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Post-Lithium-Ion Technologies

What does the future hold for the battery?

Higher energy densities and higher safety at lower costs – these are the ideal
conceptions for future battery technologies, which are often referred to with
the term “Post-Lithium-Ion Technologies". On closer examination, lithium ions
continue to be used in most of these technologies. In principle, many new
approaches are highly promising, such as all-solid-state, lithium-air or lithiumsulfur batteries.
However, they all have in common that a variety of challenges remain on both
the product and the process side. None of the technologies is currently in a
stage of maturity for series production, which would allow a full evaluation of
industrial manufacturability.
At the same time, these new technologies must always be able to compete with
state-of-the-art lithium-ion technology, which will continue to improve in the
upcoming years.
High-energy lithium-ion battery

Lithium-sulfur battery

• Evolutionary improvement through
high-energy materials
• Nickel-rich NMC or NCA cathodes
promise
higher
gravimetric
and
volumetric energy densities, especially in
combination with silicon composite
anodes
• Further cost reductions to be expected
• Only minor adjustments in the
production process necessary

• At the cathode side, lithium combines
with sulfur during discharge to form
lithium sulfides
• Sulphur as an abundant and costeffective material promises reasonably
priced battery cells
• Unclear cycle and calendar life as well as
high temperature dependency still
hinder industrial market maturity
• Volumetric energy density currently
appears too low for automotive use

Estimated possible
energy density (Wh/kg)
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Lithium-air battery
• During discharge, lithium is oxidized at
the cathode side with oxygen to lithium
peroxide and lithium oxide
• Theoretically very high energy density
and use of ambient air
• Massive challenges in cycle stability,
which is why an automotive application
in the coming decade seems unrealistic.
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all-solid-state Battery
• Electrolyte is present in solid form, no
liquids are used
• Very high energy density and safety can
be achieved at laboratory level, which
are essential for automotive applications
• Challenges in material compatibility and
manufacturability in series need to be
overcome for market readiness

This brochure is focused on the production of all-solid-state batteries and provides
preliminary answers to questions about changes in the manufacturing process.

Design & Functionality

of an all-solid-state battery
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• In an all-solid-state Battery, an ion-permeable solid electrolyte provides both
spatial and electrical separation between the cathode and anode; it also
serves as a separator.
• Different cell designs are possible. The figure above shows a thin film cell.
Thicker layers can be built up with a composite cathode.
• When discharging an all-solid-state Battery, lithium ions move from the
anode through the solid electrolyte to the cathode. At the same time a
current flows at the external load.
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• The resistance at the interface
between anode and electrolyte
is a decisive factor for the
performance of the battery
cell. This can be reduced by an
additional layer, e.g. a polymer
or an aluminum alloy.
• The right-hand figure shows
the cell stack of an all-solidstate Battery compared to a
lithium-ion battery.
• Due to the solid electrolyte,
bipolar stacking is possible.
This results in a serial
connection of the elementary
cells.
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Materials

of an all-solid-state battery
Electrolyte
Solid electrolytes can be divided into organic and inorganic electrolytes. For
inorganic electrolytes, the advantages for safety are predominant as they are
non-flammable and do not contain toxic materials. Therefore, this brochure
focuses on inorganic electrolytes. The following figure gives an overview of the
material categories and contains a selection of specific structure types.

Solid electrolyte

Inorganic

Oxide-based
Perovskite
structural type

NASICON

Organic

Sulfide-based
Garnet
structural type

Amorphous

Nitridebased

Polymers

Crystalline

• Oxide-based electrolytes usually have good chemical stability and are
compatible with high-energy cathode materials. However, the ion
conductivity is lower than for sulfide-based electrolytes.
• Among the oxide-based electrolytes, materials with perovskite or garnet structure as well as
NASICON are promising. The following figure shows a qualitative classification of the
properties. Further representatives are LiPON, LISICON, lithium halides and lithium hydrides.
High ion
conductivity

Interfacial
resistance

Stability
against lithium

High
charging capacity

Stability
against atmosphere
Low
material costs

LAGP:
Lithium Aluminum
Germanium Phosphate
(NASICON)
LLTO:
Lithium Lanthanum
Titanium Oxide
(Perovskite structure type)
LLZO:
Lithium Lanthanum
Zirconium Oxide
(Garnet structure type)

• Sulfide-based electrolytes generally have a higher ionic conductivity, but are
more chemically unstable.
• The amorphous lithium tin phosphorus sulfide (LSPS) is inexpensive and has a very high ion
conductivity at room temperature. However, incompatibilities with lithium metal are
problematic.
• The ion conductivity of crystalline lithium-germanium-phosphorus sulfide (LGPS) is
comparable to that of liquid electrolytes. However, LGPS is highly sensitive to moisture and
lithium metal, and germanium is very cost-intensive.

Materials

of an all-solid-state battery
Anode
• Lithium metal anodes are considered ideal because of their high theoretical
capacity to achieve the highest energy density. However, metallic lithium
tends to form dendrites, which must be prevented by the solid electrolyte. In
addition, handling under an inert atmosphere is necessary, as lithium forms a
passivating layer with the ambient oxygen.
• Silicon as an anode material promises very high energy densities, but
undergoes extreme volume changes during alloy formation with lithium.
Cathode
• The cathode consists of a metal oxide. In most cases, established cathode
materials are used, since there are almost no materials that have been
specially developed for the all-solid-state Battery.
• Theoretically, depending on the electrolyte, a large number of established
cathode materials can be used, ranging from inexpensive and safe materials
such as lithium iron phosphate (LFP) to lithium nickel manganese cobalt
oxide (NMC). In practice, only lithium cobalt oxide (LCO) as cathode material
in combination with LLZO as electrolyte shows sufficient stability and
performance.

Chances & Challenges

of an all-solid-state battery
Chances

High energy densities of up to
500 Wh/kg and 1000Wh/L at
cell level are possible with a
metallic anode and a thin
electrolyte layer.

A high level of safety can be
guaranteed during operation.
The risk of explosion and fire is
minimized as no flammable
liquids or gases can escape.

Short charging times can be
achieved because the solid
electrolyte greatly reduces the
risk of dendrite formation.

The operational capability is
given over a wide temperature
range from approx. -30 to
+100°C.

Challenges
The ion conductivity of solid
electrolytes is generally one
order of magnitude lower than
that of liquid electrolytes. The
resistance at the interface of
electrolyte and electrode must
also be optimized.

The material compatibility
between the solid electrolyte
and the lithium metal anode
must be ensured by suitable
modifications.

Manufacturing Process

of an all-solid-state battery

• The production of an all-solid-state Battery can be divided into three overall
steps: Electrode and electrolyte production, cell assembly, and cell finishing.
• A generally valid process chain does not exist; instead, a large number of
alternative process chains may be applied. These differ in part from the
manufacturing process of a lithium-ion battery.
• This brochure presents two possible process alternatives that differ primarily
in electrode and electrolyte production.

Electrode and electrolyte production

Cell assembly

Cell finishing

Process alternative A
Process alternative B

• Both process alternatives refer to the production of pouch cells with inorganic
solid electrolytes. The pouch cell format appears to be the most suitable for
all-solid-state batteries:

Round or prismatic cell

Pouch cell

Windings are associated with
great challenges due to the
solid components of an allsolid-state Battery. Cracks can
appear in brittle ceramic layers.
In addition, the question of
sufficient layer adhesion has not
yet been answered.

Stacking is advantageous for
all-solid-state batteries as the
flat layers are not deformed. In
addition, the layer compound is
formed
already
during
electrode
and
electrolyte
production, so that only the
elementary cells are stacked
afterwards.

• Due to the reactivity of the materials with the environment, a dry room is
required for production. When handling metallic lithium, an inert
atmosphere, e.g. argon, is preferable.
• For each process step, a qualitative assessment of the transferability of
expertise gained in the production of lithium-ion battery cells is made.

Manufacturing Process

Electrode and electrolyte production: Alternative A
● In electrode and electrolyte production, the composite of cathode,
electrolyte and anode is produced.
● After electrode and electrolyte production, an elementary cell is present.
● The main feature of process chain A, which is initially presented, is a
continuous extrusion process in which the layers are subsequently
laminated.
● This process chain is particularly suitable for sulfide-based all-solid-state
batteries.
Electrode and electrolyte production

Cell assembly

Cell finishing

Process alternative A
Process alternative B
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Process step
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Compounding

Cathode and electrolyte production
Granulate/powder

Heated cylinder

Funnel

Twin-screw extruder
Extrusion tool connection point

Melt

Cell assembly

Cell finishing

Production process
●
●
●
●

The cathode and electrolyte melts are produced in two separate compounding processes.
The material components are fed to the heated barrel of a twin-screw extruder and can be
supplied as granulate or powder.
Rotational movements of the extruder bring in energy into the material components. The result is
a homogeneous melt.
In addition to cathode active material, electrolyte particles, which reduce the resistance between
cathode and electrolyte, as well as binders and additives are mixed for the cathode.

Additional information
●

The material components of the electrolyte are electrolyte particles and polymer binders.

Process parameters & requirements

Quality features [excerpt]

• Feeding quantity of the individual materials

•

Homogeneity of the melt

• Cylinder temperature and pressure

•

Viscosity of the melt

• Speed and torque of the extruder

•

Number and size of agglomerates

• Shear energy

Challenges [excerpt]

Technology alternatives [excerpt]

• Homogeneous mixing of the individual
materials

• High-performance mixing plant

Transferability of lithium-ion battery cell
manufacturing expertise

Co-Extrusion

Cathode and electrolyte production
Extrusion tool connection point

Cathode-electrolyte composite

Extrusion tool
Electrolyte melt

Current collector
Cathode melt

Rollers

Cell assembly

Cell finishing

Production process
●
●
●
●

The cathode and electrolyte melts are co-extruded in a suitable die. This creates a composite of
cathode and electrolyte layer.
Cathode and electrolyte melts are fed through the extrusion die via separate channels.
The melts pass through the channels to the outlet of the extrusion die. Here the melts are
extruded via a slot die onto a current conductor.
After extrusion, the bond is calendered to improve adhesion between the individual layers and
achieve the desired layer thicknesses.

Process parameters & requirements

Quality features [excerpt]

• Adjustment of the layer thickness

•

Coating thickness

• Melt feed rate

•

Layer width

• Temperature

•

Adhesion between layers

• Pressure
• Roll speed
• Pressing pressure of the calender rolls

Challenges [excerpt]

Technology alternatives [excerpt]

• Different process temperatures depending
on the materials

• Foil casting (tape casting)

Transferability of lithium-ion battery cell
manufacturing expertise

• Screen printing

Extrusion and Calendering

Anode production

Piston
Piston seal
Metallic lithium

Cylinder

Nozzle

Lubricant feed

Lithium foil (anode)

rollers

Cell assembly

Cell finishing

Production process
●
●
●

A metallic lithium foil can be used as the anode of an all-solid-state Battery. This lithium film can
be produced by extrusion with subsequent calendering.
For this purpose, liquid lithium is filled into the cylinder of a piston extruder. The lithium is then
pressed through a piston into a nozzle.
Homogeneity and desired film thickness are ensured by calendering after extrusion. For this
purpose, the film is rolled under pressure by two rollers with the addition of a lubricant.

Additional information
●

The rollers must be compatible with the adhesive properties of lithium. This can be achieved by
polymer-coated rollers, e.g. made of polyacetal.

Process parameters & requirements

Quality features [excerpt]

• Extrusion speed

•

Film thickness

• Temperature

•

Foil width

• Nozzle geometry

•

Homogeneity of the lithium foil

• Pressing pressure of the calender rolls
• Supply speed of the lubricant
• Roll speed

Challenges [excerpt]

Technology alternatives [excerpt]

• Adhesion tendency of metallic lithium
during calendering

• PVD process

Transferability of lithium-ion battery cell
manufacturing expertise

• Atomic layer deposition (CVD process)

Laminating

Layer compound production
Solvent feed (optional)
Anode

Rollers

Cathode-electrolyte composite

Cell assembly

Cell finishing

Production process
●
●

After the lithium foil has been manufactured, it is laminated onto the cathode-electrolyte
composite. For this purpose, the two layers are brought together via rollers.
In the next step, the two layers are pressed together by two rollers. These are heated in order to
achieve higher adhesion forces. During heating and pressing, polymers penetrate from one layer
to the other, forming the bond between the anode and electrolyte.

Additional information
●

A distinction can be made between dry and wet lamination. With wet lamination, the contact
surfaces are moistened with a solvent before lamination. This allows lamination with lower
temperature and pressure.

Process parameters & requirements

Quality features [excerpt]

• Feeding speed of the layers

•

Adhesion between layers

• Roll speed

•

Desired composite thickness

• Pressure (order of magnitude
12-40 N/mm2, adjustable via the roll
pressure or the calender gap)

•

Geometry of the composite

• Optional heating of the layers

Challenges [excerpt]

Technology alternatives [excerpt]

• Adhesion tendency of metallic lithium
during calendering

• Pressing and subsequent sintering

Transferability of lithium-ion battery cell
manufacturing expertise

Manufacturing Process

Electrode and electrolyte production: Alternative B
● The main feature of the process chain B presented below is a physical
vapor deposition (PVD) process with which the individual layers are applied
one after the other.
● This process chain is particularly suitable for oxide-based all-solid-state
batteries and shows the production steps of a thin-film cell.

Electrode and electrolyte production

Cell assembly

Cell finishing

Process alternative A
Process alternative B

Grinding & mixing
Cathode powder

Material
preparation

Grinding & mixing
Electrolyte powder
Metallic lithium

HF sputtering
Sintering

Layercompound
production

Cathode-electrolyte
compound

Thermal evaporation
Elementary cell

Process step
Intermediate product

Grinding & Mixing

Material preparation

Grinding drum

Powder
Grinding media

Cell assembly

Cell finishing

Production process
●
●
●

●

The cathode powder and the electrolyte powder are each produced separately in a ball mill.
For this purpose, the respective starting materials are fed into a cylindrical grinding drum. In this
grinding drum there are balls which are used as grinding media.
The starting materials are mixed by the rotational movements of the cylinder. In addition, the
rotational movement ensures a relative movement between the grinding media and the starting
material, whereby the latter is ground.
The powder is then calcined to obtain the desired powder properties.

Process parameters & requirements

Quality features [excerpt]

• Ball material

• Average powder particle size

• Speed

• Homogeneity of the powder (degree of
mixing)

• Grinding time
• Cylinder material
• Quantity of starting materials

Challenges [excerpt]

Technology alternatives [excerpt]
• Sol-gel process

Transferability of lithium-ion battery cell
manufacturing expertise

High Frequency Sputtering

Layer compound production

N

N

S

Magnets
Target

Ions

Atoms
Plasma

Deposited layer

Substrate
(current collector)

Cell assembly

Cell finishing

Production process
●

●
●

The cathode and electrolyte layers are built up from the cathode and electrolyte powders by
means of high-frequency sputtering. First, the target for the sputtering process is produced from
the powders by die or hot pressing.
The current collector also serves as the substrate of the process. In the first step, the cathode layer
is deposited. Subsequently, an electrolyte layer is deposited on the cathode layer.
The target of the sputtering process is shot with ions. In this process, atoms are knocked out of
the target, which then enter the gas phase and are accelerated to the substrate. On the surface of
the substrate, the layer is thus built up atom by atom.

Additional information
●

High-frequency sputtering takes place in a vacuum chamber.

Process parameters & requirements

Quality features [excerpt]

• Temperature

• Layer thickness of the current collector

• Deposition time

• Layer thickness of the cathode and the
electrolyte

• Process pressure
• Ambient atmosphere
• Process power/power density
• Target diameter & target distance

Challenges [excerpt]

Technology alternatives [excerpt]

• Slow process with low throughput

• Chemical Vapor Deposition

• Low layer thicknesses lead to low energy
densities

Transferability of lithium-ion battery cell
manufacturing expertise

Sintering

Layer compound production
High temperature zone

Unsintered electrolyte layer

Heating element

Sintered electrolyte layer

Sinter furnace

Cell assembly

Cell finishing

Production process
●
●
●

Sintering compresses the cathode and electrolyte layers. Thus the resistance at the interface
electrolyte – electrode can be reduced by improving the bond between the two layers.
The cathode – electrolyte compound passes through a sintering furnace. The material is heated to
a temperature below the melting point.
Depending on the selected process parameters, the resulting porosity of the materials can be
adjusted.

Additional information
●
●

The sintering process takes place in an inert atmosphere or in a vacuum to prevent reactions with
the environment.
Sintering is particularly necessary for oxide-based solid electrolytes in order to achieve a
sufficiently low interfacial resistance.

Process parameters & requirements

Quality features [excerpt]

• Sintering temperature (800°C - 1000°C for
high temperature sintering, up to 1300°C
depending on material)

• Compound adhesion

• Sintering pressure (sintering at atmospheric
pressure preferred)

• Porosity
• Interfacial resistance

• Sintering time (usually several hours)

Challenges [excerpt]

Technology alternatives [excerpt]

• Compatibility of the sintering temperatures
of different materials

• Laser-based processes

• High energy input for high sintering
temperatures
Transferability of lithium-ion battery cell
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Thermal Evaporation

Layer compound production

Anode layer

Steam flow

Metallic Lithium

Electron beam evaporator

Cell assembly

Cell finishing

Production process
●
●

●

Thermal evaporation is suitable for applying the anode to the cathode – electrolyte compound.
Metallic lithium is used as the anode material.
In thermal evaporation, the metallic lithium is heated to temperatures around the boiling point,
e.g. by an electron beam evaporator, so that it passes into the vapor phase. The steam spreads
homogeneously in the vacuum chamber.
The layer is formed by condensation on the surface of the electrolyte, which has a lower
temperature.

Additional information
●

Like sputtering, thermal evaporation takes place in a vacuum chamber.

Process parameters & requirements

Quality features [excerpt]

• Current

• Layer thickness of the anode

• Resistance

• Layer purity

• Deposition time
• Process pressure and temperature
• Condensation rate
• Distance to evaporation source

Challenges [excerpt]

Technology alternatives [excerpt]

• Long cycle times

• CVD process

• Low layer adhesion

Transferability of lithium-ion battery cell
manufacturing expertise

Manufacturing Process

Cell assembly & cell finishing

● During cell assembly, the battery cell is made up of existing elementary
cells.
● Compared to conventional lithium-ion battery production, the cost- and
time-intensive formation and aging can be simplified for the all-solid-state
Battery. In addition, electrolyte filling and degassing is no longer necessary.
● The battery cell is subjected to various tests for grading and quality
assurance.

Electrode and electrolyte production

Cell assembly

Cell finishing

Cutting

Cell
assembly

Stacking

Contacting
& Packaging
Sealed cell

Form

Cell
finishing

Tires

Testing & grading

Process step
Intermediate product

Cutting

Cell assembly
Top view
Laser

Laser cutting
Elementary cell
with current collector
Cut elementary cell

Cutting zone

Anode
Elementary cell without
current collector
Current collector
Electrode and electrolyte production

Cell finishing

Production process
●
●
●

After the layer lamination has been completed, the elementary cells must be cut to size so that
they can be stacked in the next process cut. This can be done by laser cutting.
A fiber laser, for example, can be used for the laser-cutting process.
A burr-free cut can be achieved with the correctly set energy input into the layer compound. It is
particularly important to ensure that the respective layer materials are not melted, which would
lead to an electrical connection of the layers and thus to a short circuit.

Process parameters & requirements

Quality features [excerpt]

• Cutting speed (e.g. 100 mm/s)

• Heat input

• Spot size (e.g. 25 µm)

• Dimensions

• Pulse energy and duration (e.g. 30 ns)

• Burr-free edges

• Pulse repetition rate (e.g. 100 kHz)
• Laser power or energy per unit length
• Wavelength (e.g. 1064 nm)

Challenges [excerpt]

Technology alternatives [excerpt]

• Mutual contamination of the layers

• Punching

• Different laser settings due to different
materials

Transferability of lithium-ion battery cell
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Stacking

Cell assembly

Gripping & stacking

Connecting cell stacks

Gripper mechanism
Compressive
force

Vacuum gripper

Elementary cell
Electrode and electrolyte production

Cell finishing

Production process
●
●
●
●

The elementary cells can be stacked directly in bipolar configuration. The resulting series
connection of the cells enables a multiplied cell voltage.
The elementary cells are positioned on top of each other with grippers. When selecting the
gripping technique, make sure that the surface is free of damage.
An additional current collector is required for the completion of a cell.
The elementary cells are then laminated together by applying pressure and heat. The result is a
bipolar cell stack.

Additional information
●

Further advantages of direct stacking lie in its simplicity and effectiveness. Additional packaging
costs are minimized.

Process parameters & requirements

Quality features [excerpt]

• Stacking speed

• Positioning accuracy

• Positioning accuracy

• Damage-free stacking

• Pressure
• Temperature

Challenges [excerpt]

Technology alternatives [excerpt]

• Long process times

• Winding the elementary cells. Due to the
brittle solid electrolyte, however, winding
all-solid-state batteries requires a more
sophisticated process.

Transferability of lithium-ion battery cell
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Contacting & Packaging

Cell assembly

Contacting

Packing

Laser
Thermoformed foil

Sealing

Electrode and electrolyte production

Cell finishing

Production process
●
●
●

●

In the bipolar cell stack, only the two outer current collectors have to be contacted with the
contact tabs. It is potentially possible to use cheaper materials for the current collectors.
Contacting can be achieved by laser beam or ultrasonic welding.
After contacting, the all-solid-state Battery cell is placed in an electrically insulated packaging and
sealed to protect it from environmental influences. Foils made of metal-plastic mixtures are
suitable as packaging materials.
The external current collectors must be inserted into the foil in an electrically insulated manner.
The packaging is completely sealed using impulse or contact sealing.

Process parameters & requirements

Quality features [excerpt]

• Pulse time

• Material-locked contacting

• Heat penetration depth

• Quality of sealing

• Laser power
• Sealing time
• Sealing pressure
• Sealing temperature

Challenges [excerpt]
• Possible damage to the lithium layer
• Possible hole formation in the joining
partners

Transferability of lithium-ion battery cell
manufacturing expertise

Technology alternatives [excerpt]

Formation

Cell finishing

Spring contact pins

Top view of goods carrier
Goods carrier
Cell

Battery cell

Power electronics

Electrode and electrolyte production

Cell assembly

Production process
●
●

During formation, the battery cell is exposed to the first charging and discharging cycles. When
assembled, an all-solid-state Battery with lithium metal anode is already charged.
The cell is contacted in formation racks by spring contact pins.

Additional information
●

●
●

An interface layer is formed between the electrolyte and the electrodes. This layer significantly
influences the ion conductivity and thus the performance of the cell. Compared to lithium-ion
batteries, however, this layer is thinner and is fully formed already after a few cycles.
Even after one discharge/charge cycle, the capacity and internal resistance of the battery cell
remain substantially constant.
Compared to lithium-ion cells, the time and cost required for formation is considerably lower.

Process parameters & requirements

Quality features [excerpt]

• Defined C-rate for first discharging and
charging cycle

• Formation of the interface layer
• Internal resistance of the cell

• Gradual increase of the C-rate
• Current and voltage profile
• Low contact resistances at the spring
contact pins

Challenges [excerpt]

Technology alternatives [excerpt]

• Location of cells

• Formation is largely based on extensive
experiential knowledge, which does not yet
exist for all-solid-state batteries due to lack
of series production maturity.

• Contacting method
• Process temperature
Transferability of lithium-ion battery cell
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Aging

Cell finishing
Controlled atmosphere

OCV measuring
instrument

Aging shelf

Electrode and electrolyte production

Cell assembly

Production process
●
●
●

Aging is the final step in cell production and serves quality assurance.
During aging, changes in cell properties or cell performance are monitored by regular
measurement of the open circuit voltage of the cell under controlled atmospheric conditions.
The cells are stored in aging shelves and/or towers.

Additional information
●

Compared to lithium-ion batteries, a shorter aging time is expected, since the solid electrolyte
enables the cell to achieve stable properties more quickly.

Process parameters & requirements

Quality features [excerpt]

• State of charge of the cell at the beginning
of aging

• Capacity

• Aging duration

• Self-discharge

• Controlled atmospheric conditions

• Coulomb efficiency

Challenges [excerpt]

Technology alternatives [excerpt]

• Packing density of the cell workpiece
carriers

• Aging is largely based on extensive
experiential knowledge, which does not yet
exist for all-solid-state batteries due to lack
of series production maturity.

Transferability of lithium-ion battery cell
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• Internal resistance

Testing & Grading

Cell finishing

Testing

Grading (classification)

Class A

Class B

End-of-line
measuring
device
Electrode and electrolyte production

Cell assembly

Production process
●
●
●

In a final step, the properties of the finished battery cell are tested.
In addition to an optical inspection for damage, this includes above all the characterization of the
electrochemical properties.
On the basis of the measurement results and the capacity determined during formation, the allsolid-state batteries are divided into grades according to their electrochemical properties, which is
referred to as grading.

Additional information
●

There is no standard for grading, so that different grades do not allow to draw direct conclusions
about the quality, but merely combine cells with similar properties.

Process parameters & requirements

Quality features [excerpt]

• C-Rate when loading

• Capacity

• State of charge for subsequent dispatch

• Internal resistance

• Loss rate

• Cell voltage

Challenges [excerpt]

Technology alternatives [excerpt]

• Defining appropriate grades

• No standardization of tests & grades,
therefore different sequences are possible

• Cell handling

Transferability of lithium-ion battery cell
manufacturing expertise

