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Dear Readers,
This summer, we had the honor of
organizing and hosting the 6th International Symposium on Power Electronics
for Distributed Generation Systems
(PEDG2015) of the IEEE Power Electronics
Society (PELS), and just a few weeks
later, we joined with prominent guests
from the business, administration, and
research sectors in celebrating the start
of construction of the M5BAT large-scale
battery storage system, which is the first
of its kind in the world. Research projects
focusing on site selection and the design
of wind farms, our major contribution to a
VDE study on the city of the future, and
our research on integrating smaller battery
storage systems into local energy management practices are further examples of the
wide scope of the scientific research work
being performed at E.ON ERC.
I wish you happy reading!
Rik W. De Doncker

E.ON ERC I Storage system technology
Construction of the world’s first modular large-scale battery storage system begins
Modular Multimegawatt, Multitechnology Medium-Voltage Battery Storage System – M5BAT – being built in Aachen

The city, the university, and the business sector were all prominently
represented at the official start of construction work: (from left)
Prof. Dirk Uwe Sauer (PGS), Björn Jansen, mayor of Aachen,
Dr. K. Peter Röttgen (head of the E.ON Innovation Center Energy Storage,
Prof. Rik W. De Doncker (Director, E.ON ERC),
and Prof. Malte Brettel (Vice-Rector of RWTH Aachen University).

Source: Martin Lux

There are good reasons why the little prefix “multi” appears not once,
but twice, in the name of this large-scale battery storage system,
Modular Multimegawatt, Multitechnology Medium-Voltage Battery
Storage System (M5BAT): The system is not only among the largest
of its kind, with a rated power output of five megawatts, but also
combines various battery technologies. Thanks to the system’s
configuration, whose scale is found nowhere else in the world, the
Aachen-based system can be used to perform experiments for
different storage-related purposes. The lithium-ion batteries there are
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Work on the large-scale storage system
has been under way since mid-August at
the site, located in a former office building
on Aachen’s Hüttenstraße. About 20,000
battery cells and all other necessary components are being installed over two floors
and on the building’s roof, occupying about
500 m2 in floor space in all. The assembly
and installation activities are being coordinated by E.ON ERC, manufacturers Exide
Technologies and SMA Solar Technology
are supplying the technical components,
and E.ON is handling the conversion of the
building. The innovative storage system is
slated for completion in mid-2016.
“Large-scale battery storage systems are
of special interest to us due to their flexible
potential uses,” said Bernhard Reutersberg, Chief Markets Officer within the E.ON
Board of Management, where his respon-

sibilities include technology and innovation,
explaining his group’s financial involvement
in the project at the official event marking
the start of construction. The research

Source: E.ON SE

used for short-term storage, while the leadacid ones are especially suitable for short to
medium discharge times.

The large-scale battery storage system is being built
in a former office building on Hüttenstraße in Aachen.

performed using M5BAT could supply important findings for the entire energy sector as
it moves toward low-CO2 power generation. Alongside technical aspects, the financial side also plays an important role in the
case of M5BAT. One of the main factors
in that regard, says Professor Rik W. De
Doncker, Director of E.ON ERC, is “to find
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the optimum cost for this kind of storage
system.” Professor Dirk Uwe Sauer of the
Chair for Electrochemical Energy Conversion and Storage Systems at RWTH Aachen
University sees potential for reducing costs in
“involving control technology.” He also says
there are plans to use the storage system “for
the electricity balancing market on a targeted
basis,” adding that it might even be possible
to generate earnings that way. The studies
in question will be performed by the Institute
PGS at E.ON ERC and the Institute for Electrical Power Systems and Economics (IAEW)
at RWTH Aachen University in cooperation
with the E.ON trading floor. After successful
testing, these kinds of large-scale battery
storage systems could be used in a commercial project of E.ON as early as within the next
five years, said Peter Röttgen, head of the
E.ON Innovation Center Energy Storage.
M5BAT is receiving 6.7 million euros total
in funding as part of the Energy Storage
Research Initiative of the German Federal
Ministry for Economic Affairs and Energy.

E.ON ERC I International symposium
The role of power electronics in the German energy transition
The German energy transition toward increasingly renewable, decentralized power generation will be impossible without the consistent
further development of power electronics.
Against this background, about 150 well-

known experts from all over the world met in
Aachen this past summer for the 6th International Symposium on Power Electronics for
Distributed Generation Systems (PEDG2015)
of the IEEE Power Electronics Society (PELS)

in order to learn about and discuss current
developments while attending technical talks
and presentations. The event focused on the
subjects of theory, analysis, design, testing,
and use of power electronics components.
The overarching themes of the event, which
was organized with substantial participation
from the PGS and ACS institutes of E.ON
ERC and the Institute for Power Electronics
and Electrical Drives (ISEA) at RWTH Aachen
University, were:
• Power Electronics in Distribution Systems,
• Power Electronics for Sustainable Sources,
• Power Electronics for Energy Storage
Systems (Stationary and Mobile).

The members of the organizing team are pleased at
the event’s success.
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Over the course of 30 sessions, 110 scientific papers on various
subject areas were presented and technical developments were
analyzed and discussed with an eye to their importance for obtaining
decentralized energy from renewable sources, all with a focus on these
topics. Keynote addresses and technical contributions from represen-
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tatives of sponsors Siemens AG, Fuji Electric, Viessmann, E.ON, and
Westnetz completed the ambitious and informative program.
For more information on sessions and presentation topics, please visit
http://www.pedg2015.org.

ACS/EBC I Smart city
E.ON ERC institutes play major role in VDE study on the city of the future
About 52 percent of the world’s population
currently lives in cities. According to forecasts,
the figure will be about 70 percent of an even
larger global population by 2050. It will be very
difficult and perhaps even impossible to cope
with the consequences of this trend with the
control and planning structures that are widespread these days, in which individual supply
and administrative areas work independently
of each other. The cities of the future need an
intelligent, efficient, low-cost infrastructure in
order to offer suitable conditions not only for
residents, but also for commercial enterprises,
trades, and industry. Aspects such as quality of
life and sustainability also play an important role,
especially in industrialized countries.
A new study from the German Association
for Electrical, Electronic & Information Technologies (VDE) titled “Smart City – Herausforderungen und Potenziale einer lebenswerten
Stadt von morgen” (Smart City – Challenges
and Potential for the Liveable City of Tomorrow)
points out what distinguishes makes an intelligent city of the future and in what way technologies can achieve this goal. Professor Antonello
Monti (ACS) coordinated the study, which was
drafted with strong support of the institute of
Professor Müller (EBC).

According to the study, the key challenge lies
in developing cross-functional intelligence for
efficient, interactive control of various urban
and supply structures (including the energy
supply and the healthcare sector). Motivation
and involvement on the part of city residents
are also very important, and they will probably
be the toughest tasks ahead. “The smart city
has to connect the supply structure and infrastructures and control them on an overarching
basis,” said Rainer Speh, a member of the VDE
Supervisory Board and the study’s co-author,
at the event presenting the study. Individual
subsystems, such as the power, gas, and
water supply, building or mobility systems, he
said, need to be considered with an eye to their
varying dynamics and how they work together.

any desired combination of elements and infrastructures. The study points to the development of a suitable data platform by the administration as an essential prerequisite for this.
Within the scope of the EU’s FINESCE project,
ACS is working intensively with other bodies on
developing the corresponding concepts. These
ideas are being further developed through
work with industrial partners within the scope
of the Center for Flexible Electrical Networks
(FEN). According to the study, these kinds of
data platforms must become an element of the
infrastructure, and creating and maintaining the
platforms is a government responsibility, as it is
with roads, schools, and hospitals. To ensure
that this approach can be transferred to other
settings, the authors believe efforts should be
made to achieve worldwide standardization.

The study recommends a standardized modular
concept in which individual aspects of a smart
city – streets, buildings, heating systems,
lighting, decentralized generation systems,
thermal and electrical storage systems – are
classified so that the full diversity of factors that
make up a city can be visualized and areas
where action is needed can be identified at the
same time. Thanks to this modular concept, the
system model can be expanded and applied to
cities of different sizes and scaled flexibly, with

Conclusions and areas where action is needed (selected)
• T
 he neighborhood approach and a validated data platform are the foundations of a
smart city.
• Decentralized, distributed, mobile, and energy-efficient technologies form the basis for
smart urban structures.
• A smart city needs active citizens (comprehensive information, citizen involvement,
financial initiative on the part of residents, among other things).
• Smart cities require new overall conditions (including legal bases, interdisciplinary
approaches, new funding and support measures).

This study (in German) is available for downloading from the InfoCenter section of the
VDE website (www.vde.com) for 250 euros.
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ACS/EBC I Field test
Battery storage systems support local energy management
As part of the ELSA (Energy Local Storage
Advanced system) research project, electrical
storage systems (in this case, batteries from
electric cars) are being integrated into local
energy management systems. Plans call for
the innovative system – with which further
direct and indirect storage options and renewable energy sources are additionally being
integrated – to be tested and further developed in day-to-day practice at six sites in five
EU countries. Within the ELSA consortium, ten
international partners from industry and the
research sector are working together under
the project slogan “Store, Serve and Save.”
The project is being supported by the EU as
part of the Horizon 2020 research and innovation program.
Low-cost storage solutions play a prominent
role in the development of smart grids, and
they can contribute to the urgently needed
flexibility in buildings and groups of buildings
as well as in the electrical distribution grid. The

core idea in the ELSA project is to offer storage
capacity as a service to building and local
district managers, thereby making it easier to
manage energy locally. Beyond that, distribution grid operators could use multiple storage
systems that have been pooled together on a
virtual basis in order to stabilize their networks
as power generation becomes increasingly
volatile.
Right now, there are hardly any technologically advanced, decentralized storage systems
available on the market at affordable prices. At
the same time, there is a lack of sustainable
business models and the regulatory and legal
framework to go with them. ELSA is tackling
these issues, pooling “second life” lithiumion batteries from electric vehicles together
to achieve the necessary storage capacity.
In addition, local heat storage systems, electricity from renewable sources, and demandside solutions are also being integrated into the
relevant management system.

In one of the six field tests planned for the
project, the supply infrastructure for the three
E.ON ERC buildings will be transitioned to
a microgrid scenario. Beyond the systems
already in place – CHP, geothermal, photovoltaics, sorption-based air conditioning –
“second life” batteries are being combined
in the main building to form a battery storage
system that will help to further optimize local
energy management. There are also plans to
study whether battery systems like this are
suitable, in principle, for offering services for
the public distribution network.
Along with conceptualization and supervision
of the “in-house” field tests, ACS and EBC are
also working on the development of IT and
communication technology solutions and business models for associated energy management systems as part of ELSA. Simulations will
also be performed to study the opportunities
and risks involved with these kinds of storage
solutions with much greater capacity.

FCN/PGS I Wind energy
Decision-making aid for site selection and wind farm design
The FCN and PGS institutes have jointly
developed a “GIS-based decision-making
support system for optimum determination of
sites of wind farm projects” in order to optimize the selection of sites for onshore wind
farms. This system is first used to identify
suitable areas. Then, as the second step, the
wind farm layout is adapted to the specific
local circumstances. Initial studies for the
Aachen urban region have been successful.
Further expansion of wind energy is a crucial
part of ensuring the success of the German
energy transition. That is not just the view
of policymakers, as the public at large also
supports this idea very much. Still, these

facilities are met with criticism time and again
at the local level. They alter the look of the
landscape, make noise, can throw bothersome shadows, and may harm animals,
especially birds and bats. These kinds of
effects – which are further exacerbated by
sub-optimal planning of wind turbines and
farms – leave significant gaps between global
and local acceptance in many cases.
In the optimization method that has been
developed, criteria related to social and
environmental policy and technical and
economic factors are used to examine and
select potential sites as the first step. To this
end, experts and representatives of various
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interest groups in the local area evaluate and
rank the criteria that play a role in choosing
a site. In the urban region of Aachen, which
was studied as an example, 9.4 percent of
the overall space is suitable for wind energy
use in principle, while just 1.74 percent of the
area was rated “highly suitable.” It becomes
apparent that the northwestern urban area
has especially high potential for sites for wind
energy use, and the tool offers improved
optimization when older facilities are used.
The subsequent second phase of this new
study method serves especially to optimize
the wind farm layout, above all the number
and orientation of turbines, to accommodate the pre-selected sites with regard to the

aspects of „technical efficiency“ and „profitability“. The most important optimization
criteria in this process are the prevailing wind
direction and possible shadowing effects
among turbines. Ultimately, the crucial
factors in terms of financial success are the
costs of construction and operation and
expected annual generation of power.
The system to support decision-making was
developed for the Aachen urban region as an
example. The method that has been developed can certainly also be applied to any
other area.
The research report about the Aachen urban
area is ready to be downloaded here.

FCN I Survey
Motivation and preferences of potential prosumer households
Private households, in their possible joint
role as producers and consumers of electricity alike, are being discussed in Germany
as potential key players in transforming the
energy system. As part of the “Prosumer
Households” project financed by the German
Federal Ministry of Education and Research,
the FCN institute has prepared an empirical
study on “prosumer” motivation and the
preferences of German homeowners. To this
end, a selection experiment was performed
as part of a nationwide online survey. The
experiment reflected the situation of deciding
between hypothetical small-scale power
generation units, with the joint role of power
producer and power consumer being manifested in the attribute of “self-supply level.”
The results show that households view
the level of self-supplying electricity as an
important part of their process of deciding
to purchase a small-scale power generation unit. Survey respondents even display
a more marked preference for the selfsupply level than for environmental benefits. These results highlight the perceived
benefit of electricity self-supply and indicate that private households’ motivation to
participate in “electricity prosuming” goes

beyond the use of green power and making
a profitable energy investment. Based on
the importance that survey respondents in
this selection experiment attached to social
consequences, the researchers advise
political decision makers to take greater
account of social effects when making decisions regarding the political design of the
energy transition. When it comes to achieving
climate goals, the political sphere and society
at large cannot count on private households
to contribute significantly to energy transition targets through their intrinsic motivation
alone. The results also indicate that energy
policy and the business models offered
should not overtax households with excessively complex measures. The authors say
that future research should draw a more
pronounced distinction between, and devote
more detailed study to, various forms of
social impact (such as income redistribution,
landscape, jobs, grid stability and costs, local
and global environmental effects) and groupspecific motivations – as well as the occurrence of possible rebound effects in f energy
prosumer households.
For more information, please visit www.
prosumer-haushalte.de (site in German).
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Seven new electric cars for
E.ON ERC

In addition to the existing electric vehicles, E.ON ERC employees can now
also use seven new eco-friendly electric cars that were purchased recently
and became available a few weeks ago.
There are four BMW i3s, two Renault
Zoes, and one Renault Kangoo. The
vehicles will be used for businessrelated trips within the Aachen urban
area, from transporting guests and
visiting project partners or other RWTH
institutes to regular trips between
lecture sites, which are spread around
the city.
The four BMW i3s (one of which has
the Range Extender feature) were
purchased as part of the PREMIUM
research project, which is being implemented by the Center for Automotive
Research (CAR) at the University of
Duisburg-Essen. As part of the scholarly
research being performed to accompany these activities on the overarching
topic of vehicle fleets, the vehicles have
been equipped with data loggers to
gather important information on how
they are used – duration, position
and speed, external temperature and
battery power. In addition, the drivers
are being asked about their experiences
in everyday operations. The ultimate
goal of this project is to study what
drive concepts are best suited to which
purposes, whether (and if so, how)
individual components can be tailored
optimally to user and operator requirements, and how suitable electric cars
are for general everyday operations.
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E.ON ERC I Colloquium
The “VISION 2050” adopted by the World
Business Council for Sustainable Development in 2010 stated as a goal that in the year
2050, all of the earth’s people should be able
to live well within the limitations presented
by the planet’s natural resources. In her talk
titled VISION 2050: what does that mean
for today?, Dr. Dorothea Ernst highlighted
to impressive effect what overall conditions
will need to be met in order to achieve that.
Ernst, a scientists and consultant, also
presented concepts and measures aimed
at lifting the “Human Development Index” –
a composite of key indicators related to life

expectancy, education, standard of living,
and quality of life – for all people to a certain

Under the title The economy of using highalloy material in power station construction, Dr. Ralf Berker of the consulting
firm Berker Impuls presented an Excel tool
for selecting materials in constructing or
adjusting power plants.

tion, the even distribution of load for which
these kinds of power plants were originally
designed is no longer the case nowadays.
Thermal power stations must be operated
with significantly more flexibility than was
customary in the past. This, in turn, leads to
a significant reduction in the lifespan of the
materials used.

As the percentage of power generated using
renewable energies rises steadily, the residual
load to be generated using conventional
thermal power stations is declining. In addi-

level. For example, she said, businesses
have to make or maintain sustainability as

So the new requirements can be met from
an economic standpoint as well, Ralf Berker
has developed an Excel tool that can be
used to identify materials suitable for each
specific case. Power plant data, specific
requirements that apply to the relevant power
generator, and overall financial conditions
are all considered as part of the calculation.
Future costs for things like maintenance and
part replacement are also taken into account.
In the end, the tool shows which material is
especially well suited to the task.

Events
November 11, 2015,
04.00 p.m.

Colloquium: A Brief History of Big Data Analytics
Prof. Mark Embrecht, Rensselaer Polytechnic Institute

November 14, 2015, “5 to 12” RWTH Science Night
07.00 p.m.	
The wide range of research performed at E.ON ERC will be
presented on the 6th floor of the SuperC building with an exhibit
and a talk by professors De Doncker, Müller, and Monti.
		
(Also see www.rwth-aachen.de/wissenschaftsnacht)

an integral part of their own philosophy when
it comes to setting long-term goals and
innovations. Ernst said this was one of the
most important conclusions drawn from the
considerations presented before.
In a spontaneous mini-workshop following
the talk, the group discussed the roles played
by universities, technologies, and leadership
in this context today, and what roles they
should play 15 years from now. The spirited
discussion offered vivid proof of the great
interest in this subject among students and
research associates.

E.ON ERC I E.ON Energy Research Center,
RWTH Aachen University,
Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
ACS I Automation of Complex Power Systems,
Prof. Antonello Monti, Ph. D.
EBC I Energy Efficient Buildings and Indoor
Climate, Prof. Dr.-Ing. Dirk Müller
FCN I Future Energy Consumer Needs and
Behavior,
Prof. Dr. rer. soc. oec. Reinhard Madlener
GGE I Applied Geophysics and Geothermal
Energy, Prof. Dr. rer. nat. Christoph Clauser
PGS I Power Generation and Storage Systems,
Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
Prof. Dr. rer. nat. Dirk Uwe Sauer
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