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Autonomous Connected

= Aconnected EV ecosystem
could increase the
convenience of charging

= EV vehicle architecture ...
has a central control -
unit to facilitate
autonomy

= Autonomous charging
could add convenience

= Connected car grid
solutions could enable cost-
effective load balancing

S hared

= Greater annual
driving distances can '
offer a decisive TCO

| E lectrified

= Tightening emissions
efficiency rules make EVs
necessary to meet

edge for EVs standards

= Some consumers may prefer = Lower battery costs :
access to multiple vehicle types improve EV economics ‘ -
over ownership (including EVs) N
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Cycle breakdown by speed Cycle breakdown by acceleration
35% iﬁ
30% - 40%
E_25% 35%
=3
S 20% | 2 30%
=1 3 25%
o 15% & 20%
L~
% 10% 15%
| 10% -
A LTS 5 o S LN
3 R LI LY L Olekly
e IARARAITIFTIAEE L .2 mcmﬂ e o IS
2 s g
speed (km/h) accel (m/s2) J . J IS . .
(WX
BASON S ol
Cycle breakdown by time Cycle breakdown by power
40% “a.
4% _ LS \5 LL@ ) \ o)
J A
30% |
midle g 25% |
20% |
W accel s
£ 15%
= decel 0% |
W const 5e
o LERDRNN 0.,

0 30 50 70 90 110 130 150 170 190 ‘ =
power (13.9t DD bus) (kW) N




L vgigil 399 ks 5 9 (599995 Arwgl S o g 1gd (FogIT Cu puwo Lislod ol 8

S0 S g9l FuNT>

Transit buses first:
strongest ethical case
and payback from —
lower cost of
ownership. Bus Rapid
Transit is an excellent
application for electric:
intensive use

gives big fuel and
maintenance cost ! ggis;
benefit.

Coaches, intercity

RPN LIl

up-front cost is lower than

byl L;usL@szméfm&Bﬁ

charging infrastructure for
s\

ﬁ)ﬁg distance bﬁ.ze: and !x;:k
*
> S it s long retedton| 5
1 r,
Transit buses first:

for school buses. How€ver,

the tougher emissions laws
strongest ethical case, .\ and €oncerriahout 5
a"d‘ﬂﬂ?b?&ﬁv*ﬂ’ - winecessary E‘eathW

lower cost of injuries from emissions
ownership. Bus Rapid . will HiFeven them.

Transit ;;amﬂe ‘}_ﬁ >
applicationfor electric: - :

~

intensive use

N &
gives\hig fudland J)
maintenance cest

benefit.
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Hybrid

Diesel
Hybrid

Plug-in

City Bus Market

= E

2010 Future




1200k

350k

&

o ./n‘)‘ief—“#
Almost all ‘ .o “>
.
Global bus pure w Huﬁ
sales electric e *e *
" . ‘ A ] 5 JJ.
Pr o e Sl Lo
Almost all
internal
combustion
2010 2030
Here Comes the Electric Bus
China forecast to dominate a market expected to more than triple in seven years
H Total electric bus deployments, in thousands H aI f th e WO r I d FI eet
SN 1,200
800
400

2017 2018 2019 2020 2021 2022 2023 2024

Source: Bloomberg New Energy Finance Bloomberg
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Electric buses ordered per year 2017 orders by vehicle length
W Battery 752
M Plug-in hybrid
M Fuel cell
[ 70| - 22

W Trolleybus with battery

=1km off-wire operation with full traction

and auxiliary performance
Only buses 28t GVW

8-9m 10.5m 12-13m 14-15m 18-19m 24-25m

2017 orders by charging connection
battery and plug-in hybrid buses only

roof pantograph
gantry pantograph

1050
408
1. ]=]"
—

2010 2011 2012 2013 2014 2015 2016 2017 induction 0

ground contact 1

/i

Al data trom own research by Stefan Baguette (Alexander Dennis Limited). All rights reserved.
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OCEM Name Battery capacity/Range Series production
Daimler e(taro 240 kWh end 2018

Scania GtyWide Electric 150 kWh now

MAN Lion’s City 12 E 480 kWh/200-270 km 2019

\olvo Volvo 7900 Electric 150/200/250 kWh now

Iveco /Heuliez GX 337 ELEC 349 kWh,/200-250 km now
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25%

35%

0,
S 39%

7700 Hybrid L
Field test

Reduction of fuel consumption

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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'000 units
140 32%
mmm Plug-in
120 - 25% hybrid bus
100 24%
20%
80 mm Pure electric
16% bus
60
12%
40
8%
% e-bus
20 4% penetration in
1: total bus
sales
0

_ ' 0% -
2011 2012 2013 2014 2015 2016 2017 ‘ -
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2012 2013 2014 2015 2016

BEV 1904 1672 12760 94260 115700

PHEV 313 2637 16500 23051 19376
HEV 2825 6111 797

Pl Brand 2016

1 Yutong 21.428
2 BYD 14.903
3 Nanjing 7.921
4 Zuhai e) 6.000
5 Hunan 3.410




80,000

60,000

40,000 —

20,000 —

0

2007
Last updated: August 2016

2008

2009

2010

Diesel

CNG, LNG &
Blends

|

[ |

I Electric & Hybrid
I Gasoline

B Biodiesel*

I Other

RN AR
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(By catenary) «s > Jsb ;5 36, Sl w s JLasl”

(Overnight) i Jsb s ateal 5,La»

Each

setveral stop Each L i i

stops < "Sfj‘“.ejgg, QL:L.{J‘ Az
Duringa Aftera . ) o .
roundrip  EECCLELLS Several ;

onlyenc _ (After a roundtrip) |8

ijﬁjijdsz>

bt (During a roundtrip)
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3
g 1-6min
E 15-20 > 1-1,5h
3 3 .
~ 1
©
& g 3
. — S
£ o [}
1] . [
+  6—10min = Q
() _g I
p 10-15 @ 1-15h E
) Q -
-~ 2 [o]
© o £
[} fe2l
o))
E £ ]
= 2to6hours [ ; : : (2 5
| Overnight Charging (Plug-in) - ©
« System: DC Charging (CCS) - 30 up to 120kW 1to5 5 2to5h
|+ Preferred applications: Airport buses, Shuttle service,
buses for peak operation, Test trials . |

50 km 100 km 150 km 200 km 250 kOm 300 km 350 km

Daily Mileage [km]
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Q Electric range: 2155 miles(2250km) Q Electric range: up to 30 - 40 miles (48-64

per charge km) per charge

Q Battery Type: Lithium Iron-Phosphate O Battery Type: Lithium Titanate (LTO) fast-
battery charge

O Battery Capacity: 324 kWh Q Battery Capacity: 74kWh

Q Charging Power & Time-80 kW (40 Q Charging: Overhead 500kW (0 to 95%
kWx2, 480 V, 3c, AC) 4 h; 200 kW SOC in 6 minutes)

(100 kWx2, 480 V, 3¢, AC) 2-3 h S
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Battery swappable BSS station Swappable battery
electric bus
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ALSTOM

S 3 s AL ol

. "-‘.‘“" ng during P A s ‘ - >
standard stopp ing time at terminus \ L V':"'“ L5-3 D»)

3phase

Ll - S e R eaulator

200A Power [ ; Regulator
20kHz BEiEy QL ‘ ‘ 1 im

segment segment m segment ‘segment

Power OFF  Power OFF Power OFF

j -
Pick-up Module S\

Road Embedded
Power Line

Bus-only lanes
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Power Charging|Charging

Model Torque |Capacity

(kW)

Volvo 7900 160 400 76 0 <6mins 60
Volvo 7900 (2019) [T 400 150 P&O  UN™ 200
160 400 250 P UN 200
2x125 ~ 2x485 243 P UN 150
180 700 324 P 4h >250
160 2500 240 P 5 h 180
2x90/150 2x350/550 352 P 45 h 320
160 1500 385 P 3h|6h 300 ~
160 1500 100 0 3h|6h  UN'.
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Power

Model (KW)

Skoda 160
Skoda 160
VDL 160
VDL 160

Proterra FC+ Qr#liRelii]
HOICIIED ARl 220, 270
HOICIIER=rAa 220, 380
MAN Lion E 270
Yutong E12 200
Heuliez 137L 160

Lo 50 e VY Bp la sl anlllae

1800
1800
2500
2500
UN
UN
550
2100
2400
2500

ESS
Capacity
(kWh)
80
230
180, 216, 288
85, 127
126
330
550
480
295
245

Charging| Charging

O
P
P&O

<10 min
4-6 h
UN
UN
<1lh/2.4h
<2.5h/2.4h
< 3.5h/ 2.4h
3h
1/3/5h
UN

AER
(km)

60
160
UN
UN
140
380
590

280

UN

’I||\\\
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Power ESS_ Charging| Charging |AER
(kWh)
160 UN 240 P UN UN
2x125  2x485 120 0 UN UN
160,210 1400, 2000 160,213,267 O 16-32mins  UN
. 0: 16-32
160,210 1400,2000 320 P&GO e UN
160,210 1400, 2000 311,388,466 P 48-260 mins  UN
245 3329 152 P&O  30mins-1hr 144
300 2100 250 P&O UN UN
120, 190 1000, 2100 e 3;255 — P UN  ®UN
g
e R
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Power (kW)

400

350

300

250

200

150

100

50

— - - Z.
kWY\' RN Q\y U'3'<JL?~‘°>
K X
X X K Samples
X X X =—=10% Upper
X X iy X 10% Lower
KKy X KKK XK K T Mean

=—=Mean 80%
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Plug-in

Opportunity
600 300
X ”
00 2 - 250
£ 400 « ¥ « 4+ Samples = 200 X ¥ Samples
S X X = 10% upper s = 10% upper
& = He T X & X
E 300 X X 10% Lower G 150 10% Lower
s Koy W K = Mean ? F—R—x ———Mean
& 200 S 100 X
——Mean 80% % y X = Mean 80%
100 50
0 0
Plug-in and Opportunity
350
e
300 X
z 250 X #. Samples
'S PR
E 00 X 10% upper
E X —10% Lower
W ¥
E 150 K s e Mean
* 100 X —— Mean 80%
He—
50 ‘ -
-
0
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HV battery cluster air conditioning/ auxiliaries carrier
(HVBC) heat pump rear
(2-6 HV batteries)

[m] 3 [m] & w0 glgd ol (&l ;21>
[w]

option:
pantograph
position Combo 2
charging connector

HV battery cluster
(HVBC)
electro hydraulic eAxle (4 HV batteries) =
steering ‘ S
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Wirkungsgrad 1 (Gesamf) v

650 180
B e = %00,
\_\ = 160
650 o - -
e 140 =
500 7
\ i
450 e / ~ “w
) / Y [ 12 E 350
T 400 ~ = [
/ J 2
2 0 y) / \\‘ ~ 100 2
% 7/ / \~: S o g 'E m-
E 300 7 - r80 @ E
£ om0 ! P~—e 3 20
o ( / | E
5 200 / ~——Nennmoment - 60 < 200
5 ‘f y ~ = Maximalmoment ﬁ
1 ,7 —— Nennleistung 40 180+
100 7 = = Maximalleistung
50 % ? 0
0 0 £
0 1000 2000 3000 4000 5000 6000 L

_ 1000 1500 2000 2600 3000 2500 4000
Drehzahl [1/min] Drehzahl [”I‘nlﬂ]

4500 5000 5800 m’m‘\“
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Lithium-ion battery pack price ($/kWh)

1,200

1,000 A

800

600

400

200

0

2010

a5 %0 5199 Lol &l 21>

psd (5L amr Ced s o

Demand for lithium-ion batteries

(GWhlyear)
1,800

1,600
1,400
1,200
1,000
800
600
400
200

0
2020 2025 2030

s EV s E-Bus mssm ESS A Observed price = = 18% learnina rate
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Rear Drive Axle
12 | Engine ZFAV132
Longitude TR
Sk NN Energy Storage
L Sed > 3 Pack
ECO Life AT Gearbox | sl | < \\

Middle Electric
Drive Axle
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1.2
1.1 J . J “ Lﬁ "‘
BN RS NCLIB By
-E 0.9
=
w 0.8
o
Z o7
: 3,000,000 $2,596k
306
s o U} 2,500,000 $1,180k
e - v
E 0.4 > 2,000,000
—
"g 0.3 + 1,500,000
(o]
o
0.2 + 1,000,000
©
01 ~ 500,000
0
E-bus - overnight E-bus - opportunity Diesel bus 0
charging charging Electric Diesel
. Capital costs . Operating costs” . Infrastructure cost . Financing costs ® Purchase Price lFueI/EIectricity Cost
® Maintenance Cost Health Care / Cost of Carhon

. Health external costs (air quality and noise) . Climate external costs (GHG)

L) K, ] AN

*
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90km/day - 110kWh e-bus 300km/day - 350kWh e-bus range

1.00 range e
0.80 200km/day - 250KWh e-bus
- range T
0.60 “® | " o
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Kilometers

= == == TCO diesel bus 350 kWh e-bus, slow depot charging

- 110 KWh e-bus, wireless charging 250 kWh e-bus, slow depot charging
110 kWh e-bus, slow depot charging N




TCO, $ per km
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TCO 1.69
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slow depot fast charging at slow depot
charging terminal charging

| Capital costs, vehicle ®Other operating costs '~ Fuel cost B Capital costs, infrastructure TCO| $‘ per km

gg?:jf LSLQ‘}'@'*;' TCO 1.03 ufé'& LﬁSJJ" e ‘(L’.ﬁ)D

TCO 0.92 TCO 0.92
: TCO 0.86 TCO 0.84 TCO 0.81

TCO, $ per km
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TCO, 1.05 TCO, 1.05

TCO, 0.99 TCO, 0.99 TCO, 0.98

CNG bus  110kWh e-bus, Diesel bus 250 kWh e- 250 kWh e- 110kWh e-bus,

wireless bus, depot bus, fast fast charing
charging charging chargi_ng at en-route
terminal CNG bus Diesel bus 350kWh e-bus, 110kWh e-bus,250kWh e-bus,250kWh e-bus,
® Capital costs, vehicle ®Other operating costs = Fuel cost ®Capital costs, infrastructure SIDW depol W| rEIQSS fEISI Cha rging fasl Char'ging

charging charging en-route at terminal
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VFE-BP-38140-1615

Pack Configuration 16S15P
Cell Type LFP
Cell Shape Cylindrical
Cell Size 38120
Cell Capacity 10 Ah
Cell Nominal Voltage 32 \Y%
Cell Maximum Voltage 3.65 A%
Cell Cut off Voltage 2.2 A"
g Cell Calendar Life 10  year |
'§ Cell Cycle Life 1500 (100% DOD)  Cycle |
= Pack Nominal Voltage 51.2
g Pack Maximum Charge Voltage 584
é Battery Management System Intelligent Digital
B Battery Balancing Passive
g Safety Function Contactor & Fuse
& Thermal Management Close loop Air Cooled |
Operating Temperature -10to 50 D(e:g
Impact Protection 1K09
Environment Protection IP65
Dimension 70x40x40 cm
Weight 15 ke
Vibration Standard According to SAE J2380

Isolation Standard According to SAE J1766
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Technical Specification

Operating voltage DC (V) 100-800
Voltage limit (V) 900
Rated Output power (kW) 160
peak Output power (kW) 185
Continuous output current @ 300
700V DC

Max output current (Arms) 320
Switching frequency (kHz) 2-10
Max output frequency (Hz) 450
Motor control algorithm FOC, SVM
Communication CAN
(P\c;;/ver supply control board 20-36
application HEV, EV
Motor type IM, PM
Weight (kg) 12
Degree of protection IP67
Ambient Temperature (°C) -10-70

S 550 )3




Lovgigd! ipgd ki {8 2 (595995 drwgl GBI Hio 9198 (FOIT Lo e lod (et 72 R0
" o e
a5 2w 199 ol Olakd (099 g0l (gl >




g3l ipgd i 45 2 (599995 daws S o 192 (F3gT Lo e sl (e 73 RO

a5 o0 slg8 ol wlakad 099 cpuol oy Kol
DC/DC Jaw>

Serial
B X




Lws9il ipgd i 45 2 (599995 dawg S o 192 (F3gT Lo e sl (e 74 RO
. " .
a5 20 6199 ol wlakad (09 (ol yS0ol>

Fabe w8 5 SeS sl e




Lwsgil ipgd i 45 2 (599995 dawg S o 192 (F3gT Lo e sl (e 75 RO
. " .
a5 20 6199 ol wlakad (09 (ol yS0ol>

Fabe w8 5 SeS sl e




g3l ipgd i 45 2 (599995 daws S o 192 (F3gT Lo e sl (et 76 RO

Ol g g SN0 >

33 2 sl Sl eslaal v OG5 Al 18
5 o SSslae Sy Jame 53 0045 e Sl O 5L
AYAY Ol 6 ls b Sl 5 i

S = Al e 53 BRT) e Gl s 51V Lot

INIO s s 3 1O/Y Lo ge L

km\y. > gl Jales 4.>-J.>:\/ 4.;\)"9) u;‘.'-,’.l"*::’.>

km Yoo ‘)‘JL‘»SU»}.’}S‘ O\KIMJJA‘C"‘}‘}‘) u':".’.L"'.‘z’.>
NS




w925 2098 it {3 99 (593995 drwgl SLGILY o g 158 (FOIT Lo oo Gialod ot 77 RUS

OlSlgn g (SRS

o Dlasie ) eiS (6 ed b Sl g ol aslsl

A2 S 0> Pl JL’j J«:— Sy B sle s sl
L ME | dadde
el gk ¥ sy
ARSI i ;1 s
e asks YO
220 A
el )5 j2eglS A- s g S 0>
CAN 5.




L vgrgil 1098 it {2 595995 gl GBI o 9198 (T39IT Cu v ilon (meiis 78 U S

OlSlgn g (SRS

(

* oalxl8g8 & Shos
© YU Olwob! Sl
o ST gal”
\° Retrofit

L. .
° }swuo-}wg.ejm
. QO%YT)WVfu\c

Ol (GHAES 9 el

oAl ieo 3 ;hoe Ol

~
\ ( wilio B ppled & Shos ©
ol ! 30 5136 OISl

ﬁr)lt“'ég;*\’in °
J

*/

Fo LS g S yan
B o ¥T HLG poe @
TG LI L
0y Clwpia i pas o

\—
o
Y N




L9l gil 399 ks 9 9 (599995 axwgl GBI o g 190 (T3 gIT Cu puto islod (moiid 79

OlSlgn g (SRS

Power/Energy i
Item Supplier
(kwikwh) [SUPP!
= Traction Motor 170-300
§_ Traction Drive 300
an Gearbox 300
3 Cooling System 50
[1°]
3 Central Controller -
© m Battery Pack 200
2 S & |Power Distribution System 500
3 8 < :
Cooling System 5
o B Auxiliary Power Unit 11
c
é =, DC/DC Converter 4
3 8
< Inverter 25
HVAC 30
£ 9 Slow 40
22
® «a
= Fast 200
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