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GERMAN-AUSTRALIAN ALLIANCE FOR ELECTROCHEMICAL
TECHNOLOGIES FOR STORAGE OF RENEWABLE ENERGIES – CENELEST

The environmental friendliness and low generation cost of

times. Electrochemical storage devices such as double-layer

renewable energies - such as wind and solar energy - means

capacitors, batteries and fuel cells can cover the entire required

their use is increasing worldwide. The amount of energy

time range and are also highly modular, scalable and can be

produced by these sources generally fluctuates; i. e. due to

used decentrally. For all storage facilities, the levelized cost of

weather conditions, the generation capacities vary considerably

energy is of particular interest in addition to investment and

over short periods of time, and also seasonally. The higher the

operating costs, which is why long service life and low invest-

share of wind energy and photovoltaics in an electrical grid, the

ment costs also enable low energy costs. Although significant

greater the bottlenecks in supply.

cost reductions for electrochemical technologies have been
achieved in recent years, this type of storage is currently usually

Ultimately, the most sustainable option for avoiding supply

too expensive (compared to fossil energy sources) for a broad

bottlenecks is storage facilities that feed energy surpluses back

range of stationary applications.

into the grid at times when the performance of renewable
energy sources is low. Time periods from milliseconds to

The Fraunhofer Institute for Chemical Technology (ICT) and the

minutes (short-term), hours to days (medium-term) and days to

University of New South Wales (UNSW) want to make a con-

weeks (long-term) must be compensated.

tribution to the transformation of energy systems and develop
low-cost, safe and environmentally friendly electrochemical

Mechanical, electrical and electrochemical processes can be

storage technologies for renewable energies. Both institutions

used for storage. All these processes have been established

have an excellent status in the global research landscape and

on a large scale for decades, but have specific technological

combine outstanding basic research with outstanding applied

advantages and disadvantages. Mechanical storage facilities are

research with the aim of establishing a joint international

pumped storage facilities, for example, which are inexpensive

research centre for stationary energy storage at the University

and reliable, but which have a major impact on nature, are

of New South Wales in Sydney, Australia. The aim of this

usually bound to geological formations and therefore cannot

cooperation is to strengthen the partners’ world-class expertise

be used in a completely decentralized manner. Electrical storage

in redox flow batteries, and concurrently develop other types

devices such as capacitors have very low energy densities and

of batteries and fuel cells in order to cover the entire range of

are particularly suitable for high performance and short storage

electrochemical energy storage needs.

PHOTO LEFT
Laboratory-scale hydrogen/
bromine redox flow battery.
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Through exchange of the partners‘ extensive knowledge,
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advanced modern equipment and research networks, topics

Using half-cell measurements, the electrochemical properties

The membrane used is often a high cost and efficiency factor.

of electrolytes, active materials and the electrode can be

Commercial membranes can be characterized and compared

can be tackled more efficiently than would be possible by

Redox flow batteries store energy in flowing media, allowing

investigated and optimized with regard to reaction rates, side

using test cells and other methods. There are competences for

either institution acting individually. Within the framework of

energy and power to be scaled almost freely. This makes it

reactions and aging effects. The half-cell measurements can

ion exchange membranes, microporous separators, ion-con-

CENELEST, a common research agenda has been established

possible to create potentially inexpensive batteries with inex-

also be coupled with spectroscopic methods such as UV/VIS,

ducting glasses and MEAs (membrane electrode assemblies).

and initiated at an early stage. These activities are continuously

pensive energy storage materials, if the storage times amount

IR or RAMAN (spectroelectrochemistry) to obtain additional in-

Particularly for MEAs for hydrogen- and oxygen-based cells and

being developed through the exchange of researchers and

to several hours. This makes this type of battery a candidate for

formation on changes in the chemical composition. However,

recombination units there are possibilities for the development

students between the institutions. Additional research topics

medium time storage and for applications where energy has to

existing synthesis possibilities also allow the development and

and investigation of alternative catalysts and composite units.

can thus be examined, such as the economic operation of

be shifted from day to night (peak-shift). To this end, research

optimization of manufacturing processes or regeneration pro-

stationary energy solutions both individually and in connection

activities and commercialization efforts have increased signi-

cesses for electrolytes. Furthermore, stability tests according

Using coupled simulations, optimized cell geometries can be

with renewable energy networks.

ficantly in recent years. To date, more than 60 different types

to standardized procedures offer the possibility of testing the

investigated and developed. All the necessary procedures are

of redox flow batteries have been investigated, with vanadium

stability of materials in contact with the medium.

available to develop and test efficient single cells and stackable

In view of linking fundamental research (UNSW: simulation,

redox flow batteries and zinc/bromine redox flow batteries

materials, heat transfer, rapid prototyping, chemistry) and applied

being the most widely commercialized. The vanadium redox

Most redox flow batteries use carbon-based electrodes. The

trical properties using multi-channel battery testers in climatic

research (ICT: electrochemistry, cells, systems, production) the

flow battery (VRFB) was developed in the 1980s at the UNSW

electrodes must allow high reaction speeds, high conductivity

chambers at different temperatures. In addition, with the aid of

work is not only focused on scientific competences, but also

and is today the most studied type of redox flow battery.

and good mechanical properties. For this purpose, commercial

reference electrodes and modern potentiostats, half-cell mea-

on the requirements of industry. This provides commercial

cells for industrial scale. The cells can be tested for their elec-

electrode materials can be investigated in different test cells or

surements and redox potential measurements can be carried

companies with easier access to the extensive capabilities of both

The physical and chemical properties of the electrolyte have

in half cells, or novel materials can be developed. For example,

out at the same time in order to identify and solve problems.

institutions. In addition to the core competences, it also allows an

a significant influence on the characteristics of the battery.

compounds can be produced and then processed into suitable

Impedance analyzers can also be used to determine the resis-

in-depth analysis of interdisciplinary issues, for example including

Comprehensive chemical, physical and electrochemical analysis

electrode materials using different processes. Furthermore,

tances of cells, anodes and cathodes, which allows statements

the fields of weather forecasting, control systems and grid integ-

methods are available to optimize electrolyte properties or to

there are processes that allow thermoplastic materials to be

to be made about the loss of materials such as membranes,

ration, as well as social aspects, safety and life cycle assessment.

develop new electrolytes

joined to form liquid-tight cells and stacks.

electrodes and electrolytes as well as active materials.

1 Laboratory-scale iron/iron redox flow

1 Battery symbol made of vanadyl sulphate.

battery.

2 Two kilowatt-class vanadium redox flow bat-

2 Laboratory cell for flow battery studies.

tery test rigs.
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SERVICES AND EQUIPEMENT

Different technical facilities with different manufacturing pro-

Due to our experience in building Europe‘s largest vanadium

cesses allow the construction and investigation of prototype

redox flow battery with 2 MW / 20 MWh we can also support

stacks. Battery test systems with several hundred amperes of
current are available for electrical tests, as well as the possibili-

SERVICES
EQUIPMENT

larger battery projects. The testing of battery systems can be

J

Consulting, project consulting

carried out on AC or DC test station with several hundred ki-

J

Studies, feasibility studies

ty to carry out electrochemical impedance spectroscopy up to

lowatts of power up to the container scale and, if required, on

J

Qualifications according to national

100 V. For vanadium redox flow batteries, process engineering

a small grid in the MW range with wind turbine, photovoltaic

test rigs up to a power of approx. 10 kW are available, which

and vanadium redox flow batteries.

allow isothermal measurements to be carried out and thus,

and international standards
J

Techno-economic analyses

J

Life cycle analyses
Concept generation and design evaluation

J

Different battery test systems AC or DC up to
several hundred kW power

J

Microgrid with 1.5 MW wind turbine and
1 MW/10 MWh vanadium redox flow battery

J

Workstations with different potentiostats including

for example, heat and pressure losses to be determined at

Our experience covers a wide range of different chemistries.

J

different flow velocities. Computer tomography (CT) allows

Beside V/V, V/Br, V/O2, Fe/Fe, H/Br, Zn/Br, Fe/Cr, organic RFBs

J

CAD and 3D design rendering

J

electrochemical impedance spectroscopy
Electrochemical cells for half-cell measurements

stacks to be mapped three-dimensionally to identify design

and others have also been examined.

J

Design and optimization of new storage systems

J

RAMAN- and IR-spectroscopy, REM-EDX,

problems. Time-resolved measurements can also be performed

J

Resources and recycling

to visualize the flow rate.

J
J

confocal microscopy

System testing and optimization

J

Stack tests for VRFB and PEM fuel cells

System development

J

Abuse test chambers for lithium-ion batteries

Depending on customer requirements, complete battery

J

Development and optimization of components

J

Viscometers for Newtonian and non-Newtonian fluids

systems can be built as prototypes or tested according to

J

Cell and system design

J

High performance computer infrastructure

different standards such as IEC 61427-2. For the construction

J

Battery management

J

3D printers with capability for a wide range of materials

of prototypes, location-optimized simulations for the design

J

Aging investigations

of heat management systems can be carried out in order to

J

achieve high efficiency. The prototypes can be built up flexibly

J

from plastics to metal alloys

Post-mortem analysis

J

Laser cutters including capability for metal laser cutting

Component tests

J

Water jet cutters capable of cutting metals

as DC or AC systems in any size by means of memory-pro-

and carbon material

grammed controls and self-developed battery management.

J

LDA and PIV systems

J

Autoclave for curing composite components

J

Instrons for testing the strength of material sand parts

J

Composite manufacturing robot

1 Control room of a 2 MW / 20 MWh vanadium

1 Piping of a 2 MW / 20 MWh vanadium redox

redox flow battery at Fraunhofer ICT.

flow battery at Fraunhofer ICT.

2 Stack area of a 2 MW / 20 MWh vanadium

2 Electrolyte storage tanks of a 2 MW / 20 MWh

redox flow battery at Fraunhofer ICT.

vanadium redox flow battery at Fraunhofer ICT.

