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Dear Readers,
The current issue of Research & News
once again shows the variety of activities
at the E.ON Energy Research Center.
“On our own doorstep”, we are currently
installing an innovative Medium Voltage
Direct Current grid. The institutes ACS
and PGS are substantially involved in
studies at the Center for Wind Power
Drives. The activities of FCN show that
it is imperative that social and cultural
challenges in connection to the energy
revolution are not neglected. In the case
of interdisciplinary projects by the institutes EBC and ACS, the topic of energy
efficiency is not a rare occurrence. At
GGE researchers are investigating freshwater currents in North American shelf
areas, and thereby also helping to make
use of geothermal reservoirs more efficiently.
I wish you happy reading!
Rik W. De Doncker

ACS/PGS I Wind Power
Electrical Examination of Wind Turbines at the CWD Test Rig
In the middle of 2016, an important milestone was reached in the
research project “FVA-Nacelle” (FVA is a Research Association for
Power Transmission Engineering) with the commissioning of a 2.7
MW wind turbine. The turbine was specially modified for research
purposes and installed at the Center for Wind Power Drives’ (CWD)
system test rig at RWTH Campus. Scientists from seven institutes
within the RWTH Faculty for Mechanical Engineering, as well as Electrical Engineering and Information Technology are working together to
significantly increase the reliability of the available simulation models
for different components of wind turbines.
To this end, simulated dynamic wind pressures of the most varied
types are tested against the rotors of the research nacelle. On the
basis of data from more than 300 measuring points, connections
between external load and internal stress of all components of the
wind turbine can be thoroughly examined and assessed. The studies
on the simulation models of the research nacelle’s electrical drive train
are carried out by the institutes PGS and ACS.

At the Centre for Wind Power Drivers (CWD) test system rig on the RWTH
campus in Aachen, a research wind turbine is being tested “under wind” and
“on the grid”.
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An important building block in the series of
electrical modifications and control technology modifications is the integration of a
new generator with a full converter system.
The variable adjustable electrical network
emulator is very important to emulate the
grid at the point of common coupling of
the turbine. This control task within the test
infrastructure is taken over by the Real Time
Digital Simulator (RTDS), which is available at ACS. The RTDS specifies the stress
curve for the network emulator. The values
measured at the connection point influence, in turn, the network calculation of the
RTDS and the stress curve specified by the
network emulator. With this “Power Hardware in the Loop” system, the influences of
different network states, as well as the wind
turbine’s retroactive effects on the power
grid can be investigated in “virtual practice”
comparatively simply and cost-effectively.
Using so-called voltage collapse tests, i.e
Fault Ride Through Tests (FRT), it can be
tested, for example, whether the studied
wind turbines can recognize and survive
voltage collapses brought about by a
“virtual” network short circuit unscathed.
The graphic shows the power and voltage
currents in a network voltage collapse at 50
percent, simulated by the network emulator.
The research nacelle is therefore in the posi-

tion to pass through such a network error
without disconnecting from the grid.
With the help of the network emulator and
the other components, scientists from the

PGS Institute are researching the electrical
behavior of the whole system and in particular the behavior of the network transducer
in different network scenarios, all without
influencing the real network.

E.ON ERC I DC Grids
Medium Voltage Direct Current grid to supply megawatt class test stands
The Research Campus for Flexible Electrical
Networks (FEN), in which all institutes of the
E.ON Energy Research Center participate,
is planning to install and operate a Medium
Voltage Direct Current grid (MVDC grid) on
the campus of RWTH Aachen University as
a pilot and research project. This particular
FEN project is under the leadership of PGS,
together with ACS. The goals are to demonstrate the suitability of this technology for use
in the distribution of electrical energy; to gain
operational experience, and to further the
standardization of MVDC grids.

Conventional electrical AC grids are viewed
by many specialists as bottlenecks in the new
era of energy, and must be urgently prepared
for the integration of a constantly increasing
supply of decentralized and renewably generated electrical energy into the whole system.
Modern DC-voltage grids promise a range
of advantages in the distribution of electrical energy: lower conversion losses; no
reactive power; better use of conductor
cross-sections; no synchronization; material
savings in power cables and substations.

In spite of numerous advantages, the components of such grids are not yet available as
standard technology. In addition to this,
comprehensive concepts have not yet been
developed, in particular for the protection of
MVDC grids as well as for MVDC convertors.
Also nonexistent to date is the operational
experience with the relevant grids, necessary to be able to detect and solve systemic
effects and possible errors.
With these initiatives, we pursue the aim of
designing and building an MVDC grid at the
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RWTH campus, and putting it into operation. Different megawatt
class test stands from institutes and research facilities at RWTH will
be connected to the research grid. In this way, the DC link available
in the test stand will be connected via a DC convertor to the grid.
To reach test operation as quickly as possible, as many standard
components as possible from the current productions of industry
partners associated with FEN will be used in the establishment of
the research grid. Regulation procedures for safe operations of the
grid will be developed and tested. The design of network components and the regulation will be restricted in each case exclusively
to usage in the research network. Further projects relating to the
research grid will investigate and further develop the transferability of
the approaches to extensive and complex grid structures and operational scenarios.

Megawatt class test stands at RWTH Aachen institutes - The Institute for
Machine Elements and Machine Design (IME), The Center for Wind Power
Drives (CWD, see p. 1) and the 5 MW E.ON ERC test hall - will be supplied
with electrical energy via the MVDC Grid.

The test operation of the MVDC grid on the RWTH Aachen campus
should primarily deliver findings about the operation of DC grids and
the interaction of the individual components. Ultimately, the aim is to
work consistently on the optimization of this technology, in order to
establish MVDC grids over time as efficient and cost-effective alternatives to the AC technology that is currently available.

FCN I DC Grids
Acceptance analysis shows: network security must stay, costs cannot rise
At the Research Campus for Flexible Electrical Networks (FEN) on the
RWTH campus in Aachen, DC grids or hybrid grids with DC and AC
elements will be studied in detail to discover how suitable they are as
the power grids of the future.
The interdisciplinary project deals with the “modelling, planning,
conception and evaluation of the grids of the future”. Beyond purely
technical aspects, considerations such as environmental sustainability and public acceptance are of great importance. The E.ON ERC
Institute of FCN is initially involved with an acceptance analysis in this
area. This is the basis for a study evaluating the smart networks of the
future amongst regional economic aspects.
For the acceptance analysis, last summer citizens of North RhineWestphalia were questioned using a selection experiment, amongst
other methods, about the possible construction and operation of
power grids with new technology. In the experiment, the respondent
was supposed to imagine a situation in which they were able to vote
in a population survey about the properties of a future regional power
network (see diagram). The acceptance analysis concludes that
the modernization of regional grids (the introduction of DC-voltage

technology falls under this, in the view of the FCN researchers) may
absolutely not occur at the expense of network security. At the same
time, it was clear that an increase in network security did not increase
the acceptance of appropriate measures to any degree. The acceptance of measures does, however, rise when these are carried out
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by a public service operator, e.g. a public
utility, rather than by a private company.
The question of acceptance in the case of
changed costs shows clear results. A cost
increase of 10 percent is only accepted by
very few within the population; however,
a clear cost reduction is associated – not
surprisingly – with increased acceptance.
Slight cost reductions for the end consumer,
as can be expected after the introduction
of new technologies like DC distribution in
regional medium-voltage networks, barely
do anything to change consumer views on
the introduction of these technologies.

After a detailed evaluation of the acceptance
analysis, FCN scientists conclude that the
possible conversion of the distribution grid to
a DC grid will scarcely garner wide support in
the population if it is grounded exclusively in
arguments relating to cost.
The ongoing regional economic evaluation
of the introduction of DC technologies is
concerned with identifying regions that are
particularly suited for the introduction of DC
elements. According to preliminary findings,
regions that come into question are those in
which the need for modernization is particu-

FCN I Energy Revolution
FCN is a partner in the Virtual Institute
The new era of energy goes above and
beyond technological and economic tasks,
and is also connected to substantial social
and cultural challenges. The Virtual Institute (VI) “Transformations – North RhineWestphalia Energy Revolution”, in which
numerous North Rhine-Westphalian research
facilities cooperate, supports the sustainable
conversion of the energy system in North
Rhine-Westphalia. The focus of the research
projects lies on the socio-economic and

cultural implications of the energy revolution,
under consideration of specific framework
conditions in North Rhine-Westphalia. FCN
is also significantly involved in projects under
the topic groups “Transformation of Indus-

trial Infrastructures (TII)” and “Mentalities and
Patterns of Behavior (M&V)”.

March 2016, No. 15, Page 4

larly high, for example, due to a higher than
average concentration of savings of locally
generated renewable energies, and/or
whose inhabitants are known to be particularly technology-friendly.

Together with the departments of Text
Linguistics and Technical Communication of
the Institute for Language and Communication
Science at RWTH, FCN is organizing a session
on the topic “Business Models, Innovations
& Social Aspects”, at the Aachen DC Grid
Summit – https://adcgs.org.

Ray Galvin receives
Research Prize
Dr. Ray Galvin, Research Associate at
FCN, has received the 2016 Research
Prize for Ethical/Social Responsibility
and Diversity, awarded by the faculty of
Economic Sciences at RWTH Aachen.

In the TII project “transformation processes
for sustainable and competitive economic
and industrial structures in North RhineWestphalia in the context of the energy revolution”, FCN, together with partners from the
VI, is responsible for the regional evaluation of
the energy revolution’s value creation effects.
In addition, availabilities and agglomeration
structures of energy technologies are being
investigated, and possible flexibility options
are being examined.
For regional evaluation, a procedure at
the FCN Institute was developed in which
macro-economic effects with high spatial
heterogeneity and relatively lower overall
effect on the economic development could
be compared with other influencing factors.
Already, this is showing that the quantity of
(partial) regions needs to be justified methodically and in terms of content, and the results
for the relevant alternative mapping pattern
need to be portrayed: in the case of bottomup approaches, a small-scale solution is
often aimed for; in the case of the portrayal of
results from the acceptance analysis on the
basis of interviews, greater (partial) regions
are preferable in order to be able to incorporate as high a count of interviews as possible.

As an engineering scientist and social
psychologist, Galvin uses his work
to plead emphatically that the decision makers in politics, science and
economics should take into account
not just factors regarding growth and
efficiency, but also the aspect of distributive justices and heterogeneity of the
population (with regard to motives,
implementation, conduct, acceptance
etc.).
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Another decisive factor for the successful
conversion of the power provision system is
the use of available flexibility potentials from
the offering as well as the requesting side.
FCN identified techno-economic factors
which influence industrial transformation
processes in this project, in order to analyze
flexibility options, in particular for lignite-fired
power stations, with the help of real operation analyses.
The investigation of the potential of alternative flexibility contributions through prosumer
households is being carried out with the

help of a selection experiment. With this
instrument, the readiness of home owners
to adopt and cooperate is being studied.
In the design of the experiment, the influence of different levels of complexity on the
selection process of technological options
was particularly considered. To this end,
a special sequential decision model was
developed at FCN.

Detailed information regarding the VI can be
found at www.vi-transformation.de.

EBC I Energy Efficiency
Big Saving Potentials in Shopping Centers
In the research project EffShop, the Institute
for Design and Construction (IEK) at Leibnitz
University of Hannover and EBC, together
with industry partners, have researched
the energy saving potentials of different
air-conditioning technologies in shopping
centers. The EIK took over “Benchmarking
and Energy / Operations Monitoring” as part
of this process in order to identify particularly
efficient systems through the comparison
of the energy supply systems of selected
shopping centers.

In EBC’s study for the task area “supply
systems with low energy demand”, opportunities to increase efficiency in the removal
of the heat load by reducing the customary
air change rate were investigated. The
replacement of air-only systems with airwater systems played a big role in this. The
latter have been maintained in the last 15
years in buildings and have led to considerable reductions in primary energy demand.
So-called ceiling induction diffuser devices
work particularly economically and energy

Primary energy expenditure (PEA) for different types of air-conditioning.
Abbreviations used: KKM = Compression Refrigeration Machine; Geoth. = near-surface geothermal
energy; DID = Cieling Induction Device, r = air change rate per hour.
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Project TEASER:
New Building Simulation
Software
EBC is developing TEASER, a new
open-source software for the automatic, dynamic simulation of buildings
– be that single buildings or several
thousand buildings – in which the buildings are described completely according to thermal building simulation. To
that end, the software offers different
building archetypes. These require
only a few input parameters (building
function, net area, year of construction
and rough cubage). TEASER includes
classes and functions to automate
the entire work flow, from data acquisition to the statistical enhancement
and model parameterization, to model
generation for Modelica.
Currently, two simplified building
models from two different Modelica
libraries are supported (AixLib and
Annex60). The archetypes and statistical data are based on information
about existing buildings in Germany.
However, the open structure of
TEASER also enables the integration
of other methods. Further features
are the import of CityGML data and
functions, which can help evaluate the
renovations of buildings and identify
future load curves.
The release includes a beta version of
the graphical user interface in order to
simplify access to the program. In the
current development status, scriptbased access to TEASER is recommended, however. The software is
programmed completely in Python and
is freely available under MIT License.
The developers of TEASER welcome
all feedback and invite you to take
part in the active development of the
software via the web address https://
github.com/RWTH-EBC/TEASER.
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efficient. As these devices are designed for comparatively higher
inlet temperatures, they are suitable for the use of near-surface
geothermal energy as a regenerative energy source for cooling
capacity, in which high inlet temperatures are used.
It was EBC‘s task to implement the relevant optimizations for ceiling
induction systems, with the help of numerical simulations and a
subsequent field test. Additionally, individual studies were grouped
together in overall simulations in order to carry out system comparisons regarding the evaluation of the primary energy consumption
and in order to be able to compare results with the monitoring data.
With the help of Benchmarking and Monitoring, it was possible to
identify considerable primary energy saving potentials in shopping
centers. This is also because consumption values are, as a rule,
higher than average in shopping centers. The variety of solutions
ranges from the optimization of direct power and heat consumption,
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to the implementation of highly efficient heat generators, to the use
of local regenerative heat and power generators.
The studies carried out by EBC show, amongst other things, that
the – consumption intensive – air change can be reduced by about
a half without palpably reducing the air quality for tenants and
buyers (see graph page 5). If unpleasant smells from goods are to
be avoided, the targeted extraction of the emission load is recommended directly at the group of goods.
The integration of available air-water systems in the ventilation and
the air-conditioning of salesrooms are judged to be promising by
the scientists of EBC. On the basis of the simulation results, they
recommend these measures for the equipment of future shopping
centers.

ACS/EBC I Energy Efficiency
GEYSER optimizes energy demand at data centers
In the scope of the project GEYSER, the
institutes ACS and EBC have worked
together with economic and scientific partners in Italy, Ireland, Greece, the Netherlands, Romania and Switzerland to
develop a software framework for the efficient management of the energy demand
of data centers. GEYSER stands for
“Green Networked Data Centers as Energy
Prosumers in Smart City Environments” and
was funded by the seventh EU-Framework
Program for research, technological development and demonstration (FP7). In four
pilot projects – in the data centers at RWTH
Aachen, in Engineering in Pont Saint Martin,
as well as ASM Terni, both in Italy, and in
Alticom in Roermond in the Netherlands –
the newly developed system has upheld its
good results.
In the last three years, the international
research team has concentrated on the
development of a concept that is suitable
from both a technological and an economic
perspective and that can integrate help
data centers and available local Smart City
Ecosystems with one another (see diagram).
The developed framework consists of three
significant component systems:

• GEYSER Monitoring and Control is, so
to speak, the “sensory organ” of the
system. It collects and evaluates information regarding the economic efficiency and
demand for or, rather, supply of energy of
the respective data center.
• GEYSER Optimization Engine is the
“brain” of the framework. This part of the
system has the task of planning the operations of the data center with regard to the

economic success and the energetic optimization in conjunction with the local environment in order to plan a smart city.
• GEYSER Marketplace integrates the
“Smart City Dimension” with the Geyser
framework. It enables Smart-City-Actors
to set goals regarding energy consumption or flexibility in consumption and generation.
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The effectiveness of GEYSER was tested
in a two-level test. In the first level, ACS
and EBC were able to refer back to diverse
experience with simulations of energy
supply systems and the coupling of thermal
and electrical systems. For the subsequent
field test in the four data centers involved,
the Aachen researchers defined locationspecific framework conditions and research
methods.
The field tests showed that, thanks to
GEYSER, the energy demand from data
centers can be adapted to fluctuations in

the supply of renewably generated energy
without loss of performance. In this way,
energy costs could be dramatically reduced
by up to 15 percent, through the management of processing power, and by up to 35
percent through the optimization of cooling
systems.

The project GEYSER has been successfully
completed. Comprehensive information about
all objects of investigation can be found at
http://geyser-project.eu. Numerous documents are available for download.

ACS/EBC I Energy Efficiency
SCoOP offers Energy Services via the Cloud
The efficiency and sustainability of energy
supply systems can be vastly improved with
the help of modern information and communications systems. For this, the generation
as well as the demand of everything involved
must enter into the calculations. An essential
prerequisite for this is the digitalization of the
network.
In the SCoOP project, Smart Grids are used
to develop cloud based energy services for
the efficient and cost-effective supply of elec-

trical energy. To achieve this goal, SCoOP
offers an information and communication
structure via the cloud that makes it possible
to implement available management mechanisms at any place. The toolkit developed
by ACS and EBC for this project contains
software, hardware and cloud components,
which can help thoroughly test the developed energy services. An essential element
of this toolkit is the software MESCOS Lite.
With this, ACS and EBC are in the position to
simulate whole districts in a Smart City.

The SCoOP demonstrator serves as an illustration of the system and consists of three model houses
with different heating systems: cogeneration (left), electric heating (center) and heating pump. Thanks
to the heat stores built into all three cases and the connection to the cloud via the control unit, energy
demand is price-optimal. The control unit determines the heating requirement and uses information
about the price dynamics from the cloud to calculate the (potential) costs. According to the result of
the calculation, SCoOP activates or deactivates the relevant heating system, or reverts back to the
heat store.
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ACS and EBC involved in
EU Project INTERFLEX
The energy revolution is in full swing:
renewables are gaining ground, electromobility is developing, prosumer
households use and generate electrical
energy. Conventional distribution grids
are not equipped for the challenges
associated with this. In the research
project INTERFLEX, financed by the EU
with 23 million Euros within the framework of the project Horizon 2020, 20
partners – power suppliers, manufacturers of supply components, network
service providers and scientific Smart
Grid experts – are investigating the
INTERactions between FLEXIbilities,
which are made possible by market
participants and distribution networks.
Themes in the spotlight are: energy
saving, demand and use of storage in
electric vehicles, control of demand,
island grids, network automation and
integration of other energy sources
such as gas and/or heat.
The institutes ACS and EBC, whose
share of the total budget is 1.4 million
Euros, supported the E.ON Group’s
Swedish distribution system operators.
In Malmö the main concern is the integration of different energy sources on
the basis of the thermal inertia of buildings, and in the second Swedish field
test, the focus was the operation of an
isolated grid.
Professor Antonello Monti, in charge
of the Aachen research activities, is
leading the working package “Influence
and Deployment Analysis of Innovative
Solutions” with his ACS institute. In this
work package the main focus points
are, among others, the interoperability
and exchangeability of components
and systems, and the interoperability
through design with the consideration
of cyber security framework conditions.
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GGE I Offshore Groundwater Flows
Numerical 3D Simulation of the Circulation of Groundwater off the Coast of New Jersey
In a project funded by the DFG within the
scope of the “International Ocean Discovery
Program”, GGE is investigating the circulation of freshwater off the coast of New Jersey,
with the help of numerical 3D simulation.
As a background: in the shelf areas along
the coastline of the US, there are significant
groundwater reserves with salinity that is far
below the salinity of seawater. Among all
well-known offshore groundwater reserves,
those of the New Jersey shelf are among

those phenomena that are particularly well
documented.
As a first step, the GGE geo-scientists, in
close partnership with colleagues from the
TU Bergakademie Freiberg, concentrated
on the interpretation of seismic data in order
to develop a realistic, three-dimensional
hydrogeological model. In the second step,
the numerical model is developed at GGE,
with the help of the institute’s own software
SHEMAT. For this, amongst other things, it

GGE I Geothermal Energy
The Use of Geothermal Reservoirs to become more efficient
In the project GEMex, sponsored by the EU
within the scope of the Horizon Program
2020, the GGE Institute is working together
with partners from Europe and Mexico to
develop innovative methods for the exploitation of geothermal resources in different
geological formations.
The overall aim is to link knowledge and
experience to aid the efficient use of
geothermal reservoirs in order to boost
synergies in competencies and technologies. Ultimately, the goal is to make the
production of electrical and/or thermal
energy on the basis of geothermal occurrences more competitive. The results
are to be synchronized with previous
experiences in existing EGS (Enhanced

Geothermal Systems) and SHGS (SuperHot Geothermal Systems) projects.
The focus of the GGE studies in this project
lies on the qualitative and quantitative
description of the reservoirs in Acoculco
(EGS) and in Los Humeros (SHGS), located
northeast and east of Mexico City, respectively. Properties of solid and liquid reservoir
components, depending on temperature
and pressure, are combined with geophysical investigations of deep structures as well
as geological and hydraulic models in order
to generate reservoir models. These models
in turn are to be used to depict the flow
properties and heat transport in the course
of geothermal use by means of numerical
simulation.

Events
April 27, 2017
Girls‘ Day at RWTH Aachen University
		Pupils from grades 5 to 10 can visit various institutes, including
the institutes of E.ON ERC, and find out more about the MINT
subjects and typical male-dominated professions. More information on this event can be found by following this link.

was necessary to study how salt transports
can be portrayed in coastal areas where fresh
and saline groundwater come into contact.
The results of this study should contribute to
a better understanding of the mechanisms
that lie behind the freshwater reserves not
just off the coast of New Jersey, but also off
the entire the US Atlantic coast.
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