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Dear Readers,
The commissioning of the mediumvoltage direct current network on the
RWTH Aachen University campus is a
milestone on the path toward getting
networks ready to meet the challenges
of the German energy transition, with
rising electricity feed-ins from wind and
solar energy. How and at what price CO2
emissions can be prevented is another
topic in this issue of Research & News.
However, this issue also looks at the
increasing intelligence of networks and
the potential it brings for incorporating
renewables. Last but not least, we report
on the visit by State Secretary Andreas
Feicht of the German Federal Ministry
for Economic Affairs and Energy (BMWi)
and his impressive speech he gave as
part of the JARA-ENERGY Talks.
I wish you happy reading!
Rik W. De Doncker

Merry Christmas & Happy New Year

The entire team of E.ON Energy Research Center wishes all readers a peaceful and merry Christmas
and all the best for a healthy, successful and happy New Year!
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E.ON ERC I DC research grid
Unique medium-voltage DC network begins operating
In the second half of November, the Flexible Electrical Networks (FEN)
Research Campus, in which the institutes of E.ON ERC are involved
in a leading capacity, teamed up with RWTH institutes and industry
partners to commission a medium-voltage direct current (MVDC)
network on the Melaten campus of RWTH Aachen University. This
underground demonstration network is being operated as a private
network within the university infrastructure. The cables currently
connect the medium voltage testing hall of the PGS Institute at E.ON
ERC with the Center for Wind Power Drives (CWD).

final stage of development, five stations will be connected to the grid,
operating as consumers and/or feed-in points. Energy storage and
generation of power from renewable energies will also be integrated.
Preparations have been made to connect the Center for Aging, Reliability and Lifetime Prediction of Electrochemical and Power Electronic
Systems (CARL for short), which is currently under construction. The
new network can be controlled from a network control center at either
the PGS medium-voltage test hall or on the FEN premises.

Source: Andreas Schmitter

The direct current technology offers significant advantages when it
comes to distributing energy. It makes it easier to connect distribution
networks and supply fast-charging points for electric vehicles. Direct
current networks also have advantages in terms of the flexible, bidirectional flow of energy between generators and consumers, which is
an increasingly important point in light of the German energy transition
and the growing amount of power being generated at small, decentralized facilities. They respond less sensitively than AC networks
when hard-to-calculate amounts of energy are fed in simultaneously
at multiple points, and they are easier to control.

Together with colleagues from the scientific, industrial, and administrative sectors,
Professor Rik W. De Doncker (Director of E.ON ERC and Managing Director
of FEN) launched the operation of the MVDC research network on the Melaten
campus of RWTH Aachen University. Pictured, from left: Björn Riemer (Schaffner
Group), Robert Heiliger (E.ON), Manfred Nettekoven (Chancellor of RWTH Aachen
University), Prof. Rik W. De Doncker, Frank Schäfer (EnergyAgency.NRW), and
Thierry Belgrand (thyssenkrupp Electrical Steel)

The research grid, which is about 2.3 kilometers long, is operated at a
voltage of 5 kilovolts; the rated output amounts to 5 megawatts. In the

Finally, this unique large-scale trial is also intended to identify and
demonstrate the possible or expected efficiency advantages of DC
transmission. Plans also call for studying the functionality and reliability of individual components such as the innovative 5-megawatt
medium-voltage DC converter (see Research & News No. 23,
2/2019) developed at the PGS Institute and the DC circuit breaker
briefly described on this page. Ultimately, the new MVDC grid, which
will act like a large-scale lab spread across the campus of RWTH
Aachen University, offers a broad and wide range of possibilities for
testing components and operating modes in DC networks in realworld applications (see also this link to FEN).

PGS develops power electronics component for hybrid DC circuit breakers
The PGS Institute is currently working to
develop a hybrid circuit breaker for MVDC
networks that cuts off even very large
residual currents in the event of a fault. The
requirements that circuit breakers have
to meet in direct current applications are
more stringent because unlike in the case of
alternating current, there is no natural zero
current point. The basic principle is that a
power electronics component is installed
in parallel to a mechanical circuit breaker,

This illustration shows the individual parts of the
power electronics component developed at PGS
(from left): contact plate/anode – wafer/semiconductor element – package/housing.

where it helps to eliminate or quickly extinguish the arcs that form during switching.
Existing power electronics components
were previously used for applications like
these. For this hybrid circuit breaker, PGS
developed the power electronics component and controls. Initial tests have shown
that currents of up to 600 amperes are easy
to switch off. The Aachen scientists are
confident that it will be possible to reach
much higher values in the future.
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FCN I Lowering emissions
CO2 pricing lowers diesel and gas consumption
Against the background of urgently needing
to reduce national greenhouse gas emissions, the key points of the German government’s Climate Action Programme 2030
include putting a price on CO2 emissions in
the transportation and building sectors. So
far, the real-world impact of this kind of price
remains unclear, as the costs of preventing
emissions cannot be observed directly.
This means there is a lot of uncertainty
surrounding how imposing prices on CO2
shapes developments.
In a joint project, the Institute of Energy
Economics (EWI) at the University of Cologne
and the FCN Institute studied how CO2
prices affect the prices paid by consumers
for electricity, natural gas, heating oil, gasoline, and diesel. The possible effects of price
changes on the building, transportation, and
energy sectors were also considered. Two
scenarios involving different increases in
CO2 prices were mapped out (30 euro/t in
2020 to 180/260 euros/t in 2050), and the
effects of these changes on investment decisions in the heating and transportation sector
between now and 2050 were estimated
using microeconometric analysis. The results

were then fed into an energy system model
that can be used to gauge the net impact on
CO2 emissions from the building, transportation, and energy sectors in Germany from
2020 through 2050.
In the transportation sector, the percentage
of new vehicles (and, with some lag,
also existing vehicles) powered by diesel
decreases significantly when CO2 prices are
imposed, as there is a shift toward electric
and hybrid vehicles. Gasoline vehicles also
lose market share, albeit with some cushioning at the expense of diesel vehicles.
There is also a significant CO2 price effect
apparent in the building sector, primarily for
gas heating (oil heating is no longer relevant
in new buildings). CO2 pricing accelerates the
downward trend in gas heating in new buildings, which has been ongoing since 2006,
and tends to favor heat pumps above all. The
effect in both scenarios is that gas heating
will no longer used in new buildings from
2025. In the reference scenario without CO2
price, this is the case only until 2040.
The study is available for download here.
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E.ON ERC Ticker I
The scientific journal article titled “A High
Step-Up Ratio Soft-Switching DC-DC
Converter for Interconnection of MVDC
and HVDC Grids,” published in Power
Electronics, IEEE Transactions on, vol.
33, no. 4, pp. 2986-3001, April 2018,
received the Second Prize Paper Award
within the scope of the IEEE Transactions
on Power Electronics. The paper was
authored by PGS contributors Shenghui
Cui and Nils Soltau and by Professor Rik
W. De Doncker, the head of the institute.
Of the 935 publications published in 2018,
only eight received paper awards.
***
In the study titled Gleichspannung in der
elektrischen Energieverteilung (Direct
Current in Electrical Energy Distribution),
the VDE presents various approaches for
how state-of-the-art power electronics
can be used to implement new, efficient,
and flexible infrastructures in distribution
networks. Alongside the current technical possibilities, the study also identifies
areas where further research is needed.
This VDE study is the result of the work
performed by the VDE|ETG Task Force
“Direct Current in Electrical Energy Distribution.” Alongside industry representatives and scientists from various higher
education institutions, the study’s prominent authors also include Professor Rik W.
De Doncker and Dr. Marco Stieneker of
the PGS Institute.
In a second study titled Perspektiven
der elektrischen Energieübertragung
in Deutschland (Perspectives on Electrical Energy Transmission in Germany),
VDE experts show how our present-day
transmission grid can evolve and adapt to
ever-changing tasks and challenges.

The project results were presented at a Parliamentary Evening in Berlin by Professor Reinhard Madlener
(FCN, see picture) and Dr. Johannes Wagner (EWI), and discussed over the course of the podium discussion
with members of the German Bundestag, joined by Dr. Johannes Teyssen (E.ON) and Professor Marc Oliver
Bettzüge (EWI).

The German versions of both studies
are available for download for a charge
from the VDE shop under the publisher
VDE|ETG. VDE members can receive
these publications free of charge, of
course.
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FCN I Energy consumption
Electricity demand of data centers and the possible impact of new 5G services
The increasing use of smartphones, tablets, Internet-capable TVs,
video streaming, cloud computing, big data, and the Internet of
Things (IoT) plus the ongoing digitization of production (Industry
4.0) are creating demand for increasingly powerful data centers.
And this, in turn, means they need more energy. This general trend
will doubtless continue as the 5G standard is introduced.
In a study of the literature commissioned by E.ON, the FCN Institute
investigated how much energy data centers need now and how
new applications and/or services will affect their power needs and
heat output. The question of whether the waste heat generated will
be used, and if so to what extent, was another important factor in
the study.
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hand, the amount of energy needed by data centers in Germany
is projected to rise by about 14 to 57 percent from 2015 to 2025
(see graphic). Forecasts of worldwide energy demand among
data centers cover an even broader range. Three- to seven-fold
increases are expected for the same time period.
As demand for energy rises, using the waste heat generated at
data centers becomes an increasingly interesting topic. So far,
however, the heat energy has been used only to a minor extent and
almost exclusively in the buildings where the data centers themselves are located, where it serves to provide heating and to heat
water. Right now, only 19 percent of data centers in Germany use
at least ten percent of their waste heat. Four main reasons for this
were identified in a survey:
• high energy costs to power heat pumps;
• lack of connection to a heat network;
• 	selling waste heat is outside of the data centers’ core business;
and
• lack of suitable customers for the heat.
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FCN researched, analyzed, and prepared the existing findings on
this topic in order to better gauge the expected further trend in
the power needed by data centers. According to the scenarios on

The researchers also examined whether, and if so how, new
services based on the 5G standard will affect the geographic
distribution and size of data centers. In the FCN researchers’
view, there will be some significant changes in this regard: Many
services require data processing directly on site, which will bring
a corresponding increase in smaller, decentralized data centers.
For higher-level central data centers, by contrast, close physical
proximity to the consumer is less important. In these cases, the
choice of location is driven more by other aspects, such as a lowcost power supply, availability of space, and/or possible ways to
use waste heat.

FCN I Consumer behavior
Rate changes: optimized decision-making or too many choices?
These days, quite unlike before the liberalization of the energy markets, electricity
customers are free to choose – but that also
means choosing from a sometimes dizzying
array of options. They can select the power
supplier and rates that are right for them from

among hundreds of choices. A large swath of
customers have never changed rates or even
providers since the market opened up, about
20 years ago. Many consumers tend to be
passive, trusting their existing providers and
not taking advantage of the available options

for financial optimization. This is true of health
insurance plans, cell phone contracts – and
rate contracts with power supply companies.
Customers are willing to accept suboptimal
rates because they perceive looking for
favorably priced options and deciding on
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As part of its EnerChange project, the FCN
Institute developed and performed a randomized lab experiment that identifies reasons
for different rate decisions (or also non-decisions). The study received financial support
from the Virtual Institute (VI) “Transformation
– Energy Transition NRW.” This institution
engages in research to support sustainable
change in the energy supply system in the
state of North Rhine-Westphalia.
The FCN researchers can use the newly
developed experiment to assess the quality
of decisions when selecting the optimum rate
plan from among a series of alternatives. For
example, they examined how the number
of rate plans offered and the time and effort
involved in making the decision affect the
quality of that decision.
According to the results obtained so far, the
quality of a consumer’s choice of rate plan
does not depend on how much work goes

into the decision. This leads the Aachen
researchers to conclude that the number
of alternatives being offered does not affect
the question of whether or not a customer
switches providers or rate plans. If consumers
are urged to choose freely among different
rates, the quality of their decisions is signifi8
Share of Optimal Tariff Choices

the right rate plan to be too complicated and
time-consuming.

Low Search Costs

High Search Costs
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cantly higher than in a situation in which a
standard rate is presented as “their” rate and
they are supposed to look into the alternatives. This effect is statistically significant and
does not depend on the amount of time and
effort involved in deciding.

CO2 stoplight display for classrooms wins over judges
in the “Jugend forscht” competition

To capture relevant room parameters,
the budding scientists’ first step was to
develop a suitable sensor concept. The
concept consists of a non-dispersive CO2
infrared sensor with two-channel principle

E.ON ERC Ticker II
Just recently, junior researchers from
the Smart Grid research unit at Kepco, a
Korean company, visited the PGS Institute and the Flexible Electrical Networks
(FEN) Research Campus. The guests
were especially interested in the research
topics being pursued at FEN and those
at the Sustainable Energy Research
Cluster. The dialogue concluded with a
visit to the PGS converter hall and the
converters installed there and the MVDC
transformer for providing/transferring
power in MV direct current networks.
***

Active Choice Standard Tariff Active Choice Standard Tariff

EBC I Air quality

Whether learning and teaching are successful
depends on a number of factors. Good air
quality in classrooms is an especially important prerequisite. Members of the “ExzellenzMINT” (Excellence in STEM) club at AnneFrank-Gymnasium, an academic secondary
school in Aachen, teamed up with the EBC
Institute and Heinz Trox Wissenschafts
gGmbH to develop a toolkit to measure and
monitor classroom air quality.
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to compensate for long-term drifts, a metal
oxide multi-gas sensor for total VOC (TVOC)
concentration, and a combination sensor to
gauge temperature and relative humidity.
The sensors use the I²C serial protocol to
communicate with a single-board computer
that processes and stores the measurement
data.
For his participation in the “Jugend forscht”
youth research competition, which he
entered in the “Student Experiments” category, 9th grader Philemon Pinsdorf (14; third
from left in the picture) independently added
suitable peripherals and an app control to
the existing measurement system. Alongside

On January 14, 2020, the E.ON ERC
building will host the Urban Energy
Lab 4.0 symposium, coordinated by
the EBC Institute. The event is free to
attend. Please register here. The symposium will present the work done by the

Urban Energy Lab 4.0 as an integrated
research infrastructure, among other
things. It will focus on real-time simulation and the use of natural coolants.
***
The kickoff event for the Platone Project
was held in Brussels in early October.
This European H2020 project aims to
define new approaches to increase
the observability of renewable energy
sources and the less foreseeable

burdens while fully utilizing their flexibility. Professor Antonello Monti of
ACS is responsible for coordinating the
project. For more detailed information,
please click here.
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At the ceremony honoring the winners in the state competition,
which was held at Essen’s Haus der Technik on May 4, the judges
and attendees praised the CO2 stoplight as a “nearly market-ready
product with a real-world benefit.” Pinsdorf’s work was recognized
not just once, but twice: In addition to the special award for interdisciplinary work given out by the Jugend forscht Foundation, the junior
researcher also received the highly coveted certificate for the most
creative entry from State Secretary Mathias Richter of the Ministry of
Education of North Rhine-Westphalia.

The “Excellence in STEM” club from Anne-Frank-Gymnasium, in Aachen, on a field
trip to EBC

an appealing housing with plain text display, the unit visualizes the
ambient air quality in color via an LED ring, depending on threshold
levels that can be set individually using the app. If these levels are
exceeded, the stoplight unit emits either a visual, acoustic or vibration
warning.

“By further developing the measurement system used for the CO2
stoplight, Pinsdorf took the logical next step to safeguard good air
quality in classrooms in the long term. Teachers and students can
finally see the air quality and adjust their ventilation behavior on an
ongoing basis,” says Tobias Burgholz, who provides scientific support
for the project as an associate at Heinz Trox Wissenschafts gGmbH
and a doctoral candidate at EBC.
Special thanks goes out to the Robert Bosch Foundation for its
financial support for the project, “Saving Energy through Air Quality
Management at Schools” (ELuS, for the German name, Energieeinsparung durch Luftqualitätsmanagement in Schulen).

EBC I Lowering emissions
Modern ventilation technology saves money and reduces CO2 emissions
Together with Dresden’s Institute of Air
Handling and Refrigeration and the Heat
Recovery department at the Trier University
of Applied Sciences (Environmental Campus
Birkenfeld), the EBC Institute identified the
potential for preventing CO2 emissions in
ventilation facilities at office and administrative buildings and the investments needed for
this as part of a study performed for Fachverband Gebäude-Klima (FGK), an association
dealing with building climate issues.
Possible measures from the areas of air
delivery, heat recovery, and cooling technology were all studied. For ventilation technology, EBC studied the shift from constant
to variable volume flow control and the
replacement of older, inefficient fans. The
CO2 emission prevention costs of these
measures were simulated for two possible
scenarios: a sample office building, and all

116,000 existing ventilation facilities in office
and administrative buildings throughout
Germany.
The results are impressive: Switching from
constant to variable volume flow lowers the
electricity that the ventilation system needs
by 48 percent in a sample building studied.
If efficient new fans are installed on top of
that, the savings are even greater, namely
66 percent. Extrapolating to the total energy
needed by ventilation systems in German
office and administrative buildings shows
clear differences with regard to the potential
savings, depending on the age of the units
replaced. Still, both measures are generally
characterized by comparatively high negative
CO2 prevention costs. The necessary investments amortize over an assumed useful life
of 15 years.

The study also shows that heat recovery is
a highly cost-effective, ecologically sensible
technology. That’s why the researchers are
urging greater use of ventilation systems
in non-residential buildings. This not only
reduces CO2 emissions and operating
expenses on a massive scale, but can also
boost indoor air quality.
The potential for preventing CO2 emissions
is especially high in the air conditioning
segment due to the direct emissions caused
by coolants. At the same time, however,
rehabilitating these kinds of systems is a big
investment. Air conditioning systems are also
typically not used at or close to capacity.
Consequently, unless there is additional
support, there is no incentive for investors
to tap into the significant potential to reduce
emissions before a system reaches the end
of its useful life due to natural wear.
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ACS I Grid services
SHAR-Q: storage capacity in virtual neighborhoods of energy ecosystems
In the SHAR-Q project, ACS teamed up
with partners to build an inter-functional
computer network that can be used to
optimize the use of decentralized energy
sources – such as renewable power
generation, energy storage, and electric
vehicles – within a collaborative framework.
Renewable energy sources like wind and
solar energy represent a major challenge
for energy supply networks and controlling
them due to the volatility involved in generating power in these ways. Energy storage
units can help with this, but they are associated with high investment costs. Optimizing the use of existing storage capacity
in combination with the use of other local
energy sources can help to limit demand
for storage capacity, which in turn results
in significant savings on investment and
maintenance costs.

A comprehensive framework for decentralized management of distributed energy
sources in local distribution networks was
developed as part of SHAR-Q. These
include the following:
• developing
	
a robust cloud platform to
exchange data between decentralized
energy sources operated by different
stakeholders (energy generation
companies, prosumers, distribution
system operators, providers of energy
services) based on common information and communication technology
standards.
• providing
	
management capacity for
SHAR-Q users by means of apps and
social networks.
• various added value services:
	- 	weather forecasts for the operation of
wind or solar facilities;
	- 	optimized use of capacity to tap into
synergies and minimize storage costs;

	- 	adaptive charging so that the lowestcost energy available in each case is
used;
	- 	vehicle-to-grid technology so vehicle
batteries can be used as buffers to
stabilize the operation of the distribution system;
• implementation
	
and demonstration of
the SHAR-Q platform in field trials in
Portugal, Austria, and Greece.
ACS brought together energy service
providers, distribution system operators,
information and communication technology firms as well as research institutions
for SHAR-Q. Within the project, ACS was
responsible for various tasks: technical
leadership in the case of various issues,
research and implementation, developing
components for the cloud platform, and
real-time simulation.

Three months in Melbourne with the E.ON ERC International Energy Cooperation Program
Benedikt Nilges used the E.ON ERC International Energy Cooperation Program
(IECP) to spend time in Melbourne doing
research. Nilges earned a bachelor’s
degree in business engineering with a
focus on mechanical engineering.
He is currently enrolled in the energy
engineering master’s degree program.
He applied to several research institutions via the IECP and received a positive
response from a professor at the University
of Melbourne for a three-month research
internship on the subject of hydrogen as
an energy source in Australia’s future
energy system. Subsequent enrollment at
the university was a requirement in order
to obtain a student visa. Nilges found a
place to stay and health insurance on the
Internet.

International Energy Cooperation Program

Other important points that have to be dealt
with beforehand include a passport, immunizations, access to money in the chosen
country, a scholarship, grant, or fellowship, and possibly an international driver’s
license. Nilges advises anyone interested
in spending time abroad to handle these
kinds of things well in advance in order to
avoid time pressure. He found his time in
Melbourne extremely interesting and educational, both in subject-specific and sociocultural terms.
For an overview of past cooperative initiatives at E.ON ERC and the specific areas of
research emphasis of international partner
universities, please see the current IECP
brochure, which is available for download
here.
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E.ON ERC I Colloquium
State Secretary Andreas Feicht: the German energy transition and social change
In the fourth edition of the JARA-ENERGY
Talks, Andreas Feicht, State Secretary at the
German Federal Ministry for Economic Affairs
and Energy (BMWi), spoke about the success
of the German energy transition, including the
climate protection law that had been passed
by the cabinet in Berlin the day before and the
climate action program that goes with it.

In his talk, entitled “Wie die Energiewende
gelingt – Forschung und Innovation als Motor
für gesellschaftlichen Wandel” (How to Make
the German Energy Transition a Success –
Research and Innovation as Engines Driving
Social Change), Feicht pointed out that the
German energy transition has so far mainly
been an electrical transition, and that both the
supply of heat and the area of mobility urgently
need to be included if climate targets are to
be reached.
Feicht views both the shift away from coal
and the move toward renewable energies
as key tasks that must be put into action.
Various steps are needed in order to achieve
this, including expanding the electrical grid.
Electricity storage units, more offshore wind
farms, and hydrogen pipelines need to be
added, he said, but new grid concepts are
just one step towards clean energy supply.
Feicht strongly urges people to take a holistic
view of the energy transition that does not
neglect aspects such as social and political
acceptance.
He points out that laws and regulations alone
are not enough to motivate people to actively

help shape the transition. In Feicht’s view, a
system of incentives and support is needed in
order to make changes in energy use attractive and boost acceptance in the population at large. For example, there are plans to
provide support for building renovations and
to prompt people to take a critical view of their
own mobility behavior. A CO2 price that rises
by an adjusted amount would also accelerate the shift away from coal, he pointed
out. Feicht cautioned that people of more
limited financial means must be kept in mind,
especially when the CO2 price is increased.
Refunds could be one way to minimize the
burden on these groups. He noted that the
CO2 price gives energy-intensive industries
a sufficiently attractive incentive to shift more
and more toward “green” electricity and
“green” heat.
He strongly urged robust support for scientific
research so new technologies across all areas
of energy engineering can be developed.
Beyond that, he said, these kinds of innovations must be brought to market and implemented as soon as possible. Real-world labs
are an important tool for doing this. In general,
he said, researchers should pursue multiple
lines of inquiry, as powerful electricity storage
units are just as important as efficient technologies for generating or converting power.
The State Secretary voiced his firm belief that
the supply of energy and heat as well as the
mobility of the future would be characterized
by a mix of different technologies.
The JARA-ENERGY Talks drew a large audience. The Couvenhalle venue was filled to
capacity, and the listeners were enthusiastic
and interested as they watched Feicht deliver
his talk. The discussion round that followed
also showed the energy transition to be an
important topic for the general public. The
discussion centered on subjects such as
the measures taken to get through possible
periods when there is not enough solar or
wind energy to meet demand, the design

of the subsidy and incentive systems, and
the design of the CO2 price. Questions and
comments ranged from the clarification that
there was no alternative to the direction the
country has embarked on, for both economic
and climate policy reasons, to fundamentally
questioning the point of the entire current transition. Feicht took questions for more than half
an hour. He also invited the audience to get
involved and to take a closer look at their own
energy use as well.
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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
Editorial Staff and Contact:
Dr. Sabine Vogel/Dr. Rolf Sweekhorst
E.ON Energy Research Center
RWTH Aachen University
Mathieustrasse 10
52074 Aachen
Tel. :
Fax:
Mail:
Url:

+49 241 80 49667
+49 241 80 49669
newsletter@eonerc.rwth-aachen.de
www.eonerc.rwth-aachen.de

