s & IRU

2016 Beijing

Hh[E| 5 EX
FTHEMBE T AR5 AL

Introduction of Zero Emission Bus System
Comparison Between China & Europe

I, TARBRFAEREFH.,. (FEEX5%%) FE5I %5
James W, Chongqing Jiaotong University, China Bus & Coach Yearbook
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Main Topics

R €33 ( E-mobility )

=+ H 13T 4% 42 ( Ten City Thousands Vehicles Project )

= A RHE AR T B+ R %4 (Zero Emission Urban Bus System)
=P E 5Bk ( Comparison Betwwen China & Europe)

® 5L Rz tbs (Analysis in Bus Technology)



PR3 IE -
Electric Mobility

3B 5 A R T ol 9 T R 4R Kk B X,
AEEREHRRE S

3
2rele (Y )
=AY 3 o
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N e n0S w;%ﬁﬁlvmum.

Sustainability challenges in the energy and the transport sector: R,
climate change and resource scarcity
requiring
(-— b > é:\‘:»‘ Ab‘\ SE > Q:h‘ _;—s‘\
P& A T HF S R AR B o5 P& AT H S R GE
- . 7)) X o ;
Transitions to Sustainable . mo)b: ]l\ * Transitions to Sustainable
Energy S e S Mobility
\. ™ S p
- "
TR A AR * Renewable Energy . = W «  Renewable Energy '6]‘ BARRR
N e e Decentralized e et * New drive technologies #7869 3R s 4 K
T LA K gy | nffastructures « TARERR * New mobility patterns 4 ) 378 4 X
- * New business models and storage capacity
TR T energy services BB IR
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Electric Mobility : Related Industries

= i@l (Transportation)
® 4% L (Motor Vehicle Industry)
® iz 4~ b (Motor Carrier Industry)
R ik (Energy)
R & (Fossil Fuels)

& 7 B FF (Alternative Fuel)
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E-Mobility: Well to Wheels & Equipment Life Cycle Flows

RE T A
Complete Life Cycle Equipment Life Cycle

&F o B

Material
production

Equipment
manufacturing

W I B F 3 5 o B AR

Operation %

AL R 4RI R N AL IR Bk AKIE Hy

Maintenance

— Tank-To-Wheels —"J

i A B F

Equipment
end of life

a3 IS i
LA B R R AR RN RRRRRRRRRRRRERRERRERERERERRERRRRRERRERRRRRERRERERERERERRERRERRRRRRNRERRRRRERERERNDEDNNDRN,]
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Global Urban Mobility: Energy Efficiency & Emissions in USA Bus

RS
G X 0 @ 7 051

&% AN A 1.30 s i 3 65

— A fAx 15.50 Y > 10

R A 4.00 o

Bi¥ 4 0.05 ER 5.35
B % 0 RAL KR A, 1.84

7 SR AR K 20% E3p%s 2.36

BIRAE X 15%

2 1R AR X, 50%
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Transit Bus Industry Trends: Worldwide Emission Standards

> Abgasgesetzgebung
Emission Legislation
Heavy-Duty Diesel Engines

. EURO Y

B CURD Y| USOT7

. CURD Y

5 2010

N EURD N

. EURD I BS-IN
ELRO N

I EURD | US 1998

RO

N apan 2009
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Electric Mobility: Greenhouse-gas Emissions

Figure 1 Greenhouse-gas emissions in 2000, by scurce

ﬁ% }‘//‘5‘7‘ ;}E”Eji = _:__':-___-_:_-____T e — A e
ENERGY — Ma"“e Ha“
EMISSIONS Industry (14%) “/ Alrcrat 5% [2% 11% Passenger Cars
Qther energy 10% 36%
Power .
1%
Waste (3%) p i
B /
Transport Aariculture /
(14%) (14%) 7 \
V4 Heavy Trucks \
Buildings EHPSSEI%EI\JF;GY V4 16% Ight Trucks
(8%) \ 19%
Land use V4
Tatal emissions In 2000: 42 GICO2e. (18%) / Source: 1U.S. EPA, 2002, Table 1-14".'?-'

Non-energy emissians are CO, (land use) and non-C0., [agricullurs and wasie) s M\

Energy emissions are mosty €O, (some non-CO, In Industry and ofher energy 'El.aw}.

| ¥

Source: Prepared by Stem Review, from data drawn from Waild W Inefitute  Climate -
Analysis Indicators Tool (CAIT) on-line database version 3.0. /7

4

"4

>> Bus and Coach Energy 1% “

>> Bus and Coach Modal share 10%
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Transit Bus Industry Trends: Technical Evolution Bus Propulsion / Fuel

Fast evolution since 2000 PAS[)0E:2ay=2:007 v R1¥ 4

LPG BTG A

3 i HEAL

Zero emission
FHA Hydroger

100 years 20 years

< > < -




HE)3E: AHELTEINE
E-Mobility: Transit Bus Electrification

4a B 4 AL IR

1% ) - it ¥ fig e iR :ﬁﬁﬁﬁ?
"'H.._HH-H-‘-‘-

FER4  Parallel
hybrid

and globally
emiseinn-
free
gquiet PT bus
A 2R EHE
S A VP T
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HEh3Zi8: W BRI s ZE(EN FOR A BETTER URBAN FUTURE
Electric Mobility: Urban Electric Mobility Initiative

BIXASBEAEE. BIFrERE ., LEiilfedf a8 A R A B AR E
2% E T8 it kR R 3. A8 ) E IR A B X A5 K AEAR 1 A

= IR L E 45 ( Urban Electric Mobility Initiative )

= A E AR A ey ( Climate Summit 2014 )

P~ -
®m A4 T 89 A K B AR

% L 7= 3R 2 A HESA A A rsSs o MYy =h & 1a A kM fasEs =hM

/"N/ A+ T ANAN A A ) /'&/._L- /1 ~ Y "T‘/I\’J/*Ql"J —‘\JJ\LI-/I“‘UIL;"YJ | =

= 2030 2 30 & & & 893 T 38 19 30%
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Bh30iE: IR TS ZE g FOR A BETTER URBAN FUTURE
Electric Mobility: Global EV Value Chainin 2020

HE R AR Ay AR LU DT X
By 2020 Clean Tech ‘ ...Butthe EV Value Chain ri/nuﬁg/ﬂa%
Power Sectors will be 7703%53}5’(}2 will likely be 2-3X larger Advertsing/Co-
~$100-$1508B ... i SR Branding/

,,,/ W5 E A EV/PHEV Sales
Accelerator Efrec ? R : .
* Glean EV power ML e 2 5| F w/o ?;I;;fgnand - e
“Datiury Somge Li-fon baneries Components . >$250B -
and Traction 1 1
Components
BRI A I TN used in ?
Infrastructure EV/PHEVs
W RS A& 4% Investments
Wind 15 =z e @$1000/vehicle
~150 }s;ﬁ Incremenial 185
[ fuels 2k Elecrricity Sales
~120 i’\DFErFJb for ~30M | S
~80 EV/PHEV Parc
60 70

Clean Tech Energy Gen &
S TR )
- RER & &) A 54E% AT = ¥es A B R %




FEENAZIE: RiBEHITHNAYIERE
Electric Mobility: Choice of Transport Mode

Transport related

XABAARRA infrastructure RE TR 5 MR A
1% Car parke F PHRAE AR A Public policy 2 FEBOR
A b Chargers £ }%ﬂ—ﬁ&‘ ZE\ Legal requirements 7%7’%% j’\
e i Gas stations eI A Taxes BAX
W, 7 7% Electrified roads / A AR A \ Incentives % Jh
The choice 1
XIBER T E ﬁ:g:;yog of transport /,J Z':r:zﬁzrt Klﬁﬁ K
eSS solutions \ ii@_iﬁﬁ ' City planning iﬁkfﬁ%%k]‘l
NAZxiE | Car N\  Wayofife =343 7 X
)= Public transport —— Preferences of 1B Fl 4T
BT F Bike Energy and the user: P
A Walking [ECHELEES - Functionality Yo
AERF Car sharing ressilfuel cost '(I?rZ:;port time @i IH]
L Bio fuel cost - Status ol A

Electricity cost

Hydrogen cost
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Electric Mobility: Energy Efficiency & Propulsion System

&N A E 4 (L/100km) H#EE (A) AL
W, 7 H % (kWh/km) (REIANE)

KA % 15  L/100km 1 4.74
6 0.79

10  L/100km 1 3.16

4 0.79

7  L/100km 1 2.21

4 0.55

i 20  L/100km 15 0.42
10  L/100km 7 0.45

$ihe 4+ 56  L/100km 40 0.52
N 2.61 kWh/km 75 (&%) 0.13
X % 761  L/100km 810 0.35



BRIZE: a5 atiE
Electric Mobility

= 9 5738 (Electric Mobility)
® /i@ (Public Transport) : Bl & &% €+
= F Ko i@ (Demand Response Transit) : JE B < &% A et
@£ F @ (Vanpool) : A E£F

= A4 A8 ( Private Transport ) : A%



BRAZE: AHETEERIED
E-Mobility: Transit Bus Electrification

R E AR T AT ##F (Choice will be based on)
= A P AR At2 A (Cost, for end user and society)
RAPFagEFE, RE. T, 51 H (Comfort, flexibility, reliability,

easy to use, end user habits, ...)

(| '_‘\“H'—és"» r=KEFH (Crictaina
= J AT SR A Nououdallia
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Electric Mobility: Carsharing + Self-Drlvmg Car

(3) HBEBEEN #  (4) HEBFEM
e EIE R ol W & 1L ad A A R g
W itk R W £ s LR
B Tesla, Mobileye M Google, Apple, Uber 2.0
(3) Cwned Autonomy (4) Shared Autonomy
» High tech individually opsraled ¢ Autoromous PODS
= Tesla, Mobikge ¢ Googe Apple, Uber 210
dGespt Chameed Asrel| Shered

WA — ) ﬁrﬁﬁ—i}’i

(1) Today (2) Shared Economy
¢ 100 yr. old mode * Low t=ch, shared st
« DEMs, Suppliers, Rentals = Uber. Lyfl, Sidecar. etc
(1) &=k E (2) #HZEF%
W 100 % 4 & 4% &, -]

WK, TR F
B Uber, Lyft, Sidecar

W HEEd, e, AR
M Tesla, Motikeye




HEIZE: BE5FERARLREBEE
Electric Mobility: Bus & Coach Industry Trends

e %1#%%3t (Vehicle Design)
e %4 (Integration )
« H&#) (Lifecycle )
e #1#2TZ ( Manufacturing )
o Z H4 M 544 (Body Structures and Materials )
o it 2% (Propulsion ) : #3i7 whL5 48 ¥ AL
o 4 (Software)
- R % (Sensors)
« %5 (Electronics

e Z#H wfu (Telematics)



HEIZE: BE5FERARLREBEE
Electric Mobility: Bus & Coach Industry Trends

e Zim#)% (Vehicle Manufacturing Processes)
e #4417 ( Traditional Process)
o BiizE ik EME S (LITEBUS)
o BEWHIMEIHEZEL ()
« Z# % F (On-Broad Device)
o %Z4miz /] (Vehicle Use)

e B 5k EELR (Requirements of Driver & Passenger)

iz g # %K (Requirements of Operators)
o R ahikstBLE (Infrastructure Supporting)

Kl

e fTk% 32 (Industry Management)
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E-Mobility: Transit Bus Electrification

R w3 2+ (Electric Bus)
® Li# & (Trolleybus)
BT ae et (Gapbus)
B w51 (Battery Electric Bus)
B L e+ (Gyrobus)
& AR ¥ 42 (Technical Path)
® %= ( Lightweight )
® ¥ #1L ( E-Mobility )

# et (Intelligence)
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Electric Mobility:

FERA

1.74 ()

R M e+

e Bt

FRAIE F

WR T, F

W, W ) Bt

0.45 (15%)

0.39 (40%)

0.11 (66%)

0.06 (71%)
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50,000
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12,000
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2,200
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0.05
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0.05
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92,000

112,300

94,200
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Electric Mobility: Life Total Cost in Transit

A AA 5% A
K Purchase /OO im SG&A, im Manufacturing
A A costs ;Z[;Iticement :_’ margins :_: costs
“"Jﬂz Financin v p‘l
g | .
)35(‘2}:\ costs 04 Capital costs Sk
: WA

9 |— Fuel price 151\7]:8\
i 47 &% AA Yty A BRRAA  EAA
E‘SQZ]& Running costs <+—— Servicing c} Maintenance 0 Driver costs Fuel costs @

e} |_ Fuel WYH'

consumption H AL

15\5‘@ Infrastructure Infrastructure Infrastructure ‘Lxﬁﬁ iﬁﬁh‘
A costs ' OPEX CAPEX AR

= T Factors

- E‘SQZF on emissions
’lI f( L penalty
HE7%: Emissions ""_63

; .

MR A costs H & 5B %

=
A TCO



HERZiE: HRLZREEE

Electric Mobility: Bus & Coach Industry Trends

A E N GIEAD G4,
A EHT X2k ¥, M
ERE5TH, THEEKXRAT S
Wi R, AoxbHitber
a9 A4

BF AR OIEAREEFED
XBA AR, BE. LLEAA
A 22 5K
TR OIER RO ZH S
WAL, R AHEK BT,
VARIT AN R B89 & E

HAAN K QAT R AR

53 A%, £F HEFHK,

HLEMEIMAF, URFTS
& ZFalE 7 XG5 H kil X

R HA RO IENR G K A%
o, VARARBZGEIR S, X
B4 B A AR A,

Bg MARMEIEBUR, EAN
FoiktE, VARAR R GG 5] F
iTAE

4R 37

=L Il

Economic

Political

it =

Social

N 1E
Environmental

.

Society, economy and the anvironment

Sactal, economi and environmental dnvers reflect
the three comerstones of sustainable development,

The overall goal st be to meet social aspirations

b While ensuing thatthe environmental burden of
production and consumption is managed. Economic
woals ar¢ eruetal, as wealth enables social and
environmental godls o be achieved.

\ Tochnalcey, policy and mfrostnichure

Technology, poliey and infrastructure are different
from the above three themes, in that actrvities here

can either enable or constrain progress fowards
the primary soctal, economic and envirormental
goals
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Bus & Coach Industry Trends: Electrification

B EER, AHEEN TSR, AR RSB “TRTm” (2009)
®m3F LA, HFFRELIOANT, HAWT I b 100044 # 58 R F
25NN F AR B A 5 R TAE

R % — 134K ST ( 2009)

R 5% ZTAK BT (2010 L% 4)

% = #5/K BT (2010 *4)

R S5ANR T 6 H AR A £ BL A K H 1499 (2015, RE 4 %)
A RIAFZENRARAET HEa910%
T 70 LAZ 5K 56 30 R AR

o
ce&
Pl

=
=
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EEZE: PETWTHIE 60000

1= 50000

Bus & Coach Industry Trends: Electrification 40000

30000
17 321
20000

10000 l

0 2015 F 2014 &

78 409

AT RE E4 222 (New Energy Bus) : 78 ,4094% (2015)
R FE g K (Growth ) : 353% (201449173214m)
RT3 &tk (Market share) : 13% ( 2014493%)
m 4G X RE ) EE4#%E (Plug-inbus) : 182774,
&b TE2]23% (20145 460% ) R+ A KRB EFTH
R B E 425 % (Battery bus) : 601324
® B ik (Growth) : 842
R L ikiRAE (Market share) : 77% (20144 %40%)
= AR RS F T AR BT ANE B Ry, dET S E K
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EE,'Z'J]ﬁ_Ci_ : HHIE +iﬁi?¢ﬂﬁ::ﬁi L R
60000
E-Mobility: Reality of Electric Bus in China
20000 :
R P— .
<6 6~8 8~10 =10
2015 FREIRE S # 2015EREE

& E w5 ey ILR
= %A = (Ownership) : 257 4%, 2015
RFEKKEK, 2% E % — (Explosive growth, Number first in global)
® E &4k (Subsidies) : 300% 1z, 2015
B R BRHENEERKAE T E140.1% ( Cumulative subsides % GDP)
aﬁﬁi%ﬁé (Policy Fault ) :
REZFEHE So-FH. fRzllx ( Lack transparency& fairness, efficiency
measurement }
® I B ANIE (Cheat Money)

B BUTANE + HE R 2T EiELEEH (Bus free to provide to operators)



BERIZE: PEBRFELTAIEE
E-Mobility: Ideal of Electric Bus in China

RPEeshe ey
&~ set1E (Product Value)
R k3t (Lowfloor) . 5TiiE (Wide Acess)
= & K ¥ 4 (Technical Route)

® o XIE5) ( Distributed drive ) . ## % 4. (Hub motor) . ZJ&X#
(Hydrogen fuel)

= # AN Ti& (Entering Curve)
= #AF# . ( Materials Battery )
& 7% 4 4]#7 (Innovation)
& % Uyt & 42 ( Multivariate distributed drive ) . 24 ## % &
( Composite material body )
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E-Mobility: Roland Berger E-Mobility Index Lo ‘h' |
o A

Industry = Technology # K Market 3

* -
s NBp

3.2 :l o 3.1

il
...................................................................................................... w =
3.0 5 - E
Lo |
il

9

O
3
* .
Blos 16

0.6

Vg
0.0 0.2 o9, 1.0

[ ] Overall ranking

Source: fka; Roland Berger
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E-Mobility: Roland Berger E-Mobility Index

Country [EURmM] [% of GDP]"

.0, '105 0.010

® l171 0.005

1) Subsidies expressed as a proportion of current GDP (2014)

Source: fka; Roland Berger
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Electric Mobility 2

= B A 3l 6y = d AR

= (EU's three flagship electromobility projects)
B EH2ORT LR % (ZeEUS)
R A E%E R (Green eMotion)

R M a3 T E (FREVUE)
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Al BHMMOETERSG | ZeEYS, G
E-Mobility: lectrification ZeEUS R

® Zero Emission Urban Bus System

B WA T B R 4R 2 0000 KB IT 5 IR R, ALk

CHE LTI, MK e Rk %

@ 64T R A8 A R T 73 4

® 2 EA35MI2RK IR E Lo R LRI minE R ST, Rk

R 3 AL kR T AT H AT

RIECXNREFN ). b, LilfeFid & BB % EALE TP i

@ b7 b5 1 74 =ZeEUSHLM) & it 3. TF &

R 7 69 R R A A2 77 X, N AN LA CE Y S
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BR3ZiM: MONBEEFRER
E-Mobility: Typical Models in European Bus Manufacturer

#3) W LR B AR
ZF AVE 130 drive alxe

Fuel Cell Hybrid Bus with Plug-In-Function and fuel cell as Fuel Cell Hybrid Bus with fuel cells and battery
Range-Extender

Fuel Cells: Ballard FCvelocity HD7, 100 kW Fuel Cells: Ballard, 120 kW (2x60 KW)
Storagesystem: Dynetek, 9x205 litre (45 kg, 350 bar) Storage System: Dynetek 7x205 litre (35 kg, 350 bar)
Lithium lon battery: 3x40 KW (120 kWh) Lithium lon battery: 250 KW

Electric Motor TSA_TMF, 280 KW Wheel hub motor: 2x60 KW

Consumption target: 13 kg H,/100 km Consumption: 8 kg H2 /100 km




FEENAZIE: KONERIETERER

E-Mobility: Typical Models in European Bus Manufacturer

Parallel diesel-electric Plug-In hybrid bus, 7km electric

Serial diesel electric hybrid bus

range
Lithium lon battery: 170 KW Lithium lon battery: 258 KW
Electric Motor: Volvo |I-SAM electric motor, 150 KW Wheel hub motor: 4x60KW

Di Imotor: M des-B OM 924 LA, EEV, 160 KW,
Dieselmotor: Volvo D5K240 EU 6/EURO 6, 177kW El'f;; ';0 o ereeaEsRane

External Charging at Depot: 11 KW, 400 V AC with Typ2-
plug, duration 2 hours

External Charging on route: 150 KW, bis 750 V DC,
duration ca. 6 Min.

Generator Permanent-Synchronmotor, 160 KW
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BN REBRETERER
E-Mobility: Typical Models in China Bus Manufacturer

BYD eBUS-12 (English) Yutong E12 (France)

G.V.W (Standard) 19,000 kg G.V.W (Standard) 19,700kg

Curb weight 13,300 kg Curb weight 13,400 kg

Passengers capacity 68 p Passengers capacity 92 p

Battery Engery 324 kW LiFePO4 Battery Engery 295 kW LFP
Electric Motor 90/180 x 2 kW Electric Motor 215/350 kW
Consumption target Consumption target

Range in SORT conditions 305 km Range in SORT conditions 320 km




HEEN3ZE: AR sB L (BYD)
E-Mobility: Typical Models in China Bus Manufacturer

In-wheel motor drive axle

Clutch

BYD®. 3 E,fﬁi":)ﬂ 33 AALIR ) AR
BYD electric bus adopts wheel motor drive
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E-Mobility: Standardised On-Road Test Cycles

EX 1Y

Vehicle Performance

% LT E

Boarding time

£ 3% 3
Route
Topography

Haig B

Acceleration

<

Obstacles -
Congestion -
Stops - Station
spacing
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E-Mobility: Standardised On-Road Test Cycles @
2. 4 . Kk £
speed AARB Opéning t the doors
Also called - in the test!
section #o 7
T -
. ] ‘ ’i_ |ageze_* i
‘ Tlageze_b
- s
T
0O
P
1%
5
T, !
To Ty T, T3 Time | g
A mtEzr Base cycle Base
(also called: module) cycle
= e oAb % 3R
8 7 * COMPLETE CYCLE /]
(standardised driving cycle) Ul >
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E-Mobility: Standardised On-Road Test Cycles @
#asg  Acceleration a_ =f(v) Average speed v_= 12.6 km/h
#:% Deceleration b =0.8m/s? ERTEY 4
60 A 60 A
< 604 £ 60
: 3
E 50 2 50
3 40 = 0.62 m/s? g
> 40 A > 40
i a3 = 0.77 m/s?
¥ 5 30
¥
20 1 20
10 10+
0 | | | ] 1 L L] h G ¥ ] l‘ L] L] L] L] ] L] *
0 100 200 300 400 501 600 0 20 40 60 80 100 120 140 | 160
\ s =, 03 m/s? 520 m Calculated = 151.2 s
Distance (m) i+ 5 ) Time (s)

2% (m) iE (s)




FER3ZIM: fEIERRIN

&¥ (SORT)

E-Mobility: Standardised On-Road Test Cycles

SORT 1: Heavy Urban X T3

_ AR
Jaig  Acceleration a_ = f(v) Average speed v, = 12.6 km/h
Ak Deceleration b =0.8 m/s?
A A
T 60+ £ 604
g g
2 50+ LE" 50
g L
> 40 = 40
2 3,050 = 0.77 m/s?
# 30 A\ 30
201 201
10 1 104
D I I T T LI} T )" D L] I I ] I T ] I }
0 100 200 300 400 ] 600 0O 20 40 60 80 100 120 140 {160
@rn 20 = 1.03 m/s2 520 m- Calculated = 151.2 g -~
Distance (m) 7+ H 88 Time (s)
%% (m) i E (s)




BEIHE: fENERRETEIS (SORT) @
E-Mobility: Standardised On-Road Test Cycles @

SORT 2: Easy Urban &4 T3

. , FHak B
AR Acceleration a., =f(v) Average speed v, = 18,6 km/h
Mi% Deceleration b =0.8 m/s?
A A
< 60- £ 60-
E 850 = 0.57 mis? £
> 50 2 50
2 & ]
S a0 =0.62 m/s? =
> 404D > 40 ”
1
#% 304 304
20+ 20
10 10 1
0 T T T T > 0-1 Y >
0 400 ) 800 | 1000 0 20 40 60 80 100 120 140 160 180 200
\ @00 = 1.03 m/s? 920 m- Calculated = 179.4 s -
Distance (m) + H 58] Time (s)
¥E%H (m) B (s)



BaIE: fEXERNEREIS (SORT)
E-Mobility: Standardised On-Road Test Cycles @

SORT 3: Suburban *fX T3

3R A
Fm3®  Acceleration a.,=f(v) Average speed v, =26.3 km/h
iz Deceleration b =0.8 m/s?
A a .50 = 0.46 m/s? A
< 60 N £ 60
g An 50 = 0.57 m/s? 5
2 50 ‘- & 50
E \’ E |
0]
> 40 > 40
£
¥ 30 30
20 20+
10 v 104
0 IIIII } O Ll I L 1 i I ‘ Ll I 1 *
0 00 400 EOD SUU 1000 1200 1400 1800 0 20 40 60 80 100 120 140 160 180 200
mingo = 0.77 m/sZ 1450 m- Calculated = 199.2 g -
Distance (m) 7+ H 1) Time (s)
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BRIZE: AHELTEEK
E-Mobility: Transit Bus Electrification

nie, e shik (Electrification of Transit Bus )
® % 4% (Vehicles)
® 7 %1% 5 (Charging Infrastructure)

® AR5 8k % (Energy & Mobility Services)

G




Eh3IE: R ESEMAIELR
E-Mobility: China & European

B IR 33 A A

B B A R AT e R R R 3 &
RERAEARBEALIIE E, AT L w07 m

R B HL 69 238 5 # )

BACHBEARAEN T IECLE b ERERAECH)EL
RREHNNBRRKERNTAECE P [E IR EANE
BRHCERREARRGE L iy TETHZCLEFE L
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FEEIZHE: KEMEBLSE L
E-Mobility: IVECO Ellisup Concept Bus




AR : KEMERSEL
E-Mobility: IVECO Ellisup Concept Bus
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E-Mobility: IVECO Ellisup Concept Bus




Supercapacitors

BN : KEMHLSE LT
E-Mobility: IVECO Ellisup Concept Bus

B Ellisup#e& £k 18/~ % 4=y R T4 4

®EINA B W e is H K B

R XA BRI IR £ ) Tk, MRS F FARKER S AERH) 7 3
#r 5

RIERE NS E, HREAC T EARRGERLD

& — ¥ B E AR F A H280mm

= 3G P B CEAE 71 20%



FEENAZIE: RSB L
E-Mobility: IVECO Ellisup Concept Bus




BER3ZIM: BB THEREXK
E-Mobility: Tende Requirement for Electric Bus Operation

REEHRZFRA (FR) : 12K, 8KR+A, 6K ) A
& Bus Capacity
| 420k ¥ AZ fe 51 F HR IR
& ranges and Bus Cycle
SSORT 2, 3 (PR A RAERiE) : 250~300 km (12K E+)

RSORT 1 (FX) : 150~160 km (& 7 & H]&K)
RECE: 213160 kmiw



FEEAZIE: AEZEE I
E-Mobility: Electromobility

100% B =S4k
g]%/é]a:': : g]%“ﬁ/tbaf]bﬁ Iy

siarh 4 2] a4 e ot
sqh 42 shl : sk & shbl_ A el




I : HONEZNE LHhig
E-Mobility: Transit Buses Market in Europe

Scope of study 1500 2000 16,300
2500 -
2800 T/
7500 *
1}
Does not include coaches (~7,000) Biﬁ’
12-m standard  Articulated 12-m standard Double- Midibus Total
bus, city bus bus, overland decker bus
Market
EUR ~1,8003 ~1,000° ~6002 ~B002 ~4003 ~4.400
millions
" ~12m = 18-20 m* " ~12m = 1214 m * 8-10.5m
* ~18t * Upto 30t * ~18t * Upto30t * Upto18m
= 150-200 KW = 230-280 kW = 200-250 kW = =230 kW = 100-150 KW
* ~40 passengers * Upto70 * ~50 passengers * ~80passengers * 20-30
seated passengers seated seated passengers
* Upto70 seated * Upto 30 = -40passengers  seated
passengers * Upto100 passengers unseated * ~35 passengers
unseated passengers unseated * Used mainly in unseated
* Low entry unseated * Technically very big cities

close to city bus



FEEZE: REXNBEHEL

E-Mobility: External Quick Charging

Project WATT Gothenburg Geneva



FEENAZIE: RIEXNENEL
E-Mobility: External Quick Charging




EEZE: REXBEHEL Gwd)
E-Mobility: Hess BGT-N2D(TOSA)

P

REMELEwhaITERS
REFL O+ eiFH L

A
Fox ey
%w»i:
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‘5 5’&5@3 AP g T Bt R e B PNERE FRNHL
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HEzN3E: TR NENEL (BREMEH)

E-Mobility: Wireless Charging Project in Europe

Electric buses

A303E
Type Low floer, midi bus
Bus length 9,4m
Capacity 18 seatsand 38
standing

Range Continuous—on a

dedicated line
Conductively 140 kW
charging
Inductively 200 kW
charging !
Battery pack Li lon (LTO)
energy 34.8kWh
content

LA R LR AR T

Inductive charging
Li lon (LTO) battery pack

Primove Pick up

tha svoiution of mobdity

Battery pack

Flemish Living Lab Electric Vehicles, wireless charging project in Bruges



HEzN3E: TR NENEL (BREMEH)

E-Mobility: Wireless Charging Project in Europe

tA B A2 B 69 L& A~ eVan Hool A308E midibuses

€1.5 million has been allocated to delivering the Bruges buses and their associated
infrastructure. In addition to Van Hool, the project partner’ s include Bombardier for their



EEZIE: TZ&ANBENE T

E-Mobility: Inductive Power Transfer

Bombardier Primove to Provide Wireless Charging and Battery Technology to Berlin



EEZIE: TZLANBEE L

E-Mobility: Inductive Power Transfer

Wayside . Onboard

PRIMOVE Project wenier  Woeing] _ Receber
BOMBARDIER un—{SAE 3HE [ B [ Voo o

" Pickup Rectifier

o — B —— ™
. e ' 200 kW
s - continuous
L e, AL charging

=}
3 { Vehicle detection m&rimlﬂﬂyr winding
ik antenna loop )

Segment enable |I' " Wayside
3 Power pickup Inverter
B <
)
= Supply voltage

650/750/1.000VDC
L or 400VAC
Grid connection



B3 REAFRAERFEL (F3)

E-Mobility : Inductive Power Transfer

TR B8aMx L




BEE)AE: REAFTRANERE LT (F3)

E-Mobility: Inductive Power Transfer

[ E&7em53t]
FE ARG TIEEREGE | REERAEETE EmntaiscFs, jmﬁﬂ:ﬁmﬁﬁ

—RRRTRESEEEAS , HULERAERSRENER. BUWIFIES , Ban
KR EEIEOTHARSE  SASNAR—TRA.

TXBEREHAEF. FRNEFRTFLEALCEE
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BE5ERMENNT

E-Mobility: RATP in China Yutong E12

"bm

® RATP goal for 2025: Bus fleet that is approximately 80% electric

® Bluebus project: Line 341 will operate electric standard buses

® Test electric buses: one vehicle per manufacturer

2025

pour les territo

® Three European manufacturers: Heuliez(France), Irizar (Spain) Solaris

(Polan

\d)

® Two Chinese manufacturers: Yutong conjunction Dietrich Carebus

(France), Ebusco




transport
for
london

EEZE: Lt EE50BEANEEL
E-Mobility: China BYD in London electric Double Decker Bus

BYD puts electric double deckers on to the streets of London
Chinese President Xi Jinping and Britain‘s Prince William visit BYD showcase




B 3218 - i a

E-Mobility: International Marketing in

EEEH-FHNE S ETEIZHMBE TRISORE S | =R

Mercedes-Benz roadmap from clean to zero emission bus

AAE L
wrer I i

HRAARE I E-Drive
AL R A1k ¢ Energy storage

Citaro FuelCell-Hybrid

Diesel engine 3¢ ;& % 3 #L
E-Drive 37 4R & B

Energy storage #8755 i

5% K FH

Diesel engine

automatic gear-box

Citaro Diesel bus Citaro G BlueTec Hybrid
RibeE+ RAH ) EE




B 3218 - i a

E-Mobility: International Marketing in

- MBS E TR A E TR AR, | KHAKRES

Mercedes-Benz roadmap from clean to zero emission bus

&*f FPREX BAETHE

#wHE L
alternative

conventional

G AIES




BEEN3ZE: BUNEIB T ERER EBUS AW.ARP

E-Mobility: International Marketing in

i i i . Environment 3R4%
Technical Highlights # K% &

%3 bk (5330 kg, 26KWh) zero CO,emission  CO2ZAkx
Lithium-lon battery (330kg, 26 kWh capacity) Zero PM, NO, emission PMZ 47
w e (2 X 80 kW) Lowest noise level R AKZR B
Electrified wheel hub motors (2x 80 kW)

LA E R R &

Electric powered auxiliaries

At & % (120 kW)
Fuel Cell System (120 kW)

MeEEEER-F50tCitaro E-CELL
(2018 )

Citaro FuelCELL Hybrid
NEDC#i£2: 250 km
NEDC#E#: & /N 211-33F & A
(E ART 8 Y 50%)




FER3CE: BB TEHREME

E-Mobility: Centralized & Distributed Electric Propulsion

Py, £ 4
TEA
B RRHRE  Phesn BRER

=
= E%E Eit i
+— 4 —

%

=
W

%

oA X b A2




HEEI3ZE: S hEERRS

E-Mobility: Multivariate Distributed Electric Propulsion

fe 2 #4575 32 (Decoupled Energy

Management) #Bt& % A F #9 8L B A= 40
wRRSHRE, REHAFHEERANX
o

»# ( Distributed ) — & F
CrahHEREERESARES
SRR AT I E R A e
= RABYEE A LKL

% 7t. ( Multivariate ) ——
RIEZE AT T8y T
B R, T REAIFN ) Bl B

H# & % ( Propulsion ) th RALE AT B 6930 71 it R A, S A HIRER A
R—HN ) Bk, CHRENSHEIRNL AR, BT EFERTHEE. ARG
A T ATipEL A RS R A, OisRiby ., s, URRLAMEST,
FAE mal# AR = A B 1+ 1> 289 K 3K




FEENAZIE: BB THRERE R E

E-Mobility: Energy Conversion Chain in Electric Bus

L fit e 2.7k BIRHRE )
PAUX
Auxliary loads

#H B 1T #R Kinetic +
e g potential
Al BN 3
B

energy
Grid A

electricity : P
DC/AC -
—_—> EVSE o Transmission
o converter
A E- g
L J : Pﬂas
\/ \J
Conversion Braking Airand rolling
logses logses resistance

HHAR K HARK  ELHRAMSY

R OO MR, BT ekl E By foBy, ) BN EKET (P,) . HIELL
% (Py, ) , HDBYEAshtehiBid 25485 (P,,) B ©kiEs ( By, )



BEEN3ZE: BB TMsh hEXRGEZ

E-Mobility: Simulation Curve of Power Demand of Electric Bus

A

Power f;bj]

start/astern | start/forward
HE B HEHIT Acceleration/ climbing
IR /€ 25
constant speed

Ayt

£33

f constant speed

constant speed
) &

Driving conditions
>

T

\/ U

a5 wEh/EGE | BB/ EE W Bh/wEEE, i wEEE
Brake/stop Brake/decelerate

O 70 A T N5 RA45 R &R ANRIE, EmaEe A RLANIF 2T, RIEERLRRAT
M TOETE Q) ) INE kAT RALB 5B, R RRER Y & ikty, #ksh 7 EE R ord
N AL EMENIAHAELHEGLRIZEY, FNALATANIERGBFNRLGLE 2



BEE)3E: REEISRBRES SN

E-Mobility: Wheel-Hub Drives and Low Floor Body Structure

Pk AR S & 4
Centralized Motor Propulsion

S B HUIR B F A

":ﬁ wé'- /—’_,'_:4‘_- w . . o
RIS Distributed Motor Propulsion

Channel Width
4543 860

2

v




AN E: BV ERREE TR ERLE

E-Mobility: Wheel-Hub Drives as Standard Configuration

=

=~

-
o

\ VoL 4

BUS & COACH

3 e-Traction

BECHIRS)
Hub Motor Propulsion

®= VDL Citea Series(Ziehl-Abegg & e-Traction) s
RAREA BN AR AL TBARR L AL RROH TS




IR EAWSS54518
E-Mobility: Views & Conclusion

Rtk E#AH (Energy & Power)
REANNAFN T EEKR, BRAEREHNEZR, QFERENI. € KA
WA E, ARBHELAELLTE

= ®-F 5% (Electronics & Control)
R YT 5K, GEAERE., AL, MM FR AR, o ak
EHl, ZALEIN, BESRS. FRBEREAFRBEF, AR5 MiE R 6YiE R
&G R GBIz

=M 5#4H (Advanced Structures & Materials)
B WA MR G R EIRERR, RS TR, BRSRE, BIK
R Z AL BRI F b AE
BEMGE. BRod. REMA. GARRIELZH5HRAK
malEd 5 A% (Processes & Systems)

BoAEESXAENAEI LA A5 AHER R %, Aatn., TAE&F. #H
SR AR UREBERS, FHFEREARE R KK~ L4



1515 ! Thank you!

e X & (JamesWang) motorworld@mail.com

o FTRARRBRFAXREFH, ANBIFERFEARCEIRAAFALTSHEREEFTRL, (FEELS
FE) FEIH, ~EZGIERKAAR., BREEALEEE, PEHLIARAIAEFAELEHRER
BERES EZR2FRXARN, PERTAEGEF2IFHEEF, FRER, PELARFIEE
PRERERERR. (BRHNEER) 5 (ENELR) FFARR, FREEBRLNALizLE
KA EARG, BHAF R CERRLBRA AT EC T RAG LR, RN HBRAEK
FONFAR 0K, ARLHHR A ANLCETHRBREZEHEEE

c o OMMEAA (RilshcEE) . (A% TRLEER) . (BRELARES) REF (
Rk @Hd) , (FEHCEXEEE) FEAY: (FREFRE) . (FEFI) . (XK
BEnA) . (AR ETHZH) . (FEBTFHIRAE) . (FEECELAMET L)

* Mr.James Wang is the transit scholar of Chonggqing Jiaotong University, A member of
UITP, a expert of Busworld Academy, the editor-in-chief of China Bus & Coach Yearbook,
and he has published a series of books and articles about bus & transit industry in
Chinese. www.motorworld.com.cn



