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ABSTRACT:

To encourage the application of electric buses in passenger transportation industry, the Ministry of Transportation
and Communications has been providing relevant subsidies (including demonstration projects and general projects)
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efficiencies, after utilization full-scale adoption of electric buses in passenger transportation industry.
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World Map of Charging System Standards
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World Map of Charging System Standards

(B 5201494/ EU » BEE
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ARy

E 4l
Technical specifications for recharging points

Alternating current (AC) high power recharging points for electric vehicles shall be equipped, for
interoperability purposes, at least with connectors of Type 2 as described in standard EN 62196-2.
Direct current (DC) high power recharging points for electric vehicles shall be equipped, for
interoperability purposes, at least with connectors of the combined charging system ‘Combo 2’ as

Not decided

cs1 ccs2

described in standard EN 62196-3.
GBr
PR A G p[64] T EATE U

B 3128 P addimrd @ T R

.~

ENREEE I

AC : Type 2 World Map of Charging System Standards
DC : CHAdeMO =, CCS Combo2

3. Public Charging Infrastructure (PCI)- Minimum Requirements:
3.1 Every Public Charging Station (PCS) shall have the following minimum
infrastructure:
i An exclusive transformer with all related substation equipment including
safety appliance.
ii.  33/11 KV line/cables with associated equipment including as needed for line
termination/metering etc.
iil Appropriate civil works.

iv.  Adequate space for Charging and entry/exit of vehicles.
v.  Current international standards that are prevalent and used by most vehicle
manufacturers internationally are CCS and CHadeMO. Hence, Public
Charging Stations shall have. onc or more clectric kiosk/boards with
installation of all the charger models as follows:

T'No. o[’("ihrx:l"ging
> . ” 3 Rated Points/No. of
"
Charger Type Charger Connectors Voltage (V) | Connector guns s
= | (CG)
CCS (min 50 kW) 200-1000 1/1 CG
Fast [TCHAdeMO (min S0KW) | 2001000 |  1/1CG

| Type-2 AC(min22kW) | 380480 |  1/1CG

JeMC GBY decided )
Bharat DC-001 (1SkW) | 72200 | 1/1CG
Slow/Moderate | | | 33 CG of .
Bharat AC-001 (10 kW) 230

3.3 kW each

[*In addition, any other fast/slow/moderate charger as per approved BIS standards
whenever notified.

- https://evreporter.com/amendments-in-ev-charging-guidelines/

FAL KR Dk hHeA [64] 0 £ ERTR U -
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5 PR AR
-1 AC : Type 2

(BT 2 8 (FCAD) :

AC © Type 2
DC : CHAdeMO DCECCS

Combo2

\ v
ccs1 ‘c;:sz ! GBY Not decided
$ 8 0o ® o

Source : https:/www.nzta.govt.nz/planning-and-investment/planning/transport-planning/planning-for-electric-
vehicles/national-guidance-for-public-electric-vehicle-charging-infrastructure/charging-point-connectors-and-socket-outlets/

TR &R Ay hagep[64] X EATH U
B 314 agqHd AT AT B

R B R S RS B R AR 2B e
(KATS) #EE A (20184F)
AC : Type 1

DC : CCS Combol

World Map of Charging System Standards
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LRSI RBER AL FTEREE (NPCS) ° g
2020 » LTAFIEMA(REJET &) -
LTAFIEMA 3£ [E S 4f14 /1 CHAdeMO 75 & %
& > {EREVAYEEAL R EZRE (OPCS) -
AC : Type 2
AC+DC : CCS Combo2

KAC+DC : Type 2+CHAdeMO

F‘XT}‘IZI\/E‘( DAL fHEEp [64] 0 TE g e
Bl 3.1.5 & WfriT+e L T & 2 BT R RRART B
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(3) CCS .+

m}w GB/T 75 4 CHAdeMO ;8 fir » CCS & 7 i #* »tF % &
PR hEF R HETH A EIRE 2A R o 316 % ETH
g_évm,w CCS L ambleB*rr s MERTL > 5zrig* CCS
iﬂi,""%—é'Ig" ;"-"ET:J—E-‘*)‘; ‘;lf'g] 3171@4’%& /b&l?‘é*%-jg@'i%ﬁzo

.
+
)
%

Solaris AC charging
Ty connector

NVAAAAAAAAAAA

Sileo charging technology § Standardised charging interface

Standard Charging CCS2.0 Standard
Technology (SL) = (Certified interface
= Mobile devices for the charging = Up to 150 kW charging capacity
of a single vehicle = The charging infrastructure is
= Constant charging power integrated into the depot management
» Charging power: 40 /80 kW system.

= [nput voltage: 400 VAC

T kiR AP H T
Bl 316 %% T H~ £ 8 fgig * CCS 2 7 v 2R(1)
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Energy storage system _

Irizar

Batteries technology Lithim-ior
Slow charging

- Macc. installed power 350 kwh (depanding or
- Charging power 100 k\w
- Charging time 3

Fast charging

- Max, installed power 185 kwh (depanding on customers needs)
- Charging power 450 (pantograph) - 2h {Combo2) ki

- Charging time 3
Ultra-fast charging

- Mace. installed poweer Q0 kwh (depaending on customers neads)
- Charging power 450k
-Changing time S MIM (pantograpt

VDL

CHARGING SYSTEM The Citea Electric range can be charged with
several charging systems based on the upcoming European standards.
The charging can take place with a capacity of 30 kW to 450 kW,
with a difference between slow and fast charging. All buses are
equipped with a Combo2 charging plug for a charging power of
50 KW. For higher capacities, roof and infrastructure mounted
pantograph options are available. With a pantograph. a capacity of
up to 450 kW can be generated. The roof and infrastructure mounted
pantograph can also be used for depot charging. Which system 1is best
for an operation depends on the operation itself.

Volvo

Charging system

* Three different charging systems
available

» Charging time depends on topography,
load, climate and drive cycle

Maximum charge power 150 kW
Front charging comes as standard
Side and rear charging are optional *
European standard connector

Manual Connection

Volvo Opportunity Charging (OppCharge)
Maximum charge power 300 kW
Roof-mounted interface. installed above front
axle for conductive charging (The same
position as on Electric Hybnd)

Fully automatic charging sequence

* Removes fromt charging. Only one inlet can
be installed per vehucle

CCS AC

Maximum charge power 11 KW 400 V AC
European standard connector

Manual Connection

TR AR T A h R

Bl 3167 ETd < 22 fig * CCS AT 7 o] if(2)
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ELECTRICAL SYSTEM

Proterra

(US)

Battery System

Low Voltage
Charge Ports

Overhead Charging

Plug-in Charging

Overhead Chaeging

JIT12 CCS: One port stancard ot curtr-side rear, 20 port cpbional at street-

ntegraled Datliery managemert fyiles

Two, Group 31 700 CCA 12v battenes

Optional
Universal standaed N772-CCS

Unversal standara JI05

de rear Of Curt-sade fromt

TR &R R E L

Bl 3178 F R~ 22 g * CCS 23w bl eRl(3)

7N
3\111’0 Thailand Industrial Standards Institute

Sockets and Inlets Standard

Vehicles AC Charger DC Charger Vehicles
|EC 62196-2 Configuration Type 2 IEC 62196-3 Configuration FF
EleCtrlc | e : Rated Current: Up to 200 A EIeCtnc
Bus ‘ Rated Voltage: 2500V DC Bus
‘ " Communication Protocol: PLC
System A System B System C
CHAdeMO (Japan) GB/T (PRC) COMBO1(US) ~ COMBO2 (D)
Py Prcad Prout o
Electric | Phase: Single / Three ok “!\ ' “ & Electric
P Rated Current: 70A (Single phase) / R : P
dSSenger | ¢, (Three phase) assenger
Car Rated Voltage: 480 V — ‘ . z . Car
Capacity: Up to 22 kW (Mode 2) s
Upto 43 kW (maximum) ,

FA kR

NETEE

#3183 MTHE L1 ERER
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r=0:1:100

y=0:1:100
7=0:1:100
J= ;n}}gz Z Z INVEST($) - ebus(N $) - [(C X x) # sign(X) + (C}, X y) * sign(Y) +(Cix z) * sign(L)]

x=1y=1z=1
~ 5% — CC(Contract Capacity)- M(maintenance)- SC(staff cost)+y

TR A58
B 5.2.4 4 5 e Bl F %4

SH (8) 1 ()Y 0 P 3 MPFRT AW RS AT H 5 ATH
2 iC “”*ﬁ&ﬁ%g«&@%;&?am,,ﬂﬂx;imﬁ&%’w?

x @ U W

PREEETHASTRER I AE T TR (K BB Py 222
—g’%’;\;j‘;Pfeedé%fﬂt’\;j‘;Pcon.lﬂ?\%ﬁ’ (&rkig\'j‘ ];‘Ef_
FE)iwed ARSI F Twe R ATHFF A YR T AR AL S

TRLTH AN -
FRL e T AAT R E - A LT RIS A

J = min(Pipy, — Py X i = Cy X Pais. — Preeq — Peon.) +¥
r=0 if weXi> wy

r=10% if w, X i< wy

r=10° ifPinv._PxXi_CxXPdis._Pfeed_Pcon.<0
X 34(5)
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/= min(Pinv._PxXi_ Cy X P _Pfeed _Pcon.)'l'y
Subject to

r=0 ifoXi> Wy
r=10° if w, Xi< wy
r=10° if Pouw, = Py X 1= G X Pois = Progq = Poon, < 0

1=0:1:100

FHRAR: ArH g
F15.25 7 H 1 & 84005 [

TR2IATHFARAT > HHE - Y LT REREL A A

]=mil’1(PxXi+CxXPdis_‘l'Pfeed+Pcon.+Pcon.)+y
r=0if weXi> wy

r=10%if w, Xi < wy

2535(6)

]=md&xi+Qmeﬂ4%m+&m+ﬂm)+y

Subject to

r=1( ffoXi> Wy
r=10° ifw, xi< wy

1=0:1:100

TR &R A EEY
F15.2.6 3 2 25 F
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C, = 1.5e2
2 539(7)
7 S L MR B S (C )
250 T T T T T
200
150 - .
£
gk
100
50
O L | | | | | |
0 5 10 15 20 25 30 35 40 45 50

TARKR D AFEEH
5B 527 % F—L %ﬁii‘gazﬁ:&f‘&

TRB AR TAAT > % AT B KEL A A

x 3 y
]=m1n(z Z ' PT;llxi+CirndeiS.+Pfeed+PC0n.)+y
n=1 m=1 =1
T =0 if N Do Do Wi X 1> wy
r=10° if YX_; Yho1 Do Wik X 1< wy

X 3(8)

WARE)Y PRETR ARSI R AT F AT L kTR
R~ T HEmid T »um%’%ﬂ AR A SR SR A 11234 57)

MAATHRBEE G bt 9 T o TR AT KR AT M G
5.2.8 #17T o
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i =0:1:100

x 3 v
J = min (Z 12 1ZA 1Pg X i+ C™ X Py + Preea + Pcon_) +vy
n= m= 1=

Subject to
x 3 ¥
r=0 ifz Z Z W X Q> wy
n=1 m=1 =1

x 3 v
=106 ifz Z Z WA X i< wy
n=1 m=1 i=1

FA KR AP RE -
1 5.2.8 7 4 3 & #4005 [

x
C™ = ae?
ifm=1 a=1
ifm=2 a=08

ifm=3 a=06

23909)

TR A B A IB(CT)

0 5 10 15 20 25 30 35 40 45 50
B

TR AR Ardgde
B 529 7% & fb?%&ﬁ%_@ﬁ&
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T4 BT R 3 s T dow o E U T A MR A A2

x 3 y
]=min<§ E ) PyzllXi+CimXPdis.+Pfeed+Pcon.)+y
n=1 m=1 i=1

X 3 y
r=0i Y ST S i w,
n=1 m=1 i=1

r=10° if ¥i_1 Y1 i Wi X 1< wy

;CL=1 Z$n=1 Z?:l Prg X1+ Cim X Pdis. + Pfeed + Pcon.

r=10° f : < RY
profit
2 54(10)
n=1x
m=1:1:3
i =0:1:100
x 3 ¥
Jr = min (Z —IZ —12'—1&2 Xi+ C—gn XPdis. +Pfeed +Pcon.) +}’
Subject to
x 3 ¥
r=20 ifz Z Wi xi> wy
n=14-m=14-ji=1
x 3 ¥
r=10° ifz Z z wh X i< wy
n=1 m=1 i=1
r=10° if n=1 Eil:lZ?:le" xXi+ Cr'm X Pgis + P)"ecd + Feon. < RY

profit

FHR R A5
B 5.2.10 £ £ 4 > 5 IF F
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x 3 y
] = min (Z Z . P.,;ll X i+ Clrn X Pdis. + Pfeed + Pcon.) + Y
n=1 m=1 i=1

x 3 y
r=0ifz Z Z Wi X 1> wy
n=1 m=1 i=1

x 3 y
r=106ifz Z W X< wy
n=1 m=1 i=1
$l=1 Z?n:l Z¥=1 PT:ll X1+ Cim X Pdis. + Pfeed + Pcon.

; - < RY
profltcom. + profltindi.

r=10° if

2 534(12)

2593(10) ~ (1D P > RY 5wz & L s profit s ST F (doE F4) T

fheom. 5 =2 FH 2P F e indi. 3 27 FFH LT AL AT F LE

iz o
n=1Lx
m=1:1:3
i=0:1:100

x 3 ¥
f:mil’l(z 12 12' 1P1?n1xi+C;"XPdis.+Pfeed+Pcoﬂ.)+y
n= m= i=

Subject to
x 3 ¥
=0 if Z Z Z WX Q> wy
n=1 m=1 i=1

x 3 ¥
r =106 ifz Z Z Wik X i< wy
n=1 m=1 i=1

r=10° if E§=1Z?n=1 E?:lpg X1+ C:'m X Pdis. + Pfeed + Pcon.
profiteom, + profitiyg;.

< RY

FHIR: A h g
W 5211 % 5 28405 W
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_ . i J k l -
r = 0 lf Z1l’l=1 Zm:O ZO:GO Zp=300 Qb X (SOChlgh - SOCIOW) X 7 S m
_ ' . mxo
r=10% if ¥, _, Zin:O z‘a;{=60 Zé=3°° 60 Xn<p
234(12)

n=1:20
m=0:5:120
o=060:5:120
p = 300: 20: 800

Subject to
i k i
r=0 if z z Z Qb X (SOChigh — SOCipy) X — <m
n=1m=00=60 p=300 0
i j k1 y
1rE mxo
r=10 if ZZZ 0 Xn <p

THLKR A HEE o
B] 5.2.12 F £ 6 > 105 §
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TRV RBEFATHRE S ATHF UL RLPER ()L AT YR

i ] k l .
m (0]
J = max 22 2 2 60 <M |tY

n=1m=00=120 p=300

i ' 60
r=0 ifYn Zin=o Y120 Z§)=3oo Qp X (SOChigh SOClow) X—<m

X
r=10°% if Zn 121 oZl 12027’ 300720())(” <P

2 39(13)

n=1:20
m=0:5:120
0=120:10:420

p =300:20: 800

Subject to

k 1
Z meox <
60 "SSP

FRkR: AhEY

B 5213 3 &7 2845 §
’\—w(lz) (13)* ns AR talc ms A RAH NS F 05 28 v
I—FIQEE":F'& ’ p = Tk ] —ﬁ-é_‘i/{ ’ ij‘;‘ ’g:fé ’;F: 7»5 —E.. ’ SOChigh'/‘\ SOCIOW;‘;‘ q:fé ?J:E‘
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FARBHURER AR R REFRT S AT R SRR

108

]:m]n z 12 12 1Z]_(PnXl+CmXPdlS+Pf€€d+PC0n) +y
n= m= i=

j=107

o Y S S s
n=1 m=1 i=1
X 3 y
r=106ifz Z Wi X< wy
n=1 m=1 i=1

108

r =10° sz 12 12 1z:]—(P"><L+C"‘><Pdl5+Pfeed+PC,m)<O
n= m= i=

j=107

2 35(14)
n=1x
m=1:1:3
i=0:1:50

j=107:10°: 108

mm(z Z Z Z j- P,?”1><t+Cm><Pd:S + Preeq + mn))‘ﬂ’
n=1

Subject to

X . ¥y
r=0 ifz Z Z WX i > wg
n=14—dm=14=i=1
r=10° tfz Z Z WX i< wy
n- m=1
T=106 lfz Z Z Z]_(an"-I-CmXPdLS+Pfeed+PL(m)<0

TR kR ATEEE
Bl 5.2.14 7 £ 8 23 1% B
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R SER A Y EE SRS L

=
-_
H N
-h_‘\
A

50
x 2 y
mmin( Y Y 3 Y Rt o B o 7
n=1 m=1 =1
c=1
x 2 y
ULOIMD DI LT
n=1 m=1 i=1

x 3 y
r=106ifz Z WE X< wy
n=1 m=1 i=1

r= 106 if fl=12$n=123/=1zgglprg X i+ Cim X Pdis. +Pfeed +Pcon. <c
profit

= 54(15)

n=1x

m=1:1:3
i=0:1:50
¢ =1:1:50

50
x 2 y
j:mm(z 3y Zp,gmpm+P,,eed+gm_>+y
n=1 m=1 L=lc:1

Subject to

X 2 v
r=10 [fz Z W,.’;.ll X[> Wy
n=1 m=1 i=1

x 3 Y
r=10° EfE E Wi X< wy
n=1 m=1 i=1

;=123 =12?}=1 gglpg xi+ Cim X Pdis. +Pfeed +H:m1. <c
profit

r=105 if

TRk A E
B 5215 % K9 224F B
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B EAEF L 4oB] 5.2.16 12 2 5N(16)F 1 c H Y s x sy s zh BN A4

B PEATEREATERE ) 2T ELEE EE PR T
Bl o AR RITTE2ZHET O BFAMS AFEIT ) ARG LT HEE
Bz pehe AP iRdidied v BIRP TR > A R
D= e S A ERRF BBELTLFL BT IR A5
fin'- LR AR R o
Q) #f= #HATHRATHALTHEFRF BBy 2)Ep P E
ﬁ_,ﬁ:&:’é}ﬁa“'ﬁﬁ‘ o
Q)RS FHEBRIFTARTA T GF B2 L5 d B8R BT

poo
A Fre  SE Wit eEm N EE By U E LT ER/L TR
27 o
x =0:1:100
vy =0:1:100
z=0:1:100
W -1
N x Cp) +INy, x t}, X P, +-P‘*" X t”.+,y,
=1 = I
Lremak | moms/ e L*{**’J_G;E_l I |
PR ] 4k 1

REVEESET K
B 5.1.16 3= 4= F

w
]=min22N£XC£+N£><t§,xPQ+P£xt5,+y
p=1c=1

2 34(16)
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2o Cy A7 (x~y 2)Epfh? % w & AT

%éﬁm%wr/u%ﬁg‘ﬁ& Pz\

(x~y~z)em<§_c* i w SR PEAFRERTH(N

P
R

4

BESR R 2 GE R . AT M R A S 106 -

(x~y~z)EpFEY iy w5 T iEE G

A7 B S 2R(16)I (0)FRT o Rl BT - B4 B KA

Bty & T (XY 2)€ED

i ‘Nwz\' T
TD/KWh) » @y & 5

o W E R

Qée - [P(ge +

Pia(Zje)]

i i i i
Pja X jg T Pge X Age +

[abe + @/a(Zje)] > (Zie) [P} X

i i i
Ajg T Pge X ade] +

_|_(1 Z) , . ~ ]
7 (p]l'd + p(lie) X a]le
2 54(17)
zféc_z/ﬁr)l =0
2 34(18)
3w
Eszv’ X th < Qmax
p=1c=1
2 39(19)

Qge_( )[p]dx d+pdexade]+(1 Zje)
[Pja X aja + Pae X age + (Pja + Pac) X 8]
> SOCmin X Qinit
2 34(20)

Ao oo B- BIUFER S LS TE gmp D R A PR PR
ERTERANARRE AL A ATRKER LR LR AL L0 ¥
ZRREZHFERG] R - BEERU] TR PR EF A
MrLH] SOC » M RE R # A o Zyp Tt g R 19 R AERE 2 B AR
FREFANER > LR REITEE 0 0B 5.1.17 3 5.1.20 #7T o
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B AT RAESAR LR E AT A7 5 21 (2D)

Min W, H +W,E
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H= Ml(Ccharging - Cneed ) +M 2 (Ccost - Ccharged charglng ) +M (10 T)

2 34(22)
# Ml'MZ'M3 B ZESUEAEE B (Ccharging - Cneed) = SOC AT R ;ﬁ%' F7
£ (Ccost - Ccharged - Cchargmg) » SOC + - x 7 (10-T)s 2T &
FaE#&:710 445 B 532M_1M 2 #* mﬁi}ﬁle,Mz y(x) = x2,8 5.3.3
4
M3 4% Slics My =y(0) = (2) o vt - R 3 A K2 EP 4T 278(23) -

— *
E = Pcharge eprice(t)
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Ccharging = I:)| *(tZi _tzi_l)/60 , |:1 2
Ccharging = I:)k *(t2 _t1) /60 , k:O 1
Crees = Conae *[20%+ Y *0.421*1]

Coeeg = Corme * ., 0.421%1
T=(t 1)
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Cenarging FTLARTATARE KWh
Ccharged T ?_, E’ﬁf{: 7 ; :!é_ KWh
Creet T AT RS B R KWh
Crrox TAakEE KWh
Coost Sy EDTEFE KWh
T TR min
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optimization » PSO) » il B HHE 6 H L 8 7 5 @ 5 B A ki AR (7
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7:20(40min) 8:00(80min)

k4 PER(60mIn) L 3 =B Pt

66.32+ % 7 %dc(1)
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32.64+ v 7 %#c(1)

k4, BF ¥ (25min)
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15.8+=2 7
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r2”Optimal Charging and Discharging Scheduling Strategies for Electric
Bus” & 4 & f 2022 INTERNATIONAL CONFERENCE ON
HIERARCHICAL GREEN ENERGY MATERIALS, 2022/1/17~18, National
Cheng Kung University (NCKU), Taiwan o 3% f& 8 74§ & :

2022 Intermational Conference on Hierarchical Green Energy Matenals (2022HIGEM)
Jan 17 =Jan 18, 2022, Tainan Taiwan

Optimal Charging and Discharging Scheduling Strategies for Electric Bus

SYUAN-Y1CHEN'?, CHIA-WEN CHAN®', YI-HsUAN HUNG™, CHUNG-MOU LIN %, SHENG-
YuaN LiNG !, YU-CHENG Tsou !, Yu-HoNG Liu !, SAN-JianG HwaNG !
!Department of Electrical Engineering, National Taiwan Normal University, Taipei, Taiwan
:Neopower Technologies Company Limited, Taipei, Taiwan
$Undergraduate Program of Vehicle and Energy Engineering, National Taiwan Normal
University, Taipei, Taiwan

‘addison0827@gmail.com

In this decade, the technological development of electic buses 15 growing rapidly to mmplement the idea of
promoting the sustanable development of the environment and the green transportation policy. With the growth of
the number of electnc buses, the exasting charging station equpment must be able to meet the charzing needs of a
conziderable number of electnic buses in the near future. However, inuted by the fimite space of the parking lot
the city and the hugh construction cost of charzing equipment. How to use the himuted charging equupment to meet
the charzing needs of a large number of electnc buses 1n a specific area becomes a key factor m the overall
operational efficiency. Therefore, the objective of this study 15 to develop a platform to manage the electric bus
charzing schedule for specific electric bus parking areas. To ensure that each electnic bus can complete the charging
action and every dnving route, the platform can allocate the charging power and the charging schedule for each
electnic bus n real-time according to parameters of each electnic bus, for mstance, the state of charge (SOC), the
power demand, the distance to the station, etc. Moreover, the amount of charge can satisfy the subsequent power
demand. In order to enswre that the vanous parameters have an appropnate degree of influence on the charzing
schedule, this system also cites the Entroy method. which can adjust the weight of each parameter dynamucally, o
that the performance of the allocation of charzing power and charzing schedule can be more efficient. After the
simulation and test, the Optimal Charging and Discharging Scheduling Strategies mentioned in this study can indeed
effectively manage the charging and discharzing of electric buses in specific areas.

Keywords: Electric bus, optimization, charging and discharging, entropy
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accepted for poster presentation at the Conference.
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Topic: Post Presentation

Poster Title: Optimal Charging and Discharging Scheduling Strategies for Electric
Bus

Presenting Author: CHIA-WEN CHAN
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