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Systems and Components for E-Mobility

Overview and Selected Topics from the Capacity Area A1
Prof. Dr. Andrea Vezzini, Berner Fachhochschule
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CA A1: Technology Research Platform for Battery Systems for

Rail, Bus, Construction, Agricultural and Utility Vehicles

= CAA1embraces ETH, PSI, EMPA, BFH, FHO and
HSLU

=  Electrification of drive train and auxiliaries in
mobile markets with low production numbers but
specific requirements demand customized
electrochemical storage systems

Create a research and technology platform for
mobile battery systems providing cell, module
and system know-how for Rail, Bus, Construction,
Agricultural and Utility Vehicles industry partners

=  Establish cross-industry research activities to
allow low production volume markets to develop
customized battery system solutions

SCCER Mobility: 1st. Annual Conference 2
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How this research supports the SCCER Mobility Mission

= Battery System Technology supports the SCCER Mobility
Mission in the two fields "Energy Conversion Processes” and
“Energy Carrier substitution” by enabling hybridization and
electrification of powertrain and auxiliaries.

Energy or CO, Business as usual scenario

A/
Status quo

100

% Mobility and transportation demand

reduction

Energy conversion processes (efficient
drivetrain, reduction of vehicular energy demand)

Political target ——| Energy carrier substitution (electricity, renewable

fuels, H,)
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Expected results of phase | (2013-2016)

= The establishment of the Swiss Battery Research Platform
with a common point of contact for industry and expanded
testing facilities is on track. The platform provides cell,
module, and system know-how for Swiss vehicle industry
partners with the aim of developing battery systems for
niche market manufacturers of rail, bus, construction,

agricultural or municipal utility vehicles. !
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Research topics and partners — CA overview

EMPAQ

Materials Science & Technology

Capacity Area CA Ax1: One topic but
several competences

S B ™ NTB
= EMPA: Safety and Reliability of Battery B e
Systems o
= NTB: Thermal Management of Battery ETH:zurich
Systems Ko S
= ETHZ: Power Electronics Interfacing HOCHSCHULE
Battery Systems LUZERN

= HSLU: Integration of Super-Capacitors Fachhochschl
= BFHTI: Battery Management Systems :
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Reliability Science and Technology Laboratory (EMPA)

st
o
Li-lon diffusion path in LiFePO, g o a
cross channel diffusion E, = 0.66 V|
* Novel approach (Adams, 2016 a) allows to calculate -20 - 1
diffusion constants related to slow processes, such i 1
as reconstructions and disordering
1.0 1.5 2.0 2.5 3.0 3.5
* This method allows to access the ageing in cathode 1000 /7 K]
materials through ab initio calculations * Temperature dépendence of the diffusion constant for
* The versatile quantum mechanical solver (Adams, Li-ion and vacancy hopping in LiFePO4 along the channel
20163, b) can be applied for many questions direction. Comparison between calculated values (this
concerning structural reordering and fundamental work, solid line), simulations in Ref. adams2011 (m bulk
solid state physics. LiFePO,, ¢ surface-modified LiFePO,) and experimental

data: (&, Amin and Maier, 2008a,b), (g, Li, 2008).

* Adams, D. (2016) ,Quantum-mechanical theory diffusion in solids. An applicationto H in silicon and Li in LiFePO4", Solid State lonics
290, pp. 116-120

* Adams, D. J. and Passerone, D. (2016) Insight into structural phase transitions from the decoupled an harmonic mode approximation, J.
Phys. Cond. Matt, 28, 305401
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Stress-induced Ageing of Lithium-lon Batteries

Marcel Held and Urs Sennhauser
CHIMIA 12/2015, Vol. 69
Energy Storage Research in Switzerland — The SCCER Heat & Electricity Storage
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Discharge capacity of the investigated cells as a Nyquist plot of the electric impedance of
function of the number of stress cycles cells 1 to 4 at initial state and end of tests
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Stress-induced Ageing of Lithium-lon Batteries

Marcel Held and Urs Sennhauser
CHIMIA 12/2015, Vol. 69
Energy Storage Research in Switzerland — The SCCER Heat & Electricity Storage

He-FiB image of cathode
aluminum interface showing
cavity formation near the
interface.

The expanded view in the upper
right corner demonstrates that
cracking preferentially occurs not
at the surface layer but in the
cathode material.

On the left: SEM image of cross section of electrodes and separator prepared by
picosecond laser ablation and polished by Ga-FIB
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NTB — Cylindrical and Prismatic Cell-Test-Rig CTR

With Unique Measurement Modes

prismatic cells

Cooling Concepts — Which is the best ?

Temperaturverteilung innerhalb der Zelle, GPU, Bodenkilhlung, 128 min Temperaturverieilung innerhalb der Zelle, GPU, Kontak tkiihlung, 160 min -

09
m GOO\‘ | = 28 £t 24
BottO A8, < 2.4°C

@ small A (= 9°C) 1 e large AS (=12°C)

between cell and between cell and

cooling fluid |- o s wo || | cooling fluid

B

E large AS inside cell ) ) ) @D small A9 inside cell
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NTB — Conferences and Publications

Conferences:

Entwicklerforum Batterien & Ladekonzepte — Minchen — Presentation/Speech:

“Prifstand zur thermischen Charakterisierung von Batteriezellen und Validierung geplanter Kihlkonzepten" G.
Rizzo, R. Christen, M. Stock

Batterieforum Deutschland — Berlin — Poster Presentation:

“Warmestrom- und Temperaturverteilung prismatischer Li-lonen Zellen bei verschiedenen Kihlkonzepten" G.
Rizzo, R. Christen, M. Stock

FVA - E-Motive — Schweinfurt — Presentation/Speech

“Einfluss von Warmestromen Uber Zuleitung und Zell-verbinder auf die Temperatur- und Warmestromverteilung
prismatischer Lithium-lonen Zellen" G. Rizzo, R. Christen, M. Stock

FVA - Elektrische Energiespeichertechnik — Dresden — Participation
UECT - Ulm Electrochemical Talk — Blaubeuren — Participation

Papers:

“Prufstand zur thermischen Charakterisierung von Batteriezellen und Validierung geplanter
Kuhlkonzepten" published in: 23. DESIGN&ELEKTRONIK-Entwicklerforum — Batterien & Lade-
konzepte. WEKA FACHMEDIEN, Miunchen, 2016

“Characterization of the thermal behavior of Li-lon Cells and In Operandi verification of various cooling
concepts” summited to Journal of Power Sources

SCCER Efficient Technologies and Systems for Mobility
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Modular Isolated Dual-Active Bridge (DAB) Converter
for battery interfaces

. r— 0 -
= Modular design advantages: Overoad | AC e DC
) _ : | 2.8kV ——
= Employing lower rated devices line DC | | AC
. I
= Interleaving !

= System scalability

| DC
| 518V-835V+—|—7

:

= Redundancy for increased reliability !

Parallel Connection Series Connection SyStem Requirements
Battery Voltage (Vi) 518...835V
DC Link Voltage (Vpgiink) 2800 V
SJJ SJJ sE 5, System Power 200 kw
v L | MFT v Basic Insulation 18 kv
-G 'II*'_T“ CT Ambient Temperature 75 °C
é J Cooling Water Temperature 60 °C
) Szj Sd'— Sﬂk SBJ
:1 ﬁ ﬂ :1 Power Density > 4 kW/dm3
3rd Annual Conference SCCER Mobility | 16.09.2016 | 11
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Optimal Design of Isolated DAB for Nominal Load

100 T T H T T T
M. K. Das Steiner
. . . . - 3 (Bombardier 2007)
" Project main objectives: o8 -‘REZ&‘E”“*/ (estimated)
- - i i imi i 96 | Ortiz (2014) /‘E
Multi-domain modelling and optimization ZT}BBQO]I) Dz (2014 g
. — a0 Troposa
= Advanced transformer cooling concepts S AT estimated)
. 8 ()2 L
= 15t prototype mid 2017 2 UNIELEX Projedt
S o0t {estimated)
Battery side DC-link side 88
86  Matsuoka (2014)
(estimated)
84 : : : . :
0 1 2 3 4 5

Power Density [ka'dmj]

Nominal Ratings of the Optimal Design

Module Power 50 kW
Frequency 40 kHz
Nominal Efficiency 98.3 %
Power Density 5.2 kW/dm?
3rd Annual Conference SCCER Mobility | 16.09.2016 | 12
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Powermanagement between SCAP-storages E-Bike with combined
and lithium-ion battery storage system
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Y

SwissTrolley+ ! | ! =
| 1 5
Partners MRE =
=  Carrosserie HESS AG
= Verkehrsbetriebe Ziirich (VBZ) Goals
= Institute for Dynamic Systems and Control, ETHZ = Reduction of noise and
*  BFH-CSEM Energy Storage Research Center pollutant emissions
=  Bundesamt fir Energie BFE * Increased energy efficiency
by a novel energy
Demonstrator ready Start of 2017 management system
L = Drives without overhead
wires
L — = Grid support is now possible
’ — = Maintenance cost savings
% - by not utilizing the overhead
=] : :
A wire network
| 29.10.2015 |
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E-Dumper stores energy in batteries while hauling:
limestone downhill

e =~

b))

EMPAQ il
\\/4

B W NTB vigler ciment
. . Inlerslaa!.licheHochschule
fiir Technik Buchs LOSUNGEN AUS LEIDENSCHAFT
Berner + - -
Fachhochschule L'THIUM
i STORAGE
sanch Piste de ransport sud 1:5000

Komatsu HD605-7 Elektro: 111 tons fully loaded, 60 tons limestone

E-Dumper: E-Dumper stores braking energy in batteries while hauling limestone downhill. The empty return trip uphill is
powered by batteries. The energy is sourced from gravity and allows for completely CO, free limestone transportation.
Excess electricity will be discharged into the public power grid at the end of the day.

This BFE Pilot & Demonstration Project has been granted September 2" 2016. This is also the first project where the
three SCCER partners EMPA, BFH and NTB work together for the same proposal, each one contributing their
special competence.

Demonstrator End of 2017
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Swiss Battery Research Platform

BFH IEM/B, Empa EMRL, ETHZ-HPE, HSLU-IIEE, NTB-EMS Manufacturing techno for battery assembly

QOrganization (A1.1)
*

D-A1.1.1

Charging Stations for Infrastructure Expansion

New Research
Partner: Prof.
Kurt Schenk,

NTB

Charging strategies and
technologies incl.

Characterization and T:sting methods and Cegacity extension (A1.2)

D-A1.2.1 D-A1.2.2 bidirectional chargers

Battery System Developmentand Integration (A1.3)
’ _
D-A1.2.1 D-A1.3.2
System Integration in TestBeds (A1.4) Systems with
: 4 Increased energy and
D-A1.4.1 bower densities

| 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 R

* Inphasell, topic A1.1 (battery systems for niche applications) will have a stronger focus on
commercialization of battery systems as well as on fundamental research on battery life cycle
models, partly as a result of pilot and demonstration projects (P&D) that we have already
launched in phase | (e.g. with SBB).

*  The new topic A1.2 comprises our ongoing and new activities related to power electronics for
batteries to interface propulsion and charging systems. To reinforce this topic, we include a
new research group (Kurt Schenk, NTB) with a distinguished capacity in inductive charging
research, a technology that will be one of the key enablers for electric mobility if charging
times well below 10 minutes can be reached.
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Questions?

andrea.vezzini@bfh.ch
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