
» Technology of tomorrow:  
 Searching for the Super Battery
Lithium-ion batteries have established themsel-
ves as being an efficient and reliable way to store 
energy, but there’s something better: batteries 
with cathodes made of oxygen can store several 
times more energy than today’s systems can. 

Not enough charging stations, excessively expensive battery 
storage – those are the two main reasons that electric mobility 
has hardly made any headway. At least the cost situation will 
soon ease up: according to the latest figures from the German 
Federal Association of eMobility (BEM), the price of lithium-
ion batteries has decreased fourfold from 800 € per kilowatt 
to 200 €. Further price reductions are also foreseeable. The 
American electric car manufacturer Tesla has plans to build a 
large battery production factory for four to five billion dollars. 
Starting in 2017, lithium-ion batteries will be manufacturered 
in this factory for a third of the cost of today’s systems. 

The renewable energy industry also profits from the advan-
ces being made in electric mobility. Where does energy come 
from when there is hardly any wind or sun? Cost-effective 
lithium-ion batteries offer a solution and are used to store 
excess green energy in buffers until it is needed. These bat-
teries are particularly suitable for use in households and com-
mercial enterprises that want to be completely self-sufficient 

using solar energy from systems on their own roof. 

However, despite the rapid progress being made on lithium-ion 
batteries they are still only considered to be an entry-level solu-
tion. Shortly after they made their broad-based market launch, 
scientists already started looking for new, better performing bat-
teries. There is one technology that they are particularly focused 
on: the so-called lithium-air batteries. These have an energy den-
sity of 1,000 watt hours per kg, which is five times the energy 
storage capacity of today’s lithium batteries. 

The anode – or postive end – is made of lithium metal instead 
of graphite or lithium titanate and the air serves as the ca-
thode. Oxygen is sucked in by the battery as needed instead 
of being integrated as a permanent part of the battery. This 
makes these batteries lightweight and compact. 

High energy density, short-lasting life

Especially the auto industry has shown an interest in lithium-
air batteries, because that technology would make it possible 
to significantly increase the driving range of electronic vehic-
les. This technology is expected to be implemented as early 
as 2020. „We hope that in the next five to ten years the lithi-
um-air batteries will succeed in being the most efficient so-
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lution in the market“, states BEM President Kurt 
Sigl. However, the technology is also conside-
red to be a promising option as a buffer for the 
power grid. Thanks to the high energy density, 
these batteries are able to store large amounts 
of wind and solar energy in a very small space – 
this would alow for the size of battery systems 
to be significantly reduced without having to 
sacrifice output performance.

However, the major drawback of metal-air 
batteries is their short life span. The discharge 
causes electrochemical reactions at the cathode 
and in the conductive electrolyte, which result 
in irreversible damage – as a consequence the 
battery can hardly be recharged. 

In order to solve this problem, researchers be-
longing to the project group Electrochemical 
Storage at the Fraunhofer Institute for Chemi-
cal Technology (ICT) are examining the reaction 
processes that occur at the cathode. The che-
mical processes taking place are very complex. 
„If we can understand them, then we will have 
come a lot closer to commercialization“, exp-
lains ICT researcher Kai-Christian Möller.

Batteries learn how to „breathe“ 

While discharging, the lithium atoms of the 
anode lose electrons and then travel as lithi-
um ions through an electrolyte to the cathode 
where a reaction with oxygen from the air will 
occur. The product of this reaction – lithium 
peroxide – then settles at the cathode. In or-
der to recharge itself, the cell would have to re-
lease the oxygen it gained during the discharge 
back into the air. So metaphorically speaking, it 
would have to learn how to breathe. To achieve 
such an extension of the battery life, scientists 
would first have to find a way to reactivate the 
damaged cathode.  

In the joint project GLANZ (Anodes and Cells 
Protected by Glass), the battery research cen-
ter MEET of the University of Münster, glass 
specialist Schott and Rockwood Lithium, Varta 
Microbattery and Volkswagen are all dedicated 
to solving a different problem.A lithium-air bat-
tery is an open system that constantly has air 
flowing through it. Since its lithium metal ano-
de is very reactive, it has to be protected from 
external influences. The microporous polymer 
membranes used in today’s batteries cannot 
offer the necessary protection. 

Therefore, the project participants are wor-
king on developing a new separator made of 
glass ceramics that will prevent any unwanted 
reactions. The project, which recieved funding 
in the amount of 5.6 million euros from the 
German government, is supposed to deli-
ver initial results this year already. 

Meanwhile scientists at the Research Center 
Jülich (FZJ) are working on the technology as-
sociated with the lithium-air batteries. They are 
using silicon instead of lithium metal for the 
anode. This enables the same energy density 
of 1,000 watt hours per kilogram, but in con-
trast to the rare metal lithium it is available in 
inexhaustable quantities, according to the FZJ. 
The department for fundamental electroche-
mistry is currently searching for materials that 
will make the silicon-air battery just as reliable 
as other types of energy storage. 

Technology that is two genera-
tions away

Even though the scientists are making good 
progress, they are warning against premature 
euphoria. Olaf Wollersheim, leader of the pro-
ject Competence E at the Karlsruhe Institute of 
Technology (KIT), does not expect the techno-
logy to be commercialized any time soon. In 
context of Competence E, the experts are exa-
mining varous types of batteries for e-mobility 
and the energy industry. „We see metal-air bat-
teries as a technology of the generation after 
the next generation. We are not yet capable of 
restoring them to their original condition after 
the first discharge“, explains Wollersheim. 

Other types of batteries that are not garnering 
a lot of attention nowadays due to the current 
euphoria surrounding air batteries could very 
well establish themselves first. Lithium-sulfur 
batteries could be ready for the market in about 
ten years, estimates Wollersheim. In everyday 
usage, lithium-sulfur batteries reach a specific 
energy of 600 watt hours per kilogram – more 
than double the capability of today’s lithium-
ion batteries. The problem with the sulfur sto-
rage, though, is its stability and to date, it still 
has not reached values that can be considered 
acceptable. Since sulfur expands during char-
ging and contracts again during discharge, the 
cathode is under considerable stress.  

In addition, sulfur dissolves in the electroly-
te and the active material is lost as a result.
However, researchers at the 
Fraunhofer Institute for 
Material and Beam 
Technology 

Llithium-air batteries 
will be the most efficient 
solution in the market

„We see metal-air  
batteries as a technology 
of the generation after 
the next generation“
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(IWS) have now been able to stabilize the bat-
tery. They were able to achieve 1,400 charge 
cycles and even after that number the cell still 
had a capacity of 60 percent of its original ca-
pacity. This means that the technology still has 
a shorter life than lithium-ion batteries, which 
have an average of 7,000 full cycles. However, 
they are closer to practical implementation than 
it is the case with air batteries, which are still in 
the basic research stage. 

Goal: Costs of less than $200 per 
kWh

Sodium-ion batteries could soon be introduced 
to the market. The US company Aquion Energy, 
a spin-off of Carnegie Mellon University (CMU) 
in Pittsburgh, already plans on low-cost mass 
production of the sodium batteries in 2015. The 
goal is to achieve a cost of less than $200 per 
kilowatt hour. This is possible, because Aquion 
limited themselves in the search for electrode 
materials to materials that would be inexpen-
sive and readily available, such as sodium and 
carbon, instead of comparatively rare and ex-
pensive materials like lithium. 

Sodium-ion batteries are said to have many ad-
ditional advantages: Their storage capacity is 
retained even in extreme temperatures. They 

even work without restrictions in desert areas. 
They would primarily be used at large solar po-
wer plants as these usually are built in the hot 
regions located on the Earth’s sunbelt.  

In addition, according to claims made by Aqui-
on, they have improved the performance and 
life of the sodium-ion technology. The cathode 
consists of a sodium alloy, the anode is a carbon 
compound. Between the two ends is a liquid 
electrolyte which only allows positively charged 
sodium ions or atoms which are lacking an elec-
tron to pass through. When charging, the ions 
from the cathode travel to the anode and du-
ring discharge this process is reversed. 

A few years ago the energy storage capacity of 
sodium-ion batteries was reduced by half after 
just 50 charges and discharges. Thanks to an 
improved understanding of the chemical reac-
tions, Aquion has by its own account found a 
way to handle that problem: the batteries of 
the American company now achieve 5,000 full 
cycles and a minimum life of ten years if char-
ged daily. With that, the sodium batteries have 
come closer to the level of the lithium-ion tech-
nology. 

The new sodium batteries are also supposed 
to be especially safe. Unlike the sodium-sulfur 

Air batteries are still in 
the basic research stage

Sodium batteries are 
supposed to be espe-
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battery developed mostly in Germa-
ny during the seventies, which had a 
working temperature of 300 to 400 
degrees Celsius and was prone to ex-
plosions, Aquion’s batteries operate at 
ambient temperature – which signifi-
cantly reduces the risk of fire. 

Since Aquion has also used a type of 
brine as the electrolyte, the sodium-
ion batteries can also be more easily 
recycled than lithium-ion batteries, 
which contain an organic electrolyte. 
The brine also simplifies production, 
which in turn reduces costs. The ma-
chines used are normally used by food 
manufacturers. Many energy experts 
don’t expect an important breakt-
hrough in battery storage until 2030 or 
later. Given the rapid advances being 
made in the research and development 
of storage systems, this estimate may 
have to be reconsidered. «

Sascha Rentzing is a freelance 
journalist who focuses on rene-

wable energy. He writes for trade 
magazines and public magazines
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01
Double duty. Researchers at US De-
partment of Energy‘s Oak Ridge Na-
tional Laboratory (ORNL) in the U.S. 
state of Tennessee have developed 
a new battery design with an elec-
trolyte fulfilling dual functions: it 
serves not only as an ion conductor 
but also as a cathode supplement. 
This delivers an extra boost to the 
battery’s capacity and extends the 
lifespan of the device. The lithium 
carbon fluoride battery generates a 
26 percent higher capacity and this 
could translate into years or even 
decades of extra life, depending on 
how the battery is engineered and 
used.

02
The ideal storage. The new research 
project “PV Home Storage System” 
(PV-HOST) will explore the ideal 
design of storage technologies for 
residential photovoltaic systems on 
single-family homes. Led by Robert 
Bosch GmbH the research project 
aims to find out what operating 
strategy allows a household storage 
system to most effectively serve grid 
needs. RWTH Aachen University 
and münsterNETZ GmbH are also 
part of the research collaboration. 
The project receives a grant of three 
million euros from the German Fe-
deral Ministry for Economic Affairs 
and Energy.

“M5BAT” – Large Battery 
System with 5 MW Capacity

Three technologies combined in one 
battery system by RWTH Aachen.

Starting in the autumn of 2014 a 
worldwide unique modular large bat-
tery system with a capacity of 5 MW 
will be constructed in Aachen (Germa-
ny). Once completed in 2015 it will be 
connected to the local medium-volta-
ge grid. For the project, which aims to 
support grid integration of fluctuating 
power generation from renewable 
sources, RWTH Aachen has partnered 
with energy provider E.ON, inverter 
manufacturer SMA and the battery 
manufacturers Exide and Beta Motion. 

E.ON is responsible for the planning 
and construction of the battery sto-
rage system and will also develop and 
test marketing strategies. The project, 
which is called M5BAT (Modular multi-
megawatt multi-technology medium-
voltage battery storage), is unique 
because of the integration of different 
battery technologies. The lithium-ion 

batteries are to be used as short-term 
storage, whereas lead-acid batteries 
will handle discharge times of up to an 
hour. In the lead-acid batteries from 
Exide Technologies, a gel and copper 
rib mesh technology is used which has 
good cycle stability and can also hand-
le higher current loads than conventio-
nal lead-acid batteries.

The third technology uses high-tem-
perature batteries based on sodium-
nickel chloride to cover the energy 
demands for several hours. In the 
framework of the German “Förderiniti-
ative Energiespeicher” (Energy Storage 
Funding Initiative) with funding of 6.5 
million € for the project, experience 
will be gathered in the integration of 
renewable energies and the decentra-
lized provision of balancing power for 
stabilization of the power grid. In addi-
tion, participation in electricity trading 
and the associated use of electricity 
price differences is planned. 

The project lays the foundation for the 
development of modular and scalable 
battery inverter system concepts that 
are able to provide all the system ser-

vices necessary for a stable operating 
network. The inclusion of such net-
work storage systems becomes more 
important with an increasing propor-
tion of renewable energy in the elec-
tricity mix. 

Unlike pumped storage hydro po-
wer stations, for example, batte-
ry storage systems can be built and 
used independently of geographic 
features and also have much shorter 
lead times during project planning. 

Source: RWTH Aachen University 

www.rwth-aachen.de


