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BFH-CSEM Energy Storage Center

One of the largest independent energy storage research centers for
academic R&D activities available to the Swiss industry

Testing and characterization of large capacity
cells and modules and development of hard-
and software for complete battery and energy

systems

Use and test of energy storage systems for
mobility applications to substitute non-
renewable fuels and reduce CO2 emission for
all mobility carriers (land, air, sea)

Manufacturing technologies for large lithium-
lon cells and modules for a cost effective
production of the key components of electrical

storage systems

Use and test of PV integrated energy storage
systems to enable the integration of new
renewable energy sources and their impact on

power quality and grid stability
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Application, test and development of
decentralized and mobile fuel cell systems as
a basis for long term storage of electrical

energy.

-

Integrated analysis of Innovation-ecosystems
enabling the diffusion of battery storage
systems as a means to manage the energy

turn-around
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Strong Partnerships

CSEM PV-center, Neuenburg BKW Technologiezentrum, Nidau

Prof. Dr. Christophe Ballif Dr. Daniel Brand
(Contract signed) (Prosumer-Lab)
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Embedded in three national Research Networks

FUTURE SWISS ELECTRICAL INFRASTRUCTURE - SCCER-FURIES

“SCCER -

Shapmg the FUtuRe Swlss Electrical InfraStructure

EFFICIENT TECHNOLOGIES AND SYSTEMS FOR MOBILITY - SCCER MOBILITY

sccer ( \ _
Swiss Competence Center for Energy Research

mobili '.’.‘y Efficient Technologies and Systems for Mobility

HEAT ANND ELECTRICAL STORAGE - SCCER STORAGE
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Swiss Competence Centers
for Energy Research
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Automotive Battery Trends

Road transport is responsible for 17.5 % of overall greenhouse

gas emissions in Europe and its emissions increased by 23 %
between 1990 and 2009.
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Mega Trends Create Opportunities and Threats

Mega Trends

Transportation
Trends

Impact for
Technology and
Suplly Chain
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Source: Frost & Sullivan:Automotive Lightweight Materials 360 Degree View, 2011



Market Penetration - Only When?
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Source: Rockwood Lithium, 2014



Battery EV Efforts by Major Automakers

TESLA

Developing Niche [Nl Renault, Nissan
Markets

BMW

-
¥

B > [GM VW-Aud Daimier
ZEV Compliance only R » | Fiat Chrysler, Hyundai,

Toyota, Honda, Ford
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The Perspective of Major Automakers

For the next 10+ years, no viable mass market for EVs due to battery cost and size,
and charging time; HEVs and/or PHEVs are a more effective way to reduce the CO2
footprint

Shared by most automakers excluding Renault-Nissan
In the longer term, fuel-cell (FC) vehicles are more appealing than battery EVs due
to the shorter fueling time and longer driving ranges

Shared by Toyota, Honda, and Hyundai (less uniformly by Daimler and GM)
In the short term, we make EVs predominantly to meet California’s Zero-Emission
Vehicle (ZEV) Mandate

Shared by most companies excluding Renault-Nissan, who explore
international markets, and excluding Toyota, Honda, and Hyundai, who, even
in the short term, favor FC vehicles

We will offer the lowest-cost EVs we can build and hopefully sell at least in ZEV
states
Was shared by most automakers prior to Tesla’s success

Our expected losses associated with ZEV-compliance costs for selling larger EVs
with longer driving range may be lower than for smaller EVs with shorter range

The current position of about half the automakers (GM, Audi, Daimler,
Chrysler), who shifted their EV development focus after Tesla’s success
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Li-lon Cells Employed in Current EVs

Tesla-Panasonic’s current cell offers specific energy 50% higher than the
competition. This is primarily due to the use of highly reactive NCA

cathodes and high-density electrodes.

Cell Maker

Chemistry

Capacity

Configuration

Voltage

Weight

Lised in:

Anode/ Cathode

v

Kg

Company

Model

AESC

GLMC-NCA

Pouch

Missan

LG Chem

GNMC-LMO

Pouch

Renauli

LiTec

G/NMC

Pouch

Daimler

Li Energy Japan

GLMO-NMC

Prismatic

Misubishi

Samsung

G'NMC-LMO

Prismatic

FRat

Lishen Tianjin

=l =

GLFP

Prismatic

Coda

Toshiba

LTO-MMC

Prismatic

Honda

== TR I = T T S = L

Panasonic

GNCA

Cylindrical

Tesla

The gap will shrink to 20-25% in the next 3 years, but it is not enough to override concerns with the 18650
approach relative to:
Reliability, too many components and processes
Limited cycle life and anticipated reduction in power over life
Battery power at low state of charge is only slightly above motor power, and with anticipated battery
power fade over life, the battery can, over time, limit vehicle power at low state of charge
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Electrochemical Energy Storage Roadmap(s)
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Lithium sulphur/ Rechargeable Lithium-Air

Adyv lithium titanate

Lithium iron phosphate 'ﬁ Adyv lithium iron phosphate

Advanced Lead Acid Cell eg Lead-carbon/asymmetric capacnty
2010 — 2015 — 2020 — 2025

| Battery ‘pure' EV (250-500v)
' Plug in hybrid (200-400V)

| Mécroﬁymd
1 Mild Hybrid (48V)
| Full Hybrid (<400V)

_(12v)
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TESLA’s 50GWh Battery Factory (Gigafactory)
Gigafactory 1.0

50 GWh in annual battery production by 2020
Enough for 500,000 Tesla cars
Powered by renewable energy

Net zero energy factory

= $4-5 Billion investment
= Under construction in Reno, NV

= 46,500 full-time jobs
= First battery packs mid-2016

By 2020 it plans to ramp up production to build as many as 500,000 vehicles per year
Currently only approximately 20 percent of its 1-million-square-foot facility is already up

and running.
The company is already building Powerwall home-storage batteries, and production will only

speed up as more square footage becomes usable
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Source: Tesla Motors JB Straubel - CTO, co-founder 2015 EIA Conference June 15, 2015 Washington, D.C.



http://www.cnet.com/news/teslas-elon-musk-introduces-beautiful-money-saving-home-battery-back-up-system/

Tesla’s 35GWh Gigafactory - Synopsis

Tesla suggests that it will put up half of the $5 billion investment,
with Panasonic investing on the order of $1-1.5 billion, but
unconfirmed reports from Japan suggest that Panasonic only
committed to about $200M next year

Pack cost much below $200/kWh is unlikely before 2020, which
brings the cost of the proposed 70-kWh pack for a 240-mile D class
EV to $14,000 (or higher).

If 35 GWh are indeed installed and utilized, initial assessments shows
that pack pricing for the 2025 time scale could be as low as
$167/kWh, $8,400 for a 50-kWh battery and $11,700 for a 70-kWh
pack

Other automotive and utility customers for the factory are possible
but far from assured

The chosen site outside Reno, Nevada offer lower labor and utility
cost than Japan sites and short supply lines to the Fremont Tesla car
factory
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Li-lon Technology Roadmap FPR 18650

2012 - 2013
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Advanced and Post Lithium-ion g

MAXIMLUMS possi ble
B Actual

I 1,000
LITHIUM-

OXYGEN
May prove
impossible
to achievel

LITHIUM-
SULPHUR
May be closest
to market

Portable rechargable batteries tend to hit an energy-
storage-per-weight limit. Lithium-ien technology has
gone through several phases and types, but is also
expected to reach a ceiling soon.

400
LITHIUM-ION

Mobile phones, cameras,
laptops and many electnc cars

Energy density (Wh kg1)

AA batteries and some electric cars
NICKEL-CADMIUM

Cid AA batteries, emergency hghting
LEAD-ACID

Starter battenes for cars, and
back-up power supplies

MAGMNESIUM-ION
Cheaper than
Iithium, and ranks
even better on
anergy per unit
volume.

Tesla Li-ion car
battery pack : ADVANCED LI-ION
Industry’s current
200 target
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Source: IDTechEX, Advanced and Post Lithium-ion Batteries 2016-2026: Technologies, Markets, Forecasts , 2015




What Li-lon will be next?

1980ies 1991 2004 2010

2005 2010 2015 2020 2025 2030
. i LINIMMO2 LiNiPQ4, Sv

C/Alloy Composite
Hard Carbon Non Si Alloys

=i LiPFe+ LiIPF; free Gel-polymer Sv
LECTROLYT S 2
E = Org. solvents electrolyte electrolyte electrolyte

Polymer Solid
membrane Electrolyte

Polyolefin Polyolefin+ Cellulose

ceramic coating
Non-woven
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Our Research
BFH-CSEM Energy Storage Research Center
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Battery Research at the BFH-CSEM ESReC

Peak load reduction possible: max = 200 kW, avg =35 kW
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Aging Mechanism Application Specific
Battery testing

State Vectors = Ve, Ve, SOC, §SOC, 5Ah, 5Ceff, 8IR, 8PR, 6Q/8Y, 6v/6Q, C_usable
Control input= battery current (I, Ve, Vi voltage across the capacitors MOdeI Based DeS|gn

Incremental capacity: §Q/8V,
Out put = Cell terminal voltage (V) Differential voltage: 8V/5Q,

ll)at

State vectors

Next state: z(soc)ﬂ pa; !tv) E(")
E(Inters | nd polari ce),
Cu hl

SOC/SOC/SOH-Models Battery—-Management- Battery—-Management-
Life Cycle Models System Software System Hardware
Development Development
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Potential of Lithium-lon Batteries for energy
saving
BX:"] SBB CFF FFS

Quantify energy saving potential of
Lithium-lon Batteries for the use in
train wagons (passenger coach)

Cooperation with SBB started
September 2015 and has now
resulted in a BFE funded pilot

project for 2016/17

Designing a Lithium-lon battery
including Battery Management
System adapted for the use in
passenger coaches
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Modular System Approach

BMS-Steuerung
und Uberwachung

Intelligente Batterie

PowerBoard

I-Sensor
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BMS-ControllerBoard

BMS-Front-End
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MCU
GSM

Logging
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Zellen-Paket (+Smartheader) <£‘

Spannungsabgriff,
Temperaturmessung,
(Heizelemente)

o
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BMS-Versorgung,
weitere Funktionen
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5V supply

redundant

SlowCharge-Module (<20 A)

——— Kontrollierte
T Langsam-Ladung
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36V/180 on board storage battery for SBB

PowerBoard

SlowCharge - Module
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