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Prototype: Right  side: CO2-recovery (air), 
Left side: H2-production, CH4-synthesis, and 
SNG fuelling station

A market analysis done by SOLARFUEL shows that renewable SNG 
production is possible at  market prices. The analysis is based on 
plant cost and variable electricity prices. In the future an increasing 
range of power market prices is foreseeable which enable a further 
reduction of SNG production costs. 

The power consumption of a “Power-to-Gas” plant is comparable to 
the power consumption of a hydro pump storage plant.  In 
comparison, the main advantage of the “Power-to-Gas” concept is 
that the stored energy can be traded directly – independent of the 
time – which enables new interesting business models within a 
deregulated energy market.
.
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Electrical Energy Storage

Stand alone photovoltaic systems require in most cases an electrical 
energy storage system. The storage system has to store energy if
the energy generation is higher than the energy consumption. On the 
other hand side the storage is discharged if the energy generation is 
below the energy consumption.
In case of grid connected systems, storage systems are not 
necessary if the ratio of renewable energy is low. However, in case 
of increasing renewable energy in the electricity generation, the 
stability of the grid cannot be guaranteed. To improve the stability, 
electrical energy storage systems can be used.
For this two applications reliable storage technologies are required. 
For the stand alone systems lead acid batteries are used today. 
However the lifetime of this batteries is limited to 3 to 10 years. 
The short lifetime results in high annual storage costs. Therefore 
improved storage systems with long lifetime are of Interest für these 
types of applications.

State of the art electrical storage is based on 
lead acid batteries
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Most important parameter for such storage systems is the lifetime 
and the specific cost. 
To investigate this characteristic, a couple of test profiles were 
developed and used to characterize storage systems.
Next to different types of lead-acid batteries a couple of different 
“advanced battery technologies”, as lithium-ion, lithium-metal, NiMH, 
NiFe and redox flow batteries are investigated. Most interesting 
parameters are:

• Lifetime at different typical operation conditions
• Influence on lifetime by longer phases of low SOC and high SOC
• Energy efficiency
• Self discharge
• Deep discharge recovery

These tests are carried out in the laboratory, whereas lifetime 
investigations are accelerated. Batteries that reach the end of life are 
investigated by a post mortem analyses. IR image of an aged lead acid battery. The 

hot spots are caused by short circuits by 
shedded active material.
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Investigations have shown that the lifetime of batteries depends
strongly on:

• The type of operation
• The quality of the battery, even if the same technology is used
• The battery technology

In case of energy efficiency, lithium-ion batteries show very good 
value of 95% and higher. Additionally most lithium-ion batteries have 
a long cycle lifetime, but show a strong influence of the state of 
charge on the calendar lifetime. 

Especially the influence of the operation type results in advanced 
battery system technology (see separate poster).

40Ah / 24V Li-Ion battery for a pv stand 
alone application
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Redox-Flow Batteries – Electric Storage Systems for 

Regenerative Energy

Redox-flow batteries are excellently suited for intermediate storage 
of electricity in power grids or isolated systems with a high, 
fluctuating proportion of regenerative energy sources.
With their advantageous properties, they present a promising 
alternative to conventional battery-based storage units or also fuel 
cells.

Particularly the so-called all-vanadium redox-flow battery features 
essential advantages compared to conventional electric storage 
units: Separation of the conversion and storage units, high electric 
efficiency, good cycling stability and thus long
lifetime, and no degradation effects in the electrolyte arising from 
cross-contamination via the membrane.

In corporation with other Fraunhofer institutes researchers at the 
Fraunhofer ISE in Freiburg work on a further development of redox-
flow batteries to offer this promising technology industrial partners. 

General operating principle of a redox-flow 
battery with external tanks (T) and  
circulation pumps (P). The cells consists of 
electrodes (E) and a membrane (M).

Contact:
Dr. Tom Smolinka
Fraunhofer Institute for
Solar Energy Systems ISE
Freiburg, Germany
Phone: +49 (0)761/4588 5212
tom.smolinka@ise.fraunhofer.de
www.ise.fraunhofer.de
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Redox-Flow Batteries – Electric Storage Systems for 

Regenerative Energy

Within a Fraunhofer joint project, we perform materials 
characterisation, cell design and optimisation, stack 
development, system modeling and management and 
finally control development.
In a first step a multiple-cell battery with an active area of 
250 cm² was constructed and used for material 
characterisation, for validation of a system model that have 
been developed in parallel and for determination of 
important technical parameters for system dimensioning. 
Based on the results a 700 cm² stack consisting of 5 cells 
was designed and built up in order to perform long-term 
performance tests.
In a next step a complete 1 kW system is under 
construction which finally should be evaluated in a field test 
as long-term storage option for regenerative energy.

Construction of a 700cm² redox flow cell for
a demonstrator system with a 1 kW redox-
flow stack. 
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Within this project a comprehensive understanding of the vanadium 
redox-flow technology could be achieved. Progress in stack design 
helps in the construction of low-cost and long-durable battery 
systems in the kW class. The simulation-based control concepts 
allow us to develop robust operating strategies with high system
efficiencies for different grid-connected and independent storage 
applications.   

Redox-Flow Batteries – Electric Storage Systems for 

Regenerative Energy
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Continious charging and discharging of a 5-
cell redox-flow stack with an active area of 
700 cm². 
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Cold storage with Phase change slurries

Phase change materials provide a huge heat storage capacity during
phase transition (mainly solid/liquid) in a small temperature range. 

This can be used to increase heat storage capacity at the same
volume, or to reduce storage volume at the same heat storage
capacity or storing the same amount of energy with lower losses.

Many material classes can be used as a PCM (Salt-hydrates, 
Paraffins, Clathrates…)

In most cases the PCM has to be encapsulated to immobilisate the 
PCM in the liquid phase, prevent reactions between PCM and 
surrounding…

Microencapsulation (2-20 µm) is a key technolgy for easily using
PCM and delivers many advantages compared to often used
macroencapsulation and direct immersion (better heat transfer, no 
risk of damaging the capsules, prefabricated materials with PCM 
inside) Water and microencapsulated PCM 

combined to a PCS (phase change slurry)

Contact:
Dr.-Ing. Peter Schossig
Fraunhofer Institute for
Solar Energy Systems ISE
Freiburg, Germany
Phone: +49 (0) 7 61/ 45 88-5130  
peter.schossig@ise.fraunhofer.de
www.ise.fraunhofer.de
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Cold storage with Phase change slurries

PCS consist of a carrier fluid and a PCM. The enhanced heat
capacity helps to reduce energy demand for cooling applications
and increases utilization of environmental cold sources by:

• Storing the same amount of energy at higher temperatures reduces
losses

• Storing the energy at higher temperatures makes it easier to use
environmental cold sources to cover the cold demand

• Cold sources can work more efficient when delivering cold at higher
temperature

• Higher energy density leads to smaller storage tanks to store the 
same amount of energy

• To transport the same amount of energy a reduced volume flow
can be used

• Heat transfer is more efficient due to isothermal release of cold Phase change slurries. Emulsions (eg. 
Paraffin in Water) or Suspension (eg. 
microencapsulated PCM in water)
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Cold storage with Phase change slurries

Research on two types of PCS  at Fraunhofer ISE:

Suspensions:
Consist of microencapsulated Paraffin with water.
PCM is finally developed and the research is close to the application. 
Long term pumping and cycling tests are running at the moment in a 
test rig

Emulsions:
Paraffin in water not encapsulated. Main research focus on 
emulgators to achieve long-term stable emulsions.

Projekt PCS Imtech:
Comparions of three storage tanks (ICE-Slurry, PCS and Water) 
under real usage, funded by the german federal ministry of 
economics and technology FKZ0327427b
-Test plant is under construction
-Good thermo-hydraulic characteristics of first PCS-Emulsions
-Stability tests and first simulations running at the moment

Comparison of storage capacity depending
on energy density of the PCS within 6K.
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