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Electric bus battery lifetime estimation




Li-ion BESS for public transportation
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What a diesel-powered public transportation bus does
Product requirements of electric bus line

Terminal charge (100 kW)

Introduction

Terminal stop

Mode! DDDDD B ‘ = ] (0-5 minutes)

20-30 s wait at

- N busy stops
“Typical™ line: 30-40 stops, 10-14 km in 30-50 min, during rush hour
11-15 busy stops, 10-20 buses at 5-15 min intervals

Case study
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Conclusions

“Opportunity” / flash
charge (600 kW)

Diesel bus: Electric bus:

- Makes noise, CO,, and particulate = Less noise and no local generation of
matter pollution CO, and particulate matter pollution

- Pay for personnel, infrastructure, and = Pay for personnel, infrastructure and
fuel ($/litre) electricity ($/kWh)

= Must be exception ready! = Must be exception ready!
(bus needed for other line, traffic, car (bus needed for other line, traffic, car
blocks bus stop, etc) blocks bus stop, etc)

-> design the battery for the line A
e * There’s no such thing as a “typical” bus line



The electric bus — TOSA electic bus, Geneva, CH
Main components — battery as key component
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Model
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| transport passengers not
batteries

Two-axles drive powered by
water-cooled traction motors
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Electric bus in Geneva

Introduction

NZZ article March 7, 2015 reports:

Model

Case study

Conclusions
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15 second flash charge every 4
stops

94% of energy from renewable
sources / emission free in the city

- Advantage of no overhead lines:

= Aesthetics: no wires obstructing

sight

= Supporting infrastructure for a
new line with battery buses is

half the price (bus costs similar)*

Time saved for opportunity charging

— 15s x 13 stops = ~3 minutes

| ine 23 to be converted from diesel to all electric*
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Motivation for battery R&D
How to quickly estimate all these aging processes?
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- Key R&D question: How can we predict the net aging &
performance impact of all the reactions above in an electric bus
with reasonable accuracy?

- A goal of battery R&D at ABB Corporate Research
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Electrical, thermal and aging model f\
Introduction

Introduction N
Battery Model
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Electrical model f \

Record data and fit to electric model (om)
~
- Create an electrical model of
the battery (right). . .
— Nl W = h\z .
- Power pulse and open circuit R L[VVVT VYV
voltage experiments. VT %ik H I
g N g
- Calculate R,C parameters that PNa |::| LI
describe overvoltages. Voor| _ ) ' ‘ Vi
- Modify R,C parameters as 4_

battery ages.
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Thermal network model

Introduction

- Thermal network model is
analagous to electrical network: T
~ voltage, heat transfer ~ current

Model

Case study

- Critical step #1 - calculate the
Conclusions cell’s internal electrical resistance.

= Critical step #2 - Measure the
cell’s heat capacity (J/kg/K) and
conductivity (K/W).
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Aging model: semi-empirical approach f\
Conduct battery experiments and fit data

Introduction /
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Case study of electric bus, similar to TOSA, Geneva
Geneva, Switzerland

Case study details:

- 43 KWh, 300 kW Li-ion battery.
- 10 full journeys per day, 365 d/y for 10y.

= Lithium titanate (LTO) as anode.

>Key design question: how does cooling influence
the aging of the battery?
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Load profile: acceleration & regenerative breaking
What is the aging impact of cooling?

Introduction

300
Model

200
Case study

Conclusions
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Load profile: away and return journey of load profile
What is the aging impact of cooling?

Introduction

Load Profile over 1 Cycle, 10 cycles per day,

365 days per year
300
|
200
il
— 100
2 {1
T A
]
2 ] | i
@]
Q- -100
200 m ﬂ " M |’ Iw
I |
-300
10 20 30 40 50 60
Time (minutes -
Away journey ( ) Return journey
Bus recharged ADD

at end of line

FApmw



Heat transfer coefficient (HTC) impact on aging
What is the aging impact of cooling?
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Heat transfer coefficient (HTC) impact on temperature
What is the aging impact of cooling?
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Conclusions on battery model

Introduction

- For long lifetime of 10 years, liquid-cooling is needed to manage

Model )
aging and core temperature.

Case study - Battery modelling acts as design guideline and not “perfect”
forecast (especially for prototypes).

Conclusions

- Model components are interdependent. For example:

- Electric model determines resistance.
- Thermal model calculates temperature (based on resistance).

\ - Aging model highly depends on temperature (A10°C = ca. x2
more aging), and modifies R.

A
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Battery R&D
Sizing of prototypes and developed battery

ooy cases
Case study ;
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=
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Conclusions

Introduction - Design the battery for the public transportation line and the bus.

Model

- Models support battery design, but it must be combined with
Case study experience and field data.

Conclusions

- Batteries will increasingly be used in ABB products and systems
—> Lifetime knowledge critical for reliability
—> Continued collaboration with Academia
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Operation and sizing of a Li-ion battery
T Electrolyte

Oxidation
4-5 ——————————————————————————————————————————————————— _:_‘_?2_' R R ———
4 Cobalt Oxide I '
r = |
Ui 3 € 1 . ” ﬁ _
z Electrode “Breathing ®
w (Stress/Cracking) %‘
S 2 s
= Electrolyte Reduction L
2 (Kinetically limited) ' |
o

0 L2 0.4 0.6 0.8 1 l 1.2
Capacity (relative to Ah)

Lithium Plating

Limited capacity (Dendrites)

due to aging

Thermal management =
more capacity in smaller
oy 2 + lower cost BESS

May 22, 2015 | Slide 20




Rapid falling cost of LIB packs in EVs
The impact of learning curves — 8% annual decline*
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Battery energy storage
Overview and future batteries

10000

/ Syn fuels
Maturity of technology
$ (O Established
O Emerging
@@ o Future
100

Lead —
capacitor

10 100 1000 10000

Power Density (W/kQg)

Energy Density (Wh/kg)



