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Vehicle landscape is changing

Trends in automotive industry
o
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XEV High voltage Autonomous Lead Ban EV Sharing
Recuperative brake (12->48v) Camera/Sensor Cold Cranking from have to share
Motor assist e-turbo Processor Long life & reliability Change of distance
Actuator Lower self discharge Charge time critical

e-suspension

EV mode drive
Catalyst heating

Sailing/Coasting

Trends in automotive industry are pushing the battery to its limit
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History & Achievements of SCiB™

A pioneer at LTO anode technology

SCiB™ uses lithium titanium oxide (LTO) in its anode to achieve excellent characteristics

* High performance and reliability across numerous applications
* Adopted in over 3 million vehicles
e Zero operational defect related to cell quality

* Unique characteristics of LTO
* No Li plating
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SCiB™ for LV-xEV

SCiB™ has been tremendously successful for 12V MHEV systems in Japan
Three new OEMs launch LV-EV with SCiB™ in 2019
Adopted for 24V HEV as well as 12V

From K-car to C-segment
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SCiB™ has been appreciated for its contribution in 12V HEV
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Importance of 48V vehicle

Trends in automotive industry
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XEV High voltage Autonomous Lead Ban EV Sharing
Recuperative brake (12->48v) Camera/Sensor Cold Cranking from have to share
Motor assist e-turbo Processor Long life & reliability Change of distance
Actuator Lower self discharge Charge time critical

e-suspension

EV mode drive
Catalyst heating

Sailing/Coasting

48V vehicle has potential to cover four major trends
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48V as Hybrid System

48V is flexible to multiple configuration (P0O-P4) Hybrid system costs in EUR

Which configuration will be mainstream? 1,600

1,400
1,200
1,000

800

600

400

200

Source FEV

15 20

0

Electric machine placed
at (rear) axle or
Integrated in axle

g S R Electric machine placed
SIS e at transmission output
transmission & clutch tpu

It €nd Sy rive

CO, emission benefitin %

Configuration of HEV system will be varied depend on regulation, cost and benefit
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48V as High Voltage Boardnet

1stgroup : New devices just realized on 48V
2nd group: existing devices fits 48V better than 12V
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According to increasing 48V devices, batteries can be integrated into 48V
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Passenger vehicle electrification scenario

e Stricter vehicle emission regulations are a challenge for OEMs

* Full electrification of whole fleet within this time span is doubtful

* 48V MHEV has double benefit as Mild HEV and high voltage boardnet
* 48V MHEV are poised to prevail for next 10-15 years
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EV/PHV

Market share of different

Source: our research
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Fundamental adaptability of SCiB™ with 48V system

1. Coverage of system voltage range

VDA spec|f|ed Voltage range 2' Wldth Of Usable SOC ra nge
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LTO safely covers full voltage range of 48V system
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Market analysis of battery requirement
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Power criteria
PO : 6-12kW
P1-P4: 15-24kW

Energy criteria
HEV function : 60-200Wh
with extended device:
250-450Wh
with Plug-in: more than 1kWh

1%t generation 48V is PO x HEV, now moving two directions
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Segmentation of target
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Target segment can be categorized into four groups
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Challenges at each segment
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Each segment has different challenge
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SCiB™ Cell Lineup + new model
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Advanced type I

Power type

10Ah @ .
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® e
20 Ah 23 Ah
Energy type

0 100 500

Energy density [Wh/L]

300

Name 20Ah-HP 5Ah
Capacity 20 Ah 5Ah
Voltage 2.3V 2.3V

DC-IR 0.6mQ 1.8mQ

Output Power 7800W/L 7800W/L
Input Power 7500W/L 7200W/L
Dimensions 116 x 106 x 22 mm 97 x 63 x 13.5 mm

Weight 545 g 165 g

Existing 10Ah cell and new 20Ah-HP and 5Ah cell are candidate for 48V

© 2019 Toshiba Corporation

13



Challenge 1. (for PO basic HEV)

How to minimize CO2 emission at PO motor
How to keep usable energy at EOL
under small nominal capacity

Typical WLTP wheel power pattern (1500kg)
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Simulated drive test for 5Ah cell x 20S in PO HEV system (WLTP cycle)

Front Axle
Typical WLTP wheel power pattern (1500kg)
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5Ah ZOS SCi BTM batte rv paCk Ring = Battery Internal resistance /0

CO, emission in PO HEV system with SCiB™ 5Ah x20S is simulated
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Simulation condition

Cell/Pack specifications ‘Simulation conditions |

Architectures PO
Chemistry LTO NMC-Graphite
. Discharge peak 10 kW
Cell capacity 5Ah 12Ah Power
_ Charge peak 10 kW
Cell energy density 170 Wh/L 250 Wh/L
O ti It 36V-52V
Cell DC-IR(10s, 25 deg.C) 1.8 mOhm 1.2 mOhm perie B
Pack configuration 20s1p 12s1p SIS [P i
(Cell volume) 1.6L 2.3L Ambient temperature -10, 23, 40 deg.C
Pack energy 250 Wh 528 Wh Cooling Forced-air
i i Driving distance 300,000km by WLTP
Pack discharge power density 3.8 kKW/L 8.0 kW/L - g y

(10s, 25 deg.C, 36V) Ambient temperature  from O to 50deg.C

Pack charge power density

Vehicle weight 1500 kg
(10s, 25 deg.C, 52V) 5.1 kW/L 5.1 kW/L

SCiB™ 5Ah and LIB 12Ah are compared for the simulation
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Simulation result

CO, emission reduction

with reference to ICE with Start and Stop ICE Battery SOC behavior in WLTP cycles
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SCiB™ achieves excellent CO, emission reduction by using wider SOC range
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Compactification of nominal capacity

LiB I SCiB™ I

Capacity fade
-20%

Long life performance

Usable SOC
-50% 400 Wide effective SOC range
220 v 250
Requirement Requirement
Usable Energy Nominal capacity Usable Energy Nominal capacity
at EOL at BOL at EOL at BOL

SCiB™ can reduce nominal capacity by more than half
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Solution to Group 1 challenge
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5Ah cell x20S small battery can provide enough CO, reduction
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Challenge 2. (for PO HEV +extended functions)

How to integrate function of 12V Pb-acid battery
into 48V SCiB battery

DC/DC

| /
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. w® | devices | | Battery Battery devices | . {;‘0 devices Battery devices | W '.;_‘9 -~
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Fundamental advantage of SCiB™ for 48V single battery

0% ‘Where is critical point? 100%

Capacity usage Usable during key on

- 0 Reserved for Cold Cranking
in SOC [%] 4 Daily use SOC zone 3
Reserved for key off Not usable
SCiB™ Full SOC is usable!!
LTO anode potential \
Conventional LIB Higher risk of Li-dendrite
Carbon anode potential ﬁ

Practically only SCiB™ can applicable to the concept due to no risk of Li-dendrite
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“Real” cold cranking Test @-30degC

48V Battery Pack Sample , .
Cold Cranking Test Condition
Cell Type: 20Ah-HP

Configuration: 20cells in series 1) Full charge at 25deg.C
Voltage: 30-54V 2) Discharge to target SOC (40%, 50%, 60%)

Energy Content: 920Wh 3) Rest : 10 hr at -30 deg.C

Dimension: 407x193x155mm 4) Disch @ 5KW tant t0 0.8V/cell
Weight: approx. 12kg ) Discharge : constant power to 0.8V/ce

Cell monitoring circuit included @ (6kWx1s + 4kWx4s) x 3 cycle (USABC)

Circuit

20Ah-HP x 20S battery pack is developed & evaluated
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Test result : Cold Cranking @-30degC

Cold Cranking Test at 5kW, -30degC Cold Cranking Test at 6kW/4kW, -30degC, SOC50%
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45 @ 52 0

40 48 ' -1000
3 44 | -2000
2 S 2
¢ 30 T 40 1 -3000 @
- 2 :
©25 w ab | -4000 o
> > 2
5 20 A 32 - 5000 2
= = 5

15 28 | . -6000 ¥

10 24 | . -7000

S0C40% SOC50% S0C60%
5 20 | 1 -8000
0 : 6 ——1 1 + 1 1 1 1 2 1 . 1 v 1 1 1 1 | | -9000
-3 0 3 6 9 12 15 18 21 24 0 4 8 12 16 20 24 28 32 36 40 44 48
Time [s] Time[s]

SCiB™ 20Ah-HP will be able to crank engine even at SOC 40%
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Solution to Group 2 Challenge

25 1
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(a1 .

Reserved for key off
Not usable S - /

\

D i T T T T T T T 7 . ;
0 100 200 300 400 500 600 700 800 - SCIB
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Usable during key on Reserved for Cold Cranking «

20Ah-HP cell x20S battery propose integrated solution to cover cold cranking
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Challenge 3: (for P1-P4 high power HEV)

How to maximize EV mode with large current
charge/discharge & protection from cell overheating

Rear Axle

) \ e Fe=
1 ] ] 1
1 | ] ]

Electric machine placed

Beilt-starter-generator eicsbs e Electric machine placed

integrated in FEAD i o3 attransmission output || (2@ axle or

Integrated in axle
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Consideration of thermal management for 48V battery

How minimize heat generation from cell ?

— SCiB™ cell is designed lower Internal resistance

How maximize the cell life at high temperature ?
—> SCiB™ cell has excellent long life at high temperature

How maximize efficiency of cooling in battery pack ?

— SCiB™ cell can realize excellent cooling battery pack

SCiB™ has also fundamental advantage for P1-P4 segment
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Life performance of 20Ah-HP cell

Cycle performance @55degC Calendar performance @ 55degC
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Long term stable performance
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Why SCiB™ js easier to cool in battery pack

Metal housing / plate

| sciB™ |

Clamping structure

LiB

| Passive cooling |

| No cell clamping structure |

| Plastic case |

SCiB cell Cell monitoring unit

Communication terminal

SCiB™ helps simplify the module design which can make cooling easier
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Example of 48V battery pack designed by Engineering Service Provider

1. Cell selection 3.Thermal simulation

5. Prototype

i

TOSHIBA SCI B

""" 10Ah cell

2. Cooling concept study

(r=w—w—w—w—n—w—1 [ m—

‘ CBatterycell [ Cooling plate BB water |

Source: High Power Battery Module —Analysis and Design of a High Power Module for 48V Applications- by MAHLE Powertrain (EVS31, 2018)

Properties of SCiB™ make battery pack development simple & effective
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Coverage map of 48V application by SCiB™
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According to increasing 48V devices, batteries can be integrated into 48V
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Conclusion

Toshiba SCiB™ with LTO anode has very good adaptability with 48V system in fundamental.
a) Voltage coverage b) Wide SOC c) Less degradation in long life

48V vehicle will expand into four groups categorized battery energy and motor power(PO —
P4), for each group.

SCiB™ is able to offer the following solutions:

For basic 48V vehicle (Group 1) : 5Ah SCiB™ provide competitive CO, reduction effect vs
more than 10Ah of conventional LIB

For Premium 48V vehicle (Group 2) : 20Ah-HP SCiB™ provide not only extensive device

operation, but also cranking engine at -30degC which can realize the integrated single
battery solution.

For High Power/Plug in 48V vehicle (Group 3/4) : 10Ah or 20Ah-HP SCiB™ provide large
charge/discharge power with high durability at high temperature. Additional cooling in
battery pack will also support the life performance.
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