Planner (oyédo amndoPeong) eivar vrevbvvog yio tov
VTOAOYIOUO TOL UEYIGTOV EVEPYELOKOV TPODTOAOYIGUOD KOl TOV HEYIOTOV EKTOUTDOV
CO2 péom evoc mpoemheypévon tOmov amdcsPeons. YTAPYouv OpKETEC GTPOUTNYIKES
andcPeong ot omoieg Propovv va ypnotpomotnfovv. Ot otpatnyikés andcBeong ot omoieg

ypnooromOnkay otov akydpiBuo givar ot akdAovOes.

H mpot otpatmykn amndoPfeong mov pmopei vo ypnowomowmOei eivor n Linear
Amortization Formula (LAF) 6mov vroloyiletor d1ap@dvVTag THV GUVOAIKY KATAVIA®GN
gvépyelog pe Eva dtotno ypdvou, 6Tov avTd To S1doTnpa PTopel va etvat xpovog, Hépa,
opa KTA. Amotelel v amlovotepn popen amdcoPeorng emewdn yopiler to MOCH

anocPeong 1omooa oe Eva aplBpd and teptdoovGs.

H devtepn duvarh otpatnykn andcsPeong mov pnopei va ypnoyomombei sivar ) Balloon
Linear Amortization Formula (BLAF). X& avtiv v ntepintmon o xpnotng omodnkevet
€va TOGOGTO EVEPYELNG OO TNV GUVOAIKN EVEPYELD GE Y10 Lol TEPI0S0, TO KOAOVUEVO
puraidvi, to onoio Ba ypnopomon et og pio AN Tepiodo OOV 1 KATAVAAMON EVEPYELOG

glvar ynAotepn.

H tpitn dvvarh otpatnyikn amoceong mov propei va ypnoporombei eivon n ECP-based
Amortization Formula (EAF). X¢ avth tv mtepintoon, éva o€t and Papn vroroyilovron
ypnowonowwvtag tov ECP vector. Ta Bdpn omv cuvéyela ypnoIonoodvTal yio vo,

VTOAOYIGTEL O HEYIGTOG EVEPYELOKOS TPOVTOAOYIGUOG.

AxoroObmg av Ba ypnowomombei o aiyopOpog Green Planner aveEaptnto and v
EMAOYN NG oTpUTNYIKNG omdcPeonc vmoloyiletar kot 1 UEYIOTN €KTOUTY| pOTTWV,
TOAMOTANGCIALOVTAG TOV WHEYIGTO TPOVTOAOYIGHO EVEPYEWNG HE TNV £VIAoT POT®V

(kgCO2/kWh) g ydpag erthoyng Tov ¥pnot.
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3.2.3  AlyoprOpog Energy Planner

O aAyopiBuo Energy Planner maipvel og €icodog éva mivaka mov mepiéyet to Meta-rules
T omoia Sivel 0 ¥pNoTNG, Tov HEYLeTOo aptBpd emavarnyewy mov o TpéEet o adydpiBpog,
NV €MA0YN TOL o)ediov amdsPeong, To 16TopKoD Kotavaiwong evépyslog ECP tov
¥PNoTN, T0 K otoryeia mpog tpomomoinon ko n Bepuokpocio T. H Avorn mov Oa emotpéyet
0 aAYOP1OLOG TOV evepyelakoD Gyediov tvar £vag dtdvooua S =<S1, ..., SN > peyéboug
N (N = apiBudg tov Meta-rule). Av Si = 0 tote to Meta-rule mapapréneté kot av Si =1

101€ 0 aAyOp1OpoC extedeiton To Meta-rule.

Orav Eekivnoet o alyopBuoc ola ta. Meta-Rules ta onoia divel o yprotng extelovvTat
(Si = 1 yio k@Be 1) Kbl OV givar TPOC OPELOG TOL YPNOTN OAAG UITOPEL VoL 0ONYNOEL UE
vynAq mlavotto 6to amotéAecua va mtapafldleTol 0 HEYIGTOG TPOVTOAOYIGUOG £TOL

ommg Kabopiletor amd to oyédo andsPeong.

AxoAo0Bmg 0 oAyopiBpog mpoomabel vo PEATIOTOMOMGEL TO OMOTEAEGULOTO TOV
ypnowonowdvtag évo. simulated annealing heuristic, to omoio dnuovpyd pio Kovovpylo
Abom. Av n kovovpylo AVom €xel KAAVTEPO OmOTEAEGHAT, ONAAON £XEL LIKPOTEPO

KOGTOG GPAALOTOS AVESTG KO LIKPOTEPT] KOTAVAAWDGT) EVEPYELNG OTOONKEVETAL.

O aAyopBpog otapatd 0tav tepdcovy £vag apldpuog amd ETAVOANYELS 0 0moiog d0ONKe
amod Tov ¥pNoTn ¢ £i6000g 6tov aAyOpBpo. Evallaktikd propet va emovoloppdveton
LEYPL VO LNV LITAPYEL KATO10 KOADTEPN ADGT, OULMOG GE TEPITTWGT TOV JEV LITAPYEL KATOLNL

yvoon yia v BEATIoT AOon avtd Ba 001YOVoE GE AmELPT EXAVAAN Y.
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Algorithm 1 /M CF: generates an energy-efficient plan
Input: M RT': Meta-Rule Table; £: components to be
modified; 7,,,,: max iterations; ¢: time granularity; apl:
amortization plan; £'C'P: Energy Consumption Profile

Output: An energy plan solution s* = (s1,...,snx)
1: AP(apl,p, ECP) > Amortization Plan Routine
2. switch (apl)
32 a: B, + LAF(t, ECP) > use linear Eq. (3)
4 b: E, + BLAF(t, ECP) > use balloon Eq. (4)
5: ¢ By« EAF(t, ECP) > use EC P-based Eq. (5)
6:
7. EP(MRT . k, Tmax, i, Ep) > Energy Plan Routine
8:  s* « init;(MRT) > s*: initial solution for time i
9:  (Fg,Fog) < evaluate(s™) © with Equations (1),(2)
10:  While 7 < 7,,,. do > 7: current iteration
1 s < optimization(s®) > randomly select k

positions and swap their binary value
12:  (Fg,Fog) + evaluate(s) > with Equations (1),(2)

13: If (FE(S} < Ep) && (FCE(S) < f"1(j(33)) then

14: 5% ¢+ s > Set s as the current solution s*
15: EndIf

16: T+ + > Increase iterations
17:  EndWhile

18: return s* > Return the final energy plan solution
19:

20: apl + AP(apl.t, ECP);
21: return (V: EP(MRT, k, Tmaz,i,apl))

2ynuo 3.1 AyépiBuog Energy Planner [45]

3.2.4  AlyoprOpog Green Planner

O olyopiBpog Green Planner givar pio mapaiiayn tov Energy Planner pe v povn
dtapopd 6Tt AapPdvel vIOYV Kol TV eKmouny POV d10EE1diov Tov GvOpaxo [46].
Anhaon yio kéBe véa Abom 1 omoia dnpiovpyeitor o ELeyyog yiveTar av 1 Katvovpyla Exel
pkpotepo comfort error, pikpoTepPN KOTOVAA®OT EVEPYELNG KOl HKPOTEPT] EKTOUTN
pOTTOV Kot amobnkevetal. Emmléov akdpa pia dtopopd pe Tov adydpibpo Energy Planner
glvan 6T popet va aroOnkevtel n AT aKOUO Kol av Eival XEIPOTEPO TO ATOTEAEGLLOTOL

™G pe pia toyaia mlavotnTa.
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3.2.5 Ipoceyyioelg

O alyop1Bpog dokipudotnke o€ TPEIC PACIKEG TPOCEYYIGELS. APYIKA KOVEVOS KOVOVAG OEV
happaveror veoywy (NR) kot €161 £yovpe o KOADTEPA OTOTEAEGUOTO OC TPOC TNV
EKTOUT PUT®V O10EE1dion Tov dvBpaka, 0EoOL Ol PLTOL EANYICTOTOOVVTAL OAAG
TOPAAANAQ £YOVLE TO YEPOTEPO. OMOTEAEGLOTA MG TPOG TV GVEST] TOL ¥PNOTH APOV
Kavévag Kavovag Tov Opioe o0 ypnotng oev extereitar. H devtepn mpocéyyion n omoia
dokudotnke gival va ekteleatovv 6Aot ot kavoveg (MR) ot onoiot dpioe o ypriotng. Ze
aLTV TNV epinTmon €yovpe PEATIOTO AMOTELECUATO (OC TPOG TV AVEST] TOL YPNOTH,
OUWOG TAPAAANAD EYOVUE TO YEPOTEPO OTOTEAEGLATA OGOV APOPA TNV EKTOUTY| POT®V.
H IFTTT mpocéyywon, pe dedopévo v €rdenyn Aemtopepadv Koavovov, Bo ftav pio
avBaipetn akolovbio eKTEAECT|G KAVOVAOV KO TO OTOTEAEGLOTA EIVOL KATOL OVAUEG GTO
NR kot 1o MR.’Eva mapaderypa evog IFTTT kavova etvar «Av givon kadlokaipt O¢ce v
Beppokpacic otovg 25 Pobuovg Keroiovw. O Energy Planner eivar pio mo
olokAnpopévn ékdoomn tov avbaipetov kKavoveov tov IFTTT. 'Eva moapddetypo evodg
Meta-rule o fjtav «Av n dpa givar 10 m.p. péxpt 4 p.p. 6éoe v Beppokpacio otovg 22
Babpotvg Kerciovy.

3.2.6 Amoteréopato

‘Eywvav mepdpata yio tpia dwapopetikd oe péyebog kmpia, yio pio owio, yioo €0Tieg
nmovemotnuiov kot yio €va Eevoooyeio. Ta amoteléopata £dei&av 6Tl pe tov Energy
Planner propei va vrdp&et pakporpddeoun peimon 10% oty kotavaAwmon evEPYELNg LE
povadikd avtariiaypo mepinov 2-4% o10 KOGTOG GOEAANATOS Gveons GE GYEOT UE TA
apykd dedopéva. EmmAéov pe v ypnon tov Green Planner ta amoteléopoto £de1&av
Ot pmopet va vdpéet peimon 45-59% oy eknopunny pdmov dtoEediov Tov avOpaka pe

LOVadIKO avTaAAaypo mepinov 3% oto KOoT0og 6PdAuatog dveonc [47].
Eniong ta amoteléopata €dei&av otL o Energy Planner givor ypnyopdtepog kot mmio

OTOTEAECUATIKOG GE OYE0T UE TIG AAAEG SOKIUEG TTOV £yve Kol o cvykekpiuéva 1o NR,

MR kot IFTTT.
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e avTo 10 KePAAato o avolvBei 1) doun Ko 1 apyltekTovikn Tov adyopiBpov GreenCap.
Ba avarvbel TANpog kdbe péBodog mov ypnoytonoteite 6tov ahydpiBpo. X1o TEA0G TG

evotntag speaviCovral kot kamoto ropadsiypota amd To demo 1o omoio vAomomOnKe.

4.1 Ewoayoy

O olyopiBpoc GreenCap avomtoydnke ypNOYOTOI®VTAG TNV AOYIKY] TOV YEVETIKOV
alyopiBpov. O AOYOC mOL EMAEYTNKE O YEVETIKOG GAYOPOUOG, €VOVTL OpyLKE TOV
simulated annealing tov IMCF givot 611 to IMCF £yet og o100 TV poakporpdbeoun
LEL®OT OTNV KATOVOA®MOT EVEPYELG, GE avTifeom pe To dwd pog mpoPANUe OTL Exovpe
¢ otoyo ™V Bpayvrpodeoun peiwon. EmmAéov 1o IMCF dev Aaufavel vmoyy Tig dpeg
aLUNG, OVTE TIG KOPIKEG GLVONKES KOl TNV TAPAYMYN EVEPYELNG OO TIG OVOVEDGILES
myég evépyetag. O alyopBpog o onoiog avantdydnke kKo oe oyéomn pe to IMCF eivon

300 drpopeTiég Tpoceyyioelg evog Tapdpotov TpofAnpatos. EmmAéov ko pe Baon v
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HEAETT OV £Yve o€ GYETIKA ApBpa ToV EYovV dNUOGIEVTEL, 0 YEVETIKOG aAyOp1Oog padi
HE KATOlEG EMUTAEOV EVPETIKEG GLVOPTNOELS Hag divel TNV duvatdtnto va Aapupdvooue
VTOYLY, EKTOC OO TNV UEIMON TNG KATAVAA®ONG EVEPYELNS, KOl EMTPOGOETA TIC KOULPIKEG
GLUVONKEG TTOV VITAPYOVV, TNV TAPAYMYT EVEPYELNS OO AVOVEDGLES TINYES EVEPYELOG KO
TIG MPEG OLYUNG TNG CLVOAIKNG PONG EVEPYELNG OTO evePYELokd dikTvo. Xe avtifeon pe
TOVG GAAOLG aAyopiBpovg, 0 YeVETIKOG OAYOPIOLOG oG EMITPENEL €MIONG VO EYOVUE
TOMOTAQ Kol cvykpovoueva objectives, omw¢ yioo mapdderyuo v peioon g

KOTOVAAWONG EVEPYELAG, LE TNV SLOTHPTOT TOV EXTEOL AVECT|G TOV XPNOTH.

O olyopBuog GreenCap amotereiton omd ta eENg otdda. Apykd yivovior ta Boctkd
GTAdW €VOC YeVETIKOD aAyopiBuov, OnAadr N apyuoroinot Tov TANBLGHOV, 1| EMAOYY
dvo toyainv AMoewv (selection), diactavpwon (crossover), petdAroén (mutation) ko
a&loloynon tov dvo Avoewv pe PBaon v fitness function m omoio ypnouomnoteite.
Emunpdobeta amd ta Pacikcd fripata evog yevetikol adyopifuov, ektelodvtar akopa 600
EVPETIKEG cuvapThoels. H mpdtn gupetikn cuvdptnon n ool exteAeital, £l ™G 6TOYO
TNV OVOKOTOVOUT TNG KATAVAAMONG EVEPYEWNG TOV £EVTVMOV GUOKELAOV OO TIG MPES
aLYUNG OTIC KN dpeg aryuns. H devtepn evpetikn cuvaptnomn 1 onoio extedeital, £yl og
GTOYO TNV EMAVAPOPE TN NUEPNOLOG KATAVAAMONG EVEPYELNG OTA OPYIKA EMIMEd D, OOV
Kot av vrhpyel avéopeimon, n onoio Umopel va TPokANONKe amd TIC TPONYOOUEVES
cuvaptnoels. ['evikdtepa o1 600 emmpoOcHeTeEG GLVOPTNGELG EKTEAOVVTOL Y10l VO YIVEL TTLO
CMOTN EKUETAAAELON TNG TAPAYDYNG TOV AVOVEDGILMOV TNYADV EVEPYELOS, KOOMG Emiong
ATOPEVYETOL 1] EMKOAANOT GE TOAVOV TOTIKOV EAAYICTMOV KOTA TNV O1APKELD EKTEAEONG

0V adyopiBuov.

O cvvdvacpdg TV GLVOPTHCEMY VTGOV aroTelel TNV depyacia duyeipiong evépyetlag
KOl TO OTOTEAEGUO TOVG £fvat 1M YPOVOOPOUOAOYNON TNG KATOVAAWDGCNG EVEPYELNS TV
EEVTVOV 01KLOKOV cLoKELOV. [Tep1oGOTEPEG AETTOUEPEIEG TYETIKA [LE TNV AELTOVPYiN TNG

KdOe cLVAPTNONG TEPLYPAPETOL GTO EMOUEVO, VITOKEPAAALOL.

To mpoPAnua mov £€yet ®¢ otdYo va AOoel o oaAyopilBpog eivor apyikd v
YPOVOOPOUOAOYNOT TNG KOTAVAAMONG EVEPYELNG TOV £EVTVAOV OIKIOKAOV GLUGKELAV LE
AmMOTEPO GTOYO TNV UEIWON TNG EICAYOUEVNG EVEPYELNG OO TO EVEPYELNKO OIKTLO Ko

TAPIAANAO TNV LEIDOT TV EKTOUTOV pOTTOV dto&etdiov Tov dvBpaka ywpig va vapéet

33



CLUVOMKG peimon otV katovilmon evépyslng oty owia. EmimAéov, o aiyopiBuog
EMYEPEL VO LEIDGEL TO KOGTOG TNG EVEPYELNG HECH TNG HETOPOPAS TNG KOTAVAAWDGNG
EVEPYEWNG Ao TIC MOPEG OYUNG OTIS Un peg ayuns. Emiong pe v avémroén piog
emmAéov €Kdoong Tov alyopifuov, o ypNoTNG divovTos KATOI0VG KOVOVEG (IVECTG GTOV
aAyopOpo, o alyopBpoc Aapupdvel vroy Tovg Kavdveg avtovg. O ypNoTg UTopet va

emAé€erl v BELEL 1 Oyl va AapPdvovtat VTOYLY 01 KAvOVEG GVEGNS TOV 0TO10VG JiVEL.

4.2 Tevetikog AlyoprOpog

O yevetikdg akyopbpog [36] sivar gvpetikdc akyopOpog avalnnong o omoiog sival
EUTVELGLEVOG amtd TV Dewpia T uotkng eEéMEng tov Charles Darwin. O aAydpiBpog
avTikoTonTpilet T 01d1KaGia TNG PVGIKNG EMAOYNG OOV EMAEYOVTOL TO, TTLO KATAAANAQ

dTopa Yo avomopay®yn TPOKEEVOL va TapayBodv ot andyovol TG ETOUEVNS YEVIAG.

H dodwoacio g euotkng emhoyng Eekivd e TNV ETIAO0YN TOV O KOVAOV OTOU®V OTd
évav tAnfocud, ta omoia dropa Tapdyovv amroydvovg Tov KAPOVOLOVY YOPOKTNPIOTIKA
TV yovéwv kol Ba mpooteBobv oty enduevn yevid. Edv ot yoveic éxouv kaidtepn
QLGIKN KOTAGTOON, Ol amdyovol Tovg Ba elvarl kahdtepol amd tovg yoveig kot Ba Exovv
neplocotepeg mbavotreg va  emPidcovv. Avty 1n dwdkacioa ocvveyiler va

enavorappdvetar kot oto téAog Ba fpebel o yevid pe ta KaAVTEPQ GTOAL.

Avt 1 prhoco@ia tov aryopiBuov propel va epappooctel oe Eva TpdPAnua avalrtnong,
e€etdlovtog éva chVoLo ADcemV Yo £va TPOPAN LA KO ETAEYOVLLE TO GUVOAO KOAVTEP®OV

amd QUTEC.

O yevetikdg alyopiBpog amotedeitat amod TG akOA0VOEC 5 PAGELS.

4.2.1 Apyxomoinon IIAnOvopov (Initial Population)

H dwdwooio Eekva pe éva cuvoro atdpmv mov ovoudletal minbvopdc (Population).
Kabe aropo givon pio Avom oto mpdPAnua to omoio BéAovpe vo Avcsovpe. ‘Eva dtopo
yopoakpileton and Eva chvoro TapapéTpov, Yvootov g yovidln (Genes). Ta yovidia

EVOVOVTOL GE pia yopdn Yo va oynuoticovy éva ypopocopo (Chromosome).
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A1 |0/0|0|0/0Q Q]| |Gene

A2l1111 1111111 Chromosome

A3 [1/0(1(0]1]1

A4 11/1/0]1 /1|0 Population

2ynuo 4.1 Initial Population GA [39]

4.2.2 Xvvapmnon Karorinrotyrog (Fitness Function)

H fitness function kaBopilel m6c0 katdAAnAo givor Eva dTopo. Aiver Babuoloyio GLOIKNG
Katdotaong oe k0be dropo otov mAnBuoud. Me mo amAd Adyw eivar 1 cvvaptnon

a&loA0yNo”Mg VOGS ATOLOV.

4.2.3 Emioyn (Selection)

H 1¥éa g pdong emroyng oty dikn pog tepintwon givor 1 toyaio extloyr d00 atdpmV,
€161 MOTE VO, TEPAGOVY TOL YOVIOL TOLG GTNV EMOUEVN YEVIA. X€ MO YEVIKN 10€a O
YEVETIKOG 0AYOPOLOG ETAEYEL TOL SVO TLO KATAAAN A YOVIda, OPMG GTNV KT LOG EKOOYN

dev 1oyvel anTd, Kabhg emAéyovtal Tuyaio 600 dTopa.

4.2.4 Awotodpoocn (Crossover)

To crossover (dtactadpwon) eivat n o GNUAVTIKY eAcn o€ £val YEVETIKO aAyoptpo. [
KkéOBe Cevydpt yovéwv mov mpokLITEL Vo {EVYOpPDOGOVY, ETAEYETOL TVYOio £val oNpEeio
dctavpmong (crossover point) péco oamd ta yovidlo. Ot amdyovol dnpovpyovvtol

avTOAAAGGOVTOG Ta YOVidla TV YoOvEDV PeTall Tovg PPt To oNUeEio dlosTavp®ONG.
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Parent:

Crossover point

Childern:

2ynuo 4.2 Crossover GA [48]

4.2.5 Merarro&n (Mutation)

& 0pIGUEVOLS VEOLG ATOYOVOLS TTOL GyNUaTilovTal, optopéva Yovidlo TOLG UTOPOVV V.
voPAnBovv oe petddhoén (mutation) pe younAn toyaio mboavotnta (oTnV KN pHog
nepintoon 1%). H petddiaén cvoppaivet ya vo dtatnpnbei n mowilopopeio vtdg tov

TANBvoUOY KOl VL aToTPOTEL TPOWPT) GVYKALOT).

2ynuo 4.3 Mutation GA [49]
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START
Generate the initial population
Compute fitness
REPEAT

Selection

Crossover

Mutation

Compute fitness
UNTIL population has converged
STOP

2ynuo. 4.4 Yevookawoikog evetikod AAyopiuov [39]

4.3  AhyoprOpog GreenCap

g ovtd T0 vVokePAiato Ba avaivBel o akydpiBpog GreenCap kot Twv ototyeiwv and o

omoia amoteAdeital 0 aAyOpOpog KabdS Kol TIC TAPAUETPOVS TOV.

Eicodog: Q¢ &€icodoc otov adydpiBupo oivovior o OSOOUEVO HE TIC KOTAVOAMDOELG
evépyewong (oe KWh) tov cuokevmdv katd v dtdpkela evoc £Tovg (to dedopéva eivor
LETPNGELS OVA MPAL), TOL OEOOUEVO TOPAYWOYNG EVEPYELNS OO TO POTOPOATAIKO GUGTNLLOL
TOL GmIToD Yo TNV 101 XpoviKY] TEPi0do, Ta dEGOUEVO TTOL APOPOVV TNV GUVOAIKT] POT)|
EVEPYELOG OTO EVEPYELOKO JiKTVLO Y10 Vo BpeBolv 01 dpeg ayung, N LEYIOTN KATOVIA®ON
ov pmopel va kévet pio cuokewvy, To péyebog tov TANBvoUOV, INANON ToV aplBud TV
ToYai®V Aeemv Tov Ba dnpovpyndodv ypnoonoidvag Tov odydpidpo Random émmg
avtog meptypapetal 6to Kepdlato 5.2.2 kot o péyiotog aptOuog eravorlnyemv (Yeviéc)

7oL o TpE&et 0 yeveTikOg adyopOpog.
Avomapaoctaon Avong: O adyopipog Oa emotpéyet pia Aiota peyébovg N (6mov N givar

0l GUVOMKEG (DPEC TTOL LILAPYOLY KATA TNV O1apkela evog étovg). Kdbe otoryeio g

Motag givan évag mivaxag 6mov mepiéyet v koatovdiwon (oe KWh) mov Oa yiver omd 11g
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GLGKEVEC GTNV GLYKEKPLUEVT] DPOL TNG NUEPAS (1 Dpa Kot 1 uepounvia Bpickovtol otnv

0éom 0 Tov Tivaka), Kot EXioNg TNV TOPAYM®YN TOV EYIVE TNV GUYKEKPIUEVT] DPO.

Apywkomoinon wAnBvopov: Xy apyn tov aiyopiBuov, to mpdTOo PHUa TO Omoio
exteAeital glvar m apywonoinon tov TANBvcpov tov. O adydpiBuog dnuovpyel p
(néyeBog TANBvoPOD) TVYiEG ADGELS OO TOL SEdOUEVA TTOV dIVOVTOL. XTIV GUVEXELX, Yo

KkéBe Avon n omoia dnpovpynOnkKe yivovtal KATOlEG LETPNOELS.

Kotd v didpketo apyuconoinong tov akyopifuov vroroyileton eniong n Katavaiwmon
eVEPYELOG TTOV €YVE O TIC GLGKEVEC, Yo KAOe uépa Tov LVIAPYEL HECA GTO OESOUEVO,
omov avtd Ba ypnoyorombel apydtepa oV cuvApTHOoT dOPHWGNS TG KATAVAA®ONG

EVEPYELOC.

Behtiotomoinon: X16)0¢ Tov BelticTomoinong tov akyopibuov eivar n Elayiotomoinon
tov fitness function, 6mov avtd meprypdeetar oto Prpa a&ordynong. o to Priuo
BeAtioTonoinong ektelobvtar GLVOAKd 6 cuvaPTNoELS TOV alyopiBuov. Apyikd yiveton
emloyn 2 toyaimv AMoemv péoa amd tov mtAnbucud o onoiog dnuovpyndnke (selection).
AxoloObmg exteleiton n cvvaptnon dwactadpwong Tov 600 Adbcewv (crossover). H
GLVAPTNGOT CrossSover ekteAeitan yio kdbe pépa péoca ota dedopéva, emALyetat Eva Tuyaio
onueio péoa og kaBe pépa (amd 0 péypt to 23), ko pe mBavotta 90% yiveror ovaiioym

TV 0edopéveV Tmv 6o Acewv (0ffspring) uéypt oe exeivo o onueio.

[Mapdpowa kot n cvvaptnon petdiiaéng (mutation), exteleiton yio kabe uépa péca ota
dedopéva, Omov emhéyetat £va Tuyaio onueio péca oe kébe pépa (amd 0 péypt to 23), Ko
pe mbavomta 1% oe avtv v opa Bo Kieicovv OAEC Ol GLOKELEG, ONAGON M

Katavalmon evépyetag Oa yivet ion pe 0 KWh.

AxoAo0Bmg Oa ekteleoTel Kol 6TIC VO AVOELG 1| GLVAPTNOT EMIOPOMONG KOTAVAAMOOTG
evépyelng. AvaAvTikoTepa, yio kabe pépa péca ot dOedopEVa Ko Yo kdBe cuokevT, av
1 KOTAvVIA®O™ TNG CLGKELTG LEGOH GTNV CLYKEKPIUEVT LEPQL Elvarl PLEYOADTEPT OO TNV
apyKY], B0 LEIDOEL TNV KATOVIA®MOY| EVEPYELNG Le ATANGTO TpdTOo, dNAad Ba petdost
TNV KOTAVAA®GON eVEPYEWG EEKIVOVTOG OO TIG MOPES MOV OEV LIAPYEL TAPAYWOYN

eVEPYELONG. AV 1 KATAVAA®GON EVEPYELNG Eval LKPOTEPN amd TNV apyIKN, TOTE Bal avénoet
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TNV KOTOVAA®OT) VEPYELOG EAVA e ATANGTO TPOTO, ONAadn B aéNceL TV KaTavaAwmon

eVEPYELOG EEKIVAOVTOG OO TIG MPEG TTOL VTLAPYEL LEYOADTEPT) TOPAYDYN EVEPYELNG.

Yty ovvéxeta Bo a&loloynBovv ot dvo Acelg ypnoorowdvrag to fitness function, kot
Oa emtheyel 0 koAVTEPN Ao, ONAadN N Ao pe to pkpotepo Fitness. Te avtiv v Avon
B0 eKTEAESTEL 1] GLVAPTNOT AVOKATOVOUY EVEPYELNG OO TIC TPELS MPESG QYUY OTIC TPELS
un opeg aryuns. [lo cvykekpuéva ylo kabe pépa pésa ota dedopéva Ba Bpebovv ot Tpelg
MPEC OLYUNG KO Ol TPELG UM OPES OYUNG amd To OEGOUEVE TNG GLVOMKNG PONG OTO
gvepyelokd diktvo. AkoAovBmg Ba yivet 1 avtodloyn TOV KOTOVOADCE®V, LE
TPoVTHOEST OTL 1] KATAVAAWDOT OTIG DPES ALYUNG Elvar peyoddTepn amd TV KOTOVAA®ON
OTIG U OPEG oyUNS. AV 1 avtoddayn autn £xel MyOTEPT EIGAYOUEV EVEPYELDG OO TO

evepyelako diktvo amofnkedeTor aAM®G TapafAETETE.

A&woroynon: H cuvaptnon agloddynong n omoia ektedeital, EMAEYETOL OO TOV YPNOTN.
AvoiuTtikotepa, av 0 ypnotng emaéler o6t Béhel va Aappdvovior VTOYY ot KavOveg
Gveong tovg onoiovg £dmae o exteleotel | a&loloynon GreenCapComfort, aAlimg Oa

extereotel n a&lohdynon GreenCap, 6mwg avTEC TEPTYPAPOVTAL TAPUKATO.

A&wroynon GreenCap: Metd v eKkTéAECT TOV TPONYOOUEVOV GLVAPTNCEMV
mapdyOnkav 3 Aoeic. H a&lohdynon g kabe Adong yivetar pe Bdon v eicaydpevn
EVEPYEWDL A0 TO €EVEPYELOKO OTKTLO, Kol Apa TOPAAANAQ KOl OTNV EKTOUTY POTWV
oéewiov tov dvBpaka. H Adon pe v pikpdtepn eloaywyn evépyelog sivar kot m
KaAVTEPN Avom peTaEy tv 3 Abcoewv ot omoieg mapdyOnkav. H cvykekpyévn Adon
tonoBeteite 6tov TANBLoUS TOoL YeveTikoD aryopiBuov otnv BEomn g xepdtepns Adong,
onAadn g AOONG He TNV PEYOADTEPTN EloaymY| evépyelas. Me avtd tov tpdmo
amopevyeTon 1 ThavoTNTA Vo, Yobel KAmola AVon 0mov To amoTéAES A TG Eival KOADTEPO

amtd omoldONTOTE GAAN AVOT).

A&wroynen GreenCapComfort: Evoliaktikd 1 a&loAdynon tov alyopifuov pmopet
va yiver Aappdvovtog voyy Kou v dveon tov xpnotn. O ypfome umopel va dmoeL
Kémowovg Kavoves (my. Na dovAéyel o Beppocipovag n opa 16:00 otic 21/10), ko
vroAoyileton pion emmAéov WETPIKT, TO KOGTOC GEAAUATOG Gveong TOv yPNOTH.

AxoroO0mg oty fitness function Aappdvovtot vEoYY Kot 1 eleayopuévn evépyeta amd To
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evepyelokd OlKTvo, Kol T0 KOGTOG CEAANOTOS GveESNS TOL YPNOTH. AvaAvTikdTEpPO
hapBaveror voyy katd 75% n ewoaydpevn evépyeta omd To dikTvo Kot Kotd 25% To

KOGTOC GOAALOTOG GVEST|G TOV YPNOTY).

Teppatiopds: O adyopBuog teppatifel pe v mipodo Omax YEVEDV. Xe KAOe yevid o
aAyopOpog emavalapfaver v dadikocio OTMG TEPLEYPAPNKE TPONYOLUEVAOS OGES
@opég etvar 1o péyebog Tov TANBVGLOD £XOVTAC WG GTOYO TNV AVATATPWOGT] TOL TAPOVTOG
TANOLGUOV pE Kovovpyleg AVGELS e KOAVTEPO OMOTEAECUOTO OO TNV TPOTYOOUEVN

YEVL.

EvaAloktikd Bo pmopovoe o akyopiBuog va tepuatioet péypt va Bpedel pia Avon démov
7o fitness g Aong va givar ion pe éva apBud o (=optimal), opmg avtd propei va pog
odnyovoe og infinite loop, kabdc Oo uTopoHoe va TpEYEL Yo TAVTO KOL VO UV UTOPECEL

0 aAyopOuog va Bpet Ty Abon mov emtBupovpE.

Hoapddcrypa: Oswpodie éva cHvoro amd Tpaypotikd dedopéva tov mhpdnkov amd pio
owia otig HITA, kot a@opodv v KatavaAmon evEPYELNS amd SLAPOPES GLGKELEG LECOL
omv owia. Eniong Bewpodpe éva chvoro amd d€00UEVO TOV APOPOVV TNV TOPAYMOYN
evépyelog mov £ywve and to oTORoATdikd choTUa TOL 1010V omitoy. Akoun, éva
GUVOAO aTtd SEQOUEVA TTOV ALPOPOVV TV GUVOAIKT] KATAVAAW®GT EVEPYELNG TOV YIVETOL GTO
evepyeokd olktvo ¢ moAtteiog mov Ppioketon to omitt. EmmAéov éva cbvoro amd
KOVOVEG TTOV £0MGE O O10KTNTNG NG OtKiog, Yo To Tote OEAEL Vo Ae1TOVPYOLV KATOLES
amd TS ovokevég ot1o omitt. O ypnotng Ba Pdier oe Asrtovpyion Tov oAyopOuo
emAéyovtag tnv €kdoorn Tov oAyopiBpov v omoila BéAer Kor o aAiyopiBupoc Oa
dnpovpynost pior xpovodpopordYNoN NG KOTAVOAMGNG T®V GULOKELMV, OTOL 1
EL0OYOLEVN EVEPYELNG OO TO EVEPYELOKO OIKTLO KO TOPAAANAL Ol EKTOUTEG d10&E1di0n
tov GvOpaxa Oa elayiotoromBovy. Av o ypfotng emAécel Ty €kd0om Tov aAyop1OoL
OOV AOUPAVETOL VTTOYIV KOl 1) AVEST] TOL XPNOTN, TOTE TO ATOTEAECLLATO TOV OAYOPIOOV

B &yovv Kot apkeTA YNAA 10 eminedo dveong Tov YPNoT.
270 TOPOKAT® GYNIA POiveETOL 0 YELOOKMIKAG TOL akyopiBuov GreenCap. Avdloya e
Vv €kdoor mov eMAEYEL 0 XpNoTNG (LETAPANTN V) ekteAeiton 1| KATAAANAT GuVApTNON

a&loldynong.
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Algorithm 1 GreenCap: generates an energy-efficient plan

Input: ECT: Energy Consumption Table; £ PT" Energy Production Table; GDT": Grid
Demand Table; RT': Rule Table; g,,q.;: max generation; p: population size; ev: Evaluation
Function

Output: An energy plan solution ECT*

1: GreenCap(ECT, p, gmaz, €V) > GreenCap Routine
2:  depa <+ findDailyConsumption(ECT) > dcpa: daily consumption per appliance
3:  pop + population(ECT,p) > pop: init p random solutions
4:  calculateFitness() &> calculate fitness for each chromosome in population
5:  While g < gmazx do > g: current generation
6 t=0
7 While 7 < p do > 4: current iteration
8 (01, O2) + selection|() > O, Os: random selected from pop
9: crossover (01, Os) B> crossover at a random point with 90% chance
10: mutation(Oq, Oz) > mutation at a random point with 1% chance
11: fizConsumption(Oy, Oa, depa) > fix consumption of offsprings
12: (Fl, Fg) — evaluate(Ol, OQ, EPT, 6'0) b Fl, FQ: fitness of O], 02
13: O3 + fittest(Fy, F>) > Oj3: fittest offspring between Oy, O,
14: peak Hour Reallocation(Oz, GDT) > peak to non-peak reallocation
15: F3 + evaluate(Os, EPT, ev) > Fy: fitness of O
16: O « fittest(Fy, Fy, F3) > O: fittest offspring between Oy, Oy, O
17: populate(O) > populate fittest offspring to least fit in pop
18: i+ + > increase iterations
19: EndWhile
20: g+ > increase generations
21:  EndWhile
22:
23: ECT* «+ fittest(pop); > ECT™: fittest chromosome in population

24: return (ECT™)

2ymua 4.5 Alyopruog GreenCap

4.4  Egappoyn (Demo)

Yta mhaiola e Atopikng Aumdopatiking Epyaciog pov, vAorombnke kot évo demo
OOV 0 YPNOTNG UITOPEL VO ONUOVPYNGEL AOYOPLACUO GTO GUGTNLLOL, VO EIGAYEL TIG
GLOKEVEG TTOV €XEL GTNV O1Ki0L TOV KOl VO SNULOVPYNGEL KATO10VE KOVOVEG AELTOLPYioG

OTMOC OpioTNKAY TPOTYOVUEVAG,.

O oryop1Buoc Ba dafdoet amd v Pdon dedopévmv 6mov Ba LAY TOVY 01 KOVOVESG Kot

01 GLOKELEG KOt ovaA0Ya Ba Tov dnpovpYNoEL Eva Tpdypappo Tov Bo Aettovpyovv ot

41



GLOKEVEC, £TGL MOTE VO EYEL OCMV TO dSVVATMOV AYOTEPT EIGOYWOYT EVEPYELOG KoL

TapdAAnia ekrounég pumwv CO2, KpaT®dVTAG TNV AVESN TOL YPNOTN GE YNAA EMIMED L.

"o v avémtvén tov demo (Graphical User Interface) ypnowonomdnke to Laravel
PHP framework, akolovOdvtag v apyitektovikny Model-View-Controller, kxafd¢
emiong ko JavaScript kot HTML. T v ektéheon tov kddka tov demo
ypnowonomOnke o NGINX web-server. Eniong n Bdon n onoia ypnoomomnke eivat
MariaDB.

[Mopokdtom akolovbovv Kamoo oyfuate 6oL eaivetat To demo to omoio avortvuydnke

Yo TV EVKOADTEPT O1AOPAGT] TOL YPNOTN LLE TOV aAYOp1OLLO.

GreenCap

"Green Energy Management"

o [

2ynuo 4.6 Apyikn oclioo demo

Register

Name
E-Mail Address
Password

Confirm Password

2o 4.7 Xedida eyypopns
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Login

E-Mail Address |

Password

] Remember Ma

m Forgot Your Password?

2ynua 4.8 Xelido 166000

Qﬁ Applances configuration.

Appliances Table

_ ooz

i

2ynua 4.9 Xelido mpofoins ovokevwv

¢¢ Create Appliance

Deseription/Name

OpenHAB Local

OpenHAB Gloud

2xnuo. 4.10 Zedido dnuiovpyio cvorevns
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aﬁ [ro—
Croato meta-rule

Meta-Rules Table

_ R

Mota-Rules t Lighae M Eat
Appliances —~
» Edt
OpenHAB Local
“
Eot
OpenHAB Cloud
4 Edt
Results
ice L » -
Logout

E
jooooooooag
¥

2ymua 4.11 Xelioa mpofolng kavovwy aveons

ﬁ‘n‘ Create meta-rule
o

_ b

Ploass salect appliance

Mota Ruies
Value
opances Pleass select 2 vakuo
OpenHAB Local Date & Time
Date: Tieme:
‘OpenHAB Cloud
ddimaniyyyy B - ®
- =]
Logaut

2ynuo. 4.12 XeAido dnuiovpyiog Kavovwy aveans

Wo have impremancad $ unctcns and fo each furction we @xpoe some Mmatcs, Such as the ial
consumpton prodkcton 02 emsons and
on tha meta-rdes we gavo

_ Sonsl 00 SOu P 9 e Sur o Byvee

Meta Puon Random: We random reatca or naday your
Brute-Force: We used FS 10 reatocas fe consumpsons for each sopkance 1 & dey, s each day of e

Applinces o 101 e cptmum
GreenCap: We used g s e s cre heusstc 1

L x the consumpLon 1 Meet the ONgINal. and ancther 0ne heunstic 10 realocate the from peat 10 nON-peak

PowsiUsng WY energy contmion data) he coneumptons

OpankAB Cioud
GreenCapComiort: Samo 23 o GreenCa. bt i Genetc AQorahm féness Rinchon canasders e e
combon 100, Fitness i i equal 1 he mporied exargy(TS%) and the comlon ercr(25%)

Rosuts

Logout

Worldwide CO2 Emissions (kg CO2)
A o
s g OO e

(kW) it a house

N .

2ynuo. 4.13 Xelido mopovaioons amoteleoudtwv 1
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Worldwide CO2 Emissions (kg CO2)

In the chart below you can see the CO2 emissions (kgCO2) which are equal to the energy (kWh) that a house
has to import from the grid multiplied by the kgCO2/kWh factor for each country

58.564 T 3.689.559

2ynua 4.14 Xelida wapovaioons omoteleouarwy 2

Imported Energy (%)

In the chart below you can see the percentage of the energy that a house must import from the grid. We
suppose that the standard is the maximum imported energy and based on standard we calculate the
percentage for each function we use

Standard rutgForce
0 1
100

2ynuo. 4.15 2elido mopovoiaons amoteleoudtwy 3

Execution Time (seconds),

In the chart below you can see the execution time in seconds for each function we implemended

330, N Execution Time
(sec)

300

250

200

Standard BruteForce GreenCapComfort
Random GreenCap

2ynua 4.16 Zelida wapovaioons omoteieouatwy 4
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Self-Consumption (%),

In the chart below you can see the percentage of the energy that has been self condumed in the house for
«each function

70 I Self-

Consumption
60 (%)

50

40

30
20

10

0

Standard BruteForce GreenCapComfort

Random GreenCap

2ynua 4.17 Zedida wapovaioons omoteieouatwy 5

Comfort (%)

In the chart below you can see the percentage of the meta-rules that each function meets

100 B Comiort (%)
80
60

40

20

Standard BruteForce GreenGapGomfort
Random GreenCap

2ynua 4.18 XZelida wapovaioons amotedeouatwy 6

GreenCapComfort Results
Optimal Function - Results
Description Value
Function: GreenCapComfort
Consumption (kWh): 9284.394 kWh
Production (kWh): 8115.063 kWh
Imported Energy (kWh): 4504.9565 kWh
Exported Energy (kWh): 3335.6323 kWh
Self-consumption (kWh): 4779.4307 KWh
Comfort (%): 90.0 %

2ynua 4.19 Zelida wapovaioons omoteieoudtwy 7
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5.1 Iewpapoatik MegBoooroyia

Xe autnv to VIokePdAao Bo avapepBovV TEPIOCOHTEPEG AENTOUEPELEG GYETIKA e TNV
pebodoroyia n omoia axolovONnONKe Yoo TV oyediaon Kot avamtuén twv adyopifuwv ot
omoiot vAomomOnkayv. Oa avoaeepbel 1 TAATEOPULO GTNV Omoila £ytvay Ot dOKIUES, TO
dedopéva, ol PETPIKES Kot Ol aAydplOpol Tov ¥pNoIHOTOONKaY KOTA TIG SOKIUES TIG

0TOlEC KAVOLLLE.

5.1.1 IMiot@oéppo

H oa&oAdynon mpayuatomombnke oto kévipo dedopévwov DMSL laboratory to omoio
elvar éva 101 TIKd kEVTpo dedopévav. O VITOAOYIGTIKOC Hag KOUPOS ExEl WG AEITOLPYIKO
ovotmuo to Ubuntu 18.04 server image, éxet 8GB RAM ka1 dvo vontég CPU tov
2.40GHz. H ewova ypnoonotei tomkd 10K RPM RAID-5 LSILogic SCSI dickovg,
popeomomuévor ue VMFS 6 (1MB block size).

5.1.2 Asgdopéva

"Exovpe vioBemoet pia mepapatikn pebodoroyia mov PBacileton og tyvn amd mpoaypotikd
GUVOLN BEOUEVMV TOL OO0l TPOPOOOTOVVTOL GTOV TPOCOUOIMTY LG O 0TT010G ekTEAElTOAL
oTNV TAATEOPUO HOGC. AVTO HOG EMITPETEL VA EKTEAOVUE EMOVOAAUPavOLEVa, HE TNV
EVYEPELD VO UWTOPOVUE ATADS V. AAAACOVUE TIG TAPAUETPOVS TIG OTOlEG £xove BEGEL
AvoAuTikoTepa, ypnoyoromOnkay 3 SopopeTikd OVOLD dEGOUEVMOV OTtO TPOLYLATIKES
petpnoelg ot onoieg £ywvav. To TpdTO cHVOLO dedopéEvmV etvat LeTpNoELS 01 omoieg Eyvay
og pia owkio, OTOL LETPNOMNKAY Ol KATOVAADGELS EVEPYELNS OL OTOTES £YIVOV ATt SLAPOPES
OIKL0KEG GVOKEVES, OTWS POVPVO, TAVVTIPLO KTA. Ot petprioelg £yvav and to Laboratory
for Advance System Software (LASS) 1o omoio Bpioketar kdtw amd to University of
Massachusetts Amherst. Ot petproeig tapbnkov ota mAaicie tov Smart*: Optimizing
Energy Consumption in Smart Homes project to omnoio giye ®g 610)0 Vo feATIoTOTOMGEL
™V Katovaloon evépyelog oto omitt. [To cvykekpyéva mapdnkav petpnoelg yio my
KOTOVAAWON EVEPYELNG OO SLAPOPES EEVTTVEC CLOKELEG GE O1POPO OTITIOL, KOLPIKEG
cuvOnkeg ota onueia 6mov Ppickovtor ta omitio KaODS Kot HETPNOELS amd ddpopa
Q®TOPOATOIKG GLGTHLOTO KO TNV TOpoy®yn NAakng evépyetog and avtd [50]. Eriong

YPNOOTOMONKE aKOUA VO GUVOAD OE00UEVOV TO 0moio hpnke amd TV dlayeipion
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evepyelokav TAnpoeopldv Tov Hvopévov IMolteumv g Apepikng, 10 omoio €xel Tig
HETPNOELS OO TNV CLVOAIKY] POT| EVEPYELOG 1] OTLOI0L LETAPEPETOL GTO EVEPYELNKO SIKTVLO
Yl TNV KGAvYN TV evepyElNK®VY ovaykdv Tov Hvouévov TToArteidv g Apepikng, to

0moio ypnooToOnKe yio TV 0pecT TOV OPOV ayung [51].

Yvvoio oedopévarv Katavaimong Evépyelag og owkia

To obvoro TV dedouévav eivar peyéBovc 408MB ko omoteleiton oamd 527.040
petpnoels (ypopupés dedopévov) ava Aentd amd tv 01/01/2016 00:00 péypr Tig
31/12/2016 23:59. To chvoro anoteieitan amd 20 GTHAESG, OTOL 1) TPDOT EIVOL 1] DPO Kot
nuepounvia Kot ot vréAoureg 19 GTNAES AMOTEAOVV UETPNOELS KOTAVAAWOONG EVEPYELNG

and 19 drapopeTikéc oklakeS cvokevég oe KWh.

Ta dedopéva kataypapnkay omd didpopovg petpntég péoa o 1 owia. ‘Eywve kdmota
npoeneiepyacioa €tol MOTE vo  avamAnpwBovv  KATOlES YOUEVEG UETPNOCELS, V.
GLVOLAGTOVV TA GUVOAN TMV OedOUEVOV GE €V GUVOAO, KOl VO apalpefovy Kdmoteg
ayPElOOTEG LETPNOELS £TCL MOTE VAL EYOVUE EVOL OAOKANPOUEVO GOVOLD amtd dedopéva.

Ytov [Mivaka 5.1 @aivetat Eva mapddetypa amd to Sedopéva TNG KATAVAA®ONG EVEPYELQG,.

Date & Time Appliance 1 (kW) | Appliance 2 (kW)
01/01/2016 0:00
01/01/2016 0:01
01/01/2016 0:02
01/01/2016 0:03
01/01/2016 0:04
01/01/2016 0:05 0.001456
01/01/2016 0:06
01/01/2016 0:07
01/01/2016 0:08
01/01/2016 0:09
01/01/2016 0:10 1.67E-05
01/01/2016 0:11 0.001482 0
01/01/2016 0:12 0 0
01/01/2016 0:13 0 0

ITivaxag 5.1 Hopdaderyuo de00UEVOV KATOVOAWDTNH EVEPYEIOS OV, AETTTO

o oo |o|o

OO0 |I0O|O|O |O

O OO0 |O
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Yvvoio ogdopévav Hapaymyng Evépyerag amd ®mtoPforraiké Xvotnpa

To 6OVOAO dedOUEV®VY TO 0010 YPNGILOTOONKE Yo TV TAPUY®YY| EVEPYELNG OO £Vl
@oToPoArtaikd cvotnua €xel uéyebog 3.5 MB kar amoteAeiton amd 65741 perpnoelg
(Ypoppég dedopévav) ava dpa amd v 30/12/2010 05:00 puéypr i 30/16/2017 16:00. To
GUVOAO OEOOUEVOV ATOTEAEITOL OO 2 GTAAEG, OTTOV 1| TPATN EIVaL 1) PO KO UEPOUN ViDL
Kot 1 0g0TEPN OTHAN M Tapaywyn evépyelog 1 omoio £ywve oe KWh. To mopov
eotoPoitaikd cvotnua sivar peyébovg 5.5 KWh, dniadn n péyotn mopaywyn mov

umopel vo kavet ava dpa givar 5.5 KWh.

Kot 6 avtd to chvoro dedopévmv €ytve KAmola mpoenesepyasio Yo TNV opoipeES TV
aypelacTOV YPOUL®V ded0UEVAOV, ONANOT Vo LEtvOuY HOVO 01 YPapUpES OEOOUEVOV TOV

aopotv TV ypovid 2016, £Tc1 ®oTE va Taptdlovy LE TO TPONYOVUEVO SEQOUEVOL.

Date & Time Solar energy generated (kWh)
01/01/2016 0:00
01/01/2016 1:00
01/01/2016 2:00
01/01/2016 3:00
01/01/2016 4:00
01/01/2016 5:00
01/01/2016 6:00
01/01/2016 7:00
01/01/2016 8:00
01/01/2016 9:00 0.11970806

01/01/2016 10:00 0.320995
01/01/2016 11:00 0.52346389
01/01/2016 12:00 2.27059667
01/01/2016 13:00 3.68024111
01/01/2016 14:00 3.42192694
ITivaxog 5.2 Tlopdoeryuo, 0edoueEvmwy Topaywyns EVEPYELOS AVE WPQ.

OO0 |0 |0 |O

Yvoio dedopévav amd Xvvolmkn Pon Evépyerag otig HITA

To 6VUVOLO JESOUEVMV TO OTTO10 YPTCLUOTOONKE Y10l TNV EVPECT] TV WPADV OLYUNG OTNV
Katavaiwon evépyetlag otic HITA eivan peyéBovg 63.1 MB kot amoteleiton and 579746

UETPNOELS (YPOUUES OEOOUEV®V) OVAL PO OO O1APOPOVS OPYUVIGLOVG EVEPYELNG GE OAEG
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T1g moAteieg g Apepikng and 01/01/2016 10:00 péypt tig 31/12/2016 23:00. To cvvoro

amoteleiton amd 15 otniec.

Kot oe avtd 10 60voro odedouévav €ytve mpoemelepyosio, KOl MO GLYKEKPUULEVQ
KpotnOnke povo Evag opyoviopog evépyelag, avtog g Néag YOpkng, Kot apaipnkay
Kot opkeTéc otieg. Kpombnkav pévo 3 otiAeg, m mpodt) €ivor 10 Ovopo TOv
OPYOVIGHOV, 1 OEVTEPT) GTHAN OMOTEAEITAL OTO TNV MUEPOUN VIO KO TNV DPA, KOl GTNV

Tpitn oTNAN PpiokeTor 1 CLVOAIKY KATAVAA®GON EvEpyelog oe MW,

Balancing Authority Local Time at End of Hour Demand (mW)

NYIS 01/01/2016 1:00 15,250
NYIS 01/01/2016 2:00 14,583
NYIS 01/01/2016 3:00 14,013
NYIS 01/01/2016 4:00 13,632
NYIS 01/01/2016 5:00 13,500
NYIS 01/01/2016 6:00 13,671
NYIS 01/01/2016 7:00 14,093
NYIS 01/01/2016 8:00 14,398
NYIS 01/01/2016 9:00 14,791
NYIS 01/01/2016 10:00 15,502

Iivaxog 5.3 Iopdoeryuo, 0e0oUEV@V poNG EVEPYEIONS TTO EVEPYEIOKO OIKTDO GVA (PO,

5.1.3 Metpikég

Ou petpcég ot omoieg ypnowomombnkay yw v aSloAdyNoTn T®V OTOTEAECUATOV
amoTEAOVVTAL OO TNV GULVOAIKY KOTOVOAMON EVEPYELNS, TNV GLVOMKI TOPUYMYN
EVEPYELOG, TNV TOCOTNTO EVEPYELNG TTOVL TPEMEL va. lc0yfel amd to diktvo (imported
energy), v mocotnta evépyetag mov Oa e€aybei oto diktvo (exported energy), n evépyeia
nov Oa 1okatavormBei (self-consumption), ot ekropunéc pdmwv S10&e1diov Tov avOpaka
(CO2 emissions) omov vmohoyilovtar omd TOV TOALOTAQGIOCOUO TNG EIGUYOUEVNG
EVEPYELNG LE TOV TapdyovTa Eviaons tov pumev ava KWh (ypnoworomnke o pécog
napdyovrog évioong tov HITA, mepimov 0.449 kgCO2/kWh) xabdg ko 1 Gveon tov
ypro(comfort) 6mov gival 10 T0606TO TOV KAVOVOV AVESNC TTOL diVEL O YPNOTNG TOL

exteAovvtal. Emiong petpiétan kot o0 cuvolkog xpovog eKTELECTG.
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52 AlkyéprOpor

e avTd 10 VTOKEPAAAL0 Oa avaAvBovy OAot ot adydpiBot ot omoiot vAoTomONKaV Kot

YPNOLOTOMONKOAY Y10 TNV TEPAUATIKY] 0ELOAYNON.

5.2.1 AlkyopOpog Standard

O Standard alyopiBpog maipvetl To 3EGOUEVO KO TOL LETATPETEL OO AVO AETTO TTOL Eivat
otav oPaloviar amd 10 apyeio oe avd dpa. AKohovBme, ota dedopéva EKTEAOVVTOL O1
UETPIKEG £TO1 OT®G aVOALON KOV TPONYOLUEVMG, Kot Byaivovy KAmolo GTOTIOTIKA TAV®

G€ QTEG.

Eniong katd tv didpkea tov standard aiyopibpov, o akyopibupog Ppioker ko tnv
PEYLOTN KOTavAAmon G Kabe cuokevng n omoia Ba ypnoyomomndel apydtepa 6TOVG

VOAOTOVG Al yOPLOLOLG.

Algorithm 1 Standard
Input: ECT': Energy Consumption per Minute Table;
Output: ECT™*: Energy Consumption per Hour Table

1: Standard(ECT) > Standard Routine
2:  For hour in ECT do > hour: subtable with 60 rows (minutes)
3 applCons + sum(hour) > applCons: appliances consumption per hour
4 ECT* + applCons > add new consumption
5: EndFor
6.
7:

return (ECT*)

2ynuo. 5.1 Yevdorkmdikag olyopiBuov Standard

5.2.2 AlyéprOpoc Random

O Random alyopiBuog, sivar adydpiBuoc Bertiotonoinone. o cvykekpiuévo Exel g
otdY0 TV pelmoN NG E10AYOYNG EVEPYELNG OO TO O1KTVLO. XTOV aAyoplfpo diveTon mg

€16000¢ 0 ap1BlOg TV enavaAYemV TV omoimv Ba ektelécel 0 aAyOp1OLoG.

AvoAuTikoTepa 0 alyOplOpog Tpéxet ava péEpa ota dedopéva kot PeToTomilel Tuyaia Tig

KOTOVOADGELS TOV GLUOKELMOV HEGO otV pEpa. ‘Exet v dvvatdtnta va otolPalet tig
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KOTAVOADGELS PEXPL TO onpeio 6oL givar 1 HEYIOTN KOTAVAA®OOT TG GLOKELNG OTWG
VTOAOYIOTNKE TPONYOVUEVMG. AV TO AOTEAEGLO TNG TUYOIOG LETATOTIONG £XEL A1yOTEPT
gloaywyn evépyelog tote amobnkevetal, aAMdg moapafiénete. O adyopOpog o Tpéet

00eg popég IntnBeil amd Tov ypno avaroya pe Tov apBud mov divel oty €icodo.

Algorithm 1 Random
Input: ECT': Energy Consumption Table; n: random iterations
Output: ECT™: New Energy Consumption Table

1: Random(ECT, n) > Random Routine
2:  Fordayin ECT do > day: sub-table with 24 rows (hours)
3 i=0
4 While i < n do
5: For hour in day do > hour: one row of day
6 For appl in hour do > appl: appliance consumption in current hour
7 new < randReallocate(appl) > random reallocate appl
8 EndFor
9 EndFor
10: day < minImp(new, day) > compare and keep result with less imported energy
11: 1+ +
12: EndWhile
13: ECT* + day > save result
14:  EndFor
15:

16: return (ECT™)

2ynuo. 5.2 Yevdorkawdikog alyopiBuov Random

5.2.3 Akyopr@pog Brute Force

O Brute Force aAyopiBuog €xer g otdyo Vv gupeon ¢ PEATIOTNG ADoNG, dNAadn TV
Abom pe TV pIKpOTEPT E100YMYN EVEPYEWG OO TO OIKTLO Kot Apa TopPdAANA Tig
Mydtepeg exmopunés pomov dtoéediov tov dvBpaka. ITo cuykekpipéva exterel pio katd
Babog avalnmon (Depth-First Search) yio va Bpet v kaAbtepn ypovodpopoidynon yia
TNV KATOVOA®DGT TOV CLGKEVAV, HE GELACUO GTNV LEYIOTN KOTAVAAMGT] TOV Uopel va

Kével pia cuekeL.
H avalrtnon exteleiton ava pépa, pe otdyo v €0pecn TS PEATIOTNG

YPOVOOPOUOALOYNOMNG TNG KATOVAAWDGCNG EVEPYELNG TMV GLCKELAV, TG MGTE VA VILAPEEL

0GmV T0 dLVATOV peyaOTEPT W10KATAVAA®GN. O aAyop1Bpog dev Aapfdavel KaBorov
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VIOYV TO eMIMESO GVESTNG TOL YPNOTI), GTOYOG TOL gival 1 €HPESN TNG LEYIOTNG

1010KATOVAAWDGOTG.

Algorithm 1 BruteForce
Input: £CT': Energy Consumption Table;
Output: ECT™*: Optimal Energy Consumption Table

1: BruteForce(ECT) > Brute Force Routine
22 s=NULL > Stack used for DFS
3:  Fordayin ECT do > day: sub-table with 24 rows (hours)
4 For hour in day do > hour: one row of day
5: For appl in hour do > appl: appliance consumption in current hour
6 new < reallocate(appl) > reallocate appl
7 If new < s.peek() Then > check imported energy of new and peek of stack
8 s.push(new) > save new in s
9: Endif

10: EndFor

11: EndFor

12: ECT* < s.peek() > save result

13:  EndFor

14:
15: return (ECT™)

2mua 5.3 Yevookwokog alyopiBuov Brute Force

524 AkyéprOpog GreenCap

O oAdyopiBuog GreenCap £xet o¢ Paomn tov yevetkd aAdyopdpo. Avarvtikdtepa
EKTEAOVVTOL KOVOVIKA Ol O 01kacieg mov €xel £vog YEVETIKOG aAyoplOpog, OomAadn
initialize population, calculate fitness, selection, crossover, mutation, épwg extehodvrat
akopa 000 EVPETIKEG GLVOPTNGELS TIG 0moieg VAomomoape. H mpdtn cuvaptnon £xet og
6TOYO VO ETOVOPEPEL TNV CLUVOALKY| KOTAVAA®OT kel OV MTOV 6T apyKd dedouéva,
AOY® VYOV avEopeimong mov pmopet va vtdpéet and Tig Tponyovueveg cuvaptoels. H
OgVTEPT CLVAPTNOT EXEL MG GTOYO TNV EVOAAAYY] TOV KATOVOADGE®V OO TIG TPELS DPES
QLYUNG OTIG TPEIS UM MPEG oyung, €tol Ommg vroioyilovior avd pépa 6To GHVOAO
O00OUEVMV TNG CLVOAIKNG PONG OTO EVEPYELOKO OIKTLO TOV YPNOLUOTOCOUE. AV N

eVOAAOYT EYEL MYOTEPT E1ICAYWOYT EVEPYELNG, TOTE aoONKEVETU OAADG TAPUPAETETE.
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Q¢ fitness function yuwo tov yevetikd adydpiBpo BEcape TV GUVOAIKN ELIGAYMYN EVEPYELOG
7oV Yivetar Kot 0 aAyoplOpog £xel G oTOYO TNV Uelmon TG, KATL Tov Oa LELDGEL KoL TNV

EKTTOUTY) PUTTOV SL0EESTIOL TOV AvOpOaKaL.

525 AlyépOpoc GreenCapComfort

O aAyopiBuoc GreenCapComfort eivon pion Tapariioyn tov adydpiBpov GreenCap. Ot
dladkacieg kot Tmv 600 aAyopOuw®V glval ot id1ec pe TNV Povn dtapopd va givorl 6T 6ToV
aAyopiBpo GreenCapComfort Aappdvovior vwdyv Kot ot TPOTIUAGELS TOV ¥PHOTY, £T61
omwg duPdlovror péoa amd Toug kavdveg mov divet o id10¢ o ypnotng. Kabe kavdvag o
omolog exteAeitar £xel undevikd KkOGTOG GOAAUATOG, OMMOG KAOE KavOvog mov Oev
extedeitan ypedvetal Eva KO6Tog 6AANATOS (VTOAOYIleTOL AVAAOYO LLE TO GUVOAO TMV

KOvOvov).

Qc fitness function tov aAyopiBuov ypnoyomolovvton Kdmwoo Bapmn yio vo, avaderydei n
ONUAVTIKOTNTO TNG EI0AYOUEVNG EVEPYELOG KOl TOV KOGTOVG GOUAULOTOS Gveong. TTo
GLYKEKPLUEVA 1 €l00yOUEV evépyeln AapPavetor vy kotd 75% kol to KOGTOG

cQaAL0TOG veong Tov ypnot katd 25%.

5.3 A&wiéynon Améooong

e avTo T0 VIToKEPAALo Ba aEtorloynBel 1 amddoom Tov KAOE ahydp1Bov EeymproTd Kot
akoAovOms Tov Tpotevopevou GreenCap framework évavtt t@v vedlowmmv akyopibpov

YPNOOTOUDVTAS Ta {3100 GHVOAL dESOUEVOV.

53.1 Amoteréopnata alyopOpov Standard

O alyopOuog standard amotedel pio oA peTaTpomn TV 6ES0UEVOV OTd PLETPNOELS OVEL
Aemtd o€ avd Opo. Metd TV PETOTPOTN £YIVOV KATOIEG LETPTOELS YPNCULOTOIDVTIOG TIG
UETPIKEG TOL  OVOQEPONKOV TPONYOLUEVMS KOl TO OMOTEAEGHOTO (POIVOVTIOL OTO

TOPOKATO CYNUATO.
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210 Zyquo 5.4 O6mov eivol T TPAYHOTIKG OEOOUEVO. €VOG OMITION, PAETOLUE TNV
1O10KOTOVAAWDOT NAEKTPIKNG EVEPYELONG 1) OTOiaL YIVETOL OO TIG GUOKEVES TIG OKIOG avEL
unva. Iopatnpovue 6Tl T0 TOGOGTO 1OOKATUVAAMONG EIVOL APKETA YOUUNAO POV Yo,
pnveg onwg o I'evapng elvar 10%, evd oe kavéva punva tov ypodvVOL TO TOGOGTO
wokatavaioong dev vrepPaivel to 33% £vavtt TG KATOVAA®MONG EVEPYELNG GTOV KAOE
uqva. H ovvoAikn 1dtokatavaimon m omoio yivetar eivar mepimov 20-21% vy v

dlapKela TOV £TOVG,.
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2ynua 5.4 Iowkataviiwon alyopiBuov Standard

210 ZyMua 5.5 mapatnpovpe TV G0 YOUEVT] Ko TNV EAYOLEVT EVEPYELD TTOV YiVETOL
GTNV 01Kl G€ GYECN LE TNV KATOVAA®DGT KOl TNV Topoymyn evépyetag.. [lapatnpovpe 6Tt
TO TOCOGTO TNG EVEPYEWNS TO OO0 EGAYETOL OO TO JIKTLO, LLE GKOTO TV KAALYT TNG
avaykng yo. NAEKTPIKN evépyela givarl mdpa ToAD ynAd. Avalvtikdtepa yio Tov piva
Fevapn, v v KdAvyn g avaykng g owiog Yo NAEKTPIKY] EVEPYELD TPEMEL VL
eloayBel mepimov 10 90% TG GLVOMKNG KATOVAA®GNG Yo ToV piva ovTo. [Tapdpota kot
TO TOGOGTO TNG EVEPYELOG TO OTOT0 EEAYETOL OTO EVEPYELAKO OTKTVO €lval TOAD YynAo, dpa
napopévet aypnoiponrointo. ' mopdderypa, tov uiva I'evépn 10 1060616 TOPAyOLEVNS
evépyelag to omoio e&dyOnke oto gvepyelaxod diktvo givar mepimov 77%, mov onuaivet 6Tt
t0 77% g evépyewng mov mapaydnke amd 10 QTOPOATAIKO cVvoTNUO  givot

aPMOLOTOINTO.
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A6 T0 GYNUOL QVTO UTOPOVLLE VO TOPATIPCOVIE OTL VITAPYEL APKETA LEYAAT] TPOOTTIKN
péca amd T dedOoUEVA TTOV EXOVUE, ETCL MOTE 1) EVEPYELD OV €EAYETOL GTO EVEPYELUKD
dikTvo va 1d1okaTovormBel, LeldvovTog TapdAANAL TO KOGTOG TG NAEKTPIKNG EVEPYELNG
OV €16AYETOL OO TO JIKTLO, Vo PEIWOEL TO KOGTOG TO 0TTOI0 TANPAOVETOL YioL TNV KAALYN
gvépyelog g owkiag, kot emmpocheto TV pelmon ekmoundv pHmwv 010EE10i0V TOV

avOpaxoa.
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2ynua 5.5 Ewoayduevy / Eéayouevn Evépyeio alyopifuov Standard

Ytov [livaka 5.4 paivovtatl avoALTIKE TO GUVOAIKE OTTOTEAEGLLOTO TOV LETPIKAOV TOV

APNCLOTOMONKOAV GTO GUVOAO JESOUEVMV.

MeTpucn) Amotéleopa
Imported Energy ~ 7280.88 kWh
Exported Energy ~6135.84 kWh
Self-Consumed Energy ~1979.22 kWh
Production ~ 8115.08 kWh
Consumption ~9260.13 kWh
Comfort 100 %

ITivokog 5.4 Aroteléouota alyopiBuov Standard

57



5.3.2 Amoteréopato alyopiOpov Random

O olyopiBpog Random viomombnke pe o©TOX0 TNV TLYOIO OVOKOTOVOUY TNG
KATOVAA®ONG EVEPYELNS TOV GLGKELMOV TOL PpicKovTol HEGA TNV O1Kia. XToV aAyOpOpo
dtvetal g £10000¢ £vag aKkEPaLog aptBpog 6mov dtevkpvilel otV adydpiOo TOcES POPES
Ba yiver n tuyaio avokatavoun TG KATOVOAMONG ova HEPA mov PplokeTon HEGO OTA
dedopéva. ‘Eywvav apketég dokipég pe faon tov apBud mov divetat. Onwg pmopodpe va
dovue oto Xynuo 5.6, 660 peyohdtepog eivar o apBpdc tOG0 KoAvTEPO vl TOL
AmOTEAEGUOTO TO. OTTO 0 TA{PVOLLE, SNAOT Exovpe ArydTepn eloayouevn evépyeta. Ouwmg
000 peyaldtepog etvat o aplBpodg o omoiog divetat ®g 160806 TOGO PEYAADTEPOG £ivartl Kot

0 pOVog ekTéLEONG TOL O yopiBuov €161 OT™G PaiveTol 6To Zynua 5.6 .
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2yniua 5.7 Xpovog Extéleonc alyopiBuov Random
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O AOYoc mOv Ta OMOTEAEGHOTO €lvol KOADTEPA YO TIG TPOCTADEIEG PE TO TOAAES
eMOVOAYELS, eivor 01Tt oe kdBe emavdAnyn yivetor a&loldoynon g Avong mov
emotpépel o Random olyopibpog pe Pdon v eloayopevn evépyela Kot o eivort Aydtepn

totE M Aom amobnkeveTon, aAMMS ToPaPAETETE.

Onwc ko otov adydpiBpo Standard, oto oynua 5.8 eaiveror 1 1d10KaTavIA®ON TOVL
yiveron kéOe prva, Kabdg Kot 1 HEST) Kot 1) GUVOMKT WOLOKATAVAANDGCT] Y10 EVOL TOPAOELYLLOL

ektéleong tov akyopiBpov Random pe 50 emavainyelc.

Self-Consumption
70
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g 40
% 30
o
% 20
10
0
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Month
2ynua 5.8 Iorokotavilwon alyopifuov Random
MeTpucn) Amnotéleopa
Emavolqyerlg 50
Imported Energy ~5520.91 kWh
Exported Energy ~4375.87 kWh
Self-Consumed Energy ~ 3739.20 kWh
Production ~8115.06 kWh
Consumption ~9260.13 kWh
Comfort ~ 20%

ITivoxog 5.5 Arwoteléouoara olyopiBuov Random
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Ytov ITivaxa 5.5 @aivovtol ovaAvTikd To amoTteAéGHOTA Y10 EVOL TOPAOELY O EKTEAEONS

oL alyoppov Random pe 50 emovainyelc.

5.3.3 Amoteréopata aryéprOpov Brute Force

O ary6pBprog Tov Brute Force viomombnke yio va pog dmacet éva BEATIGTO AmOTEAEG LA,
€101 OoTE va yivel 1 oOYKPIoN TV LIOAO®V odyopiBuwy pe avtdv. O adyopOpog
ypnowonotel éva mo light version tov Depth First Search yio va Bpet tv Péltiom
YPOVOSPOLOAOYNON YO TNV KOTAVOAMOT| EVEPYELNG amd TIG GLOKELES, avd pépa. ITo
GLYKEKPLLEVA EVOIALAGGEL TIC KATOVOAMDGELS EVEPYELOG TOV KAVOLV Ol GUOKEVES LEGOL OE
pio pépo puéxpt va Bpedel n PéATIoT Ypovodpopordoynon. Ymapyovv Kamolo teplfmpio
Beltioong tov aiyopiBuov, kabmg dev vAomomnke o TEPAXIGUOC TG KOTAVAA®OONG

evépyetlag and o cuokeLvy o€ 000 N TEPLIOCOTEPEG DPEG.

‘Eywvav apketéc SoKipég Tov olyopiBpon Kot To aToTEAEGOTO TO OO0 TPAE ETvat TO
akoAovba. Apyikd oto Zynua 5.9 pmopovue va doOUE TNV 1310KATOVAAMGT TOL YiveTot
avd pnvo, Kobdg Kot TNV cLVOAKY| wWiokataviilmon. [apatmpodpe ce avtiv v
ePInT®ON OTL TO TOGOGTO 1O10KATUVAAMONG 6 OAOVS TOV UNVES etvart apketd ynAod. [
mapadetypa, tov unpva lovvio n wokotavaioon sivor oxeddov 98%, kdtt iaitepa

a&loomnpeimTo.
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2ymua 5.9 Iowoxatavaiwon alyopiBuov Brute Force
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Eniong oto Zynua 5.10 mapatnpodpue 6t o€ oxéon pe 1o Zynpa 5.5 6mov mapovstaletan
TO TOCOGTO TNG EVEPYELNG OV EIGAYETAL OO TO EVEPYENKO OIKTVO GE GYEOT LE TV
KataviAmon evépyelog Tov yivetol kabmg eTiong Kol TO TOGOGTO EVEPYELNG OV eEAYETOL
070 OIKTVO GE GYEOT UE TNV TopaymYT| evépyelag and to oTofoArtaikd cvotnua, Ot
VILAPYEL OPKETA PEYOAN dlopopd o€ oyéom He To apyikd dedopéva. TTo cvykekpipéva,
v Tov pvae Mdptio, petd tov alyopilBpo Brute Force, n swooaywyn ot eoywyn
EVEPYELNG OO KO TPOG TO evePyelaKko Olktvo eivar mepimov 28%. Xta apykd pog

dedopéva Tov puva Méaptn n eilcaymyn kot eEaywyn evépyetag nrov nepinmov 81%.
Avtd pog @avepdvel mOGo mepB®PLO  vhpyel €161 ®ote vo  Pedtiobel 1
YPOVOSPOLOAOYNGT GTNV KATAVAAW®GT EVEPYELNS OO TIG GLGKEVEG GTNV OIKid, |LE GKOTO

NV pelmon g e10aymYNG EVEPYELNS OO TO EVEPYELOKD OIKTLO, PLELOVOVTAS TOPAAAN AL

Kot TV ekmoum pOmwv dto&eldiov tov dvOpaka.

Imported / Exported
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2ynua 5.10 Ewoayouevy / Eoyouevn Evépyeia alyopiGuov Brute Force

2tov ITivaxa 5.6 gaivovtol avoAvTikd To amoteAécHaTa Yo EVOL TOPASELY O EKTEAEONG

Tov aiyopiBuov Brute Force.
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MeTpun Amnotéleopa
Imported Energy ~3011.32 kWh
Exported Energy ~ 1866.29 kWh
Self-Consumed Energy ~ 6248.77 kWh
Production ~ 8115.06 kWh
Consumption ~9260.13 kWh
Comfort ~10%

[Tivoxag 5.6 AroteAéouoaro alyopiBuov Brute Force

5.3.4 Amoteréopata aryopiOpov GreenCap

O oaAyopiBpog GreenCap viomombnke pe Pdon tov yevetkd odyopiduog. Xtov
aAYOPIOLOG VITAPYOLY S1APOPOL TAPAUETPOL OL OTOT0L UTOPOVV Vo GAAGEOVY, OTTMG Yo
Tapadey e 0 aplBog TV YEVIOV, 0 TANBLGUOG ADGE®MY 0 0moiog dnpovpyeitat amd Tov
aiyopiBuo, to fitness function tov aAyopibuov, dniadr| o€ Tolo TAPAUETPO YiveTar N
aloAoynomn g kébe Adong. Oa yivelr TANPNG OVOALGN OAOV TOV TAPOUETP®V TOV

aAyopiBpov pe mopadeiypoto akolovm.

Apywd o alyopiOuog GreenCap omoteleitor ond 7 vmopovtives. Ot mpwteg S
VTOPOVTIVEG OOTEAOVV TOL TEVTE OTAdWL €VOG YEVETIKOL oAyopiBuov. H emduevn
vropovtiva givar 1 S0pBmo™ TS KATAVAAWGONG EVEPYELNG TTOV YIVETOL OO TIC GVOKEVEC,
Kot 1 teEAevTOaio. VTOPOVTIVAL Vol M AVOKATOVOUY] OO TIG MPES OLYUNG OTIG U1 DPES
ayyuns. Katd v dugpketa viAomoinong tov alyopiBpov, Eexvioape pe v vAomoinon
TOV YEVETIKOV olyoptBuov, onAadn| tov 5 vropovtivev tov initial population, selection,

crossover, mutation kot vroloyiopdg tov fitness.

O yevetikdg adyopOpog amd HOVOS TOL OEV UTOPOVGE VO oG dMoEL o, emBountd
aroteAéopata. Ovimg o YeVETIKOG aAyOplOUOG KOTAPEPVE VO LEIDGEL TNV EIGUYMYY|
evépyelng omd 1o eVEPYELNKO SIKTLO, OU®G TOPIAANAQ LE TNV HEl®OTN TG EIGUYOUEVNG
EVEPYELOG OO TO EVEPYELNKO OTKTLO ELYOLLE KOL TNV HEIDMOT) TNG GUVOAIKNG KATAVAAMONG
oV YWOTAV 6TV 01Kia, KATL TOoV £tvat avemBounto kabmg dev Ba propovoe v KaAYEL

TIC EVEPYELNKES AVAYKES TNG OKING.
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Genetic Algorithm
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e Fitness (Imported Energy) Consumption

2ynuo 5.11 Aroteléouora Ievetikov AlyopiBuov (Fitness: Imported)

210 Zynua 5.11 gaivetor To TPOTO TOPASEIYUO EKTEAEGNG TOL YEVETIKOD odyopifuov
ypnowonowwvtag ¢ fitness function v ocuvvolikn elcayduevn evépyelo amd TO
evepyelakd olktvo, émov @aivetar EekdBapo avtd mov mpoavaeépbnke. O yevetikdg
aAyOopOpoc, avti vo LETATOTIGEL TNV KATOVAAMGN EVEPYELNS GTIG MPEG OMOL LILAPYEL
Katavaiwon onwg ¢aivetal otov Ilivaxka 5.7, avtd mov kavel givol vo HEUOOEL TNV
GUVOAIKT] KOTAVAAMOT €VEPYELDG TOL YiveTO, Kol aUTO TOV TPOTO UEIDVETE KO 1
E100YMYN EVEPYELOG IOV YiveTan amd To evepyelokd diktvo. Xtov [Tivaka 5.7 paiveton mpv
Kol petd v cvvdptnon crossover. daivetor 6tL 1 GLVAPTNOTM CrOSSOVEr LEIDOVEL TNV

€100 YOUEVN EVEPYELDL OAAG UEIDVEL TOVTOYPOVO KOL TNV GLVOAIKY KOTOVOA®GCN NG

GLOKEVTG.
Offspring 1 Before Offspring 2 Before
Hour | Consumption | Production | Hour | Consumption | Production
0:00 |0 0| 0:00 3 0
4:.00 |2 0] 4:00 4 0
8:00 |4 1| 8:00 0 1
12:00 |1 5] 12:00 1 5
16:00 | O 3 | 16:00 2 3
20:00 | 3 0 | 20:00 0 0
Offspring 1 After Offspring 2 After
Hour | Consumption | Production | Hour | Consumption | Production
0:00 |3 0| 0:00 0 0
4:00 |4 0| 4:.00 2 0
800 |4 1| 8:00 0 1
12:00 | 1 5| 12:00 1 5
16:00 | 0 3| 16:00 2 3
20:00 |3 0 | 20:00 0 0

[Tivaxag 5.7 Iprv kou uere o Crossover

63



Genetic Algorithm
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e Fitness (Exported Energy) == |mported Energy e CONsSUMption

2ynuo. 5.12 Amoteléouazo I'evetikod AlyopiBuov (Fitness: Exported)

10 mopadetypa ektédeong oto Zynpa 5.12 ypnoworombnke wg fitness function n
e€ayouevn evépyela. e auT TV TEPITTMOOT TOPATNPOVUE OTL 1) KOTAVAAWDGCT EVEPYELNG
ALEAVETOL 0OV Y10 TV LELMOT TNG EEAYMYNG EVEPYELAG, O YEVETIKOC AAYOPIOOC avEdveEL
TNV EVEPYELDL TTOV KOTOVOADVETOL GTIG MPEG OOV VITAPYEL TOPAY®YN. Opmg mopatnpodue
emiong OtL 1 €100yOUEV EVEPYELD OEV LELDVETAL, OvVTIOETOG PéveL ota (ol emineda, Tov
avtd dev elvar emBountd KoOMG SV PEIMVOVTOL Ol EKTOUTEG pOTTOV O10EE1810V TOL

avOpaka mov Eyovpe BEcel mg 6TOYO.

Genetic Algorithm
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e Fitness (50% Imported + 50% Exported) === Exported Energy

== |Mported Energy Consumption

2ynuo 5.13 Amoteléouara Ievetikod AlyopiBuov (Fitness: 50% Exported + 50%
Imported)
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Y10 mopadetypa ektéleonc oto Zynua 5.13 ypnoworomdnke wg fitness function ot m
ewoayopevn(50%) kor n eoyouevn(50%) evépyewa. Kor oe avtiv v mepintoon
TOPATNPOVUE OTL EMITLYYAVOVUE TNV HEI®OT NG EI0AYOYNG EVEPYELNS, OTMOC KOl GTO
mopdadetypa oto Zynua 5.11 ouwg éxovue mopdAAnio Kol pEI®ON NG KOTAVAAMONG
EVEPYELOG KATL TOL OeV elval EMBLUNTO. Xe ALTIHV TNV TEPITTOOT OPMOS o€ avTifeon pe To

Zyua 5.12 n peimon g CLVOAMKNG KOTOVAA®OONG EVEPYELNS OgV elval TOGO PEYHAN.

2tov [livaxa 5.7 @aivovtol avoAvTIKE To AmOTEAECUATO Y10 EVO TAPASELY L0 EKTEAECTG

tov [evetikod AhydpiOpov.

MeTpukiy Amnotéleopa

Fitness Function 50% Imported + 50% Exported
Population Size 50

Generations 50

Imported Energy ~ 4448.39 kWh

Exported Energy ~5322.16 kWh
Self-Consumed Energy ~2792.90 kWh

Production ~8115.06 kWh

Consumption ~7241.33 kWh

Comfort ~ 40%

ITivaxog 5.8 Anoteléouara I'evetikod ALyopiBuov

Metd and to mponyovpeva mopadelypote copmepaivape 0Tt LOVOS TOV O YEVETIKOG
aAyOpOLOG OV pmopel va AVGEL TO TPOPANLLA TNS YPOVOIPOLOAGYNONG TOV CUCKEVMV LLE
oT1OY0 TV Helwon NG E0YOUEVNS EVEPYELDG. AKOAOVOMG VAOTOMGALE TNV EVPETIKN

GUVAPTNON Y10 OVOKOTAVOUT OTTO TIC MPES OYUNG OTIG LN OPES OLYUNG.

H evpetikn ovuvapmnon g avoKoTovoung TS KATavAA®oNG EVEPYELNS amd TIG DPES
U OTIS Un Opec oyuns, ogv Ponbd oe moAL peydho Pabud v peiowon g
gloayopevng evépyelag oto omitt. O Adyog mov vAomomOnKe 1 cuvApPTNOT aVTY Eivor Yo
v ekpet@lievon tov Demand Response, dniadn thv petatdmion g KATavVAA®ONS
EVEPYELOG OO TIG MPES ALYUNG OOV TO KOGTOG TNG NAEKTPIKNG EVEPYELNG TTOV E1GAYETOL

Ao TO EVEPYELOKO JIKTVLO givol VYNAOTEPO GE CUYKPLON LE TIG U1 MPESG yUNS OOV TO
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KOGTOG TNG EICAYOUEVNG EVEPYELNG OO TO EVEPYELOKO OIKTLO €lval APKETA YOUNAOTEPO.
AVOADTIKOTEPO LLETA TNV DAOTTOINGT TNG EVPETIKNG GLVAPTNONG OVOKOATAVOUNG EVEPYELOG

Ao TIC MPEG ALYUNG OTIS LU DPES AyUNG £XOVLE Ta AKOAOLOA OTOTEAEGLOTAL.

210 Zynpo 5.14 6mwg Kot TPOoNYOLUEVAOS OTO TTAPASELYIO EKTEAEGNG TOV YEVETIKOV
aAyopiBuov (ypnowomowwvrag wg fitness function to imported energy — Xynua 5.11)

TOPOTNPOVUE OTL 1] GUVOAIKT KOTAVAAMOT HEIOVETAL, KATL TOV €lval avemBdunrto.

GA + Reallocation from Peak Hours
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2ynua 5.14 Arotedéouaro Ievetikod AlyopiBuov + Avararavoun (Fitness: Imported)

GA vs GA+Reallocation
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e |mported GA+Reallocation e Consumption GA+Reallocation

e [MpoOrted GA Consumption GA

2ynuo. 5.15 Xoyrpion Xpnong kor un Xpnong Avaxozavouns arov I evetixo AAyopibuo
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210 Zynpa 5.15, mopatnpodpe OTL TO ATMOTEAEGUATO TOV YEVETIKOD HE TNV XPNON NG
EVPETIKNG GLVAPTNONG AVAKOTAVOUNG OO TIG MPEG OLYUNG OTIS U1 OPES OLYUNG Kol Y®Pig
™V ¥pNomn g etvar ToAw mapopota. Opmg vdpyet pio 0vo1HONG O10POPA AVAIESH TOVG,
KoL VTN €IVOIL TO GLVOALKO KOGTOC TNG EVEPYELNG TTOV EICAYETOL OTO TO EVEPYELNKO OTKTVO.
To GUVOAIKO KOOTOG TNG EVEPYEWLG TOV EIGAYETOL OO TO EVEPYEWNKO OIKTLO OTNV
TEPIMTOON OV YIVETOL YPT|OT TNG GLVAPTNONG AVOKATAVOUNG OO TIG MPES OLYUNG OTIG
un dpeg ayung sivar pikpotepo, eneldn ekpetariievetol o Demand Response, dniadn

OTL OTIC U1 OPES OLYUNG M EvEPYELD elvar ONVOTEPN.

Ta avolvtikd amoteAéopata Tov YEVETIKOU odyopifuov pe tnv xpnomn g EVPETIKNG

cuvapTnoNg avaxkatavoung eatvovtor otov Iivaxa 5.8 .

MeTpucn) Amotéleopa
Reallocation Yes

Fitness Function Imported
Population Size 50

Generations 50

Imported Energy ~ 4658.31 kWh
Exported Energy ~4903.12 kWh
Self-Consumed Energy ~3211.94 kWh
Production ~8115.06 kWh
Consumption ~ 7870.26 kWh
Comfort ~ 20%

ITivaxag 5.9 AroteAéouata I'evetikod AAyopiBuov + Avaxatavour (Fitness: Imported)

Metd and mapa moArég mpoomdBeleg M omoleg £yvav, He GTOXO VO UMV UEIOVETOL T
GUVOAIKT] KOTOVAAW®GCT EVEPYELNG, ATOPAGICTNKE 1] VAOTOINGOT HOG EMTALOV EVPETIKNG
GLVAPTNONG, OTOV Bal £XEL OC GTOYO TNV EMOVAPOPA TNG KATAVIAMONG EVEPYELNS GTA
enmimeda Tpv va yivel omotodnmote dadikocio Tave ota dedopéva, dniadr| ota enimeda
o6mov N Katavalmon evépyelac Ppioketol petd v ektédecn tov adyopibuov Standard.
[Ma va yiver autd €npene mptv v EKTEAEGT OTOLOLCONTOTE GLVEAPTNONG Vo Ppedel n
GLUVOMKT KATOVAA®ON €VEPYEWG TTOL YiveTOl OO TIC CLOKEVEG ylo KOOE pHEPO TTOL

VILAPYEL OTO OEGOUEVOL LLOG.
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"Exovtag Bpet mdon givat 1) GUVOAMKY KOTAVIA®MOT TOV GLCKEVOV KAOE LEPa, 0KOAOVO®S
TPV TNV EKTEAECT] TNG GLVAPTIONG AVOKOTAVOUNG EKTEAEITAL 1] cLUVAPTNON d1OPB®ONG
TNG GLVOMKNG KOTOVAAMGNG TOV OIKIOK®V CLGKEVAOV. [0 TNV EKUETAAAEVOT VTG TNG
o10pBmong n omoia yivetat, emyelpov e 1 d10pBmon vt va yivel pe dninoto tpomo. ITo
GLYKEKPLUEVQ, av G€ pia GuoKELT AVENDEL | GLVOAIKY| KATAVAA®GT 1 OTToia YiveTol Katd
v ddpketo piog pépag, T0te N peimon 1 omola yiveTar lval 6TIC MPEG TOV OEV VILAPYEL
TOPOYDYN EVEPYELONG, KOL ETCL LELMVETOL KL 1| ELGAYOLEVT] EVEPYELD OO TO EVEPYELOKO
diktvo. Avtifeta av o€ pio cuokevn LEIWOEL 1) GLVOMKN KATOVOA®GCT KOTE TNV O1pKELNL
QoG pépa, n ovéNoN KatavaAmong EVEPYELNG YIVETAL GTIC MPEG OTOL VILAPYEL TAPUYWOYN
EVEPYELOG, KOl L€ OVTO TOV TPOTO OITOMPEVYETAL 1| AVENCT TNG EIGUYMYNG EVEPYELNG KOl

TapIAANAO petdveTat 1) eEaymyn EVEPYELNS TPOG TO EVEPYELOKO HIKTLO.

GreenCap
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2ynuo 5.16 Aroteléouara atyopiBuov GreenCap (Fitness: Imported)

210 Zynua 5.16 moapatnpovpe ovtd okpPdC TOL TPoavaEEPONKE, T GLVOAIKN
KOTOVAAWON EVEPYELNG TOPAUEVEL OVERNPEACTN (TTOPEL TAL OPYIKE CKAUTOVEPACLOTOL) KO
1 €100YOYN Kol EEAYWOYN EVEPYELNG OO KO TTPOG TO EVEPYELNKS STKTLO VO LELDVETOL, KATL
ov gtvan emBuuNTo Yol ot dVo avTéG pHeTPKEG e€apTdVTOL 1 tio amd TNV GAAN av 1

GUVOAIKT] KOTAVAA®OT eVEPYELNG TAPAUEVEL avermpéaotn. Eniong pe v ypron kot g
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GLVAPTNONG AVOKOTOVOUNG OO TIG MPES OLYUNG OTIG U] MPES OLYUNG, EMLTVYYAVOVLE VO

LELOCOVUE Kot TO KOGTOG TG EVEPYELOS TTOV EIGAYETOL OO TO EVEPYELKO OTKTLO.

Ta avaAvtikd aroteAéouato Tov adyopiBuov GreenCap eaivovtat otov Iivaka 5.9 .

MeTpun Amnotéleopa
Reallocation Yes

Fix Consumption Yes

Fitness Function Imported
Population Size 50

Generations 50

Imported Energy ~ 4268.55 kWh
Exported Energy ~3123.27 kWh
Self-Consumed Energy ~4991.79 kWh
Production ~ 8115.06 kWh
Consumption ~9260.33 kWh
Comfort ~ 30%

ITivaxag 5.10 Aroteléouara atyopiGuov GreenCap

2V ouvéyeln Kol otnv Tpoonddsia ebpeong TV PBEATIOTOV TOPAUETPOV Yo TOV
alyoplOpo €ywvov opKeTEG OOKIUEG OYETIKA HE TOV OplBUOd TV YEVIDV TTOVL TPEYEL O
alyopOpog GreenCap kat fynrov to akéAovbo courepdopata. Apyukd gival katovontd
0Tl 0G0 MEPLGGOTEPES YEVIEG TPEYOLV, TOCO UEYOAVTEPOG EIVOL O YPOVOG EKTEAEGNC TOV
aryopiBpov. Onwg gaivetar and 10 Zynua 5.17, mepiocdtepeg yeviég dev onpaivel
anopoitnto kot Kahdtepo amotéreopa. ITo cvykekpyéva eaivetor péso and to oynuo
avtd O0TL 0TI TpwTEG Tepimov 10 yeviég N pelmon g eloayOUeEVNG EVEPYELNG OO TO
eVEPYELNKO OTKTVO £Vl APKETH PLEYOAN. LTIC EMOUEVEG YEVIES, TAPAUTPOVUE OTL M Lelwon
avT Yivetor OA0 Kol PKpPOTEPT LE OMOTEAEG LA VO, CLUTEPAIVOVLLE OTL OEV YpetaleTal va

TpéEet 0 adyop1Bpog Tapamdve amd 10 yeviée.

Eniong xatd v didpkela TV TEPAPATOV £Yvay SOKIUEG Kot Y10 S10pOPETIKO aplOud
a6 TANBVGHOVG OTtmG PaiveTat Eavd oto Zynua 5.17 . Tlapopoto pe TG Yeviég £T01 Kot

oTNV €MAOYN TANBVG OV 0G0 PeYOADTEPOG Elvar 0 TANBVGUOG TOV YEVETIKOL aAYOPIOLOV

69



0 0moi0g EMAEYOVLE, TOCO TEPIGGHTEPOG ElvaL Kot 0 ¥pOVOS EKTEAEGNC TOL aAyopiBLov

oG poivetol oto Zynua 5.18 .

Ady® tov randomness 1o omoio VAPYEL GTOV YEVETIKO 0AyOpIOpo emAE TNKE OTTMOG VoL
y¥pNoonotov e TANOLGHO 160 pe 50 emedn pog divel apketd peydlo e0pog amd Tuyaieg
AOoELg, Kot €101 givar EDKOAOTEPO amd Tov aAYOp1Oo va Bpet o gvkoAa TV PEATIOTN
yxpovodpopordynon. Emiong ot yeviéc ot omoieg Oa tpéouv Yo kdBe dokipr| Kot eKTELEST
tov aiyopiBuov GreenCap eivor iceg pe 10 yia tovg Adyovg ot omoiot eEnynOnkav
TPONYOLUEVMG, ONAAON 1| omotadNToTe peimon oto fitness tov alyopibuov onpeidveral

katd 1 mpoteg 10 yeviéc. Ilepiocdtepeg yeviég dev pog divouv daitepa KAAVTEPO

QTOTEALEGLOL.
Population / Generation
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2ynuo 5.17 Aroteléouara GreenCap ava yevid ko minBoouod

Execution Time (50 generations)
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2xnuo. 5.18 Zoyrpion ypovov extéAeans yia O1apopeg YeEVIES
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5.3.5 Amoteréopato alyopiOpov GreenCapComfort

AxolovBwg kot agod mapatnpnoaue Otl, eved o aAdyopiBuog GreenCap pog divet
IKOVOTIOUMTIKGL OTOTEAECUATO MG TPOG TNV UEIWON NG EGOYOUEVNG EVEPYELNG, Kot
TApOAANAe TV peloon TV ekmoundv pvmwv O010&ewdiov tov dvBpaxa (CO2), ta
ATOTEAECUOTO MG TPOG TO EMIMEOO AVEGNC TOL YPNOTN OEV NTOV IKAVOTOMTIKA KaODS

pévo 1o mepimov 30% TV KavéveV Avecsng Tov divel 0 XPNOTNG IKAVOTOLOVVTOL.

Mo ™mv avieTdnon avtg g KOTAGTAONS VAOTOWoUUE aKoua o €Kd00T TOV
aAyopiBuov GreenCap kor tnv ovopdoape GreenCapComfort. H ékdoon avtfy tov
aAyopiBuov, éxet akpiPog Tig 1d1eg dadtKacies Le TV Kavovikn ékdoor tov GreenCap
Oumg og autnv TV epintwon oto fitness function Aaufdavovue vadyv kol v aveon
TOV YPNOTH. AVOALTIKOTEPQ, OTOV O OAyOplOpoc a&loAoyel To OMOTEAEGUOTA TTOV
EMOTPEQOVTUL GE KAOE VEA AOGT, YPEDVETAL KATO0 KOGTOG GOAALATOG BveoTG OE GYEOT)
LLE TOVG KAVOVEG AVEST|G TOV Ypnotr mov dev ektehovvtal. To fitness function Aappavet
VIOYLV KOl TNV €100 YOUEV EVEPYELD KOl TO KOGTOG GOAALOTOG (VECTG TOL YPNOTN,
YPNOLOTOLDVTOG KATO0 BAPOG G€ AVTA TOL dVO, £TGL DGTE VO LLELMVETOL KOL 1] ELCAYOUEVT

EVEPYELN OO TO EVEPYELNKO STKTLO KOl TO KOGTOS GOAALATOG TNV AVEGNS TOV XPNOTN.

INa v edpeon 100 Wavikov Papovg oe kGbe mepimtwon exteAéoape Odpopa

Topadelypato, OTmg POIVOVTOL GTNV GUVEYEL.

Imported Energy
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4550
=
i 4500
>
g
S 4450
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w
4400
4350
25% Imported 50% Imported 75% Imported
75% Comfort Error 50% Comfort Error 25% Comfort Error
Weights

2yniua 5.19 Xoykpion Popav ue sioayouevn evépyeio atov adyopifuo GreenCapComfort
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Comfort
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2ynuo. 5.20 Zoyrpion Popav ue aveon tov ypnotn otov aiyopiduo GreenCapComfort

A6 10 Zypa 5.19 ko Zynua 5.20 eaivetor xopakTnploTiKd 1 Stopopd 1 omoia vdpyet
070, amoTEAECUATA TOV OAyOpOuov dTov Ypnoomolovvtal dtapopa. Papn oty fitness
function tov oAyopibpuov GreenCapComfort. Amogocicape Ot ta  kaAdTEPQ
amoteAéopato pog To dtvel dtav ypnoiponoovpe og Papn to 75% g ecayopevng
gvépyelog and 1o evepyelokd diktvo kot to 25% 1Tng KOGTOG COAALATOS AVECTG TOL
xpnotn. O Adyog TG emA0YNG LTS tvor yiati, apyikd o alyoplOpog GYeddoTNKE UE
GTOY0 TNV ULEIOT TNG EICAYOUEVNG EVEPYELNS OO TO EVEPYELOKO OTKTLO Kol TapdAANAa
mv peioon tov eknoundv pvmewv CO2. Oco meptocodtepo Aappdvovpe vrdyw v
petafAnt) ovty otov aiyopBpog 1o mo moAD pewwvetor. Emiong, o aAdyopiOuog
EMITLYYAVEL VO KPOATO OPKETA YNAG KL TNV AVEST) TOV YPNOTH, KAODS OTMG UTOPOVLLE VL

J0VLLE 1 AveDT] TOV XPNOTN TTapapével Tepitov 6to 90%.

Ta avolvtikd aroteléopata tov adyoppov GreenCap eaivovtor otov Iivaxa 5.10 .
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MeTpun Amnotéleopa
Reallocation Yes

Fix Consumption Yes

Fitness Function 75% Imported + 25% Comfort Error
Population Size 30

Generations 10

Imported Energy ~ 4420.40 kWh
Exported Energy ~ 3268.06 kWh
Self-Consumed Energy ~ 4847.00 kWh
Production ~ 8115.06 kWh
Consumption ~9267.43 kWh
Comfort ~90%

[Tivoxog 5.11 AroteAéouazo alyopiBuov GreenCapComfort

5.3.6 X¥ykpion aiyopiOpov GreenCap pe GreenCapComfort

Ot aiyopiBuor GreenCap ot GreenCapComfort axolovbolOv tnv idio Aoyikn TOV
YEVETIKOV OAYOPOLOV EKTEAMVTOSC OKOUN 0V0 EVPETIKEG GLVOPTNOELS, LE TNV LoV
drapopd va givon to fitness function. H diapopd ota amoteAécpato Tovg givol 0Tt 6TV
nepintmon tov GreenCap emTLYYAVOLLE VO EYOVUE ALYOTEPT) EICAYOUEVT] EVEPYEL OO
T0 evepyelakd 6ikTvo, evd otov adyopiBpo GreenCapComfort emttvyydvoope vo Exovpe

LEYOADTEPT] AVECT] GTOV YPNOTH, LE EVO UIKPO KOGTOG G TPOS TNV EICAYOUEVT] EVEPYELQL.

210 Zynuo 5.21 mapatnpodue 0Tl 1 ELGAYOUEVT] EVEPYELN OO TO EVEPYELNKO SIKTVLO Y10
KkéOe unvé tov ypdvov ctov aryopiBpo GreenCap eivar eldyiota pukpdtepn ond Tov
adyopiBpo GreenCapComfort, kdtt mov eivor avapevopevo. ITo ocvykekpiuévao, m
GLVOMKT gloayouevTn evépyela atov alyoplBpo GreenCap eivan mepimov 46% v ctov

aAyopiBuo GreenCapComfort sivon mepinov 49%.

To 1610 Tapatnpovue Kot 6To Zyfua 5.22, apov o alyoptBupoc GreenCap emitvuyydvetl va
KOTOVOADGEL TTEPLGGATEPT] NALOKT EVEPYELDL OV TOPAYETOL Amd TO PMOTOPOATAIKO
ovbotuo og oyéon pe tov aAdyopiBuo GreenCapComfort. ITwo ovykekpyéva, o

alyopiBpog GreenCap emitoyydver va wwokotovorobel 1o 54% g GLVOAIKNG
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Katavolmong  evépyelag, &vd o  oiyopiiuog GreenCapComfort emitvyydver va

wokatavorndel o 51% ™G GLVOAIKNG KATAVAAMGNG EVEPYELNG.

Imported Energy

70
60
— 50
X
g’o 40
8
3 30
g
(0]
e 20
10
0
Feb  Mar pr May Jun Dec Total
Month

B GreenCap M GreenCapComfort

2ynuo 5.21 Ewoayouevn evépyeia alyopiGuwv GreenCap ko GreenCapComfort

Self-Consumption
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B GreenCap M GreenCapComfort

2ynuo 5.22 Iooxotaviiwon alyopibuwv GreenCap xar GreenCapComfort

74



5.3.7 XVykpron anoTELECPATOV

‘Exovtag dokipudost didpopovg oiyopifuovg yvopiloviag mog Moy To apykd HoG
dedopéva kat Towa etvar 1 BEATIOTN E1GAYOUEVT] EVEPYELD TOL LITOPEL VO PTAGEL KATO10G

alyop1Opog, £xovpe To 0kOAOLO ATOTEAECUATO OTTWG POIVOVTAL GTO AKOAOVON GYLLOLTO.

Apyikd 610 Zynua 5.23 QoiveToL 1) TOGOGTIONN EIGAYOUEVT, EE0YOLEVT] EVEPYELD OG TTPOG
TNV GULVOAIKY] KOTOVOAMOT KOl TNV GULVOAIKY] TOPAY®YY| €VEPYEWG KOOMG Kol TNV
1010KaTovaiwon 1 omoia yivetor amd toug 01dpopovg akyopibuovg. ITapatnpodpe 611 O
KoAOTEPO. omoteAéopota dfvovion amd Tov aAyopiBuo Brute Force, kdtt mov eivon
avapevouevo kabmg adyopdpog Brute Force divel v BEATIOT pOovOSpOoLOAOYNOT TMV
GLOKEVOV. AvoivTtikotepo 0 aAyoplBuog Brute Force emituyydvelr va peidcer v
gloayopevn evépyeta o€ mepimov 32% ¢ TPog TNV GLVOALKT| KOTAVAA®MOT), TNV EEAYOLEVT
evépyela og mepimov 22% ¢ TPOG TNV GLVOMKT TOPAYMYN EVEPYEWGS, EVD TO TOGOGTO

TNG GLVOAIKNG KATOVAAWDGTG EVEPYELNG TO 0010 oK TAVAAMVETOL Elvan Tepimov 68%.

Eniong mapatnpovpe 61t ot akyopiduor GreenCap xar GreenCapComfort Sivovv
KOADTEPQ AMOTEAEGLLOTO, 07T TOV 0AyOp1Opo Random kot oo o Kavovikd pag 6edopévo.
7ov divovtan and tov adkyoppo Standard kdtt mov givar emBountd. Io cvykekpipéva
ot olyopiBuor GreenCap kot GreenCapComfort emitvyydvoov vo, peidoovv v
gloayopevn evépyea og mepimov 46% ko 49% avtictoya ce oxéon pe 79% mov givan
otov aAyopiBuo Standard 6émov givor ta apyikd pag dedopéva. e oxéon pe v PéAtio
AOom, M ewoayouevn evépyswn givar o Mo younAd emimeda, OU®G vrdpyovy Kdamoo
ehappuvtiKa og oyéon pe to Brute Force, 6mmg yia mapdaderypo o xpdvoc eKTELEGNC OTTMG
QOIVETOL TOPAKAT® OAAG KoLl TO KOGTOG TNG EVEPYELNS, 0POV YIVETOL OVOKOTAVOUY OO

TIG ®PEG ayung otovg adlyopiduovg GreenCap kot GreenCapComfort.

Ocov agopd to emimedo dveong Tov YPNOTH Kol TOCOL Amd TOVS KOVOVEG (VECTC
exktelobvVTa, mapatnpovue Eava oto Zynuo 5.23 ot aiyopiBupog GreenCapComfort
EMTLYYAVEL Vo €xEL TNV YMAOTEPT GVESTN GE GYECM HE TOVG LTOAOUTOVG, EKTOG TOV
Standard kdtt mov eivar avopevopevo kabmg o Standard amotedel v mpoypoTIKN

KOTOVAA®GN TOV PN OTH.
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210 Zynua 5.24 @oaivetor ot cUVOMKEG eKTOUTEG pOTTOV dto&eldiov Tov GvOpaxo ce
SAPOPES YDPEG TOL TPOKVTTOVV Ypnoipomoldvtog tov [ivaxa 5.12. @aivetan Eekabapa
0Tl og yopeg Ommwg 1 Xouvndia N 1 ABovavia dev vhpyel AvAyKn Vo EQOPUOGTEL O
aAyopBpoc tov omoio oyedidoage. Opmc o yopes dnwg n IoAwvia 1 n EcBovia, vdpyet
avaykn kobmg 1 cvvoliky| ekmounmn pvmwv CO2 peidvetor uéxpt ko oto 40% pe v

yxpnoonoinomn tov akyopibumv GreenCap ko GreenCapComfort.

Total results

120
— 100
S
o 80
)
S 60
o
o 40
o]
o [ In
0
Standard Random BruteForce GreenCap GreenCapComfort
10 Iterations 50 Population 30 Population
10 Generations 10 Gerarations
Algorithm

B Imported M Exported M Self-Consumption Comfort

2ynuo. 5.23 2vvolikd amoteléauato olyopiBuwy

[ COUNTRY | kg CO, perkWh | | COUNTRY | kg CO; per kWh |
Sweden 0.013 Romania 0.306
Lithuania 0.018 Portugal 0.325
France 0.059 Ireland 0.425
Austria 0.085 Germany 0.441
Latvia 0.105 Bulgaria 0.47
Finland 0.113 Netherlands 0.505
Slovakia 0.132 Czech Republic 0.513
Denmark 0.166 Greece 0.623
Belgium 0.17 Malta 0.648
Croatia 0.21 Cyprus 0.677
Luxembourg 0.219 Poland 0.773
Slovenia 0.254 Estonia 0.819
Italy 0.256 | COUNTRY | kg CO; per kWh |
Hungary 0.26 EU-27 (average) 0.296
Spain 0.265 USA (average) 0.449

ITivoxog 5.12 Exrounés CO2 ava KWh oe didpopes yapeg

76



CO2 Emission/Country
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2xnuo. 5.24 Exroumés pomawv CO2 ava alyopiBuo ae diapopeg ywpeg

210 Zymua 5.25 PBAémovpe tov ypodvo ektédeong twv alyopibuwmv ce oyxéon pe Ta
dgdopéva mov divovtat. [Mapatmpodpe 6t o akydpiBuog Brute Force ypeialetar tov
TEPLGGOTEPO YPOVO, KATL TOV givor avapevopevo kabmg ypetdletor mepiocdtepo ¥povo
vy va Bpebei n PéLTiom) Avon. Emiong o akyopibupog GreenCapComfort ypeialeton
TEPLEGOTEPO YPOHVO amd Tov adyopdpo GreenCap kabmg vroroyiletan Kot 1 dveon tov
xpnotn og avtiv Tov akyopidpo. Ot adydpibpot Standard koaw Random ypeidlovton tov

Ayotepo xpOVO eKTEAEOTG, OLMG TO AMOTEAECUATO TOVG OgV €ival KOADTEPA A0 TOLG

VTOAOITOVG.

Execution Time

120
100
80
60
40
20

Time (sec)

Standard Random BruteForce GreenCap GreenCapComfort
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10 Generations 10 Gerarations

Algorithm
2ynuo 5.25 Arwoteléouara alyopiQuwmy yio tov xpovo ektéleons
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YuvoMkd pmopodue vo  mopatnpnoovpe 0Tt ot oAyopiBuor  GreenCap ko
GreenCapComfort £xovv apKeTd IKOVOTOMNTIKG OTOTEAEGLLOTO GE GUYKPLGT) LE TO, OPYLKOL
pog dedouévo amd tov akyopbpo Standard aidd kot amd v BéAtioTn Adon and tov
alyopiBuo Brute Force. Emttuyydvouv vo vdpéet peimon tng 10yOpeEVng EVEPYELNS ApaL
KOl TNG EKTOUTNG PUT®V dto&ediov Tov dvBpaka, oAAE Kot peimon Tov KOGTOLG TNG
evépyelog AOY®m TG UETATOmong mov yivetar omd TG dpeg oaryung. Emiong pe tov
aAyopiBpo GreenCapComfort emttvyydveton va datnpndei kou to eninedo dveong Tov

YPNOTN OPKETE YNAQ, LELDOVOVTOG TOPAAANAQ KOl TNV EICAYOLEVN EVEPYELAL.
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Kepdalaro 6

YoumepdopoTa
(G IO R M VY 17 £ X T 1 o 1 PSPPSR 79
6.2 MELAOVTUKI] AOUAELL ...ttt 81

Xe avtd 10 KepdAao Bo avaivBovv Ta cvumepdopato ta omoin Bynkav kAT TV
duwpkela g Atopikng AmAopotikng Epyociog. Eniong Oa yiver pio amotipmon g
JOVAELAC TNG OTOTG £YIVE TOVG TEAELTAIOVG UNVEG KO TL EUEIVE VAL YIVEL WG LEALOVTIKN

dovAeld.

6.1 ZXZvumnepdopato

Avokepaioaidvovtog, 1 Atopkn Aummlopatikn pov Epyacia eiye og otodyo va oyediactel
évag oAyopiBuoc o omoiog Ba elye g otdY0 ™V YPOVOSIPOUOAOYNCT TOV EELTTVAOV
GUOKEVMV GE€ €Va OTTL PLE OKOTO TNV EKUETOAAELGOTN OGOV TO SLVATOV TEPICCOTEPNG
NAMOKNG evEPYELRG 1 omtoio TapdyeTal omd TO PMTOROATAIKO GLGTNLA TO 0TOi0 VITAPYEL
EYKOTECTNUEVO GE o OlKeln, LELOVOVTAG TAPAAANAL TNV EICAYWOYN EVEPYELNS OO TO
EVEPYELOKO SIKTLO Gpa Ko TIG EKTOUTEG pUTTV 610&€1diov Tov avBpaka (CO2). Exiong o
aAyopiBpoc Bo mpoomabel va expetailevtel ko o Demand Response étolr mote to
KOGTOG TNG EVEPYELNG VO Elvar 66OV T duvaTdv Aryotepo. Emumiéov av eivar duvatodv 1o
eMimedo Gveom Tov xpno va glvar 6Gov 1o dvvatov peyaAvtepo. [a v eniivon tov
TPOPANUATOG AV TOV VAOTOMONKAV dVO EKOOCELS EVOC akyopiBpov, pio dmov Aapfdavetot

VRLOYLV TO EMIMEOO AVECTC TOV YPNOTN Kot Hict OOV €V AAUPAVETOL VTTOYLV.
"o v vAomoinon T®v dvo ekddce®Y TOL aAyopiBiov ypnoyLoromOnke 1 Aoy TOL

YEVETIKOV aAyopiBlov, Kot eUmAoLTICTNKE e 6V0 aKOLO EVPETIKEG GLVOPTNOELS OTOV 1

Kk&Be pia Exer og otdY0 Vo AoeL Eva TPOPANLO 0TS avaALON KOV TPONYOLUEVOC.
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Tovg mpidTeg uves ™ Atopukng Aumthopatikig pov Epyaciog éywve apket Epguva mavem
0 VTAPYOVTES £PEVVEG, ONUOCIEVCELS KOl TPOIOVIO oL vrapyovy dwwbésya. To
TPOPANUa ™S VITEPOBEPLOVON S TOL TAAVITN Elvar EniKopo Ko 1taitepa coPapo, Kot pe
TV 00VLAELA M omoia £ywve umopovpe vo Pondnicovue kot gUeig Yo v emiAvon Tov

TPOPANUATOG AVTOV.

2NV GLVEKELD, KOl LETA TNV amo@aon 0Tt 0o TPOYWPGOVUE GTNV AVATTLEN YEVETIKOD
alyopiBuov ywoo v emilvon Tov TPOoPAHaTOg TO omoio Ofcaue, Eekvioope Kot
viomomoape Tig facikéc diepyacieg evog yeveTikov adyopifuov. Metd v oAokAnpwon
™G VAOTOINoNG TOV PACIKOV SEPYACIOV TOV YEVETIKOV OAyopiOpov, kot petd amd

APKETEG OOKIUEG, OEV EIYALE TO OVOLEVOLEVA OTOTEAEGLLOTAL.

AxoloVBwg vAoToMcape aKOUO Pio ELPETIKY GLVAPTNON N OOl TPEXEL GE OAES TIG
YEVIEG TOV YEVETIKOV OAYOPIOLOL, KOl TO GUYKEKPLUEVA TNV GLVAPTNGT AVOKOTOVOUNG
amd TIC MPEG ayUNG OTIS Un dpeg ayuns. H ocvvaptnomn avt) vAomomnke yo v
a&romoinon tov Demand Response, pe 6tdyo v HeimGT TOL KOGTOVG TNG EVEPYELNG OE
pio owia, aAAG Kot TV €0PECT KAADTEPNG AVONG AVAUEGH OTIG YEVIEG TOV OAyopiBuov.
Kot médAr to amoteAéopato dev Nrav to avopevouevo, kabmg mopoatnpnoopne Ot n
GUVOMKT KATOVAA®GN EVEPYEWNG TNG OKiNG UEWVOTAV, KATL TOL B 00MYOVGE GE uUn

KOVOTIO{N 0T TV OO |GEMV EVEPYELNG TTOL Ba £xEL 1 OtKiaL.

ZINV GLVEKELD, Y10 TNV ETIAVCT] TOV TPOPANUOTOC TOV TAPUTPNCOUUE GYETIKA LE TNV
LELMOT GTNV KATOVAAMGT EVEPYELOS, VAOTOMGOALE OKOUOL [0l EDPETIKT GLVEPTN G, OTOV
1 CLVAPTNOT VTN EMOAVAPEPEL OTO APYIKE emimedo TNV KOTAVOA®OT gvépyelag. H
GLVAPTNOTN OVTN EMOVAPEPEL AMANGTA TV KATAVAAW®GT) EVEPYELNG OTO APYIKA EMITED,
OMAadn av xpelaletor vo avENCEL TNV EVEPYELD, TNV OWEAVEL OTIG MPES TOL VTAPYEL
TEPLGGOTEPT] TTOPOYDYY| EVEPYELOG, KOl 0V YPEALETOL VO LEIDGEL EVEPYELD, LEUDVEL OTIG

MPEG TTOL OEV VITAPYEL TOPOLYMOYN.
AxoloVBmg kot e TNV SOKIUN TOV 0AYOpiOHoL pe S1aPOopES TOPAUETPOVGS, KoL TV EVPECT

TV PEATIOTOV TOPOUETPOV ®OC TPOS TO KOAVTEPO OMOTEAECUON, ONAGON TNV

EAOYIOTOTOINOT TNG EIGAYOUEVNG EVEPYELNS (POl KOl TNV EKTOUTY| pOTTOV O10EELDI0V TOV
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avOpaxo (CO2), oAAa Kot ™G TPOG TOV YPOVO EKTELECTG TOL aAYOPiOOL TPpoGOETaLE Kot

TO EMIMEDO AVESTG TOL YPNGTN GTOV AAYOPLOLLO.

["o va petpriicovpe 10 MimedO AVESTC TOL YPNOTY], XPNOULOTOMGOUE KATOLOVG KAVOVES
dveong, 0mov avtol ot kavdveg aveong Ba divovtal and tov ypnot. [Hopatnpioape o1t
TOL ATOTELEGLLATO, TOL OAYOPIOLLOV TOV GYESIACALE MG TTPOG TO EMITESO AVEGNG TOL YPNOT
dgv Mtav opketd KoAd (mepimov 30-40%). [a v emiivon tov mpofAnuatog avtov,
vAomomoape Kot pio 0gvtepn £€kdoon Tov aiyopiBuov Omov TV ovopdoape
GreenCapComfort, 6mov Aapfdvetot vTOYLY Ko T0 EXITESO AVESTG TOL YPNOTN. 1€ OVTHV
NV €KO0GT, TETVYAUE TNV AOHENGCN TOL EMITESOV (veang Tov ypNot (epimov 90%) dpmg
pe pio pkpn Bucia oy swoayoduevn evépyeta (nepinov 5% avénon oe oyéom pe 10

GreenCap).

270 TEAOC TOV TEPAUATOV TO OTTO10L KAVALE GUYKPIVALE TIC VO EKOOGELS TOL ahyopifuov
ue to apyikd pog dgdopéva (Standard algorithm), v tuyaio Avon (Random algorithm)
ko v Péltiotm Avon (Brute Force algorithm). Tlopatnpioope O0TL TETOYOUE VO,
avepdoovpe v Wlokatovilmon M omoia yivete otnv owkio amd 21% ota apyikd pog
dedopéva og mepinov 50 — 54% otig dVo ekOOGELG TOV adyopibov, Kol 6 Gyéomn pe TNV
BéLtion Abon omov givar 6to 68% givar apreTd kavomomtiko. Emiong koatapépape va
LELOOOVUE TNV gl0ayOLEVT evépyela amd mepimov 78% mov yperdletal oe oyéomn Le TV
GUVOAMKT KoataviAlmon g owkiag, o mepimov 46-49%. EmmAéov pe v ypnon g
éxdoonc tov GreenCapComfort metvyope vo égovpe v peimwon otV €60yOUeEV
evépyela ympic va ennpeactel Wwitepa T0 EMINESO AVESTG TOV XPNOTN KAOBMG TETOHYOLE

va 10 dtatnpricovpe Kovid 6to 90%.

6.2 Melrhovtikn] AovArerd

Q¢ peAlovTIKn SOVLAEWD €UEVE M TANPNG EVOOUATOOT TV dVO odyopibuwv ce éva
controller éto1 dote va dokipootel e TPAYHOTIKO TEPPAAAOV 0 OAYOPIOLOG, Kol M
Bewpntikn emruyia tov adyopiBuov otnv peiwon TG ElGAYOUEVG EVEPYELNS OO TO
evepyelokd dikTvo va yivel kol Tpaxtikt|. o v evoopdtwon tov adyopiupov pmopet
VoL ypnoyLomomoet eite o povtého tov OpenHAB eite To povtého tov Domoticz. Emiong

LE TNV EVOOUATOOT TOV 0AYOpIOLoL pe €va amd avTd To. cuoTiiaTo B pog divel v
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duvatodHTNTO Vo SOKIHOGTEL 0 AAYOPIOLOC o€ dlopopeTIKA Gg LEYEDOS KTHPLo, OTMC GE £val

Swpépiopia, og pio otkio 1| aKOpa Kol 6€ EVO UTAOK SLOUEPIGUATOV.

Eniong otov aAdyopiBpo umopodhv va yivouv kot KATOlES EMEKTAGES TOL B £xovv ¢
6100 0 aAYOPIOLOG VO givatl O amodOTIKOG Kot TO amoTeEAECHATIKOC. o Tapddetypa
Bo pmopovcav va yivouv kdmoleg aALayEG OTIG O100IKOGIEG TOV YEVETIKOL olyopifuov,
OT®OC TNV YPNOLoToincn 600 CroSSOVer onueimv 6Ty d1001Kacia TG S100TADPOONG TOV
000 AMcewv. AkOun oty ddikacio TG LeETOAAAENG o Lropovoay va Yivouv KAmoteg
AAAOYEG, OTMG Y10 TAPADELY LA VAL UV GBNVOLV LOVO 1) GLGKEVES GTO ompeio petdAhaéng,
OAAG Kot M KATOVAA®GN TG EVEPYELNG 6TO onueio avtd va givor iom pe v péon N v
péytotn vy v kdOe cvokevr. EmurAéov Ba pmopovce va viomomBel éva poviého
UNYOVIKNG pabnong omov Bo exmondevoToy e To 0E00UEVE TOV YPTCLLOTOMGALE, LLE
6TOYO TNV YPNOLUOTOINGCT TOV HOVIEAOL QVTOV Yo TNV €€ayyn KavoOvav dveong ympig
va TG ivel 0 ¥pNoTNG, £TGL MOTE VA, YIVEL TWO EVKOAN 1) XPNCLOTOINGT TOV GLGTHIATOG

TO OTO10 TPOTEIVOLLLE.
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Hopdaptnna A

1 package cs.ucy.ac.cy;
import java.lo.IOException;

» public class Main {

e

i public static veid main(Stringl[] args) throws IOException, InterruptedException

iranment

the input voriable as dev for dev

ent environment or as prod for product

create doto

ImportedData data = ImportedData.importData("win");

18 Jf if 1 it will get rules from API else it will get rules from file
14 int getFromAPI = 8;
5 data.retrieveRules(getFromAPI);

17 // if method = 1 the functions will run wi

h real consumption

B T N
in With binary (on;

else the functions

int method = 1;

I

21 // start the program

App.start(data, method);

1 package cs.ucy.ac.cy;

import com.opencsv.CSVReader;
4 import com.opencsv.CSVReaderBuilder;

import java.io.File;

import java.lo.FileReader;

import java.ilo.FileWriter;

import java.io.IOException;

14 import java.util.Arraylist;
import java.util.Collections;

12 import java.util.list;

14 // object to save the data
public class ImportedData {

bject variables

18 private final List<String[]> peakHours;
private List<String[]> energyConsumption;
20 private final List<String[]> solarGen;
2 private List<String[]> hourlyEnergyConsumption;
23 private List<String[]> binaryEnergyConsumption;
private List<string[l> rules;

25 // object co

structaor

24 public ImportedData() {

7 this.peakHours = null;
this.energyConsumption = null;

29 this.solarGen = null;
this.hourlyEnergyConsumption = null;

51 this.binaryEnergyConsumption = null;

52 this.rules = null;

// object constructor
36 public ImportedData(List<String[]> peakHours, List<String[]> energyConsumption, List<String[]> solarGen) {
7 this.peakHours = peakHours;
this.energyConsumption = energyConsumption;
30 this.solarGen = solarben;
this.hourlyEnergyConsumption = null;
41 this.binaryEnergyCensumption = null;



42 this.rules = null;

/o Fouis
// qet peok h

public Llstcstrmg[]: getPeakHours() { return peakHours; }

// get e
public

55 // get
56 : public

g
81 pu!ﬂic

// set 0
public void setHourlyEnergyConsumption(List<String[]> hourlyEnergyConsumption) {
this.hourlyEnergyConsumption = hourlyEnergyConsumption;

7 // get applionce energy tion per hour (on/off)

public L15t<5tring[]> getslnar‘vﬁner‘qytonsunptmn(J { return binaryEnergyConsumption; }

// set opp

ry energy

gy consumption per hour (on/off)
public void setsmaryEnergyconsumption(LishString[]:- binaryEnergyConsumption) {
this.binaryEnergyConsumption = binaryEnergyConsumption;

public List<Stringl[]> getRules() { return rules; }

8 @ public static ImportedData importData(String env) {

// paths for the doto ording to the enviropment
String peakHoursPath = env.equals("dev")
? "fusers/nicolaspolycarpou/Documents/GreenCap/Dataset/US_Peak_Hours/EIA930_BALANCE_2816_NYIS.csv"
env.equals(“prod")
"./Temp/Space”
env.equals("win")

92 ? "C:\\users\\CPS\\Desktop\\GreenCap\\Data\\EIA930_BALANCE_2016_NYIS.csv"

- s

v

L
b Sy

$tring energyConsumptionPath = env.equals("dev")

g5 ? "/users/nicolaspolycarpou/Documents/CreenCap/Dataset/Hore _Data_fixed/HomzEnergyConsumption2815.csv”
94 :oenv.equals(prod”)

v JTemp/Space’

: env.equals('win")

"C:\\Users\\CPS\\Desktop\'\GreenCap\\Data\\HomeEnergyConsumption2016.csv"

= mor

o
3
-~

-~

161 String solarfenPath = env.cquals("dev')

? "fusers/nicolaspolycarpou/Documents/Greencap/Dataset/Hore_Solar_Gen/Sclar_bata.csv"
: env.equals('prod")

04 ? "./Temp/Space’

. env.equals('win"™)

? "C:\\Users\\CPS\\Desktop\\GreenCap\\Data\\Solar_Lata.csv"

o]

109 ImportedData data = new ImportedData();

try {

11 // filereader to reod the data

114 FlleReader peakHoursFllereader = new FlleReader(peakHoursPath);

FileReader energyConsumpticnFilereader = new FileReader(energyConsumptionPath);
FileReader sclarGenFilereader = new FileReader(solarGenPath);

118 /f use csureader to read the csv files
CSVReader peakHoursCsvReader - new CSVReaderBuwilder(peakHoursFilereader)
.WithSkipLines(1)
Lbuild();

CSVReader energyConsumptionCsvReader = new CSVReaderBuildsr(energyConsumnptionFilereadsr)
~withSkiplines(1)
cbuild();
CSVReader solarBenCsvReader - new C3VReaderBuilder(solarGenFilerszader)
.WithSkipLines(1)
Lbuild();

124, // wreate the data ohject
138 data - new ImportedData(peakHoursCsvReader.readA11(),
131 energyConsunptionCsvReader.readAll(), solarGenCsvReader.readf11l()];



} catch (Exception e) {
System.out.printin("File not found!!!");

return data;

public void reallocationToNonProduction() throws IOException {

[/ list to save output
List<String[]l> output = new ArrayList<>();

// iterate doy by doy
for (int i = 0; i < this.energyConsumption.size(); i+=(24%80)){

string[1[] day = new String[24*60][20];
for (int § = 4i; i < 1+ (10#60); J+4){
System.arroycopy(this.energyConsumption.get(j),
sicPos: 0, day[] % (26 % 60)], desPos 0, day[j % (26 * 608)].length);
}
for (int § = 1 + (10%60); § < (1 + 15%60); j++){
day[j % (24%60)][0] = this.energyConsumption.get(i)[0];
for (int k = 1; k < day[] % (24%50)].length; k++){
if (Float.parseFloat(this.energyConsumption.get(j)[k])
< Float.parseFloat(this.energyConsumption.get(i + (7*60))[k1))
day[j % (24%60)1[k] = this.energyConsumption.get(i)[k];
else
day[j % (24#68)]1[k] = this.energyConsumption.get(j + (7%60))[k];

}
for (int j =1 + (15%60); J < (1 + 17%60); j++){
System.arroycopy(this.energyConsumption.get(j),
srcPos: @, day(] % (24 % 68)], destPos B, daylj % (24 * 68)].length);
¥
for (int J = 1 + (17#60); J < (1 + 22%60); j++){
day[j % (24*68)1[0] = this.energyConsumption.get(j)[el;
for (int k = 1; k < day[j % (24%60)].1length; k++){
if (Float.parseFloot(this.energyConsumption.get(3)[k])
> Float.porseFlogt(this.energyConsumption.get(j - (7%58))[k]))
day[j % (24%68)]1[k] = this.energyConsumption.get(j)[k];

else
day[j % (24%60)]1[Kk] = this.energyConsumption.get(j - (7%60))[k];
}
¥
for (int j = i + (22%60); j < (i + 24%60); j++){
System. aycopy(this.energyConsumption.get(j),
sccPos: @, daylj % (24 = 60)], destPos 8, day[j % (24 = 60)].length);
i3

Collections.addAll(output, day);

J// write pesults in csv file
File applianceFile = new File( pathname: "HomeEnergyConsumption2816.csv");
/fopplianceFile.createNewFile();
FileWriter applianceWiriter = new FileWriter(applianceFile);
for (Stringl] strings : output) {
for (int j = 0; j < strings.length - 1; j++) {
applianceWriter.write( st= strings{j] + ", ");
}
applianceWriter.write( st: strings[strings.length - 1] + "\n");
}

applianceWriter.close();

this.energyConsumpticn = output;

public vold retrieveRules(int getrromAPL) throws lOkxception, interruptedexception {
if (getFronAPI == 1)4

// get rules from the api
this.rules = ApiCalls.getRulesFromAPI();

// write rules te osv file
File rulesFile = new File( pathname: "rules.csv");
FileWriter rulesWriter = new FileWriter(rulesFile);
rulesWriter.write( stz "Date & Time,Appliance\n");
for (Stringl] rule : rules) {

rulesWriter.urite( =t rule[o] + °," + rulel1] + "\n");

A-3



+
applianceWiriter.close();

this.energyConsumption = output;

public veid retrieveRules(int getFromAPI) throws IOException, InterruptedException {
if (getFromAPI == 114

// get pules from the opi

this.rules = ApiCalls.getRulesFromAPI();

/7 write rules to csv file
File rulesFile = new File( pathname "rules.csv");
FileWriter rulesWriter = new FileWriter(rulesFile);
rulesWriter.write( stz "Date & Time,Appliance\n");
for (Stringl] rule : rules) {

rulesWriter.write( =t rule[e] + "," + rule[1] + "\n");
}

rulesWiriter.close();

// reod rules from file
else {
String rulesPath = "C:\\Users\\CPS\\Desktop\\GreenCap\\Data\\rules.txt";
FileReader rulesFilereader = new FileReader(rulesPath);
CSVReader rulesCsvReader = new CSVReaderBuilder(rulesFilereader)
.withSkipLines(1)
.build();
this.rules = rulesCsvReader.readAll();

package csS.ucy.ac.cy;
import java.io.IOException;
impert java.util.Arrays;
import java.util.List;
public class App {

public static void start(ImporzedData data, int method) throws IOException, InterruptedException {

J// moke miner cha

es to dotoset from peok to non-peak hour

//data. reollocationToNonProduc

long startTime = System.nanoTime(};

/¢ get tlolul/uppl

ce consumplion per hour

System.ovt.printin("llourly tozal/per appliance energy consumption are written in “iles");
Statistics.ConsumptionPerHour(data);
ce per hour

// coleulote oversge consunption for eoch appli

float[] averageConsumptions = Statistics.opplionceAverageConsumptionPerHour(data.getHourlyEnergyConsumption());

System.out.println();
System.out.printin("Average consumption per appliance:");
System.out.printin(Arrays.toString(averageConsurptions));

/7 Find Lhe mux cons on o device cun consume in an

float[] maxConsumptions = Statistics.applianceMaxConsumption(data.getilourlyCnergyConsumption());
System._out _printin();
System.ouvt.println("Hax consunption per appliance:");

System.ovt.printin(Arrays.toString(naxConsumptians));

if (method == 1) {

System.out.printin("\n i
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System.ovt.println();

System.out.println("Statisties:");

Statistics.redGreenEnergyPerDay(data.getHourlyEnergyConsumption(), averageConsumptions,
check: 1, data.getRules(), startTime, function: “Standard");

startTime = System.nonoTime();

int iterations = 10;

List<String[]> randomData = Algorithms.random(iterations, data.getHourlyEnergyConsumption(),
maxConsumptions, averageConsumptions);

// get red/green energy per heur after randem
System.out.println();
System.ouvt._println("Statistics after random allocation(Iterations = " + iterations + "):");
Statistics.redGreenEnergyPerDay(randomData, averageConsumptions, check 1,
data.getRules(), startTime, function: "Random");

// call brute force ollocation
startTime = System.nonoTime();
List<String[]> bruteForceData = Algorithms.bruteForceSolution(data.getHourlyEnergyConsumption(),

maxConsumptions);

// get red/green en
System.out.printin();

er hour after random

System.ovt.println("Statistics after brute force allocation(optimal schedule with stacking consumptions):

Statistics.redbreenEnerqyPerDay(bruteForceData, averageConsumptions, check 1,
data.getRules(), startTime, function: "BruteForce");

startTime = System.nonoTime();
List<String[]> genAlgData = GreenCap.GeneticAlgerithm(data.getHourlyEnergyConsumption(),
data.getPeakHours(), maxConsumptions, averageConsumptions);

System.out.println();

System.out.println("Statistics after GreenCap Algorithm(Genetic Algorithm + " +
"FixConsumption Heuristic + Peak Hours Reallocation Heuristic):");

Statistics.redGreenEnergyPerDay(genAlgData, averageConsumptions, check 1,
data.getRules(), startTime, function: "GreenCap");

// coll greencop comfort
startTime = System.nanoTime();
List<String[]> genAlgComfortData =
GreenCapComfort.GeneticAlgorithmComfort (data.getHourlyEnergyConsumption(),
data.getPeakHours(), maxConsumptions, averageConsumptions, data.getRules());

System.out.println(};

System.ouvt.println("Statistics after GreenCap Algorithm Comfort(Genetic Algorithm + " +
"FixConsumption Heuristie + Peak Hours Reallocation Heuristic + " +
"Considering Comfort in Fitness Function):"};

Statistics.redGreenEnergyPerDay(genAlgConfortData, averageConsumptions, check 1,
data.getRules(), startTime, function: "GreenCapComfort");



package cs.ucy.ac.cy;

import
import
import
impert

publie

r

java.

java
java
java

io.*;

.time.LocalDateTime;
.time.format.DateTimeFormatter;
LUtil.x;

class Statistics {

function to creote csv file opplionce and totel enpergy consumption per hour

public static void ConsumptionPerHour(ImportedData data) throws IOException {

List<String[]l> energyConsumptionData = data.getEnergyConsumption();
List<String[]> solarGenData = data.getSolarGen();

// date formatter to reed from deto
DateTimeFormatter formatter = DateTimeFormatter.ofPattern("dd/MH/yyyy HH:mm"};

£

lists to sove the doto needed

List<LocalDateTime> hours = new ArraylList<s();

List<float[]> energyConsumptions = new ArraylList<z();

/
int

varigbles to sove opplience consumption and current hour
currentHour = B;

float[] consumptionPerHour = new float[19];

/{ for each sample of dota

for

/

f/ get results in 1ist af

(int i = 8; i < energyConsumptionData.size(); i#+) {

// get sample and reod houn

String[] metric = energyConsumptionData.get(i);

LocalDateTime date = LocalDateTime.parse(metricle], formatter);
int readHour = date.getHour();

// if it is different from previous reod save the totol consumption ond the hour
if (readHour '= currentHour) {

// sove consumption for pre
LocalDateTime oneHourBack = date.minusHours(1);
hours.add(oneHourBack) ;
energyConsumptions.add(consumptionPertour);

hour

// set consumption to @
consumptionPerkour = new float[19];
Arrays.fill(consumptionPerHour, wvs: 0.0F);

// set current hour te the hour that is read

currentHour = readHour;

// calculate the opplin consumption for this sample
for (int j = 1; j < metric.length; j++) {

consumptionPertiour(j - 1] = consumptionPertour[j - 1] + Float.parseFloat(metric(jl);

¥

// if is the last sample save the total consumption

if (i == (energyConsumptionData.size() - 1)) {
LocalDateTime oneHourBack = date.minusMinutes(59);
hours.add(oneHourBack);
energyConsumptions.add(consumptionPerHour);

}

List<String[]> applianceEnergyConsumptionsPerHour = new ArraylListe<>();

for (int 1 = 0; i < hours.size(); i++) {

Stringl[] array = new String[21];

array[6] = hours.get(i).format(formatter);

for (int j = 8; j < energyConsumptions.get(i).length; j++) {
arrayli + 1] = String.voluedf(energyConsumptions.get(i)[1]);

¥

array[20] = solarGenData.get(i)[1];

applianceEnergyConsumptionsPerHour.add(array);



// write result in data object
data.setHourlyEnergyConsumption(applianceEnergyConsumptionsPertour);

/f write re

ytts in txt file
File applianceFile = new File( pathname "ApplianceConsumptionPerHour.csv");
/fapplianceFile.createNewFile();
FileWriter applianceWriter = new FileWriter(applianceFile);
for (int 1 = 8; 1 < hours.size(); i++) {
applianceWriter.write( st~ hours.get(i).format(formatter) + ", ");
float[] row = energyConsumptions.get(i);
for (fleat v : row) {
applianceWriter.write( stn v + ", ");
¥
applianceWriter.write( stv solarGenData.get(i)[1] + "\n");
i
applianceWriter.close();

// write results in csv File
File totalFile = new File( pathname "TotalConsumptionPerHour.csv");
J/totalFile.createNewFile();

FileWriter totalWriter = new FileWriter(totalFile);
for (int i = 8; 1 < energyConsumptions.size(); i++) {
float[] row = energyConsumptions.get(i);
float total = 0.0F;
for (fleat v : row) {
total = total + v;
].

totalWriter.write( str hours.get(i).format(formatter) + "," + total + "," + solarGenData.get(i)[1] + "\n")

].
totalWriter.close();

// function to calculute red/green energy per hour

public static veid redGreenEnergyPerDay(List<String[]> totalConsumption,

float[] averageConsumpticn, int check, List<Stringl[]> rules,

long startTime, String function) throws I0Exception, InterruptedException {

[ ovar

bles to save total red/green energy

float importedEnergy = 0.0F, exportedEnergy = 0.6F, redEneray = 0.8F, greenEnergy = 8.0F, comfortPercentage;

int comfortfost = 0, matchComfort = 0;

int currentfonth = 1;

float[] importedEnergyMonthly = new float[12];

float[] exportedEnergyMonthly = new float[12];

tloat[] reatnergyMontnly = new troat[1z];

float[] greenEnergyMonthly = new float[12];

float[] selfconsumption = new float[:2];

for (int i = 8; 1 < 12; i++){
importedEnergyMonthlylil = 8.6F;
exportedEnergyMonthly[i] = 8.0F;
redEnergyMonthly[i] = 8.6F;
greenEnergyMonthly[il = 8.06F;
selfconsumption[i] = 8.0F;

k

// date Formotter to reod from doto

DateTimeFormatter formatter = DateTimeFormatter.ofPattern("dd/MH/yyyy HH:mn");

/4 far each sample of
for (String[] hour : totalConsumption) {

dota

LocalDateTime currentDateTime = LocalDateTime.parse(hour[C], fermatter);
if (currentDateTime.getMonthValue() !'= currentMonth){
selfconsumption[currentMonth - 1] = greenEnergyMonthly[currentMonth - 1]
- exportedEnergyMonthly[currentMonth - 1];
importedEnergyMonthly [currentMonth - 1] *= -1;
++currentMonth;

// reod consumption ond geperation per hour from dato
float energyConsumption = 0.8F;
for (int j = 1; j < hour.length - 1; j++) {
float temp = Float.parseFloat(hour[jl);
for (String[] rule : rules) {
if (rulel6].equals(hour[8]) & Integer.parseInt(rule[1]) == j) {
if (Float.parseFloat(hour[Integer.parseInt(rule(11}1) > 6.0) {
matchComfort +- Z;
} else {
comfortCost += 1080;



i
15 if (check == 0)
5 energyConsumption += (temp * averageConsumption[j - 11);
else
energyConsumption += (temp);

14 ¥
151 fleat energyGenerated = Float.parseFloat(hour[hour.length - 11);
153 // increase red/green energy

184 redEnergy += energyConsumption;

1. greenEnergy += energyGenerated;

redEnergyMonthly[currentMonth - 1] += energyConsumption;
18 greenEnergyMonthly[currentMonth - 1] += energyGenerated;

169 // calculate geperote mipus consumption

178 float typeOfEnergy = energyGenerated - energyConsumption;

// greater thon zero equols green
if (typeOfEnergy >= 0.0) {

174 exportedEnergy += typeOfEnergy;
1 exportedEnergyMonthly[currentMonth - 1] += typeOfEnergy;

1 ¥

178 /{ less than zero equals red

17 else {

importedEnergy += typeOfEnergy;

181 importedEnergyMonthly[currentMonth - 1] += typeOfEnergy;
182 }

importedEnergyMonthly[11] %= -1;
186 selfconsumption[11] = greenEnergyMonthly[11] - exportedEnergyMonthly[11];

18 comfortPercentage = (float) (matchComfort * 1080.0) / rules.size();

190 float co2emissionPerKWh = (float) 08.449;

Ir !‘;-rﬂ'
Systen.out.printf("Total Exported Energy(Production energy non-consumed): %.2f kWh\n", exportedEnerqgy);
Systen.out.println("Monthly Exported Energy:");
for (int i =0; i < 12; is+) {
19 System.out.printf("%.2f, ", exporzedEnergyMonthly[il);
T
E float selfConsumptionEnergy = greenkEnergy - exportedEnergy;
Systen.out.printf("\nTotal Self-Consuned Energy: %.2f kWh\n", selfConsumptionEnergy);
Systen.ovt.println("Monthly Self-Consumed Energy");
for (int i =09; i < 12; i+) {
System.out.printf("%.2f, ", selfconsumption[il);

nt total red/green energy

263 I
204 Systen.out.printf("\nTotal Imported Energy(Red energy): %.2f kWh\n", (-1.8 % importedEnergy));
65 Systen.ovt.println("Monthly Imported Energy:");

for (int i =08; 1 < 12; i+s) {
System.out.printf("%.2f, ", imporzedEnergyMonthly[il);

208 }

Systen.out.printf("\nTotal Production Energy(Exported + Self-consumed): %.2f kWh\n", greenEnergy);
2L Systen.out.println("Monthly Production Energy:");

for (int i = 8; 1 < 12; i+4) {

System.out.printf("%.2f, ", greenEnergyMonthly[il);

213 '
Systen.out.printf("\nTotal Consumption Energy(Imported + Self-consumed): %.2f kWh\n", redEnzrgy);
215 Systen.out.println("Monthly Consumption Energy:");

for (int i = 0; 1 < 12; i++) {

217 System.out.printf("%.2f, ", redEnergyMonthly[il);

? ¥

: float coZemissions = -1 * importedEnergy * coZemissionPerKih;

228 Systen.out.printf("\nTotal C02 emissions(USA avg: 0.44%9 kgCO2/kWh): %.2f kgCO2\n", co2emissions);
221 Systen.out.printf("Total Comfort Error Cost: %d\n", comfortCost);

229 Systen out_printf("Comfort: % 2f %%\n", comfortPercentage);

323 long endTime = System.nanoTime();

294 float execTime = (float) ((endTime - startTime) / 1000800080.0);

Systen.out.printf("That toock %.2f seconds\n", execTime);

227 // send results to server
278 L ApiCalls.sendToAPI(function, exportedEnergt
Vs loat) (-1.0 * importedEnergy),

23E rE coZemissions, conmfortlfost, comfortPer toge, exec
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5@ public static float[] applianceAverageConsumptionPerHour(List<String[]> energyConsumption) {

7 inlt arroy

float[] averageConsumptions = new float[19];

// for each applionce calculate total consumption and how mony times is greaten than zero
for (int 1 = 8; 1 < 19; i++) {

24 int onCounter = 9;

241 float totalConsumption = 0.0F;

243 for (Stringl] row : energyConsumption) {

if (Float.paorseFlogt(row[i + 1]) > 0.8) {

45 totalConsumption += Float.parseFleat(row[i + 1]);
onCounter++;

// compute and sove averoge of each oppliance
averageConsumptions[i) = totalConsumption / onCounter;

return averageConsumptions;

}
@ public static fleat[] applianceMaxConsumption(List<String[]> energyConsumption) {
2 float[] maxConsumptions = new float[19];
2 for (int i = 1; i < energyConsumption.get(8).length - 1; i+s) {
263 float maxConsTemp = 0.0F;
264 for (String[] hour : energyConsumption) {
265 if (Float.porseFloat(hour[il) > maxConsTemp) {
766 maxConsTemp = Float.parseFloat(nour[i]);
287 }
3 }
269 maxConsumptions[i - 1] = maxConsTemp;
270 +
271
272 return maxConsumptions;
i




. @

package cs.ucy.ac.cy;

import java.io.File;

import java.io.FileWriter;
import java.io.IOException;
import java.util.#;

public class Algorithms {

// init random

static Random rn = new Random();

// function to calcvlate tot 0 gy

public static float calculateImportedExported(float[][] dayConsumption, float[] energyGenerated,
float[] averageConsumption, int check) {

ported energy of the doy

// varioble to save t

float totallImportedExported = 0.0F;
for (int i = 8; i < dayConsumption.length; i++) {

/f cal a €
float hourConsumption = 6.6F;
for (int j = 8; j < dayConsumption[i].length; j++) {
if (check == 1){
nourcConsumption += (dayConsumption[i][j]);

}
else {

hourConsumption += (dayConsumption[i][j] * averageConsumption[jl);
}

to total of the doy

erated[1])

totallmportedExported += Math.abs(energyGenerated[i] - hourConsumption);

(hot

'/ return the value

// function to random ollocote hourly appliance copsumptien per day
public static List<Stringl]> random8inary(int iterations, List<String[]> appl.ianceConsumption,
float[] averageConsumption) throws IOException {

// save epplience consumption to 2d array
float[1[] consunptions = new float[applianceConsumption.size()1[19];
for (int i = 8; i < applianceConsumption.size(); i#+) {
for (int j = 1; j < epplianceConsumption.get(i).length - 1; j++) [
consumptions[il[j - 1] = Float.parseFleat(app.ianceConsumption.get(i)[{]);

// list for writipg dato (for ocutput)
List<float[]> energyConsumptions = new ArrayList<=>();

// iterate day per day (every 24 hours)
for (int i = 8; 1 < consumptions.length; i += 24) {

// get the daily energy generation
float[] energyGenerated = new float[24];
for (int j = 8; j < energyGenerated.length; j++) {
energyGenerated[j] = Float.porseFloot(applianceConsumption.get(j + i)[20]1);

/f get the daily energy consumption per gppliance (used for random operation) and set best os the
float[][] dayHourlyConsumption = new float[24][19];
float[]1[] bestDayHourlyConsumption = new float[24][19];
for (int j =i; j < i+ 24; j#+) {
for (int k = ©; k < 19; k++) {
dayHourlyConsumption[j % 24]1[k] = consumpzions[{][k];
bestDayHourlyConsumption[§ % 24][k] = consumptions[{]1[k];

J/ eateutats corrent total impart and exported energy
float bestInportedExported = caolculateImportedExperted(dayHourlyConsumption,
energyGenerated, averageConsumption, check 8);

A-10
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8 // for each day rondom ollocate n times and get the lowest import/export
? for (int k = 6; k < iterations; k++) {

// set an array with @ (used to randem ollocate appliance consumption)
dayHourlyConsumption = new float[24][19];
for (float[] floats : dayHourlyConsumption) {

Arrays.fill(floats, vak 8.0F);

// counter to count 24 hours of the day
int counter = @;

o0 // iterate above every hour of the day
for (int j = i; j < i + 24; j++4) {

/f haurly random allocation of devices in a day

24 for (int 1 = 0; 1 < 19; 1+4) {

g if (bestDayHourlyConsumption[i % 241[1] != 0) {

int rnum = rn.nextInt( bound: 24);

7 if (dayHourlyConsumption(rnum][1] == 0) {

o8 dayHourlyConsumption[rnum][1] = bestDayHourlyConsumption(j % 241(1];

continue;
a0 }
forciCy 5 )
a2 rnum = rn.nextInt( bound: 24);
103 if (dayHourlyConsumption[rnum][Ll] == 0) {
104 nlraun][1] = L;
a5
86 }
a7 ¥

// if hour = 23 (lost hour of the doy) write results in List
11 if (counter == 23) {

114 // calevlate totgl imported and exported energy
float totallmportedExported = colculateImpertedExported(dayHourlyConsumption,
114 energyGenerated, averageConsumption, check 0);

// if total import/export is less than the previous save the doy hourly energy consumption
119 if (totallmportedExported < bestImportedExported) {

ik | // save the new oppliance consumption per hour

12 bestDayHourlyConsumption = new float[24]1[19];

123 for (int 1 = 8; 1 < dayHourlyConsumption.length; 1++) {

124 System.arraycopy(dayHourlyConsumption[1], swPes 8, bestDayHourlyConsumption[1l],
3 destPos: @, dayHourlyConsumption[l].length);

128 //set the new import/export energy
bestImportedExported = totallmportedExported;

¥
131 1
13 // incredse the counter
else {
counter++;
}
3 1
}
// odd 24 results (ane per hour) to list
34 energyConsumptions.addAll(Arrays.osList(bestDayHourlyConsumption));
¥

List<String[]> output = new ArraylList<>();
i for (int i = 0; i < energyConsumptions.size(); i++) {
143 stringl] array = new String[21];
array[8] = applianceConsumption.get(i)[0];
14 for (int j = 9; j < energyConsumptions.get(i).length; j++) {
: array[j + 1] = String.valueOf(energyConsumptions.get(i)[j]);

}
3 array[20] = applianceConsumption.get(i)[20];
output.add(array);

// write results in csv file
File randomTotalFile = new File( pathname: "RandomBinaryTotalConsumptionPerHour.csv");
FileWriter totalWriter = new FileWriter(randomTotalFile);
for (int i = 8; i < energyConsumptions.size(); i++) {
float[] row = energyConsumptions.get(i);
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159 float total = B.6F;
! for (int j = 8; j < row.length; j++) {

total += (row[j] * averageConsumption[j]);

1642 k

1463 totalWriter.write( st~ applianceConsumption.get(i)[e] + "," + total +
164 ", " + applianceConsumption.get(i)[26] + "\n");

145 1

168 totalWriter.close();

1é return output;

public static List<$tringl[]l> random(int iterations, List<String[]> applianceConsumption,
173 float[] maxConsumption, float[] averageConsumption) throws IOException {

// save applionce consumption to 2d array

17 float[][] consumptions = new float[applianceConsumption.size()][19];

1 for (int i = 0; 1 < applianceConsumptien.size(); i++) {

for (int j = 1; j < applianceConsumption.get(i).length - 1; j++)

179 consumptions[il[j - 1] = Float.parseFleat(applianceConsumption.get(i)[j1};

163 // list for writing dota (for output)

184 List<float[]> energyConsumptions = new Arraylist<>();

184 // iterote doy per doy (every 24 hours)
for (int i = 8; i < consumptions.length; i += 24) {
// get the daily energy generation
float[] energyGenerated = new float[24];
191 for (int j = 8; j < energyGenerated.length; j++) {
energyGenerated[j] = Float.parseFloat(applianceConsumption.get(j + 1)[20]);

// get the daily energy consumption per appliance (used for randem eperation) and set best as tne current
1 float[][] dayHourlyConsumption = new float[24][19];
197 float[1[] bestDayHourlyConsumption = new float([24][19];
; for (int j = 4i; j < i+ 24; j+) {
1 for (int k = 8; k < 19; k++) {
z00 dayHourlyConsunption(j % 241[k] = consumptions[jllk];
= bestDayHourlyConsunption[j % 24][k] = consumplions[jl1[k];

te current tetal import

d exported energy

float bzstImportedExported = calculateImportedExported(dayHourlyConsumption,
energyGenerated, averageConsumption, check 1);

// for sach doy rondom allecate n times ond get toe lowest import/export

16 for (int k = 8; k < iterations; k++) {

/f sel an
dayHourlyConsumption = new float[2417197;
i3 for (float[] floats : dayHourlyConsumption) {
715 Arrays.fill(fleats, vz 8.8F);

v with @ (vsed Lo randun ullocole opplionce consuvmplion)

718 // countep to count 24 hours of the doy

31 int counter = 6;

221 // iterate above every hour of the day

322 for (int § = 4; j < i + 24; j+) {

224 // hourly random aillocation of devices in o doy
%5 for (int 1= 0; 1 < 19; 1+) {
12 if (bestDayHourlyConsumption[i % 24]1[1] != @) {
int rnem = rn.nextInt( bouad: 24);
228 if (dayHourlyConsumption[rnum][1] + bestDayHourlyConsumption[i % 24][1]
<= maxConsumption[11)
dayHourlyConsumption[rnum][1] #= pestDaykourlyConsumption[] % 24][1];
+
; else{
for (; M
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roun = ro.nextInt( bound: 24);
if (dayHourlyConsumption[rnum][1] + bestDayHourlyConsumption[j % 24][1]
<= maxConsumption[1]1){
dayHourlyConsumption[rnum][1] += bestDayHourlyConsumption[j % 24][1];
break;

J/ if hour = 23 (lost hour of the doy) write results in list
if (counter == 23) {

// coleulate totol imported and exported energy
float totallmportedExported = calculateImportedExported(dayHourlyConsumption,
energyGenerated, averageConsumption, check 1);

// if totol import/export is less than the previous save the daoy hourly energy consumption
if (totallmportedExported < bestImportedExported) {

// save the new opplionce consumption per hour
bestDayHourlyConsumption = new float[24]1[19];
for (int 1 = 8; 1 < dayHourlyConsumption.length; l++) {
System.orroycopy(dayHourlyConsumption[l], =cPos 0, bestDayHourlyConsumptionll],
destPes: 8, dayHourlyConsumption[l].length);

// set the new import/export energy
bestImportedExported = totalImportedExported;
¢

}

// increase the counter

else {
counter++;

/ odd 24 results (one per hour) to list

energyConsumptions.addAlL(Arrays.asList (bestDayHourlyConsumption));

List<Stringl]> output = new ArrayList<>();

for (int 1 = 0; i < energyConsumptions.size(); i++) {

string[] array = new String[21];

array[8] = applianceConsumption.get(i)[e];

for (int j = 8; j < energyConsumptions.get(i).length; j++) {

¥

array[j + 1] = String.valueOf(energyConsumptions.get(i)(1]);

array[20] = applianceConsumption.get(i)[20];
output.add(array);

[/ write results in esv file

File randomTotalFile = new File( psthname "RandomTotalConsumpticnPerHour.csv");
FileWriter totalWriter = new FileWriter(randomTotalFile);

for (int 1 = 8; i < energyConsumptions.size(); i++) {

float[] row = energyConsumptions.get(1i);

float total = 8.0F;

for (int § = 8; j < row.length; j++) {

}

}

total += (row[j] * averageConsumption[jl);

totalWriter.write( st- applianceConsumption.get(i)(e] + ", + total +

“," + applianceConsumption.get(i)[208] + "\n");

totalWiriter.close();

return output;
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nergy consumption > §

// function to creote on/off dotoset if e
2 @ public static void convertToBinary(ImportedData data) {

List<String[]> hourlyEnergyConsumptions = data.getHourlyEnergyConsumption();

List<String[]> hourlyBinaryData = new Arraylist<();

for (String[] hourlyEnergyConsumption : hourlyEnergyConsumptions) {
string[] binaryHourConsumption = new Stringl21];
binaryHourConsumption[8] = hourlyEnergyConsumption[6];
for (int j = 1; j < hourlyEnergyConsumption.length - 1; j++) {
if (!hourlyEnergyConsumption[i].equals("0.0")) {
binaryHourConsumption[] = "1.0";
} else {
binaryHourconsumption[j] = "8.0";

}

binaryHourConsumption[20] = hourlyEnergyConsumption[20];
hourlyBinaryData.add(binaryHourConsumption);

data.setBinaryEnergyConsumption(hourlyBinaryData);

)5
33 @ public static List<String[]> bruteForceBinarySolution(List<String[]> applianceConsumption,
float[] averageConsumption) throws IOException {
List<String[]l> solution = new Arraylist<>();
for (int i = 8; i < applianceConsumption.size(); i += 24) {
// copy the consumptions of the doy
string[1[] day = new Stringl24][21];
string[][] tempDay = new String[24][21];
for (int j = 8; j < day.length; j++) {
for (int k = 0; k < day[jl.length; k++) {
day[i][k] = applianceConsumption.get(j + i)[k];
tempDay[j](k] = applianceConsumption.get(j + 1)[kl;
¥
4 }

i // brute force reallocate to find optimal solu
351 for (int k = 1; k < day[6].length - 1; k++) {
for (int pos = 8; pos < day.length; pos++) {

for (int j = 1; j < day.length - pos - 1; j++) {
: String tmp = tempDay[pos](k];
355 tempDay[pos] (k] = tempDaylpos + j1[k];
354 tempDay[pos + j1[k] = tmp;

if (checkRedGreenBinary(day, tempDay, averageConsumption)) {
38 String temp = day[pos][kl;
daylpos](k] = day[pos + j1[k];
day[pos + j][k] = temp;
} else {
String tmpl = tempDay[pos + jI[k];
tempDaylpos + 1[k] = tempDay[pos]lk];
tempDay[pos][k] = tmpl;

for (int pos = day.length - 1; pos > 0; pos--) {
371 for (int j = 1; j < pos - 1; j++) {
372 String tmp = tempDay[pos]lk];
tempDay[pos]{k] = tempDay[pos - jllk];
tempDay[pos - j1[k] = tmp;

376 if (checkRedGreenBinary(day, tempDay, averageConsumption)) {
String temp = daylpos](k];
daylpos] (k] = daylpos - j1[kl;
day[pos - jI1[k] = temp;
} else {
String tmpl = tempDaylpos - jl[k];
tempDaylpos - j1[k] = tempDaylposlikl;
tempDay[pos][k] = tmpl;
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for (int k = day[@].length - 1; k > @; k--) {

391 for (int pos = 0; pos < day.length; pos++) {

72 : for (int j = 1; j < day.length - pos - 1; j++) {
393 string tmp = tempDay[pos]([k];

504 tempDay[pos][k] = tempDay[pos + j1[k];
tempDay[pos + jl1[k] = tmp;

3 if (checkRedSreenBinary(day, tempDay, averageConsumption)) {
String temp = day[pos][k];

99 day[pos][k] = day[pos + j1[k];

460 daylpos + jllk] = temp;

4 } else {

A62 String tmpl = tempDay[pos + jl[k];

tempDay[pos + j1[k] = tempDay[pos][k];

284 tempDaylposl k] = tmpl;

409 for (int pos = day.length - 1; pos > O; pes--) {
for (int j = 1; i < pos - 1; j++) {

1 String tmp = tempDayl[pos][k];
tempDay[pos][k] = tempDay[pos - jllkl;
tempDay[pos - j1[k] = tmp;

if (checkRedGreenBinory(day, tempDay, averageConsumption)) {
String temp = day[pos][kl;
day[pos][k] = daylpos - jl[k];
dayl[pos - jllk] = temp;
} else {
String tmpl = tempDaylpos - j1[k];
tempDaylpos - j1lk] = tempDay[pos]ikl;
tempDay[pos][k] = tmp1;

i

425 }

// odd results to solutden List
Collections.addAll(solution, day);

533 File bruteTotalFile = new File( pasthnam= "BruteForceBinaryTotalConsumptionPerHour.csv");
434 FileWriter bruteWriter = new FileWriter(bruteTotalFile);
for (Stringl] row : solution) {

7 for (int j = 9; j < row.length - 1; j++) {
438 bruteWriter.write( st row[j] + *,");
430 }

(7] brutewriter.write( sir row[20] + "\n");
441 }
bruteWriter.close();

return solution;

] ¥

L7 // function te colculote totol import/export energy

45 @ public static boolean checkRedGreenBinary(String[](] day, String[][] tempDay, float[] averageConsumption) {
449 // variable to sove totol imported/exported energy of the day

float totalDayImportedExported = 0.0F, totalTempDayImportedExported = 0.0F;
for (int i = 8; i < day.length; i++) {

4 // calculote hour consumption

454 float hourDay = 8.0F, hourTempDay = 0.8F;

for (int j = 1; j < day[il.length - 1; j++) {
hourDay += (Float.parsefloat(day[il[j]) * averageConsumption[j - 11);
hourTempDay += (Float.parseFloat(tempDay[il[j]) * averageConsumptionlj - 11);

44l // add the imported/exported value to tetal of the day
totalDayImportedExported += Math.obs(Float.parseFloot(day[1][26]) - hourDay);

452 totalTempDayImportedExported += Math.obs(Float.parseFloat(tempDay[i][20]) - nourTempDay);
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return totalTempDayImportedExported < totalDayImportedExported;

@ public static List<String[]> bruteForceSolution(List<String[]> applianceConsumption,
float[] maxConsumption) throws IDException {

List<string[]> solution = new ArrayList<>();

for (int i = 0; i < applianceConsumption.size(); 1 += 24) {

// copy the cor ns of the day
stringl1[] day = new Stringl24][21];
for (int j = B; j < day.length; j++) {

System.orraycopy(applianceConsumption.get(j + i), srcPos 8, day[il], destPos B, dayljl.length);

151 Stack<String[]l[]> stack = new Stack<>();
482 stack.push(day);

// brute force rea to fi i S0
for (int k = 1; k < day[g].length - 1; k++) {

for (int pos = 0; pos < day.lengtn; pos++) {
string[1[] check = new String[24][21];
for (int ¢ = @; ¢ < check.length; c++) {
check[c] = stack.peek()[c].clone();
}
string tmp = check[pos][k];
check[pos][k]l = "0.0";
for (int j = 1; j < day.length - pos - 1; j++) {
String[][] checkTemp = new Stringl24](21];
for (int ¢ = 0; c < checkTemp.length; c++) {
checkTemplc] = checklc].clone();
4 +
if ((Float.parseFloat(checkTemp[pos + j1[k]) + Float.parseFLoat(tmp))
5 <= maxConsumptionlk - 11) {
561 checkTemp[pos + jl1[k] = String.valveOf((Float.parseFloat(checkTemplpos # j1[k])
& + Float.parseFloat(tmp)));

if (checkRedGreen(stack.peek(), checkTemp)) {
stack.push(checkTenp);

i3
}
¥
;3
510 for (int pos = day.length - 1; pos > 0; pos--) {
511 string[]1[] check = new String[z4][21];
1 for (int ¢ = 8; c < check.length; c++) {
check[c] = stack.peek()[c].clone();
514 +
5 string tmp = check[pos][kl;
checklposl[k] = "0.0";
for (int 3 =1; J < pos - 1; j++) {
string[1[] checkTemp = new String[24][21];
for (int ¢ = B; ¢ < checkTemp.length; c++) {
checkTemplc] = check(cl.clone();
+
if ((Float.paorseFloat(checkTemplpos - j1[k]l} + Float.parseFloat(tmp))
<= maxConsumption[k - 11) {
checkTemplpos - j1[k] = String.valveOf((Float.parseFloat(checkTemplpos - j1[k1)
+ Float.parseFloot(tmp)));
if (checkRedGreen(stack.peek(), checkTemp)) {
stack.push(checkTenp);
+
}
¥
3

string[1[] daysolution = stack.peek();

// odd pesults to solution list
Collections.addAll(solution, daySolution);
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42 File bruteTotalFile = new File( pathname: "BruteForceTotalConsumptionPerHour.csv")
43 //bruteTotalFile.createNewFile();

544 FileWriter bruteWNriter = new FileWriter(bruteTotalFile);

545 for (Stringl] row : selution) {

547 for (int j = 8; j < row.length - 1; j++) {
548 bruteWriter.write( stz row[jl + ",");

4 H

550 bruteWriter.write( str row[20] + "\n");

51 +

52 bruteWriter.close();

54 return solution;

557 // function to colculate total import/export energy

558 @ public static boolean checkRedGreen(Stringl][] day, String[1[] tempDay) {
. // va
560 float totalImpExp = 0.6F, totalTempImpExp = 0.6F;
1 for (int i = 0; i < day.length; i++) {

ble to save total imported/exported energy of the day

// calculate hour censumption

4 float hourConsumption = 6.8F, hourTempConsumption = 0.6F;
565 for (int j = 1; j < daylil.length -1; j++) {

5 hourConsumption += Float.parseFloat(day[il[i]);

567 hourTempConsumption += Float.porseFloat(tempDay[il[i1);

rted/exported to total of the

mpConsumption > energyGeneroted[i])

572 totalImpExp += Math.abs(Float.parseFloat(day[i][26]) - hourConsumption)
573 totalTempImpExp += Math.abs(Float.parseFloat(day[i1[20]) - hourTempConsumption)

// return the value
577 return totalTempImpExp < totalImpExp;

1 package cs.ucy.ac.cy;

import org.json.JSONArray;
4 impert org.json.JSONObject;

impert java.io.IOException;

import java.net.URI;

import java.net.http.HttpClient;

import java.net.http.HttpRequest;

10 import java.net.http.HttpResponse;

11 import java.time.localDateTime;

12 import java.time.format.DateTimeFormatter;
il import java.util.Arraylist;

14 import java.util.List;

16 public class ApiCalls {

18 public static void sendToAPI(String function, float exportedEnergy, float selfConsumptionEnergy,
float importedEnergy, fleat productien, float consumption,

20 float co2emissions, float comfortCost, float comfortPercentage,
float execTime) throws IOException, InterruptedException {

22 JSONObject jsonObject = new JSONObject()

23 .put("function_name", String.valuedf(function))

24 .put("exported", String.vaolueOf(exportedEnergy))

5 .put("selfconsumption”, String.valueOf(selfConsumptionEnerqgy))

26 .put("imported", String.vaolueOf(importedEnergy))

27 .put("production”, String.vaoluedf(production))

28 .put("consumption”, String.valueOf(consumption))

.put("coZ_emissions", String.valuedf(coZemissions))

30 .put("comfort_error”, String.valuedf(comfortCost))

31 .put("comfort”, String.voluvedf(comfortPercentage))

32 .put("execution_time", String.valueOf(execTime));

34 System.out.println(jsonObject.toString());

37 HttpClient client = HttpClient.newHttpClient();

38 HttpRequest request = HttpRegquest.newBuilder()

3 .uri(URI.create("http://10.16.30.215/api/update-results™))

40 .header( name: "Content-Type", wvalue "application/json")

4 .POST(HttpRequest.BodyPublishers.ofString(jsonobject.toString()))
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HttpResponse<String> response = client.send(regquest, HttpResponse.BodyHandlers.ofString());
System.out.println(response.statusCode() + " - Results send to server");
4 System.out.printin(response.body());

+
@ public static List<String[]> getRulesFromAPI() throws IOException, InterruptedException {
HttpClient client = HttpClient.newHttpClient();
HttpRequest request = HttpRequest.newBuilder()
.uri(URI.create("http://16.16.38.215/api/qet-metarules"))
.GET()
Lbuild();
HttpResponse<String> response = client.send(reguest, HttpResponse.BodyHandlers.ofString());
System.out.printin(response.statusCode() + " - Rules received from server");
List<String[]> rules = new ArraylListe<>();
JSONArray jsonArray = new JSONArray(response.body());
for (int i = 8; i < jsonArray.length(); i++) {
string[] rule = new String[2];
DateTimeFormatter formatter = DateTimeFormatter.ofPattern("yyyy-HH-dd HH:mm");
DateTimeFormatter formatter2 = DateTimeFormatter.ofPattern("dd/MM/yyyy HH:mm"};
a7 LocalDateTime dateTime = LocalDateTime.parse(jsonArray.getJSONObject(1).getString( ke "time"), formatter);
rule[0] = dateTime.format(formatter2);
rule[1] = jsonArray.getJSONObject(i).getString( key "action");
rules.add(rule);
]
7 return rules;
¢

1 package €s.ucy.ac.cy;

import java.io.IDException;
import java.util.*;

public class Chromosome implements Clonzable {

/{ object porameters init
private float fitness;
18 private float exportedEnergy;
1 private float importedEnergy;
12 private float tota.Consumption;
13 private float tota.Production;
private List<String[ls> genes;

// chroma
public Chromosome(list<String
“loat[] averageConsumption) throws IOException {

conscructor w

28 // set genes using ranco
this.genes = Algorithms.random( iterations: 1, energyConsumptions, maxConsumption, averageConsumption);
this.fitness = 8.0F;

Ix tnis.exportegEnergy = E.OF;

: this.inportedEnergy = E.OF;

this.totalConsumption = 8.0F;

Lhis. LolalPredvclion = 8.0F;

ollocotion of opplionces

public Chromosome(List<String[]> 1ist) {
31 this.genes = list;
5 this.fitness - 8.0F;
33 this.exportedEnergy = €.0F;
3 this.inportedEnergy = €.0F;
this.totalConsumption = B.6F;
this.totalProduction = 8.6F;
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// chromosome constructor with chremosome

a @ public Chromosome(Chromosome c) {

41 this.genes = c.getGenes();

42 this.fitness = c.getFitness();

43 this.exportedEnergy = c.getExportedEnergy();

44 this.importedEnergy = c.getImportedEnergy();

45 this.totalConsumption = c.getTotalConsumption();
46 this.totalProduction = c.getTotalProduction();
47 H

48

4 // calculate fitness

public void calcFitness() {

float totalImported = 0.0F;
float totalExported = 8.0F;
float totalConsumption = 0.6F;
float totalProduction = 0.0F;

for (String[] gene : this.genes) {

// calculate hour consumption

float hourConsumption = 6.6F;

51 for (int j = 0; j < gene.length - 2; j++) {

62 hourConsumption += (Fleat.parseFloot(gene[j + 11));

totalConsumption += hourConsumption;
totalProduction += Float.parseFloot(gene[28]);

// if consumption is greater than production energy equals imported
if (hourConsumption > Float.porseFloat(gene[20]))

totalImported += (hourConsumption - Float.parseFloat(gene[20]1));
1 else

2 totalExported += (Float.parseFloat(gene[26]) - hourConsumption);

// set valves
this.fitness = totalImported;
this.importedEnergy = totallmported;

this.exportedEnergy = totalExported;
7 this.totalConsumption = totalConsumption;
this.totalProduction = totalProduction;

83 public void fixConsumptions(fleat[]1[] dailyConsumptiens, float[] maxConsumption) {

// threshold to check if two floots are equal
final float THRESHOLD = (float) .00001;

List<String[]> output = new ArrayList<>();

// iterate day per day
1 for (int 1 = 0; 1 < this.genes.size(); 1 += 24) {

// copy in array the current doy
4 string[][] day = new String[24][21];
for (int § = 4; § <4 + 24; j++) {
System.arroycopy(this.genes.get(j), srcPos 0, day[j % 24], destPos 0, length:

// find how many times devices are open in the day after gen. alg.
1 float[] checkConsumptions = new float[19];

101 for (int j = 1; j < this.genes.get(i).length - 1; j++) {

102 float counter = 6;

103 for (int k = k < 24; k++) {

104 counter += Float.parseFloat(day[k][{]);

105 H

1 checkConsumptions[j - 1] = counter;

1 Integer[] idx = new Integer[24];
11 for (int j = 0; j < 24; j++) {

idx[3l = i;

H

113 float[] productions = new float[24];

114 for (int i = 8; j < 24; j++) {

115 productions[j] = Fleat.porseFloat(day[jl[20]);
11 H
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of

Arrays.sort(idx, (ol, 02) -> Float.compare(productions[ol]l, productions[02]));

// fix the consump

ion by iterate device per device

i
for (int j = ©; j < checkConsumptions.length; j++) {

float consumptionDiff;

// if is greater than the orig

if (Math.aobs(checkConsumptions[j] - dailyConsumptions[i / 24]1[j]1) < THRESHOLD) continue;
i

nal turn off devices

else if (checkConsumptions[j] > dailyConsumptions[i / 24][i]) {
consumptionDiff = checkConsumptions[j] - dailyConsumptions([i / 241[3l;
for (Integer integer : idx) {

if (day[integer][j + 1].equals("6.8")) continue;

else {

if (consumptionDiff <= 0)

break;

float currCons = Float.parseFloat(day[integer][j + 11);
if (currCons <= consumptionDiff) {
this.genes.get(i + integer)[j + 1] = "0.8";
consumptionDiff -= currCons;

} else {

float tmp = currCons - consumptionDiff;
day[integer][j + 1] = String.valvedf(tmp);

break;

// if is less than the

original turn on devices

else if (checkConsumptions[j] < dailyConsumptions[i / 241[31) {
consumptionDiff = dailyConsumptions[i / 24][j] - checkConsumptions[jl;
for (int 1 = idx.length - 1; 1 »= 0; 1--) {

if (consumptionDiff <= 8)

break;

float currCo
if ((currCon

ns = Float.porseFloat(day[idx[1]][] + 11);
s + consumptionDiff) >= maxConsumption[j]) {

11107 + 11 = string.volve0f(maxConsumption(i]);

consumptionDiff -= (maxConsumption[j] - currCons);

day[idx[
} oelse {
float tm
day[idx[
break;
H

p = currCons + consumptionDiff;

111[j + 1] = String.value0f(tmp);

Collections.addAll(output, day);

}
b
¥
this.genes
}
@override

= new ArraylListe>

(output);

protected Object clone() throws CloneNotSupportedException {

Chr

chr = (Chr

) super.clone();

chromosome .
chromosome.
chromosome.
chromosome.
chromosome.
chromosome
chromosome.

genes = new Array!
genes.addAll(this
fitness = this.fi
importedEnergy =
exportedEnergy =

.totalConsumption

totalProduction =

return chromosome;

// fitness getter
public float getFitness() { return fitness; }

Liste>();

.genes);

tness;
this.importedEnergy;
this.exportedEnergy;

= this.totalConsumption;
this.totalProductien;

A-20



97 // exported energy getter
public float getExportedEnergy() { return exportedEnergy; }

// imported energy getter
public float getImportedEnergy() { return importedEnergy; }

// genes getter
public List<String[]> getGenes() { return genes; }

// tetal consumption getter
public float getTotalConsumption() { return totalConsumption; }

217 // total production getter
public float getTotalProduction() { return totalProduction; }

package cs.ucy.ac.cy;

import java.io.IDException;
4 imporlL java.ulil.list;

& public class Population {

Jf ohject parameters init
private final int popSize;
18 private Chromosome[] chronosomes;
11 private fleat fittestScors = 0.8F;
1 private float T1TTesTEXported = B.68F;
13 private float fittestImported = 0.6F;
14 private float fittestConsumption = 8.3F;
15 private float fittestProdection = 0.0F;
1 private int fittestTnder = -1;

18 /{ population ooject constructor
public Population(int popSize, List<String[l> energyConsumptions, fleat[] maxConsumption,
2 tLoat[] averageConsumption) throws LUtxception {
super();
this.popSize = popSize;
this.chronosomes = new ChromosomelpopSizel;

/¢ ereote a first pupelotion pool
for (int i = 8; i < popsize; i++) {
chromosomes[i] - new Chromosone(energyConsunptions, maxConsumoption, averageConsumption);

/f get the fittest individuol (individuol with the lowest fitness)
public void getFittest() {
floal maxFil = Floal.MAX_VALUE;
int maxFitIndex = 6;
for (int i = B; i < chromosomes.length; dine) {
if (chromosomes[i].getFitness() < maxFit) {
37 maxFit = chronosomes[i].getFitness(d;

38 maxFitIndex - i;
0 ¥
4 fittestscore = chronosones[paxFitIndex].getFitness();
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43 fittestImported = chromosomes [maxFitIndex].getImportedEnergy();

43 fittestExported = chromosomes[maxFitIndex].getExportedEnergy();

44 fittestConsumption = chromosomes[maxFitIndex].getTotalConsumption();
45 fittestProduction = chromosomes[maxFitIndex].getTotalProduction();
4B fittestIndex = maxFitIndex;

// get index of the least fit individual

51 public int getleastFittestIndex() {

52 float minFitVal = Float.MIN_VALUE;

int minFitIndex = O;

for (int i = 9; i < chromosomes.length; i++) {

if (chromosemes[i].getFitness(} > minFitval) {

minFitval = chromosomes[il.getFitness();
minFitIndex = i;

59 ¥

return minFitIndex;

// calculate fitness of each individual
public void calculateFitness() {

for (Chromosome chromosome : chromosomes) {
chromosome . calcFitness();

; i

59 getFittest();

public int getPopSize() { return popSize; }

// individuols getter
public Chr [1 getChr s() { return chromosomes; }

B1 /f fittest score getter
public float getFittestScore() { return fittestScore; }

public float getFittestExported() { return fittestExported; }

public float getFittestImported() { return fittestImported; }
4 public float getFittestConsumption() { return fittestConsumption; }
public float getFittestProductien() { return fittestProduction; }

public int getFittestIndex() { return fittestIndex; }
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1 package cs.ucy.ac.cy;

3 import java.io.IOException;
4 import java.util.Arraylist;
import java.util.Arrays;
import java.util.List;
import java.util.Random;

9 public class GreenCap {

11 // object parameters init

12 private final Population population;
13 private Chromosome firstSelected;
14 private Chromosome secondSelected;

15 private Chromosome best;
16 private int generationCount;
17 Random rn = new Random();

19 // GreenCap object constructor

20 public GreenCap(List<Stringl[]> energyConsumptions, int popSize, float[] maxConsumption, float[] averageConsumption)
21 throws I0Exception {

22 this.population = new Population(popSize, energyConsumptions, maxConsumption, averageConsumption);

23 this.generationCount = 8;

// function to implement ollocation of applionces using genetic algorithm
public static List<String[]> GeneticAlgorithm(List<String[]> energyConsumptions, List<String[]> peakHours,
float[] maxConsumption, float[] averageConsumption)

29 throws IOException {

// parameters init
final int popSize = 58;
final int maxGeneration = 10;

35 // init GreenCap object - Population
GreenCap greenCap = new GreenCap(energyConsumptions, popSize, maxConsumption, averageConsumption);

38 /{ calculate how total consumption of o device in a day for all days of the year

39 float[]1[] dailyConsumption = greenCap.calcConsumptions(energyConsumptions);

&

41 //System.ovt.println("\nGreenCap:");

42 System.out.println("Population of " + greenCap.population.getPopSize() + " chromosome(s).");
43

44 //Calculate fitness of each individual

45 greenCap.population.calculateFitness();

// print current generation and fitness

System.out.println("Generation: " + greenCap.generationCount + " Fittest Score: " +
49 greenCap.population.getFittestScore() + " Exported Energy: " +
greenCap.population.getFittestExported() + " kWh. Imported Energy: " +
greenCap.population.getFittestImported() + " kWh. Total Production: " +
greenCap.population.getFittestProduction() + " kWh. Total Consumption: " +
greenCap.population.getFittestConsumption() + " kWh.");

// while current generation is less than max number of generations
while (greenCap.generationCount < maxGeneration) {

int iteration = 0;

// increase the current generation
++greenCap. generationCount;

// while iteration is less than the number of individuals in population
while (iteration < popSize) {

// do selection (rondom select two individuals)
greenCap.selection();

// do crossover function
greenCap.crossover();

// do mutation function
greenCap.mutation();

5 // fix the consumptions to motch the first consumption
greenCap.firstSelected. fixConsumptions(dailyConsumption, maxConsumption);
greenCap.secondSelected. fixConsumptions(dailyConsumption, maxConsumption);

9 // update fitness values of offspring and clone best offspring
80 greenCap.firstSelected.calcFitness();
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greenCap.secondSelected.calcFitness();

try {
if (greenCap.firstSelected.getFitness() < greenCap.secondSelected.getFitness())

B4 greenCap.best = (Chromosome) greenCap.firstSelected.clone();
25 else

greenCap.best = (Chr ) greenCap. dselected.clone();
87 } cateh (CloneNotSupportedException e) {
88 e.printStackTrace();
a0 ¥
o1 // reallocate opplionces from peak to non-peak hour
92 greenCap.peakHoursReallocation(peakHours);

4 // odd the fittest offspring to populotion
greenCap.addFittestOffspring();

// increose iteration

++iteration;

// find the fittest chromosome
greenCap.population. getFittest();

184 // print current gemerotion and fitness

System.out.println("Generation: " + greenCap.generationCount + " Fittest Score: " +
b greenCap.population.getFittestScore() + " Exported Energy: " +

187 greenCap.population.getFittestExported() + " kWh. Imported Energy: " +

108 greenCap.population.getFittestImported() + " kWh. Total Production: " +
greenCap.population.getFittestProduction() + " kWh. Total Consumptien: " +
greenCap.population.getFittestConsumption() + " kWh.");

114 //System.out.printin("Fitness: " + greenCap.population.getFittestScore());

for (Chromosome ¢ : greenCap.population.getChromosomes())
117 c.fixConsumptions(dailyConsumption, maxConsumptien);

greenCap.population.calculateFitness();

greenCap.population.getFittest();

return greenCap.population.getChromosomes() [greenCap.population.getFittestIndex()].getGenes();

12 // selection function
2 public void selection() {

try {

// random select the first individual

int firstRandom = rn.nextInt(population.getChromosomes().length);

13 firstSelected = (Chromosome) population.getChromosomes()[firstRandom].clone();

// raondom select the secend individual (moke sure second != first)
int secondRandom = rn.nextInt(population.getChromosomes().length);
1 while (secondRandom == firstRandom) {
13 secondRandom = rn,nextInt(population.getChromosomes().length);
}
13 secondSelected = (Chromosome) population.getChromosomes()[secondRandom].clone();
140 } catch (CloneNotSupportedException e) {
141 e.printStackTrace();

14 // crossover functien

public void crossover() {

//int crossOverPeint = ra.nextInt(24);

// lists to save the results for crossave
157 List<String[]> first = new ArrayList<s();
List<String[]> second = new ArraylList<>();

155 /! iterate
15 for (int i =

p

er day
; 1 < firstSelected.getGenes().size(); 1 += 24) {

Y
[E}
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158 J/ with possibility 96% swap volues between the two offsprings ot crossover point

159 if (rn.nextInt( bound 188) <= 98) {

160

161 // select o rendom crossover point in the doy

162 int crossOverPoint = rn.nextInt( bound: 24);

163

144 // swap consumption wntil the crossover point between the two offsprings
145 for (int k = i; k < 1 + crossOverPoint; k++) {

184 first.add(secondSelected.getGenes().get(k));

167 second.add(firstSelected.getGenes().get(k));

168 ¥

// fill the list with the remgining hours of the day
for (int k = i + crossOverPoint; k < 1 + 24; ke+) {
first.add(firstSelected.getBenes().get(k));

173 second.add(secondSelected.getGenes().get(k));
174 ¥

}

// else just fill with the current consumptions

else {
179 for (int k = i; K < 1 + 24; k++) {
180 first.add(firstSelected.getbenes().get(k));
181 second,add(secondSelected.get6enes().get(k));
182 }
183 }
184 +
185
186 J// save results
187 firstSelected = new Chromosome(first);
188 secondSelected = new Chromosome(second);

}

192 // mutation function
193 public veid mutation() {
194
195 2 // select o random mutation point in the doy for the First selected
194 //int mutationPoint = rn.nextInt(24);
197

// lists to save the results for mutation
List<String[]> first = new ArraylList<>();
List<String[]> second = new ArraylList<s();

//iterate doy per day
for (int 1 = 0; 1 < firstSelected.getGenes().size(); 1 += 24) {

// with possibility I% turn onfoff opplionces ot the first selected offspring ot mutotion point
if (rn.nextInt( bound: 100) == 99) {

// setect o random mutation point in the day for the first selected
int mutationPoint = rn.nextInt( bound: 24);

// add to list until the mutotion point
for (int k = i; k < 1 + mutationPoint; k++) {
first.add(firstSelected.getbenes().get(k));

// ot mutation point flip values(turn on/off) fer all the oppliances ot thot hour
string[] res = new Stringl21];
res[B8] = firstSelected.getGenes().get(i + mutationPoint)[6];
for (int k = 1; k < res.length - 1; k++) {
res[k] = "0.0";
+
res[20] = firstSelected.getGenes().get(i + mutationPoint)[20];
first,add(res);

// odd to list the remoining hours of the day
for (int k = i + mutationPoint + 1; k < 1 + 24; k++) {
first.add(firstSelected.getGenes().get(k));

// else odd the consumptions of the doy

253 else {

for (int k = 1; k < 1 + 24; k++)
first.add(firstSelected.getGenes().get(k));
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//iterate doy per daoy
for (int i = @; i < secondSelected.getGenes().size(); i += 24) {

262 // with possibility 1% turn on/off appliances at the first selected offspring ot mutation point

243 if (rn.nextInt( bound: 100) == §9) {

245 // select o rondom mutetion point in the doy for the first selected
246 int mutationPoint = rn.nextInt( bound: 24);

748 // add to list until the mutation point

for (int k = i; k < i + nutationPoint; k++) {
second.add(secondSelected. get6enes() .get(Kk));

[/ ot mutgtion point flip values(turn onf/off) for oll the applionces at that houp
string[] res = new String[21];
res[a] = secondSelected.getGenes().get(i + mutationPoint)[6];
for (int k = 1; k < res.length - 1; k++) {
res[k] = "8.8";
B
res[20] = secondSelected.getGenes().get(i + mutationPoint)[20];
second.add(res);

// odd to list the remoining hours of the doy
for (int k = i + mutationPoint + 1; k < 1 + 24; k++) {
second.add(secondSelected. getbenes().get(k));

// else odd the consumptions of the doy
else {
for (int k = i; k < i + 24; Kk++)
second.add(secondSelected.getGenes().get(k));

// save results
firstSelected = new Chromosome(first);
secondSelected = pew Chromosome(second);

243 // get the fittest offspring (offspring with the leost fitness value)
public Chromosome getFittestOffspring() {
if ((best.getFitness() <= firstSelected.getFitness()) && (best.getFitness() <= secondSelected.getFitness(}))
return best;
7 else if ((firstSelected.getFitness() <= secondSelected.getFitness())
&& (firstSelected.getFitness() <= best.getFitness())) {
28 return firstSelected;
290 }oelse {
9 return secondSelected;

// replace the leest fit individuval from the fittest offspring
public void addFittestOffspring() {

9 // calculate fitness of the chromesomes
firstSelected.calcFitness();

30 secondSelected.calcFitness();
best.calcFitness();

é // get index of the leaost fif individuol
504 int leastFittestIndex = population.getLeastFittestIndex();

506 // replace the least fit individvel from the fittest affspring
7 population.getChromosomes() [LeastFittestIndex] = new Chromosome(getFittestOffspring());

306 firstSelected = null;

31 secondSelected = null;
511 best = null;
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// function to reallocate consumptions from peak hour to non-peok hour
public void peakHoursReallocation(List<String[]> peakHours) {

// init variables

int firstPeakHour, secondPeakHour, thirdPeakHour;

float firstPeakHourConsumption, secondPeakHourConsumption, thirdPeakHourConsumption;

int firstNonPeakHour, secondNonPeakHour, thirdMonPeakHour;

float firstNonPeakHourConsumption, secondNonPeakHourConsumption, thirdNenPeakHourConsumption;
int firstPeakGenerationHour, secondPeakGenerationHour, thirdPeakGenerationHour;

float firstPeakGeneration, secondPeakGeneration, thirdPeakGeneration;

string[]1[] checksSelected, checkBest; // arrays for check the doily fitness after reallocation
List<String[]> reallocatedData = new ArraylList<>();

// iterate day by day
for (int i = 0; i < firstSelected.getGenes().size(); i += 24) {

// give the correct vaolue to variobles

firstPeakHour = secondPeakHour = thirdPeakHour = O;

firstPeakHourConsumption = secondPeakHourConsumption = thirdPeakHourConsumption = Float.MIN_VALUE;
firstNonPeakHour = secondNonPeakHour = thirdNonPeakHour = 0;
firstNonPeakHourConsumption = secondNonPeakHourConsumption = thirdNonPeakHourConsumption = Float.MAX_VALUE;
firstPeakGenerationHour = secondPeakGenerationHour = thirdPeakGenerationHour = 8;

firstPeakGeneration = secondPeakGeneration = thirdPeakGeneration = Float.MIN_VALUE;

checkBest = new String[241[21];

checkSelected = new String[24][21];

// find three peak hours ond the three hours with the least consumption
for (int j = i; j < 1 + 24; j++) {

// copy values to the twe orroys for check if result is better after reallocation
for (int k = O; k < best.getGenes().get(j).length; k++) {

checkSelected[j % 24]1[k] = best.getGenes().get(i)[k];

checkBest[j % 24]1[k] = best.getGenes().get(§)[k];

// replace comma with empty char
String val = (peakHours.get(j)[2]).replaceAll( regex: ",", replacement "");

// find three peak hours
if (Float.parseFloat(val) > firstPeakHourConsumption) {
thirdPeakHour = secondPeakHour;
356 thirdPeakHourConsumption = secondPeakHourConsumption
3 secondPeakHour = firstPeakHour;
secondPeakHourConsumption = firstPeakHourConsumption;
firstPeakHour = j % 24; // mod 24 to find the specific hour of the day
firstPeakHourConsumption = Fleat.parsefFloat(val);
} else if (Float.parseFleot(val) > secondPeakHourConsumption) {
thirdPeakHour = secondPeakHour;
thirdPeakHourConsumption = secondPeakHourConsumption;
secondPeakHour = j % 24; // mod 24 to find the specific hour of the day
365 secondPeakHourConsumption = Float.parseFloat(val);
366 } else if (Float.parseFleot(val) > thirdPeakHourConsumption) {
thirdPeakHour = j % 24; // mod 24 to find the specific hour of the daoy
thirdPeakHourConsumption = Float.parseFloat(val);

// find three non-peak hours

if (Float.parseFloat(val) < firstNonPeakHourConsumption) {
thirdNonPeakHour = secondNonPeakHour;
thirdNonPeakHourConsumption = secondNonPeakHourConsumption;
secondNonPeakHour = firstNonPeakHour;
secondNonPeakHourConsumption = firstNonPeakHourConsumption;
firstNonPeakHour = j % 24;
firstNonPeakHourConsumption = Float.parsefloat(val);

} else if (Float.parseFloot(val) < secondNonPeakHourConsumption) {
thirdNonPeakHour = secondNonPeakHour;
thirdNonPeakHourConsumption = secondNonPeakHourConsumption;
secondNonPeakHour = j % 24;
secondNonPeakHourConsumption = Float.parseFloat(val);

} else if (Float.parseFleot(val) < thirdNonPeakHourConsumption) {
thirdNonPeakHour = j % 24;
thirdNonPeakHourConsumption = Float.parseFloat(val);

// find peak generation hours in the day

if (Float.parseFloat(best.getGenes().get(j)[20]) > firstPeakGeneration) {
thirdPeakGenerationHour = secondPeakGenerationHour;
thirdPeakGeneration = secondPeakGeneration;
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393 secondPeakGenerationHour = firstPeakGenerationHour;
secondPeakGeneration = firstPeakGeneration;
firstPeakGenerationHour = j % 24;

firstPeakGeneration = Float.parseFloot(best.getGenes().get(j)[28]);

593 thirdPeakGenerationHour = secondPeakGenerationHour;

99 thirdPeakGeneration = secondPeakGeneration;
secondPeakGenerationHour = j % 24;

secondPeakGeneration = Float.parseFloat(best.getBenes().get(j)[28]);

} else if (Float.porseFloot(best.getBenes().get(j)[20]) > secondPeakGeneration) {

402 } else if (Float.parseFloot(best.getBenes().get(j)[20]) > thirdPeakGeneration) {

thirdPeakGenerationHour = j % 24;
thirdPeakGeneration = Float.porseFloot(best.getGenes().get(j)(20]);

apg // reallocate/swap opplionces consumption in array for check

409 for (int j = 0; j < checkBest[j % 24).length - 2; j++) {

if ((firstPeakGenerationHour !'= firstPeakHour) && (secondPeakGenerationHour !'= firstPeakHour)

1 B& (4 Ge ionHour
12 string templ = checkBest[firstPeakHour]l[j + 1];

na checkBest[firstPeakHour][j + 1] = checkBest[firstNonPeakHour][] + 1];
1 checkBest[firsthonPeakHour][j + 1] = templ;

irstPeakHour)) {

i

&& (thirdPeakGenerationHour != secondPeakHour)) {
String temp2 = checkBest[secondPeakHour][j + 1];

checkBest[secondNonPeakHour][§ + 1] = temp2;

i

g

&& (thirdPeakGenerationHour '= thirdPeakHour)) {
String temp3 = checkBest[thirdPeakHourl[j + 1];
checkBest[thirdPeakHour][j + 11 = checkBest[thirdNonPeakHour][j + 1];
checkBest[thirdNonPeakHour][] + 1] = temp3;

// compare the two arrays ond find the best
float checkSelectedResult = calculateImportedExported(checkSelected);

432 float checkBestResult = calculateImportedExported(checkBest);

// if best have better results reallocate

435 if (checkBestResult < checkSelectedResult) {

438 // If best after reallecation sove the best results
reallocatedData.addAll(Arrays.asList(checkBest).subList(0, 24));

// else save the previous results
481 else {
reallocatedData.addAll(Arrays.asList(checkSelected).subList(0, 24));

457 // save the resvlts
AAGE best = new Chromosome(reallocatedData);

452 // function te compare the two consumptions
@ public float calculateImportedExported(String[l[] check) {

Y float Imp = 0.0F;
456 float Exp = 0.0F;

458 for (Stringl[] hour : check) {

// coleulate hour consumption
float hourConsumption = 0.0F;
4632 for (int j = 8; j < hour.length - 2; j++) {
443 hourConsumption += (Float.parseFloat(hour[j + 1]));

// calculate imperted/exported
A5 if (hourConsumption > Float.parseFloat(hour[26]))
; Imp += Math.abs(Float.parseFloat(hour[20]) -
450 else

Exp += Math.obs(Float.porseFloat(hour[20]) - hourConsumption);
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// return imported/exported bosed on their weight
return Imp;

public float[][] calcConsumptions(List<String[]> genes) {
float[][] consumptions = new float[366]1[19];

[/ iterate ohove all dota doy per day
for (int 1 = ©; 1 < genes.size(); 1 += 24) {

// iterate per device in o day

for (int j = 1; j < genes.get(i).length - 1;

;2

// count how mony hours is open
float counter = 0;
for (int k = 8; K < 24; k++) {

j#+) o

counter += Float.parseFloat(genes.get(i + kJ[j]);

// save the total consumption of the device

consumptions[i / 24][j - 1] = counter;

return consumptions;

package cs.ucy.ac.cy;

import java.io.IOException;
import java.util.*;

public class ChromosomeComfort implements Cloneable {

// object porameters ipit
private float fitness;

private
private
private
private
private
private

float exportedEnergy;
float importedEnergy;
float totalConsumption;
float totalProduction;
float comfortCost;
List<String[]> genes;

// chromosome constructor with the consvmptions
public ChromosomeComfort(List<String[]> energyConsumptions, float[] maxConsumption,
float[] averageConsumption) throws IOException {

// set genes using random ollocation of appliances

this

this

.genes = Algorithms.random( iterations: 1,
this.
this.
this.
.totalConsumption = 0.0F;
this.
this,

fitness = 0.6F;
exportedEnergy = 0.0F;
importedEnergy = 0.0F;

totalProduction = 0.0F;
comfortCost = 0.0F;

public ChromosomeComfort(List<String[]> list)

this.
this,
this.
this.
this,
this.
this.

genes = list;

fitness = 0.0F;
exportedEnergy = 0.0F;
importedEnergy = 0.0F;
totalConsumption = 0.0F;
totalProduction = 8.6F;
comfortCost = 8.86F;

energyConsumptions, maxConsumption, averageConsumption);
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// chromosome constructer with chromesome
& @ public ChromosomeComfort(ChromosomeComfort c) {

43 this.genes = c.getGenes();

a4 this.fitness = c.getFitness();

4 this.exportedEnergy = c.getExportedEnergy();
this.importedEnergy = c.getImportedEnergy();
this.totalConsumption = c.getTetalConsumption();
this.totalProduction = c.getTotalProduction();
this.comfortCost = c.getComfortCost();

52 // calculate fitness

public void calcFitness(List<String[]> rules) {

55 float totallmported = 0.8F;

T float totalExported = 0.8F;

57 float totalConsumption = 6.6F;
5E float totalProduction = 8.0F;
float comfortCost = 0.0F;

for (int 1 = 8; 1 < this.genes.size(); i#+) {

63 // caleulate hour coensumption

fleat hourConsumption = 0.0F;

for (int j = 8; j < this.genes.get(i).length - 2; j++) {
66 float temp = Float.parseFloat(this.genes.get(i)[j + 11);
7 hourConsumption += (temp);

for (int k = 8; k < rules.size(); k++) {
int appliance = Integer.parseInt(rules.get(k)[1]);
if (rules.get(k)[8].equals(this.genes.get(i)[6]) && appliance == j) {
if (this.genes.get(i)[appliancel.equals("6.6"}) {
comfortCost += 1008;

78 totalConsumption += hourConsumption;
7 totalProduction += Float.porseFloot(this.genes.get(i)[28]);

31 // if consumption is grester than production energy esquals imported
if (hourConsumption > Fleat.parseFloot(this.genes.get(i)[268]))

B3 totalImported += (hourConsumption - Float.parseFleot(this.genes.get(i)[20]));
else

totalExported += (Fleat.parsefloot(this.genes.get(i)[20]) - hourConsumption);

/f set volues

39 1/ this.fitness = totalImported;
this.fitness = (float) (totallmported * 0.75) + (float) (8.25 * comfortCost);
71 this.importedEnergy = totalImported;
o2 this.exportedEnergy = totalExported;
3 this.totalConsumption = totalConsumption;
24 Lhis. lul@lProduclion = LulalProduciion;

this.comfortCost = comfortCost;

public void fixConsumptions(float[]1[] dailyConsumptions, float[] maxConsumption) {

80 /{ threshold to check wo floots are equal
final float THRESHOLD = (float) .88801;

List<Stringl]> owtput = new ArraylList<>();

// iterate doy per day

for (int i = 8; i < this.genes.size(); i += 24) {

// ctepy in array the cuprent day
String[1[] day = new String[24]1[21];
for (int j = i; j < i + 24; j+4) {
System.arraycopy(this.genes.get(j), srcPos: @, daylj % 241, destPos @, length: 21);

// find how many times devices are apen in the doy after gen. alg.
float[] checkConsumptions = new fleat[19];
for (int j = 1; j < this.genes.get(i).length = 1; j++) {
float counter = 0;
for (int k = 0; k < 24; k++) {
119 counter += Float.parseFloat(dayl[k][il);
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12 +
121 checkConsumptions[j - 1] = counter;

12 Integer[] idx = new Integer[24];

125 for (int j = 0; j < 24; j++) {

12 idx[j] = 3;

127 +

12, float[] productions = new float[24];

12 for (int j = 0; j < 24; j++) {

13 preductions[j] = Float.parseFloat(day[jl[20]1);

Arrays.sort(idx, (o1, 02) -> Float.compare(productions[o1], producticns[02]));

ix the
1 for (int j = 0; j < checkConsumptions.length; j++) {

1 /fF consumption by iterate device per device

13 float consumptionDiff;

if (Math.obs(checkConsumptions[j] - dailyConsumptions[i / 24]1[j]) < THRESHOLD) continue;
// if is greater than the original turn off devices

142 else if (checkConsumptions[j] > dailyConsumptions[i / 241[3i1) {

143 consumptionDiff = checkConsumptions[j] - dailyConsumptions[i / 24]1[jl;

1 for (Integer integer : idx) {

- if (day[integer][j + 1].equals("0.0")) continue;
147 else {

: if (consumptionDiff <= 8)

o break;

15 float currCons = Float.parseFloot(day[integer][i + 11);
152 if (currCons <= consumptionDiff) {

153 this.genes.get(i + integer)[j + 1] = "0.8";
154 consumptionDiff -= currCons;
155 } else {

15 float tmp = currCons - consumptionDiff;
157 day[integer][j + 1] = String.volue0f(tmp);
15 break;

164 // if is less than the original turn on devices

165 else if (checkConsumptions[j] < dailyConsumptions[i / 24]1[j1) {

1 consumptionDiff = dailyConsumptions[i / 24][j] - checkConsumptions[j];
167 for (int 1 = idx.length - 1; 1 >= €; 1--) {

169 if (consumptionDiff <= 8)
17 break;

float currCons = Float.parseFloat(day[idx[1]11[] + 11);

173 if ((currCons + consumptionDiff) »= maxConsumptien[j]) {

7 day[idx[1]]1[] + 1] = String.volue0f(maxConsumption[il);
175 consumptionDiff -= (maxConsumptioen[j] - currCons);

176 }oelse {

177 float tmp = currCons + consumptionDiff;

17 day[idx[1]]1[§ + 1] = string.voluedf(tmp);

179 break;

185 Collections.addALl(output, day);

188 this.genes = new ArrayList<=(output);

1 }

192 @0verride

193 of protected Object clone() throws CloneNotSupportedException {

1 Chr omfort chr = (Chr omfort) super.clone();

195 chromosome.genes = new Arraylist<>();
196 chromosome.genes.addAlL(this.genes);
1 chromosome. fitness = this.fitness;
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chromosome.importedEnergy = this.importedEnergy;
chromosome.exportedEnergy = this.exportedEnergy;
chromosome.totalConsumption = this.totalConsumption;
chromosome. totalProduction = this.totalProduction;
chromosome.comfortCost = this.comfortCost;

return chromosome;

206 // fitness getter
public float getFitness() { return fitness; }

211 // exported energy getter
public float getExportedEnergy() { return exportedEnergy; }

// imported energy getter
public float getImportedEnergy() { return impertedEnergy; }

// genes getter
public List<String[l> getGenes() { return genes; }

226 // total consumption getter
277 public float getTotalConsumption() { return totalConsumption; }

// total preduction getter
public fleoat getTotalProductien() { return totalProduction; }

// totol comfort cost getter
public float getComfortCest() { return comfortCest; }

1 package cs.ucy.ac.cy;

import java.lio.IOException;
import java.util.List;

public class PopulationComfort {

// object porameters init

private final int popSize;
18 private ChromosomeComfort[] chromosomes;
11 private float fittestScore = 0.0F;
12 private float fittestExported = 0.6F;
private float fittestImported = B.0F;
private float fittestConsumption = 0.6F;
15 private float fittestProduction = ©.0F;
14 private float fittestComfortCost = 0.0F;
private int fittestIndex = -1;

19 /H' population U!?_]‘E[‘:’ constructaor

28 public PopulationComfort(int popSize, List<Stringl[]l> energyConsumptions,

2 float[] maxConsumption, float[] averageConsumption) throws IOException {
super();
this.popSize = popSize;
this.chromosomes = new ChromosomeComfort[popSizel;

// create g first population pool
for (int i = 0; i < popSize; i++) {
chromosomes[i] = new ChromosomeComfort(energyConsumptions, maxConsumption, averageConsumption);

// get the fittest individuvol (individuol with the lowest fitness)
public void getFittest() {
float maxFit = Float.MAX_VALUE;

3t for (int i = D; i < chromosomes.length; i++) {

if (chromosomes[il.getFitness() < maxFit) {
maxFit = chromosomes[i].getFitness();
maxFitIndex = i;
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42 fittestScore = chromosomes[maxFitIndex].getFitness();

43 fittestImported = chromosomes[maxFitIndex].getImportedEnergy();

44 fittestExported = chromosomes[maxFitIndex].getExportedEnergy();

45 fittestConsumption = chromosomes[maxFitIndex].getTotalConsumption();
fittestProduction = chromosomes[maxFitIndex].getTotalProduction();

47 fittestComfortCost = chromesomes[maxFitIndex].getComfortCost();

48 fittestIndex = maxFitIndex;

5 I

52 // get index of the least fit individual
53 public int getlLeastFittestIndex() {

54 float minFitVal = Float.MIN_VALUE;

int minFitIndex = ©;

for (int 1 = 8; i < chromosomes.length; i++) {

5 if (chromosomes[i].getFitness() > minFitval) {
7 minFitVal = chromosomes[i].getFitness();
minFitIndex = i;

I
a2 return minFitIndex;

a5 // calculote fitness of eoch individual
46 public void calculateFitness(List<String[l> rules) {

8 for (Chr omfort chr : chromosomes) {
: chromosome.calcFitness(rules);

78 F

73 getFittest();

an }

T // population size getter

public int getPopSize() { return popSize; }

// individuals getter
public ChromosomeComfort[] getChromosomes() { return chromosomes; }

// fittest score getrer
public float getFittestScore() { return fittestScore; }

public fleat getFittestEsported{) { rcturn fittestExporzed; }
public float getFittestImported() { return fittestImporzed; }

public float getFittestConsumption() { rcturn fittestConsumption; *

public float getFittestProduction() { return fittestProduction; }
public fleat getFittestComfortCest() { rcturn fittestConfortCest; -

187 : public int getFittestIndex() { return fittestIndex; }
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1 package cs.ucy.ac.cy;

impert java.io.IOException;
4 import java.util.ArraylList;
impert java.util.Arrays;
import java.util.List;

7 impert java.util.Random;

public class GreenCapComfort {

11 // object parameters init

12 private final PopulationComfort population;
13 private ChromosomeComfort firstSelected;

14 private ChromosomeComfort secondSelected;
15 private ChromosomeComfort best;

16 private int generationCount;

17 Random rn = new Random();

18 // GreenCap object constructor

2 public GreenCapComfort(List<String[]> energyConsumptions, int popSize,

21 float[] maxConsumption, float[] averageConsumption) throws IOException {

e this.population = new PopulationComfort(popSize, energyConsumptions, maxConsumption, averageConsumption)
23 this.generationCount = 0;

26 // function to implement allocation of applionces using genetic olgorithm

27 public static List<String[]> GeneticAlgorithmComfort(List<String[]> energyConsumptions, List<String[l> peakHours,
28 float[] maxConsumption, float[] averageConsumption

2 List<string[]l> rules) throws IOException {

31 // parameters init

32 final int popSize = 36;

final int maxGeneration = 10;

// init GreenCap object - Population

GreenCapComfort greenCapComfort = new GreenCapComfort(energyConsumptions, popSize,
maxConsumption, averageConsumption);

// calculate how total consumption of @ device in o day for oll doys of the year

4L float[]1[] dailyConsumption = greenCapComfort.calcConsumptions(energyConsumptions);

[l

42 System.out.println("\nGreentapComfort:");

43 System.out.println("Population of " + greenCapComfort.population.getPopSize() + " chromosecme(s).");

//Calculate fitness of each individual
46 greenCapComfort.population.calculateFitness(rules);

48 // print current generation and fitness

System.out.println("Generation: " + greenCapComfort.generationCount + " Fittest Score: " +
greenCapComfort.population.getFittestScore() + " Exported Energy: " +

51 greenCapComfort.pepulation.getFittestExported() + " kWh. Imported Energy: " +

2 greenCapComfort.population.getFittestImported() + " kWh. Total Production: " +

53 greenCapComfort.population.getFittestProduction() + " kWh. Total Consumption: " +

54 greenCapComfort.population.getFittestConsumption() + " kWh. Comfort Cost: " +

55 greencapComfort.population.getFittestComfortCost());

57 // while current generation is less than max number of generations
while (greenCapComfort.generationCount < maxGeneration) {

40 int iteration = ©;

62 // increase the current generation
++greenCapComfort.generationCount;

// while iteration is less than the number of individvals in population
while (iteration < popSize) {

68 // do selection (random select two individuals)
greenCapComfort.selection();

1 // do craossover function
greenCapComfort.crossover();

4 [/ do mutation function
75 greencapComfort.mutation();

// fix the consumptions to match the first censumption

greenCapComfort.firstSelected.fixConsumptions(dailyConsumption, maxConsumption);
greenCapComfort.secondSelected. fixConsumptions(dailyConsumption, maxConsumption);
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// update fitness volues of offspring ond clone best

greenCapComfort.firstSelected.calcFitness(rules);
3 greenCapComfort.secondSelected.calcFitness(rules);
ar, try {
if (greenCapComfort.firstSelected.getFitness() < greenCapComfort.secendSelected.getFitness())
B greenCapComfort.best = (ChromosomeComfort) greenCapComfort.firstSelected.clone();
else
greenCapComfort.oest = (ChromosomeComfort) greenCapComfort.secondSelected.clone();
} cateh (CloneNotSupportedException e) {
e.printStackTrace();

n-peok haur

// recllocate ppplisnces from peok

greenCapConmfort.peakHoursReallocation(peakHours);
// odd the fittest offspring ta populoti

greenCapConfort.addFittest0ffspring(rules);

1t 1 and rltness
System.out.println("Generation: " + greenCapComfort.generationCount + " Fittest Score: " +

greenCapComfort.population.getFittestScore() + " Exported Energy: " +
greenCapComfort.population.getFittestExported() + " kWh. Imported Energy: " +
greenCapComfort.population.getFittestImported() + " kiih. Total Production: " +
greenCapComfort.population.getFittestProduction() + “ kWh. Total Consumption: " +

greenCapComfort.population.getFittestConsumption() + " kWh. Comfort Cost: " +

3 greenCapComfort.population.getFittestComfortCost());

117 System.out.println("Fitness: " + greenCapComfort.population.getFittestScore());

// fix consumption for every chromosome
for (ChromosomeComfort ¢ : greenCapComfort.population.getChromesomes()})
c.fixConsumptions(dailyConsumption, maxConsumption);

greenCapComfort.population.calculateFitness(rules);
greenCapComfort.population.getFittest();

return greenCapComfort.population.getChromosomes()[greenCapComfort.population.getFittestIndex()].getGenes();

// selection function
public void selection() {

try {
// random select the first individual
int firstRandom = rn.nextInt(population.getChromosomes().length);
firstSelected = (ChromosomeComfort) population.getChromosomes()[firstRandom].clone();

// random select the second individuol (make sure second != first)
int secondRandem = rn.nextInt(population.getChromosomes().length);

140 while (secondRandom == firstRandom) {
141 secondRandom = rn.nextInt(population.getChromosomes().length);

¥

secondSelected = (ChromosomeComfort) population.getChromosomes()[secondRandom].clone();
144 } cateh (CloneNotSuppertedException e) {

145 e.printStackTrace();

// crossover function
public veid crossover() {

//int crassOverPoint = rn.nextInt(24);

// lists to sove the results for crossover
15 List<String[]> first = new Arraylist<>();
List<String[]> second = new Arraylist<>();
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// iterate doy per day
for (int 1 = 8; 1 < firstSelected.getGenes().size(); 1 += 24) {

167 // with possibility 98% swap volues between the Two
183 if (rn.nextInt( bound 188) <= 98) {

crossover peint

// select @ rondom cressover peint in the day
166 int crossOverPoint = rn.nextInt( bound: 24);

// swap consumption until the cressover point between the two offsprings

for (int k = i; k < i + crossOverPoint; k++) {
first.add(secondSelected.getGenes().get(k));
second.add(firstSelected.getGenes().get(k));

// fill the list with the remaoining hours of the doy
for (int k = 1 + crossOverPoint; k < i + 24; k++) {
first.add(firstSelected.getGenes().get(k));
second.add(secondSelected.getenes().get(k));

// else just fill with the current
182 else {

for (int k = i; k < i + 24; ks+) {

184 first.add(firstSelected.getGenes().get(k));
185 second.add(secondSelected.getBenes() .get(k));

// sove results
191 firstSelected = new ChromosomeComfort(first);
192 secondSelected = new ChromosomeComfort(second);

194 // mutatien function
197 public void mutation() {

// select o random mutatien peint in the day for the first selected
//int mutationPeint = rn.nextInt(24);

// lists to save the results for mutation
List<String[]> first = new ArraylList<>();
204 List<String[]> second = new ArrayList<>();

206 //iterate doy per doy
for (int i = 8; i < firstSelected.getGenes().size(); i += 24) {

20¢ // with pessibility 1% turn en/off eppliances at the first selected effspring at mutation point
if (rn.nextInt( bound: 188) == 99) {

// select @ random mutotion point in the doy for the first selected
int mutationPoint = rn.nextInt( bound: 24);

// odd to list until the mutotion point
for (int k = i; k < i + mutationPoint; k++) {
first.add(firstSelected.getGenes().get(k));

// ot mutetion point flip values(turn on/off) for oll the appliances ot that hour
stringl] res = new Stringl21];
res[8] = firstSelected.getGenes().get(i + mutationPoint)[e];
for (int Kk = 1; k < res.length - 1; k++) {
res[k] = "8.0";

+
226 res[28] = firstSelected.getGenes().get(i + mutationPoint)[20];
207 first.add(res);

// odd ta 1ist the remoining hours of the day
for (int k = 1 + mutationPoint + 1; k < 1 + 24; k++) {
first.add(firstSelected.getGenes().get(k));

5
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// else add the consumptions of the doy

237 else {

for (int k = i; K < i + 24; k#+)
first.add(firstSelected.getGenes().get(k));

43 /fiterate doy per day
for (int i = 8; i < secondSelected.getbenes().size(); i += 24) {

// with possibility 1% turn on/off appliances ot the first selected offspring at mutation point
247 if (rn.nextInt( bound: 108) == 99) {

// select o random mutation point in the doy for the first selected
int mutationPoint = rn.nextInt( bound: 24);

// add to list until the mutation point
for (int k = 1; k < 1 + mutationPoint; k++) {
second.add(secendSelected.getbenes().get(k));

// ot mutation point flip values(turn en/off) for oll the oppliances ot that hour
stringl] res = new Stringl[21];

res[8] = secondSelected.getGenes().get(i + mutationPoint)[e];

26¢ for (int k = 1; k < res.length - 1; k++) {

251 res(k] = "8.08";

53 i

3 res[20] = secondSelected.getenes().get(i + mutationPoint)[20];

b4 second.add(res);

// odd to list the remaining hours of the day
267 for (int k = 1 + mutationPoint + 1; k < i + 24; k++) {
Z68 second.add(secondSelected.getGenes().get(k));

27 // else odd the consumptiens of the doy
274 else {
275 for (int k = i; K < i + 24; Kk#+)

second.add(secondSelected.getGenes().get(k));

27 +
280 [/ save resulis
281 FirstSelected = new ChromosomeComfort(first);

282 secondSelected = new ChromosomeComfort(second);

// get the fittest offspring (offspring with the least fitness valuve)

28§ public ChromosomeComfort getFittest0Offspring() {

if ((best.getFitness() <= firstSelected.getFitness()) &8 (best.getFitness() <= secondSelected.getFitness())) {
return best;

291 > else if ((firstSelected.getFitness() <= secondSelected.getFitness())

&& (firstSelected.getFitness() <= best.getFitness())) {
return firstSelected;

+oelse {
return secondSelected;

259 // reploce the least fit individuol from the fittest effspring
public void addFittestOffspring(List<String(l> rules) {

!/ caleulate fitness of the chromesomes
303 “irstSelected.calcFitness(rules);
secondSelected.calcFitness(rules);
best.calcFitness(rules);

I/ get index ef the leost fFit individual
int leastFittestIndex = population.getLeastFittestIndex();

318 // replace the least fit ipdividuol from the fittest effspring
31 population.getChromosomes() [leastFittestIndex] = new ChromosomeComfort(getFittest0ffspring());

“irstSelected = null;
314 secondSelected = null;
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best = null;

// function to reallocate consumptions from peak hour to non-peak hour
public void peakHoursReallocation(List<String[]> peakHours) {

// init variagbles

int firstPeakHour, secondPeakHour, thirdPeakHour;

float firstPeakHourConsumption, secondPeakHourConsumption, thirdPeakHourConsumption;

int firstNonPeakHour, secondNonPeakHour, thirdNonPeakHour;

float firstMNonPeakHourConsumption, secondNonPeakHourConsumption, thirdNonPeakHourConsumption;
int firstPeakGenerationHour, secondPeakGenerationHour, thirdPeakGenerationHour;

float firstPeakGeneration, secondPeakBeneration, thirdPeakGeneration;

string[][] checkSelected, checkBest; // arrays for check the doily fitness ofter reallocation
List<String[]l> reallocatedData = new Arraylist<>();

// iterote doy by doy
for (int 1 = 0; i < firstSelected.getGenes().size(); i += 24) {

// give the correct value to voriables

firstPeakHour = secondPeakHour = thirdPeakHour = B;

firstPeakHourConsumption = secondPeakHourConsumption = thirdPeakHourConsumption = Float.MIN_VALUE;
firstNonPeakHour = secondNonPeakHour = thirdNonPeakHour = §;

firstNonPeakHourConsumption = secondNonPeakHourConsumption = thirdNonPeakHourConsumption = Float.MAX_VALUE;
firstPeakGenerationHour = secondPeakGenerationHour = thirdPeakGenerationHour = 8;

340 firstPeakGeneration = secondPeakGeneration = thirdPeakGeneration = Float.MIN_VALUE;

checkBest = new String[24][21];

checkSelected = new String[24][21];

// find three peak hours and the three hours with the least consumption
for (int j =1i; j <1+ 24; j+4) o

// copy velues te the two orrays for check if resvlt is better ofter reallocation
for (int k = 0; k < best.getGenes().get(d).length; k++) {

checkSelected[] % 24]1[k] = best.getGenes().get(i)[k];

checkBest[j % 24]1[k] = best.getGenes().get(j)[k];

554 // replace commg with empty char

String val = (peakHours.get(i)[2]).replaceAll( regex: ", ", replacement "");

[/ find three peok hours

thirdPeakHour = secondPeakHour;
thirdPeakHourConsumption = secondPeakHourConsumption;
secondPeakHour = firstPeakHour;
secondPeakHourConsumption = firstPeakHourConsumption;

383 firstPeakHour = j % 24; // mod 24 to f the specific hour of the doy
firstPeakHourConsumption = Float.parsefFloat(val);
} else if (Float.parseFloot(val) > secondPeakHourConsumption) {
thirdP d = SEce KHour;
thirdPeakHourConsumption = secondPeakHourConsumption;
secondPeakHour = j % 24; // mod 24 to find the cific h of the day
secondPeakHourConsumption = Float.parseFloat(val);
3 } else if (Float.parseFleat(val) > thirdPeakHourConsumption) {
371 thirdPeakHour = j % 24; // mod 24 to find the specific hour of the day

372 thirdPeakHourConsumption = Float.porseFloat(val);

// find three non-peak hours
if (Float.parseFlogt(val) < firstNonPeakHourConsumption) {
thirdNonPeakHour = secondNonPeakHour;
thirdNonPeakHourConsumption = secondNonPeakHourConsumption;
secondNonPeakHour = firstNonPeakHour;
58 secondNonPeakHourConsumption = firstNonPeakHourConsumption;
1 firstNonPeakHour = j % 24;
firstNonPeakHourConsumption = Float.parsefFloot(val);
} else if (Float.porseFloat(val) < secon ourcons
8 ‘thirdNonPeakHour = secondNonPeakHour;
335 thirdNonPeakHourConsumption = secondNonPeakHourConsumption;
secondNonPeakHour = j % 24;
Pe

= Float.parseFloat(val);

} else if (Float.parseFloat(val) < thirdNenPeakHourConsumption)

~

389 thirdNonPeakHour = j % 24;
thirdNonPeakHourcnnsumgtiun s Fluat.parseFlaut(val);
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// find peok generation hours in the day

394 if (Float.porseFloat(best.getGenes().get(j)[20]) » firstPeakGeneration) {

5 thirdPeakGenerationHour = secondPeakGenerationHour;
thirdPeakGeneration = eakGeneration;
secondPeakGenerationHour = firstPeakGenerationHour;
secondPeakGeneration = firstPeakGeneration;
firstPeakGenerationHour = j % 24;
40 firstPeakGeneration = Float.parseFloat(best.getGenes().get(j)[26]);
Ask] } else if (Float.paorseFloat(best.get6enes().get(j)[28]) > secondPeakGeneration) {
4fz thirdPeakGenerationHour = secondPeakGenerationHour;
thirdPeakGeneration = eakGeneration;
secondPeakGenerationHour = j % 24;
secondPeakGeneration = Float.parseFloat(best.getGenes().get(j)[28]);
40 } else if (Float.porseFloat(best.getGenes().get(j)[28]) > thirdPeakGeneration) {
thirdPeakGenerationHour = j % 24;
408 thirdPeakGeneration = Float.parseFloat(best.getGenes().get(j)[20]);

// reallocate/swap appliances consumption in orray for check

413 for (int j = 9; j < checkBest[]j % 24].length - 2; j++) {

414 if ((firstPeakGenerationHour != firstPeakHour) && (secondPeakGenerationHour !'= firstPeakHour)
a1 && (thirdPeakGenerationHour != firstPeakHour)) {

41 String templ = checkBest[firstPeakHour][j + 1];

checkBest[firstPeakHour]1[j + 1] = checkBest[firstNonPeakHourl[j + 1];

4% checkBest[firstNonPeakHour][j + 1] = templ;

a1 +

431 if ((firstPeakGenerationHour !'= secondPeakHour) && (secondPeakGenerationHour !'= secondPeakHour)
&& (thirdPeakGenerationHour !'= secondPeakHour)) {

427 String temp2? = checkBest[secondPeakHour][j + 1]

42 checkBest[secondPeakHour][j + 1] = checkBest[secondNonPeakHour][j + 1];

424 checkBest[secondNonPeakHour][j + 1] = temp2;

i
434 if ((firstPeakGenerationHour != thirdPeakHour) && (secondPeakGenerationHour !'= thirdPeakHour)
427 && (thirdPeakGenerationHour != thirdPeakHour)) {
string temp3 = checkBest[thirdPeakHour][j + 1];
checkBest[thirdPeakHour][§ + 1] = checkBest[thirdNonPeakHour][] + 1];
checkBest[thirdNonPeakHour][i + 1] = temp3;
51 +

wl find the best

float checkSelectedResult = calculateImportedExported(checkSelected);
float checkBestResult = calculateImportedExported(checkBest);

// if best have petter results reollocate

if (checkBestResult < checkSelectedResult) {

/ if best ofter renllocotion save th ults
reallocatedData.addAll(Arrays.asList(checkBest).subList(O, 24));

best re

2 +
// else save the previous results
else {
reallocatedData.addA11(Arrays.osList(checkSelected) .subList(B, 24));
+
}
// sove the results

best = new ChromosomeComfort(reallocatedData);

¥
// fun n to ¢ e the two consumpti
@ public float calculateImportedExported(String[1[] check) {

float Imp = 0.0F;
float Exp = 0.0F;

3 for (String[] hour : check) {
4 // caleulate hour co ption
float hourConsumption = 8.0F;

for (int j = 8; j < hour.length - 2; j++) {
hourConsumption += (Float.parseFloat(hour(j + 1]));
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470 // calculote imported/exported

471 if (hourConsumption > Float.parseFloat(hour[20]))

472 Imp += Math.abs(Float.parseFloat(hour[26]) - hourConsumption};
473 else

574 Exp += Math.abs(Float.parseFloot(hour[28]) - hourConsumption);

8 /4 return imported/exported bosed on their weight
479 return Imp;

public float[][] calcConsumptions(List<String[]l> genes) {
483 float[1[] consumptions = new float[366]1[19];

// iterate above oll data doy per doy

for (int i = 0; i < genes.size(); i += 24) {

488 // iterate per device in o day
for (int j = 1; j < genes.get(i).length - 1; j++) {

£91 // count how many hours is open
492 float counter = @;
483 for (int k = 0; Kk < 24; k++) {

494 counter += Float.parseFloat(genes.get(i + k)[i])
}
497 // save the tetol censumption of the device
498 consumptions[i / 24]1[j - 1] = counter;
}

+

return consumptions;
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