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Euxoaplotieg

Oa nbeha va suxaplotiow tov Emikoupo Kabnynt Aypovouwv kat Tomoypddwv Mnxavikwv
Tou EBvikoUu MetobBlou MoAuteyveiou, K. Kemamtooyhou Kwvotavtivo, TOCO yLa Tn GnNUAVTLKA
BonBela kal to evlladEpov TOU OTNV €KMOVNON TNG Tapouoag epyociag, 000 Kal yla TtV
duvatotnta mou pou mpooedepe va acxoAnbw pe éva Tpaypatika Wlaitepa evéladEpov Kat
ETKALPO AVTIKELMEVO.

Eniong, Ba nBela va euxaplotiow tnv Albdktopa tnG ZX0ANG Aypovopwv kat Tomoypddwv
Mnxavikwv tou EBvikou Metadflou MoAuteyveiou, K. Xplotiva HALomoUAou yla tThv TOAUTLUN
kaBodrynon mou pou mapeixe kab’ 0An tn SLApKeL EKTOVNONG TNG apoloag pyaciag.

T€Aog, Ba NBeAa var EUXAPLOTHOW TNV OLKOYEVELX KaL TOUC GLIAOUC LOU yLa TN CUUTTAPACTACK KOl
TNV UTTIOHLOVI TOUG 0€ OAN TN SLAPKELO EKTOVNONG TNG tapoloag pyaciag.



NepiAnyn
TitAog: «Emavaoxedlaopog ALKTUoU ACTIKWY ZUYKOWVWVLWV Le HAekTpIka Aswdopeia»

H mapovuoa SUTAWUATIKY €pyacia €XEL WC OVTLKEIUEVO TOV EMAVAOXESLAOUO €VOG SLKTUOU
0lOTLKWV CUYKOLVWVLWYV HE EVOWUATWON NAEKTPIKWV Aswdopeiwv otov SLabéotpo otolo. Me Tov
TPOMO aUTO, AapBavovtal urmtoPn TOoo oL TMEPLBAANOVTLKEG EMUMTWOELS TWV OOTIKWY HECWV
HETAPOPAC 000 KOl TO KOOTOG UAomoinong evog tétolou oxediou. Me dedopéva eloddou tov
ntiivaka Mpoglevong — Mpooplopol Twv xpnotwy, Tov Tivaka Xpovou Atadpopwv KabBwg kat To
OPXLKO SIKTUO YIVETAL EMAVOOXESLOOUOC TOU UTIAPXOVTOG SIKTUOU Kal BeATIOTOMOLNGN WG TPOC
TO KOOTOC TWV XPNOTWV Kal Tou ¢$opéa, WOTE OTo Kowvoupylo SIKTUO va xpnoluomolouvtal
NAEKTPLKA Aewdopsia OTIC YPAUUEC OOV QUTO elval ePpkto. To poviélo edapuoleTal oTo
EABetiko Siktuo tou Mandl kot mpaypatonolouvtal avaAUoEeLS evalobnoiag ylo va eEeTaoTEL N
ETLPPON CNUAVIIKWY TIAPAUETPWY, OTIWG N XWPNTLKOTNTA TNG UIATApiag TwV OXNHATWY KoL TO
KOOTOG TwV GOPTLOTWV.

Né§erg kAewdLd: nAektpkd Aewdopeia, emavaoxedlaocpodg SIKTUOU AOTIKWY CUYKOLVWVLWY,
BeAtiotonoinon SIKTUOU, YEVETIKOC aAyopLlOpog



Abstract
Title: «Public Network Redesign with Electric Vehicles»

The objective of this thesis is the Redesign of the Public Network, with the use of battery electric
vehicles (EV). In this way the environmental impact of urban transportation is reduced while
taking into account implementation cost. Based on the Origin — Destination (O-D), road network
matrices and the initial network, a redesign of the transit route network is performed so that
electric buses may be deployed where possible under cost minimization for users and operators.
The model is applied for the case of Mandl’s Swiss benchmark network. Extensive sensitivity
analysis is carried out to investigate the effect of important parameters such as battery capacity
and charger cost.

Key words: battery electric vehicles (EV), transit route network redesign, network optimization,
genetic algorithm



Extetapévn NepiAnyn

To avtikeipevo TtnNg mapovuca¢ OUTAWHATIKAG epyaciag elval Qo TPOCEyylon OTov
enavaoxeSlaopod evog Siktuou AoTikwv Zuykowvwviwy (Public Transportation Network Redesign
Problem — PTNRP) pe nAektpikd Aewdopeia. Aappavovtag untoyn, To SIKTuo, Toug MEPLOPLOUOUC
Tou SIKTUOU (OMWG 0 aPLOUOG TWV OTACEWY, TO GUVOAO TWV YPOUHUWYV), TNV €EUTNPETNON TNG
emuPBatikng ATNong kal To KOotog Snploupyeital évag oAyoplBuog mou €KTOG oo Tov
enavaoxeSlaopo tou Siktuou Bplokel Toug KOUBOUC TTou MpEMEL va TomoBetnBouv GopTLOTEC Kat
UTtOAOYIZEL TO KOOTOC KATAOKEUNC. To amotéAeopa ival Eéva IKTUO (OWV YPOUUWY LE TO OPXLKO,
TIOU OTLG TIEPLUITTWOELG XPoNG NAEKTPLKWV AeWPOPELWV, OL YPAUUEG AUTEG amoteAovvtaL and dUo

(2) otaBpoug poptiong (adetnpia, TEpU).

Ta dedopéva tou mpoPAnpatog eivat To Siktuo, N UPLOTAUEVN KATACTOON TOU SIKTUOU — LIE TIG
Sladpopeg — o mivakag MNpogéleuong — MpoopLlopol Tou CUVOAOU TwV XPNOTWV KABwG EMiong Kot
o mivakag Xpovou Awadpopwv. To biktuo Saxwpiletal oe KOUPoUG Kal cUVEEGUOUG, OTIOU
KOUBOL €lvol OL OTACELC TWV YPAUUWY KoL CUVOECHOL Ol EVWOELG TWV YELTOVIKWY KOUPBwWV mou
£€Xouv Xpovo SLadpounc, o onoilog xpovog dtadpopurnc Bewpeital otabepodg.

H avtikellevikn ouvaptnon opiletal wg To ABpolopo Tou KOOTOUG ylol TNV UAoTolnon tou
NAEKTPLKOU SIKTUOU, TOU KOOTOUC TwV emifatwv mou efumnpetouvtal e Baon tov Xpovo
SLadpopng aAAd Kal TOU KOOTOUG TWV EMLBATWYV Tou BewpouvTal avikavornointoL amno to Siktuo
YPOUHWV. OLTteEpLOpLopOL TTou TEBNKaAV eival ot €§AG:

1. MnAkog ypappwv: Ol ypapUEG TOU VEOU, TIAPAYOLEVOU SIKTUOU TPEMEL va Bplokovtal
HETaEL Kamowwv oplwv HAKoug, Tou opilovtal amd Tov aplBpd Twv OTACEWV TOU
efunnpetel kABe ypappun.

2. OpoloTNTA YPOAMUWYV: XTO TIAPOYOUEVO SIKTUO SEV TIPEMEL VAL UTIAPXOUV YPOAUMES LE TNV
(6o aAAnAouyia otdoswv, 510TL To diktuo Ba Bewpeital eEAAETEG WC TTPOC TOV apLlOUO
TWV YPOUUWV.

3. E§umnpétnon emPatwv: To mapayoupevo Siktuo mpémel va €§umnpetel OAOUG TOUG
ermupdreg, va punv acdnivel kamowo kopBo amd tov omoio Tapdyovial ) EAKovtol
HETAKLVNOELG EKTOC SLaSPOUNG.

4. Méyebog oxnpatwv: Xpnotomnowdnkav SUo tumol Aswdopeiwy, Ta cuvndn Aswddopeia
XwpNTkOTNTAG 80 BE€0EWV KOt Ta apBpwTd xwpnTkotnTag 150 B€cewy.

5. ZuyxvotntegAewddopeiwv: Me Baon Tov TUTO TOU OXAUATOG, UTtoAoyilovTal oL CUXVOTNTES
SLEAEUONG TTOU TIPETEL VAL Elval LETAEY TWV ETILTPEMTWVY OpLlwv.

6. Anupwoupyia nAektpltkoU SiktUou: EmAéyetal oe TOLEC YpaUUéC Ba tomoBetnBolv
NAEKTPLKA Aswdopeia pe BAcn TOUG MEPLOPLOUOUCG.



H emiluon tou mpoBARpatog €ywve pe TNV dnuloupylo TTPOYPAUHOTOC TTOU avanmtuxbnke oe
YAwooa mpoypappatiopol Python 3.7.4. To MPoypopUaTIOTIKO TteptBallov mou emAéxOnke
elvat to Anaconda Navigator 3.0 — Spyder 3.7. To npoypap o €XeL TRV akOAouOn pon:

Elcaywyn 6e6opévwy

AfloAbynon apxtkou Siktuou

YroAoylopdg anootacewv

BeAtiotomnoinon e tn Xprion yevetikol alyopiBuou
A&loAoynon teAlkol SIKTUOU Kol UTTOAOYLOMOC OXNUATWY
YoAoyLlopOG KOOTOG KATAOKEUN G NAEKTPLKOU SLKTUOU

No ks wN e

E€aywyn 6edouévwy

Ta amnoteAéopata Tou oAyopiBpou amodelkvUiouv OTL TO TPOYPAUUA TIAPAYEL AOYLKA
anoteAéopata. Qotoo0, oL SOKLUEG Eylvav o€ €va ULKPO Siktuo kaAd Ba Atav va doklpaotel o
TIPAYHOTIKO SikTuo AapBdavovtag urtodn 6AouG TOUG TEPLOPLOMOUG KL TLG TIPOYLATIKEG TULEG TOU
KOOTOUG.

vi
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1 Ewaywy

1.1 Tevika

OL O0OTLKEG OUYKOLWVWVIEG EKavav TNV EUPAVLON TOUG OTIC aPXEG Tou 19°Y auwva Kot amod ToTe
amoteAoUV umnpeoieg Slaitepn¢ onuoociog yla tnv Kowwvia. Ta ootikd Aswdopeia,
OUVKEKPLUEVQ, XpNoLlomoLlOnkayv mpwtn ¢opd ota TEAN Tou 19°° awwva oto AovSivo KL armo Tote
AettoupyoUv oxed0OV o€ OAEG TIG TTOAELG TOU KOOUOU. 2TnV apXl Ta Aewdopeia xpnaotponolovoav
WG KawoLuo tnv Bevlivn, wotdco n xapnAn T tou netpelaiov wONCE TOUG KOATAOKEUAOTEG VOl
TNV OVTIKOTOOTHOOUV HE TEeTPEAALD. Ta TEAsuTala XpoOvia YIVETOL ML Tipoomadela va
avtikataotabouv ta metpehalokivnta Aewdopeia pe NAEKTPLKA.

Qotoo0o, ta NAEKTPIKA Aswdopeia dev eival ouyxpovn edpelpeon. |oTOPKA TA NAEKTPLKA
Aewdodopeia epdavilovrat kot va Yavovtal amno To cUOTN A O0TIKWY CUYKOLVWVLWV aVA TOV KOO0
(Hall et al., 2018). Ta mpwta NAekTplkd Aswdopeia mou eudaviotnkav ATAV T TPOAED TNG
Siemens 1o 1882 pe pia mpwtn uloB£tnon toug oto Hvwpévo Baaoielo to 1909 (Brunton, 1992).
Ta nAektpkd Aewdopeia mou eLocayovtal otnv KUKAodopia eival eite pe cuoowpeuteg (battery
electric buses) eite uBpLdika (plug-in hybrid electric buses). Ta Vo (2) Bactkd MAEoVEKTHUATA
TWV NAEKTPLKWV AewdOpPELWV €lval OTL SEV €XOUV EKTTOUTEC alEPiwV Kal Sev KAvouv oAU B6pufo.
(Hall et al, 2018)

Ta ovyxpova NAeKTpLKA Aswdopeia AelToupyoUV UE CUCCWPEUTEG, oL omoiol poptilovtal oTaTIKA
N LEOW gukaLplakng poptiong (opportunity charging). 2e 0,tTL adopd otnv TeAeuTal, TTPOKELTAL
yla acUppatn ¢option, n onola udiotatal nén edw kat touAdxlotov Evav alwva. Mpayuatt, én
arnod 1o 1899, o NikoAa Téola Eekivnoe €pguva yLa Tnv PeTadopd NAEKTPLKNAG EVEPYELAG XWPLG TN
xpnon kaAwdiwv oto Kohopdavto Impivyks twv Hvwpévwy MoAttewwv. To 1961, o John Schuder
TPOTELVE éva SLaSEPULKO CUOTNUA EVEPYELAG VLA ELPUTEUIEVEG OUOKEUEG. Me TNV aoUpUOTN
dopTIon evog povtédou aspookadoug, o William Brown katddepe vo KUPpWOEL TNV HETADOPA
EVEPYELAG UE PIKpoKUpaTa. To 1968 mpotddnke £vag nAtakog Sopudopog amo tov Peter Glaser
WG Ml véa popdn peTadopdAg evEPYELAG HE MIKpokUpata. To 2007, epeuvnteég tou MIT
katddepav va petadépouv acupuata evépyela 60 W oe anodotacn duo (2) petpwy (Sun et al.,
2018).

Me BAon TIC AELTOUPYLKEC OPXEG TNC aoUPUATNG METAPOPAC EVEPYELAC UTAPXOUV TPELS (3)
Baolkég katnyopleg (Zicheng Bi et al, 2016):

1. HAsktpopayvntiki aktvoBoAia, TTOU XPNOLUOTIOLELTAL O HEYAAEC AOOTACELS HOPTLONG
HAEKTPLKN EMAywWY, TTOU XPNOLLOTIOLEITOL OE ULKPEC ATIOOTAOCELS GOPTLONG

3. MayvnTikn €naywyr], TOU XPNOLUOTIOLELTAL OE ULKPEG AMOOTAOELS PpOpTiong aAd Sev
elval tooo emPAEBRC 600 N NAEKTPLKN EMAYWYN YLO TO aAvVOpWTLVO CWUA.



ATO TIC TPELC (3) KATNYOPLEG, TIEPALTEPW €PELVA EXEL YIVEL OTN HAYVNTLIKA EMaywyn n omoia
umnopel va Staxwplotel oe SUo (2) katnyopieg (Zicheng Bi et al, 2016):

1. Ztatikn, $poption otav to Aswdopeio dev Bploketal og kivnon
2. Auvvapukn, doption otav to Acwdopeio Bpiloketal o kivnon.

1.2 XIKOTIOGC SIMAWNATIKNG Epyaciag

O OKOMOG TNG OUYKEKPLUEVNG OUTAWUATIKAG €pyaoiog €lval n  avamtuén HovtéAou
BeAtiotonoinong emavaoxeSlaopol SIKTUoU NAEKTPIKWY Aswddopeiwv, Aappavovtag umoyn
OA£C TLG SLoSIKACLEG TTOU ElvalL AMOPALTNTEG TIPOKELUEVOU VA ETUTEUXOEL EVal TETOLO ATIOTEAECUAL.

Ermupépoug aviikelpeva tng epyaciag anoteAouv:

1. BiBAwoypadikn avookomnnon
Avaluon tng pebodoloyiag oxedSlaopol
Agdopéva tou mpoPARupatog kat n peBodoAoyia TOu yeveTikou aAyopiBuou mou
Xpnotuomontnke yla tnv entiuon
AmoteAéopaTa MELPOUATWY
5. Juumepaoparta

Y& aUTO TO TAQLOLO, avamtUooeTol aAyoplOUOC oU TPAYHOTOMOLEL emavaoXeSlaopnd SiKktuou
OlOTLKWV CUYKOWWVIWV UE deSopévo OTL Ba xpnotpomotnBoulv NAEKTPLKA Aewdopeia O OTIOLEC
YPOUMEG elval Suvatdv, ta omoia Ba AsttoupyoUv He otatiky ¢option. Itdxog Tou
enavaoxedlacpou ival n eAaxLotonoinon Tou TG00 KOOTOUG KATACKEUNE Tou SIkTUou 600 Kal
TOU KOOTOUG TWV XpNoTwV Tou Ba xpnoLuonoljcouv to kawvoupylo Siktuo.

1.3 Aou) SIMAWUATIKNG EpYyAOLAC
H SutAwpatiky epyoocia amoteAeital and oktw kedpdAoia cupmepAapBavopévng Kot tng
ELOAYWYNG.

To mpwto (1°) kedpdAato amoteAel TNV €lcaywyn TG SUTAWUATIKAG €pyaciag, Omou yivetal
avadopd oToV OKOTO TNG EPYACLAG.

210 beutepo (2°) kedaAalo yivetal avaokomnon tng vuplotapevng BiBAoypadiag wg mpog ta
NAEKTPLKA Acwdopeia, Tov emavaoyedlaopd SIKTuou KaBwg emiong Kal To KOOTOG yla Thv
vAomoinon evog SIktUou Pe NAskTpLka Aswdopeia.

To tpito (3°) keddalaio meplhapPavel tnv avaluon ¢ pebBodoloylag tNG SUTAWMOTIKAG
epyaoiag.



Y10 tétapto (4°) kepahalo mapouoialovtal Ta Sedopéva Tou POoBARLATOC KL N UAOTOLNON Tou
TPOBAALATOG OTO MTPOYPAUUATLOTIKO TtepLBAAAov Python.

Y10 mEmTo (5°) kepaAalo yivetal n mapouciaon TwWV AMOTEAECUATWY KAOWC Kal 0 OXOALAOUOC
TOUC.

To €kto (6°) kedpalailo mepAapPAVEL T CUUTIEPACUATA TNG EPYAOCLOG KOL TIPOTACELS YLO
HeANOVTIKN €peuva.

210 £Bdopo (7°) kedpalato yivetal n mapouaciacn 6Ang tng BLBAloypadlog mou xpnaotpomnotnnke.

210 MapApTNUa tapouctalovtol aVAaAUTIKA OAO T AOTEAECHO ATt OAEG TIC SOKLUEC TTOU EyLVay.



2 BipAloypa@ixi) avacKoOT)o1)

2.1 HAsktpwka Aew@opela
Onwg €xel N6n avadepbBel Ta NAEKTPIKA OXAUATA UTTOpoUV va Slaxwplotouv oe Suo (2)
Katnyopleg, ta uBpLSIka nAektpika oxnuata (hybrid electric buses) kot Ta NAEKTPLKA OXALOTO LUE
unatapia (battery electric buses).

Ta nAektpkad Aswdopeia pe pnatapia (battery electric buses) Baoifovtal anmokAELOTIKA oTNV
EVOWUATWUEVN Umatopia yla va PeETadEPOuV TNV NAEKTPLKN EVEPYELA OTNV Hnxavr). Etol, To
€UpPOC Aettoupylog Toug efaptatal amod To PéEyeBog TNG Umatapiog, To Onmoio UE TNV CELPA TOU
e€aptartal anod tov TUTo untodoung GopTLoNG. To MAEOVEKTNA AUTWV TwV Aswdopeiwv eival OTL
€XOUV UNSEVLIKN EKTTOUTI Kawooepiwv, aAld Baaoilovtal o mMOAU peydAo Babuo otnv pnatapia.
Emopévwe, avaloya pe to pHEyebog TnG pnmatapiag StadopeTiki elval Kot n PEYLOTN amooTacn
Tlou Uropet va Stavioel éva nAekTplko Aewddopeio. (Hall et al., 2018)

CATBUS CITY OF ROCK HILL
Clemson, SC Rock Hill, SC

Ewkova 2.1 — HAektplka Asw@opeia

(Mnyn — www.proterra.com/)

Ta uBpdika Aewdopeia (hybrid buses) ocuvdualouv Tnv pnxavl KoUoNG UE TOV NAEKTPLKO
Kwntipa. O cuVBUAONOG UTOG UIMOPEL va Yivel eite Le mapdAAnAn cuvdeon eite o€ oelpd. ITNV
napaAAnAn olvéeaon Kat oL U0 KLVNTAPEG UMopPoUV va xpnaotpomnotnBouv yla wbnon. Avtibeta,
otav n ouvdeon elval o OELPA UTIAPXEL O NAEKTPLKOC KLVNTHPAC TTOU XPNOLUOTIOLE(TAL yLIot wOnon
TOU OXNMATOG aAAQ KAl O KvNTAPAC KOUOoNG, O OMOLloG XPNOLUEVEL WG YEVVATPLO, TIAPEXOVTOG
NAEKTPLKN EVEPYELA OTOV KlvnTApa otav dev Asttoupyel pe pmatapia. Ta uPBpldikd oxnuota
UTIAYOVTOL O €AEYXO KLVNTNPO, O OmMolog €xeL UEYAAn emimtwon otnv amodoor Tou, otnv
KATAVOAWON €VEPYELOG KOL OTLG EKTIOUMECG aepiwv. Zta uPBpLSIka Aswdopeia mou €xouv TV
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duvatotnta va AeToupyolV POVO LE TOV NAEKTPLKO KLVNTPQ, O XELPLOTAG KaAd Ba ntav va

TiepLlopilel «TOTE» KAl «TTOU» To AcwdOopelo va XPNOLUOTIOLEL TOV KLVNTAPA KaUonG. Me autov Tov

TPOTO, SnULoupyoUVTOL TIEPLOXEG HE UNOEVLKOUG puTtoug Kat BopuBoug. (Hall et al., 2018)

211

TpoToL @opTIONG

O Li (2016) kat Olson et al. (2016), aveéaptnta and Tov TUTIO TOU NAEKTPLKOU OXNLOTOG

Slakpivouv mévte (5) pebddoug poptiong.

1.

®doption oe apagootacto (charging at a depot). Auto to €idog popTiong Unopel va yivet
elte To Bpadu ) To mpwi oto apagooTacto, otnv nepimtwon mou to Aswdopeio Aettoupyet
MOVO TLG TIPWLVEG KO TLG OMTOYEVUUATIVEG WPEG ALXMNG. Mo Ta NAeKTpLkA Aswdopeia pe
umatapio, To péyebog tng unatapiog Ba mpENeL va eMapKeL yia va Aettoupyel 6An tnv
NUEPA N LEPOG TNG NUEPQL.

Neplotaciaky ¢OpTION OTOUG TEPUATIKOUCG oTtaBpoug (opportunity charging at end
points). Mmopetl va xpnotpomnownBei otav 1o Aewdopeio OTAUATACEL yLa KATIOLO LEYAAO
XPOVIKO Sldotnua, mpv cuvexioel tnv emopevn dtadpopn. To péyebog TnG unatapiog
TIPETEL va €lval OPKETA HeyAAO woTe ot Mepimtwon kabuotépnong va umopel va
napoAeiPn ¢option. Av 10 Aswdopeio feklvioel amd To OUAEOOTACLO HUE TANPWG
$OPTIOUEVN TNV pmatapia, pmopel vo emilotpéPel To amoyeupa HeE XOUNAO eminedo
umotapiog, £€ToL N MepLOTACLOK POPTLON OTOUG TEPUATIKOUG O0TaBUOUG Hmopouv va
T(POYPOUHATI{OVTOL WOTE VA [NV entavodopTileTal TANPWE N Uratapia Kotd Ty SLapKela
NG NHEPQL.

Neplotaoiakn ¢option os otacel (opportunity charging at bus stops). Xpnotuornoteitat
yla ypnyopn $option Katd tnv SLapKeLa TG eKTEAEONC Tou SpopoAoyiou. Mmopel va
XpnotpomnotnBel wg Kupla mNyn $opTIoNG Twv Unatoplwy, He GopTloTéG o Sladopeg
OTAOELG KATA TNV EKTAON TG SpopoAoyiou. Mmopel va xpnotponotnBel KL wg eVAAANAKTLKA
povada ¢optiong €dv 1o Aewdopeio mapédewpe Tnv GOPTION OTOV TEPUATIKO OTAOUO
(meplotaoiakn ¢opTLoN 0TOUG TEPHUATIKOUG OTAONOUG).

®doption kata tnv Aettoupyia (charging during driving). Eival pa Stadikacia ¢poptiong
TIOU UTopel va emiteuxBel pe S1adopoug TPOMOUC, OMWG UE EVOEPLEC YPOUMEC 1) UE
ETIAYWYLKN HETadOPA EVEPYELAG aTtO TNV AodaAaTto. Ita UBPLSIKA NAEKTPLIKA Aewdopeia
autn n Stadikaoia puropet va yivel pe poption HECW TNG LNXOVAG ECWTEPLKAG KAUONG.
ANayn pnatapiog (battery swapping). H oAMlayn tng pmatoapilog pmopel va
xpnotpornotnBeil yla va SteupuvBel To eUPOC TNG AMOCTACNG TTOU UIopEel va Slavuoel éva
NAEKTPLKO Aswdopeio. Meta tnv alloyn TNG Hmatapiag to Oxnua ival TMARPWC
dopTiopévo kat pnopel va ouveyioel tnv Aettoupyia tou. Me Baon tov Li (2016) To Baotkd
TMPOPAnua avtol Tou eidoug doptiong sivat OtL n arlayn ™G Unatapiag xpelaletal
MEYAAOUG XWPOUG yLa va TipaypatomnolnBel kaBwg emiong elvat Ko apKeTA akpLpn ya va
KQTOLOKEUAOTOUV.
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Ot Hall et al. (2018) kavouv SladopeTikr) SLAKPLON OTOUG TPOTIOUG GOPTLONG TWV NAEKTPLKWV
oxnuatwv. Mapouaotalouv Tpelg (3) katnyopleg poptiong, Baciopévol otny opadomnoinon Twy Li
(2016) kat Olson et al. (2016).

1. TpAyopn ¢option (quick charging). Ie autiv TNV Katnyopia avikouv OAa Ta nén
TEXVOAOYLOG TTOU EMLTPETOUV TNV enavadopTion PeEoa o€ Alya Aemtd. Apa, O€ QUTAV TNV
katnyopia mepllapfdavetal n meplotactaky ¢oOpTLon OTOUG TEPUATIKOUG oTaOUOUG
(opportunity charging at end points), n neplotaociakn ¢poption o€ oTACELS (Opportunity
charging at bus stops) kat n aAAayn pnatapiag (battery swapping).

2. OMovuytia ¢poption (overnight charging). Mephappavel omoladnmote TexVoAoyia mou n
Sapkela poptiong eivat ano tpldvra (30) Aemtd €wg HEPKEG wWPEG. lMvetal n Bewpnon
nw¢ pia mMAnpwg doptiopévn unatapia enttpenel oto Acwoopeio va Aettoupyel Kavovika
yla pa oAokAnpn nuépa. Mpokettal SnAadn yia poption o apagootaoto (charging at a
depot).

3. Zuvexng ¢option (continuous charging). Aut n katnyopia meptlapfavel 6Aa ta nén
TEXVOAOYLOG IOV amaltoUV cuvexOUevn GOPTLON, OTIWE OL EVAEPLEG YPOUMEC. MpoOKeLTaL
yla ¢poption katd tnv Asttovpyia (charging during driving).

Ot Lajunen kat Lipman (2015) otnv €pguva toug yla tnv afloAdynon tou K6otoug KUKAoU LwngG
Kall TLG EKTIOUTIEG TOU SLofeldiou Tou dvBpaka yia dtadopoug Tunoug Aewdopeiwv SLEkpvav ta
NAEKTPLKA OXALOTO LE pmatopla oTig €ENG KATNYOPLEC:

1. OAovuytia poptLon 6TO ANAE0OTACLO
DApTIoN KATA TOUG TEPHATIKOUG OTAONOUG 1) OE OTACELG
AA\ayn pratopiog, aANG amaltel pla onUavVTIKY eMEvOucon oTov oTaOpo avtaAAayng
UTTOTOPLWV.

2.1.2 Mmnatapia

Ta nAektplkad Aswdopeia pe pmatapia mapouvotalovv peyalo sviadépov kabwg otav eival
OKLVNTOTOLNMEVA, TO TIOOOOTO EVEPYELOC TTOU KATAVAAWVOUV ELVOL XOUNAOTEPO CUYKPLTIKA LE TOL
netpelatokivnta Aewdopeia. Ta Aettoupylkd nAekTplkd Aewddopeia mouv nmapouvctalovtol oTny
Seoul kat oto Los Angeles, €ival povtépva nAektpikd Aewdopeia ta omoia XpnolpomoLlouV
unoatapieg ABiov yia anobrikeuon evépyelag. To Baotkd mMpoOPANUA, OUWE, UE TA NAEKTPLKA
oxnuata eival To PEYAAo KOOTOC TNE Umatapilag Kal Twv urtoSopwv GopTLong.

OL texvoloyLKEG €eAIEeLC £xOUV KAVEL TIG pumaTtapieg ABlou va ival N kKaAUTepN emAoyn yla Thv
amoBrnKkeuon eVvEpPYeLog O NAEKTPLKA Aswdopeia mOAewv. Ol pmotopleg QUTEG €XOUV KOAN
ovaAoylo XwpenTIKOTNTAC TTPOG TO BAPOC, TO OMOL0 EMITPEMEL TNV XPHON TOUC yla pia oAOKANpN
nNUEpa Xwpig emavadoption. Qotdoo, xpelaleTal LEYAAQ TTOCOOTA EVEPYELOG YLa VO ETILTEUXOEL
QUTO, YEYOVOG TIOU aUEAVEL TO OUVOALKO BApOog Kal KOOTOC Tou Aswdopeiou.
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EVaAAQKTLKA, UTTAPXOUV Kal oL purmatapieg uPnAng woxvoc pe KaAn avaioyia Loxvog mpog BAapog.
AuTég oL purmatapieg cuvdualovtal pe yprnyopeg uebodoug dpopticewv Twv Umataplwy, omou n
LOXUG ou petadépetal ival xapnAn kat n ¢option yivetal katd tnv dtapkela Tng nuEpag. Ot
UIoTapileg e LeYAAO TOo00TO amodoxng LoxUog XPNOLLOTIOLOUVTOL O TIEPLOTACLOKEG POPTIOELG
omnou n poption MpENEL va yivel og TouAdyilotov 30 sec. (Lajunen and Lipman, 2016)

Avdloya pe Tnv Tpomo ¢optiong emAéyetal To pEyeBOG TNG pmatapiag, kabwg n Loxug optiong
Sladépel. H poption oe apagootaoio (charging at a depot) xpetaletal PopTIOTEG ULKPOTEPNC
LoxVo¢ pLag Kat n ¢option Slapkel HeyaAo XPOVIKO Sitdotnua, alAd tautoxpova xpstalovral
UIOTOPLEG HEYAANG XWPNTIKOTNTAG YLl VO UTTOPOUV va AELTOUPYOUV yLol MEYAAQ SlaoThpota
Xxwpig doéption. H meplotaoiakn poption (mMeplotaciakn ¢popTLon OTOUG TEPHATIKOUG OTABHOUG
- opportunity charging at end points, meplotaociakni ¢popTIon o€ OTACEL - opportunity charging
at bus stops) avtiBeta, xpelaletal GopTLOTEC LEYAANG LOXVUOG yla va. UmopolV va ¢opTicouv Thv
uratapio o pkpo Xpoviko dtaotnua (30 — 60 sec) aAAd To PEYEDOC TWV UMOTOPLWY UTTOPEL VO
elval pkpotepo. ITnv ¢option Katd tnv Asttoupyia (charging during driving), to péyebog tng
Urmotaplog e€opTaTaL Amo TO HUKOG TNG NAEKTPLKNAG SLadpOoUNG.

Itnv oAovuxtia $poption (overnight charging), pe Baon toug Olsson et al. 2016, xpelalovtat
bOPTLOTEG MLKPNG LoxV oG — Ttepimou 80 kWh ava ¢podption — kabBwg moANd Aewdopeia poptilovtat
otnv 6o meploxn.

2.2 Méeye0oc pmataplag kat Katavadlwon evépyelag

Ot Kunith et al. (2017), otnv €peuvad toug xpnotomnoinoayv eva diktuo oto BepoAivo pe dekaemta
(17) ypappég, pue kowvr adetnpia, CUVOALKO UNKOG SLadpOoUwV TPLOKOOLO TIEVAVTA XIALOUETpA
(350 km) kat ekatov tplavta técoepa (134) Aewdopeia. KabBoploav tnv Katavalwaon eVEPYELAG
yla KaBe Stadpopr avaloya Pe TNV amooTtacn Kol ToV XPOVOo HETAEY TwV OTACEWVY, LUE BAON TOUC
S1ebveic kavoviopoLg DIN 70030 (1989). Na kabe dtadpoun avatednke KL €vag SladopeTIKOG
TUmog Aewdopeiov, tutkd Aswdopeio dwdeka peétpwv (12 m - SB), apBpwtd Aswdopeio
SdekaookTtw PETPpWV (18 m - AB) kat Stwpodo Aewdopeio (DD). Me Bdon autd yia kaBe Stadpoun
UTTOAOYLOTNKE N XWPNTLKOTNTA TNG Umatapiag mou sival anapaitntn. H épeuva Baciotnke oto
ott Ba xpnowpomolnbolv pmatapieg ABlou kat vPnAng wxvog evépyela. Kamolol tumot
UITOTOPLWY TIPOTLHOUVTAL TEPLOCOTEPO, OMWCE Elval ol pnatapieg ABiou — titaviou (LTO) ) ot
unotapieg Atbiou — dwodopkol owdnpou (LFO). Ztnv avaiuon mou ékavav, Ye Bdaon tnv
KATAVOAWON €VEPYELOG UTIOAOYLOAV TNV XWPNTIKOTNTA TNG Uratapiag yia Toug Tpeig (3) tumoug
Aewddopeiwv. Etol mpogku e yia Toug SLadopeTIKoUC TUTIOUG AswPOPELWY KL yLa TIG YPOUMEC
ol £€ENG XWPNTIKOTNTEC:

e 60,90, 120 kWh yia to TUuniko Aewdopeio dwdeka petpwy (12 m - SB)
e 90,120, 150 kWh yia to apBpwtd Aewdopeio dekaoktw PETPpwWY (18 m - AB) kat dpoLa yLa
To SLwpodo Aswdopeio (DD).
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H katavalwon evépyelag evoc nAektpkou Aswdopeiou, e€aptatat anod to Bapoc Tou Ppoptiou,
TG KALPLKEG ouvOnkeg Kal tnv Sladpopr. Emeldn n katavaAlwon evépyelag ota NAEKTPLKA
Aewdopeia eivat TOAU ULKPOTEPN O OXEON UE TaA TETPEAALOKiVNTA, N SLaKUAVOR TNG WITOPEL va
BewpnBel apeAntéa 0To KOOTOG TOU KUKAOU {wNG TwV NAEKTPIKWV Aswdopeiwv. Otav Asttoupyet
oe ouvOnkeg kpLOU N Kotavalwon TG evépyelag pmopel va auénbel Adyw tng Xpnong
B£puavong, eldLKA av n eVEPYELD amoppodaTal amo TNy pnatapia. Qotdco, £peuveg £xouv deifel
OTL Ol KOLPLKEG OUVONKEG UIMOPOUV VO OVTLLETWTILOTOUV HE OWOTO cUVSUAOUO $OpTIoNG LoXVOG,
SlaotacloAoynon pnataplog kat meplotactokny ¢option. (Lajunen, 2017)

Itnv épeuva twv Kunith et al. (2017) mpoékuPe OTL N KATAVAAWON EVEPYELAG VLA TNV UaTapia
HE TNV peyoAUTEPn xwpntikotnTta (120 kWh yua SB, 150 kWh ywa AB kat DD) eival eAayiota
HEYOAUTEPN QIO TNV pnatapia peocaiag xwpntikotntag (90 kWh kat 120 kWh). MNapatnpeital pa
HLKPN a€Non CUYKPLTIKA UE TNV apXtki Twun (60 kWh kat 90 kWh).

OL Gao et al. (2017) €kavav €peguva O€ €va TPOAYHATIKO Oiktuo Me NAeKTplkA Aswdopeia,
amoTeAOUHEVO amo oktw (8) Aewdopeia pe Aettoupyia Sekaentd (17) wPeC TNV NUEPA OE pia
ypapun eikoot tecodpwv (24) xtAlopétpwy. O prmatapleg Twv NAEKTPIKWV Asewdopeiwv giyav
xwpntikéTnTa and 60 — 548 kWh. Napatripnoav OTL yla xwpnTtikotnta pratapiag 324 kWh kat
yla oxU doptiotn 91 kW, o eAdxLotog xpovog poptiong tng patapiag nrav dvo wpeg (2 h). O
HUECOG PUBUOC KOTOVAAWGNG EVEPYELAC YLa EVal NAEKTPLKO Aewdopeio eival 1,35 kWh/km, evw
yla éva Tumitkd Aswdgopeio 1,80 kWh/km. Emtiong, pe Baon thv avaluon mou €kavayv PoEKuE
OTL pla pmatapia pe xwpntikotnta 60 kWh elvat Lkavn vol LKOVOTIOLOEL YPOLUECG E LKPO KOG
Sladpoung.

TeAKQA, KATAAYOUV OTO CUUMEPOOHO OTL N KATAVAAWGT EVEPYELOC YLO TA NAEKTPLKA Aewdopeia
Kupaivetat amno 1,24 €éwg 2,48 kWh/km kL wg péon tur Bswpouv to 1,35 kWh/km.

2.3 XIxedlaopog Aktvov Aotikwv Ivykowwviwv (Transit Route Network
Design Problem -TRNDP)

To mpoBAnua tou oxedlaopol Silktuou AcTkwv Zuykowwviwv (TRNDP) mpooeAkUeLl TO
evlladpEépov Tov epeuvnTwy amd ta TEAN NG dekaetiag tou '60. O oxedlaopog Siktuou
aoxoAeital pe Tov KaBopLopo TG BEATLOTNG UTIOSOUNG KOL AELTOUPYLKWY XOPOKTNPLOTIKWY TOU
AKTOOU AOCTIKWV ZUYKOWVWVLWY, UE OUYKEKPLUEVOUG OTOXOUG oxedlaopol, mapadoxéC otnv
{Ntnon KaBw¢ Kal OLKOVOULKOUC KOl AELTOUPYLKOUG TEPLOPLOUOUG. TNV Katnyopia Tou
oxeSlaopol cuykolVwVLWV Bewpeitat éva amo ta o SUokoAa Kol TepimAoka pofAnpaTa.

O oxeblaopog Siktuou Aotikwv Juykowwviwv (TRNDP) yivetal pe tnv BeAtiotomoinon twv
oTOXwV oxedlaopou Kat Sivel oav amotéAsopa €va Siktuo Stadpopwyv. Tuvnbwe, HECA OTOUC
OXEOLOOTIKOUC OTOXOUG €ilval oL AELTOUPYLKOL TIEPLOPLOOL KOl OL TIEPLOPLOMOL TwV SlabBEaiuwy
nopwv. Exovtag éva odwko biktuo, tov Mivaka Mpogélevong — [Mpooplopol Kol Toug
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TLEPLOPLOUOUG, TO BEATLIOTO SikTuo Stadpopwv kabopiletal. To BEATioTo Siktuo Aappfavetl umtoyn
TLG UTIOSOMEC TWV SLaSPOUWY, TIG CUXVOTNTEG, TOUG TUTIOUG TWV Aewdopeiwv Kal TIG OTACELG,
kKaBwg 0Aa anotelouv petaBAnteg oxeSlaocpou tou mpoPAnuatog. (Kepaptsoglou, 2020)

OL uéBobol enihuong tou mpoPAnuatog oxedlaopol pmopouv va eviaxBolv oe téooepls (4)
KaTtnyopleg KoL uTtokatnyoplec:

Eupetikég (Heuristics)
AvaAutikeg (Analytical methods)
MaBnpatikég (Mathematical methods)

s w N e

MeBeupetikég (Metaheuristics)

Itnv apyxn, oL eUpeTIkEC PEBoSoL (Heuristics) Sev ntav kaveg va avtameééABouv o peyala
Siktua Kal va mapouaotdoouv akplBeic AUoelg, wotooo £0e0e TIC PACELG YL TNV QAVATITUEN TWV
pueBevpetikwv (Metaheuristics) peBodwv. OuL avoAutikég pEBodol (Analytical methods)
npoonadnoav va KaBopiocouv Ta XAPAKTNPLOTIKA TWV YPAUUWY OTIWE ELVOL TO UKOG SLaSpOUNC.

Ta televutaia xpovia, ol pebeupetikég pEBodol (Metaheuristics) elvat o kUpLog TpOmog AUoNG TwvV
SUokoAwv MpoPAnuaTwy BeATioTomoinong KAl UopouVv va wpLlotolv oe U0 (2) katnyopleg:

1. Movadikr Avon, BeAtuwvel Tn povadikn umodrdla Avon
2. MAnBuopiakn AVon, Slepeuva o€ éva eVpog uTIoYAPLWV AVCEWV.

Otav ot 800 (2) autég katnyopieg cuvdualovtal ylo tnv eniluon Tou mpoBARaATog oxedlacuou,
n uéBodog ovoualetal uBpLdikn (Hybrid method). (Kepaptsoglou, 2020)

O oxeSlaopog Tou SIKTUOU ACTIKWVY ZUYKOWVWVLWY €LVOL CNUAVTIKO VA OVTLUETWITLOTEL PUE TNV
xpnon otolou nAektpikwv Aewddopeiwv (Electric Transit Route Network Design Problem —
E- TRNDP).

2.4 EmavacxeSlacpo¢  AKTOOU  AGTIKOV  IZUYKOLVOVLWV (Public
Transportation Network Redesign Problem - PTNRP)
Ot Fan kat Machemehl (2011) xapaktnpilouv to mpoBAnpa tou oxedlacpuou — emavacxedlacpuou
w¢ éva otpatnyko nawxvidt Stackelberg. AlatunwOnke w¢ éva mpoBAnua BeAtiotonoinong dvo
(2) emutédbwy, mou avikatomTpilel Toug SLaPOopPETIKOUC OTOXoUC TwV SUo (2) petapfAntwv
anodacnc, o oxeSlaotAG Tou SIKTUOU Kal 0 XPNotng tou SIKTuou. Me auUTOV ToV TPOTO, O
oxedlootrg tou Siktuou, ou Bewpeltal «apxnyog», Bewpeitat OTL E£EpeL WG oL XpnoTeg, dnAadn
oL «akOAouBoL», Ba avtamokplBouv oe onoladnmote otpatnyLkr eMAEEEL. OL «akOAouBow» ivat
eAelBepol va emiAé€ouv omoladnmote Stadpouny BEACOUV WOTE TO CUVOALKO KOOTOG SLadpopng
0 CUVOALKOC XpOvog SLadpounG Kal o aplBpuocg Twv PeTenBLBAcewV va elvat o EAAxLOToG. Ao
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™V GAAN 0 «apXNyoc» TIPEMEL VA KAVEL TNV KAAUTEPN XPHON TWV TEPLOPLOUEVWY TIOPWV
TIPOKELUEVOU VA BEATLOTOMOLOEL TNV AMOS00N TOU CUCTHHATOG, EVW TOUTOXPovVA va Aappavouy
umoyn tnv cupmepLdopd Twv xpnotwv. O MPOYPAUUATIONOG TOU CTOXOOTLKOU SUTAOU emumedou
Umopel va mapouolaotel wg eEAG:

(UP)mHin Flu,v(u)] (2.1)
Subject to,
G[u, v(u)] <0, 6mou n v(u) opiletat wg (LP) mﬂinf [, v(u)] (2.2)
Subject to,
glwv] <o (2.3)
Onou,

(UP) = npoypauua avwtepou snutedou (upper-level program)

(LP) = npoypauuo katwtepou enredou (lower-level program)

F = QVTIKELUEVIKT) CUVAPTNOI TOU TPOYPAUUATOC avwTEpoU erntnedou (UP)
U = HETABANTEC aImOPAONC TOU TTPOYPAUUATOC avwTEPOU ertutedbou (UP)

G = MEPLOPLOUOL TOU IPOypauUATOC avwTEPOU emtrtedou (UP)

f = QVTIKELUEVIKN CUVAPTNON TOU MPOYPAUUATOC KATWTEPOU ETILITESOU

V = UETABANTEG aTOEaAoNC TOU TTPOYPAUUATOC KATWTEPOU EmLtedou (LP)

g = TIEPLOPLOUOL TOU TPOYPAUUATOC KATWTEPOU enttédou (LP)

To mpoBAnua tou enavaoyxedlaopou diktuou (public transportation network redesign problem —
PTNRP - AEI) yivetat EAaXLOTOMOLWVTAG TO KOOTOC TWV XPNOTWVY, TO KOOTOC TOU SLOXELPLOTA KOOWG
KOLL TO KOOTOG TWV OVLKOVOTIOLNTWVY XPNOTWV Tou umapyovtog Stktuou Aappavopévou umoyn Kat
TNV oupnepLPopd TwV XPNOTWV TOU SLKTUOU.

H paBnuoatikn moapouaciaon TG AVILKELEVIKAG oUVAPTNONG elvat:
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TC = C, * Z direm + Z trttr + CxLx
TmEDR;; trETR;; Cm
Trm m
(Z )‘ DI E Z 2eeons 7
Tm JEN Tm€EDRIj
m=1

E E 2 dr (2.4)
. treTR;;
. JEN
IEN

Orov,

N = 0 aptBudc twv kevipoeldwv tou SIKTUOU

M = 0 aptduog twv Stadpopwv ¢ AUoNG yLa To MPOTELVOUEVO SIKTUO,

rm =n m dtadpoun tn¢ npotewvouevng Avong (m=1, ..., M)

di’™ = n {ntnon uetaév twv Kevipoeldwy i, j tnG Stadpouns rm

di'" = n Zntnon uetaél twv kevtpoelbwy i, j tng Stabdpouric tng Stadpouric uetemBiBaong t;

DRjj = to ouvoAo twv Sdtadpouwv ue anevdeiac eéunnpeétnong tne {ntnong uetaél twv kouBwv i,
J

TRjj = T0 ouvodo twv ueteniBiBaocswy mou eival anapaitnteg yia va gfunnpetndei n {ntnon
UETAEV TwV KOUBwV i, j

ti"™ = oUVOALKOG xpovog StabpounG UETaéU KEVTPOELOWV i, j TNG SLabPOUNG I'm

tit" = oUVOALIKOG YpOvoc Stadpounc LETaEL KevTpoeldbwy i, j Tn¢ Stadpounc ueteniBiBaonc t,
Cv = k6oTto¢ Aettoupyiac Aswpopeiou tnv wpa (€/vehicle/h)

Cm = KOOTOG TOU Ypovou (€/min)

O, = wpec Aettoupyiac tou Aswpopeiov kade ypauunc (h)

C4= KOOTOG TWV QVIKXVOToiNTwV xpnotwv (€/person)

Ci1,Cy, Cs: ouvteAeotécg Baputntoac, omou C1+Co+C3=1
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O MPWTOC OPOG TNG AVTIKELUEVIKAG CUVAPTNONG TIPOKELTOL VLA TO GUVOALKO KOOTOC TWV XPNOTWV,
OUUTEPAOUPBAVOLEVOU TOU KOOTOUG TWV XPNOTWV ToU gEuTnpeTolvVTaL anmeuBeiog Kol auTwy
nou efumnpetovvtal pe peteruPifaocels. O Seltepog OPog eival To GUVOALKO KOOTOG TOU
Slaxelplotr) kal o Tpitog 6pog adopd oTO KOOTOG MOU OXETIIETAL LE TOUG QVLKOVOTIOINTOUG
XPNOTEG,.

Méoa 0To KOOTOG TOU SLAXELPLOTH CUUMEPIAAUBAVETOL TO KOOTOG AELTOUPYLAG TWV ATALTOUEVWV
Aewdopeiwv, EVW TO KOOTOG TOU Xpron cupmneplappavel téooeplg (4) petaPAntéc:

To kootog Badioparog otnv otaon.
To KOOTOG OVOUOVNC.
To kootog petemiBifaonc.

P w N

To k6oToG Tou emBatn 60on wpa PBploKeTOL EVTOG TOU OXNUOTOG.

Ta Cy, Cz kat C3 elval oUVTEAEOTEG BapUTNTAC TWV TPLWV OPWV TNC AVILKELUEVLIKAG ouvaptnong. Ot
TLUEG TIOU TTA{PVOUV OL CUVTEAECTECG QUTOL E€QPTWVTAL QIO TNV EUMELpia TOU oxedlaotn Kal TNV
kpion Tou.

210 MpOoPAnua tou emavaocyxediacpol (PTNRP — AEl) to umompoypappa avwtepou emmedou
(upper-level program — UP), mapouctaletal wg e€NG:

minimize TC (2.4)
Dmin< D7, < Dmax, rm€R (2.5)
M < Rm (2.6)
hmin < h'rm < hmax, rm€R (2.7)
QP* * hy
L, = % < Lyax, rm€ER (2.8)
M n Tr
z N, = z h—m <w,rm€R (2.9)
m=1 m=1"rm
tRTN
max{ﬁ} <EQ,VieN,VJEN (2.10)
ij Lt

Orou,

R = btabpouéc

Rmax = 0 UEYLOTOG ETUTPEMTOC aAPLIUOG Stadpouwv tou SIKTUOU
M = 0 aptBuoc Twv StadpolwV ToU ITPOTELVOUEVOU SIKTUOU

18



Dmax = TO UEYLOTO UNKOG SLabdpoung
Dmin = t0 €Ad)Loto urjkog dtadpourg
dij= ouvoAikn {rnitnon uetau Twv KETPOELOWV i, |

tf}TN = 0 gAaytoto¢ xpovoc Stadpounc UETaél Twv KEVTPOELOWYV i, j Ue Tov gAdyioto oaptduo

uetenBiBaocewv otro emavaocyedlaouevo Siktuo
tiC]-TN = 0 eAdytotoc ouVvoALkOG xpovoc dtabpournc LETaEU TwV KEVTPOELOWV i, |

EQ = n avaldoyia rou kadopiletal arno tov oxedlaot Katda TNV SIAPKELA TOU ENAVUCXESLOOUOU
hmax = N UEYLOTN YpovoammooTaon o amatteital yio kade dtadpoun

hmin = n €EAdyLotn xpovoarmdotaon mou amatteital yia kade dtadpoun

Lmax = 0 UEYLOTOC aptBUOC popTiou yia orotadnnote Stadpoun

P = n xwpntikotnto twv KaStoUdTWwY £VOG AewPopeiou

W = o uéytotog aptdudc otéAou nou eivat dtadéatuog yla Asttovpyia

h,... = n xpovoandotaon twv Aewpopeiwv otnv ypaupr rm (h/vehicle)

Trm , , . , .
N, = =0 Olplﬁuog‘ TWV ATTALTOVUEVWV AELTOUp)/leV /\!:‘w(pOpEL(UV NG ypauung rm

m hrm

L, = 0UvteAEOTI§ pOPTIOU TNG YPOUUNG I'm

_ 2%Dry

Tr,, = = 0 XPOVOG KUKAOU TNG YPOUUUNG I'm

Dr,,,= T0 oUVOALKO urjkog tnNg Staadpouns rm
Vb = uéon taxutnta Asweopeiov
Qrd = n uéytotn {rTnon otV ypapupn rm

To mpoBAnUa Tou avwTePoU eMUTESOU €lval N EAAXLOTOMOLNON TNG AVTLIKELMEVIKAG OUVAPTNONG
(2.4), 5nAadn n elaylotonoinon Tou K6oToUG. O MPWTOC EPLOPLOUOG (2.5) €XEL va KAVEL UE TO
unkoc tng dtadpoung. Me auTtOV TOV TPOTIO ATTOTPEMETAL TO PAKOG TWV YPAUUWY va glval TToAU
HEYAAO, apoU O XPOVOTIPOYPAUUATIONOC TwV AEWPOPELWV O PLEYAANOU UNKOUG YPAUUEG Elval
SdUokolo va tpnBel. O SeUTEPOC MEPLOPLOPOG (2.6) €XEL VOl KAVEL UE TOV HEYLOTO aplOud
Stadpopwy, yati otav emlvetal PTNRP — AEl oL oxeblaotég opilouv évav péyloto aplOud
Stadpopwv pe Baon to mARB0o¢ Tou oTOAou, TToU EXEL LEYAAN eMibpaon oTig BApSleg Twv odnywv.
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O tpitoc neploplopog (2.7) eival n epLkTr Xpovoamootach, N omoila amelKovi{eL TV anapaitntn
XPNOoN TNG TOALTIKAG TWV XPOVOATIOOTACEWY O AKPALEC MEPLMTWOELG. O TETAPTOG TMEPLOPLOUOG
(2.8) €xeL va kavel pe tov ouvteleotn ¢optiou, Tou eyyudtat OTL N HéEyLotn {ATNon TG Kplowng
SLadpOUAG rm LKAVOTIOLELTAL ATIO TNV XWPNTIKOTNTA Tou Aewdopeiou. O MEUTTOG TEPLOPLOUOG
(2.9) €xeL va kAvel Pe TOUC TIOPOUC TOU OLAXELPLOTH) KOL EYYUATAL OTL OE KAVEVO OO TA
napayopeva diktua dev Ba xpnotpomnolouvtal meplocotepa oxfpota o’ ot eival Stabopa. O
televutaiog mepLoplopog (2.10) avilkatomTpillel TNV KOWWVLKA SLKOLooUVN, WOTE N MEYLOTN
{Ntnon kaBe lelyoug MPOEAEUONG — TPOOPLOUOU VA LKOVOTIOLE(TaL amd tnv Sladlkacia Tou
enavooxedlacuou.

To beutepo eminedo, to umomMpoOypappa kKatwtepou emumedou (lower-level program LP)
mapoucLaletal we EAG:

mintf™ (Ry) (2.11)
ij
tf™ < t" Vi € N,Vj € N, € DRy (2.12)
tr e .
ti" <tjViENVjEN,t €TR, (2.13)
> R > s > 4y 214)
. rm€DR;. . trETR; JEN
) JEN j _ JEN iEN
LEN LEN
Orou,
t|™ = GUVOALKOC YPOVOC LS POUNC UETAEY KEVTPOELSWY i, j TN SLASPOUNC Im

ij
tltjr = OUVOALKOC xpovoc Stadpournc LeTaéu kevipoeldwy i, j tn¢ dtadpournc ueteniBiBaonc t;
di’™ = n ntnon uetaév twv Kevipoeldwy i, j tnG Stadpouns rm
dit" = n Zntnon petaéu twv kevipoelbwyv i, j TN dtabdpouns tng Stadpouric uetent8iBaong t,
DRjj = to ouvolo twv Stabdpouwv pe arnsuBeiag euntnpetnong tng {ntnong UeTaéU Twv KOUBwv i,
J
TRjj = T0 ouvoAo twv ueteniBiBaocewv mou eival anapaitntes yla va gfunnpetndei n {ntnon
UETAED TwWV KOUBwWV i, |

To MPOPANUO TOU KOTWTEPOU ETMUMESOU, TIPOKELTOL ylo £va TPOYPAMMO BEATLOTNG aQUTO-
SladpopoAdynong, He To omoio ol xprnoteg mpoomnabouv va Bpouv tnv Sladpour Ue Tnv omola
el\axloTomoleltal To KOoTog Sladpoung (1 To KOGOoTog Tou Xpovou) Kabwe Kal o aplBuog Twv
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amopaltntwyv peteniBLpacswy oto kawvoupylo diktuo. O MPWTOG Kal 0 SEUTEPOC MEPLOPLOUOC
(2.12), (2.13) BeBatwvel OTL 0 €AAXLOTOC XPOVOG SLASPOUNG HETOEL SUO KEVTPOELSWV i, j OTO
enavaoxedblaopévo diktuo elval o eAdxlotog amo toug Slabéoipuoug xpovoug yla aneuBeiag
HeTakivnon A péow peteruPipaccwv. O tpitog meploplopnds (2.14) avadépetal oto yeyovog OTL
Sev elval duvatov va efumnpetnbolv OAoL oL XprHoteg Ue ameubelag PETOKivOn HE TO
enavaoyxeSlaopévo Siktuo.

H elkova 2.2 mapouoldlel To Slaypoppa pong tTng MPOTEVOUEVNG AUONG, TTOU amoTEAELTAL amo
600 KUPLEG OUVIOTWOEG:

1. Tnv apxwn dwadkaoia yia tnv dnuiloupyia urmoPrdliwv cuvolwv Sladpouwv yla Tnv
Snuoupyia OAwWV TwWV ePLIKTWV SLASPOUWYV TTOU EVOWUATWVOUV TLC TIPAKTIKEC 08NYLIEC TWV
Blopnxaviwyv Kal LKAVOTIOLOUV OAOUG TOUC TIEPLOPLOMOUG XPNOLUOTIOLWVTAG TOV
oAyopLlOpo Twv cuvtopotepwv dtadpouwv Dijkstra i tov aAyoplBuo Yen's.

2. O yevetlkdg alyoplBuog, yla tnv evpeon tng PéAtiotng Avong tou PTNRP — AEl, mou
ouVTOoVi{eL TO MPOYPAUUA OVWTEPOU - KATWTEPOU eTLIMESOU, SNLOUPYEL KOL EVIUEPWVEL
Vv BéATotn AUon yla to Katvoupylo diktuo mou Ba dnuloupynBel anod tnv Stadikacia
TOoU.
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Initial Candidate Route Set Generation Procedure

* Generate all feasible routes filtered by some user-defined feasibility
constraints in the current bus transit network using Dijkstra’s label-
setting shortest path and Yen’s k-shortest path algorithm.

Y

Genetic Algorithm Solution Procedure
+ Generate starting transit networks.
+ Update the optimal redesigned transit route solution network pattern.

Upper-Level Transit Route Network Decision Ay,

Lower-Level Network Analysis Procedure o

o User seeks paths with minimum transfer, cost time.

o Compute node-level, route-level, and network-
level descriptors.

¢ Compute system performance measures.

'

STOP
Output the optimal transit route set, associated route frequencies,
and related performance measures.

FIGURE 1 Flowchart of proposed solution methodology.

Ewova 2.2 — Alaypauua porg mpoteLVoUEVNS AUGNG
Mnyn: Fan and Machemehl, 2011

H ekdva 2.3 mapouoldlel To SLaypappa pong yla TNV avaluon Tou KOTWTEPOU ETLMESOU WG

kplowun Swadikaoia tou PTNRP — AEl pe petafAnty tnv {Atnon yw tnv afloAoynon tou
evaAAaKTikoU Stktuou SIKTUoU pE BACH TOV EMAVOOXESLOOUO.
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Given the upper-level dedsion A,
- Optimal route number M

Fillering process by travel time
- -

Assign trip d,
Update 0-#0-iw

Fillaring process by travel ime check

Assign trip d
Update 1-4-0-fw andior O-#1-lw

and O-transfer-1-longwalk
path axist?

Filiaring process by fravel lime check

Assign trip d
Update 24-0-w;, 0-2-iw andior
1=l

“fransher 0-lcngwane
O-transhar- 2 ongwalk,
and 1-transfer-1-longwalk
jpaths exist ?

Update unsatisfied demand

avadépouv:

2.5 Kootog
MNa va pmop€oel va yivel afloAdynon evog Siktuou mpénel va AndBouv undodn oL UTAPXOUCEG
TLUEG TNG OlyOPAC TWV UALKWYV Tov gival amapaitnta.

«  Compute all related pedomance measures|
e Output the transit demand

FIGURE 2 Lower-level network analysis procedure for PTNRP-AEL

Ewova 2.3 — Alaypauua porc mpoypaupuatos Katwtepou ernurtedou (LP)

Mnyn: Fan and Machemehl, 2011

Ot Lainans et al. (2015) otnv €pguvad TOUG yla T OLKOVOULKEG ETUMTWOELG TTou Ba eiyav ot dUo
Tumol Aswdopeiwyv, nAeKTpoKivNTa KOL TETPEAALOKIVATA, OTNV TIEPLHEPELOKN QVATTUEN
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1. To €0poOG TOU KOOTOUC TWV MEeTPeAALOKivNTwY Aswdopeiwv eival amo 220.000 € £wg
380.000 €. Mia péon tiun Bewpndnke 332.500 € (Rigas, 2013).

2. To KOOTOG TWV NAEKTPLKWV Aewdopeiwv ExeL peyaio Vpog amo 350.000 € (Nottingham
City Counsil Electric Link Buses, 2014) ¢w¢ 800.000 € (He, 2013). Oswpnoav w¢ pia péon
T Ta 550.000 €, n 6la Bewpnon €ylve KL amo aAAoucg epeuvnteg (Cooney, 2011).

3. Mia péon TR KOOTOUG yLOl TNV UIATAplol TWV NAEKTPLKWY oxnuatwy eival 600 €/kW
(Ernst et al, 2011) kat avapévouv peiwaon oto LEAAOV.

Ot Fusco et al., 2012 otnv OLKOVOULKI) avAAUGH TNG EPEUVVA TOUC avadEPOUV:

1. To kdoTOog TOoU pEoou Xpnotn eival 7 - 10 €/h
2. To kootog gykataotaong dpoptiotwv ivat 30.000 € ava otdaon Aswdopeiov Kot Eva
ETWMAEOV KOOTOG avaloya pe TNV LoxL Tou poptiotr 100 €/kW.

OuJangetal,, 2016 avadépouv:

1. To KOoTOoC TNG pratopiog Twv NAEKTPIKWV Aswdopeiwv ivat amd 500 S £éwg 800 S
2. To k6otog Twv otabuwv poptiong sivat 50.000 S/ava povada £wg 60.000 S/ava povasda

O Lajunen, 2017 otnVv £pEUVA TOU YLO TO KOOTOC TOU KUKAOU {Wwr¢ KL TWV AMALTAOEWV GOPTLONG
TwV NAeKTpLKWV Aswdopeiwv avadEépet:

1. To kbootog Twv netpelalokivntwyv Aewdopeiwv eivat 225.000 €
2. To KOOoTOC TwV NAeKTpLKWV Aswdopeiwv Xwplig unatapia eivat 350.000 €
3. To kbotog TnG unatapiag 800 €/kWh

2.6 XUOvoym svpnuatwv

Auto 1o Kedpalawo mapoucialel tn Siebvr) BBAoypadia yia ta nAektpkad Aswdopeia.
ZUYKEKPLUEVQ, EYlve avadopd otig SUo (2) katnyopieg oTLg omoleg Slakpivovtal Ta NAEKTPLKA
Aewdodopeia kabBwg kat otoug Stadopouc Tpomoug popTLoNnC Tout. Eylve pia mapouoiaon yla Tig
UTOTOPLEC TTIOU XPNOLUOTIOLOUVTOL OTA NAEKTPLKA OXNUATA KoL TTWG CUVOEOVTOL LE TOV TPOTO
doptionc. Mapouataotnkav kamola mapodelypata ya to peyebog tng pmotopiag péco amo
OAAeC peAétec. Emiong, €ywve avadopd otov oxeSlacuo SIKTUOU ACTIKWY ZUYKOLWVWVLWV KL TLG
Sladopeg pebBodoug eniluong Tou oxeSlaoUoU SIKTUOU AOTLKWY CUYKOLVWVLWV TIOU UTIAPXOUV.
TéAog, €ywve avalutikn mapouciacn tou TMPOBAAUATOC TOUu enmavaoXeSlaopol Siktuou. 2tn
OUVEXELDL TNG epyaociag, Ba yivel plo mpoomabelwa emiluong tou TPOPAARUATOG TOU
emavaoXeSlaocpol Twv ACTIKWV JUYKOWWVLWV HE TN XPNon nNAEKTpkwv Aswdopeiwv. O
eNavaoxedlaopog tou Siktuou Ba yivel pe Baon tnv elaylotomoinon Tou KOOTOUG, TOGO TwV
XPNOTWV OCO KAL TOU XELPLOTH.
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3 Ms0Oodoroyia

3.1 Ewoaywym)
To mMpOPANUa TOUu emMOvVAoXeSLOOUOU SIKTUOU ACTIKWV ZUYKOWWWVIWVY Kol n TomoBEtnon
doptiotwy oe KATAAANAEG B€oelg, Ba emAuBel pe tnv pEBOSO TOU AKEPALOU, HN YPOLLULKOU
T(POYPOAULOTIOMOU.

Enopévweg, elvat anapaitnto va avamntuxBei éva padnuatikd LovTtENO, OTO OTIOLO N AVTLKELUEVIKN
ouvAapPTNON, oo £va eupUuTEPO oUVOAO AUoewV Ba pmopel va evtomiosl tnv BEATioTn AUon Tou
nipoPAnuatog Aappavovtoc urmoyn Toug MePLOPLOOUC TTou €xouVv emBANOel o autnv.

3.2 AVTIKELLEVIKT] GUVAPTNON

H oavtikelpeviky ouvaptnon opiletal wg to oTtabulopévo aBpolopa Tou KOOTOUG yla Tnv
vAomoinon Tou NAEKTPLKOU SIKTUOU, TOU KOOTOUC TwV eMBATWV Tou e€unmnpetTolvTal pe Baon
ToV XpOvo SLadpoung aAAd Kal Tou KOOTOUG TwV EMBATWVY TTOU PEVOUV aviKavomointot and to
Oiktuo. EmMopEVwG, TPOKELTAL yla €va TPOPANUa elaxlotomoinong KOOTouG. H avTKELEVIKA
ouvaptnon sivat:

minZ = w; * (8 * ATT + 80 * dun) + w> * total_cost (3.1)
Orou,
W1 = TOOOOTO CUUUETOXNC KOOTOUC entBatwv
ATT = 0uVOAIKOG xpOovocC UETakivnong emtBatwy
dun = aptduog avikavorointwy emiBatwv (mou ypelalovral tavw ano SUo UETAKLVNOELS)
W3 = JT00OOTO OUUUETOXNC KOOTOUG NAEKTPLKOU SIKTUOU
total_cost = ouvoAIKkO kOOTOC yLa TNV dnutoupyio NAEKTPLKOU SIKTUOU

MNocooTO CUMNETOXNG KOOTOUG EMLBATWV: XPNOLUOTIOLEITAL WG OUVTEAEOTNG BaplTNTOC yLo TV
CUMLETOXN TOU KOOTOUG TWV EMLBATWY, TOCO TWV LKAVOTIOLNUEVWY 000 KAL TWV AVIKAVOTIOiNTWY,
otnv enthoyn tnG BEATIOTNG AUONG. ITO CUYKEKPLUEVO SiKTUO, yla Ta dladopa TMELPAUATA TTOU
npayuartonolndnkayv, mApe tv tun 0,8.

ZUVOALKOG XPOVOG METOKIVNONG emBatwv: MPOKELTOL YO TO GUVOALKO aBpolopa Twv Xpovwv
Stadpopnc, oupmnepAappavopévou Kal Tng motvhg petemiBifacng 6mou auto ival amapaitnto.

AplOuog avikavomointwv emBatwv: OL emifateg Slakpivovtol os TECOEPLS (4) KaTnyopleg
avaAoyo HE TOV TPOTO €fUMNPETNON TOUG Ao To O(KTUO. ITNV QVTIKELWWEVIK ouvAPThon
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AapBavovtatl umtoyn ot avikavormointol smiBateg, adol ot emiBateg ano Tig areg Tpelg (3)
Katnyopieg meplappavovtal oTov XpOvo HETOKIVNONG TwV ETLBATWV.

NoGOoO0TO CUMIETOXNG KOOTOUG NAEKTPLKOU SLKTUOU: XpnoLlomoLeltal, emiong, wG OUVTEAEDTNG
BaplTNTag Yyl TNV OCUMUETOXN TOU KOOTOUG dnuloupylag nAektpwkol &iktuou. la tnv
OUYKEKPLUEVN gpyacia BewprBnke OTL 0 cuvteAeoTG BapuTNTAG TOU NAEKTPLKOU SikTtuou bev
elval 1000 oNUAVTIKOG 000 N e§unnpétnon Twv emPatwy, yU auto tov Adyo ripe tnv Tun 0,5.

ZUVOALKO KOOTOG NAEKTPLKOU SKTUOU: 2TO CUVOALKO KOOTOG AapBavetal urmoyn to KOOTOoG yLa
™V ayopd Aewdopeiwv KOl TWV UTATAPLWYV TOUC, KABWC KoL TOo KOOTOC Yyl Toug otabuoug
dopTIONG Tov eival amapaitnto va Snuoupynbolv wote To SIKTUO va elval AELTOUPYLKO.

3.3 Ileploplopot

OL TepLOopLOpOL UTIAPXOUV TIPOKELMEVOU VO TIEPLOPLOTEL TO €UPOC TWV €PLKTWV AVCEWV TOU
npoPAnuatog. Ot meploplopol Staxwpilovtal os avelaotikouc (hard constraints), mou &gv
UMmopouV va mapaflootouv os Kapla mepimtwon, Kol oe eAaotikol¢ (soft constraints), mou
umopouUv va mapoflactouv aAAd untapxel kamota mowvr) (penalty function). (Griva et al, 2009)
Mpokuntouv AapBavopugévou unmoPn TG MOPAPETPOUG OXETLKA UE TOV EMAVOOXESLAOUO Kal TNV
Aewtoupyia Tou Siktuou. Ol mopApETPOL Elval:

1. MRAkog ypappwv: Ot Aswdopelakeg ypaupues dev Ba mpenel va unepPaivouv kdmolo
OUVYKEKPLUEVO UNKOC SLaSpOUNG. Zav KPLTHPLO YL TOV EPLOPLOMO TOU HAKOUC SLadpoung
XPNOLUOTIOONKE 0 0PLOUOC TWV OTACEWV Si, TWV EAAXLOTWV (Smin) KOL TWV LEYLOTWV (Smax)
TIOU €XEL OPLOTEL.

Mo 1o 6iktuo Mandl €xeL oplotel wg téooepa (4) kat oktw (8) avtiotowya.
Mo 1o 6iktuo Mumford0 €xeL oplotel wg téooepa (4) kat dekarmevte (15) avtiotowa.
Smin £Si < Smax (3.2)

2. Opowotnta ypappwv: Kabe ypoppn li tou Siktvou Sev mpemel va elval dla pe

omoLadnmote AAAn I
il Vij€EL(3.3)

3. E§umnpétnon emBatwv: To aBpolopa Twy emBatwy amno KABe katnyopla eivat ico e To
OUVOALKO aplBud twv emiBatwy, pe Baon twv mivaka Mpoéleuvong — Mpooplopou. Me
ouUTOV Tov Tpomo e€aodaliletal n eEunnpETnon OAWV Twv emBatwy amo to diktuo.

do+ d1+ dz+ dun = dtotal (3.4)

4. MéyeBog oxnuatwv: Oa xpnowdomownBouv dVo tumol Aswdopeiwv. Ta ocuvndn
Aewdodopeia (N) xwpntikdétnTag 80 Béocwv kal ta apbpwtd (A) xwpntikotntag 150
Béocwv.

Cn = 80 emiBatwv (3.5)
Ca =150 emiBatwv (3.6)
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5. Zuxvotnteg Aswdopeiwv: I pia ypappr nou eEunnpeteital ano tumnikd Aswdopeia (N)
N ouxvotnTa TPEMEL va elval HETAEY TwWV EAAXLOTWVY (fminn) KAl TWV PEYLOTWY Oplwv
(fmax,n), 6NAadn 6uo (2) kot dwbdeka (12) oxAuata TNV WP AvTioTOLKAL.

Av pa ypappn eguninpeteital and apBpwtd Aewddopeia (A) n cuxvoTnTa MPEMEL va glvat
eMioNng METAEL TwV EAAXLOTWV (fmina) KoL PEYIOTWV OplwV (fmaxa). ZTNV CUYKEKPLUEVN
nieplmtwon eivat emta (7) kat eikoot (20) oxnuata tnv wpea, avtiotolya.

fonin,N < fin < fmaxn (3.7)

fmina< fia < fmaxa (3.8)

6. Anpoupyia nAektpikol Siktoou: HAekTpilkd Acwdopeia Ba pumouv o€ ypappeEG OTou To
UNKOC TOUG £lval ULKPOTEPO I (0O TNC KEYLOTNG ATTOOTACNC TTOU UIMOPEL va StavUoel Eva
AeWdOPELO UE CUYKEKPLUEVN XWPNTLIKOTNTA UIATAPLOG KoL KATAVAAWGON EVEPYELQC.

di < dmax Vi €L (3.9)

Amo tnv puon tou mpoBARUaTOC oxedOV OAOL OL TIEPLOPLOOL UTTOPOUV VA XOPAKTNPLOTOUV WG
avelaotikol (hard constraints).

O MEPLOPLOPOC WG TIPOC TO MAKOG TNG YPAMRMAG (3.2) pmopel va BewpnBel wg eAaoTikog (soft
constraints), kKaBwg n AVCN UMOPEL va EMNPEACEL TO UNKOC TNG YPAUUAG KAL VA LELWOEL TO UAKOG
NG YPOUUNG HEXPL EVOL OPLO KPOTEPO TOU Smin, WOTOCO O TEPLOPLOKOG TOU UEYLOTOU HAKOUG
elvat avelaotikdg (hard constraints), kaBwg autég oL ypappeg dev Bewpouvtal ePLKTEG Kot
amokAelovtal ano tnv eniluvon.

O TePLOPLOUOG TNG OHOLATNTAG TWV YPoHWV (3.3) elvat avehaotikog (hard constraints).

O neploplopog yla tnv e§unnpétnon twv emBatwv (3.4) oe KABE eMUEPOUC OPO Elval EAAOTLKOG
(soft constraints), evw oto cUVOAO Tou eival avotnpd aveAaotikog (hard constraints). Adyw Tou
HLKpOU SlkTtUou, Bewpeital OtL oL emiBateg e€unnpetolvtal MANPWCE Ao To SIKTUO, EMOUEVWG
KOTAL TNV EMAUCN QUOTNPOTOLRBONKE O TIEPLOPLOOG WCE TTPOG TOUG AVIKOVOTIOINTOUC EMIBATEG. Z€
peyoAUTtepa SIKTU AUTOG O IEPLOPLOMOC Ba fTav EAaOTIKOC (soft constraints), S10TL aAALWG aUTO
Ba unmopouvoe va 06nynoeL oe aduvato emavacxedLlaopuod Siktuou.

O mepLOpLOPOG Tou MeYEBOUG Twv oxnuatwv (3.5), (3.6) elvat avotnpa avelaotikog (hard
constraints), kaBwg dev punopet va aAAGEEL N xwpNnTIKOTNTA TWV Aswdopeiwv.

O MEPLOPLOUOG Yl TNV ouxvotnta twv Aswddopeiwv (3.7), (3.8) eival kat twv dvo eldwv.
ZUYKEKPLUEVQ, YLl TNV EAAXLOTN oUXVOTNTA TwWV TUTILKWV Aewdopeilwv (fminn) AAAG Kal yLa TNV
HEYLOTN ouxvoTnTa TwV apBPpWTWV AewdopPelwV (fmaxa) O TIEPLOPLOUOG ival avelaoTtikog (hard
constraints). AvtiBeta, yla tTnv eAaxLotn cuxvotnta Twv apOpwtwv Acwdopeiwv (fmin,a) AAAA KoL
YLl TNV LEYLOTN CUXVOTNTA TWV TUTUKWV AewdopeiwV (fmaxn) O TIEPLOPLOUOC Elval EAAOTIKOG (soft
constraints), SLOTL 0T CUYKEKPLUEVA OpLa UTTOPEL vl AAGEEL O TUTIOG TOU OXLOLTOG.
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T€A0OG, 0 TMEPLOPLOUOC yla TV Snuioupyia nAektpikou Siktuou (3.9) sival avehaotikog (hard
constraints). MNa tnv amAomnoinon tou KwdLKa OTou N HEYLOTN AMOoTAcH OV Uopet va Sltavuoet
HE TNV pmoatopia Tou, xwpeig mepattépw ¢option, elval LKPOTEPN amd TO CUVOALKO UAKOG TNG
YPOUMNG TOTE N OUYKEKPLUEVN ypappn Ba egfumnpeteital and kavovika Aswdopeia KL OxL
NAEKTPLKA. AOYyWw, OUWE TOU HIKPOU SIKTUOU QUTOC O TEPLOPLOMOG ival TMOAU SUokolo va
xpnotpornownBel. e peyolltepa Siktua Ba eixe meploootepn LoxU.

3.4 Tloweg

Onwg avadépbnke mapamdvw, OTAV UTAPXEL UMEpBaon TePLOPLOMol eMIBAAAETAL KL N
avtiotoln mown (penalty function). Ma tnv mpayuatonoincn Tng CUYKEKPLUEVNG Epyaciag oL
TIOWEG SLaywpilovral og U0 (2) BaOIKEG KATNYOPLEC.

1. AOYIKEG TOWEG: XpNOLUOTIOLOUVTAL OTOUC AVEAXOTIKOUG TEPLOPLOOUC. MpoKeLTal yia
AOYIKEG HeTABANTEC OL Omoleg EAEyxOUV av KAToLa AUon 1 £0TW KATTOLO UTTOKOUUATL TNG
AUong unepPaivel Tov TMEPLOPLOUO, TOTE N CUYKEKPLUEVN AUon amoppimtetal N To
UTTOKOMUATL AUTO S€V CUUTIEPIAQUBAVETAL OTO TEALKO ATIOTEAECHAL.

2. ApLOUNTIKEG TOLWVEG: XpnoLpomolouvTal Kot oTig SU0 (2) Katnyopleg TwV MEPLOPLOUWV UE
S1adopeTIKO TPOTO 0 KABE pia. TNV TEPUTTWON TWV EANCTIKWY TIEPLOPLOUWV £lval
KATolog aplOpog mou eite mpootiBetal eite moANamAaolAleTal HE TOV OPO TOU
umepPaivel ToV MEPLOPLOUO TIPOKELUEVOU VAL AUEAOCEL TNV TLUA TOU OTNV OVTLKELUEVLKA
ouUVAPTNON. ZTNV TEPLTTWON TWV OVEAOOCTIKWY TIEPLOPLOMWY, KAVOVIKA Oev UTIAPXEL
KOO TLUR, aAAG oTov KWSLKa TTou avamntuxBnke o 0pog mou UTEPBaLVE TOV IEPLOPLOUO
oA amAaoLaloTay LE TO ATELPO (+ =) TIPOKELUEVOU N CUYKEKPLUEVN AUon va ByEL amo To
oUVOAO TwV AUCEWV.

NOYIKEG TIOLVEG XPNOLUOTIOINONKAV ylo TOUG TEPLOPLOMOUC MAKOUG YPOUUNG, OMOLOTNTOC
YPOUHWVY OAAQ Kal O HEPOG TNG ouxvotTnTag Twv Aswdopeiwv (3.2), (3.3), (3.7), (3.8). MNa to
UAKOG YPOLUNAG XPNOLLOTIOONKE yLa TO HEYLOTO aplOO KOUPBWY TTOU UIMOPEL VAL UTTAPXEL OE [ial
SLa6popn Smax KL 000V adopd TG ouXVOTNTEG TWV AewdOopPEiWY XpNOLUOTIOONKE YLt LEYLOTN
ouXVOTNTA TWV TUTILKWV AEWPHOPELWV (fmax n) AAAA KL YLOL TNV EAAXLOTN CUXVOTNTA TWV 0 pOpwWTWV
Aewdopeiwv (fmina). APLOUNTIKEG TTOWVEG XPNOLUOTIOLNONKOV KUPLWG OTOV TEPLOPLOUO yLla TNV
efunnpétnon twv enBatwv (3.4). Itoug 6poug di kat d; moAAamAactalovtag LE TNV ToLvn
petemuPBifaong ala emiong kat otov 0po dun, OTAV UTINPXE aAviKavomointog emPatng, He
TIOAAQTAQCLACUO UE TO ATIELPO (+ o) TIPOKELUEVOU VAL YIVEL AVEDTLKN N CUYKEKPLUEVN AUoN.
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4 Eg@appoyn
4.1 Asdopéva mpofAnuatog

41.1 Teproxn perétngl

To 86iktuo HEAETNC TNC SUMAWMATLKAG Epyaciag, To omoio xpnolomnol)nke yLo TV eniluon tou
enavaoyxedlaocpou gival To EABeTko Siktuo Mandl. Mpokettal yia €va SIKTUO TIou amoTeAeiTaL
amno Sekamévte (15) kopBoug kat eikoot (20) ouvdéopoug (Mandl’s Swiss Road Network — Zxriua
4.1) kal xpnolpomnoleital and apkeToUG EPEVVNTEG.

Zxnua 4.1 — Mandl’s Swiss Road Network
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Eilval éva Siktuo mou pmnopet va SwoeL pLa KaAr amotunwaon Tou MPoBARMATOC KoL LITopoUV va
e€etaotoUV evalakTikéG AUoelg. To Siktuo Mandl €xel apKeTA MAEOVEKTAUATA OTIWE TO UIKPO
Tou pEyeBoc. Noyw Ttou peyéBoug tou Oiktuou elval eUKOAO va yivouv €happOYEG TwV
EVAANOKTIKWY AUCEWV. AKOUN, €lval éva SIKTUO HE OPKETEG OUOLOTNTEC LLE €VAl KAVOVLKO,
ETMOUEVWG UTTOPEL va YIVEL TILo eUKOAa avaywyr) tne BEATIOTNG AUong W éva tpayuatiko. Emiong,
ta Sedopéva tou SIKTUOU ival otabepd, apa KL eDKOAQ 0TV EVPECT) TOUC. TEAOC, N Xprion autou
Tou Siktuou Sivel Tnv duvatotnTa cUYKPLONG TwV HEBOSWV aAAG KAl TWV OMOTEAECUATWY HE
AAAOUG EPELVNTEG.

4.1.1.1 Asgbouéva Meproyng MeAétng I

Ma tnv mepoxn MeAETNG | wg Sedopéva tou mpoPAnpatog xpnolponotndnkav tpia (3) Baoika
npaypata. To mpwto elvat n ntnon, 6nAadn o Nivakag Mpogéhevong — Mpooplopol (Mivakag
4.1), to bevtepo eival o MNivakag Xpovou petakivnong twv emBatwv (Mivakag 4.1) kat 1o
televtaio elval To apykod Siktuo ou undpxel (Zxnua 4.2).

Nivakag 4.1 — NpoéAevong - NMpoopLlopov
0 1 2 3 4 5 6 7 8 9 10 |11 12 13 14
0 0 400 1200 |60 |80 |150 (75 |75 |30 |160(30 |25 |35 |0 0
1 400 | O 50 |120(20 |180 |9 |90 |15 130|120 (10 |10 |5 0
2 200 |50 |0 40 |60 |180|90 |90 |15 |45 |20 |10 |10 |5 0
3 60 (12040 |0 50 (100 |50 |50 |15 |240|40 |25 |10 |5 0
4 80 |20 (60 |50 |O 50 |25 |25 |10 |120(20 |15 |5 0 0
5 150 | 180 | 180 | 100 |50 | O 100 {100 |30 (880 |60 |15 |15 |10 |O
6 75 |90 |90 |50 |25 100 | O 50 |15 |440 |35 10 10 |5 0
7 75 |90 |90 |50 |25 100 {50 |O 15 |440 | 35 10 10 |5 0
8 30 |15 15 15 10 (30 |15 15 |0 140 {20 |5 0 0 0
9 160 | 130 |45 | 240|120 | 880 | 440|440 (140 |0 600 | 250 | 500 | 200 | O
10 (30 |20 |20 |40 |20 |60 |35 |35 (20 |600 |0 75 (95 |15 |O
11 | 25 10 10 | 25 15 15 10 10 |5 250 (75 | O 70 | O 0
12 (35 |10 |10 |10 |5 15 |10 |10 | O 500 (95 |70 |O 45 |10
13 |0 5 5 5 0 10 |5 5 0 200 (15 |O 45 |0 0
14 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nivakag 4.2 — Xpovol Metakivnong
0| 1] 2 3 4 |56 |78 9 10 11 12 13 14
0 0|80 0 O|l0]0|0O0]|O 0 0 0 0 0 0
1 8 1 0| 2 3 60| 0|00 0 0 0 0 0 0
2 0|2 ]|0 0 03[0 |0]0O0 0 0 0 0 0 0
3 030 0 4 1410|010 0 0 10 0 0 0
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Zxnua 4.2 — Apxiko diktuvo Mandl

Tpapur 2
—— Tpappn 3
Tpapur 4
—— Tpopun 5
— [popun 6
. KopBog xwpig popTiaTh

@ KopBog pe gopriom

YTropvnua

—— Tpappn 1
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41.1.2 Hapadoyés Meploxnc MeAétng I

Aoyw NG popdn¢ Tou mpoPARUaATog eival avaykaio va avadepBouv moleg mapdpetpol dev Oa
AndBouv unoPn oto oxedlaopo. Autd cupBaivel, SLOTL KATOLOL TAPAUETPOL OMWC €lval N
avBpwriivn cupmnepldpopd eival MOAU SUokoAo va evtaxBoUv HECA O KAMOLO HABNUATIKO
HOVTEAO.

Emopévwg, yla tnv meploxn HEAETNG | €xoupe TG £€nG mapadoxEc:

1. O petakwnoelg mou amnetkovilovtal otov Mivaka MpogéAeuong — Mpooplopou (Mivakag
4.1) Bewpnbnkav OTL €lval OL WPLALEG HETAKLVANOELG TOU SIKTUOU KOl TIOPAUEVOUV
oTaOEPEG KATA TNV SLAPKELA TOU XPOVOU.

2. O xpovog dadpoung (Nivakag 4.2) yia kaBe ouvdeopo ival otabepdg Kal aveEdptntog
Tou Ppoptou. EmumAéov, Bewpeital 6TL oTOV XpOvo Sladpoun cupnepAapBavetol KoL o
Xpovoc otaong. Movada pétpnong tou xpovou dtadpoun (Mivakag 4.2) eival ta Aemta
(min).

3. T ta nAektpikd Aewdopeia Bewpnbnke oav taxutnta kivnong ta 15 km/h, pia cuvnong
TN toxvutntag. (lliopouloulou and Kepaptsoglou, 2019).

Oa ntav duvatdv va npooteBouv KL AAAEG TapadoxEG, WOTOCO yLa TNV apoloa SUTAWUATLKA
epyaoio Beswpeitatl ot dev eival amapaitnto. Mo nepattépw £peuva, Ba pmopolos va
npootebolv MapadoxEG yLa TIC KALPLKEG ouveOnKeg, Tov Tpomo emiBifaong — amoBifaong Twv
emBotwy, n Slapdppwon TwWV OTACEWV K.o., 0doU TpwTta ocupnepthapBdavovtav oto
HaBONUATIKO LOVTENO.

4.1.2 Teproxn perétnglIl

ITNV OUYKEKPLUEVN SUTAWUATIKY €pyacia ekTOg amd tnv Baoikn meplox UEAETNG, OMOU eKel
€ylvav OAal Ta TELPAMOTO, XPNnoLpomolnOnke €va akopn meptBarlov. Mia texvnty meploxn
UEAETNG peyaAUTePN amod tnv apxikn, He tplavta (30) kopBoug kat evevrvta (90) ouvdéoelg
(ZxAua 4.3 - Mumfordo).
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Jxnua 4.3 — MumfordO

Mpokeltal yla €éva SiKTuo PEYAAUTEPO Ao TO APXLKO YLOL VO UTTOPEDEL va SWOEL pLa KAAUTEPN
ELKOVO TNG OTMMOTEAECATLKOTNTAC TOU aAyopiBuou.

4.1.2.1 Asgbouéva Meproync ueAétng Il

Mo tnv neploxn HeAETNG Il wg dedopéva Tou mpoBARUATOC xpnotponowBnkay tpia (3) Baotka
npdypoata. To mpwto eivat n ntnon, 6nAadn o Nivakag Mpogéhevong — Mpooplopou (Mivakag
4.3), to 6eUtepo eival o Mivakag Xpovou petakivnong twv emiBatwv (Mivakag 4.4) kal to
televutaio eival to apxtko Siktuo mou umapyet (Zxnua 4.4).
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Nivakag 4.3 — Nivakag MNpoéAevong — Npooplopou

Nivakag

0 1 2 3 4 5 6 7 8 9 10| 11 12 13 14 15 16| 17| 18] 19, 20 21 2 23 24 25, 26, 27| 28] 29,

0 0 710 5 620 655 695 70 320 210 645 350 730 150 215 120 110 700 465 440 120 685 500 285 415 325 65 195 100 150 195
1 770 0 335 40 725 760 395 395 275 725 300 90 625 315 195 325 80 110 755 765 465 50 190 285 660 15 35 140 520 590
2 5 335 0 520 365 440 240 600 155 550 150 295 505 625 65 745 625 390 350 360 250 410 410 655 640 520 305 650 430 285
3 620 40 520 0 755 705 445 500 470 170 245 380 185 680 160 185 140 185 350 250 740 345 150 725 785 355 90 210 330 480
4 655 725 365 755 0 210 485 570 180 95 240 260 340 410 70 210 645 25 745 585 395 465 190 370 775 440 420 190 395 500!
5 695 760 440 705 210 0 545 320 295 795 35 710 735 640 80 210 270 545 110 580 90 525 400 625 575 725 715 270 560 160
6 70 395 240 445 485 545 0 25 600 405 385 725 490 495 690 645 465 150 195 710 25 395 135 785 575 405 380 50 550 35
7 320 395 600 500 570 320 25 0 60 420 80 655 655 580 120 530 415 780 520 645 365 350 665 70 110 140 315 670 645 50
8 210 275 155 470 180 295 600 60 0 320 425 335 530 505 235 350 15 790 135 85 300 160 395 275 765 740 45 595 220 340
9 645 725 550 170 95 795 405 420 320 0 440 755 335 790 245 565 535 435 560 535 145 105 800 140 30 450 710 540 155 300
10 350 300 150 245 240 35 385 80 425 440 0 370 790 130 685 520 305 155 345 390 100 475 185 310 470 205 235 495 215 600
1 730 90 295 380 260 710 725 655 335 755 370 0 790 585 280 470 90 730 705 655 210 4830 20 345 255 130 145 340 80| 480)
12 150 625 505 185 340 735 490 655 530 335 790 790 0 380 560 560 515 30 60 260) 425 525 330) 660) 575 775 430 265 85 490
13 215 315 625 680 410 640 495 580 505 790 130 585 380 0 625 340 75 215 125 225 355 425 370 705 415 755 515 770 195 545
14 120 195 65 160 70 80 690 120 235 245 685 280 560 625 0 235 540 560 55 205 180 535 680 280 625 545 10 485 310 735
15 110 325 745 185 210 210 645 530 350 565 520 470 560 340 235 0 5 370 340 370 620 260 630 380 30 145 580 380 125 275
16 700 80 625 140 645 270 465 415 15 535 305 90 515 75 540 5 0 490 155 595 195 735 220 615 155 230 75 465 550 440
17 465 110 390 185 25 545 150 780 790 435 155 730 30 215 560 370 490 0 345 520 520 545 510 760 170 570 190 100 490 365
18 440 755 350 350 745 110 195 520 135 560 345 705 60 125 55 340 155 345 0 370 530 620 285 530 335 675 670 210 495 470
19 120 765 360 250 585 580 710 645 85 535 390 655 260 225 205 370 595 520 370 0 435 700 215 255 100 755 520 385 515 440
20 685 465 250 740 395 90 25 365 300 145 100 210 425 355 180 620 195 520 530 435 0 520 440 580 420 795 175 85 90 55
21 500 50 410 345 465 525 395 350 160 105 475 480 525 425 535 260 735 545 620 700 520 0 325 360 295 615 505 620 750 780
2 285 190 410 150 190 400 135 665 395 800 185 20 330 370 680 630 220 510 285 215 440 325 0 155 115 560 80 425 425 690
23 415 285 655 725 370 625 785 70 275 140 310 345 660 705 280 380 615 760 530 255 580 360 155 0 390 315 540 595 420 280
24 325 660 640 785 775 575 575 110 765 30 470 255 575 415 625 30 155 170 335 100 420 295 115 390 0 120) 470 210 40 605!
25, 65 15 520 355 440 725 405 140 740 450 205 130 775 755 545 145 230 570 675 255 495 615 560] 315 120) 0 195 355 555 290)
26 195 35 305 90 420 715 380 315 45 710 235 145 430 515 10 580 75 190 670 520 175 505 80 540 470 195 0 590 320 550
27 100 140 650 210 190 270 50 670 595 540 495 340 265 770 485 380 465 100 210 385 85 620 425 595 210 355 590 0 565 355
28 150 520 430 330 395 560 550 645 220 155 215 80 85 195 310 125 550 490 495 515 90 750 425 420 40 555 320 565 0 20
29 195 590 285 480 500 160 35 50 340 300 660 480 490 545 735 275 440 365 470 440 55 780 690 280 605 290 550 355 20 0
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Nivakag 4.4 — Nivakag Xpovwv Metakivnong

Nivakag Xpovwy
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YTTOUVMO

— Tpappn 1 —— Tpoppr| &
Mpappn 2 == Fpaoppn 7
Fpappn 3 == [pappA 8
Mpopp] 4 m— T paput 9

= [ papLn 5

Zxnua 4.4 — Apxtko Aiktuo MumfordO

4.1.2.2 Hapabdoyxéc leproync MeAétng Il

Aoyw NG popdn¢ Tou PoPARUATOG eival avaykaio va avadepBouv moleg mapdapetpol dev Oa
AndBolv unoyn oto oxedlacpd. Autd cupaivel, SLOTL KATIOLOL TMOPAMETPOL OMWG Elval n
avBpwrivn cuumnepldpopd eival moAl dUokoAo va evtaxBouv HEOQ OE KAMOLO UABNUATIKO
HOVTEAO.

Emopévwg, yla tnv meploxn HEAETNG Il €xoupe TiG €€Q¢ mapadoxec:

1. Ou petakvnoelg ou ametkovilovral otov MNivaka Mpoéhevong — Npooplopol (Mivakag
4.3) Bewpouvtal OTL €lval Ol OUVOALKEG UETOKLVAOELS TOU SIKTUOU KOL TIOPOUEVOUV
oTaBepEC KATA TNV SLAPKELD TOU XPOVOU.
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2. OswpnBnke OTL oL ACTIKEC ZUYKOLVWVieG Aettoupyolv 19 wpeg (h) tnv nuépa, T.x. 5:00 —
24:00

3. 0O xpovog dadpounc (Mivakag 4.4) yia kdBe ouvdeopo eival otabepdg Kal aveEdptnTog
Tou dopTou. EmutAéov, Bewpeital 6Tl otov xpovo Stadpoung cupmephapBavetal kat o
XpOvoc otaong. Movada pétpnong tou xpovou dtadpounc (Mivakag 4.4) eival ta Aemta
(min).

4. T ta nAektplka Aswdopeia BewprOnke oav tayutnta kivnong ta 15 km/h, pwa cuvnong
T toxutntag (lliopouloulou and Kepaptsoglou, 2019).

Oa Ntav duvatdv va mpooteBouv KL AANEC TapadoXEG, WOTOCO yLa TNV apoloa SUTAWUATLKA
epyoocia Oswpeitar ot dev eival amapaitnto. Na nepaltépw €peuva, Oa pmopoloe va
npooteBolv MapadoxEg yla TIG KALPLKEG ouvOnkeg, tov Tpomo emBifaong — amofifaong Twv
emBotwy, n OSlapdpdwon TwvV OTACEWV K.o., 0adoU Tpwta ocupneplthapBdavovtav oto
HOONUOTIKO HOVTEAO.

4.1.3 Ko60T10G¢vAoToinon g ypapupwmyv

Ektdg amo tov emavaoxedlaopd tou SIKTuou UTtApXeL AANO €va BaoLKO oToLKElO TTOU TIPETEL Val
UTtOAOYLOTEL oTnV €pyacia. AUTO €lvaol To KOOTOC ylO TNV KATOOKEUN TWV YPOUUWV TOU
KalvoUpylou SIKTUOU €iTe QUTEC amoTeAouvtal amo nASKTPLKA Aswdopeia gite oxL. Ma tov
UTTOAOYLOMO TOU KOOTOUG AdpOnKav undyn oL MOPAKATW TMOPAMETPOL LLE TLG TLUEG TOUG:

Nivakag 4.5 — Kdotog Kataokeung Npappwv Actikwv Aswdopeiwv
Napapetpog Twn

Kootog nAektpikol Aewdopeiov xwpic pnatapia (€) 350.000
Kbéotog netpehatokivntou Aewdopeiou (€) 225.000
Kootog punatapiog (€/kWh) 800
Kéotog poptiotwy (€) 60.000
Kbotog xpovou kavomolnpévwy xpnotwy (€) 8
Kootog xpovou avikavormointwy xpnotwv (€) 80

o To KOOTOG XPOVOU TWV QVIKAVOTIOLNTWY XpnoTtwv BewpnOnke pia Tipr moAU peyoAUTepn amo
TO KOOTOC XpOVOU TwV LKOVOTOoLNUEVWY. ETOL, To KOOTOC Twv avikavorointwv sival §éka (10)
dopEC peyaivtepo.

4.2 TepBarlrov emidvong

O kwdkag tou avamtuxbnke yla Tnv eniAuon Tou poBARUaAToC anoteAeital o€ évav Babuod and
OAyOpLOpO TpoNYOUEVNG SUTAWUATLKAG EPYACLOG, O OTOLOG ETEKTADNKE YLA TIG ATALTACELS TNG
umapyxouvoag epyoociag.
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O oAyoplBupog avamtuxbnke oe yAwooo Tpoypappatiopou Python 3.7.4, péoca omo To
T(POYPOUHATLOTIKO TiepBAAAov Anaconda Navigator 3.0 — Spyder 3.7.

H Python eilval pla yAwooo MPOYPAUUATIONOU aTftAn) KL €UKOAN otnv ekpadnon, duvaulkn,
armoSOoTIKN Kol EMEKTACLUN. Elval pia yAwooo MpoypappaTiopol ya 0AoUG TwV €dwv Toug
XPNOTEC, HEoA OTNV omola yivetal va avamtuxBolv oAOKANPEC ePapUOYEC. MePLEXEL ETOLUEG
BLBALOONKEG, e TNV SuvaTOTNTA EMEKTACNG TOUG.

MPOKELTAL yla HLA OVTLIKELUEVOOTPpAdAG YAWOOO TIPOYPOAUUOTIOHOU HE QVOLXTO KWK Kol
unopet va dlaxelplotel dopég dedopévwv uvPnAou emumédou. BéBata, ektdg amd to Betika
UTTAPXOUV KOl Ta opvnTIKA. Omwg, OTL O KATIOLEC TIEPUTTWOEL O XPOVOG E€KTEAEONC TOU
TIPOYPAULOTOC UIMOPEL va elval apKeTA HeyAaAog. Auto cupaivel yiati n Python Sev petatpenel
TO Mpoypappa oe Suadiko cuotnua aAld ekteleital ameuBelag amo tov emefepyaotr Tou
umoAoyLoth.

& Spyder (Python 3.7) - 3
file Edit Search Source Run Debug Consoles Projects Tools View Help
Des Ee rBBRG NE==rE BX £2 €[ s A
Editor - C: i 0 )_final.py & X File explorer 8 x
[} Mumfordo_finolpy B plotpy BeAoTonoinon_final.py ® ®©
1317 for i in busdem1l: Al Name Size Type Date Modified
appendfile.urite('Line {0}: Route duration (m): {1}, Frequen (2}, No. of vehicles: {3}, B papers File Folder 24/5/2020 7:35
Vehicle type: {4}, Mex. Capacity (pas/h/li ormat((busdeml1.index(i) + 1), B
il Route Duration'], il Freq'], il "Veh No.'], il 'Type'], il Max. Capacity’1)) Demand.csv 3KB csv File 7/4/2020 12225 pyt
[® Demand.xt 3KB wxt File 7/4/2020 1217 py
appendfile.write('Final Cost per Line:\n') [® Diadromes.py 1KB py File 22/5/2020 11:42 T
for iin costll: . . . . . . lin_Demand.csv 9KB csvFile 22/5/2020 11:43 T
appendflle.wrlte(.t? { { ; e:?‘; tézh ﬁ;;tery {3}\n" . format((cost1l.index(i) + 1), B Mumfordo_finalpy 6448 oy File 22/5/2020 1143
i , il['Battery
appendfile.write(’\n g Stations:{0},\n Final Cost of Charging Stations:{1} \n.format(countl [2) MumfordoDemand bt 5 KB txt File 6/4/2020 748 pu
appendfile.write('\nCharges List:\n'.format(pl11)) [ Mumford0TravelTimes.txt 5KB txt File 6/4/2020 749
appendfile.write(’\n") [ TimeTravel.csv 1KB csv File 7/4/2020 12225 py
9 [® TimeTravel.txt 1KB txt File 6/4/2020 9:16 pp
330 file = 'Results.txt’
331 seed = 2 Variable explorer  File explorer  Help
2 ;szi:x-ieg‘““e‘” Tython console & x
AminN = 2 [ Console /A B A
max = 15 Python 3.7.4 (default, Aug 9 2019, 18:34:13) [MSC v.1915 64 bit (AMD64)] A
transfp = 5 Type "copyright”, "credits" or "license” for more information
pophl = 25
iterN = 30 IPython 7.8.0 -- An enhanced Interactive Python
eliteN = 8
40 p_swap = 1/9 In [1]
41p_ms = 0.9
12 p_del = 0.4
V = 15/60

battery_cap = 90
energy_cons = 1.5
max_d = (0.70 * battery_cap)/(energy_cons)
penaltyl = 0.8
8 penalty2 = 0.5
1349 cost_charging_stations = 60000
1350 ge.collect()

in_nodialog(RouteN, minl,maxN, transfp, poph, iterN, eliteN, p_swap, p_ms, p_del, battery_cap,
energy_cons, max_d, penaltyl, penalty2, cost_charging_stations, file)

v v
g > IPython console _ History log
Permissions: RW _ End-of-lines: CRLF__Encoding: UTF-8 Line: 1248 Column: 1 Memory: 77 %

Ewkova 4.1 — Eva turtiko napaduuo Spyder 3.7

4.3 Tevetikol adyoplOpuot

Ou yevetikol aAyoplBuol (Genetic Algorithms — GAs) avalntouv tnv BéAtiotn Aluon o’ éva
pHoOnuatikd mMpoPAnua. Aviikouv otov KAASO0 TNG EMIOTAKNG TWV UTTOAOYLOTWY GAAQ O TPOTIOG
AeLToupylog Toug elval eunveuopévoc amo tnv Bloloyia. Ot adyoplBuot autol £€xouv cav Bactkn
apxn TNV otpatnylkn €eEEAENG pEow TNG METAANaENG, TG GUOLKAG €MAOYAG Kal TNG
Slootavpwong.
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Ot mpwtol yevetikol aAyoplBuol (GAs) €kavav tnv eudavior) Toug otig apxEG tou 1950, amno
BLOAOYyOUC EMLOTAUOVEG OTNV TMPOOTIAOELA TOUG va XPNOLUOTIOL|O0UV TOUG NAEKTPOVLKOUG
UTTOAOYLOTEG yLa TtpwTn $opd. QoTOC0, N AP YLA TNV CUCTNATIKY avATTUEr Toug €ywve To 1970
arno tov John Holland (Holland 1975) kat toug cuvepydteg Tou oto Mavemniotripo tou Michigan.

H opoAoyia mou xpnolpomnoleital amnd Toug yeveTikoug alyopiBuoucg (GAs) eival davelopévn amnod
TLG ETULOTAMEG TNG MEVETIKAG Kat TNG BloAoyliag. Etoy, yivetal avadopd oe dtopa (individuals) n
yovotumou¢ (genotypes) evog mAnBuopol, Tou amoteAolvial amd  XPWHOCWHATA
(chromosomes). Ta pépn €vog xpwpoowpatog (chromosomes) sival ta yovidia (genes). Ta
yovidia eival tonoBetnuéva oe ocuykekplpéveg B€oelg (loci) péoa oe kaBe xpwpoowpa. To kKabe
yovibio unopei va Bpioketal oe SLadopeTIKEG KATAOTAOELG, KAOE ULa Ao TLG oTtoleg ovoudleTal
oaAAnAopopdo (allele). (KapAavtng kat Aayapoc, 2010)

Me Alya Aoyla, oL yevetikol oAyoplBuol (GAs) yia tnv Auon €vog tutikoU TpoBARuaTog
aroteAouvtal anod nevte (5) Baotkd TuRpaTa:

Avanopdotaocn Twv mBavwv AVCEWV Tou TTPOBAAUATOC
Anutoupyia apxtkol mMAnBuopoL mMBavwv AUoEwV

3. Tnv QVTIKELUEVLKA ouvaptnon Tou mpoPAnuartoc, pe Bacn tnv omoia afloloyouvtal oL
AUoeLC

4. TeveTlkoUG TEAEOTEG yLa TNV Snuloupyia VEwv AUoEwY

5. Tweég yua g S1ddopeg MAPAUETPOUG TTIOU XPNOLOTIOLEL O YEVETIKOG OAyOpLOpOG (Omwg
elval to peyebog Tou MAnBuoUoUL)

4.3.1 Awdikaoia ektédeong Fevetikoy AAyopiOuov
Ta Baowkd Bripota evog yevetikol alyopiBuou (GAs) mou akoAouBouvrtal kata tnv Stadikacia
edpapuoyng tou eivat:

1. Anuoupyla evog apxikol mAnBuopou (Apxwkomoinon — Initialization)

2. A&lohoynon kabe Avong

3. Emhoyn véou mAnBuaopou (Emthoyn — Selection)

4. Emloyn yevetlkwv tedeoctwy Stactavpwong (Crossover) kat petaAAaéng (Mutation)

5. Emotpodn oto BrAua (2)

6. TepUaATIOUOG TOU YeVETIKOU aAyopiBuou. (Fewpyomoulog, AukoBavaong, 1999)
AvoAutikotepa:

1. Apxwomnoinon (Initialization): 1o mpwto Brpa dnpovpyeitat évag apxlkdg mMAnBuouog
AUogwv, o omolog mapapével otabepog kab’ OAn tnv SLAPKELD TOU YeEVETIKOU alyopiBuou
(GAs)
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2. AfoAoynon kaBe AUong: YMOAOYLOMOG TNG TIUAG TNG OVTLKELUEVIKNC OUVAPTNONG.
Avdloya pe TOo av eival mpOBAnua elaxlotonoinong n peylotonoinong Aaupavetoat
umodn n eAAXLOTN 1 N LEYLOTN TR avtioTowxa.

3. Emloyn (Selection): H emiloyn véou mMAnBuopoU yivetal pe Tnv HEB0SO NG «pOUAETAC
HUE OXLOMEC» (slotted roulette wheel). KaBe dtopo tomoBeteital otnv pouléta Kot
KataAapBAavel xwpo avaloya e TNV anodoor Tou, £ToL avaloyn va gival Kal n emioyn
Tou.

4. Teleotég Swaotavpwong (Crossover) kot pet@AAagng (Mutation): KaBe dtopo tou
mANnBuopoL €xel TuBavotnta p. va emdeyel. Ma kdBe dtopo emléyetal tuxaia €vag
TIPAYUATIKOC aplBUOC r oo To KAELOTO ouvolo [0, 1]. Av o Tuxaiog aplBuog r < pc, TOTE TO
atopo emAéyetal yla Staotavpworn. O aVOPEVOUEVOC OplOUOC TwV OTOUWV TOU
eMAEXONKav ylwa Stactavpwaon sivatl pe * popN, omou popN eival to péyebog tou
MANBuopoy. AmMO autd Ta Atopa Snuioupyouvtal euydpla Kot yla kaBe leuyapt
eMAEyeTal Tuxaia evag aképalog aplBuog pos oto kAeloto diaotnua [0, m-1], émou m
elval To YRKog Tou XpwHoowpato. O aplBudg autog, pos, mpoodlopilel To onuelo TNG
Staotavpwonc. Etol, ta emileypéva (euyaplo «yoveic» Slaotaupwvovtal Kot Tnv B€on
TOUC TIOLLPVOUV OL «aTtOyoVOoLY.

| |
Crossover Point

. ]
Children l:
[ |

Parents

Ewova 4.2 — Alactavpwaon
Mnyn: https://figshare.com/(*)

ITNV CUVEXELQ, OO TA VEX ATOUA, «OTTOYOVOLY, TIou Tipoékupav amod tnv dtadikaoia tng
Slaotalpwonc emAéyovtal Kamola yovidia tuyaia kat petafariovral pe tnv dtadkaoio
™¢ petaMaéng (mutation). H Stadikacio tTng PeTAAAa€NC oTOV YeVETIKO OAyoplOuo
QVTLUETWTTIEL TOV MANBUoUO cav Suadika Pndla Kal pe Tov TEAEOTH TNG UETAAAOENG
amAwg ta avtiotpédel. Kabe duadikod Pnodio €xel tnv 6la mBavotnta va emAeyel Pe
omolodnmnote AAAO, pm. MNa KABe xpwpoocwHA AAAA Kal yla KOO yovidlo eTUAEYETAL EVOG
TUXOLOG TIPOYHATIKOG aplOUOG r amo To KAelwotd ouvolo [0, 1]. Av o tuxaiog aplBuog r <
Pm, TOTE yivetal pet@AAagn tou yovidiou. O avapevOUEVOG aplOUOG TwV OVTIOTPOUUEVWY
Pndiwv eivat pm* m *popN.
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Before mutation

1816]2[5[3[a]9]1[7]0]

After mutation

(8]6[9]s[3]af2]1]7]0]

Ewkova 4.3 — MetaAdaén
Mnyn: https://figshare.com/ (**)

Emwotpodn oto BApa (2): AfloAdynon Twv VEWV ATOUWV MECW TNG OVTLKELUEVIKAG
ouvaptnon.

. TeppatOpnOGg TOU YEVETIKOU aAyopiOpou: Mo va oAokAnpwOel o yeveTikog alyoplopog
TPETIEL N CUVONKN TEPUATLOMOU va yivel aAndng, aAAlwc o alyoplBuog Ba cuvexiosl va
npoomnaBel va Bpel tnv BEAtiotn Alon. Ma TNV CUYKEKPLUEVN €pyacia, wg ouvonkn
TEPUATIOMOU ETUAEXONKE 0 aplOUOG TWV emavaARPewvy.

Apyikoroinan MinBuopold
(Initialization)

- 7

Aflohdynon Aong

|

Emhoyry véou mhnBuopol
(Selection)

}

Awrotalpwon
(Crossover)

|

MeTdhaén
(Mutation)

|

FuvBnkn
Teppatigpol

l AhnBrig

Ewkova 4.4 — Ataypauua poric yeVeTIKoU aAyopiduou
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4.3.2

MAcovektuata Fevetikwv AAyopiOpwv

Ouyevetikol alyoplBpol eival apketa dtadedopévol yla tnv emiAuon MpoPANUATWY KL AUTO €lval

emeldn €Xouv OPKETA TAeovekTuata. Meplkd omo autd eival: (Fewpyomoulog Kot

AuvkoBavaong, 1999)

1.

Ovyevetikol alyoplBpuol Bswpolvtal onUavtikol Adyw tn¢ LeyAANnG amodoTIKOTNTAC TOUG.

‘Exouv TNV LKavotnta va emilboouv SUokoAa mpofAnuata Kol Je UEYAAn aflomiotia.
‘Exouv amnobeifel 0Tt eival tkavol va emtAloouv poBAata o pe AAAeG peBodoug eivat

oxedov aduvato va mpoodloplotolv AOyw TNG MOAUTTAOKOTNTAG TOUG 1 TNG MEYAANG
SlaKUHAVONG TWV CUVOPTHOEWV.

MmopoUv gUKoAa vo xpnotpomotnBolv amd rnén UTAPXOVTA CUCTAMOTO XWPLG va
Xpelaletal enavooxeSlaouog tou aAyopibuou. Autd cupPaivel yloti xpnolpomolouv
otolyela tng ouvaptnong mou BEAouV va BEATIOTOMOLO0OUY, XWPLG va £XEL onUacia o
POAOC TOUG HETO OoTOV OAyOpLOpo.

OuL yevetikol alAyoplBuol eivat eUkoha e€eAiflpol kal emektaowuol, Kabwg Oev
OVTLOTEKOVTOL O OANQYEC, ETIEKTAOELG KAl UETAAANALELG avaAoya PE TNV Kplon tou
T(POYPOUHATLOTH.

O yevetikol aAyoplBuol €xouv peyaAn eguveliéia, adol UMOpoUV VO CUUHETEXOUV OF
UBPLOIKEC popdEG He AAAeC LeBOSOUC TOU €xouv TieploooTepn e€eldikeuon o€ KATmola
npoPAnuara.

To nebio epappoync tou eival gupl, adol To KUPLO XOPAKTNPLOTIKO TOUC Elval n
avefaptnola otnv emAoyr TwVv KPLTNplwv mou kabopilouv TNV eMAOyYr LECA OTO TEXVLKO
nieptBarlov. Etol, eival Suvatdv va xpnotlpomnotnBolv oe MOAAOUG TOUELG OTWG €lval n
olkovouia, n oxedioon unxovwy K.a.

Evog akOun AOYOG TOU Ol YEVETIKOL OAyOplOUOL UTIEPTEPOUV OE OXEON HE TIG

napadoolokéC uebodouc eival otL Sev amaltouv MEPLOPLOPOUC OTIC CUVAPTAOELS. AuTol
Ol TIEPLOPLOUOL EKavaV TIC TAAALOTEPEC PEOOSOUC akaTAAANAEG yia TIOAAG TtpoBAROTAL.
JTOUG YEVETIKOUC OAyOpLOUOUG autd To TPOPANUO €XEL EEMEPOOTEL KoL TOUG KAVEL
KATAAANAOUG yLa peydlo dpaopa mpoBAnUdTwy.

‘Eva akoun BeTiko eivat OtL oL yevetikol adyoplBuol dev e€etalouv tig mAnpodopieg mou

enefepyalovrtal. H povn mAnpodopia mou e€etalouv lval N AVIIKELULEVIKT] OUVAPTNON,
oUTO onuaivel ot aveéaptnta amnd to £idog tou TpoPAnupatog Ba UTAPXEL KATIOLO
anotéAeopa. BéBala, umdpxouv KL GAUTA TIPOPRANOTA OTOUG YEVETIKOUG aAyopiBuoug,
OAAQ QUTO €XEL VAL KAVEL PE TNV UGN TOU XWPOU KL OXL UE TG MAnpodoplec.

O yevetikol aAyoplBuol €xouv amo tnv ¢uon Toug TO OTOLXELD TOu TaPOAAANALOUOU.
Enefepyalovtal moAU peyalo oOyko mAnpodoplwv, adol kabBe dtopo Oewpeital
avTUTpOownog MoAAWV dAwv, pe avaloyia 1/103. Etot, propouv amodotikd va Pdaouv
HEYAAOUC XWPOUC OE ULKPOUC XPpOVOUC.
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9. MrmopoUvV va KAvouVv Tautoxpova e€Epelvnon Tou Xwpou avalntnong Kal EKUETAAAEUONG
NG enefepyacpévng mAnpodopiag. Mpokettal yia SU0 XaPAKTNPLOTIKA TTou cuvhBwc,
elval avtaywvioTtikd petafy toug. Me 1o tuxaio Pafipo yivetat kaln eepelivnon tou
Xxwpou avalntnong, aAAd Sev yivetal eKLETAAEUON TG EMEEEPYATUEVNG TTANPOdOPLaG.
AvtiBeta, pe 1o hill — climbing yivetal ekpetadAAevon tng enefepyacpuévng ninpodopiag,
oAAa Sev yivetal koA e€epelivnon tou xwpou. OL yeveTikol alyoplbuol katadepav va
ETULTUXOUV TOV BEATLOTO GUVSUAOUO TNG EEEPEUVNONG KO TNG EKMETAAAEUONG KATL TIOU
TOUC KAVEL TTOAU artoS0TLKOUG KOl EAKUCTLKOUG.

10. TéEAog, oL yevetkol aAyopBuol pmopolv va &gxbouv mapdAAnAn uAomoinon.
EkpetalAevovtal Ta TTAEOVEKTAMOTO TwV MAPAAANAwY pnxavwy, adol amo tnv ¢uon
TOUC €X0ouVv To otolxeio tou TapoaAAnAwopovl. Elval €va XapaKTnploTLKO ToU OTavia
KQTTOLOG UIMOPEL VOl TO CUVAVTNOEL OE AVTOYWVLOTIKEC LeBOS0UG.

4.4 Tapovoiaon TwV PNUAT®V EMAVONG

441 Ewoaywyn
Itnv ekova 4.5 yivetal mopouoia Tou SlaypAappaTtog ponG TOU MPOYPAUUATOG IOV avarntuxonke

yla tnv eniluon tou mpoPAnpaToc.
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Mivakag Mpoéieuong - Mpoopiopod
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‘ MerdAhaén (Mutation) ‘

Weudrg Kaknepn
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Ahnong

AdioAdynon 1ehikol diktoou /
Y rohoyiopa e oxnudTuwy

YmoAoyiopde kKbaToUE

Ewkova 4.5 — Aiaypapuua por¢ mpoypauuoTos

44.2 Avalvtikn tapovoiaon fnudtwv
To mpdypappa ou avantuxbnke yla tnv enihuon Tou PoPARUATOG aroteAeital amno €L (6)
BAuata, ta omoia Ba avaAluBouv oTnV CUVEXELQ.
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4421 Ewoaywyn dedouévwv
APXLKQ, TO TIPWTO TIOU TIPETEL VA YIVEL Elval n eLocaywyr Twv S€8o0UEVwY Tou TIPOBARUATOG OTOV
oAyoplBpo.

To nmpwto mou elodyetatl eival o MNivakag Mpoéheuong — NPOOPLOUOU LE TIG LETAKLVAOELG TOU
ouvOoAou Twv emiBatwyv. O TivaKkag ELOAYETAL HE TNV Hopdr) csv — comma separated value kat
TIPOKELTOL Yla €val TETPAYWVIKO Staywvio mivaka popdry NxN, ormou N eival o aplBuog twv
KOUBwv tou Slktuou. H umoouvaptnon, oTo CUYKEKPLUEVO onueio, dlafalel to csv apyxeio,
Snuoupyel éva 6Lo ypapuLko, Tou amoteAeital amo TpeLS (3) oTtAAES, KAl TEAKA TOV TAELVOUEL.
H mpwtn otAn €ivat o k6pBog mpogAeuaong, n deutepn otAAN gival o KOUBOC TPOOPLOUOU Kal N
TPltN 0TAAN £ival o aplOUOG TwV eMBATWY TTIOU HETAKLVABNKAV ard Tov évav KOUBo otov GAAov.
MapdAAnAa, To MPOypPAUUA AmoBnKeUEL TOV IVOKA QUTOV, OTNV VI LN TOU TIPOKELUEVOU VA TOV
XPNOLUOTIOLOEL LEANOVTLKA.

‘EMeLta, oto mpoypappa eLodyetal o Mivakag Xpovwv MEeTakvioeLg AL umo tnv popodr apxeiou
csv — comma separated value. Eivai, emniong, évag mivakag tng popdng NxN, émou N eivat o
aplOudg Twv KOPBwWVY Tou SLIKTUOU. ZTOV TivaKa TOV XPOVWV UTIAPXEL pla dLattepotnTa, oL
YELTovikol Kool AapBAavouv wg TN Tov PLECO XPOVOo UETakivnong (o Aemtad), evw ot kKoot
miou dev €xouv Kapia ocuvdeon pPetall touc Aappavouv tnv T pndév (0). Me autov Tov Tpomo
0 aAyOpLOUOG €lval LKAVOS va avayvwpeLoEeL Ttolol KOPBoL elvatl YELTOVIKOL METAEY TOUG Kal TtoLoL
oxL. Ta dedopéva auTa amoBnKeUOVTAL OTO TIPOYPAUUA LE TNV Hopdr ypddou (graph).

H yAwooa mpoypoppatiopol Python &ivel tnv duvatotnta va SnuwoupynBel pia doun
Sebopévwy Ae€Lkou (dictionary), n omola elvat éva «idog» Tivaka otov omoio kABe otolxeio €xel
KL €va «kAELSL» (label) — o avtiBeon pe évav Kavoviko Ttivaka (array) — KL EToL n avalntnon €ywe
HE «KAEWS1» Tov aplBuod ¢ otnAng. O ypadocg sival éva Ae€ikd G, 0 omolog €xel WG «KAELSLA»
OAoug Ttouc KOpPBoucg mpogAlsuong Ni, oL TWHMEC Twv omoiwv elval éva dAo Asfiko Tou
nepAapBavel wg «kAelSLA» 6Aoug Toug KOpBoug pooplopol Njamo kabe avtiotolyo «KAELSL»
Ni, evtog tou omoiou mepAappavetal o xpovog tjTou avtiotolxou {evyouc.

G = ypagdog (graph)

N = kouBog (node)

i = mpoéAeuon (origin)

j = mpooplopdg (destination)

t = xpovog petaBaong (time travel)

To teleutaio OTOLXELO €lO0OYWYNG TOU TPOYPAMMOTOC €ival To apxlkd 6iktuo, to omolo
OXEOLAOTNKE KOL XPNOLLOTIOLONKE YLa TG AVAYKEG TNG CUYKEKPLUEVNG SLMAWUATIKAG Epyaciasg.
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44.2.2 A&oAoynon apyikov Siktvov

To endpevo PBrRua eivat n aflohoynon tou apxlkou Siktuou (evaluation), n omola yivetat
uTtoAoyi{ovToG T TTOCOOTA METAKIVAOEWV TWV ETBATWY OTIC TECOEPLS (4) KATNYOPLEG TtOU
SlakpiBnkav KaBwg Kal 0 LECOG XPOVOC HETAKIVNONG TWV EMLBATWV.

OLtéooeplg (4) katnyopieg mou Stakpivovtal ot emiBatec eival:

1. do: to M0000TO TwV emBatwyv mou petaPiBalovial 0Tov MPOOPLOUO TOUG XwpPLg Kapia
uetermuBifoon

2. di: 10 MOOOOTO TwWV emPatwy mou petaBLBdlovtol OToV TPOOPLOUO TouG HE Mia (1)
petemBifaon

3. dy: T0 MOOOOTO Twv emBatwyv mou petafiBalovrol oTov MPOooPLoUd Toug Ue duo (2)
HetemPBLBaoeLg

4. dun:TO TOCOOTO TWV EMBATWY TIOU HLEVOUV QVLKOVOTIOLNTOL Tt TO UTIAPXWV SLKTUO

Mo kabe leuydplL MPoEAELUONG — TPOOPLOKOU Tou SIKTUOU uToAoyilovtal OAeg ol TBavEG
Sladpopéc mou pmopouv va akohouBrioouv ol emifareg, £€tol oe kabe dtadpour mpoaotiBetal o
XPOVOG HETAKivNoNG KaBwg emiong Kal n mowvh UetemBifaong omou autn elval amapaitntn.
Alatnpouvtal Hovo eKeiveg oL SLaSPOUEC e TOV EAAXLOTO XPOVO, ylaTi yivetal n Bsewpnon nmwg o
ermuBatng yvwpilel to 8ikTUO, EMOUEVWE SLAAEYEL APXLKA TLG SLASPOUEC UE TOV ALyOTEPO XPOVO Kol
katd Sevtepov ekelveg pe TG Alyotepeg peterPifaocels. Kpatwvtag wg eVAANAKTIKEG AUCELG
EKELVEC E TOV EAAXLOTO XPOVO Kal TIG eEAdLOTEC LeTeMIBLBATELG, N {TNoN Tou KABE UTTAPXOVTAC
{eVyoug TPOENELONG — TPOOPLOOU HOLPALETAL OE QUTEC.

‘Etol, urtoAoyileTal To cUVOAO TwV emBatwy mou efumtnpetouvtal anevBeiag (do) amod to iktuo,
ekeivol mou xpelwalovtat pia (1) petemBifaon (di), ekelvol mou xpelalovral dvo (2)
uetemBiBaoelg (dz) kal ekeivol mou pévouv avikavormointol anod to undpxwv Siktuo (dun), Ta
orota dlatpouvtal Pe TNV cUVOALKN {\TNON yla T TPOoKUOUV Ta TOOOOTA TNG KABE Katnyoplac.
Entiong aBpoilovtal kat oL xpovol S1adpounG, oL omoloL oTNV CUVEXELX SLapolVTaL LE ToV aplOuo
TWV HETAKIVOUUEVWVY eMIPATWY yla va TIPokKUYPEL 0 pPETog xpovog Stadpoung (ATT). TéAog,
napoucLalovtal T TooooTd TwV enBatwv kaBe katnyoplag (do, d1, d2, dun) KABWC emiong kat o
HEOOG XPOVOG dLadpoung twv emBatwy (ATT).

H afloAoynon Ba xpnolpomnotnBei, ylia Adyoug olyKplong, LETAEL TOU apXLKOU KOl TOU TEALKOU
Siktuou.

Y10 (610 BApa ylvetal emiong Kol UMTOAOYLOMOC TwV OXNUATWY MOV Eival amapaitnTta yla tTnv
Aettoupyia tou diktuou, wotoco auth n Stadikaoia Ba avaluBel mapakatw. (KedpdAato 5.3.2.5)
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44.2.3 YmOoAoylOUOG ATIOOCTACEWVY

Y€ QUTO To onueio umtoAoyilovtal oL AmooTAcELS PETAEY TwV KOUBwWVY Tou SiktUou, oL omoieg Ba
xpnotpornotlnBouv og EMOUEVO OTASLO TOU TPOYPAUUATOC. XpNOLUOTIOLWVTAC TNV EVIOAN numpy
€YLVE €LOAYWYI TOU apxeiou xpovou (apxeio csv) oe popodn mivaka Svo Sltactdoewv. Me autodv
TOV TPOTO NTaV TIo €UKOAN N enefepyaocia twv petafAntwy. Emiong, 600nke ula péon TN
TaxVTNTOG yla ta NAEKTPLKA Acwdopeia. Z€povtag Tov XPovo UETASU Twv KOMBWV Kal TtV
TOoXUTNTA TOU OXAUATOC €lval Suvatov va UTIOAOYLOTEL N andotaon HeTall Twv KOUPwv (og km).

4424 Bedtiotomoinon ue tn xpyon YEVETIKOU aiyopiBuov
Ze aUTO TO Brpa yivetal BeAtiotonoinon tou apxkol SIKTUOU WE TNV XPAON TOU YEVETLKOU
oAyopiBuou. H dtadikacia mou akoAouBeital sival n €€Ng:

1. Apxwomnoinon nAnBuouov (Initialization): ESw yivetal n apxikomnoinon tou mAnBuouou,
6ebopévou OtL dev €xel mapouclaoTel akoun Towkopopdia Kal kKABe ATopo TOU
mAnBuaopoU eival (8lo pe 6Aa ta unoAouta. MpokeLtal yla £va avtiypado Tou apxLkou
Siktvou. Etol, amd TNV apXn TPAYUOATOMOLE(TOL UTTOAOYLOMOC TNG OVTIKELUEVLKAG
ouvaptnong (fitness) yia to apxwko Siktuo. To péyebog Tou mMANBuoUOUL e€aptatal anod
Vv napdapetpo popN, n onoia Sivetal and tnv apxn wg dedouévo. TENOG, TO apxLKO
Siktuo avtiypadetal og pia petafAntn best, n omola Ba mepLexel tnv BEATIoTn Avon.

2. Metadopd twv KaAUTEPWV SIKTUWV oTNV VEA YEVLA: Me BAon TNV TEXVLKI TOU EALTIOUOU
(elitism), aAAa kot Tou aplBpoU Twv BEATIoTWY AUoswv (eliteN) o omolog divetal € apxnc
amo tov Xprotn. Ot BEATLoTeG AVOELG HETAPEPOVTAL AUTOUGCLEG OTOV VEO TANBUGUO.

3. Emoyn (Selection): MNa to cuvoAo tou MAnNBuouol aAAA Kal yla aplBuod (oo pe To pLod
popN—eliteN

popt e,
TIPOKELUEVOU O VEOG TTANBUGUOC va gival (510 og aplBuo e Tov apxLko, yivetal emAoyn

™¢ Sdtadopac Tou MAnBuopol amd tov aplBud Twv BEATIOTWY AUCEWV (

véou mAnBuopol pe BAon TNV TEXVLKA NG «poulétac» (roulette wheel). H texvikn tng
«POUAETOG» KOTOTACOEL TA ATOMA ME BACN TNV TIUA TNG OVTLKELUEVLKAG OUVAPTNONG
(fitness) kat umoloyilel tTnv mBavotnta emAoyng tou kaBe atdopou. H mbavotnta
emloyng umoloyiletal pe Baon to fitness dlatpepévn Pe To aBpolopa OAWV TWV TLHWVY
NG QVTLKELUEVIKIG OUVAPTNONG. ITNV CUVEXELA ETUAEYETAL Evag TuXaiog aplBuog r oto
Staotnua [0, 1] kat ot TIHEG TNG TBavoTNTAC TPooTiBevtal Pe TNV OEpd PEXPL TO
aBpolopd toug va femepAoel TOV TuXalo aplOud r. H tedeutaio auth TR NG
TOavoTnTag OV POCTEONKE AVTLOTOLXEL OTO ATOMO TOU ETUAEXDNKE WG KYOVEAG» QTLO
NV TEXVIKN TNG «poUAETOG». Auth n Sladikacia emavalapPBavetol kot Sevtepn dopa
TIPOKELUEVOU VL eETUAEXDEL KOl 0 SEUTEPOC «YOVEQGY.

4. Awactavpwon (Crossover): AdoU PBpednkav oL «yovelc» oelpd €xeL n Sladkaoia tng
Slootavpwong (crossover). EmAéyetal €vog Tuxoiog MPAyUATIKOG aplOudg r oto
Swaotnua [0, 1] kL av elval pkpOTEPOG amd Tov TEAEOTH SLOOTAUPWONG Pswap TOTE
nipaypoatonoleital n dStadikacio. H T TOU pswap SlveTal amod tov xprotn otnv apxn tou
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TPOYPAUUATOC. OTOV 0 APLOUOG I' < Pswap, ETUAEYETAL TUXALO EVOG OKEPOLOG APLOUOG OTO
Swaotnua [0, routeN — 1]. O aplBuog autog kabopilel To onueio mou Ba yivel n
Slootavpwon PETAL Twv U0 «yovEwv», SnAadn twv Vo ypappwv. Ta Suo véa diktua
TIOU TIPOKUTITOUV ATTOTEAOUV TOUG «amoyovoug» A «mawdd». (chy, chy)

MetaAlagn (Mutation): Ztnv cuveéxela epapuoletal o TeAeotn ¢ LeTAAAaENC (mutation).
H Stadikaoia tng petalhaéng pmopel va Staxwplotel oe dU0 (2) katnyopleg:

e Mwkpng tpontontoinong (small modification): e autiv tnv nepimtwon pe tnv
HEBO0SO TNG «pOUAETACY ETUAEYETAL Ui ypa ) armo o SikTuo, e mbavotnta to
avtiotpodo NG IATNONG TWV EMPATWV TOU MIMOPOUV va LKavormolnBouv
aneuBelag. Me auTOV TOV TPOTIO UTIAPXEL HEYOAUTEPN TLOAVOTNTA VA ETUAEYOUV
Ol «XELPOTEPEG» YPAUMUEG, OnAadn ekelveg HE TO MIKPOTEPO TOCOOTO
LKOVOTIOLNUEVWY ETILROTWV XWpPLG petemiBipaocclc. Emetta, emAéyetal Tuxaia €vag
oképalog aplOuog oto dwaotnua [0, 1] pe Bdaon Tov omolo TpomomMOlEiTal N
adetnpla 1 To TEPUA TNG YPAUUNG. TNV CUVEXELQ, LE BAo TNV TOAVOTNTA Pdel, N
omola opiletal €€ apxng, emAéyetal tuxaia €vog MPAYUATIKOG aplOuog oto
Staotnua [0, 1]. Av o tuxaiog aplBuog eival HkpOTEPOG Ao TNV TLBAVOTNTA Pdel,
TOTE 0 KOUPBOC adatlpeital amod tnv ypapun. AvtiBeta, av eival peyaAUTeEPOG, TOTE
ETUAEYETAL TUXALO £VAC VELTOVIKOC KOUBOC TToU SV UTTAPXEL KAl TTPOOTIOETAL OTNV
ypapun. Eav v uTtApXEL KATIOLOG YELTOVIKOG KOUBOC, TOTE N VPO TTOPAUEVEL
dLa, xwpig kapio aAAayn.

e MeydAng tpomnonoinong (big modification): Me mapopolo tpdmo emAEyeTal n
adetnpla 4 10 TéPUA TNG YPAUUAG Yo HeTAAAOEN. Emelta, kataypadovtal ot
OUVTOMOTEPEG SLabpoUEG amd Kal TPOog TO emAeyUévo KOuBo pe Pdaon tov
oAyoplBuo Dijkstra kal katatdooovtal o€ pBivouvoa oelpd avaloya Le tnv {\Ttnon
TWV HETAKIVOUUEVWVY eMIPATWV XWPLC UETEMIBLIBACELS. ITNV OUVEXELX, UE TNV
TEXVLKN TNG «POUAETAGY KOl HE TILOAVOTNTA TTOU MPOKUTITEL A0 TOUG armeuBeiag
LKOVOTIOLNUEVOUG ETIPRATEG ETUAEYETAL N VEA YPAUUN TOU SIKTUOU. I€ TiepinmTwon
Tiou 6ev uTtdpxeL EVOAAOKTIKN ypapun, Adyw pundevikng {Atnong, Tote eMAEyETaL
0 AAAO¢ KOpBOC ya petaAlagn. AnAadn, av apxlka eixe emleyel n adetnpla
SlaAéyetal otnv CUVEXELD TO TEpUA TN Stadpounc n To avtiotpodo.

H mBavotnta pms €lvol ekeivn mou kabBopilel tov TUMO Tpomomnoinong mou Ba
edappootel, mpokettal dSnAadn va xpnolponolndel petdAAagn WULKPNG Tpomomnoinong
(small modification). H petdAa&n peydAng Ttpomomoinong (big modification)
Xpnowuomoteital ywa tnv amoduyn eyKAWPLOHOU O TOTUKA MEYLOTA KOL YEVIKA
TapoUoLAlel TTOAU HEYAAEC aANAYEG yLOL VOl CUVEXLOEL TNV avalitnon KAAUTEPWV AVCEWV.
H Stadikaoia tng petalhaéng mpémel va mpaypatonolnBesl Suo (2) dopeg, yla kabe Eva
«amoyovo» f «madi» Eexwplota.
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6. AfloAoynon vEwv Siktowv: Ta «madla» mou mponABav omd TIC TIPONYOUMEVEG
Sladikacieg aflohoyolvTal TPOKELUEVOU va BPeBEL N TLUN TNG AVTLKELUEVLKIC OUVAPTNONG
otnv ouvéxela. Mpootibovtal otov véo MANBUGCUO Kal v cuvexeia yivetal katdtaén Tou
véou TMANBUGoOU pe BAon TNV TUA TNG AVTIKELUEVLIKAG cuvaptnong (fitness).

7. ‘EAeyxog KaAutepng Auong: KABe Tiun mou PoKUTITEL Ao TNV AVTIKELUEVLKH OUVAPTNON
OUVKPLVETAL OITO TNV TLUN TIOU UTApXEL otnv petafAnth best. EQv n T mou nponABe
Qo TNV QVTLKELUEVLKA ouvaptnon (fitness) elvat HikpdTePn amo tnv uMAPXOUCA TLUH TNG
HeTaBANTAC best, TOTe auUTO onuaivel otL BpéBnke kaAutepn AUon emopévwe aAAALEL N
TLUA TNG HeTAPANTAG best.

8. ZuvOnKn TEPUATIOHOU: ITNV OUYKEKPLUEVN EpPyooia oav ouvlnkn TEPUATIOUOU
ETMAEXONKE eKelvn Tou aplBpol twv emavoAnPewv. Etol, amd tv apxn Tou
TIPOYPAUHUATOG 50ONKe OTL 0 aplOUOG Twv enavaAnPewv Tou YeveTIKoU alyopiBuou Ba
elval ekatov mevivta (150). Ito T€AOG TOU YeVETIKOU aAyopiBupou emiotpédetal oto
Kupilwg mpoypappa n LetapAntr best mou mepLeExeL To kavoupyLo Siktuo.

4.4.2.5 Aé&oAdynon teAkov SIKTUOV KaL VTTOAOYLOUOC OXIUAT WV

Je QUTO TO PBrApa apxlka yivetal afloAdynon tou véou SIKTUoOU Tou SnuloupynBbnke pe tnv
BonBela Tou yevetikolu adyopibuou. MNa tnv afloAdynon tou teAkol SiKTuou akoAouBeital n
dla Sradikaoia mou napouotdaoctnke oto Keddalato 4.4.2.2. EKTOG OpwG amnd tnv afloAdynon tou
SktUou, o€ AUTO To Brpa YIVETAL KO UTTOAOYLOMOC TWV OXNUATWYV TIOU £lval amapaitnta yLo tTnv
owoTH Asttoupyla Tou diktvou.

Ano tnv afloAoynon mou €ywve eival yvwoTéG ol hopTioelg o KABe koppo, SnAadn n {ntnon. Me
Baon tnv {NTNON QUTA KoL TNV MEYLOTN $OpTLoN TNG KABE ypappung umoAoyiletal n amapaitntn
ouxvotnta StéAeuvong twv Aewdopeiwv. Oewpndnke otL Ba xpnolponownnBoulv dvo (2) eldwv
Aewdopeia. Ta tumika Aswdopeia oydovra (80) BEcewv Kal Ta apbpwtd Aswdopeia ekatdv
elkool Béoewv (120).

Apxika, yla ta turika Aewddopeia oydovra (80) O<oswv. Av Staipebel n péylotn Goption pe Tov
aplOud Twv BEcewv Tou AewdopeloU TTPOKUTITEL O ATAPALTNTOG APLOUOG TWV OXNHATWY AVA WPA.
(BewpnBnke otL 0 Nivakag Mpogheuong — MNpooplopou Sivel T péyloTteg wplaieg doptioelg) Eav
0 aplOuog eival peyaAltepog amo 12 oxAuata thv wpa, dnAadn n xpovoamnodotaon sival
HULKPOTEPN TWV TIEVTE (5) Aemttwy, TOTE emAéyovTal apBpwtd Aswdopela yLa TNV CUYKEKPLLEVN
YPOUMN KOL O UTIOAOYLOMOG YL TNV ouxvotnta Twv Aswdopeiwv emavolapfavetal. Itnv
OUVEXELQ, Yla KABe ypapun umoAoyiletal o xpovog Stadpoung o omoiog moAAamAacLaletal e
€vav apliuo, ioo He 1o 2,2. MpoKeLTal yia Tov Xpovo SLadpopng yla tnv pia katevBuvon aAAd Kot
™V AaAAn, onwcg eniong nmpootiBetal éva 10% oe kabe katevBuvon wg Xpovog enavadopag.
Emetta, pe Baon tov xpovo dtadpoung kabwe kat Tnv cuxvotnta StéAeuong, ival Suvatov va
uTtoAoyLoTel 0 aplBUoG Twv Aswdopeiwy Tov ival amapaitnta.
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1O QMOTEALOMATA TAPOUCLALETAL Yot KABE ypappun 0 aplOpog Twv oxnNUATWY, o TUTIOG Tou
OXNMOTOG, N cuxvotnTa SLEAEUONG, N LEYLOTN POpPTLON KABWE KaL 0 Xpovogs SLadpounG.

44.2.6 YTWOAOYLOUOG KOGTOC KATAGKEVNG NAEKTPLKOU SIKTUOU

To televtaio Bripa Tou TPOYPAUMOTOC £ival O UMOAOYLOUMOC TOU KOOTOUG UAomoinong tou
KalvoUpylou SLktuou. OswpnBnke OTL Ba XPELAOTEL VO olyopaOTEL KaLVOoUpYLOG EEOTALOMOC YL
OAEC TLG QAT OELG TOU SLKTUOU.

ApxK@, ywo KaBe ypoappn tou Siktuou umoloyiletal to pAKog Stadpopnc. EAv to HAKog
SLadpoung elval HIKPOTEPO ATIO TNV HEYLOTN AMOOTACHN TOU UIMOPEL va Slavuoel éva NAEKTPLKO
Aewdopeio 1ote Bewpeital 6tL n ypapun Ba yivel nAektpikn kat dnpoupyeital évag mivakog mou
otnv B£€0n TNG CUYKEKPLUEVNG YPAUUAG Ba €xel Tnv Tiun '0°. AvtiBeta, v To UKo Stadpoung
glval peyaAUTepo amod TNV PEYLOTN AmOOTACo! TOTE Bewpeital OTL N ypapur Oa tkavomoleitat ano
netpeAalokivnta Aewdopeia Kat o mivakag maipvel tnv tun ‘1.

H péylotn amootacn mou pmopsi va Stavuoel Eéva NAEKTPLKO OXNUa elval n XwpeNTIKOTNTA TNG
uratapioc S1a tnv Katavalwon evépyelag emi evav ouvteleotn 0.7. H pmatapia evog nAEKTPLKOU
Aewdopelov dev pmopet va optioTel 0To PEYLOTO €KATO TIG €KATO (100%), ala emiong Sev
unopel va arnodoptiotel teAeiwg. MNa auto 1o Adyo BewprBnke OTL TO PEYLOTO TOCOOTO GOPTIONG
NG nataplag eivat evevivta ol ekato (90%) kot To eAAXLoTOo £lval To (Kool ToLg eKaTO (20%).
Me autr thv Bewpnon MPOKUTTEL TWE TO AELTOUPYLKO TTOOOOTO TNE Unatapiog ival eBdounvra
TOLG €KOTO (70%).

ITNV CUVEXELQ, YLa TIG YPOUUEG TTOU TIpoEKU e OTL Ba amotedouvtal anod NAEKTPLKA Aswddopeia,
avtypadetal o€ pla Alota n adetnpia Kot To téppa tng dtadpoung, dnAadr ot B£oelg mou Ba
XPELAOTEL va. pumouv ot ¢opTIoTEG. Emelta, yio KaBe ypapun umoloyiletal To KOotog TnG. Eav n
YpOupn amoteAeital and netpeAatlokivnta Aewdopeia To KOOTOG ival (0o e Tov aplOpod Twv
Aewdopeiwv Tou eival amapaitnta eni to KOotog ayopds (= 225000 €). Eav n ypauun
TIPOKELTAL VO YIVEL NAEKTPLKN EKTOC OO TO KOOTOG ayopdc TwVv Aswdopeiwv, cuvumoloyiletal To
KOOTOG QyopaG TWV UMATAPLWY KaBwe Kal To KOOTOC Twv GOopPTIOTWY. TO KOOTOG ayopas Twv
NAEKTPIKWY Aswdopeiwv xwpi¢ TNV pnatapia eival ico pe tov aplBuo twv Aswdopeiwv mou
XPELALETOL N CUYKEKPLUEVN ypauun el tnv TLun ayopdg (= 350000 €). To kOOTOG AyopAs TwWV
urotaplwy gival (oo pe tov aplBpd twv Aewdopeiwv €L TNV XWPNTIKOTNTA TNG pmatapiog emti
TNV TR ayopdg tng pnoatapiag (= 800 €/kWh). Téhog, elval 0 UTIOAOYLOUOG TOU KOOTOUG TWV
doptioTwy, oL onoiot Oa tomoBetnBoUV GToV KOBO apxn G Kol oToV KOUPBO TEAOUC KAOE ypapunC.
MPOKeWEVOU, OUWCE, VO NV YIVEL UTIEPKOOTOAOYNON TOU €PYOU TIPETIEL VAL YIVEL EAEYXOG OTLC
Béoelc Twv ¢optiotwy, OTL Sev umapyxouv Kowol KopPoL apxng N TtéAloug. Auto
TipaypotonolOnke eVKoAa pe TNV €vtoAn set. EMopévwg, o KOOTOG Twv GOPTLOTWV €ival o
TEAKOC aplOpOG Twv KOUPBWV Mt TNV TN ayopds (= 60000 €).
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YoV QIMOTEAECHA TO TIPOYPOA Epdavilel yla KAOs ypappr Tou SIKTUOU TO KOOGTOG ayopas TwV
TeETPEAQLOKIVNTWY Aswdopeiwy, TO KOOTOC ayopds TwV NAEKTPLKWVY Aewdopeiwv KabBwWE Kat To
KOOTOG yLa TNV ayopd Twv pnataplwyv. Eniong, epdavilel tov aplBuo twv doptiotwy mou eivat
arapaitntol yta TNV cwoth Aeltoupyia Tou SikTUou KaBwg Kot To KOGTOG ayopag TOU .
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5 Iepapata- ATOTEAECHATH

MNa tv emiluon tou mpoPARuaTtoC oxedloopoU XpNOLUOTOONKE TO TPOYPAUUO TIOU
ovamntuxbnke otnv Tapouca epyacia kot Teplypadetal oto KepaAaio 4.4. H emiduon
npayuatonolndnke yia dedopévo apxlkd Siktuo €€ (6) Sadpopwv. H mapoucioon twv
anoteAeopdtwy yivetal og tpla (3) BRuara:

1. Emloyn TwV KOTAAANAWY TTOPAUETPWV
2. AnoteAéoparta BeAtiotonoinong
3. AvdAuon evaoBnoiog

5.1 EmiAvomn Swiktvov Mandl - 6 Stadpopwv

Mo tnv eniAuon tou SIKTUOU TIPETEL VAL OPLOTOUV KATIOLEG TIAPAUETPOL, OL omoleg Sivovtal oto
TIPOYPOUHO €K TWV TIPOTEPWV. MPOKELTAL Yla TIAPAUETPOUG TIou Slapopdwvouv Thv apxLkn
pnopdn tou Slktuou, KABWGE KaL KATIOLEG TTOPAUETPOUG OXETLKA LLE TOV YEVETLKO aAyopLOuo.

OL apxLKEC TP AUETPOL TOU TtPpoPBARUATOC Elval:

Nivakag 5.1 - Napapstpot NpofARpatog
Napdapetpog ZupBoAopadg Twun
ApBuog Stadpopwv N 6
EAdaxLotol koppol Stadpopung Smin 4
MéyLotol koot Stadpoung Smax 8
Mown peteruBipaong (min) penaltyiranst 5

OL TOPAETPOL TOU YEVETIKOU aAyopiBuou sivat:

Nivakag 5.2 — Napapetpol Fevetikol AAyopiBpou

Napapetpog ZUUBOALOMOG Ty
MéyeBoc mAnBuopou popN 20
MéyebBocg elite eliteN 8
AplBuo¢g emavoAnPewv iterN 150
Yuvteheotig SlacTalpwong Pswap = —— 0,17

lineN
JUVTEAEOTHG LLKPIC TPOTIOTOLNONG Pms 0,9
Yuvteheotng Staypadrnc Koppou Pdel 0,4
Taxutnta Aewdopeiou V (km/h) 15
XwpnTkoTNTA Hnatapiog batterycap (kWh) 90
KatavadAwon evépyelag energycons (kWh/km) 1,5
Méylotn oamdotacn Tou WUMopel va 0.7 * battery_cap 42
. , maxy = ——— (km)

Slavuoel To Asewdopeio energy_cons
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MoCOOTO CUMUETOXNG KOOTOUG EMLBATWY penaltyl 0,8

Mocooto OUUUETOXNG KOOTOUG Penalty2 0,5
NAEKTPLKOU SLKTUOU
KC,)OTOC O"Eaell(bv d)C')pTLGt‘]q Costcharging_stations (€) 60000

5.2 MMapovoiact ATOTEAECUATWV

Ta amoteAéopata amno tnv avaluon Siktuou pe €L (6) Sltadpouég, adopolv tnv afloAdynon tou
opxtkol Siktuou 600 Kol TOU TEALKOU yla TO OUVOAO Twv emifatwy, kol mapoucialovtal
TIOPOKATW.

To apxtko biktuo eivat:

Nivakag 5.3 — Apxtko Aiktuo Mandl
fpappn 1 0 1 2 5 7 9 10
frpapun 2 4 3 5 7 9 12
frpapun 3 0 1 2 5 14 6
fpaupn 4 8 14 6 9 10
fpaupn 5 1 2 5 7 9 13
fpapun 6 0 1 3 11

To teAkO SIKTUO TTOU TIPOKUTITEL PETA TNV BeATIOTOMOLNON £lval:

Nivakag 5.4 — TeAwko Aiktuo Mandl
fpappn 1 0 1 2 5 7 9 10
frpapun 2 4 3 5 7 9 12 10
fpappn 3 3 1 2 5 14 6
fpappn 4 8 14 6 9 10 11
fpaupn 5 4 1 2 5 7 9 13
fpapun 6 3 14 7
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Youvnua

— [pappr 1
Tpappr 2
Fpoppr 3
Tpauun 4

—— Tpoppis

—— Tpapyri 6

Ymopvnua

—— Tpapyn 1

Mpoppr 2
Tpappn 3
Mpappn 4

—— lpopuri 5
—— Tpopuri 6

@ KopBog pe popriori
@ Koppos xwpis gopnoT

Zxnua 5.1 — Apxiko Aiktvo Mand|

2xnuoa 5.2 - TeAwo Aiktvo Mandl

Amo tnv avaluon tou SIKTUOU TIPOKUTITEL OTL 0TO TEALKO SikTUO XpelaleTal va Ymouv evvea (9)
dopTIOTEG Yo va efuminpeteital OAo To SIKTuo o NAekTPIKA Aewdopeia. JUYKEKPLUEVQ,
$OPTLOTEG XPELATETAL VO UTTOUV OTOUC KOUBOUG:

{0,3,4,6,7,8, 10, 11, 13}

Nivakag 5.5 — AnoteAéopata BeAtiotonoinong Baoikou Zevapiov

Méye0o¢g ApXKO SiKTUO TeAwko diktuo
ATT 11,78 10,90
do 84,52 89,79
di 14,90 9,70
d> 0,58 0,51
dun 0,00 0,00

Amo tnv afloAdynon tou apxkol Kal Tou TEALKOU SIKTUou Tapatnpeital OtL Ta anoteAéopata
elval BeAtiwpéva. O adyoplBuog mapayel €va Kavoupylo SIKTUO TOU HELWVEL TOV HECO XPOVO
HETAKIVNONC TwV eMBATWY KOL TO TTOCOOTO TWV EMBATWVY TIou g€umnpetolvtal Pe pia rp Svo

HETAKLVNOELC. Av Kal Sev undevilovtal oL LETAKIVAOELG UE METEMLRLBAOELG, TO VEO SikTUO Elval
codpwg KAAUTEPO ATIO TO APXLKO.
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ITNV oUVEXELA TtapouoLalovTal SLayPAUATA VLo TNV EMOTITLKA OMOTUTIWON TWV OTMMOTEAECHATWV
TOU TWV TIOCOOTWV TNG e€UTNPETOVEVNG {NTNONG, TWV avtioTowy emBatwyv KaBwg Kal Tou
HEOOU XpOVoU SLabpounG.

Noocootd (%)

¥ ApXLKO SikTtuO M Apxtko Siktuo

¥ TeAko Siktuo M TeAko Siktuo

Awaypauua 5.1 — Moooota emiBatwv apxtkoU — Awaypauua 5.2 — Méooc ypovoc Stadpouric
TeAkou Stktuou apxLkoU — teAtkoU SIKktUoU

Emetta, yivetal mapouciaon twv popticewv ava kOUPBo oe kABs ypapur tou TeAlkol SIKTUoU
(Mivakag 5.6) kaBwg Kal Ta AEITOUPYLKA XOPAKTNPLOTIKA Tou (Mivakag 5.7), pe Baon tnv
efumnpetovupevn Intnon.

Nivakag 5.6 — Poptioeig TeAkov AwktUou
Mp. 1 o | 1 | 2 | 5 | 7 | 9 | 10
| 2628 | 1916 | 1734 | 1922 | 1902 | 1104 |
rp. 2 4 | 3 | s | 7 | 9o | 12 | 10
| 638 | 1352 | 1778 | 1874 | 1256 | 360 |
rp. 3 3 | 1 | 2 | 5 | 14 | &6
| 540 | 608 | 892 | 998 | 910
Mp. 4 8 | 14 | 6 | 9 | 10 | 1
| 614 | 410 | 1330 | 1448 | 1024 |
Mp.5 4 | 1 | 2 | 5 | 7 | 9 13
| 320 | 514 | 638 | 1076 | 1134 | 586
Mp. 6 3 | 5 | 11 | 7
| 154 | 8 | 130
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Nivakag 5.7 — Asttoupytkd XapaktnpLloTtikd TEALKOU AlKTUOU
KUkAog Zuyvotnta Ap. oxnuatwv Tumnog Méy. Metadopiki
(min) (veh/h) (veh) OXHOTOG wavotnta (pas/h)
(N/A)

Mp.1 28 18 19 A 2700
Mp.2 33 13 16 A 1950
rp.3 13 7 4 A 1050
lp.4 32 10 12 A 1500
Mp.5 29 8 9 A 1200
rp. 6 9 2 1 N 160

T€A0oG, MOPOUCLALETAL TO CUVOALKO KOOTOG KABOE YypOUUNC yla TNV amoktnon Aswdopeiwv kat

UITOTOPLWV KABWE Kal To GUVOALKO KOoTOC Twv dpopTtiotwy (Mivakag 5.8).

Nivakag 5.8 — Kdotog TeAikoU AlktUou
Newdopeio HAektpko Mnatapia DopTLoTEG
Aswdopeio

Fpoppr 1 0 6.650.000 1.368.000

Fpoppr 2 0 5.600.000 1.152.000

Fpapus 3 0 1.400.000 288.000 540.000
Fpapupn 4 0 4.200.000 864.000

Fpappr 5 0 3.150.000 658.000

Fpapupn 6 0 350.000 72.000

5.3 Avaivon EvawoOnoiag Mapapétpwv

H avaluon svawoBnoiag €ylve yla va meplypodel o TpOmog He Tov onoio, n Kabe MapAUETPOC,
EMNPEALEL TO ATTOTEAECUATO TOU TIPOYPAUUATOG. MpOKELUEVOU va YiveEL N avaAuon svaloBnaoiag
ETUAEXDNKOV KATIOLEG TIOPAUETPOL TIOU EMNPEALOUV TOV YEVLKO OAyOpLOUo, oL omoleg auvéndnkav
A HELWONKav avaloya pe To pEyeB0g Tous. Me KABE TPOTOTOLNUEVN TTIAPAUETPO EYLVE N ETHAUON
TOU TIPOYPAMMOTOG Kol Kataypddnkav ta anoteAéopata. Mo TNV CUYKEKPLUEVN avAaAuon ol
TIOPALETPOL TTOU ETUAEXONKAV £lval:

Moocooto kKOoToUG NAEKTPLKOU SikTUou: penalty2 = 0.5 - 1.5 pe fApa 0.5
Kbéotog otaBuwv ¢poptiong (€): costeharging stations = 30000 — 100000 pe Bripa 10000
Xwpntkétnta pnatapiag (kWh): batterycap = 60 — 100 pe Bripa 10

P w N

Katavalwon evépyetag (kWh/km): energycons = 1.5 — 2.5 pe frpa 0.5
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Ma mpoktikolG Aoyouc, ylo KaBe pa mapdpetpo Ba moapouociootel n BEATiotn Avon mou
NpogKUPE. Ta AVOAUTIKA QMTOTEAECUATA OAWV TWV SOKLUWVY EMLOUVATTTOVTOL OTO TAPAPTN A,

5.3.1 TII0606TO KOGTOUG NAEKTPLKOV SLKTUOV

Mpayuatomotnbnke avaluon sualobnoiag wg mpog To MOC0O0TO KOOTOUG NAEKTPLKOU SLKTUOU.
AnAadn, oe T Mooootd AapPavetal umoyn TO KOOTOG TOU NAEKTPLKOU SIKTUOU OTNnV
g\axLotomoinon TG AVTLKELUEVIKAC ouvaptnong. Ot Tipéc ou £Aafe eival penalty2 = 0.5 - 1.5
ue Bpa 0.5. H twur tou penalty2 = 0.5 Tav pia amno T mopapéTpouc Tou Bactkol oevapiou Kat
TIAPOUCLACTNKE Ttapandvw. H emdpevn BEATiotn AUon mapouoLdoTnke otav to penalty2 = 0.6.

To apyiko Siktuo sivad:

Nivakag 5.9 — Apxwko Aiktuo Mandl

rpappn 1 0 1 2 5 7 9 10
fpapun 2 4 3 5 7 9 12

frpapun 3 0 1 2 5 14 6

frpapun 4 8 14 6 9 10

fpapun 5 1 2 5 7 9 13

Fpapun 6 0 1 3 11

To teAkd SikTUO TTOU TIPOKUTITEL ETA TNV BeATIOTOMOLNON Elvat:

Nivakag 5.10 — TeAwkd Aiktuo Mandl penalty2 = 0.6

fpapun 1 0 1 2 5 7 9 10
Fpapps 2 4 3 5 7 9 12 10
Fpapps 3 11 3 1 2 5 14 6
Fpapupn 4 8 14 6 9 10 11

Fpoppr 5 4 1 2 5 7 9 13
Fpappn 6 14 7 5 3
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Ymopvnua

—— Tpappi 1
rpapur 2
Mpappn 3
Fpapur 4
Fpappr 5
— Tpopun 6

Yropvnpa

—— Tpopuri 1

—— rpopun §

—— Tpopun 6
. @  Koupos e popmam

@  Koppog xwpig gooTiom)

Zxnua 5.3 — Apxiko Aiktvo Mand|

2xnua 5.4 — TeAiko Aiktuo yia penalty2 =
0.6

Amo tnv avaAuon tou SIKTUOU TPOKUTTEL OTL 0TO TEALKO SIKTUO XpelAleTal va Umouv evvea (9)
dopTloTEG yla va euminpeteital OAo to OikTuo amo NAekTPLKA Aewdopeia. ZUYKEKPLUEVQ,
$OPTLOTEC XPELATETAL VA UTTOUV OTOUC KOUBOUG:

{0, 3,4,6, 8,10, 11, 13, 14}

Nivakag 5.11 - AnoteAéopata BeAtiotonoinong pe penalty2 = 0.6
Méye0og ApXKO Siktuo TeAwko diktuo
ATT 11,78 10,65
do 84,52 90,56
d1 14,90 8,93
d; 0,58 0,51
dun 0,00 0,00

ITNV CUVEXELA TTAPOUCLAloVTaL SLAYPAUMOTA VLA TNV EMOTMTLKI AMOTUNMWON TWV ATOTEAECUATWY

TOU TWV TIOCOOTWV TNG e€UTNPETOVEVNG {NTNONG, TWV avtioTowy emBatwy KaBwe Kal Tou
HEOOU XpOVOU SLabpounG.
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Nocoota (%)

¥ ApxLko Siktuo ¥ ApxLKO Siktuo

¥ TeAko Siktuo ¥ TeAwko Siktuo

Awaypouua 5.3 —MNooootda emtBatwv Awaypouua 5.4 — Méoog ypovoc dtadpouns
apxLkoU — teAtkou SIKktuou apxLtkoU — teAtkou Siktuou yia penalty2 =
0.6

Emetta, yivetal mapouciaon twv popticewv ava KOUPo oe KABs ypappr tou TeAlkol SiKTUou
(Mivakoag 5.12) kaBwg Kol Ta AELTOUPYLIKA XOPOKTNELOTIKA Tou (Mivakag 5.13), pue Baon tnv

e€unnpetoupevn Intnon.

Nivakag 5.12 — Moprticelg TeAwkou Alktuou yia penalty2 = 0.6

Mp. 1 o | 1 2 | s | 7 | 9 | 10
| 2634 | 1854 | 1654 | 1814 | 1810 | 1054 |
rp. 2 4 | 3 | 5 | 7 | 9 | 12 | 10
| 640 | 1224 | 1624 | 1776 | 1256 | 360 |
Mp. 3 117 | 3 | 1 | 2 | 5 | 14 | &6
| 220 | 660 | 664 | 934 | 1060 | 910 |
Mp. 4 8 | 1 | e | 9 | 10 | 1
| 620 | 410 | 1330 | 1286 | 820 |
Mp. 5 4 | 1 | 2 | 5 | 7 | 9 13
| 320 | 508 | 626 | 1042 | 1114 | 588
Mp. 6 14 | 7 | 5 | 3
| 160 | 154 | 218 |

Nivakag 5.13 — ASLTOUPYLKA XOLPOKTNPLOTLKA TEALKOU SIKTUOU yla penalty2 = 0.6

KukAog Zuxvotnta Ap. oxnuatwv Tumnog Méy. Metadopikn
(min) (veh/h) (veh) OXHHOTOG wavotnta (pas/h)
(N/A)

p.1 28 18 19 A 2700
Mp.2 33 12 15 A 1800
p.3 23 8 7 A 1200
p.4 32 9 11 A 1350
rp.5 29 8 9 A 1200
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T€A0oG, MOPOUCLALETAL TO CUVOALKO KOOTOG KABOE YypOUUNC yla TNV amoktnon Aswdopeiwv kat
UITOTAPLWV KABWE Kal TO GUVOALKO KOoToC Twv poptiotwy (Mivakag 5.14).

NMivakag 5.14 — K6otog TeAwkoU Aktuou yia penalty2 = 0.6
Newdopeio HAektplko Mnatapia DopTLoTEG
Aswdopeio

rpappn 1 0 6.650.000 1.368.000

rpappn 2 0 5.250.000 1.080.000

rpappn 3 0 2.450.000 504.000 540.000
rpappn 4 0 3.850.000 792.000

rpappr 5 0 3.150.000 658.000

rpapps 6 0 350.000 72.000

5.3.2 Kodotogotabpwv @optiong (€)

‘Eywve avaluon evaloBnoiog wg mpog TV MapAUETPO TOU KOOTOUG TwV oTaduwv ¢optiong (€). Ot

TLUEG yLa TIC oTtoleg €yvav ol SokLUES ival amo 30.000 €wg 100.000 pe Bripa 10.000

H B€AtLoTn AUON MAPOUCLACTNKE OTAV TO COStcharging stations = 40000 €.

To apyiko Siktuo sivad:

Nivakag 5.15 — Apxtko Aiktuo Mandl
fpapun 1 0 1 2 5 7 9 10
fpapun 2 4 3 5 7 9 12
fpapun 3 0 1 2 5 14 6
frpapun 4 8 14 6 9 10
fpapun 5 1 5 7 9 13
frpapun 6 0 3 11
To teAkd SIKTUO TIOU TIPOKUTITEL META TNV BeATioTOMOlNON £lvat:
Mivakag 5.16 — TEAKO AIKTUO yLat COStcharging_stations = 40000
fpappn 1 0 1 2 5 14 6
Fpapp 2 4 3 5 7 9 12 10
fpapun 3 4 1 2 5 14 6
Fpapupn 4 8 14 6 9 10 11
fpapun 5 4 1 2 5 7 9 13
frpapun 6 2 14 6
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YT1ropvnua

Fpappr 1
rpappr 2
Fpapur 3
Mpappn 4
Tpappr 5
Tpappr 8

®

2xnuo 5.5 — Apxiko Aiktvo Mand|

Amoé tnv avaAuon Tou SIKTUOU TIPOKUTITEL OTL 0TO TEALKO SikTUO XpeLAleTAL VO UITOUV OKTW (8)
bopTloTEG yla va eumnpeteital 0Ao to Oiktuo amod NAekTPLKA Aewdopeia. ZUYKEKPLUEVQ,

YTopvnua

—— Toaui 1

- 2

@  Koubos xuwpic goproT

$OPTLOTEC XPELATETAL VA UTTOUV OTOUC KOUBOUG:

{0,2,4,6,8,10, 11, 13}

Zxnua 5.6 — TeAwko Aiktuo yLa

COStcharging_stations = 40000 €

Nivakag 5.17 — AnoteAéopata BeAtiotonoinong Le coStcharging stations = 40000 €
MéyeBog Ap)1k0 diktuo TeAwo Siktuo
ATT 11,78 11,4
do 84,52 83,24
d1 14,90 16,38
d2 0,58 0,39
dun 0,00 0,00

ITNV CUVEXELA TTAPOoUoLAloVTaL SLAYPAUMOTA YLIO TNV EMOMTLKI AMOTUNMWON TWV ATOTEAECUATWY

TOU TWV TIOCOOTWV NG €EUTNPETOVEVNG {NTNONG, TwV avtioTowwyv emBatwyv Kabwg Kal Tou
HETOU XpOVou SLadpounc.
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Nocoota (%)

¥ ApxXLKO Siktuo

¥ ApxLko 6iktuo

¥ TeAwko Siktuo ¥ TeAko Siktuo

Awrypapua 5.5 — loocoota emtBatwv Awaypauua 5.6 — Méooc ypovog Stabpouric
apxtkou — teAtkoU SLkTuou apxLkoU — TEALKOU SIKTUOU
( COStcharging_stations = 40000 €) ( COStcharging_stations = 40000 €)

Emetta, yivetal mapouciaon twv popticewv ava kOUPBo o kABe ypapur tou TeAlkol SIKTUOoU
(Mivakag 5.18) kaBwg Kal Ta AEITOUPYLKA XOPAKTNPLOTIKA Tou (Mivakag 5.19), pe Baon tnv
e€umnpetovupevn Intnon.

Nivakag 5.18 — Moprticelg TEALKOU AKTUOU (COStcharging stations = 40000 €)

Mp. 1 o | 1 | 2 | 5 | 1 | 6 |
| 2632 | 1896 | 1530 | 660 | 484 | |
rp. 2 4 | 3 | s | 7 | 9 | 12 | 10
| 570 | 1972 | 2454 | 2616 | 1282 | 340 |
rp. 3 4 | 1 | 2 | 5 | 1 | 6 |
| 230 | 470 | se0 | 412 | 330 | |
Mp. 4 8 | 14 | 6 | 9 | 10 | 1
| 612 | 414 | 1438 | 2544 | 1036 |
Mp.5 4 | 1 | 2 | 5 | 7 | 9 13
| 160 | 930 | 1410 | 2346 | 2208 | 586
Mp. 6 2 | 5 | 14 | 6
| 182 | 238 | 190 |

Nivakag 5.19 — Asttoupytkd XapaktnpLotikd TEAKOU ALKTUOU (COStcharging stations = 40000 €)

KUkAog Zuyvotnta Ap. oxnuatwv Tumnog Méy. Metadopiki
(min) (veh/h) (veh) OXHOTOG wavotnta (pas/h)
(N/A)
p.1 18 18 12 A 2700
rp.2 33 18 22 A 2700
rp.3 16 7 5 N 560
lp.4 32 17 20 A 2550
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p.5

29

16

18

2400

Ip.6

240

TéNog, mopoucLAleTal TO GUVOALKO KOOTOG KABE YpOaUUNG Yo TNV amoktnon Aewdopeiwv Kat
UITOTaPLWV KABWE Kal To GUVOALKO KOoTog Twv poptiotwy (Mivakag 5.20).

Nivakag 5.20 — K6otog TeAkoU ALKTUOU (COStcharging_stations = 40000 €)
Newdopeio HAektpLko Mnatapia Doptiotég
Aswdopeio

fpapun 1 0 4.200.000 864.000

rpappr 2 0 7.700.000 1.584.000

Fpappr 3 0 1.750.000 360.000 320.000
Fpappd 4 0 7.000.000 1.440.000

rpappr 5 0 6.300.000 1.296.000

Fpapupr 6 0 350.000 72.000

533 Xwpntwkotnta prnatapiag (kWh)

Mpayuatonolndnke avaluon svalobnoiag wg mpo¢ TNV xwpntikotnta pnatapiog (kWh) twv
NAEKTPLKWYV Aswdopelwv. OL TIpég elyav amd 60 €wg 100 pe BApa 10. H BéAtiotn Avon
TILPOUGCLACTNKE OTAV N XWPNTLKOTNTA TNG Uatapiag ntav batterycp = 60 kWh.

To apxtko Siktuo sivat:

Nivakag 5.21 — Apxtko Aiktuo Mandl
frpapun 1 0 1 2 5 7 9 10
frpapun 2 4 3 5 7 9 12
fpappn 3 0 1 2 5 14 6
fpappn 4 8 14 6 9 10
fpaupn 5 1 2 5 7 9 13
fpapun 6 0 1 3 11
To TeAKO S1KTUO TTOU TIPOKUTITEL LETA TNV BeATIOTOMOLNON £lval:
NMivakag 5.22 — TeAwko Aiktuo yia batteryc.p, = 60 kWh
Fpoppr 1 0 1 2 5 7 9 10 12
frpapun 2 4 3 5 7 9 12
L 11 3 1 2 5 14 6
Fpappn 4 8 14 6 9 10 11
fpaupn 5 4 1 2 5 7 9 13
fpapun 6 1 5 14

64




Ymopvnua

Fpuuurj 1
Mpappn 2
Fpappr 3

Fpaupn 4

Fpappn 5 .

Mpappr) 6

YTouvnHa
—— Tpappn 1
Tpaupn 2
Tpappr 3
I pappr 4
— Tpouun 5
—— Tpai 6
@ Koppog pe gopro
@  Koupog xwpic gopriom)

Zxnua 5.7 — Apxiko diktuo Mandl

xnua 5.8 — TeAwo Aiktuo yia batterycap =
60 kWh

Amo tnv avaluon Tou SIKTUOU TIPOKUTITEL OTL 0TO TEALKO SikTUO XpelaleTal va Ymouv evvea (9)
dopTIOTEG yla va e€uTnpeTeital OAo To OIKTUO Ao NAEKTPLKA Aswdopeia. IUYKEKPLUEVQ,

$OPTLOTEC XpELAlETAL VO UITOUV OTOUC KOUPBOUG:

{0,1,4,6,8,11,12, 13, 14}

Nivakag 5.23 - AnoteAéopata BeAtiotonoinong pe batteryc,, = 60 kWh
MéyeBog Ap)1KO Siktuo TeAwo Siktuo
ATT 11,78 10,66
do 84,52 91,27
d: 14,90 8,03
d> 0,58 0,71
dun 0,00 0,00

ITNnV ouvEXeLa tapouoLalovtal SLaypAUATA VLo TNV EMOTTLKA OMOTUTIWGON TWV OMOTEAECUATWV

TOU TWV MOCOOTWV TNG EUMNPETOUUEVNC {TNONG, TWV AVIIOTOWXWV ETLRATWY KABWE Kol Tou

HEOOU XpOVOU SLaSpOUNG.



Nocoota (%)

¥ ApxLko Siktuo ¥ ApxLko SikTuo

¥ TeAo Siktuo ¥ TeAko Siktuo

Awaypouua 5.7 — Moooota entBatwv Awaypouua 5.8 — Méoog ypovoc dtadpouns
apxLkoU — teAkou Stktuou (batterycq, = 60 apxLkoU — teAkou Stktuou (batterycq, = 60
kwh) kWh)

‘Enetta, yivetal mapouoioon Twv GpopTicewv ava KOUPBo oe KABs ypapur tou TeAkol SiKkTtuou
(Mivakog 5.24) kaBwg Kol Ta AELTOUPYLKA XOPOKTNELOTIKA Tou (Mivakag 5.25), ue Baon tnv

egunnpetovpevn Atnon.

Nivakag 5.24 — Mopricelg TeAtkou Awktuou (batterycap = 60 kWh)

rp. 1 o | 1 | 2 | s | 7 | 9 | 10 | 12
| 2640 | 1834 | 1624 | 1930 | 1896 | 1718 | 1020
rp. 2 4 | 3 | s | 7 | 9 | 12 |
| 640 | 1416 | 1720 | 1714 | 604 |
Mp. 3 117 | 3 | 1 | 2 | 5 | 14 | &6
| 220 | 690 | 628 | 848 | 1096 | 956 |
rp. 4 8 | 1 | 6 | 9 | 10 | 11
| 610 | 360 | 1328 | 1290 | 820 |
rp.5 a | 1 | 2 | s5 | 7 | 9 13
| 320 | 464 | 554 | 1088 | 1106 | 582
Mp. 6 1 | 2 | 5 | 14
| 138 | 228 | 110 |

Mivakag 5.25 - Asttoupyikd Xapaktnplotikd TeAtkoU Awktoou (batteryc., = 60 kWh)

KUkAog Zuyvotnta Ap. oxnuatwv Tumnog Méy. Metadopiki
(min) (veh/h) (veh) OXHOTOG wavotnta (pas/h)
(N/A)
p.1 33 18 12 A 2700
rp.2 28 12 13 A 1800
rp.3 23 8 7 A 1200
lp.4 32 9 11 A 1350
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rp.5 29 8 9 A
rp. 6 8 3 1 N

1200
240

TéNog, mopoucLAleTal TO GUVOALKO KOOTOG KABE YpOapUNG Yo TNV amoktnon Aewdopeiwv Kat
UITOTAPLWV KABWE KaLl To GUVOALKO KOoToC Twv popTtiotwy (Mivakag 5.26).

Nivakag 5.26 — Kdotog TeAwkou Aiktuou (batterycap = 60 kWh)
Newdopeio HAektpLko Mnatapia Doptiotég
Aswdopeio

Fpappd 1 0 7.700.000 1.056.000

rpappr 2 0 4.550.000 624.000

Fpappr 3 0 2.450.000 336.000 540.000
Fpapun 4 0 3.850.000 528.000

Fpappn 5 0 3.150.000 432.000

Fpapupr 6 0 350.000 48.000

5.3.4 Katavdiwon evépyerag (kWh/km)

TéAog, €ywve avaluon svalobnolag wg TMPOG TNV KATAVOAAWGN EVEPYELOC TWV NAEKTPLKWV
Aewdopeiwv Ta anoteAéopata yla TNV BEATLOTN olkovoukr Avon Atav ta idla. Emopévwe, Ba
ylvel mapouoiaon yla energycons = 2.0.

To apyiko Siktuo sivad:

Nivakag 5.27 — Apxko Aiktvo Mandl
fpappn 1 0 1 2 5 7 9 10
fpappn 2 4 3 5 7 9 12
fpappn 3 0 1 2 5 14 6
fpapun 4 8 14 6 9 10
fpapun 5 1 2 5 7 9 13
fpapun 6 0 1 3 11
To teAkd SIKTUO TIOU TIPOKUTITEL META TNV BeATIoTOMOlNON £lval:

Mivakag 5.28 — TeAKO AIKTUO YL energycons = 2.0
fpappn 1 0 1 2 5 7 9 10
Fpapp 2 4 3 5 7 9 12 10
fpapun 3 3 1 2 5 14 6
Fpapupn 4 8 14 6 9 10 11
fpapun 5 4 1 2 5 7 9 13
fpapun 6 3 14 7
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YTmouvnua

—— [pappn 1
Tpoppr 2
poppr| 3
Fpappr 4

—— [pappri 5

—— [popun 6

Zxnua 5.9 — Apxiko Aiktvo Mand|

Ymopuvnua

—— Tpapr 1
Tpappr 2

@  Kouoc s popraTh
@  KéuBog xwolg popriaTh

Zxnua 5.10 — TeAko Aiktuo yta energycons =

2.0

Amoé tnv avaluon tou SIKTUOU TIPOKUTITEL OTL 0TO TEALKO SiKTUO XpeLAleTaL Vo UTtouv evveéa (9)
dopTIoTEC Yo va efumnpeteital OAo To Siktuo oo NAekTplkA Aswdopeia. TUYKEKPLUEVQ,
$OPTLOTEC XPELATETAL VA UTTOUV OTOUC KOUBOUG:

{0,3,4,6,7,8, 10,11, 13}

Nivakag 5.29 - AnoteAécpata BeAtiotonoinong He energycons = 2.0
MéyeBog Ap)1k0 diktuo TeAwo Siktuo
ATT 11,78 10,9
do 84,52 89,79
d1 14,90 9,7
d2 0,58 0,51
dun 0,00 0,00

ITNV CUVEXELA TTAPOUCLAIoVTAL SLAYPAUMOTA YLIO TNV EMOTMTLKI AMOTUNMWON TWV ATOTEAECUATWY

TOU TWV TIOCOOTWV NG €§UTNPETOVEVNG {NTNONG, TwV avtioTowwyv emBatwyv Kabwg Kal Tou
HETOU XpOvou SLadpounc.
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Nocoota (%)

¥ ApxLKO Siktuo ¥ Apxko Siktuo

¥ Tehwko Siktuo ¥ Tehwko Siktuo

Adypappa 5.9 — lMooootd emtBatwv Awaypappa 5.10 - Meoog xpovog tabdpourg
apxtkoU — TEALKOU SIKTUOU (energycons = 2.0) apxLKOU — TEALKOU SLKTUOU (energycons = 2.0)

Emetta, yivetal mapouciaon twv popticewv ava KOpPo oe kABs ypapur tou TeAlkol SIKTUOU
(Mivakag 5.30) kKaBwc Kol Ta AELTOUPYLKA XOPAKTNPLOTIKA Tou (Mivakag 5.31), pe Baon tnv

efumnpetovupevn Intnon.

Nivakag 5.30 — Poprticelg TeAtkou AIKTUOU (energycons = 2.0)
Mp. 1 o | 1 | 2 [ s | 7 | 9 | 10 |
| 2628 | 1916 | 1734 | 1922 | 1902 | 1104 | |
rp.2 a | 3 | s5 | 7 | 9 | 12 | 10
| 638 | 1352 | 1778 | 1874 | 1256 | 360 |
Mp. 3 3 | 1 | 2 | 5 | 14 | 6 |
| 540 | 608 | 892 | 998 | 910 | |
Mp. 4 8 | 1 | 6 | 9 | 10 | 1
| 614 | 410 | 1330 | 1448 | 1024 |
Mp.5 4 | 1 | 2 | 5 | 7 | 9 13
| 320 | 514 | 638 | 1076 | 1134 | 586
rp. 6 3 | 5 | 1. | 7
| 154 | 8 | 130 |
Nivakag 5.31 — Asttoupyikd Xapaktnplotikd TeAkoU AktUou (energycons = 2.0)
KukAog Zuxvotnta Ap. oxnuatwv Tunog Méy. Metadopikn
(min) (veh/h) (veh) oXAHUOTOG wavotnta (pas/h)
(N/A)
Mp. 1 28 18 19 A 2700
Mp. 2 33 13 16 A 1950
rp. 3 13 7 4 A 1050
rp. 4 32 10 12 A 1500
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p.5

29

1200

Ip.6

160

TéNog, mopoucLAleTal TO GUVOALKO KOOTOG KABE YpOapUNG Yo TNV amoktnon Aewdopeiwv Kat

UIOTaPLWV KABWE KaLl To GUVOALKO KOoToC Twv poptiotwy (Mivakag 5.32).

Nivakag 5.32 — Kéotog TeAkoU ALKTUOU (energycons = 2.0)
Newdopeio HAektpLko Mnatapia Doptiotég
Aswdopeio

Fpappd 1 0 6.650.000 1.368.000

rpappr 2 0 5.600.000 1.152.000

Fpappr 3 0 1.400.000 288.000 540.000
Fpapun 4 0 4.200.000 864.000

Fpappn 5 0 3.150.000 648.000

Fpapupr 6 0 350.000 72.000

5.4 EmiAvomn Siktvov MumfordO - 9 Siadpouwv
Ma tnv eniAuon Tou SIKTUOU TIPETIEL VAL OPLOTOUV KATIOLEG TIOPAUETPOL, OL omoieg Sivovtal oto

TIPOYPOUHO €K TWV TIPOTEPWV. MPOKELTAL yla TIAPAUETPOUG TIou Slapopdwvouv TV apxLkn

Hopdr tou SIkTUoU, KABWC KAl KATIOLEG TOPAUETPOUC OXETLKA UE TOV YEVETLKO aAyopLOuo.

OL 0PXLKEG TTOPAETPOL TOU TIPOPANRUATOC Elval:

Nivakag 5.33 - Napapetpot NpoBARpatog

Napapetpog ZUMPBOALOMOG Twn
AplBUOG YpO WY N 9
EAdaxLotoL koppol Stadpoung Smin 4
MéyLotol koot Stadpoung Smax 15
Mown petermuBifaong (min) penaltyiranst 5

OL MapAPETPOL TOU YEVETIKOU aAyopiBuou eival:

Nivakag 5.34 - Napapetpol Mevetikol AAyopiOpou

Napapetpog ZupBOALOMOG Ty
MéyeBoc mAnBuopou popN 25
MéyeBog elite eliteN 8
AplBuoG emavaAnPewv iterN 150
YuvteAeotng Sltactalpwaong Powap = L 0,11
lineN
ZUVTEAEOTNG ULKPAG TpOoTomoinong Pms 0,9
Tuvteleotrg Staypadric kKOuBou Pdel 0,4
Toyvutnta Aewdopeiou V (km/h) 15
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XwpnTkotTnTa pmotopiog batterycap (kWh) 90
KatavaAwaon evépyelag energycons (kWh/km) 1,5
MéEylotn omootaon TOU MMOopPEl va 0.7 * battery_cap 42
SlavioeL To Aewdopeio MaXd = ergy_cons (km)

MooooTO CUUMETOXNG KOOTOUC EMLBATWY penaltyl 0,8
MNoocooto OUMUETOXNG KOOTOUG Penalty2 0,5
NAEKTPLKOU SIKTUOU

Kootog otabuwv poptiong COStcharging_stations (€) 60000

5.4.1 Napouciacn ANMOTEAECUATWV

Ta anoteAéopata anod tv avaAuon Siktuou pe evvea (9) Stadpopég, adopouv Tnv afloAdynon
TOU 0pXLKOU SLKTUOU 000 Kal Tou TEALKOU yla To cUVOAO Twv emBatwy, Kol mopouaotdlovral
TIOPOKATW.

To apxtko biktuo eivatl:

Nivakag 5.35 — Apxtko diktuo Mumford0
Mpopun 1 12| 17| 22| 18| 13| 6| 15| 2| 21| 5
Mpoppun 2 4| 20| 24| 23| 3| 11| 17| 28| 16| 27| 2| 29| 10
frpapun 3 24 1 9 3| 11| 17| 28| 16| 27 2| 29| 10
frpapun 4 10| 15| 21 5 6| 13| 18 | 19
fpapun 5 20| 24 1 9| 14 7| 27 2| 29| 10| 15

Mpappn 6 14 4| 20| 24| 23 3] 11| 25| 28| 16| 27 2| 29| 10
Mpappn 7 20| 23| 24 4| 14 7| 28| 16| 27 2| 29| 10| 15

Mpappn 8 4| 20| 24 1 9 3| 11| 17| 19| 22| 25| 28| 16| 27| 2
poapun 9 14| 11| 17| 12 8| 26 0| 22| 25| 28| 16 5| 10

To teAkO SiKTUO IOV TIPOKUTTEL PETA TNV BeATIOTOMOLNON £lval:

Nivakag 5.36 — TeAwkd Aiktuo Mumford0
frpapun 1 28 0| 12| 17| 22| 18| 13 6| 15| 27 |7

fpapun 2 23| 14 4 7| 16 5

fpappn 3 4| 14| 24 11| 17| 28| 16| 27 2129 |10 |21
fpappn 4 2| 10| 15| 21 13| 18|19 |17 |11

Mpopun 5 3| 4| 20| 24 14| 7| 27| 2| 29|10

Fpapun 6 14| 41| 20| 24| 23
Fpappn 7 20 23| 24| 4| 14 28| 16| 27| 2| 29| 10| 15
Fpappn 8 41 20| 24| 1 11| 17| 19| 22| 25| 28| 16| 27 2
fpappn 9 14| 11| 17| 12 8| 26| 0| 22| 25| 28| 16 5| 10

11| 25| 28| 16| 27 2| 29| 107

wWwiN|WwW oo w| o
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YTTOUVAMO
— Tpoppn 1 —— Mpappr 6
Mpappn 2 =—— Tpappn 7
= [pappn 3 —— Fpoppr 8
Mpoppn) d s—— Cpopuf 9
= [ pauLh 5

Zxnua 5.11 — Apxtko Aiktuvo MumfordO
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Ymouvnua

— Tpappn 1 —— Tpapud 6
Mpappl 2 —— Tpopp 7
—— Tpapp 3 —— Tpopun 8
Mpaupi 4 —— TpappAR 9
— lpappn 3

. Kéupoc ue gopniam
. KU RO ¥Wplg apTIa™

Zxnua 5.12 — TeAwko Aiktuo Mumford0O

Ao TNV avaAuon Tou SIKTUOU TIPOKUTITEL OTL 0TO TEALKO SIKTUO XPELATETOL VA UTTOUV SEKATPELG
(13) doptiotég yia va eEunnpeteital 0Ao o SikTuo amd NAeKTPIKA Aewdopeia. ZUYKEKPLUEVQ,
$OPTLOTEG XPELATETAL VA UTTOUV OTOUC KOUBOUG:

{2,3,4,5,7,10, 11, 14, 15, 20, 21, 23, 28}

Nivakag 5.37 — AnoteAécpata BeAtiotonoinong

MéyeBog Ap)1k0 diktuo TeAwo Siktuo
ATT 20,14 17,97
do 54,79 51,92
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d; 40,01 44,58
d> 5,20 3,51
dun 0,00 0,00

ZTNV CUVEXELA TTAPOUCLAoVTAL SLAYPAUOTA YLIA TNV EMOTITIKY OMOTUTIWON TWV ATIOTEAECUATWY
TOU TWV MOCOOTWV TNG £EUMNPETOUUEVNC {NTNONG, TWV AVIIOTOWXWV EMBaTWV KaBwE Kot Tou

HETOU XpOVou SLadpounc.

Noocoota (%)

¥ ApXLKoO Siktuo

¥ Tehko Siktuo

Ataypauua 5.11 — Moooota emtBatwv
apxLlkoU — teAtkou Stktuou MumfordO

¥ ApxLko SikTuo

¥ TeAko Siktuo

Ataypauua 5.12 — Méooc xpovocg Stadpounc
apxtkou — teAtkou ditktuou MumfordO

‘Enetta, yivetal mapouoioon Twv GpopTicewv ava KOUPBo oe KABe ypapur tou TeAkol SIKTUou
(Mivakag 5.38) kaBwg Kal Ta AELTOUPYLKA XOPAKTNPLOTIKA Tou (Mivakag 5.39), pe Baon tnv

efunnpetoupevn Intnon.
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Nivakag 5.38 — ®opticelg TeAkoL Aiktuov Mumford0

p1 | 28 | o0 12 | 17 | 22 | 18 | 13 6 15 | 27 7

| 13266 | 9768 | 12350 | 26590 | 35886 | 23610 | 19680 | 14876 | 9900 | 5548 | | | | |
m2 | 23| 14 [ 4 [ 7 [16] 6 | 5 | | | | | ]

| 15640 | 10826 | 32678 | 32026 | 32380 | 17668 | | | | | | | |
3 | 4 | 14 [ 24 ] 1 | 9 | 3 | 11| 17 | 28 | 16 | 27 | 2 | 29 | 10| 21|

| 976 | 9530 | 460 | 4582 | 10638 | 10468 | 8354 | 12594 | 9912 | 8924 | 7128 | 4608 | 2441 [ 5104 | |
pa | 2 | 10 | 15 ] 22 | 5 | 6 | 13 | 18 | 19 | 17 | 11

| 5452 | 6140 | 10268 | 14956 | 18230 | 19410 | 16392 | 16938 | 13362 | 9230 |
5 | 3 | 4 [ 20| 24 | 1 [ 9 | 1a | 7 | 22| 2 | 29 | 10

| 8826 | 4358 | 1612 | 1792 | 7774 | 19346 | 30150 | 21584 | 15892 | 7874 | 561 |
6 | 14 | 4 | 20| 24 | 23 | 3 | 11 | 25 | 28 | 16 | 27 | 2 29 | 10 | 7

| 4302 | 5480 | 1990 | 3910 | 11474 | 11504 | 15546 | 11280 | 8844 | 7078 | 5708 | 3682 | 561 | 8010 |
p7 | 20 | 23 | 24 | a4 | 14| 7 | 28 | 16 | 27 | 2 | 29 | 10 | 15

| 1260 | 1130 | 8266 | 6380 | 8858 | 14596 | 2388 | 2958 | 2728 | 1866 | 3211 | 3568 |
8 | 4 | 20 [ 24| 1 | 9 | 3 | 11 | 17 | 19 | 22 | 25 | 28 | 16 | 27 | 2

| 2878 | 5462 | 5842 | 10172 | 19158 | 21128 | 19980 | 13422 | 14076 | 15500 | 13646 | 10112 | 6842 | 3704 |
9| 14| 12 | 17 ] 12 | 8 | 26 | o | 22 | 25 | 28 | 16 | 5 | 10

24344 | 25600 | 26794 | 21052 | 10114 | 18338 | 27592 | 25232 | 22814 | 23240 | 19222 | 8160
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Nivakag 5.39 — Asttoupykad Xapaktnplotikd TeAkou Awktuov Mumford0
KOkAog (min) Zuyvotnta Ap. oxnuatwv (veh) TUnog oxnuatog | Méy. Metadopikn ikavotnta
(veh/h) (N/A) (pas/h)
p.1 43 13 21 A 1950
Mp.2 28 12 13 A 1800
Mp. 3 59 9 20 N 720
lp.4 42 7 11 A 1050
rp.5 46 11 19 A 1650
Ip. 6 62 11 26 N 880
rp.7 49 10 18 N 800
p.8 54 8 16 A 1200
p.9 50 10 19 A 1500

TENOG, MOPOUGCLALETAL TO CUVOALKO KOOTOG KAOE VPG YLO TNV AITOKTNON AewdPOopELWV KAl UImATAPLWV KOOWE KoL TO GUVOALKO KOOTOG
Twv poptiotwv (Mivakag 5.40).

Nivakag 5.40 — Kdotog TeAikoU Atktvou Mumford0
NAewdopeio HAektplko Aewdopeio Mnatapia ®Doptiotég

rpapps 1 0 7.350.000 1.512.000

Fpapps 2 0 4.550.000 936.000

Fpoppr 3 0 7.000.000 1.440.000

Fpappr 4 0 3.850.000 792.000

Mpopun 5 0 6.650.000 1.368.000 780.000
Fpappr 6 0 9.100.000 1.872.000

rpapupr 7 0 6.300.000 1.296.000

Fpappr 8 0 5.600.000 1.152.000

Fpappr 9 0 6.650.000 1.368.000
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5.5 AvaAuon AnoteAecpatTwv

5.5.1 Aixtvo Mandl

H emtiluon éywve yia éva Siktuo €€ (6) Stadpopwv. Amo tnv avaAlucon Tou TpayUatonolnonke
TIPOEKUYPE €va VEO SIKTUO HE HLKPEC SLapopEC oTouC KOUBOUG Twv avtioTtolwv Sladpouwv.
Eniong, ano tnv BeAtiotomnoinon to kawvoupylo Siktuo mou BpéBnke gixe Alyotepo UEGO XpOVO
SL0dpoUAG TWV EMPBATWY OE OXEDN LLE TO OPXLKO KOOWGE Kal LEYAAUTEPO TTOCOOTO EMLBATWY TTOU
efunnpetouvtal xwpig petemPLpaocels. Emopévwg, eivat éva cadpws KAAUTEPO SIKTUO CUYKPLTLKA
LLE TO OPXLKO.

T€Aog, amod TNV avaluon Tou KOOTOUG Tou SIKTUOU TapatnpnOnke OTL sival pIKTO OAEG oL
Stadpopéc va avtikaBlotolv amo NAeKTplka Aewdopeia KABWE oL AMOOTACELS ELVOL PLKPOTEPEC
OO TNV UEYLOTN AmOoTaon Tou Uropel va Stavioel éva Aswdopeio pe pia povo doption (eite
otnv adetnplia eite oto tépua).

Me tnv avaiuon svatcbnolog pmopolv va e€axbolv KATOLA CUUMEPACHOTO WC TPOC TO TIWG
EMNPEA{OUV OL TTAPAUETPOL TOV TPOTIO EVPECNC BEATLOTNG AUONC yLa TO TTPOPBANUA.

H aAhayn tng evépyelog Katavalwaong tou Aswdopeiou elvatl n povadikr MApAUETPOC N onola
Sev ennpéace tnv AVon tou mMpoPAnuatog. Autd ocuvéBel SLotL To Siktuo amoteleital amnod
SL0OPOUEG IKPWY OTIOOTACEWV adETNPLOG — TEPUATOG EMOMEVWE N UImOTAplo EMOPKEL yla
Touldylotov pia Stadpoun avefdptnta and TNV KOTOVAAWON EVEPYELA TIOU UMOPEL va €XEL TO
Aewdopeio.

To mMocooTO KOOTOUC NAEKTPLKOU SIKTUO 600 AUEAVETAL TOOO PEYAAWVEL KOL TO GUVOALKO KOOTOG
yla TNV uAomoinon Tou SIKTUoU w¢ NAEKTPLKO. AuTO cupBalvel ylati to KOOTOC yla TNV UAomoinon
NAEKTPLKOU SIKTUOU €lval OPKETA HEYANO, EMOUEVWE OCO0 HEYOAUTEPO MOCOOTO AapPavetal
unoyn otnv BeAtiotonoinon TO00 UEYAAWVEL KOL TO GUVOALKO KOOTOC. MapdTl, TOo KOOTOG
aUEAVETAL OPKETA 0€ OAEG TIG SOKLUEG TIpoEKUP VY SikTuad BEATIWUEVA CUYKPLTIKA LLE TA OPXLKA,
ooov adopd Tov HECO XPOVOo SLadpounc Twy emiBatwyv aAAd Kol TO TOCOOTO TWV EMBATWV OV
efunnpetouvtal xwpic petemPiBaocsic. To iSlo akplBwg oupPaivel kot pe to pEyeBog TG
uratapioc. Oco HEYAAWVEL N XWPNTIKOTNTA TNG HmaTaploc ouEAveTal TO KOOTOG, aAAQ
TAUTOXPOVA AUTO e€apTaTal Kat ard To MARB0G Tou oToAou Twv Aewdopeiwv.

MNapopola emnpealel KAl TO KOOTOCG TWV oTABUWY POpPTLoNG oTNV €VPEON TNG KAAUTEPNG AUoNG.
Ixe60V o€ OAEG TIC SOKLUEG 000 auEavoTav TO KOOTOC TwV GOPTLOTWY Auavotav Kol To KOOTOG
NG OUVOALKAG AUong, pe pia povo efaipeon. Av kal to KOOTOG Twv otabuwv ¢optiong
ennpealouv TO OMOTEAECHA TNG TEALKAG AUONC, TO MOOCOOTO CUMMETOXNG TOUC OTO KOOTOC
vAomoinong NAEKTPLKAG YPAUUAG eV gival TOOO HEYAAO Ot OXEON HE TNV XWPNTKOTNTA TNG
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uratapiloc kot To ANBoc¢ tou otoAou Tou Ba XPELAoTEL yla TtV uAomolnon g avtiotolng
Avong.

Y€ peyaho mooooTo Ta anoteAéopata anod TG Stadopeg SokIpEC Edwaoav KAAUTEPA SIKTUA WG
TIPOG TOV HECO XpOVO OSLodpoUnC Twv E€mBatwyv Kal TO TOCOOTO TwV EmBatwv Tou
efunnpetouvtal, av Kal To KOoTog uAomoinong uropetl va avéavotav. Qotd00, O YEVETIKOG
OAyOplOpOG KAvel tuxaio ouvlUOOHO METOPANTWY, TPOTIOTIOLCEWV KOl OLOOTOUPWOEWV
ETMOUEVWG UIMOPEL va UTIAPXEL Evag AANOG oUVSUAOUOC TTou va Byalel KAAUTEpPQ AmoTEAEoUATA.
Oa pmopoloav va yivouv IepLocOTeEPEG SOKLUEC YLO va ATav duvath, UE eplocoTtepn akpipela,
N EMLPPON TWV MOPAUETPWY 0TOV aAyopLOuo emiduong. Qotdoo, KATL TETolo Ba amattovoe oAU
XPOVO KATL TTou eV elval SuvaTtov yLa TNV CUYKEKPLUEVN EpyaciaL.

5.5.2 Aiktvo Mumford0

Ektog tou Baoikou Siktuou Mandl €ytve kat pia mpoomndBela epappoyng Tou MPoypPAUATOG O
€va peyalutepo Siktuo, ekeivo tou MumfordO. Mo texVikoUg AOYOUG O YEVETIKOG aAyoplOpocg
€ywe pe mevivta (50) emavoAnPelg avti twv ekatov mevrvia (150) mou €ywvav oto Bactkod
6iktuo. AuTto ouVvERN AOyw TOoU TTOAU PeyAAou XpOvou eKTEAEDNG TNG KABE emavaAnyng. Qotooo,
oV KoL Ta anoteAéopata Sev pnopouv va AndBouv we mANpwe aAndva amoteAoUv OUwC EVOELEn
TOU ATMOTEAECUATOG.

‘Etol, amo TNV €niluon Tou MPOYPAUUATOC TIPOEKUYE £va KalvoUpyLlo SIKTUO QPKETA TTOPOUOLO
LLE TO OPXLKO, UE ALYEC TPOTIOTIOLNOELG O KATIOLEC YPOAUMEC TOU apxLlkoU Siktuou. Napatnpndnke
OTL 0 HECOC XpOVOC SLadpounG Tou petwdnke amo tnv Stadikacia tng BeATIOTOMOINONC, AV KAl TO
TIOOOOTO TwV erBatwyv mou efumnpetouvtal aneuBelag pewwbnke. BéBala, pelwdnke Kal To
TIOO0OTO TwV emiBatwyv mou efumnpetouvtatl e Svo (2) peteruPifacelg kL €tol av§ndnke o
oplOpoc Twv emiBatwyv pe pia (1) petemiBifaocn. Av kot apxikad ¢aivetat Ot To véo diktuo dev
glval KaAUTEPO amo To MPWTO, oL EMIPATEG €XOUV ALlYyOTEPO XPOVO SLaSpOoUnG KATL TTOU cuvBwg
em{NToUV OL LETAKIVOU LEVOL TIEPLOCOTEPO.

Emtiong, av kat cadwg peyaAutepo Siktuo To péyebog Tng umatapiag mou emAEXOnKe elvatl Lkavo
TIPOKELUEVOU OAEG OL YPAUUEG TOU VEOU SLKTUOU va e€umnpeTolVTAL oo NAEKTPLKA Aswdopeia.
Onwc, MPOKUTITEL OO TNV AVAAUCH TO HAKOG TWV KOLVOUPYLWY YPAUUWY lval UKPOTEPO Ao TNV
HEYLOTN AmOoTacn TIoU Unopel va Slavioel va NAeKTPLKO Aewdopeio pe pia (1) pévo poption
(ette otnv adetnpia eite oto Tépua TNG SLadpounc).

210 OUYKEKPLUEVO bikTuo, Sev €ylve avaluon evaloBnoiag AOyw Tou PEYAAOU XpOVOU EKTEAECNG
TOU YeVETLIKOU aAyopibuou.
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6 Emidoyog

6.1 Ivunepacpata

H mapoloa SutAwpatikr epyacia mapouciace to mMpoBAnua tou emavacxeSlacpol £vog
UTIAPXOVTOG SIKTUOU Kal TNG oAAaynC TOU HE £€va VEO NAEKTPLKO, OTIOU QUTO Elval EPLKTO.
MPOKeLTAL YO TOV €MOVAOXESLAOUO €VOC SIKTUOU TLo GLAKOU TIPOG To TeEPLBAAAOV Kol TiLo
OLKOVOULKOU oTnv Aettoupyla tou, ylotl éva tétolo Siktuo, av kal xpeltalovtol peyaAutepa
XPELAleTaL LEYAAUTEPO KEGAAOLO YLA TNV QTOKTNON TOU, EXEL LLKPOTEPO KOOTOG CUVTAPNONG Ao
€va TUTIKO SikTuo pe metpelalokivnta Aswdopeia.

ApxLKA, €ylve Lo eloaywyn ota NAEKTPLKA Aewdopeio KABwWEG KAl Ol KOTNYOPLEG OTLG OTIOLEG
Staxwpilovral. Eywve avaluon twv Tponwv ¢optiong pe Baon tn diebvn BiPAloypadia, akoun
Kol Tou¢ SladopeTikoug SLaxwpLlopoUC TOU €KOVOV OL EKAOCTOTE €PeLVNTEC. Me Baon TG
oVAAUOELC KAl TIG EPEVUVEG TIOU €yLvav amo S1adopouc HEAETNTEG, YIVETAL N Tapousiaon Twv
HeyeBwV umataplag Kabwe Kal n KoTavaAlwon evEpyELag TIou BpEOnKe. ITn CUVEXELA, YiveTaL
avaAuTikn nepypadn tng neboddou tou emavaoxedLaopol pe OAEG TLG TIAPAUETPOUG KOL TOUG
TLEPLOPLOUOUG TIOU LoXUOUV.

OAa ta mepapata éywvav ya tnv Mepoxn MeAétng I, av kol umipée pla mpoomdadela yia
ETEKTAON TOU TPOYPAUUATOC O HeYAAUTEPO SIKTUO OMwWC auTo TnE Neploxng MeAétng Il, 6mou
yla TEXVIKOUC AOyouc TeAka Sev €ylvav melpapata evatodnoiag.

Ektoc amnod ta dedopéva tou SIKTUOU Tou lonxBnoav xpelaotnke va AndOouv kAmoLeg UTTOBETELG
WG TPOG TLG LETABANTEG KABWCE KAl KATIOLOUG OUVTEAEOTEC. Mapadelypa amoteAovyv, TO TOCOOTO
OUMMETOXNG TOU KOOTOUCG TWV XPNOTWV KoL TOU XELPLOTH OTNV OVTLKELUEVIKN ouvaptnon. Ekel
€ywe n Bewpnon MwG MEPLOCOTEPO ONUAVTLIKA €lval n lkavomoinon Twv Xpnotwv amd To
KalvoUpyLo SiKTuo mapd To KOOTOG yLa tnv uAomoinon tou oxebiou.

Mo tnv eniluon Tou SIKTUOU €yLvav KATTOLEG AMAOTIOLNOELG, v KL amd Ta amoteAéopata elvatl
Suvatov va mapatnpnoel Kavelg otL oxedov oe kABe mepinmtwon To Kawvoupylo SikTuo Tou
Snuoupyeitat eivat cadws KAAUTEPO Ao TO OPXLKO KAl TTAvVTA €ivat Suvatov va avtikataotabet
HE €va KalvoUpyLo NAEKTPLKO Siktuo. Emopévwg, eival Suvatov va TOUHE OTL TA OMOTEAECHOTO
TOoU aAyopiBpou tkavorolouy ta {NToUEVA LE AOYLKA OTTOTEAECUOTOL.
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6.2 TIpoTAOoELS YLX LEAAOVTIKT) £PEVVU

H avtikelpevikn ocuvaptnon StapoppwOBnke £TOL WOTE VA EAAXLOTOTIOLEITOL TO KOOTOC EMEVOUONG
yla tnv vAomoinon nAektplkoU Siktuou. Itnv emiluon tou mpoPAnuatog Ba pmopolvoav va
AndBoLV urmoPn kL AAAEG LETOPBANTEG, OTIWG €lval oL KALPLIKEG CUVOARKEG TTOU ETLKPATOUV aAAA
Kal 0 puBpog KatavaAAwong NAEKTPLKAG eVEPYELAG TwV Aewdopeiwyv, ylatli o€ KATOLEG
TIEPLMTWOELC Ba xpeldleTal va XpnotpomolnOel KALLOTIOUOG Kot o AAAeC B€puavon.

Emiong, otnv emihuon &ev UMAPXEL KATOLO avWTATO Oplo KOoToug, omoladnmote Auon
avegaptnta amd To KOOTOG UAOTOINCNC TNG ywotav Sektr). H QVIIKELPEVIKY cuvaptnon Ba
UIOPOUCE va £XEL KATIOLO OVWTATO OPLO WG TTPOG TO KOOTOC KATAOKEUTC NAEKTPLKWY YPOUHUWY KL
Otav Ot KAmolo AUON TO QAMOTEAECUA TNG OVTLKELUEVLKNC ouvaptnong to &emepvoloe Ba
anépputte TNV AUon. EMopEVWG, N CUYKEKPLUEVN ypauur Sev Ba e§umnpeTouvTay amod NAEKTPLKA
Aewdopeia aAAd amnd metpeAatokivnta.

AKOUN, WG NAEKTPLKEG YPOLULUEG EEETAOTNKAV LOVO EKELVEG TTIOU N ATIOOTACH TOUG ElvVaL UKPOTEPN
oo TN HEYLOTN amootoon mou Unopel va dtavioel éva Aewdopeio e TNV pumatapia mou €xeL.
Oa Atav duvatov va AndBouv umoPn Kat oL uTtOAoueC ypappES, Balovtag PopTIOTEC O KATIOLO
onuelo evdlapeoa, avaloya HE TOUC TTOOOL €lval amapaitnTol yla Tn owoTth AEltoupyla Tou
OUOTHHOTOG.

Mia akOun mMpOTaon Elval OTOV UTOAOYLOMO TOU KOOTOUG QyOpAG TWV TETPEANLOKIVATWVY
Aewdopeiwv, va cuumepAndBei KL 0 dN UTTAPXWV OTOAOC, WOTE VA NV YIVEL UTIEPKOOTOAOYNON
TOU €pyou.

Mo tnv eniAuon Tou UTtapxovtog POoRARUATOG XpnoLionotnonkav pévo Gpoptiotég ws uebodog
dopTIoNG TwV NAEKTPKWY Aewdopeiwv. Oa Atav duvatov va xpnolpomnolnBolv amokAELOTIKA
Awpidec poptiong 1 akoun Kot cuvduaoUOg Twv dUo Pebodwv.

Mua GAAN Ttpdtacon elval oTLG MAPAUETPOUG TOU TIPOPARUaTog va Tipootebel ki n Stapopdwon
TWV OTACEWV KaBw¢ emiong KL 0 TpOmo¢ eloodou — e€660u amo ta Aswdopeia. AuTto €xeL oav
OTOTEAEGHA O XPOVOG SLadpounC va pnv ivat otaBepog Kat va SladEpeL amod otaon o€ oTaon.
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APXEIO AMNOTEAEZMATON

e Baolkdé oevapilo

Main Data:
6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle

type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle

type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles:

A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles:

A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles:

A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:

A, Max. Capacity (pas/h/link): 1050

6,

8,

7,

6,

Vehicle type:

Vehicle type:

Vehicle type:

Vehicle type:

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150
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Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [3, 5, 14, 7]

All users' score:
do: 89.79%, di: 9.7%, d2: 0.51%, dun: 0.0%, ATT: 10.9 minutes

Bus passenger demand per link:

Line 1: [2628, 1916, 1734, 1922, 1902, 1104]
Line 2: [638, 1352, 1778, 1874, 1256, 360]
Line 3: [540, 608, 892, 998, 910]

Line 4: [614, 410, 1330, 1448, 1024]

Line 5: [320, 514, 638, 1076, 1134, 586]
Line 6: [154, 86, 130]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle
type: A, Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 7, No. of vehicles: 4, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle
type: A, Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 9, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type:
N, Max. Capacity (pas/h/link): 160

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5600000, Battery: 1152000
Line 3: Bus: O, e-Bus: 1400000, Battery: 288000
Line 4: Bus: @, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9
Final Cost of Charging Stations:540000
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Chargers List: {0, 3, 4, 6, 7, 8, 10, 11,

13}

Napdpetpog: Mocootd KOOTOUG NAEKTPLKOU SiKTUOU

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, .25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999

(km) maximum distance, 60000 cost of charging stations

Initial Route Set:
Line 1: [@, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]
Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency
type: A, Max. Capacity (pas/h/link): 2100
Line 2: Route duration (m): 28, Frequency
type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency
A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency
A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 23, Frequency
A, Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 21, Frequency
A, Max. Capacity (pas/h/link): 1050

(veh/h): 14,

(veh/h): 17,

No. of vehicles: 15, Vehicle
No. of vehicles: 18, Vehicle
No. of vehicles: 6, Vehicle type:
No. of vehicles: 8, Vehicle type:
No. of vehicles: 7, Vehicle type:

No. of vehicles: 6, Vehicle type:

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of
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(veh/h): 9,
(veh/h): 9,
(veh/h): 8,
(veh/h): 7,
iterations:
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Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 0.6

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
do: 90.56%, dl: 8.93%, d2: ©.51%, dun: 0.0%, ATT: 10.65 minutes

Bus passenger demand per link:

Line 1: [2634, 1854, 1654, 1814, 1810, 1054]
Line 2: [64@, 1224, 1624, 1776, 1256, 360]
Line 3: [220, 660, 664, 934, 1060, 910]

Line 4: [620, 410, 1330, 1286, 820]

Line 5: [320, 508, 626, 1042, 1114, 588]
Line 6: [160, 154, 218]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle
type: A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type:
N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 3: Bus: @, e-Bus: 2450000, Battery: 504000
Line 4: Bus: @, e-Bus: 3850000, Battery: 792000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:540000
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Chargers List: {o, 3, 4, 6, 8, 10, 11, 13, 14}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/1link): 1050

Genetic algorithm data:
Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*scored@[dun]*dtotal) +
penalty2*total_cost
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Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 0.7

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
do: 90.56%, dl: 8.93%, d2: ©0.51%, dun: 0.0%, ATT: 10.65 minutes

Bus passenger demand per link:

Line 1: [2634, 1854, 1654, 1814, 1810, 1054]
Line 2: [64@, 1224, 1624, 1776, 1256, 360]
Line 3: [220, 660, 664, 934, 1060, 910]

Line 4: [620, 410, 1330, 1286, 820]

Line 5: [320, 508, 626, 1042, 1114, 588]
Line 6: [160, 154, 218]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle
type: A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type:
N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 3: Bus: O, e-Bus: 2450000, Battery: 504000
Line 4: Bus: @, e-Bus: 3850000, Battery: 792000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

Chargers List: {o, 3, 4, 6, 8, 10, 11, 13, 14}
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Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [@8, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:
Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 11108, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 0.8
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Final Route Set:

Line
Line
Line
Line
Line
Line

a v h wNn R

[0, 1, 2, 5, 7, 9, 108, 12]
[4, 3, 5, 7, 9, 12]

[0, 1, 2, 5, 14, 6]

[8, 14, 6, 9, 10, 11]

[4, 1, 2, 5, 7, 9, 13]

[2, 5, 14, 8]

All users' score:
do: 89.34%, dl: 10.66%, d2: 0.0%, dun: 0.0%, ATT: 11.05 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

A vl h wWwN R

[1558, 1606, 1678, 2016, 1988, 1764, 1020]
[640, 2046, 1788, 1804, 604]

[1080, 1020, 1066, 980, 956]

[372, 360, 1328, 1448, 1024]

[320, 592, 698, 1108, 1128, 582]

[166, 222, 234]

Bus information per line:

Line

type:

Line

type:

Line

1:

Route duration (m): 33, Frequency (veh/h): 14, No. of vehicles: 17, Vehicle

A, Max. Capacity (pas/h/link): 2100

2:

Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle

A, Max. Capacity (pas/h/link): 2100

3:

Route duration (m): 18, Frequency (veh/h): 8, No. of vehicles: 6, Vehicle type:

A, Max. Capacity (pas/h/link): 1200
Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle
type: A, Max. Capacity (pas/h/link): 1500

Line 5:
A, Max.
Line 6:
N, Max.

Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
Capacity (pas/h/link): 1200
Route duration (m): 14, Frequency (veh/h): 3, No. of vehicles: 2, Vehicle type:
Capacity (pas/h/link): 240

Final Cost per Line:

Line
Line
Line
Line
Line
Line

A v A wWwN R

Bus: 0, e-Bus: 5950000, Battery: 1224000
Bus: O, e-Bus: 5250000, Battery: 1080000
Bus: O, e-Bus: 2100000, Battery: 432000
Bus: O, e-Bus: 4200000, Battery: 864000
Bus: O, e-Bus: 3150000, Battery: 648000
Bus: O, e-Bus: 700000, Battery: 144000

Number of Charging Stations:8,
Final Cost of Charging Stations:480000

Chargers List: {0, 2, 4, 6, 8, 11, 12, 13}
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Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, .25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 0.9

Final Route Set:
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Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [3, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [7, 14, 5, 3]

All users' score:
de: 90.49%, dil: 8.99%, d2: ©0.51%, dun: 0.0%, ATT: 10.87 minutes

Bus passenger demand per link:

Line 1: [2634, 1934, 1764, 1986, 1996, 1766, 850]
Line 2: [638, 1352, 1734, 1796, 602, 168]

Line 3: [540, 606, 888, 998, 910]

Line 4: [614, 410, 1326, 1446, 1024]

Line 5: [320, 508, 626, 1068, 1130, 584]

Line 6: [130, 86, 154]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 13, Frequency (veh/h): 7, No. of vehicles: 4, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle
type: A, Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 9, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type:
N, Max. Capacity (pas/h/link): 160

Final Cost per Line:

Line 1: Bus: @, e-Bus: 7700000, Battery: 1584000
Line 2: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 3: Bus: O, e-Bus: 1400000, Battery: 288000
Line 4: Bus: @, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:19,
Final Cost of Charging Stations:600000

Chargers List: {o, 3, 4, 6, 7, 8, 10, 11, 12, 13}

Main Data:
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6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, .25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*scored@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.0

Final Route Set:
Line 1: [@, 1, 2, 5, 7, 9, 10]
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Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [4, 3, 1, 2, 5, 14, 8]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [7, 5, 3, 11]

All users' score:
do: 87.22%, dl: 10.85%, d2: 1.93%, dun: 0.0%, ATT: 10.93 minutes

Bus passenger demand per link:

Line 1: [2634, 1854, 1654, 1844, 1810, 1054]
Line 2: [504, 1144, 1644, 1776, 1256, 360]
Line 3: [134, 730, 734, 1004, 1220, 264]
Line 4: [350, 1306, 1320, 1276, 810]

Line 5: [320, 508, 626, 1072, 1114, 588]
Line 6: [164, 238, 228]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 23, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle
type: A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 16, Frequency (veh/h): 3, No. of vehicles: 2, Vehicle type:
N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 3: Bus: @, e-Bus: 2800000, Battery: 576000
Line 4: Bus: O, e-Bus: 3850000, Battery: 792000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: O, e-Bus: 700000, Battery: 144000

Number of Charging Stations:7,
Final Cost of Charging Stations:420000

Chargers List: {0, 4, 7, 8, 10, 11, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations
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Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.1

Final Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 13]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
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Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 5, 3, 11]

All users'

score:

do: 89.92%, di: 9.38%, d2: ©0.71%, dun: 0.0%, ATT: 10.83 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

AV h WN R

[2632, 1856, 1660, 1874, 1796, 1132]

[636,
[132,
[608,
[320,
[108,

1284, 1756, 1804, 1532, 104]
630, 628, 892, 1106, 956]
350, 1320, 1504, 810]

510, 630, 1102, 1110, 492]
204, 94]

Bus information per line:

Line

type:

Line

type:

Line

Line 5:
A, Max.
Line 6:
N, Max.

1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle

A, Max. Capacity (pas/h/link): 2700

2: Route duration (m): 30, Frequency (veh/h): 13, No. of vehicles: 15, Vehicle

A, Max. Capacity (pas/h/link): 1950

3: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 11, No. of vehicles: 13, Vehicle
type: A, Max. Capacity (pas/h/link): 1650

Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
Capacity (pas/h/link): 1200

Route duration (m): 17, Frequency (veh/h): 3, No. of vehicles: 2, Vehicle type:
Capacity (pas/h/link): 240

Final Cost per Line:

Line
Line
Line
Line
Line
Line

A v h wWwN R

Bus:
Bus:
Bus:
Bus:
Bus:
Bus:

e-Bus: 6650000, Battery: 1368000
, e-Bus: 5250000, Battery: 1080000
e-Bus: 2450000, Battery: 504000
e-Bus: 4550000, Battery: 936000
e-Bus: 3150000, Battery: 648000
e-Bus: 700000, Battery: 144000

-

-

-

O 0O 0O 000
-

-

Number of Charging Stations:8,
Final Cost of Charging Stations:480000

Chargers List: {0, 4, 6, 8, 10, 11, 13, 14}

Main Data:
6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, .25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:
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Line
Line
Line
Line
Line
Line

a v h wWwN R

[0, 1, 2, 5, 7, 9, 10]
[4J 3) 51 7J 9) 12]
[o, 1, 2, 5, 14, 6]

[8, 14, 6, 9, 10]
[1, 2, 5, 7, 9, 13]
[e, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

A v h wWwN R

[1194, 1528, 1604, 1998, 1932, 1278]

[960, 2336, 2422, 2448, 1610]
[842, 1002, 1110, 1246, 976]
[620, 350, 1300, 848]

[420, 666, 1098, 1110, 584]
[596, 906, 1038]

Bus information per line:

Line 1:

Route duration (m): 28, Frequency

type: A, Max. Capacity (pas/h/link): 2100

Line 2:

Route duration (m): 28, Frequency

type: A, Max. Capacity (pas/h/link): 2550

Line 3:
A, Max.
Line 4:
A, Max.
Line 5:
A, Max.

Route duration (m): 18, Frequency
Capacity (pas/h/link): 1350
Route duration (m): 22, Frequency
Capacity (pas/h/link): 1350
Route duration (m): 23, Frequency
Capacity (pas/h/link): 1200

: Route duration (m): 21, Frequency
. Capacity (pas/h/link): 1050

(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):

(veh/h):

14, No. of vehicles: 15, Vehicle
17, No. of vehicles: 18, Vehicle
9, No. of vehicles: 6, Vehicle type:
9, No. of vehicles: 8, Vehicle type:
8, No. of vehicles: 7, Vehicle type:

7, No. of vehicles: 6, Vehicle type:

Genetic

algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost
Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.2

Final Route Set:

Line
Line
Line
Line
Line

uviph wnNn R

[0, 1, 2, 5, 7, 9, 10, 12]
[11, 3, 5, 7, 9, 12, 13]
[4, 3, 1, 2, 5, 14, 8]

[8, 14, 6, 9, 10, 11]

(4, 1, 2, 5, 7, 9, 13]
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Line 6: [7, 5, 3, 11]

All users'

score:

do: 88.5%, dl: 9.57%, d2: 1.93%, dun: 0.0%, ATT: 10.84 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

a v h wN R

[110,
[208,
[350,
[746,
[152,

746, 1296, 1446, 570, 130]
728, 732, 1000, 1218, 262]
1306, 1318, 1254, 810]

922, 1028, 1368, 1354, 460]

202, 110]

Bus information per line:

Line

type:

Line

type:

Line

1: Route duration

2: Route duration

3: Route duration

(m): 33, Frequency

A, Max. Capacity (pas/h/link): 2700

(m): 36, Frequency

A, Max. Capacity (pas/h/link): 1500

(m): 23, Frequency

A, Max. Capacity (pas/h/link): 1350

Line

type:

Line

type:

Line

4: Route duration

5: Route duration

6: Route duration

(m): 32, Frequency

A, Max. Capacity (pas/h/link): 1350

(m): 29, Frequency

A, Max. Capacity (pas/h/link): 1500

(m): 16, Frequency

N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line
Line
Line
Line
Line
Line

AP WNBR

Bus:
Bus:
Bus:
Bus:
Bus:
Bus:

- - -

O 0O 0O 00O
-

-

e-Bus:
, e-Bus:
e-Bus:
e-Bus:
e-Bus:
e-Bus:

7700000, Battery:
4900000, Battery:
2800000, Battery:
3850000, Battery:
3850000, Battery:

[2638, 1878, 1696, 1916, 1908, 1660, 1006]

(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):

(veh/h):

1584000
1008000
576000
792000
792000

700000, Battery: 144000

Number of Charging Stations:7,
Final Cost of Charging Stations:420000

Chargers List: {o, 4, 7, 8, 11, 12, 13}

18, No. of vehicles: 22, Vehicle

10, No. of vehicles: 14, Vehicle

9, No. of vehicles: 8, Vehicle type:

9, No. of vehicles: 11, Vehicle

10, No. of vehicles: 11, Vehicle

3, No. of vehicles: 2, Vehicle type:

Main Data:
6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:
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Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.3

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12, 13]
Line 3: [4, 3, 1, 2, 5, 14, 8]
Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [7, 5, 3, 11]
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All users' score:
do: 88.57%, dl: 9.51%, d2: 1.93%, dun: 0.0%, ATT: 10.76 minutes

Bus passenger demand per link:

Line 1: [2640, 1872, 1684, 1908, 1904, 1660, 1006]
Line 2: [504, 1148, 1606, 1706, 570, 130]

Line 3: [134, 730, 732, 1000, 1220, 264]

Line 4: [350, 1306, 1318, 1258, 810]

Line 5: [320, 502, 614, 1060, 1102, 460]

Line 6: [162, 234, 228]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 3@, Frequency (veh/h): 12, No. of vehicles: 14, Vehicle
type: A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 23, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle
type: A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 16, Frequency (veh/h): 3, No. of vehicles: 2, Vehicle type:
N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 7700000, Battery: 1584000
Line 2: Bus: @, e-Bus: 4900000, Battery: 1008000
Line 3: Bus: @, e-Bus: 2800000, Battery: 576000
Line 4: Bus: 0, e-Bus: 3850000, Battery: 792000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 700000, Battery: 144000

Number of Charging Stations:7,
Final Cost of Charging Stations:420000

Chargers List: {o, 4, 7, 8, 11, 12, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
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Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]
Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: 0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.4

Final Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 18]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
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do: 89.79%, dl: 9.7%, d2: 0.51%, dun: 0.0%, ATT: 10.9 minutes

Bus passenger demand per link:

Line 1: [2632, 1914, 1726, 1898, 1902, 1100]
Line 2: [64@, 1294, 1700, 1866, 1256, 360]
Line 3: [540, 614, 904, 1060, 910]

Line 4: [620, 410, 1330, 1444, 1024]

Line 5: [320, 514, 638, 1060, 1136, 588]
Line 6: [160, 144, 208]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle
type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle
type: A, Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 8, No. of vehicles: 4, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle
type: A, Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type:
N, Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: O, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5600000, Battery: 1152000
Line 3: Bus: O, e-Bus: 1400000, Battery: 288000
Line 4: Bus: @, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

Chargers List: {o, 3, 4, 6, 8, 10, 11, 13, 14}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, .25 (km/min) bus
speed , 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999
(km) maximum distance, 60000 cost of charging stations

Initial Route Set:
Line 1: [@, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
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Line 4: [8, 14, 6, 9, 10]
Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle
type: A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle
type: A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type:
A, Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type:
A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel
(Delete/Add node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus
cost): 1.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [1, 3, 5, 14]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
do: 85.74%, di: 11.11%, d2: 3.15%, dun: ©.0%, ATT: 11.24 minutes
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Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

a v h wNn R

[2638, 2120, 2120, 1968, 1998, 17
[638, 1210, 1646, 1782, 604]
[650, 450, 1086]

[618, 1318, 1328, 1438, 1024]
[320, 626, 850, 1048, 1124, 576]
[130, 110, 136]

Bus information per line:

Line

type:

Line

type:

Line

1

2

3

: Route duration (m): 33, Frequency
A, Max. Capacity (pas/h/link): 2700
: Route duration (m): 28, Frequency
A, Max. Capacity (pas/h/link): 18600
: Route duration (m): 10, Frequency

A, Max. Capacity (pas/h/link): 1200
Line 4: Route duration (m): 32, Frequency
type: A, Max. Capacity (pas/h/link): 1500
Line 5: Route duration (m): 29, Frequency
A, Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 8, Frequency
N, Max. Capacity (pas/h/link): 160

Final Cost per Line:

Line
Line
Line
Line
Line
Line

a v h wnNn R

Bus: O, e-Bus: 7700000, Battery:
Bus: O, e-Bus: 4550000, Battery:
Bus: 0, e-Bus: 1050000, Battery:
Bus: O, e-Bus: 4200000, Battery:
Bus: O, e-Bus: 3150000, Battery:
Bus: O, e-Bus: 350000, Battery: 7

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

Chargers List:
{0, 1, 3, 4, 8, 11, 12, 13, 14}

e [apauetpog: Kéotog ¢opTioTWV

64, 1020]

(veh/h): 18, No. of vehicles: 22, Vehicle
(veh/h): 12, No. of vehicles: 13, Vehicle
(veh/h): 8, No. of vehicles: 3, Vehicle type:
(veh/h): 10, No. of vehicles: 12, Vehicle
(veh/h): 8, No. of vehicles: 9, Vehicle type:

(veh/h): 2, No. of vehicles: 1, Vehicle type:

1584000
936000
216000
864000
648000
2000

Main Data:
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6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kwh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 30000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150
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Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12, 13]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:
de: 91.91%, di: 7.39%, d2: ©0.71%, dun: 0.0%, ATT: 10.52 minutes

Bus passenger demand per link:

Line 1: [2640, 1900, 1668, 1930, 1896, 1660, 1006]
Line 2: [638, 1418, 1726, 1722, 570, 130]

Line 3: [220, 690, 664, 768, 794, 632]

Line 4: [612, 360, 1328, 1276, 820]

Line 5: [320, 502, 584, 1086, 1102, 460]

Line 6: [236, 412, 322]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles: 14, Vehicle type:
A, Max. Capacity (pas/h/link): 18600

Line 3: Route duration (m): 23, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type:
N, Max. Capacity (pas/h/link): 800

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 6, No. of vehicles: 2, Vehicle type: N,
Max. Capacity (pas/h/link): 480

Final Cost per Line:

Line 1: Bus: O, e-Bus: 7700000, Battery: 1584000
Line 2: Bus: @, e-Bus: 4900000, Battery: 1008000
Line 3: Bus: @, e-Bus: 3150000, Battery: 648000
Line 4: Bus: @, e-Bus: 3850000, Battery: 792000
Line 3: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 700000, Battery: 144000
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Number of Charging Stations:8,
Final Cost of Charging Stations:240000

Chargers List: {0, 2, 4, 6, 8, 11, 12, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kwWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 40000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350
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Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*scored@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 14, 6]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [4, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 108, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:
do: 83.24%, dl: 16.38%, d2: 0.39%, dun: 0.0%, ATT: 11.4 minutes

Bus passenger demand per link:

Line 1: [2632, 1896, 1530, 660, 484]

Line 2: [570, 1972, 2454, 2616, 1282, 340]
Line 3: [230, 470, 560, 412, 330]

Line 4: [612, 414, 1438, 2544, 1036]

Line 5: [160, 930, 1410, 2346, 2208, 586]
Line 6: [182, 238, 190]

Bus information per line:

Line 1: Route duration (m): 18, Frequency (veh/h): 18, No. of vehicles: 12, Vehicle type:
A, Max. Capacity (pas/h/link): 2700
Line 2: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
A, Max. Capacity (pas/h/link): 2700
Line 3: Route duration (m): 16, Frequency (veh/h): 7.0, No. of vehicles: 5, Vehicle type:
N, Max. Capacity (pas/h/link): 560.0
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Line 4: Route duration (m): 32, Frequency (veh/h): 17, No. of vehicles: 20, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 5: Route duration (m): 29, Frequency (veh/h): 16, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2400

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,
Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 4200000, Battery: 864000
Line 2: Bus: @, e-Bus: 7700000, Battery: 1584000
Line 3: Bus: @, e-Bus: 1750000, Battery: 360000
Line 4: Bus: @, e-Bus: 7000000, Battery: 1440000
Line 5: Bus: @, e-Bus: 6300000, Battery: 1296000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:8,
Final Cost of Charging Stations:320000

Chargers List: {o, 2, 4, 6, 8, 10, 11, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 50000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]
Line 3: [842, 1002, 1110, 1246, 976]
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Line 4: [620, 350, 1300, 848]
Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596,

906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minzZ =
penalty2*total_cost

penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [o0, 1, 2, 5, 14, 6]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [4, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:

do: 83.24%, dl: 16.38%, d2: 0.39%, dun: 0.0%, ATT: 11.4 minutes

Bus passenger demand per link:

Line 1: [2632, 1896, 1530, 660, 484]
Line 2: [570, 1972, 2454, 2616, 1282, 340]
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Line 3: [230, 470, 560, 412, 330]

Line 4: [612, 414, 1438, 2544, 1036]

Line 5: [160, 930, 1410, 2346, 2208, 586]
Line 6: [182, 238, 190]

Bus information per line:

Line 1: Route duration (m): 18, Frequency (veh/h): 18, No. of vehicles: 12, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 3: Route duration (m): 16, Frequency (veh/h): 7.0, No. of vehicles: 5, Vehicle type:
N, Max. Capacity (pas/h/link): 560.0

Line 4: Route duration (m): 32, Frequency (veh/h): 17, No. of vehicles: 20, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 5: Route duration (m): 29, Frequency (veh/h): 16, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2400

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,
Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 4200000, Battery: 864000
Line 2: Bus: @, e-Bus: 7700000, Battery: 1584000
Line 3: Bus: @, e-Bus: 1750000, Battery: 360000
Line 4: Bus: @, e-Bus: 7000000, Battery: 1440000
Line 5: Bus: @, e-Bus: 6300000, Battery: 1296000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:8,
Final Cost of Charging Stations:400000

Chargers List: {0, 2, 4, 6, 8, 10, 11, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kwWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 70000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
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Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]
Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minz

penalty2*total_cost

penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]

114



Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
do: 89.79%, di: 9.7%, d2: 0.51%, dun: 0.0%, ATT: 10.9 minutes

Bus passenger demand per link:

Line 1: [2632, 1914, 1726, 1898, 1902, 1100]
Line 2: [640, 1294, 1700, 1866, 1256, 360]
Line 3: [540, 614, 904, 1060, 910]

Line 4: [620, 410, 1330, 1444, 1024]

Line 5: [320, 514, 638, 1060, 1136, 588]
Line 6: [160, 144, 208]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type:

A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle type:

A, Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 8, No. of vehicles: 4, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle type:

A, Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,

Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: 0, e-Bus: 5600000, Battery: 1152000
Line 3: Bus: @, e-Bus: 1400000, Battery: 288000
Line 4: Bus: 0, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: 0, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:630000

Chargers List: {o, 3, 4, 6, 8, 10, 11, 13, 14}
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Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kwh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 80000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, dl: 14.9%, d2: 0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algori

Population Size: 20, Elite Size: 8, No of iterations: 150

thm data:
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Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [o0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:
do: 88.57%, dl: 10.92%, d2: ©0.51%, dun: 0.0%, ATT: 11.18 minutes

Bus passenger demand per link:

Line 1: [2634, 1914, 1724, 1890, 1888, 1174]
Line 2: [640, 1294, 1706, 1878, 1612]

Line 3: [540, 614, 904, 1060, 910]

Line 4: [620, 410, 1330, 1668, 1024]

Line 5: [320, 514, 638, 1060, 1136, 588]
Line 6: [160, 144, 208]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 28, Frequency (veh/h): 13, No. of vehicles: 14, Vehicle type:
A, Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 8, No. of vehicles: 4, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 18600

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,
Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 4900000, Battery: 1008000
Line 3: Bus: @, e-Bus: 1400000, Battery: 288000
Line 4: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 350000, Battery: 72000
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Number of Charging Stations:10,
Final Cost of Charging Stations:800000

Chargers List: {0, 3, 4, 6, 8, 10, 11, 12, 13, 14}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kwWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 90000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350
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Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*scored@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 108, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:
do: 90.56%, dl: 8.73%, d2: ©0.71%, dun: 0.0%, ATT: 10.69 minutes

Bus passenger demand per link:

Line 1: [2634, 1882, 1638, 1866, 1802, 1054]
Line 2: [638, 1414, 1766, 1794, 1258, 360]
Line 3: [220, 690, 666, 772, 794, 632]

Line 4: [612, 360, 1330, 1294, 820]

Line 5: [320, 508, 596, 1096, 1110, 584]
Line 6: [238, 412, 322]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type:
A, Max. Capacity (pas/h/link): 2700
Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 18600
Line 3: Route duration (m): 23, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type:
N, Max. Capacity (pas/h/link): 800
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Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 6, No. of vehicles: 2, Vehicle type: N,
Max. Capacity (pas/h/link): 480

Final Cost per Line:

Line 1: Bus: O, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5250000, Battery: 1080000
Line 3: Bus: @, e-Bus: 3150000, Battery: 648000
Line 4: Bus: @, e-Bus: 3850000, Battery: 792000
Line 3: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: @, e-Bus: 700000, Battery: 144000

Number of Charging Stations:8,
Final Cost of Charging Stations:720000

Chargers List: {o, 2, 4, 6, 8, 10, 11, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km)
maximum distance, 100000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, di: 14.9%, d2: ©.58%, dun: 0.0%, ATT: 11.78 minutes
Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]

Line 2: [960, 2336, 2422, 2448, 1610]
Line 3: [842, 1002, 1110, 1246, 976]
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Line 4: [620, 350, 1300, 848]
Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596,

Bus informatio

906, 1038]

n per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minzZ =
penalty2*total_cost

penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [14, 7, 5, 3]

All users' score:

do: 88.57%, dl: 10.92%, d2: ©.51%, dun: 0.0%, ATT: 11.18 minutes

Bus passenger demand per link:

Line 1: [2634, 1914, 1724, 1890, 1888, 1174]
Line 2: [640, 1294, 1706, 1878, 1612]
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Line
Line
Line
Line

o b w

[540,
[620,
[320,
[160,

614, 904, 1060, 910]
410, 1330, 1668, 1024]

514, 638, 1060, 1136, 588]
144, 208]

Bus information per line:

Line 1:
A, Max.
Line 2:
A, Max.
Line 3:

Max.

Line 4: Route duration (m): 32,

Route duration (m): 28,

Capacity (pas/h/link): 2700

Route duration (m): 28, Frequency (veh/h):

Capacity (pas/h/link): 1950

Route duration (m): 13, Frequency (veh/h):

Capacity (pas/h/link): 1200

A, Max. Capacity (pas/h/link): 1800

Line 5: Route duration (m):

Max.

Line 6: Route duration (m):

Max.

Line
Line
Line
Line
Line
Line

Capacity (pas/h/link): 1200

Capacity (pas/h/1link): 240
Final Cost per Line:

AUV A WN R

Bus:
Bus:
Bus:
Bus:
Bus:
Bus:

-

-

-

O OO 0000
-

-

e-Bus:
, e-Bus:
e-Bus:
e-Bus:
e-Bus:
e-Bus:

6650000, Battery:
4900000, Battery:
1400000, Battery:
5250000, Battery:
3150000, Battery:

350000, Battery:

Number of Charging Stations:10,
Final Cost of Charging Stations:1000000

Chargers List: {o, 3, 4, 6, 8, 10, 11, 12, 13, 14}

e [apdauetpog: Mmatapia

Frequency (veh/h):

Frequency (veh/h):

29, Frequency (veh/h):

1368000
1008000
288000
1080000
648000
72000

18, No. of vehicles: 19, Vehicle type:
13, No. of vehicles: 14, Vehicle type:
8, No. of vehicles: 4, Vehicle type: A,
12, No. of vehicles: 15, Vehicle type:

8, No. of vehicles: 9, Vehicle type: A,

8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 60 (kwWh) battery capacity, 1.5 (kWh/km) energy consumption,28.0 (km) maximum distance,
60000 cost of charging stations

Initial Route Set:
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Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:

do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minz =
penalty2*total_cost

penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:
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Line
Line
Line
Line
Line
Line

All users'

AUV A WN PR

[0, 1, 2, 5, 7, 9, 10, 12]
[4, 3, 5, 7, 9, 12]

[11,

3,1, 2, 5, 14, 6]

[8, 14, 6, 9, 10, 11]
[4J 1) ZJ 51 7) 9) 13]
[1) 2) 5} 14]

score:

de: 91.27%, dil: 8.03%, d2: 0.71%, dun: 0.0%, ATT: 10.66 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

AUV A WN R

[2640, 1834, 1624, 1930, 1896, 1718, 1020]

[640,
[220,
[610,
[320,
[138,

1416, 1720, 1714, 604]
690, 628, 848, 1096, 956]
360, 1328, 1290, 820]

464, 554, 1088, 1106, 582]
228, 110]

Bus information per line:

Line 1:
A, Max.
Line 2:
A, Max.
Line 3:

Max.

Max.

Max.

Line
Line
Line
Line
Line
Line

AUV A WN PR

Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
Capacity (pas/h/link): 27e@

Route duration (m): 28, Frequency (veh/h): 12, No. of vehicles: 13, Vehicle type:
Capacity (pas/h/link): 1860

Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Capacity (pas/h/link): 1200

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 3, No. of vehicles: 1, Vehicle type: N,
Capacity (pas/h/1link): 240

Final Cost per Line:

Bus:
Bus:
Bus:
Bus:
Bus:
Bus:

e-Bus: 7700000, Battery: 1056000
, e-Bus: 4550000, Battery: 624000
e-Bus: 2450000, Battery: 336000
e-Bus: 3850000, Battery: 528000
e-Bus: 3150000, Battery: 432000
e-Bus: 350000, Battery: 48000

-

-

-

O O 0O OO0
-

-

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

: {0, 1, 4, 6, 8, 11, 12, 13, 14}
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Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 70 (kwh) battery capacity, 1.5 (kWh/km) energy consumption,32.666666666666664 (km)
maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:
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Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [3, 5, 7, 9, 12]

Line 3: [1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:
do: 87.09%, di: 12.01%, d2: 0.9%, dun: 0.0%, ATT: 11.38 minutes

Bus passenger demand per link:

Line 1: [2638, 2166, 1972, 2022, 1992, 1764, 1020]
Line 2: [1604, 1426, 1504, 594]

Line 3: [498, 736, 736, 588]

Line 4: [610, 360, 1328, 1444, 1024]

Line 5: [946, 1194, 1268, 1444, 1410, 582]

Line 6: [270, 470, 368]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 24, Frequency (veh/h): 11, No. of vehicles: 10, Vehicle type:
A, Max. Capacity (pas/h/link): 1650

Line 3: Route duration (m): 10, Frequency (veh/h): 10, No. of vehicles: 4, Vehicle type:
N, Max. Capacity (pas/h/link): 800

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle type:
A, Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 10, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1500

Line 6: Route duration (m): 8, Frequency (veh/h): 6, No. of vehicles: 2, Vehicle type: N,
Max. Capacity (pas/h/link): 480

Final Cost per Line:

Line 1: Bus: @, e-Bus: 7700000, Battery: 1232000
Line 2: Bus: O, e-Bus: 3500000, Battery: 560000
Line 3: Bus: @, e-Bus: 1400000, Battery: 224000
Line 4: Bus: 0, e-Bus: 4200000, Battery: 672000
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Line 5: Bus: O, e-Bus: 3850000, Battery: 616000
Line 6: Bus: @, e-Bus: 700000, Battery: 112000

Number of Charging Stations:10,
Final Cost of Charging Stations:600000

Chargers List: {0, 1, 2, 3, 4, 6, 8, 11, 12, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 80 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,37.333333333333336 (km)
maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: ©0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350
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Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 108, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [2, 5, 14, 6]

All users' score:
do: 90.56%, dl: 8.73%, d2: ©.71%, dun: 0.0%, ATT: 10.69 minutes

Bus passenger demand per link:

Line 1: [2634, 1882, 1638, 1866, 1802, 1054]
Line 2: [638, 1414, 1766, 1794, 1258, 360]
Line 3: [220, 690, 666, 772, 794, 632]

Line 4: [612, 360, 1330, 1294, 820]

Line 5: [320, 508, 596, 1096, 1110, 584]
Line 6: [238, 412, 322]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type:
A, Max. Capacity (pas/h/link): 2700
Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 1800
Line 3: Route duration (m): 23, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type:
N, Max. Capacity (pas/h/link): 8600
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Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 8, Frequency (veh/h): 6, No. of vehicles: 2, Vehicle type: N,
Max. Capacity (pas/h/link): 480

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1216000
Line 2: Bus: @, e-Bus: 5250000, Battery: 960000
Line 3: Bus: @, e-Bus: 3150000, Battery: 576000
Line 4: Bus: @, e-Bus: 3850000, Battery: 704000
Line 3: Bus: O, e-Bus: 3150000, Battery: 576000
Line 6: Bus: @, e-Bus: 700000, Battery: 128000

Number of Charging Stations:8,
Final Cost of Charging Stations:480000

Chargers List: {o, 2, 4, 6, 8, 10, 11, 13}

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed
, 100 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,46.666666666666664 (km)
maximum distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [@, 1, 2, 5, 7, 9, 18]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, di: 14.9%, d2: 0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [96@, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]
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Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596,

906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type:
A, Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type:
A, Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Genetic algorithm data:
Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minz =
penalty2*total_cost

penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add
node rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): ©.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [11, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [7, 5, 3, 11]

All users' score:

do: 91.39%, di: 7.9%, d2: ©0.71%, dun: 0.0%, ATT: 10.64 minutes

Bus passenger demand per link:

Line 1: [2640, 1872, 1684, 1908, 1904, 1718, 1020]
Line 2: [638, 1214, 1600, 1698, 604]
Line 3: [128, 660, 662, 930, 1210, 956]
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Line 4: [614, 360, 1328, 1282, 820]
Line 5: [320, 502, 614, 1064, 1110, 586]
Line 6: [164, 228, 88]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type:
A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 28, Frequency (veh/h): 12, No. of vehicles: 13, Vehicle type:
A, Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 23, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A,
Max. Capacity (pas/h/link): 1350

Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type:
A, Max. Capacity (pas/h/link): 1350

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 16, Frequency (veh/h): 3, No. of vehicles: 2, Vehicle type: N,
Max. Capacity (pas/h/link): 240

Final Cost per Line:

Line 1: Bus: @, e-Bus: 7700000, Battery: 1760000
Line 2: Bus: @, e-Bus: 4550000, Battery: 1040000
Line 3: Bus: O, e-Bus: 2800000, Battery: 640000
Line 4: Bus: @, e-Bus: 3850000, Battery: 880000
Line 5: Bus: @, e-Bus: 3150000, Battery: 720000
Line 6: Bus: @, e-Bus: 700000, Battery: 160000

Number of Charging Stations:8,
Final Cost of Charging Stations:480000

Chargers List: {0, 4, 6, 7, 8, 11, 12, 13}

e [apdauetpog: KatavaAwon evépyeirag

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, ©.25 (km/min) bus speed ,
90 (kWh) battery capacity, 2.0 (kWh/km) energy consumption,31.499999999999996 (km) maximum
distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
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Line 3: [0,
Line 4: [8,
Line 5: [1,
Line 6: [0,
All users'

1, 2, 5, 14, 6]

14, 6, 9, 10]

2, 5, 7, 9, 13]

1, 3, 11]

score:

do: 84.52%, dl: 14.9%, d2: 0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line

a v h wWwN R

[1194, 1528, 1604, 1998, 1932, 1278]

[960,
[842,
[620,
[420,
[596,

906, 1038]

Bus information per line:

Line
Max.
Line
Max.
Line
Max.
Line
Max.
Line
Max.
Line
Max.

1: Route
Capacity
2: Route
Capacity
3: Route
Capacity
4: Route
Capacity
5: Route
Capacity
6: Route
Capacity

Genetic algorithm data:

Population Size: 20, Elite

Objective function: minz =
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add node

duration (m):
(pas/h/1ink):
duration (m):
(pas/h/1ink):
duration (m):
(pas/h/1link):
duration (m):
(pas/h/1link):
duration (m):
(pas/h/1link):
duration (m):
(pas/h/1link):

2336, 2422, 2448, 1610]
1002, 1110, 1246, 976]
350, 1300, 848]

666, 1098, 1110, 584]

28, Frequency
2100

28, Frequency
2550

18, Frequency
1350

22, Frequency
1350

23, Frequency
1200
21,
1050

Frequency

Size: 8, No of iterations: 150

(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):

(veh/h):

14, No. of vehicles: 15, Vehicle type: A,

17, No. of vehicles: 18, Vehicle type: A,

No.

No.

No.

No.

of

of

of

of

vehicles:

vehicles:

vehicles:

vehicles:

6,

8,

7,

6,

Vehicle type: A,
Vehicle type: A,
Vehicle type: A,

Vehicle type: A,

penaltyl*(8*score@[ATT]*dtotal + 80@*score@[dun]*dtotal) +

rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]
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Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [3, 5, 14, 7]

All users' score:
do: 89.79%, di: 9.7%, d2: 0.51%, dun: 0.0%, ATT: 10.9 minutes

Bus passenger demand per link:

Line 1: [2628, 1916, 1734, 1922, 1902, 1104]
Line 2: [638, 1352, 1778, 1874, 1256, 360]
Line 3: [540, 608, 892, 998, 910]

Line 4: [614, 410, 1330, 1448, 1024]

Line 5: [320, 514, 638, 1076, 1134, 586]
Line 6: [154, 86, 130]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type: A,
Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle type: A,
Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 7, No. of vehicles: 4, Vehicle type: A,
Max. Capacity (pas/h/link): 1050

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle type: A,
Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A,
Max. Capacity (pas/h/link): 1200

Line 6: Route duration (m): 9, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max.
Capacity (pas/h/link): 160

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: O, e-Bus: 5600000, Battery: 1152000
Line 3: Bus: @, e-Bus: 1400000, Battery: 288000
Line 4: Bus: 0, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
Line 6: Bus: O, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

Chargers List: {0, 3, 4, 6, 7, 8, 10, 11, 13}
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Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed , 90
(kwh) battery capacity, 2.5 (kWh/km) energy consumption,25.199999999999996 (km) maximum
distance, 60000 cost of charging stations

Initial Route Set:

Line 1: [o0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [@, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [1, 2, 5, 7, 9, 13]
Line 6: [0, 1, 3, 11]

All users' score:
do: 84.52%, dl: 14.9%, d2: 0.58%, dun: 0.0%, ATT: 11.78 minutes

Bus passenger demand per link:
Line 1: [1194, 1528, 1604, 1998, 1932, 1278]
Line 2: [960, 2336, 2422, 2448, 1610]

Line 3: [842, 1002, 1110, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [420, 666, 1098, 1110, 584]

Line 6: [596, 906, 1038]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 14, No. of vehicles: 15, Vehicle type: A,
Max. Capacity (pas/h/link): 2100

Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A,
Max. Capacity (pas/h/link): 2550

Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max.
Capacity (pas/h/link): 1350

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max.
Capacity (pas/h/link): 1350

Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A, Max.
Capacity (pas/h/link): 1200

Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max.
Capacity (pas/h/link): 1050

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150
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Objective function: minZ = penaltyl*(8*score@[ATT]*dtotal + 8@*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add node
rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [o0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [4, 1, 2, 5, 7, 9, 13]
Line 6: [3, 5, 14, 7]

All users' score:
do: 89.79%, dl: 9.7%, d2: 0.51%, dun: 0.0%, ATT: 10.9 minutes

Bus passenger demand per link:

Line 1: [2628, 1916, 1734, 1922, 1902, 1104]
Line 2: [638, 1352, 1778, 1874, 1256, 360]
Line 3: [540, 608, 892, 998, 910]

Line 4: [614, 410, 1330, 1448, 1024]

Line 5: [320, 514, 638, 1076, 1134, 586]
Line 6: [154, 86, 130]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 18, No. of vehicles: 19, Vehicle type: A,
Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle type: A,
Max. Capacity (pas/h/link): 1950

Line 3: Route duration (m): 13, Frequency (veh/h): 7, No. of vehicles: 4, Vehicle type: A, Max.
Capacity (pas/h/link): 1050

Line 4: Route duration (m): 32, Frequency (veh/h): 10, No. of vehicles: 12, Vehicle type: A,
Max. Capacity (pas/h/link): 1500

Line 5: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A, Max.
Capacity (pas/h/link): 1200

Line 6: Route duration (m): 9, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max.
Capacity (pas/h/link): 160

Final Cost per Line:

Line 1: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 2: Bus: @, e-Bus: 5600000, Battery: 1152000
Line 3: Bus: @, e-Bus: 1400000, Battery: 288000
Line 4: Bus: @, e-Bus: 4200000, Battery: 864000
Line 5: Bus: @, e-Bus: 3150000, Battery: 648000
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Line 6: Bus: @, e-Bus: 350000, Battery: 72000

Number of Charging Stations:9,
Final Cost of Charging Stations:540000

Chargers List: {o, 3, 4, 6, 7, 8, 10, 11, 13}

Bao1ké oevdpio Mumfordo

Main Data:

9 lines, 4-15 nodes per line, 5 minutes penalty for every transfer, 0.25 (km/min) bus speed ,
90 (kWh) battery capacity, 1.5 (kWh/km) energy consumption,41.99999999999999 (km) maximum
distance, 60000 cost of charging stations

Initial Route Set:

Line
Line
Line
Line
Line
Line
Line
Line
Line

W O NGOV WN PR

[12, 17, 22, 18, 13, 6, 15, 2, 21, 5]

[4, 20, 24, 23, 3, 11, 17, 19, 22, 18, 13, 6, 15]

[24, 1, 9, 3, 11, 17, 28, 16, 27, 2, 29, 10]

[10, 15, 21, 5, 6, 13, 18, 19]

[20, 24, 1, 9, 14, 7, 27, 2, 29, 10, 15]

[14, 4, 20, 24, 23, 3, 11, 25, 28, 16, 27, 2, 29, 10]
[20, 23, 24, 4, 14, 7, 28, 16, 27, 2, 29, 1@, 15]

[4, 20, 24, 1, 9, 3, 11, 17, 19, 22, 25, 28, 16, 27, 2]
[14, 11, 17, 12, 8, 26, ©, 22, 25, 28, 16, 15, 10]

All users' score:
do: 54.79%, dl: 40.01%, d2: 5.2%, dun: 0.0%, ATT: 20.14 minutes

Bus passenger demand per link:

Line
Line
Line
Line
Line
Line
Line
Line
Line

W O NGOV WN R

[12078, 22236, 28344, 19900, 12214, 10524]

[3406, 9088, 15642, 25902, 27262, 30146, 25220, 19280, 27636, 19614, 11806, 8606]
[574, 1410, 4570, 11468, 9118, 6944, 21816, 11876, 11206, 9186, 7874, 4957, 7320]
[29194, 19332, 22050, 21586, 19004, 16678, 9490, 3570]

[3924, 8610, 14200, 27312, 33986, 37778, 33112, 28116, 22863, 20418]

[2236, 5504, 7542, 19006, 20496, 26298, 17492, 13166, 11278, 8604, 5512, 1995]
[1160, 1700, 9868, 23092, 28494, 37634, 7400, 2666, 3216, 4234, 4647, 7320]

[574, 1410, 7104, 18064, 16922, 16132, 12638, 13518, 20304, 17388, 9398, 8340, 3766]
[8164, 20424, 12786, 8824, 19614, 38564, 34808, 29036, 23688, 27344]
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Bus information per line:

Line 1: Route duration (m): 24, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type: A, Max.
Capacity (pas/h/link): 1500

Line 2: Route duration (m): 51, Frequency (veh/h): 11, No. of vehicles: 21, Vehicle type: A,
Max. Capacity (pas/h/link): 1650

Line 3: Route duration (m): 51, Frequency (veh/h): 8, No. of vehicles: 15, Vehicle type: A, Max.
Capacity (pas/h/link): 1200

Line 4: Route duration (m): 37, Frequency (veh/h): 11, No. of vehicles: 15, Vehicle type: A,
Max. Capacity (pas/h/link): 1650

Line 5: Route duration (m): 38, Frequency (veh/h): 14, No. of vehicles: 20, Vehicle type: A,
Max. Capacity (pas/h/link): 2100

Line 6: Route duration (m): 49, Frequency (veh/h): 10, No. of vehicles: 18, Vehicle type: A,
Max. Capacity (pas/h/link): 1500

Line 7: Route duration (m): 49, Frequency (veh/h): 14, No. of vehicles: 26, Vehicle type: A,
Max. Capacity (pas/h/link): 2100

Line 8: Route duration (m): 50, Frequency (veh/h): 8, No. of vehicles: 15, Vehicle type: A, Max.
Capacity (pas/h/link): 1200

Line 9: Route duration (m): 43, Frequency (veh/h): 14, No. of vehicles: 23, Vehicle type: A,
Max. Capacity (pas/h/link): 2100

Genetic algorithm data:

Population Size: 25, Elite Size: 8, No of iterations: 50

Objective function: minzZ = penaltyl*(8*score@[ATT]*dtotal + 80*score@[dun]*dtotal) +
penalty2*total_cost

Pswap (crossover rate): ©.1111111111111111, Pms (Small mod rate): 0.9, Pdel (Delete/Add node
rate): 0.4, Penaltyl (% passenger cost): 0.8, Penalty2 (% electric bus cost): 0.5

Final Route Set:

Line 1: [28, @, 12, 17, 22, 18, 13, 6, 15, 27, 7]

Line 2: [23, 14, 4, 7, 16, 6, 5]

Line 3: [4, 14, 24, 1, 9, 3, 11, 17, 28, 16, 27, 2, 29, 10, 21]
Line 4: [2, 10, 15, 21, 5, 6, 13, 18, 19, 17, 11]

Line 5: [3, 4, 20, 24, 1, 9, 14, 7, 27, 2, 29, 10]

Line 6: [14, 4, 20, 24, 23, 3, 11, 25, 28, 16, 27, 2, 29, 10, 7]
Line 7: [20, 23, 24, 4, 14, 7, 28, 16, 27, 2, 29, 10, 15]

Line 8: [4, 20, 24, 1, 9, 3, 11, 17, 19, 22, 25, 28, 16, 27, 2]
Line 9: [14, 11, 17, 12, 8, 26, @, 22, 25, 28, 16, 15, 10]

All users' score:
do: 51.92%, dl: 44.58%, d2: 3.51%, dun: 0.0%, ATT: 17.97 minutes
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Bus passenger demand per link:

Line 1: [13266, 9768, 12350, 26590, 35886, 23610, 19680, 14876, 9900, 5548]

Line 2: [15640, 10826, 32678, 32026, 32380, 17668]

Line 3: [976, 9530, 460, 4582, 10638, 10468, 8354, 12594, 9912, 8924, 7128, 4608, 2441, 5104]
Line 4: [5452, 6140, 10268, 14956, 18230, 19410, 16392, 16938, 13362, 9230]

Line 5: [8826, 4358, 1612, 1792, 7774, 19346, 30150, 21584, 15892, 7874, 561]

Line 6: [4302, 5480, 1990, 3910, 11474, 11504, 15546, 11280, 8844, 7078, 5708, 3682, 561, 8010]
Line 7: [116@, 1130, 8266, 6380, 8858, 14596, 2388, 2958, 2728, 1866, 3211, 3568]

Line 8: [2878, 5462, 5842, 10172, 19158, 21128, 19980, 13422, 14076, 15500, 13646, 10112, 6842,
3704]

Line 9: [24344, 25600, 26794, 21052, 10114, 18338, 27592, 25232, 22814, 23240, 19222, 8160]

Bus information per line:

Line 1: Route duration (m): 43, Frequency (veh/h): 13, No. of vehicles: 21, Vehicle type: A,
Max. Capacity (pas/h/link): 1950

Line 2: Route duration (m): 28, Frequency (veh/h): 12, No. of vehicles: 13, Vehicle type: A,
Max. Capacity (pas/h/link): 1800

Line 3: Route duration (m): 59, Frequency (veh/h): 9, No. of vehicles: 20, Vehicle type: N, Max.
Capacity (pas/h/link): 720

Line 4: Route duration (m): 42, Frequency (veh/h): 7, No. of vehicles: 11, Vehicle type: A, Max.
Capacity (pas/h/link): 1050

Line 5: Route duration (m): 46, Frequency (veh/h): 11, No. of vehicles: 19, Vehicle type: A,
Max. Capacity (pas/h/link): 1650

Line 6: Route duration (m): 62, Frequency (veh/h): 11, No. of vehicles: 26, Vehicle type: N,
Max. Capacity (pas/h/link): 880

Line 7: Route duration (m): 49, Frequency (veh/h): 10, No. of vehicles: 18, Vehicle type: N,
Max. Capacity (pas/h/link): 800

Line 8: Route duration (m): 54, Frequency (veh/h): 8, No. of vehicles: 16, Vehicle type: A, Max.
Capacity (pas/h/link): 1200

Line 9: Route duration (m): 50, Frequency (veh/h): 10, No. of vehicles: 19, Vehicle type: A,
Max. Capacity (pas/h/link): 1500

Final Cost per Line:

Line 1: Bus: @, e-Bus: 7350000, Battery: 1512000
Line 2: Bus: @, e-Bus: 4550000, Battery: 936000

Line 3: Bus: @, e-Bus: 7000000, Battery: 1440000
Line 4: Bus: @, e-Bus: 3850000, Battery: 792000

Line 5: Bus: @, e-Bus: 6650000, Battery: 1368000
Line 6: Bus: @, e-Bus: 9100000, Battery: 1872000
Line 7: Bus: @, e-Bus: 6300000, Battery: 1296000
Line 8: Bus: @, e-Bus: 5600000, Battery: 1152000
Line 9: Bus: @, e-Bus: 6650000, Battery: 1368000

Number of Charging Stations:13,
Final Cost of Charging Stations:780000

Chargers List: {2, 3, 4, 5, 7, le, 11, 14, 15, 20, 21, 23, 28}
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