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ZEBRA®

batteries with

120Wh/kg specific

energy and > 150W/kg

specific power are used for

any mobile and stationary electric energy storage

demand which requires more than ca. 2kWh stored The ZEBRA® Battery Tech nology
energy and >45 min discharge rate.

A 20.000 m? production plant is located in southern
Switzerland close to Italy.

Each ZEBRA® battery is composed of series and

parallel connected single cells.
ZEBRA® batteries are intrinsically maintenance free
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ZEBRA® batteries Cell Type ML3: Weight 6859

specially suitable for mobile Dimensions L[] 36.5mm
applications like cars, vans and buses. lenght 235 mm
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THE ZEBRA CELLS

During charge salt (NaCl) and nickel (Ni) are
transformed into nickelchloride (NiCl,) and sodium
(Na). The discharge runs in the opposite direction.
There are no chemical side reactions, so that
the Ah-efficiency is 100%.
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2NaCl + Ni=—NIClz + 2Na
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Liquid electrolyte Liguid electrolyte
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Each cell has a stable steel case.

The electrodes are separated by a ceramic wall
that is conductive for sodium ions but an isolator
for electrons.

Therefore the cell reaction can only occur if outside
the cell an electron current flows equal to the
sodium-ion-current.

The porous solid cathode of NiCl, is impregnated
with a Na*-ion conductive salt (NaAICl,) that
provides the conductivity between the inside wall
of the separator and the reaction zone.
A metal-ceramic seal closes the cell hermetically.
There is no maintenance life long.

The open circuit voltage (OCV) of ZEBRA® cells
is 2,58V/cell and nearly constant over the complete
discharge with an overcharge and overdischarge
margin.
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OCV vs SOC at 300°C (ML3)

The internal cell resistance is 8mWat high SOC
and ca. 20mWat the end of discharge dependent
on temperature and current profile.
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Constant Current Discharge ML3C

The dynamic resistance is relevant in car operation
and amounts 8mWto 12mWindependent from SOC.
The resistance is lower with higher temperature with
ca. 0,5%/K.

The cells are normal charged with 2,67 V/cell within
6-8 h and fast charged with a 1h-rate and 2,85V/cell
up to 80%SOC. The regenerative charge voltage is
3.1V/cell.

THE ZEBRA® BATTERY SYSTEM

Any geometrically reasonable number of ZEBRA
cells can be connected in series and in parallel in
order to generate the desired voltage and capacity.
They are vertically assembled in the battery box with
or without aircooling (ca 10W/cell cooling power).
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Up to 16 battery units in parallel (285 kWh /510 kW)

ZEBRA® Battery System

The double walled vacuum isolated battery box
follows the principle of a thermo bottle with very
efficient isolation made out of foamed SiO, material.
It provides the very low heat conductivity of only
0,006 W/mK and is stable for any worst case safety
condition up to above 1000° C.

An ohmic heater inside the battery box provides the
operation temperature and is controlled by the BMI
(Battery Management Interface).



The internal temperature of 270°C to 350°C causes
thermal losses but provide the more important
advantages of:

- ambient temperature independent life and
performance

- simple and efficient cooling

- inactive battery if cold for infinite shelf life

The BMI with integrated main circuit breaker is the
“brain” of the battery system and provides:

- the temperature control

- the measurement of the actual SOC

- the counter of nameplatecycles

- the measurement of the isolation resistance
between “plus”, “minus” and ground

- the supervision of current and voltage limits

- the Life-Data-Memory like a “black box”

- the charger control

- the CAN communication with vehicle and

drive system

THE ZEBRA® BATTERY SAFETY

The ZEBRA® Battery has passed all safety tests
defined by the European Automotive Industry and
USABC as there are the crash test with 50 km/h,
overdischarge test, short circuit test, vibration test,
external fire test and submersion under water.

A CD with all relevant reports is available.

ZEBRA crash test

RELIABILITY AND BATTERY LIFE

The ZEBRA® Battery technology has shown in
laboratory tests that it provides a calendar life of
more than 10 years and a cycle life of 2000-2000
nameplate cycles.

All components are designed for this duration.
The extrapolation of real world operation results
support this.

ZEBRAP® cells fail low resistive so that the battery
is cell failure tolerant, it can be operated with up
to 10% of failed cells.

RECYCLING

ZEBRA® Batteries are 100% recycled.
The recycling is included in the price.
The battery material is used for stainless steel
production, the nickel and iron content become
part of the product and the salt and ceramic form
the slag in a process consistant way.
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Material of ZEBRA Cell Type ML3

APPLICATIONS

ZEBRA® Batteries are well suited for pure electric
cars, vans and buses as well as for range extender
type hybrid cars, hybrid vans and hybrid buses
with ZEV range.

The modularity allows the flexible match to
customer requirements in the range of a few kWh
up to the MWh range.

ZEBRA® Batteries are also used in stationary
systems like telecom back-up power and
regenerative energy supply by fotovoltaic,



windgenerators and for load levelling.

Recently work is started to replace Lead acid
batteries by ZEBRA® Batteries in submarines.

Data sheet of available battery types and

accessories like chargers, display, multi battery
server etc. are available.
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