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v Eloaywyn

v Aopn Twv BSS

v" BSS yLa NAEKTPLKA oxrpaTal
v" BSS yLa NAEKTPLKA LLNXOVOKLOL
v" BSS yLa nAeKTPLKA TTAOLOL
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Eloaywyn

= To €vvola TnC umnpeoiog tou battery swapping npotabnke apyika to 1896.

" [lpaypatomolndnke ylo mpwtn ¢opd petaéyv 1910-1924, amo tnv €tapeia
Hartford Electric Light Company, péow tng umnpeoiac General Vehicle
Company (GeVeCo) pnataplwv, n omoia e€umnpetovos nAeKTPLKA dpopTnya.

= O WBLOKTATNG TOU oXNUATOC ayopale To OXNUO, XwPLC pmatapia, amo tnv
GeVeCo, n omola Atav v pepet Wdloktnoia tn¢ General Electric.
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Eloaywyn

Kat ta 6U0 oxAuota Kol oL pmatapieg oxedliaotnkav yia vo SLeukoAUvVouV
Lo ypriyopn avtaAioyn.

H evépyela ayopalotav amnod tnv Hartford Electric oe popdpn avtaAAa&iung
prtortaploc.

O blokTATNG TANPWVE €val HETAPBANTO KOOTOC ava MIAL KoLl plal pnvioio
XPEWON TNC UMNpPecoia yla va KAAUYPEL T cuvtApnon Kol tTnv amoBnkeuon
Tou doptnyou.

ATtO To 1917 KOl yLa HEPLKA XPOVLA, ML TTOPOpOLA UTtNPECLaL Aeltovpynoe
OTO ZLKAYO YLa TOUC LOLOKTATEC TWV NAEKTPLKWV avtokwTtwyv Milburn.
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Eloaywyn

To 1993, n Suntera avemtuée eva nAekTpkO oxnua dUo BEocewv e TPELC
TpoxoLC Ttou ovopalotav SUNRAY, 1o omoio eixe €va AmOOTIWHEVO KIBWTLO
urotapilac tTo omoio pmopouvos va avtikataotoBel evtog Alywv Aemtwy o€
gvolv 0TaOuo avtkataotaong urotapwwy (Battery Swapping Station, BSS).

To 1995, n Suntera pocBeoe £va NAEKTPLKO CKOUTEP.
H etapeia petovopaotnke apyotepa o Personal Electric Transports (P.E.T.).

Meta to 2000, n Talpeiat KATAOKEVAOE EVaL NAEKTPLKO AswdopEio.
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Battery swapping
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Aoun twv BSS
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Aopn twv BSS

Evag BSS amnoteAeital ano ta €€N¢

UTTOCUCTAHOTO

d.

Yuotnua anobnkevonc (Energy storage
system)

Yuotnua doptionc (Battery charging
system)

Yuotnua eniBAePnc kot EAEyyxou
(Supervisory and control system).

Mechanical/Electrical connection
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Battery swap system
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Aopn twv BSS

To cuotnua urtootnPLEnc (Support
system) neplhapBavel ta mopakaTw:

a. To oloTnua moPoxNS NAEKTPLKAC
evepyeLlac (Power supply system)

b. To cUoTNUO TNAETIKOLWVWVLWV
(Telecommunication system).

Mechanical/Electrical connection
mm == 3 Communication

Battery swap system

Battery swap station

Supervisory ang
control system

Storage system

Charging systefn

Light Electric
Vehicle

Power supply
system

| |
Telecommunication
svstenl
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Aopn twv BSS

Metaoxnuartiotée  owavounic  (Distribution Transformer): MetatpEnel
(urtoBLBalel) TNV Tdon Tou SIKTUOU NAEKTPLKAC EVEPYELOC OTO ONKELO oUVOEDNC
LE TO ALMAVL OTNV OVOMOOTLKN TAon €l0odou tou doptloth tou otabuou. MNa
nopadeypa, n tdon tou SIKTUoOU NAEKTPLKAC evepyelag otn MT eival petaéu
15kV kat 20kV kot nipemet va uttoPBLpaoctel og 120V, 240V i 400V.

Battery Packs
Distribution

' AC Transformer
grid

Bidirectional
v AC/DC Charger
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Aopn twv BSS

2taduoc poptioncg (Charging Station): O otaBuoc poptiong petatpemnel tnv AC
LoxV tou Siktuou oe DC (AC-DC converters), yia vo. $opTioeL TIC pUmatapiec.

E.al:tery- F‘acks

AC Transformer
grid
Bidirectional

% % ‘ AC/DC Charger ’
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Aopn twv BSS

Battery swapping station: O otoBuoc battery swapping ypelaletat ylo tnv
QVTLKOTAOTOON TWV EKPOPTIOUEVWV UTTOTAPLWY HE TIANPWS Poptiopevec. H
aAAoy) TWV UITOTOPLWV MUTITOPEL val YiVEL €lte HE YEPAVO, KATIOLO POUTTOTIKO
ocuoTNUA 1 KATIOLo €LOLKO OXNua (KAapk).

N

Battery Packs

Bidirectional
AC/DC Charger
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Aopn twv BSS

Erunpoodeto¢ eéonAiouog: O otaBuoc battery swapping pmopet va dlabetel
ETUMAEOV OLOOECIUEC UMATOAPLEC YIOL TIEPLMTTWON EKTAKTNG QVAYKNG, Ol OTIOLEC
LUTTOpoUV va amoBnkevovial 000 TEPLUEVOUV OTov otabuo ¢optiong. TEAOC,
TIPETIEL VOL UTIAPXEL KOl EEOTIALOMOC LETADOPAC TWV LUTTOTAPLWV.

I Battery Packs
Distribution
2

Bidirectional
AC/DC Charger
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Pros and cons

= Efolkovounon xpovou.

= Auvénon tn¢ avtovouioc tnc obnynong.

= Eéolkovounon KOoTou¢ yla TOUC XPHOTEC.

= Awatipnon tng vyEiag tn¢ Unatopiac.

" Fupeia dtadeouotnta otaduwy avtlKataotaonc.

" Kealdaiomnoinon yla eTapeiec NAEKTPLKWVY OXNUATWYV KAl TTAoiwVv.

" AcuuBatotnta Twv unataplwv UE NAEKTPLKA OXNUATA KAl rTAoia.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping challenges

1. Mn ouowouoppiaa Kol Kakn
aloniotia NG ouvvdeong Twv Battery ownership Interchangeability
otaOpwv battery swapping pe to

, , , 1 e
OLKTUO NAEKTPLKNC EVEPYELALC. \ /
2. AuokoAia oocov oadopd otov
eViaio oyxedlaoud koL tn Sopry Datery degradation .4—( BSS )—b. Feasibility

TWV UTTOTOPLWV YL val ETLTEVXOEL
Kowrn xpnon v OladopeTikd ‘
LOVTEAQL. o

Charging Infrastructure
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Battery swapping challenges

3. Mn wpwun texvodoyia kol uPnio
KOOTOG KATAOKEUNG TWV OTOOUWV Battery ownership Interchangeability
battery swapping. . .
4. Avenmapkhnc¢ aflomoinon mnoépwv \ /
Aoyw €AAewpnc pebBodou yla tov
POGSLOPIOUG  TNC TomoBeaiog Dattery degradation .4—( BSS )—b. Feasibility

TwV oToBuwv Kal Tou aplbpou
TWV UIoTapLWwyY, ONMwc Kol Tou ‘
XpOvou hOPTLONC TOUC. o

Charging Infrastructure
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BSS yio nAektolkar oxnuota
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Battery swapping o€ nAeKTPLKO oxnuatTa

2TadUOC POPTIONG NAEKTPLKWYVY OXNUATWV

--------- EV Traffic Route

I:> Battery Logistics Route

s Power Flow

CS Charger
E BSS Robot
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Battery swapping o€ nAeKTPLKO oxnuatTa

Kevtpikorownuévo ocuotnua Battery swapping

= OL unnpeoilegc  ¢optiong Kol

QVTIKATAOTOONC UTTOTOPLAIY o m i
PO LLATOTIOLOUVTAL o€ Svo S '
SLODOPETIKEC EYKATAOTATELC. . ﬁewsmge
= BSS: n adewa pmatapio  tou = E e
NAEKTPLKOU OXALLOTOC & ypr /. R, .
avtikaBiotatol HMeE .  TANPWC ? - =
bOPTIOMEVN  KOL OTn  OUVEXEL = D — :
anoBnkeveTal oTO padL — (&2 | R aled —
atoBNKELVONC LUTTATAPLWV. D e e e =
= CBCS: oL adelec  pmatoplec (- -~
OUYKEVTPWVOVTAL KoL HETADEPOVTOL Q jJ_

oTov oTaBuo poptonc.
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Battery swapping o€ nAeKTPLKO oxnuatTa

Aleonapuevo cuotnua Battery swapping

" Distributed BSS "\

doptiletal otnv idla tonoBeoia.
(Enp ()

/. G

* H unatapiot TOU  NAEKTPIKOU . (g (G
oxnuotog avitkabiotatal Kot |
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Battery Distribution and
Dispatching Center
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Battery swapping o€ nAeKTPLKO oxnuatTa

Centralized | Distribut
| |resos | Cerpyed gl

Compatibility of EV Medium Low Medium Low
Freedom of Site Location Selection High High Low
Service Capacity/Unit Cite Area Low Very High High
Initial Construction Cost Low High Medium
Station Operational Cost Low High Medium
Battery Logistice Requirements Mone High Low
Battery Storage Requirements Mone High Medium
Power Grids’ Impact Concern High Low Medium

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTPLKO oxnuatTa

H tumikn apxLTEKTOVIKI) OUOTNUATOC EVOC BSS arid ey v
— _swoen ||
Subsystems Pg”:g; fsl:g&w 3 S —

Battery Pack

I

I

I

I

I

I

| Battery Swap Station Subsystem .

I

| I
M |
Subsystem Name | Subsystem Function Subs:sl?ems | :
Lane Transfer and/or Position EVs to the Designed Location to Get I
Subsystem Ready for Battery Handling I
Battery Handling  Transfer the Battery Packs Between the Battery Storage Zone !
Subsystem and the EV, Also Known as BSS Roboi | i T~ .\ -
Battery Storage Store Batteries, With a Series of Equipment That Can Monitor [ ——_ Csﬁtpergs%ry a?d
Subsystem the Status of Battery Packs and Ambient Conditions CrTeT SHRsySTEm
- e
Battery Charging Assistant | -
Subsystem Recharge the Battery Packs Subsystems Ma?,“iﬂﬁ;"m
Subsystem
EE— Intersection of the BSS and EV Subsyeten
#4————» Physical Connection — — — — Logical Connection
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Battery swapping o€ nAeKTPLKO oxnuatTa

According to Automation Level

Automatic Mode Fully Operated by the Automatic Electrical/Mechanical Systems, Without Any Human Labor

Semiautomatic Mode Initiated and Controlled by Human Operator While Assisted by the Electrical/Mechanical
Systems, Equipped With Sensors Other Automatic Devices

Manual Mode By Manual Tools, Which Are Operated and Controlled by Human Operators

Side-Swapping Commercial EV's, Which Have Battery Packs Installed in Both Sides of the Vehicle's Body

Bottom-Swapping Passenger Viehicles With Battery Packs Installed in the Chassis of the Viehicle's Body

Top-Swapping Commercial Electric Buses, Which Have Battery Mounting With Sliding Door

Front/Rear-Swapping Passenger Vehicles With Battery Packs Installed in the Trunk of the Vehicle's Body

According to Swappable Electric Vehicle Type

For Passenger Cars Such as Private Cars and Taxis

For Commercial Vehicles Such as Buses and Sanitation Trucks

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTPLKO oxnuatTa

Epapuoyn kat kataokeun twv otaduwv Battery swapping — 2uvoAilkog oxeblaocuocg

( )

Charging Charging
Equipment i Equipment

Charging and Swapping Workstation
Charging Rack Charging Rack
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Battery swapping o€ nAeKTPLKO oxnuatTa

KAewoto ocuotnua optioncg / anodnkevoncg unacapiwy - Enclosed battery charging
and Storage Design
= O xwpoc amobnKevonc UaTapLwWY, 0 EEOTIALOUOC POPTLONC KAl Ta pOUTTOT BSS
ToTtoBeToUVTAL OE £vav KAELOTO XWPO.
= AUTOC O OXeOLOOUOC MTIOPEL va HEYLOTOTOLNOEL TNV TpooTacia Twv
EVKOATOOTACEWV GOPTIONG KAl TNV aodAAElD TOU TIPOCWTILKOU KOl TWV
XPNOTWV.
= OL punatopie¢ pmopoUv  va amoBnKeutoUv  XPNOLUOTIOLWVTAC  TO
OQLUTOMOTOTIOLNLEVO cUoTNMA amoBOnKeuong Kol avAaKTnoncG.
= Juotnuota Yuéng, Oepuavong, e€oeplopov, GCUAAOYNGC OKOvVNG Ko
nupoofBeonc cuvepyalovTal ylo VoL TIApEXOUV TO €rlBupnto meptfailov yla
TNV amoTteAeopaTIK Kot aaodaAn GOPTLON TWV UITATUPLWV.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



TornoBeola eykataotaonc otabuwy Battery swapping

1. Aktiva géunnpétnong - Service radius: H péylotn amootaon tn¢ MEPLOXNAC
gEumnpETNoONG Tou pIopel va kaAUPeLl gvac otabuoc doptiong / battery
swapping. Eva koAd opyavwpévo Oiktuo otaBuol ¢optione / battery
swapping Ba mpEmel va KAAUTITEL OAEC TIC SLOOPOUEC EVTOC TWV TTEPLOXWV
getuntnpetnoncg tou, 6nAadn kdbe onuelo oto Siktuo Ba mpPemeL va BplokeTol
EVTOC TNC OKTlvac eEumnpetnong Touldxlotov evoc otaBuol ¢optiong /
battery swapping.

2. Anautnosic aopoaldeiac — Safety requirements: O KUplOTEPOC TUTIOC
urtatapwwv H/O onuepa eival ol pmatopieg toviwv-AtBiov. Ot otabuol
battery swapping ocuvnOwc amattovv evav aplOpo ePpedplkwy UTATOPLWV.
AapBavovtog utodn Tov aoTaBeC XopaKTHPA TWV UITATAPLWY LOVTWV-ALBiov,
n aodpAAela €lval €vac ONUOVTLKOC TtapAyovioc Tou TpemeL va AngOei
urtoPn Katd Tov oXeSLooUo Twv otabuwv battery swapping.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



TornoBeola eykataotaonc otabuwy Battery swapping

3. Kootoc¢ 9éonc eykataoraonc — Land price and city planning: Ot damdavec yng
Ba pmopovooav va amnmoteAéocouv TN MeyoAUTeEpn emevduon €voc otabuou
battery swapping otic moAselc. Me Bdaon tnv aktiva e€umnpetnong €voc
otabpov battery swapping, mpemnel va dlatnpeitol Loopporia HETAEL TNC
TLAC TNG YNC KAl TNE EVKOANG tpooBaonc.

4. EMIKOUPLKEC eyKataotaoel — Supporting facilities: Evoc otaBuocg battery
swapping XPELAETOL UTIOOTNPLKTLKEC EYKOATOOTAOEL, OTMWC EYKATOOTAOELC
TOPOXNC NAEKTPLKAC EVEPYELAC, TIOPOXNC VEPOU Kol UTTOSOUEC BEpuavonc.
EWOIkA ywa tnv mopoxn NAEKTIPLKAC EVEPYELAC, OTOUC otaBuouc doptiong
NAEKTPLKWV OXNHATWY, Ml o€LOTILOTN EYKATAOTAON TAPOXNC NAEKTPLKAC
EVEPYELOC ELVOL OXL LOVO N BAon yla TNV TOLOTNTA TWV UTINPECLWV GOPTLONC
€VOC oTtaOpou, aA\a pmopel emiong va LELWOEL TIC ATTWAELEC EVEPYELAC, TO
KOOTOC NAEKTPLOUOU KO, KOTAL CUVETIELQ, TOL AELTOUPYLKA KOOTN TWwV OTAOUWV.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



TornoBeola eykataotaonc otabuwy Battery swapping

5. Tnyéc evépyeiwac — Power sources: EKTOC OtO TNV €VEPYELOL TIOU ELOAYETOL
armo to diktuvo, punopel va xpnolpomnolnBel kat Slecmapuevn mapaywyn amno
ovotnuata AMNE ywa tnv utootnplén tnc Aettoupyiog tou otaOpou. Me autov
TOV TPOTIO, OKOMA KOl O€ TEpLTTwon SloKomAg tng mapoxng pevUAToC, O
oToOUOC Utopel va AettoupynoeL o kamoLwo Babuo. EnumpooBeta unapyeL n
Sduvatotnta aviaAAaync eVvEpyYeLOC HETOEL TOU HLKTUOU NAEKTPLKAC EVEPYELOLC
ne ta oxnuata (V2G). Ou povadec amoBrikevong evEpPyeLag amoOnkevouv
ETUMAEOV EVEPYELQ, N OTola UIopEL val xpnotpomnolnBet yla tTnv Looppomnon
ToU dopTiou evEPyeLaC TOU OTAOUOU Kol Tou SIKTUOU EVEPYELAC.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



TornoBeola eykataotaonc otabuwy Battery swapping

6. AAAot mapayovteg: lMapayovie¢ OmMw¢ o TANBUOMOC NG TEPLOXNG, TO
ueyeboc tng moAng, Sitelocduon Twv NAEKTPLKWY oxNUATWY KATt. TEAOC, ol
Aeltoupylkol mapayovteCc adopouv Ta AETOUPYLKA YOPOKTNPLOTIKA TWV
otaOpwv battery swapping kol Tov TUTO KOl TOV OKOTIO TWV NAEKTPLKWV
OXNUATWYV TTOU Xpnolpomolouv Touc otabuouc.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

1. Még8oboc¢ ocuotnuaroc avtikataotaon¢ evo¢ Bnuatoc — One-step BSS

Commercial EVs

| | s |

Charging Rack
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2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

2. Még80bo¢ BeAtiwuEvou ocuoTnUATOC avtiKataotaong evo¢ Bnuaro¢ — Improved One-step

> ) O O G S

( :t‘ Hnbnt i ] ( :(i FIDb-Dt :): ]
Commercial EVs
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2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

3. Mé&8obo¢ tumikouU cuotnuato¢ avrikataotaonc dvo Bnuaroc — Standard two-step
BSS

Exchange Section

Commercial EVs

Batery | Batry || Batery | Bty | | Bty

Storage Section
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2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

4. Még8obo¢ tumikou cuotnuatoc¢ avtikataotaong dvo Bnuaroc — Compact two-step
BSS

L — - -

Commercial EVs

Storage Section

5. Mé&Sodo¢ nAnpwc¢ autoUaTOOINUEVOU CUCTHUATOC avTikataotaonc — Fully
automatic BSS

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

1. Mrnartapiec oto nmopt-uraykal Tov oxnuatog — Battery in truck

Charging Rack

Passenger EVs

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



2XEOLAOLLOC eyKaTOoTAONC oTaBuwy Battery swapping

2. Mrartapiec oto damebdo tou oxnuaroc— Battery under the chassis

Passenger EVs

Underground

T ——
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Awaelplon TnC Aettovpyloc otabuwy Battery swapping

" Tl TNV €€aodpaAlon TNC OTTOTEAECUOTIKOTNTAC, TNG QAOPAAELOC KOl TNG
otaBepotntag, €vog otabuoc xpelaletal €va cuotnua TopakoAoudnong,
ge\€yyou Kal SlaxelpLong tnec Asttoupyiag tou. Auto To cuoTnua TtapakoAouBetl
OAa. Tt €ibn yeyovotwv otov otabpo, cupmneplhapfovopevng tng $optiong
TWV Kol TNG aviaAAaync Twy pmotaplwy, Tng anobnkevong kot tng SLEAsvoNg
TWV OXNMUATWV.

= KaBe vnmoovotnua Tou otaOpoU cuvOEETOL HECW OLKTUOU TOTILKOU EAEYXOU OF
EVOL KEVTPLKO OWLLATLO EAEYXOU. 2€ AUTO TO KEVIPLKO OWHATLO EAEYXOU, OAO T
dedopéva cuAAEyovTaL Kat avaAvovTal amo tov SLaxeLpLoTn Tou otabuou.

= Eva cuotnua dtaxeiptonc Asttoupylag sivat umtevBuvo yua tn SlaxelpLon tTwv
UTINPECLWV TIPOC TOUC TIEAATEC, TN METPNON KOl XPEWON TNG EVEPYELAC, TN
Staxeipton tng amodoong, TN OSloxelpton aAmMoBepATWY UTATOPLWY, TOV
KEVTPLKO EAEYXO Kol AAAQL.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



[T\otkol otaBuot Battery swapping

Ztaduoc battery swapping nAeKTpIKwWV Acw@opEiwv

Texvoloyia one-step BSS kat €xeL tn duvatotnta va
eéunnpetnost nepimou 1.000 H/O kaB®nuepiva.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



[T\otkol otaBuot Battery swapping

2taduoc battery swapping nAektpikwv taéi

Texvoloyia NUL-OUTOMOTOU CUCTAMATOC QAAQYNG UITATOPLWVY
LE TN XPNON UNXOVWV OVTLKATAOTOONC OO TOUC XELPLOTEC

Tou otaduou.
- Xpovo¢  avtikataotaonc ¢

L urtatapiac: 60-90 deutepolenta

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



[T\otkol otaBuot Battery swapping

2taduoc battery swapping nAEKTPLKWV QIOPPLUUATOPOP WYV

Texvoloyia Compact two-step BSS.
Mropel va TOpPEXEL UTINPECLEC QVTIKATAOTAONC YL OKTW NAEKTPLKA OXAUOTO
TOUTOXPOVA. AVTLKOTAOTOON Utatapiac oe 6-8 Aemta.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



BSS yio nAEKTOLKO UNYOVOKLX

POWER ELECTRONICS GROUP (DEMOCRITUS UNIVERSITY OF THRACE - DEPARTMENT OF

29.09.2022

ELECTRICAL & COMPUTER ENGINEERING)



Battery swapping o€ NAEKTPLKO LY OVAKLOL

= Xewpokivntn allayn pratapiog — 0 XpPROoTNG KAVEL TV QVTIKOTAOTAON TNg
uratopiag Lovog tou.
= [pryyopn dadikaotia.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



(Gogoro

Xeipokivnto Battery swapping o€ nAektpika scooter kait HOTOOLKAeTwWVY — TeA ABiB

To  pnyavakt  ¢tavel tTov  otabuo
avtaAAayng, o xpnotng adolpel  TLC
XPNOLUOTIOLNMUEVEG  UTTOTOPLEC KOl TLC
TomoBetel otnv utodoxn.

H ouvokeup ektoéevel OSUo  TANPWC
bGOPTLOUEVEC UTTATAPLEC.

O XprioTtng TOMOBETEL TIC YVEUATEG UITOTAPLEC
NMAAL oto okoUtep pou Gogoro S2 ABS kot
beUVEL.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)
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(Gogoro

Xeipokivnto Battery swapping o€ nAektpika scooter kait HOTOOLKAeTwWVY — TeA ABiB

= OAOKAnpn n Owadikaoia Slapkel mepimov 45 S

n MW

e R T Q5 e 19707 Wy a4
: " \ LN : ﬂ?fﬂ \ X N o RIS lv J
\ r-;4 = L

SeutepOlemta, oupmep\apBavopévou tou ook EEE e -
wof e @

MOPKAPLOUOTOC KOl TNG avaxwpnonc.

= Elval tooo amAo eneldn ol pnotapileg ival
gEoMALONEVEC e €EUTIVO OUOTNMO KOTA TO
OTIOLO «EEPOUV» OE TOLO OKOUTEP NTOV Kol
ETUKOLVWVOUV OAEC QUTEC TIC TMANpodopLeC
LLE TO KEVTPO TNC Gogoro.

o O\
kg

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)




(Gogoro

Xelpokivnto Battery swapping o€ nAeKTpLKd scooter Kol LIOTOOLKAETWY —

= & OAn TNV TOAN elvat Staveunpévor ot N

TeA ABiB

(19707 1 fara

0-774- Tt 1,1

N2 e [

otaBuol battery swapping o€ anooctaon 3-5 e
XIALOpETPA HLETAEL TOUC. =l

= Autovouia 45 pidta (72 xAopetpa) e
toxutnta 59 mph (95 yAp/wpa).

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)
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Battery swapping o€ NAEKTPLKO LY OVAKLOL

Number of electric motorcycle battery swapping stations in Thailand as of
September 2023, by provider

Winnonie

103

Honda PCX E.ectric Smart

H SEM Power station

Swap and go

ETRAN Power station

WATT's UP

ECAT

ZHI EV station

MaCharge

Batt Swap

o 20 40 60 80 100 120

Number of electric motorcycle battery swapping stations

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



BSS yio nAektoika Aol

POWER ELECTRONICS GROUP (DEMOCRITUS UNIVERSITY OF THRACE - DEPARTMENT OF

29.09.2022

ELECTRICAL & COMPUTER ENGINEERING)



Battery swapping o€ nAeKTpLKA TTAOLA

" To epLooOTEPA NAEKTPLKA TTAola TPOC TO TTAPOV AELToupyoUV LE AsLtoupyia
dOpTIONG TNG Hmataplac. Me TNV €ykaTAOTOON TIEPLOCOTEPWY LTTOTAPLWV
oTo TAoLo oTo MEANOV, O auénuUEvog xpovoc @Ooptionc tng unatapioc da
UELWOEL CNUAVTIKA TNV artodoTikotnTa Asttoupyiag tou mAoiov.

" EmutA€ov, AOYyw TOU TIEPLOPLOMEVOU XWPOU KOl TOU KOOTOUC emEvéuUONG, O
APLOUOC TWV EYKATECTNUEVWV UITATAPLWY OTO TTAOLO ELvVOL TIEPLOPLOUEVOC KoLl
dev pmopel va Lkavormolnoel tTn {NTnon Tou E0WTEPLKOU TTAOLOU yLa TTAonynon
LEYAAWV OTTOOTACEWVY, £TOL N TIAPOXN ETUTAEOV EVEPYELAC OTN HEON TNC
Stadpounc eivat avamodeuktn.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTpLKA TTAOLA

" EmutA€ov, To MPOPBANUA TNEG AKAVOVLOTNG GOPTIONE TWV UITOTAPLWY OTIO TOUC
LOLOKTATEC TwV TAolwV Ba avénoeL tnv apvntikn eridpaocn tng SLadkaoiog
dOpTIONC O0TO SIKTUO NAEKTPLKNG EVEPYELAC KoL OO EMNPEAOCEL THV MOLOTNTA
LoxUoc¢ oto onueio ocuvéeong.

" Ta raparnavw mpoAnpata pmopouv va e€aleldBolv péow NG EPAPOYNAC
battery swapping ota nAektpika mAoia.

= [IpoKeLUEVOU va eTTEVXOEL N Asttoupyla MAOLWY UE PEYAAEC ATTOOTAOELG LLE
N Asttoupyia battery swapping, Ba kataokevoaotoUv opKketol otaBpotl

QVTLKOTAOTOONG MITATAPLWY KATA Ko TNS dtadpounc mAonynonc.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTpLKA TTAOLA

= Otav 10 mAolo ¢ptavel otou¢ otaBuouc battery swapping, oL adeleg
urotapiec Ba avrtkabiotaviol ano MANPWS POPTIOUEVEC UTTATAPLEC, OTN
ouvexela ot adelec pmatapiec Ba doptifovtal otnv meploxn doptong NG
urotapilac Kot to mAoio Ba avaxwpel arnod tov otabuoc BS mpog tov eMOpeVo
oTaBuO.

= e autnv tn Owadlkacia, 0 xpovo¢ avriKaAtaotaong tn¢ pratapiac gival
TTOAU ULKPOTEPOC QIO TOV QVTIOTOLYO XPOVO (POPTILONG TNE UMATAPILAC, KOL
£TOL MpowOBeital N armodoTKOTNTA AELTOUPYLAC YLa Ta TTAOLAL.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTpLKA TTAOLA

" EmutA€ov, n pnotapla pmopet va dopTlleTal KEVIPLKA arto TOV AELTOUPYO TOU
BSS. Otav To TOTKO TUNMA ULOBETEL TNV XPOVIKA HETABAAAOMEVN TLUN
NAEKTPLKNG EVEPYELAG, O AElToUpyOC Umopel va doptilel tnv pmatopla os
XOLUNARN TLUN YLOL VO LELWOEL TO KOOTOC AeLltoupyiag yia to BSS.
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POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ mAola

AmtoutoUpevog e€OTALOLLOC:

FEpavocg 1| POUTTOTIKO CUOTNUA ) ELOIKA OXYHUATA YlO. TNV OVILKOTAOTOON
TWV UTTOTOPLWV.

2taduoc (popTIoNG TWV UITATAPLWV.

Ktnpto arrodnkevoncg twv unaraplwv.

Eidika dtapoppwuévog xwpoc oto Alpave (mtpoBARTa) ywa tnv MPooEAEUON
Twv TAolwv kat tn Oletaywyn tnNg OSLadlkaoilag avilkataotaons Twv
LLTTOTOPLWV.

Eykataotaon ouvdéeonc tou otaduou battery swapping pe to biktuo
NAEKTPLKNC EVEPYELAC (LETAOXNUATIOTEC KATT).

Eykataotaon ouoTiuatoc napaywyns NAEKTPLKNG EVEPYELAC.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ mAola

" To kOoTOC Acttoupyiog tou MANPWC nAektpkoU TAolou pEow tou battery
SWapping Kuplwg armoteAEltol Oamod TO KOOTOC QVTIKATAOTAONG TNG
unatapiag, To OmMolo UIMOPEL vor UTTOAOYLOTEL PE TOV TTOANOTTAQCLAOMO TNC
KOTAVOAWONC EVEPYELOC LLE TNV TLLLA AVTILKATAOTOONG TNE Uratapiog.

" [IpOKEWUEVOU VA UEIWTEL TO KOOTOC QVTIKATAOTOONG TNG Umatapiog, to
TIAOLO TIPETEL VO UELWOEL TNV KATOAVHAWON EVEPYELAC KAl vo. PTACEL OTO
ALLOVL LE XOLUNAN TIMA OVTIKOTAOTOONC UITOTAPLWV.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ mAola

= [apOAo MOV N KOTAVAAWON EVEPYELOC MTTOPEL var LELWOEL pe tn pelwon TG
Taxutntog, n Heiwon tng tayutntac da avéNoEeL Tov xpovo mAonynong Ko
Oa pokaAEoeL TNV KBuoTEPNON TOU TTAOLOU OTLC TTEPLOSOUC E XOLUNAR TLUN
QVTLKOTAOTOONG MITOTOPLWY otov otabuo battery swapping kat prnopel
QKON KoL val LNV OAOKANPWOEL TIC LETAPOPLKEC TOU EPYACLEC EYKALPWC.

" JUVENWC, N BeAttotomoinon tn¢ TaxyuTNTAC XPNOLUOTIOLELTAL Yia va eTAUOEL
QUTO To TIPORBANUA.

* EmuumA€ov, Aappavovtac umoyn otL n Slaxelplon tnNC EVEPYELAC KoL TO
nPOoypapLpa TTAonynong ocuvOgovtal yLa To TANPWC NAEKTPLKO TTAOLO, TO ormolo
dev umopet va emAuBel Eexwplota, mpoteivetal N uédodoc¢ BeAtioromnoinonc
NG TAYUTNTAC KOl TNG EVEPYELAC Yla TO MANPWC NAEKTPLKO mAoio oOe
AglToUpyia avTiKaTaoTOAONC MUITATAPLWYV Yl TNV EAa)loTomoinon Ttou
KOOoToU¢ Asttoupyiacg.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Battery swapping o€ nAeKTpLKA TTAOLA

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Ship leaves the
port

Ship arrives at Battery
the BSS swapping

Battery charging

9
------------------------------------------------------------------------------

Battery swapping station

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Fleetzero

" Battery swapping o€ eumoptika mAoia.
" JTAON Of MLKPOTEPA AlpAVIA KOl €0WTEpLkA voata, ota omola Ba umapyouv
otaBuol poptioncg kal battery swapping.
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POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Fleetzero

T 1 : ' 9 — 1 :
e mmm  POWETING Batieries — 111 powering

Total: 9 batteries 1 ship per ship : 10 batteries

Assume it takes 3 batteries to power a battery-swapping ship Adding additional ships and stops for battery swapping
from one port to another. This ship would need 9 batteries to in this illustration means each ship needs only 1/3 of
operate continuously with battery swapping, 3 for the ship, the energy storage. There are only 1.67 batteries per
and 3 stationed at each port. If the vessel were a plug-in only, ship in this scenario. If the vessels were plug-in only,
this scenario would only use 3 batteries per ship with no the requirement would be 3 batteries per ship.

charged batteries waiting in port.
Fleetzero

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering) 57



SHIFTR — Autonomous BSS

Autouatn evadAAayn twv
UMTATAPLWY UE POUTTOT
aVTIKAOTA ypHyopa EwG
KOl TEOOEPLC MUTTATOPIEC

oTOo AluavL.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



SHIFTR — Autonomous BSS

= Xelplotnplo ».1._

= AveAkvotnpog / avuPwTiko pnxavnua \‘

" POUMOT METAKIVNONC TWV UITATAPLWV

" Xwpoc¢ amoBnKeuonc TWV UImaATopLWV
" TpoxnAatocg pavtog tonobeTnong Twv
LLTTOTAPLWY LE OKOTIO TN HETAPOPA TWV

MANPWC POPTLOUEVWV UTTATOPLWV

UtpooTA

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



SHIFTR — Autonomous BSS

= Xelplotnplo ».1._

= AveAkvotnpog / avuPwTiko pnxavnua \‘

" POUMOT METAKIVNONC TWV UITATAPLWV

" Xwpoc¢ amoBnKeuonc TWV UImaATopLWV

" TpoxnAatocg pavtog tonobeTnong Twv
LLTTOTAPLWY LE OKOTIO TN HETAPOPA TWV
MANPWC POPTLOUEVWV UTTATOPLWV

UtpooTA

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



SHIFTR — Autonomous BSS

= KapouleA to omoio Ba PpepeL
TIAVW TOU TLG HImaTapileg ko Oa
elval tonoBeTnUEVO MAVwW OTO

TtAolo

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



/ESpack — battery swapping

OO

Sailing e

OL pratapiec ZESpack Asttoupyouv
WC CUOTHHOTO UITATOPLWY Ta oTtola
XpNOoLHomoLouvTaL ylo. TNV mapoxn /‘
EVEPYELOC OE E€UTOPLKA  TTAola

(container ships) kot pmopouv va 2:1:':36
amoomwvTal Kot vo oAAdlouv e 7 i Docking station: charging ZESpack

ZESpacks. Always a full

AAAOL CUOTAUOTO MITATOPLWY, TO ZESpack ready to go.
, , , , Replace for full

omola €val TMANPWG POPTLOMEVA,  ZESpack

o€ Alyotepo amo 15 Aenta. “~

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



/ESpack — battery swapping

= Ta nAektplkd poptnyad nmAolo €xouv armnaitnon o€ NAEKTPLKN oL ton pe 500
— 1000 kW.

* Exouv g€omALOTEL pE 2 cuoTApaTa pratapiwyv ZES twv 2 MWh yla va €xouv
auvtovouia ewe 60 — 120 km.

ZER
EMISSION
SERVICES

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



/ESpack — battery swapping

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Electric ship — Deep blue

Deep blue 40T

" HAEKTPOVIKO ouUoTNUO €AEyXOU
ToU yKal{lov

= HAektplkOC¢ Klvntnpac uPnAng

On-board computer with

=g

Elactronic ramots thnottla with ey

yitch and emergancy magnetic stop

LoV OC RO
= YUotnua ntAnpodoplwv
= Juotnua dlaxelplong 2veeeery Rtk

= Juotnua umnotapwwyv Deep blue Crage
LOVTwv-AlBiou

= JUotnua prataplwy taong 12V

Yriodoxn ¢poptioth

Top-cless nigh-voltegs battery -

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Electric ship — Deep blue

Speed in km/h Range in km Running time in hours:
(knots)* (nm)* minutes

On-board computer with
touchacreen

Slow 7.5 (4.0) 37-60 (20-32) 05:00 - 08:00 S N

Eull yitch and emergancy magnetic stop
u -

throttle 32-44 (17-24) 16-22 (9-12) 00:30

Connection box

12V battery

High-voltage electric motor

Chargsr

Top-cless nigh-voitegs bettery

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Electric ship — Deep blue

Deep Blue System Deep Blue 40 RL / RXL

Input power (peak) in KW

Input power (continuous) in kW

Propulsive power in kW

Comparable petrol outboards (shaft power)

Maximum overall efficiency in %

Integrated battery: usable energy in kWh

Nominal voltage

Final charging voltage

Motor weight without battery, including electronics in kg
Weight of 1 battery in kg

Total system weight example in kg
(long shaft version, 1 charger, including connection box, display, throttle
and cabling)

Shaft length

Standard propeller
v = speed in km/h at p = power in watts

Maximum propeller speed in rpm
control

Tilting device

Trim device

Integrated on-board computer with touchscreen display

33

25

16.2

40 HP

54

12.8

345

389

139 (L) / 145 (XL)
149

313
(with 1 battery)

20" /51 cm (L)
25"/ 63.5 cm (XL)

v50/p50k

2,400

Remote throttle
Electric trim and tilt
Electric trim and tilt

Yes

On-board computer with
touchacreen

Elaceronic ramaots throttia with ey
yitch and emergancy magnetic stop

Connection box

High-voltage electric motor

Top-cless nigh-voitegs bettery

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)




Electric ship — Deep blue

Frauscher 740 Mirage electric boat

Deep Blue information system

Motor kW Battery Range at 10 km/h
High power electric motor
60 kW Torgeedo 40 KWh BMW i3 Battery 71 km Electronic throttle
System management unit

110 kW Torgeedo 2x 40 kWh BMW i3 Battery 110 km

Max km/h Range at V-max

26 km 19 km

48 km 32 km

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Electric ship — Deep blue

Juotnua urtartapioc Deep blue ovtwv-Audiov ywpntikotntocg 40 kWh

= 30% avénon thC OUVOALKNAC
XWPNTLKOTNTOG TOoU
OUOTAMOTOC,  XWpPLS  va
avénBel to peyebBog NG
Lrtortapiog

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Electric ship — Greenline Yachts

Greenline Yachts - kotookevalovtol eite pe ovotnpa E-Drive (mARpwg
NAEKTPLKO) €ite pe to UPBPLOKO cuotnua H-Drive.

Solar roof

_ |
il

Inverter/charger

shore power
—

Appliances

Energy management (voltage regulator)

Battery bank

Electric motor/
generator

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Eloaywyn/1

Hydramover

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Ships-port-grid coordination

= Katd tnv €vvolo TNG CUVTIOVIOMEVNC Aeltoupyilac TAolou-Alpeva-SLlKkTuou
(ships-port-grid coordination) ta mAola pmopouv va ¢optilovv /[
avTtikaOlotolv to clotnua amoBnkeuong evepyelac o otabuolc doptiong
nAolwv (Battery Charging Stations) | otaBuouc Battery swapping pe kamoto
KOOTOC.

= Avtiotpoda, HUmopouv eniong va "mouAnoouv" TNV NAEKTPLKN EVEPYELA TIOU
SdlaBetouv amobnkevpevn oto SLKTUO HECW TWV POoPTLOTWY O0ToUC otabpuoug,
oupBaillovtag €toL OTNV TOPOXN ETUKOUPLKWY UMNpeocwwy (puBuwon
ouxvVOTNTAC, TAONGC).

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Ships-port-grid coordination

= Katd ouvemela, ol ibLot oL otaBuot poptiong KL ol otabpol battery swapping
Ba pumopoloov va TOPEXOUV  UTNPECiEC  GOPTLONC/AVTIKOTAOTAONC
LITOTOPLWY oTa TTAoLaL 1] Ka val TtwAoUV NAEKTPLKN EVEPYELAC TIIoWw 0TO SLKTUO
NAEKTPLKNG EVEPYELAC, ME OKOTIO va KOAUPOoUV TIC amaltioelc dlatipnong
NG otabepotntog taong, va e€opaAuvouv ta doptia aypung tov SLKTuou N
KOL VO TIOPEXOUV CUUTTANPWHOTIKA EVEPYELDL OTO OILKTUO OTOV QUTO
XpELAleTOL.

* Ta Olktua evepyelag emnpealouv TN CUUNEPLPOPA KOl TIC OMOPACELS TWV
nAolwv Kal Twv otaBpwv pe dtadpopeTiko Tpomo. MNa mapadeypa, n motkAia
NG TWMNAC TNG NAEKTIPLKNC EVEPYELAC KATA TN OLAPKELX TNC NUEpaC Oa
ennpeale Apeca TO KOOTOC ¢optiong Twv TAoiwv. QOTO000, TO KOOTOG
OVTIKATAOTAONG TWwV MImataplwyv eivat ouvnBwe mo otabepo kot Oev
eMNPEeAETOL ATTO TNV TLUA TNC NAEKTPLKAC EVEPYELOLC.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Ships-port-grid coordination

= AmO tnv aAAn mAeupq, oL otaBuol Battery swapping mpéemnel va kaBopioouv
EVOL TIPOYPAUUA POPTLONG YLO TLC OVILKATOOTAOELC MITATOPLWY TIOU va
LKOLVOTIOLEL TLC QTAUTACELG TWV TAOlwV HE Atyotepo kooto¢ goptiong. O
KATAAANAOC TPOYPOUUATIONOC GOPTLONC/avTikaTaoTaons sivat €va aAlo
ouoLwdEeC oToLElo.

= OL otoBuol poptiong evoladEpovTal TIEPLOCOTEPO YL TOV TAKTOTIOLNUEVO
TIPOYPOALUATIOMO TIPOKELUEVOU va eAaTtwBel n apvntikn emidpaon Twv
doptiwv Toug otnv aflomiotia Tou nAektpkoU Slktuou, evw ol otabpol
Battery swapping evoladepovtal TEPLOCOTEPO Yyl TNV molOTNTA TNG
UTTNPECLAC KOL TN HEYLOTOTIOINON TOU KEPOOUG.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Ships-port-grid coordination

= Ot aAAnAemibpaoelc METOEU TwV TIANPWC €ENAEKTPLOUEVWY TIAOLWY, TWV
otaBuwv ¢doptiong / battery swapping otoug ALMEVEC Kol TwV SIKTUWV
NAEKTPLKNG elval TTOAUTIAOKEG, KaBlotwvtag SUCKOAN TNV €mLTUXN €mitevén
NG BEATLOTNC AELTOUPYLOC TOU CUOTAUATOC.

= Elvat amapaitnto va OonuiouvpynBouv €fumvec mAatpoppec ANPNng
anodpAcewv pe duvatotntec pallkng amobnkevong dedouévwy kat uPnAng
Toxutntog moPAAAnAou UTIOAOYLOHOU yLa TN oUAAoyn Twv TAnpodoplwv
npoodopac kol {NTnong amod Stadopouc MapAYOVTEC Kal TNV avaAucn Tou
BEATLOTOU OXAMOTOC ATTO TNV OTTIKA YwViot OAOKANPOU TOU GUOTHLLATOC.

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



Ships-port-grid coordination

Power Grid

» electnicity price
* real-tune load

» energy demand

*  [emaming energy
» mnavigation plan fltlle’f length
* stoc

+ pncmg scheme

Spare Batteries
Charging

Intelligent Decision Platform

y

Battery Charging/Swapping Station

Battery Chargmg/Swapping
All-electric Ships

energy flow = mformation flow

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)




All electric ships operation and management problems

. . A Disign mnd Planning
1. Design and planning ey e
Eva mepimAoko EPS mou armoteAeital amod YeVVNTPLEG, pid
ouotiuoto amoBrkeuonc evépyetac (ESSs), kupéree | —
kavoipou (FCs), mapaywyn QVOVEWGCLIUNG EVEPYELOC

! ! ! ! ! ! J'I_I':-I[FT"l Fuel {ell
Kol dAAQL oTolXEial elvall €va ONUOVTIKO OnUELo oTov ey

oXeOLAOMO KOl TOV TIPOYPOUMATIOMO TWV TIANPWC .
geénAektplopevwy mAoiwv. Ta ESSs, FCs kat Tta
dwTtoPoAtaikad eival povadec vPnAou KOOTOUC Kol |
ETIOMEVWC OUO ONUOVTLKOL OLKOVOULKOL TIOPAYOVTEG Mmoo | s
aéllouv MPOCOoXNC: N SUVATOTNTA TNC EYKATACTAONC Pa— i
KoL To uéyedog ToU oUOTHUATOC. e— <

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



All electric ships operation and management problems

2. Navigation
Kata tn dudpkela tng daong tng vauoutAoiog,

n Olaxeipton TNC EVEPYELC KAL O
npoypauuatiouo¢ tou taétdlovu esival ol

KUpLEC epyaoiec Asttoupyloc kat dtaxeiplonc |

yla tTnv emnitevén aodpaAolc, OLKOVOULKNG KOl
"mpaowng" vavoutlolac.
eEnAektplopeva mAoila n dlaxeiplon evepyelag
TOU CUOTHMOTOC LoYUOC Tou TTAOLOU UTTOPEL va
KoBoploel TIC OUVOAKEG OLKOVOULKEC KoL
nePLBAANOVTIKEC eTILOOOELC.

Mo ta T[)\r']pwq.

N

o B. Navigsilon
=
-
-
Ein!: 0y ‘;K.
i nEra chom Energy Slornge Loasl Hesite Hprwd
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All electric ships operation and management problems

2. Navigation
KataAAnAeg

OTPATNYIKEC

Slaxeipiong

EVEPYELAC UTIOPOUV ETILONG va. 0dnynoouv otn
BeAtiwon TtNC TmoloTNTAC LoYVOC KAl TNC
amokataotoon¢ PAaBwv. Ekto¢ amod 1IN |
dlaxelplon 1TNC €veEpyelag, O KataAAnAog

TPOYPOUUATIOUOC TOU Tasldblou elval éva |

AAAO KPLOLLO oOnuElo, TO omoio umopel va
oupBaiet otnv emitevén NG PEATLOTNG
Stadpopng, TNG eykaipou adLEng, NG
acpalolc Tayxvutntag Aswtoupyilag Kol TNG
pLOULONC TNC Klvnong Tou mAolou.

-|.|

B, Mavigwilon

= =

P {

Srcure, PFrofitabhle. a
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All electric ships operation and management problems

=

3. Energy refueling

Ot aAAayec otov avedodLAOUO EVEPYELOC TWV
eEnAekTplOpNEVWY TIAOLWV €xouv PEPEL VEEC
NMPOKANCEL, O OAOUC TOUC EMTTAEKOUEVOUC
dopelc, ouvumeplAapfavopévwv twv TAoLWY,
TWV ALLEVWV KoL TwV SLKTUWV.

. Energy Refuclling
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All electric ships operation and management problems

3. Energy refueling

AOYW TNC TEPLOPLOUEVNC XWPNTIKOTNTOC TWV
OUOCTNUATWY amoBNKELONG EVEPYELAC OTO
nAolo Kat tng tepaotioc {NTnong toxvoc Kota
TNV mAonynon, tTa NAeKTpKA mAola, dlaitepa
To TMANPpwWC e&nAektplopeva kot ta plug-in
LVBPLOKA NAeKTPLKA TTAOLlO, cuVNRBWC TIPETEL val
TPAYLOTOTIOLOUV ETILXELPNOELS avedodLaoUOoU
EVEPYELOC OE €VOLAMEOOUC ALUEVEC Yyl va
UTtOOTNPLEOUV TNV EMOUEVN TTAONYNON.

=

Wired Charging W irelrsy Olhamrgmmg
Fari
ik~ -
—
Cortil Exilary Swappisy
m Bilwellimg Mloales

coniiibc Eeeigy Maluslling
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All electric ships operation and management problems

. Energy Refuclling

3. Energy refueling ﬂ
= Evouppatn ¢opton
= Acuppatn ¢option
= AVTLKOTAOTOON UITATAPLWY |

Ee e p—

fioeinibe Fmerpy e lelling
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All electric ships operation and management problems

W
3. Energy refueling ﬂ
H vumobounn vyia Ttov avedpodloouo S
EVEPYELOC TWV  NAEKTPKWY  TTAOLWV _
e€akohouBel va  elval  ovemapkNng, L1 Wired Chrging Wirsions Chargieg
eTLOELVWVOVTOG TO "ayxoc g -

i -
avtovouioc" twv mAolwv. EmopEvwe, n % E u

vrtobouy  ywoo  tov  avedodloouo

Cerdil Exilery Swappiny

EVEPYELAC TWV NAEKTPLKWYV TIAOLWV TIPETIEL ey
va uloBeteital EUPEWC Kal va AELtoupyet

ajoya KOTA HUAKOC TWV OKTOTIAOTKWV m m m

Stadpopwv.

E M bomi, Uhrderty. and Eooneimibe Fesrgy beluslling

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



[Tpotuna

IS No Title
1S 16504(Part 1):2019 Safety of Machinery — Electrical Equipment of Machines Part 1
General Requirements ( First Revision )
IS 17017 (Part 1) : 2018 Electric Vehicle Conductive Charging System — Part 1 General

Requirements
IS 17017 (Part 21/Section | Electric Vehicle Conductive Charging System — Part 21
2):2019 Electromagnetic Compatibility (EMC) Requirements — Section 2
Off-board Chargers

IS 17017 (Part 23) :2021 Electric Vehicle Conductive Charging System — Part 23 DC
electric vehicle supply equipment

IS 17896(Part 1):2022/ | Electric vehicle battery swap system - Part 1 General and
[EC TS 62840-1:2016 Guidance

IS 17896(Part 1):2022/ | Electric vehicle battery swap system - Part 2 Safety requirements
IEC 62840-2:2016
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IS 17896 (Part 3)

Electric Vehicle Battery Swap System — Part 3 Central
Management System for Interoperable Battery Packs (under
development)

IS 17896 (Part 4/Sec 2)

Electric Vehicle Battery Swap System — Part 4 Light Electric
Vehicle- Sec 2 Connection System (under development)

IS 17896 (Part 4/Sec 3)

Electric Vehicle Battery Swap System — Part 4 Light Electric
Vehicle- Sec 3 Communication Protocol (under development)

IS/TEC 60529 : 2001

Degrees of protection provided by enclosures (IP Code)

[EC 60364-4-41:2005

Low-voltage electrical installations — Part 4-41: Protection for
safety — Protection against electric shock

IEC 60364-5-54:2011

Low-voltage electrical installations - Part 5-54: Selection and
erection of electrical equipment - Earthing arrangements and
protective conductors

IEC 61140:2016

Protection against electric shock - Common aspects for
installation and equipment

ISO 11898-1:2015

Road vehicles — Controller area network (CAN) — Part 1: Data
link layer and physical signalling

AIS-004(Part 3):2009

Automotive Vehicles —Requirements for Electromagnetic
Compatibility

AIS-156:2020

Specific Requirements for L Category Electric Power Train
Vehicles

CISPR 11:2015
+AMD1:2016
+AMD?2:2019

Industrial, Scientific and Medical Equipment - Radio-frequency
disturbance characteristics - Limits and Methods of Measurement
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AHMOKPITEIO MANEMISTHMIO ©PAKHS

TMHMA HAEKTPOAOTQN MHXANIKQN KAl MHXANIKQN YIOAOTIETON
=D TOMEAS ENEPFEIAKQN SYSTHMATON

iz | ety £ DA STHPIO MHXANOTPONIKHE KAl AYTOMATIEMOQN
HAEKTPOMHXANOAOTIKQN SYSTHMATQN— OMAAA HAEKTPONIKQN ISXYOS

Epwtnoelc?

Ap.-Mnyx. N. MNanavikoAdaouv, KaBnyntng, AMNO

(npapanik@ee.duth.gr)

POWER ELECTRONICS GROUP (Democritus University of Thrace - Department of Electrical & Computer Engineering)



