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Foreword
With this seventh annual report, the E.ON Energy Research Center looks back on another
successful year. The quantity and quality of our tasks rose again in 2014, as in years past.
Interest in our work is growing both within Germany and internationally, a development that
becomes clear from a number of factors, including the steadily rising number of cooperative
initiatives with renowned research institutions and enterprises worldwide. The increasing use
of renewable energy sources, and especially their rapidly growing share of power generation, in particular in Europe, demand rapid and reliable renovation and modernization of the
infrastructure. The examples of our work outlined below offer a glimpse at the diversity and
complexity of the requirements associated with this development. The broad range of our scientific approaches also shows how important it is, in light of present-day challenges, to think
outside the box and beyond the boundaries of specific disciplines – all of which is part of our
everyday working philosophy at E.ON ERC.
The E.ON ERC Annual Meeting for 2014 centered on the topic of innovation and energy markets. Key technologies business models markets and research programs that are paving the
way for a sustainable energy supply were presented and discussed at the event, which was
held in early March. At the same time, we succeeded in installing and testing a test bench for
power electronic converters and high-speed drives in the megawatt range at our testing hall.
This new test bench allows the PGS institute to conduct detailed testing of generators with
the associated power electronic components, such as drive trains of powerful wind turbines
or high-speed gas turbines, but also pure power electronic components such as inverters
and DC-DC converters. Many of these components are crucial to the implementation of Germany’s “energy transition”.
Also in early March, researchers from the U15/U20 initiative – in which 15 Canadian universities and 20 German ones have joined forces – met in Aachen at the invitation of the GGE
institute with the aim of raising the profile of geothermal energy as a renewable energy source
in terms of public support for research. Then, in mid-August, the Empirical Methods in Energy
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Economics (ENEE) workshop, organized and hosted by the FCN institute, was held for the
seventh time. And in September, the ACS institute organized the 5th IEEE International Workshop on Applied Measurements for Power Systems (AMPS 2014).
In 2014, as in years past, the positive trend in raising external funding for research at the
five institutes of E.ON ERC continued. Numerous research projects were continued or newly
initiated. For example, ACS and PGS are working on real-time simulation of large-scale wind
farms. The teams aim, to use a jointly developed testing platform to simulate the electrical
behavior of large offshore wind turbines with as much accuracy as possible. In another joint
project involving two institutes at E.ON ERC, ACS and EBC are developing coordinated, versatile operating strategies and control processes to optimize combined operation of PV and
CHP or heat pump systems.
In one study, FCN showed that well-informed consumers are especially efficient in their use of
energy. Beyond that, a survey of our scholars of business and economics and social science
shows that low energy consumption and environmental impact alone are not enough to boost
the market prospects of vehicles with alternative drives. The purchase price and range also
have to be acceptable.
ACS is working to develop an architecture for automation of distribution networks, especially
in five EU FP7 research projects: FINESCE, COOPERaTE, MERLIN, GEYSER, and IDE4L.
Meetings were held at E.ON ERC on individual subprojects. EBC has also successfully raised
funds for new research projects, including “Exergy-based Control Strategies for Heating and
Air Conditioning Technology” and “Non-Stationary Energy Evaluation of Heat Pumps and
Micro-CHP Systems”.

Director E.ON ERC
Univ.-Prof. Dr. ir. Dr. h. c.
Rik W. De Doncker
T +49 241 80 49667
post_erc@eonerc.rwth-aachen.de

All five institutes at E.ON ERC are involved in the Forschungscampus Future Electrical Networks (FEN). The goal here is to study electrical networks for a future energy supply with a high
proportion of volatile renewable and decentralized energy generation. Thanks to a persuasive
research concept and well-known industrial partners, FEN received approval to start the FEN
project, valued at ten million euros in funding from the German Federal Ministry of Education
and Research (BMBF) and ten million euros support from industry, in late September. A research consortium – comprising 15 chairs of RWTH Aachen University and eleven well-known
industrial partners so far – will spend the next five years studying what role direct current technology can play in the development and expansion of distribution grids. If work on the project
is successful, two additional funding phases could follow.
The 2015 Annual Meeting will be held on March 26. Under the overall topic of “Future Urban
Energy Systems”, the meeting will explore the challenges faced by urban planners and energy
suppliers when rehabilitating and redeveloping urban regions in highly developed countries.
Then, from June 22 to 25, 2015, we will host a gathering of the international specialized world
in Aachen for the 6th International Symposium on Power Electronics for Distributed Generation
Systems (PEDG2015). The event is a platform for discussing the increasingly important role
of power electronics in distribution and storage systems and in the integration of renewable
energy sources.
I would like to thank all colleagues and co-workers at E.ON ERC for their continued support.
Last but not least, we are indebted to E.ON SE and RWTH Aachen University for supporting
the center through the E.ON ERC gGmbH Advisory Board. In particular, I am thankful to Dr.
L. Birnbaum, CTO E.ON SE for chairing the Advisory Board on behalf of E.ON SE. We appreciate greatly the support of the RWTH faculties, that are represented in the center, and the
industry and public partners, in particular the NRW Ministry of Education and Science, for their
support, trust and fruitful cooperation.
Sincerely yours

Rik W. De Doncker
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E.ON Energy Research Center
Mission and Vision
The primary mission of the E.ON Energy Research Center is to develop a comprehensive
understanding of how a sustainable energy supply can be realized. It is our vision that
this aim can be realized by interdisciplinary research on reducing energy consumption
with energy-saving measures and improving the efficiency of existing systems, as well as
using more environmentally friendly energy sources and renewables.

Strategic Direction
To advance research on sustainable energy supply systems, five institutes from four
faculties, i.e. business and economics, georesources and materials engineering,
mechanical engineering, and electrical engineering and information technology, work
closely together in one research center. Research and innovation at E.ON ERC takes a
holistic approach on energy savings, energy efficiency and sustainable energy supplies.
The institutes mainly cooperate in projects related to urban energy supply systems,
energy demand management and automation, distribution grids and storage systems,
energy efficient climatization systems for homes, buildings and city quarters, as well as
decentralized heat and power plants. Novel technologies, technology choices and their
diffusion in markets are assessed in light of consumer behavior, policies, regulatory and
social aspects.
The Institute for Automation of Complex Power Systems (ACS) researches the
automation, modernization and restructuring of electrical energy distribution systems.
This comprises intelligent control of power capacities and of consumer power demands.
Furthermore, the Chair on Monitoring and Distributed Control for Power Systems at ACS
investigates measurement and instrumentation techniques with distributed intelligence
and agent-based control. The Institute for Energy Efficient Buildings and Indoor Climate
(EBC) aims at reducing the energy demand of homes and buildings, while maintaining
indoor air quality. Building research encompasses energy generation and energy
distribution, energy storage and its distribution into rooms, as well as the thermal
behavior of the building core and envelope. The Institute for Future Energy Consumer
Needs and Behavior (FCN investigates topics of energy economics and management.
The needs and behavior of energy consumers are taken into account in all assessments
The Institute for Applied Geophysics and Geothermal Energy (GGE) is focusing on the
development of new technologies for investigating so-called “engineered reservoirs”.
This involves the exploration and realization of geothermal energy, as well as large
underground reservoirs for gasses and heat. At the chair on Power Electronics and
Electrical Drives (PED) of the Institute for Power Generation and Storage Systems (PGS)
power semiconductors, converters and electrical drives for medium-voltage applications
are designed, built and tested. The Chair on Electrochemical Storage Systems (ESS) at
PGS conducts research on electrochemical storage and energy conversion systems,
e.g. large battery storage systems and electrolyzers.

Statistics
Since 2007 the center has grown rapidly. Total R&D project funding reached almost
10 million euros in 2014. This is reflected in the steady growth of personnel (Fig. 1) and
publications (Fig. 3). In 2014, 105 papers were published in international peer reviewed
conference proceedings. The center published 55 journal papers in international
renowned journals. In total, 8 books and PhD theses were published and 1 patent was
applied for. The visibility of the Center remains high in mass media mainly by newspaper,
magazine and televised interviews. In addition, the Center continues making significant
contributions, often by invited presentations, to the professional engineering and expert
community at national and regional conferences.

6 | ERC | E.ON Energy Research Center

Staff
Student Assistants/Trainees
Non-Scientists
Research Assistants
PostDoc Scientists
Professor

Fig. 1: Development of staff

Alumni
Study Theses
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Diploma Theses
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B.Sc.

Fig. 2: Alumni figures

Publications
Mass Media, National
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Books & Phd Theses
Scientific Conference Proceedings
Scientific Journals

Fig. 3: Display publications
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Grids and Storage
Conversion and Storage Systems for Direct Current Transmission and
Distribution Grids
Flexible Grids
Components and Control for Flexible Grid Architectures Suitable for
more Decentralized Power Sources
Control, Automation, and Protection
Integrated Electrical Heat and Gas Storage and Distribution and
Storage Systems

Buildings and City Quarters
Retrofit Strategies
Future Home Energy Systems
Air Conditioning and Comfort
Demand Side Management
Geothermal Heating and Cooling
Community Energy Systems

Heat and Power Plants
Geothermal Engineering
CO2 Reservoir
Engineered Geothermal Systems
Generation and Electrical Conversion Systems
Renewable Energy
Components for Flexible Power Plants and Heat Storage

Energy Markets and Policy
Consumer, Prosumer, Policy and Social Aspects
Economics of Technological Diffusion
Technology Choices, Combinations and Flexibility
Long-lived Investment under Uncertainty
Energy Markets and Liberalization, Market Design
Regional and Ubran Energy Analysis
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Key Research Areas of the E.ON ERC
The primary mission of research at E.ON ERC is to develop a comprehensive understanding
on how a sustainable energy supply can be realized, in particular in the urban environment.
It is our vision that this can be achieved by reducing energy consumption, while maintaining
and even increasing the standard of living and by using environmentally friendly energy sources. Research in the area of a sustainable energy supply is complex and has many facets. It
covers materials science, components development, system engineering and a deep understanding of all social, environmental and economic aspects needed to develop sustainable
energy markets. The five E.ON ERC institutes bring together competences and expertise,
which can be categorized in four main research trusts, i.e. (1) flexible grids and storage systems, (2) energy-efficient buildings and city quarters, (3) renewable heat and power plants, as
well as (4) energy markets and policies. See Figure on the left for more details.
Specific competencies of the five E.ON ERC institutes:
ACS I Institute for Automation of Complex Power System
 Distributed monitoring and control of power grids
 Future Power Grids as Cyber-physical Infrastructures
 Electrical power distribution and usage in home, neighborhood and urban energy
systems
 ICT solutions for advanced energy services
 Advanced simulation methods based on High Performance Computing approaches
 Real time simulation and Hardware in the Loop testing
EBC I Institute for Energy Efficient Buildings and Indoor Climate
 Energy concepts and control strategies for buildings
 Home energy management services
 Urban energy systems
 Heat/Cold generation, -storage and -distribution systems
 Object-oriented simulation for energy systems
 Indoor-room climate design (thermal comfort and air quality)
FCN I Institute for Future Energy Consumer Needs and Behavior
 Energy economics, -management and -policy
 Needs and behavior of energy consumer prosumers, structural change
 Economics of technical change, (esp. technology adoption, -diffusion,
and -transfer)
 Energy Investment and financing under uncertainty, spatial aspects
 Risk analysis, risk management, portfolio optimization in the energy sector
 Quantitative modeling and analysis/empirical and experimental research in economics
GGE I Institute for Applied Geophysics and Geothermal Energy
 Geothermal heating and cooling systems
 Geothermal energy usage
 Geological CO2 storage
 Petrophysics
 Borehole geophysics
 Reservoir simulations
PGS I Institute for Power Generation and Storage Systems
 Power electronic converters including DC converters, power converter
control technology
 DC Technology for Smart Grids, offshore wind parks
 High-power semiconductor devices, packaging and design of semiconductors
 High-power drive systems, control of high-speed electric motors and generators
 Decentralized generators, CHP and renewables (PV, Wind)
 Electrochemical storage systems for grid applications
 Analysis of components and modeling for a sustainable energy supply
Key Research Areas of the E.ON ERC | ERC | 9

Infrastructure
The E.ON Energy Research Center (ERC) is proud to own an excellent research
infrastructure which is hosted in the lab space divided in 1.000 m2 in our experimental
hall, 650 m2 in our main building and 50 m2 in the SENSE building. The experimental hall
offers a wide range of capabilities for experimental work in the areas of heating and airconditioning systems, generation and storage systems, energy concepts for buildings
and communities as well as room airflows. The lab space in the main building hosts
several infrastructures: a comfort room with the aspects of thermal comfort, air quality
and acoustics and a lab for variable test benches; a lab with the real-time simulation
infrastructure, along with communication and automation equipment; a lab with highquality technical equipment for measuring a variety of rock physical properties and
geophysical parameters in the field and in boreholes. The SENSE building offers the Smart
Energy Lab which is currently being built and it will host computing facilities, work places
for electronics development, a visualization system for City District Energy Systems as
well as components of the FI-lab cloud system aiming at providing a test bed for cloudbased Energy Services for Smart Cities.

Fig. 1: Borehole heat exchanger shaft with
sensors and actors

Apart from the facilities in the direct vicinity of the E.ON ERC, the Energy Storage Group
maintains an extensive test- and analysis facility in the eastern part of Aachen. There is a
wide range of test setups ranging from about 500 programmable electric test benches for
battery cells, to high power test stands for battery packs to a HIL-setup for PV-storagesystems to thermographic instrumentation and a shock and vibration test bench.

Indoor Climate via Geothermal and Renewable Energy
Integration
The E.ON Energy Research Center (ERC) is a multi-disciplinary research institution of
RWTH Aachen University. The main building of the Center has been designed and built to
be an experiment in itself including an advanced Building Energy System (BES) integrating
different options for heating and cooling including geothermal storage, Combined Heat
and Power (CHP) units, and cold via an open sorption process. The building is also
equipped with a set of solar panels on the roof. Two more buildings (one experimental
hall and the SENSE building) complete the scenario together with a small Wind Turbine
(Enercon 500 kW). The BES is planned to be expanded and enriched to integrate other
source and storage energy systems.

Fig. 2: Impressions from the building energy
system integrated into the E.ON ERC Main
Building

Borehole Heat Exchanger Field
One of the main goals of the BES is the optimal integration of the E.ON ERC Main Building’s
geothermal field into its energy system. This is going to be achieved via an integrated
approach for the geothermal field and the energy conversion system. The geothermal field
consists of 40 borehole heat exchanger (BHE), Figure 3. These BHEs are PE-100 double
U-tubes, each BHE of 100 meter depth and operate with an ethylene-glycol fluid. Figure
10 shows the end-cap of a BHE. Information on the BHE field is provided by different
kinds of measurement equipment. A Distributed Temperature Sensing system provides
both temperature data of the geothermal field for a long-term monitoring and temperature
data within the building. This temperature measuring system is based on the Raman
Effect, whereby temperature changes provide a change in the refraction index of optical
fibers, resulting in changes of backscattered laser light. The system provides temperature
data with a special resolution of one meter and a temperature resolution of 0.2 Kelvin
accuracy. For this reason all 40 BHEs are equipped with optical fiber cables which allow
the direct measurement of the BHE temperature.
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Fig. 3: Borehole heat exchanger field

Fig. 4: BHE Filed Simulation

Building Energy System Concept
The Buildung Energy System (BES) consists of three layers: energy conversion layer,
energy distribution layer and energy demand layer. The energy conversion layer is based
on geothermal energy and heat displacement in connection with a heat pump process.
The geothermal serves as a source of environmental energy and as energy storage at
the same time. A glycol cooler offers the possibility to dissipate energy directly to the
environment. On the 80 °C temperature level a gas-fired CHP unit provides process
heat and electric power for heat pump operation. The power production is supported
by photovoltaic installed on the building’s roof. A condensing boiler system serves as a
backup system for the heat pump and as a generation unit of process heat, exceeding
the heat contributed by the gas-fired CHP unit. A sorption-supported air-handling
unit converts process heat directly into cooling energy for laboratories, CIP-Pools and
conference spaces.

Heating,

Ventilation

and

Cooling

Testing

and

Geophysical Systems
Test Bench for Heating and Cooling Systems
The test bench for heating and cooling systems consists of a climate chamber with
single temperature-controlled wall elements. These controlled surrounding walls
enable various wall boundary conditions like adiabatic or fixed temperature condition.
Hence, the test bench enables a constant and repeatable measurement environment.
With the aid of the test bench the cooling and heating capacity of HVAC components
like radiators and fan coils can be determined and the control algorithms of these
components can be developed and tested.

Fig. 5: Test Bench

Storage Systems
A test facility for heat storage devices provides the connections of up to four different
storage tanks to a temperature-controlled water circuit. The test bench enables the
reproduction of charge/discharge cycles of the storage under defined conditions.
The current research is focused on the integration of latent heat storages in heating
systems together with solar heat. Different phase change materials and storage
constructions are analyzed. The test bench can be implemented in hardware in the
loop environment.

Aachen Model Room
Fig. 6: Aachen Model Room

In the Aachen Model Room basic experiments on room airflow structures and thermal
comfort can be conducted. The room is equipped with high resolution temperature
and velocity instrumentation. Different air distribution systems like mixing ventilation
with slot or swirl diffusers and displacement ventilation can be tested with various
internal heat loads and variable supply air flow rate and supply temperature. With its
well defined boundary conditions the room offers a perfect basis for validation test
cases for CFD simulations.

Aircraft Cabin Mock-up
The consideration of indoor environments includes not only building but also car,
train and aircraft cabins. To investigate the thermal comfort, indoor air quality and air
distribution system of aircraft cabins, an aircraft cabin mock-up has been built up.
The mock-up is equipped with air flow measurement technique and the design of the

Fig. 7: Airbus
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mock-up is very flexible. Hence, different parts of the cabin, like air diffusers can be
changed easily. This enables the investigation and optimization of HVAC components
for aircraft cabin applications.

Acoustic and Air Quality Lab
The Institute’s acoustic and indoor air quality lab in the E.ON ERC Main Building is
equipped with its own air handling unit (AHU) with activated carbon filters. The AHU
supplies the lab with clean and conditioned air. The emitting odors of e.g. building
products can be evaluated with trained test subjects and a comparison scale that
provides six different acetone-air mixtures. The surrounding wall structure of the
lab is sound absorbing and enables good conditions to measure and optimize the
acoustic properties of HVAC components.

Façade Systems

Fig. 8: Air Quality Lab

The test facilility for façade systems is composed of four identical rooms with 25
m² floor area each. The façade of each room can be replaced by a test façade
and the technical equipment and the physical properties of the test façade can be
investigated. Equipping each room with a different façade enables a comparison
between different systems under the same conditions. The rooms can be supplied
with conditioned air and cold and hot water. Hence, various technical equipment
inside the façade, like decentralized ventilation units, can be connected and the
thermal comfort can be evaluated.

Air Handling Units
Three air handling units (AHU) provide conditioned supply air to the different test
benches. The units can also be connected among each other. That means that
AHU1 provides the outdoor air and AHU3 provides the extract air for AHU2. AHU2
is the device under test and different components like heat exchanger and enthalpy
wheel can be investigated under well-defined conditions. The supply air temperature
of the units can be controlled in a range from -15 °C up to 40 °C and the supply air
relative humidity can be set between 5 % and 80 %.

Solar Panels

Fig. 9: Air Handling Units

On the roof of the experimental hall an outdoor test facility for thermal solar panels is
installed with an area of around 100 m². It can be used to do performance tests and
to compare different products under real conditions.

Geophysical and petrophysical equipment
A wide range of technical laboratory equipment is available for measurements
of physical properties on rock samples (partially under elevated pressure and
temperature) and for the corresponding sample preparation. Properties studied
comprise: density, porosity, permeability, thermal conductivity, specific heat capacity,
electrical resistivity, ultrasonic velocity, NMR (nuclear magnetic resonance), IS
(impedance spectroscopy), magnetic susceptibility, and natural Gamma radiation.
Additionally, GGE owns a borehole logging instrument for measurements up to a
depth of 1500 m which comprises tools for electrical resistivity, sonic velocity, density,
and natural spectral Gamma radiation (K, U, Th) of rocks, for borehole diameter and
shape, and for fluid salinity, temperature, and pressure.
Fig. 10: Borehole End Cap

12 | ERC | Infrastructure

Fracture Systems
A true triaxial press was set up for fracturing rocks of a dimension of 300 x 300 x 450
mm³ under horizontal and vertical confining pressures up to 30 MPa and 15 MPa,
respectively, Figure 11. It includes a measurement system for analysis of seismic
events in the ultrasonic regime. Fracture propagation is monitored by 32 ultrasonic
sensors (20 kHz to 1000 kHz) placed around the rock sample. Acoustic emissions
occurring during fracture propagation are recorded and localized.

Communication and Automation Equipment for

Fig. 11: Triaxial press for testing low permeability rock samples

Flexbile Electrical Power Distribution Networks
Communication Emulator
The infrastructure is also equipped with Network emulator based on standard PC
architecture and open-source Wide Area Network Emulator (WANem) software for
emulating communication network characteristics such as limited bandwidth, time
delay, packet loss, disconnections, jitter, etc. This enables a joint simulation of power
system with communication infrastructure in order to analyze the interactions and
interdependence between the two systems.

Phasor Measurement Units
For advanced monitoring application in smart grid, the infrastructure is equipped with
4 commercial Phasor Measurement Units (PMUs) from Alstom and a prototype PMU
based on NI CompactRIO (NIcRIO). The PMUs receive one 3-phase voltage and four
3-phase currents through its input transformers board and generate synchrophasors
based on the IEEE C37.118-2005 standard. The NIcRIO PMU is able to generate
dynamic phasors abiding to the IEEE C37 118 2011 standard.

Substation Automation Platform
Recently E.ON Energy Research Center has received the approval for a donation
form ABB, i.e. a substation automation platform. The platform is mainly composed of
a number of protection relays and it is intended to be integrated into both educational
and research activities, mainly in the field of smart grids to better understand the
current existing operation procedures and future challenges in substation automation.
This platform allows configuring the protection devices, the automation controller,
and the usage of a SCADA system.

Fig. 12: Phasor Measurement Units

Simulation Infrastructure
Real-Time Simulation Infrastructure
Real-Time Simulation of multi-physic and multi-domain systems is one of core
competencies of E.ON ERC. A simulation infrastructure, comprising appropriate
hardware and software components, is designed to provide a platform for fast
prototyping and for Hardware In the Loop (HIL) and Power Hardware In the Loop
(PHIL) testing of industrial products and applications. With the expression PHIL, we
indicate not only the exchange of electrical power, but also mechanical and hydraulic
power, which implies that depending on the field of application it is necessary to
develop the proper interface.
The core of simulation infrastructure is a set of interconnected, real time simulation

Fig. 13: RTDS
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platforms, each with its own area of application, and its peculiarity. For real-time
simulation of distribution and transmission power systems, the infrastructure is
equipped with a 8-rack Real Time Digital Simulator (RTDS) and an eMEGAsim
simulator from OPAL-RT. To enable the real-time simulation of multi-physic systems,
like whole city districts with thermal and electrical behaviors, a PC cluster based on
shared memory machines is utilized. The infrastructure is also equipped with a Digital
Signal Processing cluster (DSP) which allows the real-time simulation of distributed
systems with pervasive presence of power electronics, like simulation of wind farms
accounting for wind field distribution.

Fig. 14: OPAL RT

The unique, added value lies in the interconnection of the different platforms, and
in their combined use, which we believe is fundamental to tackle the complexity of
future energy systems.

MESCOS – Multi-Energy System CO-Simulator
To simulate multi-energy systems, like whole city districts with thermal and electrical
behaviors, a dedicated co-simulation platform was developed. This is capable of
simulating thermal and electrical supply systems, as well as thermal and electrical
loads and generators. The platform can connect different simulators and models
from the different domains and execute them simultaneously. In order to enable a fast
simulation of large systems, the simulator exploits the parallel computing capabilities
of the PC cluster, meaning that the software uses the multi-core processor efficiently,
as well as being distributed on several nodes of the cluster. The features of the platform
allow for developing and analyzing energy management and control algorithms for
smart grids.

FaST: Find a Suitable Topology for Exascale
Applications
“Find a Suitable Topology for Exascale Applications” (FaST) deals with the temporal
and spatial placement of processes on high performance computers of the future.
It is widely assumed that the current trend in hardware development will continue
and that the CPU performance will therefore grow considerably faster than the
I/O performance. In order to prevent that these resources become bottlenecks in
the system, FaST develops a new scheduling concept which monitors the system
resources and locally adapts the distribution of the jobs. In order to test this
scheduling system, InfiniBand-based research cluster is available composed of four
NUMA nodes. InfiniBand is an high-performance interconnect with a theoretical peak
throughput of 56 Gbit/s.

Fig. 15: PC - Cluster

Simulation and Visualization Tools for Geophysics and
Geothermal Testing
To simulate coupled flow, heat transfer, transport and chemical water-rock interaction,
an in-house developed finite differential aquifer simulation tool called Processing
SHEMAT is used. To support the tool, several high-performance computers are
available for the numerical simulations. The computers are partly integrated into the
high-performance cluster of RWTH Aachen University. Figure 5 shows a numerical
simulation of the temperature distribution of the BHE field of the E.ON ERC. For
verifying the correctness of the simulations, as well as facilitating their analysis for
knowledge acquisition and the communication of the results, a visualization tool
for 3D stereographic projection which creates an immersive environment has been
developed (Picasso 3D Flipchart).
14 | ERC | Infrastructure

Fig. 16: Research Cluster

Hardware In the Loop (HIL) and Power Hardware In
the Loop (PHIL)
HIL and PHIL are the cutting edge approaches to fill the gap between field tests and
numerical simulation, hence de-risking and speeding up the development of the new
products and control solutions. HIL and PHIL are based on the integration of real
time simulation platform and physical interfaces to electrical, mechanical, thermohydraulic systems, to mention the current realizations.

Monitoring Platform for Future Power Systems
In order to investigate advanced methodologies for power system monitoring via
HIL testing, a real time power system monitoring platform is built that incorporates
RTDS, PMUs and SCADA systems. The monitoring platform can be functionally
divided into three main parts namely the Real Time Simulation of Power Systems,
Phasor Measurement Acquisition System and the Software Platform that enables
the development of monitoring and control applications. The platform emulates the
measurement system of real-world power grid thus enabling the testing of advance
monitoring and control applications.

Fig. 17: Hardware In the Loop

PHIL for Electrical Systems
As far as electrical PHIL for testing up to 20kW, the infrastructure is equipped with
Flexible Power Simulator (FLePS). The power section of the platform consists of
a three-phase isolating transformer, an active front end (AFE), a controlled four-leg
DC/AC converter, and a three-phase decoupling filter. The control algorithms are
implemented on DSP-FPGA embedded hardware. For larger apparatuses up to
5 MW the simulation infrastructure is connected via fiber optic to the test bench
located in the Test Hall.

HIL and PHIL for Home Energy Systems
For the thermo-hydraulic side, the hardware components will be integrated in
a simulated environment which is based on coupled and system engineering
simulations with Modelica libraries. A climate chamber and the hydraulic test bed
emulate the surrounding conditions for the hardware components. In a scaled testbed a complete thermal-hydraulic system of up to five rooms can be considered
together with its real distribution and control units. The scaled rooms are coupled
with thermal building simulations. Through the temperature controlled surfaces of
the scaled rooms and the connection to the air conditioning system different building
types and user behavior can be emulated. The set-up can be also connected to
a simultaneously real-time simulation of the electrical loads in the house and the
corresponding grid dynamics will be emulated by a grid emulator (FlePS).

Fig. 18: FlePS

Center for Wind Power Drives
The Center for Wind Power Drives (CWD) groups 7 RWTH Aachen institutes in
the area of wind. The first stage to establish the power infrastructure has already
been completed with the realization of a 1 MW setup equipped with a Vestas V52
nacelle as device under test. In the second stage a new set up for 4 MW nacelles
is realized, and will be inaugurated in March 2015. This is a multi-physics, PHIL test
bed with power emulation of both the mechanical and electrical boundary conditions
at terminals of the nacelle (a wind turbine without rotor blades and tower). The nacelle
is installed onto the test bench and operated by its original controller.
Infrastructure | ERC | 15

Power-Electronic-based Components and Systems
Test Benches for Power-Electronic Devices and
Semiconductors
On an area of 750 m², a clean-room facility allows us to manufacture specially
designed power-electronic devices. Subsequently, these and commercial devices
up to ratings of 12 kV and 5 kA can be tested in a device test bench. It allows
measuring the blocking capability, the on-state characteristics and the switching
losses. Especially the switching losses under soft-switching conditions, which are
generally not published by the manufacturers, are in our interest. In a second test
bench, the blocking capability and with it the state-of-health of a device after an
artificially provoked over-current situation can be investigated. The testing of passive
components like inductors and transformers complete the test facilities regarding the
device level.

Fig. 19: Test Bench for Power-Electronic
Devices

Laboratory for Electrochemical Storage System
Energy storage systems are of increasing importance in electrical grids with
a large share of volatile, renewable power sources. In order to validate the
electrical performance and lifetime of electrochemical storage devices and for the
parameterization of complex simulation tools for lifetime predictions, the E.ON
Energy Research Center has access to the largest university-based battery test
center in Europe. All types of battery technologies can be tested with regard to
electrical performance, temperature impact, lifetime, or mechanical stress. For the
basic tests more than 500 test benches for singles battery cells with current ratings
between 10 and 2000 A are available. For the analysis of battery management and
thermal management systems also battery pack test benches with up to 240 kW
and 800 V are available. To understand the aging processes of battery cells better
an electrochemical laboratory for post-mortem analysis has been implemented. The
detailed understanding of aging processes allows more reliable lifetime predictions
and for real world operation in stationary and mobile applications. With this knowledge
battery systems can be designed more accurately and battery production can be
optimized. Besides the electrical test equipment the test center maintains a test
bench for shock and vibration for cells and battery packs of up to 50 kg, a hardware
in the loop (HIL) test stand for PV-storage systems, calorimeters for measurements
of the thermal discharge in case of cell failure and a selection of machines for the
manufacturing of battery packs such as plastic and metal sinter machines, 3D printer,
contact welders and several others.

Fig. 20: Conditioned Battery test bench

Fig. 21: Testing of battery modules based on
single cells

Laboratory for High-Power Converters and HighSpeed Drives
In the medium-voltage high-power laboratory, the E.ON Energy Research Center is
able to measure power-electronic converters and electrical drives up to 15,000 rpm.
Components up to 3.3 kV AC or 5 kV DC can be energized in our laboratory. The highpower test bench feeds a power of up to 5 MW to a unit under test. Single operation
points can be approached to measure for example the components’ efficiency or the
total harmonic distortion. Moreover, the high-power test bench serves simultaneously
as electric load. This allows dynamic measurements of load-steps. The high-speed
data connection to the neighboring main building where RTDS is located enables
PHIL testing on a medium-voltage mega-watt level. The data extracted both from
the measurements on device and on component level is fed into various simulation
models to analyze more complex systems. By doing so, the stability, control and
efficiency of distribution grids can be investigated and optimized, for example.
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Fig. 22: High-power test bench for converters
and drives

Hybrid Microgrid Test Bench
A hybrid µGrid setup is used to test innovative solutions for future distribution grids.
One of the main motivations for the particular set up is the increasing presence of
power electronics in the grid, in combination with renewables (e.g. PV). The µGrid
setup is designed to combine four 5 kVA 3-phase DC/AC converters and one 45
kVA 3-phase back-to-back converter to realize various configurations of AC and DC
grids. The platform is fully open and fits for testing various control approaches. With
such a set-up we will be able, for example, to test different strategies for concepts
like demand side management and active energy routing between neighbors.

Economic Experiments in the Energy Sector
Laboratory for economic Experiments
Together with five chairs of the School of Business and Economics at RWTH
Aachen University, FCN operates a stationary laboratory for economic experiments
at Lochnerstraße 4-20 called “AIXperiment”. The laboratory has been well received
and with frequent experiments on the premises. In addition, FCN runs the working
group “AIXperimental Economics in Progress” (AEP). It consists of all researchers
at RWTH Aachen University interested in experimental social science research. The
group meets once a month to discuss ongoing projects as well as future avenues
for cooperation.

Fig. 23: Power converter

FCN Mobile Laboratory
FCN has contributed to the experimental research infrastructure at RWTH Aachen
University by setting up and operating a mobile laboratory for economic experiments.
A common criticism of laboratory-based experimental research is that the subjects
are not representative of the true population of interest. A stationary laboratory
at a university most often recruits students as participants. In order to validate
experimental findings, the mobile laboratory can take the studies to the “field”, where
members of the true population of interest participate in the experiment. The mobile
laboratory currently consists of 12 laptop computers and 6 screens.

Fig. 24: FCN Mobile Laboratory

Fig. 25: Laboratory for economic Experiments
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Forschungscampus
Future Electrical Networks
The energy transition (Energiewende) requires the transformation of existing electrical
infrastructure to integrate a high share of volatile renewable generation. Especially the
electrical distribution system must be more flexible to accommodate distributed generation
and bring this power to the consumers. As direct current (dc) technology is very promising
for future distribution systems, the FEN-Consortium, will focus research on dc systems
and their integration with ac systems on all voltage levels. To ensure compatibility with the
existing network infrastructure, the interfaces between existing and new electric power
supply and transformation systems will be targeted.
The overarching objective of the FEN-Consortium is to enable a more efficient and flexible
transmission and distribution of electrical energy without compromising the high level
of the security of supply in Germany today. The research topics in the FEN-Consortium
are organized in three different layers, as shown in figure: materials and components,
system implementation, and planning. The planning layer also encompasses research on
non-electrical topics like governance, acceptance, economics, and the integration of the
infrastructure into landscape and urban environment. The system implementation layer,
because of growing permeability between energy networks, also includes energy domains
that are non-electrical, such as gas and heat, but that are coupled to the electrical being
loads, generators or storage. Ultimately, the research goal of the FEN-Consortium is a
sustainable, climate-friendly energy supply of the future at affordable costs.
In 2014 the Forschungscampus Future Electrical Networks inaugurated its first main 5 year
phase. RWTH Aachen University and industry partners will jointly conduct pre-competitive
research on future electricity grids. Under the lead of Prof. De Doncker and the Institute for
Power Generation and Storage Systems (PGS) of E.ON ERC, a consortium with private
partners has set up, which is sponsored by the German Federal Ministry of Research
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and Education (BMBF) with two million Euros per year for research on Medium Voltage.
Additional research funding originates from the partners and public funding opportunities.
In year 2013, in the pre-phase of the Forschungscampus, partners of RWTH Aachen
University had developed the research agenda, set up the consortium structure, and
defined medium-voltage dc (MVDC) systems as core topic of the first main phase. Still in
the pre-phase, four research project proposals were prepared, and then granted in 2014.
In October 2014 the four projects, covering the topics listed below, have started.

Fig. 1: Official Logos FEN

Project P1 addresses the modeling, planning, conceptual design and assessment of
future grids. Topics like planning and operation of dc grids, safety concepts for dc grids
and the connection to high and low-voltage grids will be analyzed. Non-technical aspects,
like economics, ecology and society will be included to analyze the impact of the new
technology.
Project P2 focuses on research on components and systems for medium-voltage dc
distribution grids. This includes dc-dc converters (Figure 3) for voltage conversion and
control of power flows, concepts for the interruption and limiting of short-circuit currents
in dc grids, medium-frequency transformers for the dc-dc converters and cable systems
for the transport of electrical energy with dc.
Fig. 2: Benefits of the FEN-Consortium

In Project P3 the FEN researchers will develop control and automation concepts for
hybrid ac-dc grids and pure dc grids to secure the dynamic stability of these multiconverter systems, realize new applications, such as load shaping, and establish a reliable
simulation and testing environment for these systems. In this project ACS and PGS of the
E.ON ERC will also deliver a low-power test platform to validate the control concepts in a
HIL setup prior deployment.
The lighthouse Project P4 of FEN features the design, construction and operation of
a research power grid on the RWTH Aachen University campus. This research grid will
connect with a medium-voltage dc grid several laboratory set ups of the university, with
power ratings in the megawatt-range. Concepts for the control and stability of multiterminal dc systems, components and systems, like dc-dc converters, can be tested
here in the field.

Fig. 3: Dc-dc converter developed at PGS

Control and communication equipment to realize the grid itself will be tested with real-time
simulation and HIL techniques in the laboratories of E.ON ERC before the commissioning.
In fall 2014 the research group for low voltage (LV) was initiated. The main research topics
of this area are services related to smart energy systems including electrical and thermal
systems, the ICT domain for energy technologies, and low-voltage dc and hybrid acdc systems. This group also aims at fostering networking and future research project
collaborations of the partners.
To lead the FEN consortium of RWTH Aachen University and industry partners, and for
serving as central coordination unit for all partners, FEN GmbH was founded. The FEN
GmbH is funded by contributions from the research and usage fee of the industry partners.
To promote transparency, the FEN GmbH created a supervisory board in the bylaws,
held by the Rector of RWTH Aachen University and a member of the executive board
of Forschungszentrum Jülich. FEN GmbH also manages the IP of the FEN consortium,
including the patent licensing and the provision of office and lab space for everyone
involved. In fact the FEN GmbH, located on RWTH Aachen Campus, provides offices for
researchers of the university and industry partners for them to collaborate closely in the
research projects. With this direct and close connections innovations will be accelerated
thus bringing new technologies faster to the market to support the Energiewende.

Fig. 4: Planned research grid on RWTH Aachen Campus

We gratefully acknowledge the financial support of the German Federal Ministry of
Education and Science (BMBF); 03SF0488; 03SF0489; 03SF0490; 03SF0491 and of the
industry partners of FEN-Consortium.
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M5BAT
Stationary energy storage will become more important in the future due to rising shares
of renewable energy sources in the electricity sector which are promoted by Germany’s
federal government policy called ‘Energiewende’. In this context, electrochemical storage
systems are of high interest because unlike for pumped hydro storage or compressed air
storage, there are no special geographic requirements and the planning and construction
periods are short. Therefore, it is necessary to build up the expertise in engineering of
economic designs, in optimized operation control as well as in comparative technology
assessment of such storage systems and to benchmark the performance of different
technologies under field conditions.
Within the project ‘M5BAT’, which is an acronym for Modular Multi-Megawatt MultiTechnology Medium Voltage Battery Energy Storage System, a worldwide unique largescale hybrid battery energy storage system (BESS) composed of five parallel battery
strings with 5 MW rated power in total will be built. The Institute for Power Generation and
Storage Systems (PGS) of the E.ON Energy Research Center (ERC) at RWTH Aachen
University is coordinating the project, which receives a funding of 6.5 million euros (overall
budget 12.5 million euros) from Germany’s Federal Ministry for Economic Affairs and
Energy. In addition PGS is responsible for the grid integration and operation of the storage
system as well as for the development of the control system and the investigation of aging
mechanisms in such stationary BESS. Also the choice of a suitable multi-level converter
topology and its comparison to other conventional solutions will be looked at. The goal is
to optimize the converter efficiency as well as other performance indicators of the selected
topology. The Institute for Energy Efficient Buildings and Indoor Climate (EBC) of the E.ON
ERC will conduct thermal monitoring of the BESS and carry out simulations to optimize
the thermal design of such systems. Research support in terms of power economy will
be provided by the Institute of Power Systems and Power Economics (IAEW) at RWTH
Aachen University. Industrial partners are the energy utility E.ON SE, battery manufacturer
Exide Technologies GmbH’s division GNB Industrial Power and inverter manufacturer SMA
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Solar Technology AG. E.ON SE is responsible for planning and construction of the BESS
facility and for developing and testing marketing strategies for future storage products for
the energy marketplace. The manufacturers - Exide Technologies GmbH and SMA Solar
Technology AG - will supply the technical components and conduct operational testing.
This project will deploy Exide Technologies’ innovative VRLA gel and CSM copper plate
technology, which delivers high cyclic stability and high-current discharge. SMA’s highly
flexible battery inverters give the system its scalability and modularity.
High modularity is also achieved by different battery technologies which are incorporated
in the BESS: lead-acid-, sodium-nickel-chloride- (NaNiCl) and lithium-ion-batteries are
used to optimally combine the advantages of each technology. For instance, lead-acidbatteries are a relatively cheap storage technology, lithium-ion-batteries are used to
provide energy at high power rates and cyclic stability, and NaNiCl-batteries are optimally
suited for power supply over a period of a few hours and are therefore well suited for
applications such as load-shifting. In combination the multi-technology BESS will be
able to supply a variety of applications with different typical discharge times. Peripheral
components, such as heating, ventilation and air conditioning (HVAC), are treated as
an integral part of the BESS in order to achieve an optimal system behavior in terms of
cooling, heating and battery positioning. A BESS with a rated power of this size, with a
high modularity for the investigation of different storage technologies, is worldwide unique
and will be an important reference for the involved companies and institutions.
The BESS will be constructed in Aachen in a specially customized existing building. Plans
call for construction to begin in Mid 2015 and for the utility-scale storage system to enter
service by the end of 2015.
Before market testing, the storage operation will be conducted according to a scientific
program, which allows to deduce statements about life cycle costs (LCC) and technoeconomical potentials. Besides the costs for the battery cells and their lifetimes, LCC
include costs for peripheral components for the installation of the BESS such as housing,
battery management systems (BMS) and thermal management (heating, ventilation, air
conditioning). These LCC are intended to serve as a profound cost basis for planning and
operation of BESS. Especially the above-mentioned optimization of power distribution
between the different battery technologies in order to combine their respective strengths
is evaluated in this context.

We gratefully acknowledge the German Federal Ministry of Economic Affairs and Energy
(BMWi) and our industry partners, reference 03ESP265A, who made the project possible.
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Exergy-Optimized Management
of a Geothermal Field
One challenge in modern construction is to reduce energy and heating costs. An
exergetically optimal energy use within a low-temperature energy system can approach
this issue. We, GGE and EBC, cooperate towards the sustainable integration of the E.ON
ERC main building’s geothermal field into its energy system while trying to adjust energy
flows and energy use as efficient as possible. More precisely, the aim of GGE in this
project is to establish a 3-D subsurface model for the long-term prediction of geothermalenergy use. EBC is aiming towards a control strategy for the building energy system
with a minimal exergy loss using GGE’s geothermal predictions. We will achieve this via
an integrated approach for the geothermal field and the energy conversion system. The
German Federal Ministry of Economic Affairs and Energy funds this project.
Due to limited fossil and economic resources, we have to achieve a cost-benefit optimal
and energy efficient operation of buildings. At the E.ON ERC main building, the only way of
achieving this is a sustainable operation of its geothermal field. The operation parameters
of geothermal fields react sensitive to overuse, whereas shifting too small energy amounts
is not efficient. In other words, the potential for cooling or heating of the field decreases
when the system dissipates too much energy into the field or when it extracts too much
energy from the field respectively. Thus, in the end, one must keep the field’s energy
balance within certain ranges. From an economical point of view, the immense costs of
geothermal field installations aggravate the issue of efficient and sustainable operation,
since the field has to keep its relatively low operation cost throughout the buildings lifetime.
This is only possible by a balanced field operation.
Four main ingredients drive the research project‘s approach. First, the possibility of a
dynamic field operation, meaning a variable volume flow for each single BHE of the
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geothermal field, to adjust the extracted or dissipated amount of energy for each BHE
individually. Second, detailed sensor measurements of the field and building operation.
Third, system and building models, in order to calculate and predict the forthcoming
energy needs and the consequences of different operation parameters. Fourth, a control
strategy that is able to vary the geothermal field’s integration.
In order to provide a dynamic field integration, we implement actuators that allow for
an individual operation of each BHE. For each BHE, automatic ball valves offer the
opportunity to adjust the volume flow. These actuators, together with a volume flow
sensor in each BHE offer the possibility to control the volume flow automatically for each
BHE. Temperature sensors in inlet and outlet make an energy-oriented control possible.
Further, control regimes account for friction-optimal operation and for uniform volume flow
operation, meaning the same volume flow for each BHE. We connected the brine pumps
in order to adjust remotely the pumps’ speed, pressure or temperature-difference. The
building management system integrates the field automation and control, thus, we can
use different interfaces to command set points or switch field operation modes. Further,
the building management system stores all measurement data into two SQL databases.
We need informed calculations and decisions in order to conduct simulations and
in order to develop potential control strategies. On the field’s side, different kinds of
measurement equipment provide this information. First, a Distributed Temperature
Sensing system provides both, temperature data of the geothermal field for a long-term
monitoring and temperature data within the building. This is an optical fiber measuring
system. The equipped BHE provides monitored temperatures of the entire underground.
Second, temperature sensor rings within one single BHE provide information on the soil’s
temperature distribution near this BHE and, thus, enables conclusions towards possible
groundwater flow strength and direction. This allows an integration of groundwater flow
parameters into numerical simulation of the geothermal field. On the building side, the
above-described sensors provide the needed data.
We use simulations to predict the influences of different control strategies towards
energy efficiency. We investigate different operation modes for the geothermal field for a
sustainable long-term usage of the heat exchanger field. The simulations base on a model
of the soil in an area of 140 × 80 meters and a depth of 130 meters. SHEMAT, a simulation
tool for coupled flow, heat transfer, transport and chemical water-rock interaction carries
out the simulations for the geothermal field. This sets more-precise boundary conditions
for the heating and cooling operation. On the building side, we use Modelica and Simulink
to carry out simulation of the physical components and for the control logics respectively.
Thereby, we are able to shift parameters to adjust the energy transferred with the BHE
field. Via an iterative process, we estimate an operation parameter regime that fulfills the
building’s needs while respecting the constraints for a sustainable long-term operation.
In order to react to varying energy transfer rates for the field, we implement a sophisticated
control strategy into the building, which provides the possibility to adjust operation
times and intensities of the geothermal field usage. For example, the geothermal freecooling mode is block-able-in order to decrease operation time; further, a variation of the
integration temperature of the field is possible.
The outcomes of the project are in demonstrating an innovative integrated operation
methodology, in advanced geology, building and system related simulation models,
in novel control building control strategies, as well as in advances in communication
interfaces and technologies between the different instances. A future research prospect
on EBC’s side is to have an integrated simulation that allow for evaluation of different
control strategies and a conceptualization of the modus-based control strategy.

We gratefully acknowledge the financial support of the German Federal Ministry of
Economic Affairs and Energy (BMWi), promotional reference 03ET1022A.
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Enabling Smart Energy with ICT
Efficient and sustainable energy requires the integration of different, complementary forms
of energy (electrical and thermal in particular) and pervasive intelligence realized through
Information and Communication Technology (ICT). Several FP7 programs support this
vision on European level. The institutes ACS and EBC jointly participate in the R&D and
demonstration effort in the projects FINESCE, part of the “Future Internet Public Private
Partnership”, COOPERaTE within the ”Energy Positive Neighborhood“ program, and
GEYSER, supported by the SMARTCITIES initiative.

FI-PPP and FINESCE:
Advanced ICT for Smart Energy
ICT has been transforming industry over the past decades. The current trend is the
convergence of the once separate ICT branches of mobile communications, data
processing, and internet into a set of common, cloud-based technologies, the Future
Internet (FI). FI is designed to be fit for the different industrial applications. The EU has
recognised the need for this development and, by sponsoring the European FI industry,
through a large programme, the FI-PPP (www.fi-ppp.eu) in 2011. The objectives are to
•

•
•

develop a common, open, FI infrastructure (FIWARE) that application developers can
use to build FI applications. FIWARE is a set of generic open components, called
Generic Enablers (GEs) and a supporting set of application development resources;
test this infrastructure in several branches of industry and
make the tested infrastructure widely available to small FI start-up companies,
thus creating a viable and self-sustaining FI industry in Europe, based on European
technology.

FINESCE (Future Internet Technology for Smart Energy, www.finesce.eu), which started in
2013 and runs until September 2015, is a project to test of the infrastructure by applying
the GEs, to the Smart Energy domain. GEs for the Internet of Things, Data Management,
Security and Cloud Infrastructure have been used in the Smart Energy field trial of the
FINESCE Partners in the following applications:
•
•
•
•
•

development of demand-response and demand-side management in mixed-use
buildings in a city district of Malmö, Sweden;
efficient grid utilisation through demand-side management of prosumers in Horsens,
Denmark and Madrid, Spain;
industrial demand-response within an cross-border Virtual Power Plant (VPP) in
Aachen, Germany;
development of an energy marketplace for demand-response in presence of varying
energy production from Distributed Energy Resources (DER) in Terni, Italy;
control of electrical vehicle charging to balance DER supply and improved utility
communications in Ireland.

ACS and EBC have performed Smart Energy simulations for FINESCE:
•

•

In the Malmö trial, a CO2 steering signal model, based on the historical production
measurements of the district heat produced by power plants, uses robust regression
models to optimise the district heating grid. Moreover, heat generation plants are
analyzed to identify the demand-side management potential on the generation side.
Also, the thermal behavior of the buildings connected to the district heating grid is
thoroughly analysed to identify the potential of the building wall mass for load shifting.
In the Horsens trial, time-series based adaptive models for forecasting the thermal
demand of buildings are used to optimise energy production scheduling and to study
the impact of distributed generation and consumption.
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•

•

A real-time simulation framework is in development for the trial in Aachen to
demonstrate realistically the cloud-based service of a Virtual Power Plant (VPP).
In the Real-Time Digital Simulator (RTDS) we simulate the power system and the
Distributed Energy Resources (DERs), which are in turn coordinated externally to
the RTDS by the cloud-based VPP service. The communication between the VPP
FIWARE cloud platform and the DERs in RTDS is realized via a custom gateway
based on FIWARE services.
For the trial in Ireland, the simulation assesses an EV Schedule Verification system
based on artificial neural networks (ANNs). The EV Schedule Verification system
must check if the optimal schedule to be actuated leads to violation of the technical
constraints of the LV distribution system, for example permissible voltage defined by
regulation. The ANN EV Schedule verification needs only a few field measurements
and no physics-based system model during the online operation.

FI start-up companies can access the live FINESCE trial infrastructures through the
FINESCE API, which offers Smart Energy services. The start-ups use these services for
developing and testing in real, live infrastructures their new Smart Energy products. The
FINESCE API services are organised into categories such as Authentication, Building
Information, Energy Demand / Power Consumption, Energy Supply / Power Production,
Electric Vehicles, Metering, Pricing, Regions, Smart Factory, Weather Forecast. In
addition, FINESCE partners publish the software components developed for the filed
demos as open-source software. These are the Smart Energy Domain Specific Enablers
(DSE). The FI start-ups are free to integrate these DSEs, as well as the FIWARE GEs, into
their products. The FINESCE infrastructures will continue to be available through the API
after September 2015.

This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
604677.

Fig.: FI Startups Can Use the FINESCE API to Develop Apps Based on FINESCE Smart Energy Infrastructures
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COOPERaTE
(Control and Optimization for Energy Positive Neighbourhoods)
In COOPERaTE an ‘Energy Positive Neighborhood’ (EPN) is defined as a neighborhood
that can maximize the use of local and renewable energy generation and at the same
time can contribute to the secure and efficient operation of the electrical grid to which it
is connected. The goal of COOPERaTE is the conceptual design of the architecture of a
cloud-based, scalable service and management platform that integrates monitoring and
optimization functions for EPNs beyond the building level.
This work approaches the different cloud platforms from several neighborhoods as a
System of Systems, interfaced through the newly developed Neighborhood Information
Model. Field demonstrations will be performed in the Challenger complex in France,
headquarter of Bouygues Construction, and the Bishopstown campus of Cork Institute
of Technology in Ireland. These two cases cover different situations: while Challenger
represents a neighborhood with business buildings belonging to a single owner,
Bishopstown combines residential, leisure and business use with several owners.
ACS and EBC have modeled the two test sites integrating electrical and thermal features
and components in Modelica. In this way, the joint effects of the electrical and thermal
systems can be analyzed before optimization and control are actually implemented on
site.
The experience of this project will be synthesized in a roadmap to transition to Energy
Positivity in neighborhoods.

This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
600063.
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GEYSER
(Green Networked Data Centers as Energy Prosumers in Smart City)
Data centers have become enormous electrical power consumers, currently using around
271 billion kWh, which is about 10 % of the generated electricity in the world, enough
to feed all residential households in industrial countries for one year. Also, they have to
dispose of large amounts of heat.
Different options exist to manage the energy demand of data centers, such as migration
of computational load between different data centers, temporary reduction of the cooling
power until the temperature of the server room reaches its upper boundary or change of
the internal electricity distribution to Direct Current for better efficiency. In a broader vision,
the data centers could be integrated in the smart city adapting their energetic behaviour,
i.e. electrical and thermal power demand and offer, to the “needs” of the Smart City. A
software framework to realize this vision is demonstrated in the FP7 project GEYSER.
Here data centers are not just energy consumers but are active hubs.
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As a first activity the different components of data centers where analysed in respect of
which energy transformation takes place in them and under which efficiency this occurs.
This contributes to the goal of comparing the energy efficiency of data centers, and the
influence of factors such as Tier Level, Cloud Services or High Performance Computing
and so on. Energy classes will thus be defined, similar to the energy classes of white
goods. The IT center of RWTH, active in high performance computing, will support the
modelling of data center components with its experience in benchmarking of servers.
CPU utilization, memory utilization and effect of temperature on energy demand.
The current state of the art of describing the energy efficiency of data centres relies on
an extensive set of Key Performance Indicators (KPIs), for example the Power Usage
Effectiveness, which is the power consumption for IT applications over the total power
consumption of the center. The effect on the KPIs of all energy sinks of the data center
and all energy sources of data center and smart city, must be assessed. For this purpose
the sinks are categorized in IT, non-IT, thermal and electrical and the sources are
categorized as green and brown. Accordingly it will be possible to tell how good or bad
energy management methods are and how well the integration of the data center in the
smart city performs.
Operatively, when a data center operator tries to optimize energy use, or a smart software
initiates load migration to process IT load at the lowest cost, or a market operator
triggers a data centre to provide electricity to the grid, all related decision-making requires
measuring the internal energy of the data center. To this aim, a sophisticated, real-time
and minute-level monitoring, part of the Data Center Infrastructure Management (DCIM),
will be designed to provide a comprehensive view of the energy used and produced within
the Data Center.
Currently a Data Center is being modelled in Modelica. Three scenarios will be created.
In the first scenario the detailed model of the Data Center can be tested with a simplified
model of the external energy grids. The second allows for testing the complete Data
Center interacting with the detailed model of the Smart City. The third scenario is built for
Power Hardware in the Loop, for assessing the efficiency of the cooling of one or more
computational racks.

This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
609211.
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Energy System Flexibility:
Grid Interactive Buildings
Until now, electricity generation followed the consumer load requirements. In the future
energy system, all active participants are expected to contribute to the load-generation
balancing act, for example to accommodate fluctuating renewable energy production.
Flexibility, both on the consumers’ and producers’ side, is required in order to balance
electricity demand and supply.
Thermal-electric devices are the coupling between thermal and electrical energy systems,
which may provide the necessary flexibility when operated in a flexible way. Furthermore,
network solutions on city quarter level can offer new possibilities for combinations between
energy production and energy demand. Thermal and electrical storages further help to
increase the flexibility of system operation.
New smart energy management strategies have to be developed together with new
evaluation criteria and policies to offer benefits for all stakeholders. The research project
PV-KWK is an ACS-EBC cooperation whose main goal is to develop a practical smart
home energy management strategy to couple photovoltaic (PV) and heating systems
i.e. combined heat and power (CHP) as well as heat pump (HP) units. This strategy can
optimize energy usage for different objectives, such as maximum self-consumption of
electrical power, or offer of ancillary services for future smart grid applications.
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These goals are achievable because of the thermal and electrical storage, used to flexibly
balance generation of PVs and CHPs while ensuring the thermal comfort of the residents.
The project will develop a modular energy management strategy, easily applicable to
different combinations of energy conversion units, as those listed above.
PV-KWK will produce an optimization tool that implements the management strategy,
and it will develop a Power-Hardware-in-the-Loop (PHiL) test platform to demonstrate
and assess the strategy with real hardware in a simulated environment that reproduces
standard and critical operating conditions. These experiments will support the preparation,
development and deployment in field tests, which will take place in real buildings. Here
implementation experience, data and the feedback of the users will be collected to pave
the way for a market breakthrough.
As seen above, the active participation of buildings to the operation of the energy
distribution grids is a provision for future smart grids. In this light, the holistic evaluation of
building energy systems (BES) and their interaction with the electrical distribution grid is
part of the project Grid Interactive Buildings. The evaluation has three goals. The first
one is the characterization of needed flexibility capacity that the electrical grid requires
and how the BES can offer this flexibility. The second goal is the characterization of energy
efficiency of the building energy system in different configurations. The third goal is the
characterization of economic efficiency of the building energy system.
To this aim, the project will formalize characteristic parameters, fit for different scenarios (e.g.
different geographical location, variable share of renewables, and diverse refurbishment
states of the buildings).
Numerical simulation is used in the project in support to the synthesis of these parameters
and for assessing their validity. On the electrical side, it requires the calculation of the
load flow of medium voltage (MV) and low voltage (LV) grids of different topology and size
(e.g. city center or rural area), and the evaluation of grid stability, degree of utilization of
the network equipment and grid losses. In this project we use MATPOWER-Matlab for
this purpose. We analyze the electrical quantities in the scenario of purely heat-driven
BES going up to grid oriented mode of operation. The electrical base load profiles are
generated by superimposing the operation of individual non-BES appliances according
to “reasonable” patterns. PV profiles are calculated from weather data, accounting for
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their stochastic nature. Load and generation profiles of BES equipment are calculated
from the thermal properties and behavior of the BES. To be prepared for possibly offering
voltage stabilization services, the electrical models of BES and PV allow for controlled
reactive power into the grid. On the thermal side, we use the dynamic simulation platform
in Dymola/Modelica to analyze the dynamic behavior of the building energy demand and
in particular the storage potential. This could be provided by the BES to the electrical grid
in a controllable manner, based on their heat-driven operation, under the constraint of the
satisfaction of the user needs in terms of heat demand.
The outcome of the project is a holistic system evaluation within a simulation framework
for BES, independent on policies, to show the opportunities that are technically possible
in the introduction of grid interacting BES. The project will produce recommendations for
the design of BES and their storage capacities for grid-interactive buildings intended for
supporting researchers, regulators and practitioners.
The project Eneff:Stadt - Bottrop, Welheimer Mark analyses the opportunities
for optimal energy usage of heterogeneous city quarters, with coexisting industrial,
commercial and residential areas. The sample region Welheimer Mark, object of this
analysis, is part of the InnovationCity Ruhr – Modellstadt Bottrop.
This work relies on a co-simulation framework with thermal and electrical models and tools.
A geographical information system (GIS) database builds the center of the overall system
simulation. It includes building, energy supply system and electrical grid infrastructure
data. The GIS database is essential for data management of a heterogeneous area.
Simulation results, e.g. building heat demand or node voltage, can be analyzed in a GIS
interface. Moreover those results can be saved back to the GIS database to provide an
easy way of managing simulation result data.
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The dynamic thermal simulations in Modelica incorporate strategies for scheduling the
operation of individual BES equipment and investigating the interactions between buildings
and the thermal grid. The impact of distributed energy supply units on the electricity
distribution grid is numerically evaluated in NEPLAN. Models of residential buildings are
automatically generated according to VDI 6007 from the GIS database. Industrial and
commercial zone buildings are taken into account by either using electrical and thermal
consumption metering data or calculated profiles based on BDEW standard load profile
parameters.
The volatility and forecast uncertainty of renewable energy generation will be taken
into account through prediction methods based on time series analysis, which will be
integrated into the co-simulation framework.

The project PV-KWK is performed in cooperation with SMA Solar Technology AG and
Vaillant GmbH. Grateful acknowledgement is made to BMBF (German Federal Ministry
of Education and Research) for providing financial support, promotional reference
13N13297.
The project Grid Interactive Buildings is performed in cooperation with Fraunhofer
Institute for Solar Energy (ISE) and Fraunhofer Institute for Building Physics (IBP). Grateful
acknowledgement is made to BMWi (German Federal Ministry of Economic Affairs and
Energy) for providing financial support, promotional reference 03ET1111B.
Within the research project Welheimer Mark the institutes EBC and ACS collaborate
together with the city of Bottrop, the industrial partners Imtech, infas enermetric Consulting
GmbH and the InnovationCity Managemement GmbH Bottrop. Grateful acknowledgement
is made to BMWi for providing financial support, promotional reference 03ET1138D.
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From Smart Home to Smart City
The transformation towards smart cities aims at mastering current and future urbanization
together with environmental challenges. The key is to integrate the electrical, thermal
and communication resources of the smart home, smart neighborhood and smart city
in a holistic manner. Our projects in this area are developing the energy management
strategies at all levels, the validation tools, the service development platform, and the
domestic practical realization.
The foundation of our work was laid by the project Dual Demand Side Management
(2DSM). 2DSM has yielded an energy management strategy to exploit the flexibility of
energy storage and of coupled thermal and electrical supply systems to react to the needs
of the supply grid with an increasing integration of volatile renewable energy sources.
The storage technologies, including the thermal storage capacity of water tanks and the
thermal mass of the building itself, act as cushion when thermal demand cannot be met
in real time by the suppliers. The coupled electro-thermal heating systems, including
combined heat and power units (CHP), heat pumps (HP) and heating rods, can shift their
operation to times when their electrical demand or generation best matches the supply
by renewable energy resources. This operation supports the integration of intermittent,
renewable, energy sources at the “cost” of scheduling these domestic systems on city
district level.
The analysis and validation of this type of energy management strategies requires a
new concept of multi-domain simulation, which we have implemented in the platform
MESCOS -Multi-Energy System Co-Simulator-, developed in the 2DSM project. MESCOS
enables the analysis on city district scale of energy systems, by providing the simulation
of such large system for up to a full year of operation. The simulated system comprises a
large number of buildings, including their thermal behavior, internal energy suppliers and
energy conversion systems, in combination with public energy grids. The building energy
systems (BES) can be modeled in MESCOS in great detail, down to the hydronic heat
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distribution, using Modelica language; NEPLAN is instead used for the simulation of the
electrical energy distribution grid. Controls and energy management algorithms for multienergy systems are also integrated in the platform.
The 2DSM control strategy is organized in two phases: scheduling phase for day-ahead
planning, based on forecasts of the electrical and thermal demand, and short-term
phase, in which deviations from forecast are compensated for. The scheduling problem is
formulated as a mixed integer linear optimization program (MILP), subject to the technical
constraints of the electro-thermal heating systems and the thermal comfort of the
residents. In the short-term phase, deviations from the day-ahead schedule are detected,
evaluated, analyzed and classified continuously, and compensated by re-dispatching
resources. The actuation, in terms of switching on and off of the heating systems, is
coordinated to avoid transient effects due to simultaneous switching.
Another step forward is taken in the project SCoOP (Smart City quarters OPerating
system), which will deliver a test bed and buildings blocks to create and test easily cloud
based Smart Energy Services for Smart Cities. The SCoOP platform will be built on the
Future Internet cloud services to guarantee compatibility with other services that use the
FILAB technology.
Among these services, we can picture for example the scheduling of the thermo-electrical
systems; however the perspective of SCoOP is much broader. The test bed is designed
to accommodate in the testing loop physical devices as well, such as gateways and
controllers, or HP, CHPs.
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The SCoOP platform will test new services and components on different levels: from
pure software testing to Hardware and Power-Hardware-in the-Loop testing. The pure
software testing is suitable for cloud-based algorithms, services and interfaces. To analyze
the integration and interaction of real hardware with the cloud, the testing must include
real Smart Home Gateways and Control Units, and this is achieved with the Hardwarein-the-Loop technology. Furthermore, Power Hardware-in-the-Loop technology realizes
physical power exchange among components of the Smart Home system.
Eventually the SCoOP testing platform developed at the E.ON Energy Research Center
validates the Smart City Quarter from the energy supply unit up to the cloud-based
services. The transformation to sustainable smart cities, however, will not occur without
innovative concepts at home level. The project eHome develops a fully electrical home
energy system, which includes new concepts for electric heat supply and a local low
voltage DC power distribution.
While the heating demand of buildings decreases continuously with the increasing
effectiveness of insulation, a large share of the heat demand varies with occupancy,
interior loads and domestic hot water consumption. As a result, energy efficient buildings
have large fluctuations of heating power demand and accordingly the heat generators
operate often in partial loading conditions, thus with distinctly lower efficiency. In this
situation fast electrical heating systems could be beneficial. Furthermore, considering the
decreasing prices of photovoltaic (PV) systems and batteries, the full electrical home may
even become economically convenient, especially considering the self-consumption of
local PV generation. In this project, different system configurations of direct electric and
hydraulic electric supply systems will be defined, simulated and evaluated.
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In the electrical domestic world, DC distribution yields efficient power transfer to almost
all devices of a smart home. Three scenarios for the incremental integration of a DC
distribution system will be considered: AC, hybrid, and pure DC. For the pure DC system,
a DC microgrid setup using DC power distribution comprising power electronic converters
has been conceived and will be interfaced to the thermal domain within the house. The
control architecture will be based on a multi-agent system.

We gratefully acknowledge the support of E.ON ERC gGmbH in these projects.
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Multi-Agent Systems for Energy in Buildings
and their interconnecting Grids
The coordination of a swarm of energy resources requires reconciliation of individual
and global goals, and hustle-free set-up and tuning. This implies that each resource
must have enough intelligence to understand its condition and needs, pursue its goals,
actively contribute to collective goals, and hence be able to communicate. This way,
only the information and data that are really necessary are shared among resources
and the operation can continue even losing some of the participants. This view fits well
the distributed agent framework, where each agent controls one resource and all work
together as a multi-agent system. This vision is applicable to resources within buildings
or grids and buildings together. These are the applications of agent control in the projects
ABC and STAGE respectively.

STandard AGents Environment
(STAGE)
STAGE is an ACS-EBC cooperation research project, whose main goal is the realization of
a decentralized control architecture that integrates Distributed Energy Resources (DERs)
in the energy management of low voltage grids using Multi-Agent Systems.

Dipl.-Ing. Max Huber (EBC)
T +49 241 80 49796		
mhuber@eonerc.rwth-aachen.de

The main outcome of STAGE is to create a control platform for low voltage grids. Prime
use is voltage control, but the platform must be open to accommodate fast and easy
implementation of new functionalities and the integration of new energy resources.
Hence, the platform itself must be independent from the nature of the DERs and capable
of autonomous reconfiguration.
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In the implementation, each DER is equipped with a controlling software entity called
agent. The agents provide voltage regulation services to the grid by negotiating among
them to find the best way (DER operation) to react to a voltage violation. In addition, the
agents provide services to the building using grid information to shift electrical loads (e.g.
water heater, heat pumps, white goods) and/or supplies (e.g. Combined Heat and Power
units) while guaranteeing thermal comfort and economic efficiency at all times.

Antonino Riccobono, Ph.D. (ACS)
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This MAS is tested in real-time co-simulation of different platforms, which are fit for
buildings, the electrical grid and the MAS. A prospective field test is currently in the
planning phase.

We gratefully acknowledge the financial support of E.ON New Build & Technology Ltd and
the E.ON Innovation Centers for Distribution and Smart Homes.

Agent Based Control Strategies for
non-residential Buildings (ABC)
Non-residential buildings with complex energy systems often do not reach the expected
energy efficiency and indoor comfort because of lack of effective coordination between
resources (coordination of when, how long and how much each device should operate)
and because of implementation issues of the centralized control system (flaws in wiring
and setting). This project proposes the use of MAS as a solution to this problem. Each
agent is responsible for one piece of equipment or for assessing comfort conditions. By
negotiating to achieve minimum cost and best comfort, the agents determine time by
time, how much heat must be generated, by which device, and how this heat should be
distributed around the building. Furthermore, the MAS must accommodate the introduction
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of new agents with new components of the energy system without manually reconfiguring
the existing architecture or changing the communication protocols. What these agents do
can be seen as a new type of building service, that the pieces of equipment installed in
the building must be intelligent enough to support.
The new main building of the E.ON ERC will serve as a demonstration site for this new
technology. This project focuses on the air conditioning system of the offices, as the
existing equipment can easily accommodate the agent communication. Each office room
is equipped with a user interface and a façade ventilation unit. The energy for heating
and cooling is delivered by water/air heat exchangers supplied by an array of central
generation units: a heat pump, a combined heat and power unit, and a boiler.
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The first step of the project has yielded the ontology, which is the formal knowledge of
the world in the agent’s view, for multi-agent systems performing energy management
in buildings. This ontology is an extension of ontologies in literature merged with existing
standards, in particular BIM (building information model), the NIM (neighborhood
information model) and the SGAM (smart grid architecture model) standards.
The agents are installed in each energy supply component that can be externally
controlled, i.e. heat pumps, combined heat and power units, pumps, fans, and in rooms.
Each office user (persons or laboratory machines, servers) also gets his/her/its own
agent, which manages information about user presence, location in the building and
comfort preferences. Operatively, the agents can take on, by own initiative, behaviors like
“monitoring”, “normal operation”, “plug-in of a new component”, “fault detection”, and
“adaptation to changing surrounding conditions”.
The field of MAS for building services is new hence it requires extensive analysis in
near-real world conditions prior deployment. To this aim a model of the physical system
together with the MAS is first tested in co-simulation, using Dymola / Modelica for the
building and equipment models), and JADE for the agents. Agents and simulation models
are connected via TCP/IP thus easing the migration to field implementation where the
same communication protocol will be used.
The pervasive monitoring system already installed in the building, and particularly in
reference rooms where the energy supply to the room is measured in detail, allows
assessing the performance of the method in the field.

We gratefully acknowledge the financial support of E.ON gGmbH.
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Occupant Behavior in Energy
Efficient retrofitted Dwellings
Who is to blame for the deviation between calculated energy rating and actual
consumption in energy efficient retrofitted multi-dwelling units?
One third of CO2-Emissions and about 40 % of total energy consumption accrue in the
building-sector. Three-quarters of all existing buildings were built before 1979 and have
been retrofitted if at all, to only a minimal level energy efficiently. Despite numerous policy
incentives the annual retrofitting quota remains at a low 1,1 %. To validate the efficiency
of advanced energy efficient retrofitting, three multi-dwelling units from the 1950s were
retrofitted in 2010. Economic, ecological and energy issues are addressed collectively
in this empirical research project. The Institute for Energy Efficient Buildings and Indoor
Climate (EBC), as a specialist for energy efficient retrofits, as well as the Institute for Future
Energy Consumer Needs and Behavior (FCN) with its expertise in economic behavioral
research, are working hand in hand on this research topic.
The retrofits were comprehensive. They included structural as well as building system
measures. To cover a broad spectrum, seven different retrofit designs were implemented.
A high resolution monitoring system provides to the means to track the technical
functioning as well as user behavior, collecting precious information about observed
energy flows, comfort conditions and air quality in the apartments. In addition to the
monitoring system, interviews with the occupants gathered further data. The combination
of data allows profound insights into the overall situation on site.
The real consumption of the buildings is, as expected, strongly affected by the occupants’
behavior. The distribution of the specific, related to one square meter floor space, energy
consumption for domestic hot water (DHW) and heat energy (HE) of all apartments for
the year 2012 is shown in Figure 1. The spread for the HE is larger than for DHW, despite
DHW is strongly affected by the number of occupants of the apartment (varying between
1 and 4). Further, evaluation of energy expenditures show clear differences between the
different types of retrofits. As a result, it is evident that two of the six retrofit designs
perform significantly better than the others, as seen in figure 3. Future work will involve
identifying the individual success-patterns in these two designs and finding the reasons
underlying their thermal performance.
First results show that occupants living in badly insulated buildings behave much more
energy aware than those in energy efficient buildings. Academic literature coined the
term “Prebound-Effect” to describe this. The energy performance gap (EGP) index is
defined as the fraction of the difference between observed and expected consumption
and the expected consumption. The expected consumption here presented has been
calculated each year, using the measured weather data (ambient temperature and solar
radiation). The EPG of building 2 and 3, illustrated in figure 2 for the year 2012 and figure
3 for the year 2013, is only related to the heating energy HE, which does not include
transportation, storage, and conversion losses and is therefore a good index to reveal
how occupants use the heating and ventilation system. The EPG varies between 27 %
and 342 % in 2012, and between -11 % and 214 % in 2013. The EPG is consistently
lower in 2013 if compared to 2012: the occupants’ interviews and surveys leading to
consequential occupants’ information as well as technical improvements contributed to
this result. Nevertheless, in B3E2 the gap is still big: one reason for this can reside in the
ventilation heat recovery system, (whether not used, or not working properly).
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Fig. 1: Specific energy consumption for DHW
and HE of all apartments in 2012

Fig. 2: Energy performance gap, related HE, of
B2 and B3, in 2012

Fig. 3: Energy performance gap, related to the
HE, of B2 and B3, in 2013

The project is one of the most extensive existing, based on its configuration and
complexity. It has profited greatly from combining social with engineering sciences and
offers new insights into a complex research question/area.

We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economics
and Energy) under promotional reference 03ET1105A and 03ET4004.
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Fig. 4: Expected and observed primary energy
of the buildings in 2012

Testing E-Mobility in Fleet Operations
– CO2-Free Delivery in Bonn – “CO2 Go Green”
Ongoing Project (7/2012 - 6/2016), funded by the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety (BMU), Ref. No. 16EM1032.
Electric drivetrain technologies are playing an important role for delivery fleets in the
light of rising fossil fuel prices and steadily tightening CO2 emission and urban air quality
legislation. In addition, parcel shipments are escalating due to increasing electronic
commerce. Therefore, FCN is assessing the profitability as well as the life-cycle costs and
emissions of electrifying a postal delivery vehicle fleet in inner city districts for competing
battery technologies and different charging strategies. The total costs of the electric fleet
are then compared with those of a diesel-powered fleet.
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The overall goal of this joint research project with two further institutes at the RWTH
Aachen University (PGS; Deutsche Post Chair of Optimization of Distribution Networks)
and two industrial partners (Deutsche Post AG, Langmatz GmbH) is to identify the
operational suitability of a large-scale fleet of electric delivery vans under a variety of
operating span, conditions (seasonality, daily mileage, charging strategies), and over a
long operating life span.
In particular, FCN aims at
1. Measuring the total cost of ownership (TCO) of electrifying a delivery fleet in inner city
districts, with respect to vehicle lifetime. Two battery technologies are considered,
which differ, inter alia, in capacity and thus coverage, price, as well as in durability.
Along with direct vehicle costs, indirect vehicle costs, such as installation and
operating expenses of the charging infrastructure, and environmental costs (life-cycle
analysis, LCA) are also being considered.
2. Finding a technological, economic and ecological optimization of charging strategies.
3. Assessing, additionally to purely monetary factors, CO2 and nitrogen oxides (NOx)
emissions of the postal electric delivery fleet from construction of the vehicles
(including battery production) to usage (mainly power generation) and recycling, by
means of a life-cycle analysis. It will thereby be possible to identify potentials for
cutting indirect CO2 and NOx emissions of electric delivery vans even further.

Fig. 1: Five out of 137 Electric vehicles, that
are operated in the electric vehicle fleet for
delivery service, Deutsche Post, Bonn
Source: DPDHL, J. Zumbusch

The research at PGS covers the electric installation infrastructure for large electric
vehicle fleets, acquisition and analysis of telemetric data, and the estimation of technical,
economic and ecological effects of fleet operation in respect to battery degradation and
performance.
In particular, PGS aims at
1. Estimating the daily driving cycles and hence driving distance. A model for consumption
in electric vehicle operated in distribution services is developed considering not only
purely vehicle characteristics such as weight and motor power rating, but also the
drivers’ profiles, battery type and recuperation, and a varying energy consumption
depending on the prevailing (ambient and Poad) conditions.
2. Optimizing charging strategies regarding lower battery degradation and minimum
electricity charging cost. The infrastructure design and the vehicle infrastructure
communication setup have a major impact on practicability.
3. Evaluating the impact of different charging strategies on grid and grid stability as well
as the possibilities for ancillary services of electric vehicle fleets and monetary effect
on battery ageing and costs.

Fig. 2: Depreciation (%) of a light duty delivery
vehicle (without battery) over the lifetime (in years) and distance travelled (in tonne km, TKM)
Source: Tejada and Madlener (2014)

Empirical data are taken from a field trial of Deutsche Post DHL in Bonn, in three operational
areas of delivery systems including letters, packets, and boxes.
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IDE4L – Ideal Grid for All
IDE4L is a 3 year demonstration project funded by the European Commission 7th Framework
Program. The project will prove heuristically that active electrical distribution networks,
i.e. those that host generation, are manageable and can even achieve better reliability
and continuity of service. To this aim, project partners are designing and developing
the next generation automation architecture for distribution grids that enables ancillary
services from distributed energy resource (DER) providers and technical and commercial
aggregators. An array of new solutions for monitoring, control, and network planning,
are designed, developed, prototyped and tested in the laboratories of universities and
research centers, and in the field, hosted by the partner Distribution System Operators
(DSO).
During this first year of the project ACS has led the development of a comprehensive
automation concept, which defines the high level requirements of the architecture. The
concept, expressed in terms of actors, functions and communication links, was extracted
from the synthesis of the use cases of all the new applications in IDE4L. This includes
the interaction of other stakeholders besides the DSO, namely the Transmission System
Operator (TSO), Commercial Aggregator and Service Providers.
This high level, draft automation architecture has been defined following the Smart Grid
Architecture Model (SGAM) and constitutes the common background for developing
consistent and interoperable IDE4L applications. The format of the draft architecture is
ready for filling out the details based on existing standards, in particular the IEC 61850
series. If existing standards prove to be insufficient, the project partners will formulate a
suggestion for extension.
Operatively, use cases of the applications are going to be formalized as “detailed use
cases” in the SGAM template, thus extending the first description that has led to the draft
architecture. This means that sequences of operations, triggers, etc. will be well defined
and allocated to physical devices. Communication interfaces, functions and devices
will, in turn, be defined in terms of the IEC 61850 standards. Merging these two sets of
information means determining for each step of each application what data is generated
or needed, according to what data model, by what device, and communicated with what
protocol. The synthesis of these details yields the IDE4L architecture.
This is an iterative process, which keeps in the loop 1) abstract architecture development,
2) application development, 3) application implementation and 4) field test demonstration.
As a result, the IDE4L architecture is guaranteed to be fit for the operations that are
demonstrated in the field, as well as those that are conceptually (but realistically)
conceived. This means that the IDE4L architecture will be a solid reference for European
distribution grids, subject of course to local adaptations but able to accommodate the
foreseeable automation needs of the next decade.
ACS plays a major role in the development and testing of the automation architecture,
but it is also involved in the definition of monitoring requirements, and extensively involved
in the demonstrations, serving as real-time testing laboratory. For this purpose, ACS is
upgrading its testing platform for measurement and monitoring systems. This will host
Hardware-in-the-Loop tests of pieces of equipment to be deployed in the field demos,
and used evaluate some of the IDE4L key performance indicators.
In particular, the platform will test real time monitoring, state estimators, secondary and
tertiary control strategies. These demonstrations will be carried out using models of the
distribution grids of partner DSOs, thus yielding a key support prior to field deployment,
and creating testing conditions that are not physically possible in the field.

This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
608860.
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Antonino Riccobono, Ph.D. (ACS)
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MeProRisk II
Optimization and Risk Analysis for Deep Geothermal
Reservoirs
MeProRisk is a scientific network project of five German universities (RWTH Aachen, FU
Berlin, Christian-Albrecht-University Kiel, Bergakademie Freiberg, and Schiller-University
Jena) and a private company. Within the second phase of the project, three different
exploration ventures are being evaluated with respect to their geothermal energy potential.
Heat from in the Earth‘s crust can be harvested by circulating water for geothermal heat
and energy supply, but economically feasible utilization demands sufficient temperature
and water flow. If this is the case, geothermal heat provides a clean and sustainable
contribution to the renewable energy mix. However, since kilometer-deep drilling is an
expensive endeavor, reliable information about the subsurface conditions is needed before
drilling. Geophysical methods allow sophisticated exploration of the subsurface and the
generation of realistic models both regarding the geological structure and the physical
properties (see Figure). Two regions in Italy, one in Australia, and one in Denmark have
been identified as possible geothermal reservoirs. Numerical simulations of the subsurface
specific heat flow, optimized by means of inversion, are carried out on discretized models
in order to achieve realistic temperature and flow estimates and evaluate the geothermal
potential. Further exploration is guided by identifying preferable sites for geothermal heat
extraction and simulations of possible utilization scenarios.

Dr. Gabriele Marquart (GGE)
T +49 241 80 49895		
gmarquart@eonerc.rwth-aachen.de
Jan Niederau M.Sc. (GGE)
T +49 241 80 49894
jniederau@eonerc.rwth-aachen.de
Dr. Anozie Ebigbo (GGE)
T +49 241 80 49895
aebigbo@eonerc.rwth-aachen.de

This project is funded by the German Federal Ministry for Economy (BMWi) for a time
period of three and a half years.
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Characterizing Flow Properties of Soils
by Geophysical Measurements
This research project is part of the interdisciplinary Transregional Collaborative Research
Centre 32 (TR32) and hosted at the Institute of Applied Geophysics and Geothermal
Energy (GGE). In TR32, the soil-vegetation-atmosphere system is studied by research
groups at the Universities of Aachen, Bonn, and Cologne and the Research Centre Jülich
in the fields of soil and plant science, remote sensing, hydrology, geophysics, meteorology,
and mathematics. The soil, vegetation and the lower atmosphere are key compartments
of the earth, where almost all activities of mankind take place. This region is characterized
by extremely complex patterns, structures and processes acting at different scales in time
and space. The quantitative prediction of the system behavior, the research aim in TR32,
constitutes a major challenge to scientists and policy-makers, especially in view of the
global climate change (see www.tr32.de for more information). TR32 was formed in 2007
to integrate monitoring with modeling and data assimilation in order to develop a holistic
view of the terrestrial system. Recently, the 3rd funding period (from Jan. 2015 until Dec.
2018) was granted by the German science foundation, DFG.
Process formulations, e.g. for describing water transport in the partiallly water saturated
zone of the subsurface, often rely on so-called parameterizations that replace complex
small-scale processes with macroscopic simplified descriptions. These descriptions
typically contain additional quantities that we refer to as parameters, which need to be
determined empirically. Our project B8 aims at characterizing flow properties of partially
water saturated soils without empirically determined parameter but by establishing direct
relations between structural soil parameters (e.g., pore size distribution) and geophysical
measurements. In particular, the geophysical methods NMR (nuclear magnetic resonance)
relaxometry and IP (induced polarization) are considered in our project because they
provide complemetary information about size and connectivity of the water filled pores.
We perform both laboratory measurements and numerical modeling at the micro-scale
(e.g. Mohnke et al. 2014b) to attain our goal of characterizing flow properties of partially
water saturated soils using these non-invasive methods. We study the spatial distribution
of water and gas at the pore scale together with their flow properties. Moreover, we
develop and apply simulation tools for forward and inverse modeling of water distribution
in the pores together with the NMR and electrical signals of these pores (Mohnke 2014
and Mohnke et al. 2014a) which enables us to predict soil properties such as water
retention (Fig. 2).
In the next project phase, starting in Jan. 2015, we will estimate flow properties in the
field for parameterizing hydrological models used for simulating water and gas flow in the
vadose zone at larger scales by other TR32 projects. For that, NMR and IP data will be
utilized to probe the subsurface using a slim-line logging tool (Fig. 3) developed by project
A1. The estimation of flow properties requires the add-on of additional sensors as well as
the further development of an joint inversion approach developed in the previous project
phase.

Dr. Norbert Klitzsch (PI) (GGE)
T +49 241 80 49887
nklitzsch@eonerc.rwth-aachen.de

Fig. 1: Energy, CO2, and water fluxes between soil, vegetation and atmosphere
govern weather evolution and climate.
These exchange processes are simulated
in TR32 to provide more reliable weather,
flooding and climate predictions

Fig. 2: Water retention (pf) curve predicted by the joint inversion of multiple NMR
measurements in comparison to measured data

The project is funded by the German science foundation, DFG.

Fig. 3: The NMR slim-line logging tool developed by project A1 will be applied in the
next project phase
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Development of a Design Tool for
Hot-Dry-Rock Fracture Systems
In a joint project together with two other departments at RWTH Aachen University
(the Institute of Geotechnical Engineering and the Institute for Computational Analysis
of Technical Systems) efforts are being undertaken to improve the technology of deep
geothermal energy exploration. The controlled siting and creation of a fracture system in
deep and dense formations needs to be developed to the point where the engineered
fracture system is designed as to serve the purpose of an efficient heat exchanger
between the hot dry rock and the water cycle driving a steam power plant above ground.
At the current stage of the project we develop a fracture propagation code based on
the Extended Finite Element Method which will be verified against large-scale hydraulic
fracturing experiments in the laboratory. A future stage envisages verification of the code
at shallow depth in the field and its coupling with an extensively tested numerical heat and
mass transport code on the reservoir scale. On a long perspective we intend to arrive at
a numerical lay-out design tool for fracture systems which evaluates different engineered
heat exchanger geometries and flow scenarios according to their energetic, economic
and environmental viability.

Dr. Karen Willbrand (GGE)
T +49 241 80 49899
kwillbrand@eonerc.rwth-aachen.de

Work has been devoted this year to the optimization of the tri-axial testing facility for
repeatability in the experimental results. On the numerical side verification for the radialsymmetric scenario of a penny shaped crack has been started and is on-going.

The project is financed by the Federal Ministry for Economic Affairs and Energy.
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Hardware in-the-Loop (HIL)
Extension of the High-Speed Test Bench
The facilities of the E.ON Energy Research Center include a 5 MW medium-voltage test
bench, which is specially designed for high-speed drives, up to 15,000 rpm. The supply
voltage of the device under test (“power-electronic” converters or electrical drives) is up
to 5,000 V.
Complementary to the Center for Wind Power Drives (CWD), where entire nacelles
are tested, this high-speed test bench is intended rather for individual components
(cf. “Page 46, CWD article”). The unique flexibility of the test bench allows studying
various components: inverters, dc-dc converters, medium-frequency transformers and
generators (including their power-electronic converters or separately). The special gear
box of the test bench makes it especially interesting for high-speed generators. However,
it can also accommodate common industrial drives operated at 1,800 rpm.
The extension for HIL testing includes the interconnection of the high-speed test bench
with the RTDS real time simulator to enable closed loop testing of devices. To ensure an
accurate and stable operation during the HIL experiments, low latency between the RTDS
and the device under test is critical. Therefore, the connection between the ERC test
facility and the neighboring ERC main building, where the RTDS is located, is realized with
high-speed fiber optic. Furthermore, the RTDS directly interfaces the control units of the
power-electronic converters of the test bench. This minimizes the delay of data exchange,
since internal communication buses of the test bench are bypassed. HIL extension of the
test bench enables testing of various devices in virtual environments. These include the
simulation of grids, e.g. to analyze the operation of a converter in a weak grid scenario,
and the simulation of electrical machines. Testing and certification are key aspects of the
successful deployment of wind turbines.
We gratefully acknowledge the support of E.ON ERC gGmbH in this project.
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Center for Wind Drives (CWD)
The Center for Wind Drives (CWD) RWTH Aachen is developing a 4 MW full-size nacelle
test bench that helps to spot and mitigate design problems at early stages, and accelerates
the certification process. The test bench consists of emulation interfaces, to which the
nacelle is connected, that reproduce realistic field conditions at both the mechanical and
the electrical terminals of the nacelle. A torque controlled, direct-drive motor transforms
the simulated shaft torque to the power level. A Non-Torque Load (NTL) unit applies
the forces and moments accordingly in six degrees of freedom. Thus all effects of wind
field can be emulated at the shaft. At the electrical terminals, a medium-voltage power
electronic converter reproduces the conditions of the point of connection of the turbine to
the electrical power grid. The electrical quantities at this interface are driven by real-time
simulation of the grid. The real-time simulation of the electrical power grid is performed
by the RTDS hardware at a time step of 50 µs for representing fast grid dynamics. The
mechanical real-time simulation implemented in a dSpace system, at a time step of 10
ms.

Nurhan Rizqy Averous, M.Sc. (PGS)
T +49 241 80 49958
raverous@eonerc.rwth-aachen.de
Dipl.-Ing. Alexander Helmedag (ACS)
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Dipl.-Ing. Marco Stieneker (PGS)
T +49 241 80 49956
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The actual control of the converter driven by the simulation is very challenging, because
of the demanding dynamic features and because of the possible instability linked to the
interaction, in closed loop, with the simulation. The implementation of a three-level clamped
modulation technique (3LC) together with an LC-filter installation achieves at present time
a total harmonic distortion (THD) of voltage of less than 8 %, while guaranteeing 3.5 MVA
power capability at the grid terminal.
Grateful acknowledgement is made to North Rhine Westfalia for providing financial
support in the frame of the Ziel2 program, co-financed by the EFRE fund for regional
development, promotional reference 005-1012-0015.

A GIS-based Decision Support System
for the Optimal Siting of Wind Farm Projects
The diffusion of wind energy involves negative environmental implications due to various
adverse effects on landscape, noise level, and wildlife. Therefore, siting procedures related
to wind facilities often trigger public protest. As locational choice is crucial for the success
of wind farm projects, the goal of this study is to improve siting procedures by providing a
holistic GIS-based Decision Support System (DSS). Based on a two-step approach, the
joint research project of FCN and PGS aims at optimizing wind farm siting procedures by
means of a GIS-based Decision Support System (DSS).

Hafiz Abu Bakar Siddique, M.Sc. (PGS)
T +49 241 80 49947
hsiddique@eonerc.rwth-aachen.de
Yasin Sunak, M.A. (FCN)
T +49 241 80 49831
ysunak@eonerc.rwth-aachen.de

In a first step, optimal locations are identified by applying a comprehensive multi-criteria
approach that incorporates techno-economic, socio-political, and environmental criteria.
These criteria are weighted by means of the Analytic Hierarchy Process (AHP) according
to their overall importance regarding the goal of finding the most suitable sites for wind
farm development. A specific focus is on the incorporation of social acceptance-related
parameters, such as visual impacts, in order to improve the siting procedure. The
application of the AHP approach enables a classification of which sites are economically
more viable, socially more acceptable, and environmentally more benign. In a second
step, the economic utilization of areas identified as most suitable is optimized with respect
to sizing and layout of wind farms. Here, the main focus lies on the optimization of wind
farm size with regard to energy yield and project costs.
This generic DSS is a versatile and innovative planning tool for communities and
energy providers to improve land-use planning to find optimal locations for wind energy
projects and, through the incorporation of social acceptance-related aspects, to avoid
unanticipated project costs due to public resistance. In a pilot application the DSS tool
has been applied to the district of Aachen.
We gratefully acknowledge the support of E.ON ERC gGmbH in this project.

Fig.: Wind farm siting optimization procedure
Source: FCN
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Enhancing the Flexibility of
Conventional Power Plants
The increased use of technologies for renewable electricity production has a significant
impact on the merit order of power plant dispatch. Conventional power plants are
increasingly required to operate as reserves to cover sudden fluctuations in volatile
uncontrolled power generation, e.g. from wind and solar power. In order to remain “in
the money”, conventional power plants should be altered so as to work flexibly and
profitably. Therefore, this interdisciplinary research project evaluates the possibilities
of enhancing the flexibility of conventional power plants from both a technical and an
economic perspective. In recent years, some modern and highly energy-efficient power
plants have experienced unfavorable conditions which have led to unprofitable operation.
The same factors have led to the shutdown of over-aged gas-turbine power plants. Also,
many conventional steam power plants have problems with the fluctuating generation of
renewable power plants and cannot adjust their power generation to match the demand as
quickly as necessary. As operating a power plant more flexibly can improve its profitability,
several innovative ideas for increasing the flexibility of conventional gas-turbine and steam
power plants are analyzed in this project. On the management side, this leads to two
possible actions: either decide to divest and liquidate the plant (real options model with
disinvestment option), or invest in some cost-effective technology enhancements that
enable more flexible operation, so as to be able to enter a larger variety of markets (use of
a real options model with option to upgrade the existing technical infrastructure).

Dr. rer. oec. Barbara Glensk (FCN)
T +49 241 80 49833
bglensk@eonerc.rwth-aachen.de
Dr. rer. pol. Christiane Rosen (FCN)
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Sedigheh Rabiee, M.Sc. (PGS)
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In the first phase of the project, a real options disinvestment model was developed. Such
a model can answer the question of how long the power plant can still be operated
and what is the optimal point in time to shut it down. We find that this decision is highly
dependent on the initial capacity factor (the actual hours of operation in comparison to the
potential hours of operation) and its subsequent development (the final decision is pathdependent). Our first results suggest that stopping the plant’s operation can be optimal at
very diverse values of the capacity factor. We also plan to further investigate the impact of
the residual value of the power plant, including a thorough analysis aimed at determining
its value, as well as sensitivity analyses of the other model parameters for a robustness
check of the model.
As part of the project, a selection of flexibility measures in the area of steam generator,
firing system, and flue gas cleaning for the thermal power plants are summarized. These
measures are evaluated, based on income, while considering the market price for
electricity as well as the investment and down-time costs. The result of the study shows
modifications in related to steam generator in hard coal-fired and lignite-fired power plants
lead to the highest investment costs. A precise evaluation of the measures is achieved in
a detailed market model including the technical framework and all market participants.
Auxiliary system retrofit with the utilization of power electronic devices and the resulting
improvement in the overall flexibility and efficiency of the plant will be further investigated.
As a next step, a second real options model will be developed, which considers the merits
of operating the existing power plant more flexibly using additional components, such
as power electronic converters, storage systems, or upgrades of existing components.
This can have several effects. By being able to control the power plant more efficiently,
markets where ramp-up times are crucial might be entered more easily. Furthermore,
when smaller magnitudes of power are required, the turbine can be adjusted quickly
without substantial loss of the plant’s efficiency. At the same time, the flexible operation
of a power plant can lead to more and earlier material fatigue, increasing the repair and
maintenance costs required over time. The investment in upgrading equipment can be
regarded as irreversible, again justifying the real options approach.

We gratefully acknowledge the support of E.ON ERC gGmbH in this project.
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Fig.: The need for more flexibility of conventional power plants due to intermittent
renewables
Source: FCN (top photo), http://www.
schulewirtschaft-bayern.de/files/
File/ingolstadt/VA-Dokumente%20
2012/240412_pdf_kraftwerk_hartmann.
pdf (bottom photo).

Technology-Based Energy
Systems Analysis
By means of system-analytical methods, the potentials and implications of new
technologies can be determined via Technology-Based Energy Systems Analyses
(TESA) with regard to technical as well as ecological, economic, and sociological criteria.
Ultimately, these assessments provide some guidance for decision-making processes in
politics, private economy and research.

Dr. rer. pol. Giovanni Sorda (FCN)
T +49 241 80 49837
gsorda@eonerc.rwth-aachen.de

At present, the analysis and evaluation of energy technologies is strongly influenced by
the energy and climate debate, which leads to the need for technological innovations with
a focus on clean and low-carbon energy conversion, transmission, and storage solutions.
In this respect the reduction of greenhouse gas (GHG) emissions requires great efforts in
research and technological development, though societal and economic constraints must
also be accounted for in the analysis of energy systems.
In turn, GHG emission reduction is a highly complex issue that needs to be addressed by
considering a broad set of technologies and interdisciplinary issues. All these elements are
consistent with the research competences available at both the RWTH Aachen University
and JARA Energy (www.jara.org).
In an attempt to foster interdisciplinary collaborations and build capacity in this research
area, FCN is taking part in a seed fund project (JARA Energy Seed Fund) initiated by the
RWTH profile area “Energy and Chemical Process Engineering (ECPE)“ (www.ecpe.rwthaachen.de). In particular, FCN’s main task at the initial stage of this research consortium
focuses on the “Economic Evaluation of CO2 Avoidance Costs of Different Energy
Producing and Energy Storage Technologies with an Outlook to 2050”.
Building on the competences and expertise gained via the seed-fund project, FCN
plans to take part in long-term research projects within the TESA project house, and in
collaboration with various other RWTH and JARA institutes.
In particular, FCN is involved in three working groups within the TESA research project
focus their attention on the following issues: (1) CO2 reduction costs of catalytic process;
(2) flexibility options for renewable energy technologies and markets; and (3) optimal
configuration of wind energy facilities in combination with energy storage systems.

Fig.: Parabolic collectors
Source: http://images.nrel.gov
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The Administration of the Central Office acts as an interface between the directors,
professors and scientists of the E.ON ERC and their industry and public partners, students
of RWTH Aachen University and of other national and international universities, as well as
the interested general public. The contacts between partners and experts within the E.ON
ERC and external interests about research projects or general inquiries are arranged by
the Administration.

Dr. Sabine Vogel
T +49 241 80 49667
F +49 241 80 49669
svogel@eonerc.rwth-aachen.de

In 2014, over 5200 billing orders were conducted by the Administration Office, which
supports all five institutes with the daily accounting and book keeping. Projects like the
relaunch of the new E.ON ERC Homepage and the Annual Report 2014, the Energy
Landscape database, the database for the RWTH Profile Areas, as well as the design of
brochures and flyers are supported by the Administration Offices. A new logo for the E.ON
ERC and the Institutes has been introduced to fit in the corporate design of the RWTH
Aachen.
This Year, the Administration organized the Annual Meeting, ‘Girls’ Day’ and the ‘Science
Night’ for E.ON ERC at RWTH Aachen University again. New projects have started like
the introduction of a center wide quality management and the publication of a welcome
brochure for new employees. For 2015, the publication of the new revised International
Energy Cooperation Program is planned.
The ICT infrastructure of the E.ON ERC features a special complexity by now, due to 600
processors, 100 server systems and a wide range of different network configurations
of the five institutes. The institutes require a high flexibility in matter of data access.
Therefore, a 24h x 7 mode on all ICT systems including the ICT basic service as servers,
storages, PCs, telephones and audio, video and building technology is indispensable.
The operational concept, which has been developed for this purpose by the center ICT, is
based on the operation of virtualization technologies and intelligent storage systems. This
concept meets the requirements and has been successfully established within the scope
of the replacement of overaged ICT systems, at the beginning of the year 2014. Thanks
to the thereby reduced system inspection window, the data availability has reached 99.97
%, in the year 2014.

Dipl.-Ing. (FH) Andreas Gubernat
T +49 241 80 49666
F +49 241 80 49669
agubernat@eonerc.rwth-aachen.de

Along with numerous projects, the ICT-service-desk handled amongst others over
5000 service requests over the course of the year and performed over 120 software
installations every month. At events, seminars and video-conferences all institutes have
been supported in the field of audio and video technology. In addition, the ICT team
assisted the institutes in numerous research projects.
The mechanical workshop’s duty is the construction of complex test benches and the
creation of functional models for the researchers of the E.ON ERC. Single parts are
custom-made or mechanically formed to fit the specifications of the experimental setups.
The regular job includes building maintenance and maintenance work for the electrical
installation. In 2014, the mechanical workshop focused on a project in cooperation with
the PGS institute on wind turbine test benches for the new Center for Wind Drives (CWD).

Hartmut Moosmayer
T +49 241 80 49677
F +49 241 80 49669
hmoosmayer@eonerc.rwth-aachen.de

Main task of the electrical workshop is to support the scientists of the E.ON ERC in the
conception and realization of test benches of different types. Design and manufacture
of tailored micro controllers, exactly to the needs of scientists as well as the review and
repair of all electrical equipment, according to the safety guidelines of VDE. Projects in
2014 included the construction of the Solar Declaton House in FZ Jülich and the electrical
installation at CWD in the new Campus. To improve their work the electrical and the
mechanical workshop have their own test halls inside and outside of the E.ON ERC Main
Building.

Achim Reimer
T +49 241 80 49678
F +49 241 80 49669
areimer@eonerc.rwth-aachen.de

We are looking forward to continuing and intensifying the good cooperation in our team
and with the directors and staff of the five E.ON ERC institutes in the coming years.
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Chronicle
January
15.

Michèle Müller joins the E.ON ERC Administration after passing their apprenticeship.

15.

René an Voort joins the E.ON ERC ICT after passing his apprenticeship.

February
05.

Strategy meeting of the Central Offices.

27.

The Central Office‘s team celebrated Carnival with all colleagues from the
E.ON ERC.

Carnival

March
13.

E.ON FEN Colloquium:						
Dr. Erik Delarue from KU Leuven, gave a talk on “Modeling Electricity Generation Systems: On Integration of Renewables and CO2 Abatement”.

20.-21. The EnOB Symposium 2014 with the topic “Innovations in the new-build and
refurbishment sectors” takes place in Essen. The E.ON Energy Research Center was present with several topics.
Girl‘s Day

27.

E.ON ERC hosted the Girls‘ Day. A group of 13 young girls from different
schools around Aachen and the sourrounding area attended work-shops in
our five different institutes.

29.

After reaching the third place last year, the E.ON Energy Research Center
indoor soccer team ranked third at the RWTH Indoor Soccer Cup again.

04.

The new E.ON Energy Research Center Annual Report 2014 is available as a
printed and online.
Indoor Soccer Cup

April
02.-04. The 7th Annual Meeting and Scientific Advisory Board Meeting of the E.ON
Energy Research Center took place. The topic was: “Innovation and Energy
Markets”.
15.

E.ON ERC Colloquium: 							
Fereidoon P. Sioshansi, Ph.D from Menlo Energy Economics California, USA,
gave a presentation about “The Impact of Distributed Generation on Utility
Business Models: How Imminent, How Serious?”.
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Annual Meeting

May
14.

E.ON ERC Colloquium: 						
Mareike Schenk and Christop Loef gave a workshop about the Issue “Patentwesen” in the context of the E.ON Energy Research Center.

Juni
Summer Party and Barbecue

24.

Summer Party and Barbecue at E.ON ERC.

July
04.

Central Office has a workout to the Zoo in Cologne.

31.

René an Voort left the E.ON ERC ICT.

August
RWTH Fellow award

18.

Markus Maria Schmitz joins E.ON ERC ICT as a trainee.

Septemper
23.-24.

E.ON ERC Colloquium: 						
Dennis Brinckmann presented his master thesis at PGS on “Explorative
analysis of scenarios for wind energy in Germany based on a visionary view of
the energy supply system”. Markus Plewnia closed the PGS colloquium by his
master thesis presentation on “The impact of flexibilization measures on the
operation of conventional power plants”.

October
01.

“Wissenschaftsnacht 5 vor 12“

Michèle Müller left the E.ON ERC Administration.

November
11.

Professor De Doncker receives RWTH Fellow award.

14.

E.ON ERC attended “Wissenschaftsnacht 5 vor 12” for the fourth time.

Dezember
E.ON ERC Christmas Party

12.

E.ON ERC Christmas Party.
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ACS Institute for Automation of Complex
Power Systems

Preface
It is amazing how every year at E.ON ERC brings so many good news. The first and
main highlight of 2014 occurred in January, when we started the merge with the Chair
for Operating Systems (Lehrstuhl für Betriebssysteme). I consider this process the most
important strategic achievement we’ve reached this year.
There are many reasons for this statement. The most important is about people: ACS has
been enriched with new members, in particular Dr. Stefan Lankes, who has brought a new
way of thinking in our Institute. This has quite an impact, because for us, the Automation
of Complex Power Systems is a very interdisciplinary challenge, at the crossroad between
Energy and ICT. One point of view alone is not enough to tackle this challenge, which
instead requires daily interaction of researchers of both domains. This is what we have
now at ACS and I believe I can claim this is really unique for our Institute.
The results have not been slow in coming. Our partners in the projects have recognized
immediately that ACS can contribute to research in a way that is quite unique. In our
laboratory we can apply approaches that are really difficult to replicate elsewhere. A good
example is the project, funded by our internal foundation, and called SCoOP (Smart City
OPerating system), in which we are creating an innovative laboratory where Future Internet
Technology meets Energy Systems. This is a very good example of interdisciplinarity
among power engineering, mechanical engineering (thanks to EBC) and ICT.
But 2014 has been also an important year for our funding scheme. It is the first year when
calls for Horizon 2020 have been opened. So far we could not have done better: after only
one year we are already in three successful Consortia.
The first of these Consortia is called ELSA and it deals with ICT solutions enabling
local multi-energy storage. I am particularly happy of how this project was born from
the collaborations with partners such as Bouygues Energy Services, United Technology
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Research Center Ireland and Engineering Ingegneria Informatica, which are already our
partners in other EU projects. It is for us the best outcome when industry sees the value
of a continuing collaboration with us.
The second project, IN2RAIL, is a good continuation of our experience in the railway
domain started with MERLIN in FP7. Again, it is rewarding for us to see that ACS is a
partner invited to join in follow up projects.
Last but not least comes FLEXMETER, which has been our first H2020 funded project
and also the opportunity to start collaborations with new partners, such as Politecnico
di Torino and the JRC, the research center of the European Commission. In parallel our
current 5 FP7 projects are running very well. I would like to mention in particular FINESCE,
probably the project with the highest visibility where ACS has the technical management,
and COOPERaTE, the project where I am acting as Coordinator. In general I am also very
pleased with the teaming effort with all our partners around Europe.
More projects proposals are currently under review. I am looking forward to report more
good news in this area next year. Our network of collaborations has been growing
significantly also at national level. First of all, 2014 has been the year of the official
start of the Forschungscampus initiative. After one year of preparation, we are now
fully operational. I am fascinated by this completely new way of doing research: we are
learning day by day the endless opportunities opened by this new funding schema. Most
important, the closest link to industry is a key element for any engineering research. While
the Medium Voltage consortium is already up to speed, 2015 will be the year of the
Low Voltage consortium. But Forschungscampus is not the only great result. Many other
projects funded in the schemes of the Ministry of Economy (BMWi) and Education (BMBF)
created new fantastic research opportunities for ACS.

Director ACS
Univ.-Prof. Antonello Monti, Ph.D.
T +49 241 80 49700
amonti@eonerc.rwth-aachen.de

On the industrial side, I am particularly happy about our collaboration with Ericsson. The
experiment performed in our lab evaluates if and how the next generation of wireless
networks, the so-called 4G under deployment right now, fulfills the need of the energy
system. This work is something really unique that can happen only in Aachen, thanks
to the co-presence of our University and of Eurolab research center from Ericsson. Our
academic results too have been extremely positive this year.
Our publication rate has been dramatically improving this year, while the outlook for next
year is even better. Furthermore, three more assistants earned their doctoral degree
bringing the number of ACS Alumni to 6. Out of them, 5 have obtained an academic
position, 3 of which being selected as professors in foreign institutions. All these positive
results brought a further growth of our Institute. ACS is now larger than I could ever
imagine at the beginning of my adventure at RWTH.
This is a fantastic outcome that also brings challenges. In our last strategy meeting, at
the end of 2014, a new organizational structure for the Institute has been discussed and
is being implemented.

apl. Professorin Dr. Ferdinanda Ponci
T +49 241 80 49700
fponci@eonerc.rwth-aachen.de

I also expect 2015 to be the year in which our joint initiative with EBC, SENSE, will take off
to become a great reality in the landscape of our university: more projects are expected
to come enriching our experience in city quarters energy management. 2015 will also be
the year of the official release final document of the VDE task force on Smart City that I
have had the pleasure to coordinate in the last two years also thanks to the tremendous
support of Ivelina Stoyanova and Michael Diekerhof.
We start 2015 with a new of way working that will make all our internal processes
smoother and more effective. I want to take this opportunity to thank all the people
who play a leading role in this structure: Prof. Ferdinanda Ponci, Mrs. Bettina Schäfer,
Dr. Stefan Lankes, Dr. Alexander Helmedag, Dr. Antonino Riccobono and Mrs. Nicole
Bielders. Thank you all for your good work and I am looking forward to a new year of
working together for that great challenge called Energiewende.
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Research Projects
Investigating LTE for Distributed Automation and Wide
Area Monitoring, Protection & Control
As contribution to the EIT project LTE4SE (LTE for Smart Energy), an investigation of
the potential use of LTE network (4th generation wireless) for power system operation
and control is performed jointly with the partner Ericsson GmbH. Two scenarios will
demonstrate if LTE can prioritize the energy communication traffic under network overload
conditions. The first scenario is the remote control of a wind farm using the IEC61850
MMS messages, the second scenario is Wide Area Protection with IEC61850 GOOSE
messages.
This project is funded by EIT ICT Labs under activity 14145, LTE 4 Smart Energy.

Abhinav Sadu, M.Sc.
T +49 241 80 49743
asadu@eonerc.rwth-aachen.de

New Monitoring Approach for Distribution Systems
A novel monitoring solution for distribution systems, based on a scalable, data-driven
approach, is in development. The distribution system is divided into sections, which
are estimated separately. The object of the estimation is the voltage magnitude at all
nodes, as this is the relevant variable for most applications, rather than the complete
system state. The use of a data-driven technique enables estimation in real-time with only
few measurements at MV and LV levels and without using a model of the system. The
implementation is designed for ready, inexpensive deployment in existing substations.

Mohsen Ferdowsi, M.Sc.
T +49 241 80 49732
mferdowsi@eonerc.rwth-aachen.de
Padraic McKeever, M.Sc.
T +49 241 80 49736
pmcKeever@eonerc.rwth-aachen.de

A Platform for Testing Monitoring Systems for Power
Systems
Monitoring systems for power grids include sensors, measurement units, time
synchronization units, a communication infrastructure, data concentrators and monitoring
applications. A testing platform has been realized, in the ACS Lab, to assess the
influence of individual parts on the total performance of the monitoring system and to
test the interoperability of components. The power system is simulated in RTDS, and
the calculated variables, used as measurands, are sent to the monitoring system with
industrial protocols (GOOSE, MMS). The platform includes the measurement collection
and storage for processing via monitoring applications, such as state estimators.

Andrea Angioni, M.Sc.
T +49 241 80 49737
aangioni@eonerc.rwth-aachen.de
Abhinav Sadu, M.Sc.
T +49 241 80 49743
asadu@eonerc.rwth-aachen.de

An Embedded Solution for Multi-Agent Control of
Power Electronic Systems
The optimal use of available energy via coordination of distributed resources challenges
the centralized system control. As distributed agents are instead a viable technology, we
are developing a Multi-Agent solution implemented in embedded hardware, to control the
converters that interface distributed resources to the grid.

Artur Löwen
T +49 241 80 49730
aloewen@eonerc.rwth-aachen.de

FaST - Find a Suitable Topology for Exascale Applications
FaST is a research project funded by the BMBF dealing with the process placement in HPC
clusters. It is assumed that the current trend in hardware development will continue, i.e.
the CPU performance will grow considerably faster than the I/O performance. To prevent
these resources from becoming a bottleneck, FaST develops a new scheduling concept

Dr. rer. nat. Stefan Lankes
T +49 241 80 49740
slankes@eonerc.rwth-aachen.de
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based on monitoring the system resources and locally adapting the distribution of the jobs
by means of process migration. The effectiveness of the concept will be demonstrated in
a prototype implementation using applications like LAMA and mpiBLAST.
We gratefully acknowledge the financial support of BMBF (Federal Ministry of Education
and Research) under promotional reference 01IH13004.

Simon Pickartz, M.Sc.
T +49 241 80 49711
spickartz@eonerc.rwth-aachen.de

Geographically Distributed Real-Time Simulation of
Power Systems
In this project we develop a geographically distributed simulation platform to operate two
remote real-time digital simulators, in particular OPAL-RT (located at SINTEF, Norway) and
RTDS (located at ACS, Germany) in real-time co-simulation. This new methodology for
numerical simulation of large-scale power systems integrates remote simulation resources
to meet computational requirements. Furthermore, it enables remote testing of devices
by integrating hardware in the loop in this platform. Simulation of an off-shore wind farm
interacting with the main grid will be the main demonstrator.
We gratefully acknowledge the financial support of the project “Protection and Fault
Handling in Offshore HVDC Grids“ (ProOfGrids), nr. 215942, by the Research Council
of Norway under the program Renergi - Knowledge-building Project for Industry (KPN).

Marija Stevic, M.Sc.
T +49 241 80 49726
mstevic@eonerc.rwth-aachen.de

Simulation Platform to Validate a Cloud-based Virtual
Power Plant
The real-time simulation framework developed in the project FINESCE enables realistic
testing and validation of a Cloud-based Virtual Power Plant (VPP). The Cloud-based VPP
coordinates Distributed Energy Resources (DERs) within a power system, all simulated
with a Real-Time Digital Simulator (RTDS). To provide communication between the
VPP platform and the DERs, the infrastructure of the ACS laboratory is extended with a
gateway that enables data exchange between the FI-WARE Cloud platform of the VPP
and RTDS, where the DERs are simulated.
This project is funded by the European Union’s Seventh Framework Programme for research, technological development and demonstration under grant agreement no. 604677.

Nicolas Berr, M.Sc.
T +49 241 80 49716
nberr@eonerc.rwth-aachen.de
Marija Stevic, M.Sc.
T +49 241 80 49726
mstevic@eonerc.rwth-aachen.de

Developing the Railway Energy Management System
(REM-S)
The FP7 MERLIN project develops and demonstrates the viability of an integrated REM-S
for more sustainable and optimized energy usage in European electric mainline railway
systems. The new hybrid centralized-decentralized REM-S architecture, links intelligent
digital substations to the Energy Management System in the control center, to realize
coordinated day-ahead and minute-ahead optimization of energy usage. The architecture
is developed on the SGAM framework, using existing technologies and standards and
guiding their future harmonization.
This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
314125.
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Sara Khayyamim, M.Sc.
T +49 241 80 49723
skhayyamim@eonerc.rwth-aachen.de

Multi-Agent Driving Range Prediction and Energy
Optimization for Electric Vehicles
Today’s driving range of electric vehicles is very limited. This issue is addressed by ACS in
the project RACE by utilizing the available energy at best. To this aim, we have developed
an intelligent prediction and energy management system to be installed on board to
extend the driving range. This system must be safe, reliable and highly efficient. To meet
all these requirements, we designed it based on Multi-Agent technology. Results show
that a driving range extension of 40 % can be achieved.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economics
and Technology) under promotional reference 01ME12007.

Dipl.-Ing. Timo Isermann
T +49 241 80 49731
tisermann@eonerc.rwth-aachen.de

Load Types and their Challenges to Stability
This project investigates the influence of control bandwidth on the stability of a power
system with DC sources and loads interfaced through power electronic converters. The
tight control of a converter makes it behave like constant power load (CPL) type, which
may cause instability of the bus voltage. However, load types with other characteristics
may cause the minimum stability margin to occur at an operating point different from that
of the CPL case.

Dipl.-Wirt.-Ing. Marco Cupelli
T +49 241 80 49715
mcupelli@eonerc.rwth-aachen.de

Development of a Platform for Hardware-in-the-Loop
Testing of Microgrids
In this project we have combined power-HIL (PHIL) and signal-HIL (SHIL) into one
comprehensive platform. This platform is designed for testing the system level controller
Energy Management Systems (EMS) and hardware controllers in SHIL, together with
power converters and loads at power level in PHIL. This universal platform not only can
test the individual components of a microgrid but also their performance as a system.

Jing Wang, M.Sc.
T +49 241 80 49718
jwang@eonerc.rwth-aachen.de

An Efficient Method for Probabilistic Load Flow
Analysis
In this project, a method is developed for probabilistic load flow (PLF) analysis to efficiently
incorporate existing and emerging uncertainty sources, particularly those arising from
load demand and renewable generation. This probabilistic load flow analysis combines
stochastic response surface method (SRSM) and traditional deterministic load flow
calculation. Hence it achieves computational and analytical efficiency, whilst maintaining
high accuracy, compared with Monte Carlo simulation (MCS) and analytical approaches.
Furthermore, this method is widely applicable to both transmission and distribution
networks.

Fei Ni, M.Sc.
T +49 241 80 49727
fni@eonerc.rwth-aachen.de
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Scientific peer reviewed journals
J. Liu, F. Ponci, A. Monti, C. Muscas, P.A. Pegoraro, S. Sulis, “Optimal Meter Placement
for Robust Measurement Systems in Active Distribution Grids“, IEEE Transactions on
Instrumentation and Measurement, Volume: 63, Issue: 5, Publication Year 2014, Pages:
1096-1105.
A. Helmedag, T. Isermann A. Monti, “Fault Ride Through Certification of Wind Turbines
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J. Wang, Y. Song, W. Li, L. Guo, A. Monti, “Development of a Universal Platform for
Hardware In-the-Loop Testing of Microgrids”, IEEE Transactions on Industrial Informatics,
Volume: 10, Issue: 4, 2014, Pages: 2154-2165.
M. Cupelli, L. Zhu, L. A. Monti, “Why Ideal Constant Power Loads Are Not the Worst Case
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Scientific peer reviewed conference proceedings/papers
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Instrumentation and Measurement Technology Conference (I2MTC), Pages: 625-630.
M. Ferdowsi, A. Loewen, P. McKeever, F. Ponci, A. Monti, “New Monitoring Approach
for Distribution Systems”, IEEE 2014 International Instrumentation and Measurement
Technology Conference (I2MTC), Pages: 1506-1511.
C. Muscas, M. Pau, P. A. Pegoraro, S. Sulis, F. Ponci, A. Monti, “Two-Step Procedures for
Wide-Area Distribution System State Estimation”, IEEE 2014 International Instrumentation
and Measurement Technology Conference (I2MTC), Pages: 1517-1522.
I. Stoyanova, M. Biglarbegian, A. Monti, “Cooperative Energy Management Approach
for Short-term Compensation of Demand and Generation Variations”, 8th Annual IEEE
Systems Conference (SysCon) 2014, Pages: 559-566, March 31 2014 - April 3 2014.
T. Schloesser, S. Stinner, A. Monti, D. Müller, ”Analyzing the impact of Home Energy
Systems on the electrical grid”, 18th Power Systems Computation Conference (PSCC)
2014, August 18-22, 2014, Pages: 1-7.
A. Sadu, A. Angioni, J. Liu, F. Ponci, A. Monti, “A platform for testing monitoring systems
for the power distribution grid”, IEEE Workshop on Applied Measurements in Power
Systems (AMPS) 2014, Pages: 92-98.
M. Ferdowsi, B. Zargar, F. Ponci, A. Monti, “Design considerations for artificial neural
network –based estimators in monitoring of distribution systems”, IEEE Workshop on
Applied Measurements in Power Systems (AMPS) 2014, Pages: 115-121.
M. Ferdowsi, A. Monti, F. Ponci, G. Fathi, ”Demand side management verification system
for electric vehicles”, IEEE Workshop on Applied Measurements in Power Systems
(AMPS) 2014, Pages: 149-155.
A. Benigni, H.L. Ginn, A. Lowen, F. Ponci, A. Monti, “An embedded solution for multiagent control of PEBB based power electronic systems” IEEE International Workshop on
Intelligent Energy Systems (IWIES) 2014, Pages: 12-17.
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Pages: 1-6.
J. Schiefelbein, A. Javadi, M. Diekerhof, R. Streblow, D. Müller, A. Monti, ”GIS supported
city district energy system modeling”, 9th International Conference on System Simulation
in Buildings (SSB) 2014, Pages: 1-17.
T. Isermann, S. Sester, A. Monti, ”A Multi-Agent Based Energy Management System
for Electric Vehicles”, IEEE Vehicle Power and Propulsion Conference (VPPC) 2014,
Spreading E-Mobility Everywhere, October 27-30, 2014, Pages: 1-6.
J. Wang; Y. Song, A. Monti, “A study of feedforward control on stability of grid-parallel
inverter with various grid impedance” IEEE 5th International Symposium on Power
Electronics for Distributed Generation Systems (PEDG) 2014, Pages: 1-8.
M. Diekerhof, S. Vorkampf, A. Monti, “Distributed Optimization Algorithm for Heat Pump
Scheduling” 2014 5th IEEE PES International Conference and Exhibition on Innovative
Smart Grid Technologies (ISGT Europe), October 12-15 2014, Page: 1-6.
P. Gugale, J. Wang, B. Alt, H. Müller, A. Monti, ”Development of Network Dimensioning
Guidelines for Renewable Island” 2014 5th IEEE PES International Conference and
Exhibition on Innovative Smart Grid Technologies (ISGT Europe), October 12-15 2014,
Pages: 1-6.
M. Cupelli, M. Moghimi, A. Riccobono, A. Monti, “A Comparison between Synergetic
Control and Feedback Linearization for stabilizing MVDC Microgrids with Constant Power
Load”, 2014 5th IEEE PES International Conference and Exhibition on Innovative Smart
Grid Technologies (ISGT Europe), October 12-15 2014, Pages: 1.
I. Stoyanova, M. Biglarbegian, A. Monti, “Cooperative energy management approach for
short-term compensation of demand and generation variations”, 8th Annual IEEE Systems
Conference (SysCon), 2014, Pages: 559-566.
J. Wang, D.D. Konikkara, A. Monti, ”A generalized approach for harmonics and
unbalanced current compensation through inverter interfaced distributed generator”, IEEE
5th International Symposium on Power Electronics for Distributed Generation Systems
(PEDG), 2014, Pages: 1-8.
S. Pickartz, P. Reble, C. Claus, S. Lankes, “SWIFT: A Transparent and Flexible
Communication Layer for PCIe-Coupled Accelerators and (Co-)Processors”, Parallel
& Distributed Processing Symposium Workshops (IPDPSW), 2014 IEEE International,
Pages: 371-380.
S. Repo, F. Ponci, D. Della Giustina, “Holistic View of Active Distribution Network and
Evolution of Distribution Automation”, IEEE PES ISGT Europe 2014 Innovative Smart Grid
Technologies, October 13-15 2014, Istanbul, Turkey, Pages: 1-6.
I. Stoyanova, A. Monti, R. Speh, ”Modulares Konzept für die Modellierung, Simulation und
Optimierung von Smart Cities“, VDE-Kongress 2014, Frankfurt.

62 | ACS | Selected Publications

Books and chapters
Chapter “Electric Power Systems”, Pages 31-66, authors A. Monti, F. Ponci
Book title: “Intelligent Monitoring, Control, and Security of Critical Infrastructure Systems”
Series: Studies in Computational Intelligence, Volume: 565, Elias Kyriakides, Marios
Polycarpou, (Eds.) 2015, XII, 359 p. Springer Verlag.
Chapter “Migration Techniques in HPC Environments”, authors: S. Pickartz, R. Gad, St.
Lankes, L. Nagel, T. Süß, A. Brinkmann, St. Krempel
Book titel: Euro-Par 2014, Parallel Processing Workshops, Volume: 8806, Pages: 486497, Springer Verlag.
Editors: Luís Lopes, Julius Žilinskas, Alexandru Costan, Roberto G. Cascella, Gabor
Kecskemeti, Emmanuel Jeannot, Mario Cannataro, Laura Ricci, Siegfried Benkner,
Salvador Petit, Vittorio Scarano, José Gracia, Sascha Hunold, Stephen L. Scott, Stefan
Lankes, Christian Lengauer, Jesús Carretero, Jens Breitbart, Michael Alexander,
Book title: Euro-Par 2014: Parallel Processing Workshops, Euro-Par 2014 International
Workshops, Porto, Portugal, August 25-26 2014, Revised Selected Papers, Part II,
Volume: 8806, Springer Verlag.
Editors: Luís Lopes, Julius Žilinskas, Alexandru Costan, Roberto G. Cascella, Gabor
Kecskemeti, Emmanuel Jeannot, Mario Cannataro, Laura Ricci, Siegfried Benkner,
Salvador Petit, Vittorio Scarano, José Gracia, Sascha Hunold, Stephen L. Scott, Stefan
Lankes, Christian Lengauer, Jesús Carretero, Jens Breitbart, Michael Alexander,
Book title: Euro-Par 2014: Parallel Processing Workshops, Euro-Par 2014 International
Workshops, Porto, Portugal, August 25-26 2014, Revised Selected Papers, Part I,
Volume: 8805, Springer Verlag.
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Chronicle
January
Prof. Monti and Padraic McKeever participate in the workshop on smart grid requirements
on communication for 5G.
Prof. Monti and Sara Khayyamim participate in a workshop on EU FP7 project MERLIN.
Evelyne Simon joins the institute to support the ACS office.
Stefano Lissandron joins ACS for a research stay of nine months.
Prof. Zhaohui Gao starts her twelve month stay at ACS as a visiting scholar.
Prof. Ponci starts a new term as elected AdCom member of the IEEE Instrumentation and
Measurement Society.

February
A workshop for EU FP7 project COOPERATE is held in Aachen.
The EU FP7 project GEYSER holds a project meeting in Zürich with participation of Prof.
Monti and Marco Cupelli.
Prof. Monti and Sara Khayyamim present the project MERLIN at the Railway Working
group of DKE.
Prof. Monti and Ivelina Stoyanova participate at the VDE task force Smart City meeting
in Frankfurt.

March
Prof. Monti serves as external member of Ph.D. dissertation defense Committee at the
Ecole Centrale de Paris.
The general meeting of EU FP7 project FINESCE is held in Madrid with the participation of
ACS as Technical Management of the project and research representatives.
The general meeting of EU FP7 project Cooperate is held in Manchester with ACS
participation as Coordinator of the project and research representatives.
Bettina Schäfer and Alexander Helmedag participate in the industry workshop on the
Center for Wind Power Drives (CWD) held in Aachen on RWTH Campus.
Prof. Monti attends the Grid+ Meeting in Brussels and presents “FINESCE”.
Stefan Lankes, Simon Pickartz, Nicolas Berr and Jan Heiducoff join the institute.
ACS graduate Dr. Junqi Liu leaves the institute to work in industry.
Tomoyuki Hatakeyama from Hitachi joins ACS as guest researcher for one year.
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Bowling Event

Prof. Ponci participates in the Advisory Board of the project INCREASE, sponsored by the
EU 7th Framework Programme.
Antonino Riccobono and Andrea Angioni participate to a three day IDE4L project meeting
in Stockholm.

April
Prof. Monti visits the Joint Research Council Facilities of the European Commission in
Petten (NL).
Prof. Monti, Padraic McKeever and Mohsen Ferdowsi attend ECFI in Brussels in support
of FP7 project FINESCE. Prof. Monti gives a talk in the Energy Session.
The yearly E.ON ERC Annual Meeting takes place on April 3rd and 4th with the focus on
“Innovation and Energy Markets”.

Annual Meeting

Prof. Monti gives a Seminar on Future Grids at FH Aachen in Jülich.
Prof. Monti serves as External Committee Member of a Ph.D. dissertation defense at TU
Eindhoven (NL).
Prof. Monti attends the Smart Grid Summit in Malaga and presents the FP7 project
“FINESCE”.

May
The EU FP7 project FINESCE holds the First Year Review in Malmö with participation of
Prof. Monti and Padraic McKeever.
The Forschungscampus for Flexible Electrical Networks is visited by the reviewers
from University Kassel (Prof. Braun) and TU Ilmenau (Prof. Westermann) as well as
representatives from Siemens and Projektträger Jülich.
Prof. Monti and Marco Cupelli attend the General Meeting of EU FP7 Project GEYSER in
Dublin.
Prof. Monti, Ivelina Stoyanova and Michael Diekerhof participate in the VDE task force
Smart City meeting in Frankfurt.

June
Prof. Monti, Bettina Schäfer and Marija Stevic visit the EDF R&D lab close to Paris.
The General Meeting of the EU FP7 project FINESCE is held in Aachen.
Prof. Monti, Padraic McKeever and Bettina Schäfer attend the Ericsson Innovation day,
where Prof. Monti runs a creative session on smart grids.
Sara Khayyamim attends the FP7 project MERLIN Conference in Antwerp.

Grill Party

Abhinav Sadu joins the institute as research assistant.
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Prof. Ponci participates in the Kick-off meeting of the new E.ON Stipendienfonds
scholarship programme for energy sciences, in Essen.
Antonino Riccobono and Andrea Angioni participate to a two day workshop series of the
FP7 project IDE4L in Barcelona.

July
Prof. Monti, Ivelina Stoyanova and Michael Diekerhof participate in the VDE task force
Smart City meeting in Frankfurt.
Junjie Tang successfully defends his Ph.D. dissertation.
Moein Manbachi joins the institute for six months as a guest researcher.
ACS Summer BBQ at Prof. Monti’s place.

Defense Junjie Tang

August
Dr. Lankes is co-organizer of the 2nd Workshop on “Runtime and Operating Systems for
the Many-core Era“ (ROME 2014).
Simon Pickartz presents the talk “Migration Techniques in HPC Environments” at the 9th
Workshop on Virtualization in High-Performance Cloud Computing (VHPC’14).

September
ACS hosts the 5th IEEE International Workshop on Applied Measurements for Power
Systems (AMPS 2014). You can find further information at http://amps2014.ieee-ims.org/
front. AMPS 2015 is in preparation in Aachen.
Jonas Otten joins the institute as trainee for mathematical-technical SW development.
Prof. Monti and Mrs. Schäfer participate to the second workshop on Low Voltage as part
of the activities of the Forschungscampus FEN.
Prof. Ponci participates to E.ON Stipendienfonds Jubilee and Alumni Meeting “30 Years
Future“, in Berlin and presents the engineering view on “Observations on Transformation:
Continuity and Change”.
Publication of book chapter “Electrical Power Systems” by Prof. Monti and Prof. Ponci,
in “Intelligent Monitoring, Control, and Security of Critical Infrastructure Systems”, Editors
Elias Kyriakides, and Marios Polycarpou, Springer 2014.

October
Tommaso Caldognetto joins ACS as a guest researcher for six months.
Asimenia Korompili and Baptiste Feron join the institute as research assistants.
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Soccer tournament

Prof. Ponci participates in the Administration Committee of the IEEE Instrumentation and
Measurement Society in Stresa.
Prof. Monti participates in the first review of the FP7 Project GEYSER in Brussels.
Prof. Monti, Ivelina Stoyanova and Michael Diekerhof participate in the VDE Kongress in
Frankfurt presenting two papers and chairing two sessions.
The kick-off meeting for BMBF funded project “PV-KWK” takes place with partners EBC
and the companies SMA and Vaillant, takes place in Kassel.

Run event in Aachen

Antonino Riccobono and Andrea Angioni participate to a three day meeting and workshop
series for IFP7 project IDE4L in Copenhagen.
The ACS running team participates in the “Aachener Firmenlauf”.

November
Alexander Helmedag successfully defends his Ph.D. dissertation.
Prof. Monti and Dr. Riccobono attend the Utility Week in Amsterdam and present 4 EU
Projects of ACS in different sessions.
The test field in Malmö, as part of the project FINESCE, is listed as success story for
Future Internet Technology. This test field is a collaboration of ACS and EBC with E.ON
Sweden.

Defense Alexander Helmedag

Prof. Monti organizes and attends the third review of the EU Project FINESCE in Aachen.
Prof. Monti serves in Helsinki as Reviewer of the Finnish program for Smart Grids SGEM.
Prof. Ponci participates to the E.ON Stipendienfonds committee meeting for selecting the
new round of grantees.
Dr. Junjie Tang leaves the institute for a position as lecturer at the School of Electrical
Engineering, Chongqing University, China.

December

ACS Strategy day

Flavio Costa joins the institute as guest researcher for a duration of one year.
Fei Ni successfully defends her Ph.D. dissertation.
Prof. Monti and Padraic McKeever attend the FP7 FINESCE General Meeting in Horsens
(Denmark).
ACS Strategy meeting is held at RWTH Humboldt Haus.

Defense Fei Ni
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EBC Institute for Energy Efficient Buildings
and Indoor Climate

Preface
Another year has passed, and it is time for writing a new preface for our annual report. This
is always a welcome opportunity to reflect on the past year and to think about important
issues lying ahead. One notable change in this year’s report is that we no longer introduce
all of the Institute’s projects. Instead, we focus on selected highlights and look back at the
major events of the past year. All colleagues at E.ON ERC agreed that a portable annual
report cannot present all ongoing projects in detail and that we have to summarize the
major research areas of our center.

Contact

What‘s new at the EBC? In 2014, more than 40 members of our scientific staff worked
on many new and some familiar research topics in the field of heating and air conditioning
systems. Here, the main focus of our work has shifted further towards a decentralized
power supply. In these projects, we no longer search for the optimal solution for a single
building. Rather, a greater number of buildings, an entire community or a mixed “Industrial
& Living” area has to be analyzed and optimized. This clearly shows that the system
boundaries of our work have been shifted dramatically.

T +49 241 80 49760
F +49 241 80 49769
post_ebc@eonerc.rwth-aachen.de

Of course, new buildings will continue to use less and less energy. Some buildings even
produce more energy than they will actually need throughout the year. Storing and using
self-generated electricity is becoming increasingly attractive, leading to new solutions for
our building energy systems. Here, heat pumps and battery technology will be on the
agenda in the years ahead. Well-insulated residential buildings consume only very little
energy today, and even less tomorrow. That is why we also need to think about whether
these buildings still need a hydraulic system for heat distribution. Perhaps they can be
heated more economically by residential ventilation systems and electrical surface heating.
When we look at our existing building stock, it quickly becomes clear that we will not be
able to simply insulate all building envelopes. Many facades are protected by law, and
they are the faces of our cities. In these cases, it is important to preserve the building
fabric and to use supply systems with less primary energy demand. It would also require
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a fortune to fully retrofit all buildings towards very low energy consumption during the
next 20 or 30 years. If we were to renovate all buildings on our university campus, that
project itself would cost more than one billion euro. This example clearly shows that other
solutions are needed. Instead of analyzing each building separately, we need innovative
concepts for entire neighborhoods!
What is the benefit of a decentralized energy supply for our building stock? It is certainly
true that large-scale power plants can achieve higher efficiency than smaller energy
conversion units. Additionally, large-scale power plants can burn solid fuels such as coal
and biomass easily without causing high urban emission levels. The main advantage of
operating energy conversion units at local level is a better use of waste heat. Waste heat
appears to a considerable extent in almost any form of energy conversion. In central
power plants, waste heat can only be used in conjunction with a district heating network.
If a district heating system is not available, waste heat is dissipated to the environment
through cooling towers. If many smaller energy conversion units operate in an urban
environment, waste heat can be used locally to cover the heat demand of one or more
buildings. In summer, it is also possible to provide cooling energy via sorption technology.
We can therefore use any kind of fuel more efficiently. Aside from the relief of the electricity
grid, this is the main advantage of a decentralized energy supply.
Small energy conversion units can also be easily connected to local energy storages:
simple water storages, latent heat storages and chemical storages. Alternatively we can
use the already existing building masses for free. These small-scale storages add up to a
large storage capacity that can be used locally or centrally like a virtual power plant. This
storage capacity can make a significant contribution to the integration of renewables into
our today’s and future energy system.

Director EBC
Univ.-Prof. Dr.-Ing. Dirk Müller
T +49 241 80 49760
post_ebc@eonerc.rwth-aachen.de

Sun and wind do not follow a predetermined power load curve. Rather, we need to adapt
to the power production characteristics of photovoltaic systems and wind turbines. In
case of a power shortage, we can shut off heat pumps and turn on our combined heat
and power generation units. In case of excess electricity, we can enable the operation of
heat pumps and direct electrical heaters. This demand-side management leads to more
flexibility in usage and needs to be considered in addition to the desired improvements
in energy efficiency. This example also shows that we will need more information and
communication technology in building supply systems.
I am very grateful that we are an active part of these fundamental changes in our energy
system through public and industry-funded projects. Many of these projects require
intensive energy systems simulations. In 2014, we published our open source Modelica®
library “AixLib” for the detailed modeling of building physics and HVAC systems. This
ensures an ongoing development process and will lead to new research collaborations.
But I am very pleased that, in addition to the many simulation issues, we also have some
other projects that deal with real machines and equipment. Engineers need real hardware!
In 2014, we built a small research house on the “Forschungszentrum Jülich” campus.
We have been busy with a new ventilation concept for aircraft cabins, developed tests of
air handling units with heat recovery, and invented new types of radiators and measuring
instruments. Even our own building provides us with new tasks every day. Even though
we have been optimizing its control system for many years, we continue to be amazed
by the new problems that keep arising in practice! This shows that control technology is a
central theme that deserves much more attention in research. Here, we focus especially
on agent-based control systems that may lead to plug-and-play solutions in the future.
At this point, I would like to express my thanks to my two chief engineers, our administrators,
our software developers and our workshop! And, of course, a special thank you goes to
the scientific staff and all of our students. They are the engine driving our institute, and
their dedication and ideas move us toward new solutions. My thanks also go to the staff of
our research center, our clients and project partners and, of course, E.ON SE for providing
generous support during the past eight years.
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Research Projects
EnEff:Campus – Developing an Integral Planning Tool
In order to evaluate energy flows between multiple buildings, this project aims at
developing an integral approach at city district level. Dynamic simulations and monitoring
data analysis of centralized heat and cold generation, distribution, and consumption allow
for investigations that set different energy efficiency measures into relation. In this context,
especially the interactions between buildings, networks, and supply units are expected
to reveal potential for low-cost energy savings. A scenario analysis aims at identifying
promising combinations of such energy saving actions.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs and Energy), promotional reference 03ET1004A.

EnEff:Campus – Roadmap RWTH Aachen
RWTH Aachen University aims at reducing its primary energy use by 50 % until 2025.
Within this project, an interdisciplinary working group involving research institutes and
university administration creates a roadmap to reach the energy reduction aim at minimum
possible cost. To address this challenge, the working group will develop methods and
tools to systematically improve the efficiency of the university’s energy supply chain and
reduce its energy demand. This planning process will be accompanied by extensive
monitoring of energy flows to ensure the feasibility of the developed roadmap.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs and Energy), promotional reference 03ET1260A.

EnEff:BIM – Modelling and Simulation Based on

Dipl.-Ing. Marcus Fuchs
T +49 241 80 49802
mfuchs@eonerc.rwth-aachen.de
Dipl.-Ing. Moritz Lauster
T +49 241 80 49772
mlauster@eonerc.rwth-aachen.de
Dipl.-Wirt.-Ing. Jens Teichmann
T +49 241 80 49805
jteichmann@eonerc.rwth-aachen.de

Dipl.-Ing. Marcus Fuchs
T +49 241 80 49802
mfuchs@eonerc.rwth-aachen.de
Dipl.-Ing. Moritz Lauster
T +49 241 80 49772
mlauster@eonerc.rwth-aachen.de
Dipl.-Wirt.-Ing. Jens Teichmann
T +49 241 80 49805
jteichmann@eonerc.rwth-aachen.de

Building Information Modeling
In order to simplify the use of simulation models, the aim of the project EnEff:BIM is to
develop and test IT-solutions for automated simulation model generation. Based on data
from a digital Building Information Model (BIM), a dynamic simulation should be performed.
One particular focus is on the simulation of HVAC components. The project EnEff:BIM
is connected to the IEA-EBC Annex 60 Project “Modelica based next-generation tools
for new and existing buildings and communities”. 37 institutes from 16 countries are
participating in this promising project. The project is processed in cooperation with
following partners: E3D (RWTH Aachen University), VPT (Berlin University of the Arts),
BLM (Karlsruher Institute of Technology), Fraunhofer ISE, Fraunhofer IBP and AEC3
Germany GmbH.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs and Energy), promotional reference 03ET1177A.

Dipl.-Ing. Moritz Lauster
T +49 241 80 49772
mlauster@eonerc.rwth-aachen.de
Peter Remmen, M.Sc.
T +49 241 80 49779
premmen@eonerc.rwth-aachen.de

Sustainable Buildings (Boost Fund Project)
In expectation of a growing demand for flexible, multifunctional buildings a decentralised,
modular floor-integrated heating-, ventilation- and air-conditioning-concept is developed.
It offers adaptability to dynamic changing requirements of today’s users and allows any
kind of building usage changes without requiring significant modifications to the building
structure. In this interdisciplinary project EBC cooperates together with the RWTH
institutes STB, IMB, IBAC, IEHK and IFAM to develop a supply system which can be
directly integrated in an innovative wide-span concrete-steel floor system, which is also
being developed as an important component for future flexible buildings.
We gratefully acknowledge the financial support of the RWTH Aachen University Boost
Fund.

Dipl.-Ing. Henryk Wolisz
T +49 241 80 49808
hwolisz@eonerc.rwth-aachen.de
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Follow Up Counter Entropy House
The Counter Entropy House which was presented at the competition “Solar Decathlon
Europe“ in Madrid 2012 has been rebuilt at the campus of Forschungszentrum Jülich.
The house is designed as an energy-efficient residential house, powered entirely by solar
energy.
At the new site, the Counter Entropy House has been equipped with a new modular
control system as well as an energy monitoring system. With the combination of electrical
sources (PV) and an electrical heating system (heat pump), the house can be used as test
site as well as a reference object for smart and grid interactive buildings.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs), promotional reference 0327429F and Institute for Computer Aided Architectual
Design.

Dipl.-Ing. Maximilian Huber
T +49 241 80 49796
mhuber@eonerc.rwth-aachen.de

SYSTEM-of-SYSTEMS that Act Locally for Optimizing
Globally (Local4Global)
This project investigates if the powerful attributes of a natural System-of-Systems can be
transferred into Technical System-of-Systems (TSoS). Local4Global’s ambition is to be
a system that can be embedded in every day operations, produce substantial savings
and Quality-of-Service improvements by using the minimum possible infrastructure and
installation effort. The Local4Global advances will lead to a fully-functional and ready-touse system in the form of an embedded, web-based, “plug-and-play” software system
for generic TSoS, mountable locally to each constituent system of the TSoS. This system
will be deployed and extensively tested and evaluated in two real-life TSoS Use Cases, a
Traffic TSoS Use Case and an Efficient Building TSoS Use Case.
The project consortium consists of the CERTH, Greece, the ETH Zurich, Switzerland, the
RWTH Aachen, Germany, the IK4-TEKNIKER, Spain, the TUC, Greece, the TRANSVER,
Germany and the TUM, Germany.
This project is funded by the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no.
611538.

Roozbeh Sangi, M.Sc.
T +49 241 80 49795
rsangi@eonerc.rwth-aachen.de
Dipl.-Ing. (FH) Thomas Schild M.B.A.
T +49 241 80 49809
tschild@eonerc.rwth-aachen.de

Potential of Combined Heat and Electrical Storage for
Demand Side Management in Private Households
Energy storage in private households is continuously gaining relevance. This is driven by
the strong decrease of power generation costs from PV. Thus it becomes increasingly
interesting for users to consume the produced electricity by themselves. Therefore, it is
essential to enable time shifts between generation and demand. From an economic point
of view, the combined application of thermal storage and batteries is promising, since
self-generated PV electricity can be utilized to cover both, heat and electricity demand.
To find optimal configurations of PV, storage and supply systems, genetic and linear
optimization approaches are coupled with building and battery simulations in this project.
We gratefully acknowledge the financial support of E.ON Technologies.

Dipl.-Ing. Henryk Wolisz
T +49 241 80 49808
hwolisz@eonerc.rwth-aachen.de
Sebastian Zurmühlen, M.Sc.
T +49 241 80 49368
szurmuehlen@eonerc.rwth-aachen.de

Sustainable Refurbishment Options for the Existing
Housing Stock
31 % of the energy in Germany is needed for the heat supply of buildings. It is necessary
to reduce the demand particularly with regard to the building stock. The project assesses
different refurbishment options in residential buildings in two model regions. The project
aims to specify retrofit options for one- and two-family-houses and small apartment
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buildings. These buildings are predominantly privately owned and have a low rate of
building refurbishment.
The project consortium consists of the Institute for Ecological Economy Research,
Berlin, the E.ON Energy Research Center, RWTH Aachen and Brandenburg University of
Technology Cottbus–Senftenberg.
We gratefully acknowledge the financial support of BMBF (German Federal Ministry of
Education and Research), promotional reference 03EK3521C.

Exergy-based

Control

Strategies

for

Dr.-Ing. Rita Streblow
T +49 241 80 49767
rstreblow@eonerc.rwth-aachen.de

Heating,

Ventilation and Air Conditioning Systems
Exergy analysis is a powerful thermodynamic technique for assessing and optimizing the
efficiency of energy systems. This research aims at applying the exergy concept in control
of building energy systems to achieve an exergy-efficient operation. Exergetic evaluation
methods will be defined component-oriented. The innovative approaches will be tested
in the E.ON ERC main building with different heat and cooling supply systems combined
with a detailled monitoring concept.
We gratefully acknowledge the financial support provided by the BMWi (Federal Ministry
for Economic Affairs and Energy), promotional reference 03ET1218A.

Roozbeh Sangi, M.Sc.
T +49 241 80 49795
rsangi@eonerc.rwth-aachen.de

New Energy Concepts for the Shopping Center of the
Future (EffShop)
The high energy consumption of shopping centers, mainly resulting from lighting, shall be
reduced by integration of renewable energy like shallow geothermal systems. Through
monitoring all relevant energy flows in existing shopping centers, a benchmark data base
is created which will be used as validation data for holistic simulations. In order to reduce
the fresh air flow for cooling, air-water systems like active chilled beams with fairly high
supply water temperatures and their impact on the room air flow structures are studied.
The influence on the air quality in terms of odor emission of selling-goods is investigated
as well.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs and Energy), promotional reference 03ET1092B.

Dipl. Wirt.-Ing. (FH) Daniela Hegemann, M.Sc.
T +49 241 80 49773
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Energy-efficient Air Conditioning and Duct Network
Design for New and Existing Buildings
In a joint project with the Hermann Rietschel Institute of TU Berlin, the EBC will undertake
research on energy-efficient air-handling units and air duct networks. The joint project
“Eneff Luft” is conducted in the framework of the 6th Energy Research Program of the
Government and is designed for three years. The EBC will carry out an examination of the
central air-handling units to investigate and optimize the system components to reduce
the air pressure drop.
We gratefully acknowledge the financial support of BMWi (German Federal Ministry of
Economics and Energy), promotional reference 03ET1223B.

Azem Abdul, M.Eng.
T +49 241 80 49791
aazem@eonerc.rwth-aachen.de
Dipl.-Ing. Martin Hoffmann
T +49 241 80 49766
mhoffmann@eonerc.rwth-aachen.de

Development Support for a new Radiator Generation
Radiators are a very common means of delivering the required heat demand into indoor
environments. To gain a better trade-off between material input and heat output, new
ideas for increasing the heat transfer both on the water and on the air side are investigated.
Experimental techniques like visualization of the flow in the ambiance of the radiator,

Dipl.-Ing. Paul Mathis
T +49 241 80 49785
pmathis@eonerc.rwth-aachen.de
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thermography studies and heat delivery measurements together with CFD simulations
help to understand the complex physical processes in a radiator and to “work on” new
ideas, like manipulation of the air flow and altering the radiator geometry.
We gratefully acknowledge the financial support of Rettig ICC.

Defrosting Methods for Air Chillers
Air chillers are used in commercial and home refrigeration applications. When removing
heat from humid air, frost will be formed on all surfaces of the heat exchanger that are
cooler than the freezing point of water. These frost layers have a negative effect on
pressure drop and cooling power of the chiller.
In a cooperative study between EBC and the Institute for Heat and Mass Transfer Aachen
(WSA) defrosting methods for energy efficient removal of frost from the heat exchanging
surfaces of the air chiller are investigated in numerical simulations and large-scale
experiments in the new EBC climate chamber.
We gratefully acknowledge the financial support of BMWi (Federal Ministry of Economic
Affairs and Energy) within the scope of IGF venture 18016 N.

Dipl.-Ing. Henning Freitag
T +49 241 80 49777
hfreitag@eonerc.rwth-aachen.de

Energy Efficient Ventilation of Residential and Nonresidential Buildings
For an energy-efficient ventilation of residential and non-residential buildings, ventilation
systems are used with a heat recovery. For the simulation of building physics, the objectoriented programming language Modelica is used. Based on of dynamic calculations with
Modelica, the optimal level of heat recovery for a ventilation system in combination with
three insulation levels should be determined. Within this study a bypass circuit and the
possible freezing of the heat exchanger are also analyzed.
We gratefully acknowledge the financial support of Heinz-Trox-Stiftung.

Azem Abdul, M.Eng.
T +49 241 80 49791
aazem@eonerc.rwth-aachen.de

Optimization of the Sink Management in a Heat Pump
System by Using Advanced Control Methods
EBC studies the management of the heat sink of a heat pump heating system in the
research project “MOSKWA”. An adaptive control algorithm is developed that controls
room temperatures according to the demand. This reduces energy waste. Simultaniously,
the optimal supply set temperature is calculated which allows an energy efficient operation
of the heat pump.
In addition, all parts of this heat pump system are included in a hardware-in-the-loop test
bench. The boundary conditions are emulated using dynamic simulation models. This
allows for the testing of advanced control concepts.
We appreciate the good cooperation with our project partner Vaillant GmbH and
Fraunhofer Institute for Solar Energy Systems. We gratefully acknowledge the financial
support of BMWi (Federal Ministry of Economic Affairs and Energy), promotional reference
03ET1169C.
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Dipl.-Ing. Nina Kopmann
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Smart Heat Pump Systems in Residential Buildings
Air-to-water heat pumps are utilized widely as standard renewable home energy systems
due to its easy installation and short payback period. Future homes may install smart
heat pump system for several reasons, including ambient assisted living, better comfort,
optimized energy cost as well as the possible access to smart grid technologies. A
prediction based management algorithm for the speed-controlled air-to-water heat pump
systems will be developed, which can forecast the future electrical consumption and plan
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the optimal modulation schedule according to the demand response signal. The dynamic
equalization and peak load period forecasting on the smart grid is then possible based on
the demand prediction made by the smart heat pump systems for next few hours.
We gratefully acknowledge the financial support of E.ON gGmbH and industrial partners.

Dynamic energetic Evaluation of Heat Pump Systems
Test procedures for heat pumps usually consider static boundary conditions. The energy
efficiency is analyzed at single operating points. The results differ strongly from those
measured in field tests. In reality, heat pumps operate under various operating conditions
and their efficiency depends on the system layout, the dimensioning of all components
and the system control strategy as well as the unit’s controllability.
In this research project EBC develops dynamic energetic evaluation methods for heat
pump systems based on simulations and Hardware in the Loop testing.
We appreciate the good cooperation with our project partners Dresden University of
Technology and University of Stuttgart. And we gratefully acknowledge the financial
support by the BMWi (Federal Ministry for Economic Affairs and Energy), promotional
reference 03ET1211B.

Dipl.-Ing. Kristian Huchtemann
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Investigation of Flow Structures and Thermal Comfort
in Cabin Environments
The increasing mobility of today’s society leads to increasing requirements of thermal
comfort in cabin environments. Additionally the ventilation and air conditioning systems
providing the thermal comfort often have to fulfill high efficiency demands and low energy
needs. Performing simulations and measurements to analyze the temperature and
velocity fields aided by subject tests help us to develop new ventilation concepts such as
for aircraft and vehicle cabins.

Dipl.-Ing. Kai Rewitz
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Dipl.-Ing. Mark Wesseling
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Comfort Cube – Evaluation of Local Comfort
The evaluation and prediction of local thermal comfort is becoming increasingly important.
Detailed models of thermal comfort try to assess and predict the thermo-physiological
interaction of the human body with its environment. Nevertheless the most common
complaints about HVAC systems are about the temperature being too cold or too hot.
Therefore, a highly modular comfort cube was built and can be mapped to the different
situations where all surface temperatures and the air distribution system can be varied.
Finally, trails of test persons help to evaluate new ventilation concepts.
We gratefully acknowledge the financial support of Airbus Operations GmbH.

Dipl.-Ing. Martin Möhlenkamp
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Selected Publications
Scientific peer reviewed journals
B. Müller, J. Panaskova, D. Müller, W. Horn, O. Jann
“Entwicklungen der Bewertungsmethodik von Gerüchen in Innenräumen”,
Gebäudetechnik, Innenraumklima, Vol. 135, No. 02, pp. 70-82.
G. Hillebrand, G. Arends, R. Streblow, R. Madlener, D. Müller
“Development and design of a retrofit matrix for office buildings”, Energy and Buildings,
Vol. 70, pp. 516-522.
H. Harb, P. Matthes, H. Wolisz, R. Streblow, D. Müller
“Management of electricity and heating demand to match sustainable energy supply”,
REHVA European HVAC Journal, Vol. 2014, No. 5.
J. Fütterer, A. Rothe, D. Müller
“Dynamisierung und Regelung eines Erdsondenfeldes”, HLH: Lüftung, Klima, Heizung,
Sanitär, Gebäudetechnik, Vol. 65, No. 11, pp. 21-24.
J. Panašková, D. Müller, B. Müller
“Olfaktorische Messgrößen für die geruchliche Bewertung von Emissionen aus Bauprodukten”, Gebäudetechnik, Innenraumklima, Vol. 135, No. 02, pp. 60-69.
K. Huchtemann, D. Müller
“Combined simulation of a deep ground source heat exchanger and an office building”,
Building and Environment, Vol. 73, pp. 97-105.
K. Klein, K. Huchtemann, D. Müller
“Numerical study on hybrid heat pump systems in existing buildings”, Energy and
Buildings, Vol. 69, pp. 193-201.
M. Adolph, N. Kopmann, B. Lupulescu, D. Müller
“Adaptive control strategies for single room heating”, Energy and Buildings, Vol. 68,
No. C, pp. 771-778.
M. Adolph, N. Kopmann, D. Müller
“Selbstlernende Einzelraumregelung: ein Feldversuch in Wohngebäuden”, Sanitär- +
Heizungstechnik: SHT, Vol. 79, No. 7, pp. 52-59.
M. Huber, R. Streblow, D. Müller, S. Lange, R. Joneleit
“Funksignalübertragung in Luftleitungen”, HLH: Lüftung, Klima, Heizung, Sanitär, Gebäudetechnik, Vol. 65, No. 7/8, pp. 36-40.
M. Lauster, J. Teichmann, M. Fuchs, R. Streblow, D. Müller
“Low order thermal network models for dynamic simulations of buildings on city district
scale”, Building and Environment, Vol. 73, pp. 223-231.
T. Osterhage, D. Calì, R. Streblow, D. Müller
“Verringertes Einsparpotential bei Wohngebäuden der 50er Jahre: der Rebound-Effekt?”,
Sanitär- + Heizungstechnik: SHT, Vol. 79, No. 8, pp. 69-73.
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Scientific conference proceedings/papers
A. Constantin, R. Streblow, D. Müller, March 2014
“The Modelica House Models Library: Presentation and Evaluation of a Room Model with
the ASHRAE Standard 140”, Proceedings of the 10th International Modelica Conference,
Lund, Sweden.
A. Michalski, J. Fütterer, A. Rothe, March 2014
“Exergetisch optimierte Betriebsführung der Wärme- und Kälteversorgung eines Gebäudes unter Nutzung eines dynamischen Regelungssystems und flexibler Einbindung
eines vollständig überwachten Erdwärmesondenfeldes”, Energieinnovationen in Neubau
und Sanierung: Neues aus der Forschung für mehr Energieeffizienz, Raumkomfort,
Wirtschaftlichkeit und Nachhaltigkeit, Zeche Zollverein, Essen, Germany.
B. Flieger, 2014
“Innenraummodellierung einer Fahrzeugkabine in der Programmiersprache Modelica”,
Aachen/ E.ON Energy Research Center, RWTH Aachen University (2014) [Dissertation].
H. Freitag, C. Kampers, M. Schmidt, D. Müller, July 2014
“A fast laser optical method for the evaluation of the ventilation effectiveness”, The 13th
International Conference on Indoor Air Quality and Climate, Hongkong, China.
H. Freitag, M. Schmidt, D. Müller, H. Koskela, P. Saarinen, P. Mustakallio, October 2014
“Particle image velocimetry measurements of the internal air flow in active chilled beams
[s.l.] (2014)”, Roomvent 2014: 13th SCANVAV International Conference on Air Distribution
in Rooms; new ventilations strategies with base in active and passive technology in
building and for comfort in airplanes, Sao Paulo, Brazil.
H. Harb, T. Schütz, R. Streblow, D. Müller, October 2014
“Adaptive model for thermal demand forecast in residential buildings”, Proceedings of
World SB14, Barcelona, Spain.
M. Huber, A. Constantin, M. Siethoff, R. Streblow, D. Müller, October 2014
“Design and operation of a test bench for Agent based control systems of building supply
systems”, Proceedings of World SB14, Barcelona, Spain.
H. Wolisz, A. C. Albert, D. Pyschny, M. Claßen, R. Streblow, D. Müller, M. Feldmann, J.
Hegger, October 2014
“Floor-integrated HVAC-systems for zonal supply of multifunctional buildings”, World
SB 14: Sustainable Buildings 2014, Barcelona, Spain.
H. Wolisz, C. Punkenburg, R. Streblow, D. Müller, June 2014
“Feasibility and potential of thermal demand side management in residential buildings
considering different developments in the energy market”, 27th International Conference
on Efficiency, Cost, Optimization, Simulation and Environmental Impact of Energy
Systems, Turku, Finland.
H. Wolisz, D. Sepoetro, R. Streblow, D. Müller, May 2014
“Competitiveness and Economic Efficiency of Thermal Energy Storage for Balancing
Renewable Electricity Generation”, Eurotherm Seminar No 99: Advances in Thermal
Energy Storage, Lleida, Spain.
H. Wolisz, H. Harb, P. Matthes, L. Böse, R. Streblow, D. Müller, September 2014
“The new role of night storage heaters in residential Demand Side Management”,BauSIM
2014: Human centred building(s); 5th German-Austrian Conference of the International
Building Performance Simulation Association, Aachen, Germany.
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H. Wolisz, L. Böse, H. Harb, R. Streblow, D. Müller, June 2014.
“City District Information Modeling as a Foundation for Simulation and Evaluation of Smart
City Approaches”, 2014 Building Simulation and Optimization Conference, UCL, London,
UK.
J. Fütterer, A. Constantin, May 2014
“Energy concept for the E.ON ERC main building”, Aachen/ E.ON Energy Research
Center, Vol.4, I.9.
J. Fütterer, S. Henn, M. Schmidt, D. Müller, June 2014
“PID control loop tuning for three-port mixing valves within building energy distribution
systems: application and assessment of different tuning methods under real operation
conditions”, Proceedings of ECOS 2014 - The 27th International Conference on Efficiency,
Cost, Optimization, Simulation and Environmental Impact of Energy Systems, Turku,
Finland.
K. Chen, R. Streblow, D. Müller, May 2014
“Dynamic Design and Validation of Smart-Grid Capable Heat Pump Systems in Residential
Buildings”, Global Advances in Heat Pump Technology, Applications & Markets (11th IEA):
11th International Energy Agency Heat Pump Conference, Montreal, Canada.
K. Rewitz, B. Flieger, M. Wesseling, F. Kemper, D. Müller, June 2014
“Heat Transfer Measurement of Automobile Structural Components”, FISITA 2014 World
Automotive Congress: 35th FISITA Congress, Maastricht, the Netherlands.
K. Rewitz, B. Flieger, M. Wesseling, F. Kemper, M. Schmidt, D. Müller, June 2014
“Wärmedurchgangsmessungen an Fahrzeugteilen”, Wärmemanagement des Kraftfahrzeugs IX : Energiemanagement, Peter Steinberg (Hrsg.) .
M. Hoffmann, T. Horst, D. Müller, October 2014
Developing a mathematical model for droplet distribution in steam humidification systems
Roomvent 2014: 13th SCANVAV International Conference on Air Distribution in Rooms;
new ventilations strategies with base in active and passive technology in building and for
comfort in airplanes, Sao Paulo, Brazil.
M. Huber, S. Rau, R. Streblow, J. Wollert, D. Müller, November 2014
“Lüftungskanäle als Funkstrecke”, 5. Jahreskolloquium “Kommunikation in der Automation
- KommA“, Lemgo, Germany.
M. Lauster, M.-A. Brüntjen, H. Leppmann, M. Fuchs, J. Teichmann, September 2014
“Improving a Low Order Building Model for Urban Scale Applications”, BauSIM 2014:
Human centred building(s); 5th German-Austrian Conference of the International Building
Performance Simulation Association, RWTH Aachen University, Germany.
M. Lauster, P. Remmen, M. Fuchs, J. Teichmann, R. Streblow, D. Müller, March 2014
“Modelling long-wave radiation heat exchange for thermal network building simulations at
urban scale using Modelica”, Proceedings of the 10th International Modelica Conference,
Lund, Sweden.
M. Möhlenkamp, S. Behrendt, M. Schmidt, D. Müller, October 2014
“Validation of indoor air flow in a highly modular test room”, Roomvent 2014: 13th SCANVAV
International Conference on Air Distribution in Rooms; new ventilations strategies with
base in active and passive technology in building and for comfort in airplanes, Sao Paulo,
Brazil.
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M. Schumacher, S. Stinner, R. Streblow, D. Müller, May 2014
“Application of thermal storage in a hybrid CHP/solar thermal heating system for residential
buildings”, Eurotherm Seminar No99: Advances in Thermal Energy Storage, Lleida, Spain.
M. Wesseling, J. Niebel, K. Rewitz, B. Flieger, M. Schmidt, D. Müller, June 2014
“Measurement System for Air Change Effectiveness in Car Cabins”, FISITA 2014 World
Automotive Congress, Maastricht, the Netherlands.
M. Wesseling, J. Niebel, K. Rewitz, B. Flieger, M. Schmidt, D. Müller, June 2014
“Verfahren zur Bestimmung der Lüftungseffektivität in Fahrzeugkabinen”,
Wärmemanagement des Kraftfahrzeugs IX: Energiemanagement, Peter Steinberg (Hrsg.),
pp. 314-323.
P. Jahangiri, R. Sangi, A. Thamm, R. Streblow, D. Müller, June 2014
“Dynamic Exergy Analysis - Part II: A Case Study of CHP District Heating in Bottrop,
Germany”, BSO 14: Building Simulation and Optimization; second IBPSA-England
conference in association with CIBSE, UCL, London, UK.
P. Mathis, M. Herpers, D. Müller, August 2014
“Heat Transfer Enhancement in Channels with Natural Convection Flow by Kármán Vortex
Streets”, ASME 2014 Fluids Engineering Summer Meeting (FEDSM2014), Chicago, USA.
P. Mathis, J. Panašková, M. Schmidt, D. Müller, October 2014
“Numerical Study of Heat Removing Systems in Shopping Centres with high Cooling
Load”, Roomvent 2014: 13th SCANVAV International Conference on Air Distribution in
Rooms; new ventilations strategies with base in active and passive technology in building
and for comfort in airplanes, Sao Paulo, Brazil.
R. Sangi, R. Streblow, D. Müller, June 2014
“Approaches for a fair exergetic comparison of renewable and non-renewable building
energy systems”, ECOS 2014: 27th International Conference on Efficiency, Cost,
Optimization, Simulation and Environmental Impact of Energy Systems, Turku, Finland.
R. Sangi, P. Jahangiri, A. Thamm, R. Streblow, D. Müller, June 2014
“Dynamic Exergy Analysis - Part I: Modelica-Based Tool Development”, BSO14: Building
Simulation and Optimization Conference, UCL, London, UK.
R. Sangi, P. Jahangiri, F. Klasing, R. Streblow, D. Müller, March 2014
“A medium model for the refrigerant propane for fast and accurate dynamic simulations”,
Proceedings of the 10th International Modelica Conference, Lund, Sweden.
R. Sangi, R. Streblow, D. Müller, March 2014
“Exergy analysis of buildings with geothermal heat pump systems”, Energieinnovationen
in Neubau und Sanierung: Neues aus der Forschung für mehr Energieeffizienz, Raumkomfort, Wirtschaftlichkeit und Nachhaltigkeit, Zeche Zollverein, Essen, Germany.
S. Stinner, H. Wolisz, R. Streblow, D. Müller, May 2014
“Using big thermal storages in buildings to increase energy efficiency and flexibility”,
Eurotherm Seminar No 99: Advances in Thermal Energy Storage, Lleida, Spain.
S. Stinner, R. Streblow, D. Müller, September 2014
“Dynamic Uncertainty Analysis of the Building Energy Performance in City Districts”,
BauSIM 2014: Human centred building(s); 5th German-Austrian Conference of the
International Building Performance Simulation Association, Aachen, Germany.
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T. Osterhage, D. Cali, R. Streblow, D. Müller, November 2014
“Rebound-Effekt bei der Sanierung von Bestandsgebäuden”, Bauphysik-Tagung 2014,
Düsseldorf, Germany.
T. Schlösser, S. Stinner, A. Monti, D. Müller, August 2014
“Analyzing the impact of Home Energy Systems on the electrical grid”, 18th Power
Systems Computation Conference: PSCC 2014, Wroclaw, Poland.
T. Schütz, R. Streblow, D. Müller, October 2014
“A metaheuristic approach for heat pump scheduling”, World SB 14: Sustainable Buildings
2014; Results, Barcelona, Spain.
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Chronicle
January
14.-15. Rita Streblow, Tanja Osterhage, Sebastian Stinner and Moritz Lauster participate at Eneff Stadt Kongress in Berlin, Germany.

February
27.

The institute celebrates carnival.

Carnival

March
10.-12. Ana Constantin, Marcus Fuchs, Pooyan Jahangiri, Moritz Lauster and Markus
Schumacher participate at 10th International Modelica Conference in Lund,
Sweden.
09.-14. The EBC patricipates in the 16th Hermann-Rietschel-Colloquium in Hirschegg,
Kleinwalsertal, Austria.
29.

ERC soccer team takes third place at the RWTH Indoor Soccer Cup.

26.

Members of the E.ON Energy Research Center give two keynotes and display
five posters on the symposium on energy optimized Building 2014 in Essen,
Germany.

Hirschegg

April
01.

Azem Abdul, Philipp Pischke and Peter Remmen join the institute.

13.-17. Ivelina Stoyanova, Hassan Harb, Peter Mathes and Henryk Wolisz present the
Dual Deman Side Management (2DSM) project at the Hannover trade fair in
cooperation with the Innovation City Bottrop, Hannover, Germany.

May

Hannover Messe trade fair

12.-16. Kan Chen participates in the IEA 11th international heat pump conference in
Montreal, Canada.
28.-30. Markus Schumacher, Sebastian Stinner and Henryk Wolisz contribute to the
international conference “Eurotherm Seminar Nº99: Advances in Thermal Energy Storage” in Lleida, Spain.
Olympiad for institutes at the RWTH Sportsday
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June
03.

The institute takes third place at the Olympiad for institutes at the RWTH
Sportsday.

02.-06. Kai Rewitz, Mark Wesseling and Björn Flieger participate at 35th FISITA World
Automotive Congress‘ in Maastricht and at 9th session of‚ Wärmemanagement
des KFZ‘ in Potsdam.
15.-19. Johannes Fütterer, Hassan Harb, Roozbeh Sangi and Henryk Wolisz contribute to the 27th International Conference on Efficiency, Cost, Optimization,
Simulation and Environmental Impact of Energy Systems (ECOS 2014) in
Turku, Finland.

EnEV Symposium

23.-24. Björn Flieger, Hassan Harb, Pooyan Jahangiri, Roozbeh Sangi, Sebastian
Stinner and Henryk Wolisz contribute to the 2nd IBPSA England conference on
Building Simulation and Optimazation (BSO 14) in London, UK.

July
04.

The 5th Symposium “Buildings - Energy - Technology” on the topic “EnEV 2014
- Implications for practice” takes place at the E.ON Energy Research Center.

07.-12. Henning Freitag contributes to the world‘s leading conference on indoor air
quality and climate (Indoor Air 2014) in Hong Kong, China.
08.-09. Roozbeh Sangi, Thomas Schild and Johannes Fütterer contribute to
SoS-Cluster Meeting in Sophia Antipolis, France.

Indoor Air 2014

August
01.

Björn Flieger leaves the EBC.

03.-07. Paul Mathis contributes to ASME 2014 Fluids Engineering Summer Meeting
(FEDSM2014) in Chicago, USA.
21.-22. Internal Seminar.

September
08.

Marcus Fuchs, Moritz Lauster and Peter Remmen participate in the Annex 60
Meeting at the Lawrence Berkeley National Laboratory, Berkeley, USA.

09.

Institute’s trip to brown coal surface mining.

Internal Seminar

22.-25. EBC and e3d jointly organize the BauSIM 2014 Conference, supported by
Roozbeh Sangi, Sebastian Stinner and Henryk Wolisz on EBC side.
Institut´s trip
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October
28.-30. Hassan Harb, Max Huber, Thomas Schütz and Henryk Woliszcontribute to the
World Sustainable Building Conference in Barcelona, Spain.
19.-22. Prof. Müller, Henning Freitag, Paul Mathis, Martin Möhlenkamp and Martin
Hoffmann contribute to the 13th International Conference on Air Distribution in
Rooms (Roomvent 2014), São Paulo, Brasil.
31.

Philipp Pischke leaves the institute.

BauSIM

November
04.

Tanja Osterhage presents the latest research results on the topic “Improving
the energy efficiency of existing residential buildings” on the “Bauphysiktagung
2014” in Düsseldorf, Germany.

14.

EBC takes part at the “Lange Wissenschaftsnacht”, the science night at
RWTH Aachen University, Germany.

20.-21. Katrin Ansorge, Johannes Fütterer, Martin Möhlenkamp und Tanja Osterhage
present current research results at the conference of German Society of Refrigeration and Air Conditioning (DKV) in Düsseldorf, Germany.
24.

Daniela Hegemann joins the institute.

25.

Max Huber reports about results at KommA 2014 in Lemgo, Germany.

Roomvent

27.-28. Tanja Osterhage gives a presentation at the “Städtebau und Energie - Tagung”
in Berlin, Germany.

December
04.

Winterparty for the EBC students.

11.

ERC Christmas Party.

“Bauphysiktagung“

10.-12. Jan Schiefelbein contributes to the System Simulation in Buildings conference
in Liège, Belgium.
31.

Jana Panašková leaves the institute.

ERC Christmas Party
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FCN Institute for Future Energy Consumer
Needs and Behavior

Preface
I am proud to present the 7th Annual Report of FCN. Again, it has been a busy but also
very fruitful year with lots of positive developments. The major research themes lied on
the Energy prosumer, Energy rebound, Flexible power plants, Wind power innovation and
investment, Regional diffusion of energy technologies, Energy services in Russia, New
market designs and Subannual billing.
Several research projects of FCN were successfully completed in 2014, such as the
subannual billing project (funded by Heiwako) or the energy rebound in public buildings
project (funded by BBSR, cooperation with IÖW), whereas others have been continued
(GoGreen, Decision Support System Wind, etc.). Several industry-funded projects enabled
us both to build up some new knowledge stocks and to provide valuable expertise to
industry players struggling with the challenges incurred by the Energiewende. Some
formally already completed projects were continued on a limited, self-funded basis (e.g.
Plug-in Hybrid Electric Vehicles, ESCOs in Russia, Competing Residential Heating Systems)
because the data sets created were partly still underexploited. Finally, some thrilling new
projects could be contracted in 2014 that will start during 2015 (e.g. SINERGIEN – an
interdisciplinary project focusing on smart local distribution grids; Virtual Institute NRW
Energy Transformation (VIET) – focusing on mentality and consumer behavior patterns
and on infrastructure investment needs). Finally, preparations are still ongoing for some
EU-funded Horizon 2020 project proposals to be submitted in early 2015.
Twenty-six new FCN Working Papers were published, many of which have led to peerreviewed journal articles and were presented at international scientific conferences.
Teaching went on as usual. The Environmental Economics and Advanced Energy
Economics courses (both elective) are still highly successful, the former with now over
two hundred students enlisted, while the Smart Grid Economics and Management course
has attracted a significantly higher number than in the previous year. Again, a number of
very good thesis papers were developed under the supervision of FCN – to mention just
a few these include those of Tim Höfer, Katrin Illian, Marius Böhmer, Lukas Gläsel, and
Katrin Nordemann.
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Contact
FCN I Institute for Future Energy Consumer
Needs and Behavior
Mathieustraße 10
52074 Aachen
Germany
T +49 241 80 49820
F +49 241 80 49829
post_fcn@eonerc.rwth-aachen.de
Further informations:
http://www.fcn.eonerc.rwth-aachen.de

Again, I had the honor to serve on a number of scientific advisory boards of international
conferences (e.g. IAEE Rome 2014, WI Vienna 2015, ICAE Taipei 2014 19/02/2015) and
workshops (e.g. EMEE Aachen 2014). In 2015, similarly, I expect to serve on the boards
of the following high-rated conferences and workshops: IAEE Antalya 2015, ICAE Abu
Dhabi 2015, EMEE Maryland 2015, among others.
In 2014, I was invited to join the editorial boards of two new journals: that of the “Journal
of Energy Storage (JES)” (Elsevier, Editor-in-chief: Dirk Uwe Sauer) and that of the
“International Journal of Future Cities and Environment (IJFCE)” (Springer, Editor-in-chief:
Saffa Riffat). In addition, as a special honor worth mentioning, Andrea Bollino (University
of Perugia) and I have been invited to produce a Special Issue of the IAEE’s flagship The
Energy Journal on “High Shares of Renewable Energy Sources and Electricity Market
Reform”. Finally, several journals where I have the honor to serve on the board were able
to increase their Thomson-Reuters Journal Citation Report (JCR) impact factors (e.g.
Applied Energy up to a staggering 5.261).
In 2014, FCN was again present at a large number of international conferences (e.g. EMEE
2014, IAEE European 2014, INFORMS 2014, OR 2014), often with several contributions
at once. A highlight in this respect was that three out of five contributions made to the
2014 German Operations Research Conference “Business and Analytics” (OR 2014)
held at RWTH Aachen University will be published in the peer-reviewed Springer OR
Proceedings series. During summer, FCN organized and hosted the prestigious 2-days’
Empirical Methods in Energy Economics (EMEE) workshop. Finally, there is a long list of
conferences FCN staff is planning to attend also in 2015, part of which the submitted
abstracts or papers have already been accepted.
Probably the most important two changes regarding staff was the hiring of Tugba Atasoy,
Julius Frieling, Hendrik Schmitz (these three for a project on “Rebound Effects in the State
of North Rhine-Westphalia”) and Stefanie Wolff (as successor of André Hackbarth in the
BMU-funded project “GoGreen” in cooperation with Deutsche Post/DHL) on the one hand,
and the graduation of four PhD candidates between September and December 2014
(Wilko Rohlfs, Giovanni Sorda, Christiane Rosen, and Christian Michelsen) on the other
hand. I am very happy about the youngsters, and also glad that the former PhD candidates
will now stay with FCN for some more time as post-doc researchers. Unfortunately, André
Hackbarth (got twins and relocated to Heilbronn) and Joonas Päivärinta (went back to
the consulting industry) left the institute. For 2015, we look forward to the JARA-Energy
Junior Professor “Energy Resource and Innovation Economics” that will be closely related
to FCN and accomodated in the E.ON ERC Main Building.
In the School of Business and Economics, we made again some nice progress in all four
Research Areas, which became apparent at the second IMF Conference in November
where delegates from the university’s profile areas were invited to meet and discuss their
2020 research roadmaps. Last but not least, in April 2014, I took over the role as speaker
of the Research Area “Energy, Mobility and Environment (EME)” and as such responsibility
for the completion of a first annual EME research report and a brochure for the master’s
students interested in “Sustainability and Corporations”. Currently, preparations are
ongoing for a 2-days’ international EME conference on “Sustainability and Decision
Making” to be held at RWTH Aachen University in February 2015.
In the coming year, we will further ramp up the Sonderforschungsbereich (SFB) proporal
“Trans-City 2050”, start the two VIET projects “Mentalities and Consumer Patterns” and
“Infrastructure Investments”, the projects “Communal Energy Systems” (KESS) and
“Technology-Based Energy System Analysis” (TESA), and others. We also expect to
advise players in the energy market on specific challenges, such as the optimal time to
(dis-)invest in generation capacity, optimal generation portfolios, energy risk and finance
topics, and distributed generation in a localized/urban and/or virtual power plant (VPP)
context. Several more PhD candidates are expected to have the defenses of their theses
in the first half of 2015, including Yasin Sunak, Maria Garbuzova-Schlifter, Ernesto Garnier
(external), André Hackbarth, and Ronald Bernstein (the latter two being FCN Alumni).
Overall, I would like to thank all FCN staff for their great contributions and efforts made
throughout the year of 2014.

Director FCN
Univ.-Prof. Dr. rer. soc. oec.
Reinhard Madlener
T +49 241 80 49820
post_fcn@eonerc.rwth-aachen.de
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Team
FCN I Institute for Future Energy Consumer Needs and Behavior
Director FCN

Reinhard Madlener

Office

Alicia Cool

Sabine Schill

Research associates

Ayse Tugba Atasoy
Julius Frieling
Veronica Galassi
Raymond Galvin
Maria Garbuzova-Schlifter
Barbara Glensk
Marjolein Harmsen – van Hout
Florian Heesen

Subhash Kumar
Christian Michelsen
Christian Oberst
Jonas Päivärinta
Christiane Rosen
Hendrik Schmitz
Giovanni Sorda
Yasin Sunak
Stefanie Wolff

90 | FCN | Team

Research Projects
Private Households as Key Actors of the Energiewende
This is a three year joint research project (April 2013 – March 2016) with GWS (Gesellschaft
für Wirtschaftliche Strukturforschung mbH, Osnabrück) and IÖW (Institut für ökologische
Wirtschaftsforschung gGmbH, Berlin), commissioned by the German Federal Ministry of
Education and Research (Reference no. 01 UN 1209A) under the umbrella of the socialecological research programme (SOEF). Together, we analyze private households in their
joint roles as electricity producer-consumers (“Prosumers”) and as possible key actors
in the energy transition towards a decentralized energy market based on renewable
energies.

Dr. rer. pol. Christian Oberst
T +49 241 80 49839
coberst@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Space Heating Rebound Effects in Retrofitted Public
Service Buildings
In this projekt space heating rebound effects were investigated in four retrofitted German
public service buildings. Rebound effects were negligible but energy performance gaps
(EPGs) large, compared with dwellings. This suggests pre-retrofit thermal comfort
was already near maximum, with little room for a post-retrofit increase. Interviews with
building personnel confirmed this, and suggested a large energy-saving potential through
behavioral and organizational change. Employees were less energy-thrifty at work than at
home. Analysis of calculated and actual heating energy consumption in 180 comparable
non-residential buildings also indicated lower rebound effects and higher EPGs than for
dwellings.

Dr. phil. Raymond Galvin
T +49 241 80 49844
rgalvin@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Rebound in NRW with Special Emphasis on Efficiency
Gains in Electricity Use and Individual Transport
Policies which aim to reduce energy consumption via the use of energy efficiency measures
are typically based on engineering calculations, which can differ from what we observe
as actually realized energy consumption. This discrepancy is known as “rebound”. One
explanation for this gap is consumer behavior. The aim of this project is to scrutinize
this gap and investigate its drivers from both a micro- and macroeconomic perspective.
Within the scope of our project, we focus on the magnitude of this phenomenon and
welfare and policy implications, with a specific emphasis on the state of NRW.

Julius Frieling, M.A. HSG
T +49 241 80 49834		
jfreiling@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Initialization Virtual Institute “Transformation – Energy
Transition NRW”
This is a preparatory project to establish a Virtual Institute for the Transformation of the
Energy System in NRW, supported by the Ministry for Innovation, Science, Research
and Technology of NRW and the Cluster Energy Research.NRW (CEF.NRW). The Virtual
Institute is seen as a suitable vehicle to combine and strengthen scientific expertise located
in NRW aimed at identifying requirements, conflicting objectives, and interdependences
of the transition process at a regional level for NRW and to design adequate policy
measures.

Dr. rer. pol. Christian Oberst
T +49 241 80 49839
coberst@eonerc.rwth-aachen.de
Hendrik Schmitz, M.Sc.
T +49 241 80 49834
hschmitz@eonerc.rwth-aachen.de
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Grid Parity of Small-Scale Solar PV Systems:
Analysis of Implications for the Italian Energy Market
Over the last few years, Italy has experienced a boom in the adoption of photovoltaic
(PV) systems at the residential level. Coupled with a decrease in the cost of PV systems,
Italy is expected to achieve grid parity soon. The future spread of distributed energy
generation units (including battery storage) can have severe implications for the structure
of the overall energy demand, the market and its players. Against this background, the
project has sought to gain a better understanding of the dynamics behind homeowners´
adoption of decentralized PV systems and battery storage facilities.

Veronica Galassi, M.Sc.
T +49 241 80 49842
vgalassi@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Subannual Billing Information for Heating and Water
Costs
Yearly consumption-based billing already reduces heating and hot water costs for
consumers by up to 20 %. A recent study at FCN has shown that subannual billing
information can help to save another 7 - 12 %. This reduction can be achieved by an
increased awareness of energy consumption and resulting saving potentials. Hereby
it is paramount that consumers are able to link their consumption figures to their own
behavior, with appropriate feedback supporting the adjustment of their behavior in such a
way that saving potentials can be optimally exploited.

Online

Discussion

among

Energy

Dr. rer. pol. Christiane Rosen
T +49 241 80 49838
crosen@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Consumers:

A Semi-Dynamic Social Network Visualization
Much about behavior by energy consumers can be learned from what they tell each other
in online discussion fora. Hence, we perform a longitudinal case study on the discussion
platform www.energiesparhaus.at. Specifically, we visualize the yearly changes in the
communication network among consumers, along with content dimensions and their
effects on declared adoption, about a popular subtopic: Rika Memo, a pellet-fired stove
manufactured in Austria (www.rika.at/en/memo/). This study, which demonstrates the
usefulness of semi-dynamic social network visualization in the energy domain developed
at FCN, was presented at the Annual International Conference of the German Operations
Research Society (OR2014).

Dr. drs. Marjolein Harmsen – van Hout
T +49 241 80 49835
mharmsen@eonerc.rwth-aachen.de
Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Modeling the Diffusion of Competing Residential
Heating Systems
Positive or negative word of mouth from early adopters is a key factor in the decisions
of later adopters. Thus, FCN’s most recent study in the research area “diffusion of
competing residential heating systems (RHS)” investigates homeowner satisfaction with
newly adopted heating systems. The results show that satisfaction is influenced by the
level of RHS-specific knowledge as well as differences between adoption motivations and
the actual performance of the RHS. Attributes of the home and the homeowners’ sociodemographic characteristics are found to be relatively less important.
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Design and Functional Analysis of Local Reserve
Energy Markets for Distributed Generation
This research proposes and evaluates a local market for reserve energy, in which private
households can trade their self-produced energy. Such a mechanism helps to better
integrate decentralized generation and acts as an alternative incentive scheme when fixed
feed-in tariffs are phased out. Its characteristics result from the specific technologies and
their users. The predominant attribute is the involvement of households – as prosumers
– without much expertise in the field of energy or trading. Rules need to be very clear-cut
and understandable to create something comparable to an “energy-eBay“.

Dr. rer. pol. Christiane Rosen
T +49 241 80 49838
crosen@eonerc.rwth-aachen.de

The Impact of Hypothetical Choice in Conjoint Studies:
A Comparative Experiment in Light Bulb Choice
For practical reasons most conjoint studies are performed without real incentives.
Carlsson and Martinsson (JEEM 2001) found no differences in preferences between a
hypothetical and an actual choice experiment on donations to environmental projects.
However, due to their within-subjects design, participants may have been aware of the
research purposes and behaved accordingly. Therefore, we aim at investigating out how
critical real incentives are by randomly assigning participants to treatments with and
without real incentives in a conjoint study on light bulb choice.

Dr. drs. Marjolein Harmsen – van Hout
T +49 241 80 49835
mharmsen@eonerc.rwth-aachen.de

Balancing Forecast Errors in Continuous-Trade
Intraday Markets
Forecasting the production of photovoltaic and wind power systems inevitably implies
inaccuracies. Therefore, sales made based on forecasts require the vendor to make
balancing efforts. In this research, a novel trade value concept with options valuation and
dynamic programming is developed to optimize volume and timing decisions of a pricetaking operator when compensating PV or wind power forecast errors in the market. In
a simulation, the model outbalances price against volumetric risks, translating its flexible
trade execution into a competitive advantage vis-à-vis static bidding strategy alternatives.

Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Projecting Market Shares of New Passengers Cars in
Germany Given CO2 Fleet Regulation
The transport sector, one of the significant drivers of CO2 emissions increase, will
have to face substantial change in technology in order to achieve the climate change
mitigation goals. However, the choice between vehicle types and the technology diffusion
of alternatively powered vehicles and fuel-saving technology depend on consumer
acceptance. In this study, we develop a disaggregated model using a discrete choice
approach to forecast the market shares of new cars in Germany and evaluate their fleet
fuel consumption.

Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

AHP-based Risk Assessment of Energy Performance
Contracting Projects in Russia
Most Russian ESCOs lack expertise for an effective risk assessment and management
in Energy Performance Contracting (EPC) projects. For this reason, this study sought to
identify relevant risks of the EPC projects in industry, housing and communal services, and

Dipl.-Kff. Maria Garbuzova-Schlifter
T +49 241 80 49721
mgarbuzova@eonerc.rwth-aachen.de
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public sectors in Russia. To quantify the identified risks, we conducted a questionnairebased survey among Russian companies with EPC-related businesses. By applying an
improved Analytical Hierarchy Process (AHP) method, the study aims at providing the first
framework of ranked risks specific to EPC projects in Russia.

Influence of Existing Power Plant Portfolios on Optimal
Power Generation Investments
Investors in power generation units have the choice between various technologies that
are fueled either by hard coal, lignite or natural gas, with and without carbon mitigation, or
others based on renewable energies. In this study, we focus on optimal time of investment
and optimal technology mix using real options analysis (ROA). We include the value at risk
(VaR) in the decision-making process and find, due to diversification effects as in standard
portfolio theory, strong path dependence of the recommended investment strategy with
respect to the already existing power plant fleet.

Dr. rer. pol. Wilko Rohlfs
T +49 241 80 97463
rohlfs@wsa.rwth-aachen.de

Optimal Timing of Onshore Wind Repowering in
Germany: A Real Options Analysis
Renewable energy technologies, especially onshore wind power, have undergone
rapid expansion in the EU since the introduction of binding 2020 targets for member
countries. Germany is one of the pioneering and largest onshore wind markets in Europe.
Capacity expansion, technological development of wind turbine generators, the merits of
repowering, and the regulatory framework are discussed in detail, with the aim of finding
the optimal timing of repowering under today’s market premium regine of renewable
energy promotion. Further, the effects of the expected policy change in 2017, when
tenders wil be introduced, are investigated in detail.

Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Citizen Participation and Distribution Effects in
Renewable Energy Investments in Germany
The renewable energies act passed by the federal government of Germany fosters
the expansion of renewable energies and is financed by a levy charged on electricity
consumption. Various studies have examined the social effects and have come to the
conclusion: citizens with higher income pay less for electricity measured as a percentage
of their income. However, these examinations are incomplete (only PV systems owned by
citizens have been investigated). In this study, different possibilities of citizen participation
in the financing process (and especially closed-end funds and energy cooperatives) and
their magnitude are investigated.

Prof. Dr. rer. soc. eoc. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Analysis and Optimization of Supply Chains of Regional Energy Suppliers
Energy services are increasingly important for local municipal utilities in the context of the
Energiewende. The dynamic environment of energy services is challenging. This study
focuses on these challenges and optimization potentials of the sales processes for local
municipal utilities. Initially, sales process experts for energy services are interviewed. The
selling model according to Hofbauer is then explained and applied to the sales process.
Finally, a customer survey on expectations towards energy services and sales is made.
Approaches for the solution of the optimization are presented.
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Policy-Induced Restructuring of the German Electricity
Market: A Long-Run Energy Planning Study
The increase in energy consumption in the last century and the negative environmental
impacts of fossil energies are leading to improvements and diversification of energy
sources worldwide. The Long-Run Energy Alternatives Planning (LEAP) system is used
to create a model of Germany’s current energy system and to simulate different possible
future paths (scenarios) considering the energy and environmental policies set by the
government. The simulated scenarios can be compared with each other on different
criteria, such as total generated electricity, total primary energy supply, final energy
demand and CO2 emissions.
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Flexibility of Energy Suppliers Regarding Revenue
Maximization in Portfolio Management
Renewable energy sources are at the center of political discussions and their contribution
to electricity generation continues to increase. Divergences between forecast and
actual generation are diminishing but still exist. This study analys the intraday market for
possible financial return on improved short-term forecasts. Price indicators are thereby
examined based on historical data and trading strategies are developed. Finally, recent
market conditions are assessed, together with the chances of a complete integration of
renewable energies, irrespective of whether a change in the market design is necessary.

Prof. Dr. rer. soc. oec. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

A Real Options Analysis of Short-Term Energy Storage
for Stabilizing the High Voltage Transmission Grid
Increasing shares of renewables with fluctuating power generation reduce system inertia
and hence endanger grid stability. To ensure power quality, systems are required that
provide voltage- and frequency-control by means of injecting reactive and also active
power into the grid for up to several minutes. A contemporary, technically feasible solution
could be the use of super-capacitors or battery storage units that are connected to the
high voltage transmission grid via insulated gate bipolar transistor multilevel converters.
The integration of such short-term energy storage devices in the high voltage system is
analyzed using Real Options analysis.

Prof. Dr. rer. soc. oec. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Day-ahead versus Intraday Valuation of Demand-Side
Flexibility for Photovoltaic and Wind Power Systems
One means of handling non-controllability and limited predictability of photovoltaic (PV)
and wind power production is to employ demand response (DR) resources. This research
takes the perspective of a PV or wind power system operator who leverages DR in order
to maximize the economic value of production supplied in short-term power markets.
Two alternative DR operation modes are compared: (1) to use DR to maximize relative
day-ahead market value, by shifting the supply-demand balance in view of day-ahead
prices; (2) to use DR in intraday operations to minimize costs incurred when balancing
forecast errors.

Prof. Dr. rer. soc. oec. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de
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Future Municipal Energy Supply Systems (“KESS”)
FCN is a member of a new interdisciplinary research cooperation venture among six
institutes at RWTH Aachen University. The venture aims to research, develop and promote
integrated, flexible, and decentralized energy supply systems based on conventional
and renewable primary energy sources. The research will be validated by building and
operating such a system. FCN will contribute to KESS by investigating the role of the
prosumer, performing economic modeling and analysis of concepts for municipal virtual
power plants, and by modeling the investment and optimal operation of microgrids.

Dr. rer. pol. Carl Christian Michelsen
T +49 241 80 49820
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Investment Choice between Grid Extension, Storage
Capacity Extension and DSM Development in Germany
Germany’s current climate protection targets are challenging. They involve both an
increase in electricity generation from renewables, and an increase in decentralized
electricity generation. In this context, investments in grid extension, storage capacity
extension, and DSM are assumed to have a higher potential to fulfil these targets. This
study analyses the three investment alternatives regarding their ability to increase total
welfare. It also identifies parameters that have a high impact on the economic feasibility of
these investment opportunities.

Prof. Dr. rer. soc. oec. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

External Effects of Shale Gas Hydrofracking: Risk and
Welfare Considerations for Water Supply in Germany
In this study, we investigate the externalities related to hydraulic fracturing (‘fracking’),
based on a descriptive analysis of hydrofracking risks and potentials, and a stylized
social welfare analysis related to adverse impacts of unconventional gas production on
water resources and supply in Germany. The results of our sensitivity analysis show that
the maximized welfare is in every case higher than the welfare resulting from the profitmaximizing quantities. Also, the regulator always has to pay a subsidy to achieve the
maximum welfare, which shows that the monopolist tries to exercise his market power in
order to keep the prices up for profit maximization.

Prof. Dr. rer. soc. oec. Reinhard Madlener
T +49 241 80 49820
RMadlener@eonerc.rwth-aachen.de

Economic Viability of Grid Expansion, Energy Storage
and DSM Using Real Options and Welfare Analysis
The topic of this study is the modeling of the economic viability of investment opportunities
in grid expansion, energy storage systems, and demand-side management (DSM).
Using real options, the attractiveness of taking up specific investment opportunities is
examined. Special attention is paid to the modularity and the lumpiness of the investment,
and the time limit for exercising the option. Another factor is energy supply security, for
which a new approach of measurement is proposed. Taking positive externalities of the
investments into account, the significance of supply security is discussed using welfare
economics. In conclusion, recommendations regarding investment are made based on
the model-based analyses.
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Working Papers
The FCN Working Paper Series was launched in fall 2008. Since then, 5 papers were
published in 2008, 12 in 2009, 27 in 2010, 22 in 2011, 20 in 2012, 24 in 2013, and 26 in
2014. The FCN Working Papers are published by Prof. Madlener as Editor-in-Chief, and
listed in the SSRN (www.ssrn.com) and RePEc (http://ideas.repec.org) scientific paper
depositories. The download statistics on page 104 shows that the scientific community
and decision-makers in the industrial and policy domains have been continuously
attracted also in 2014, as measured by the number of page views and paper downloads.
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Galassi V., Madlener R. (2014). Identifying Business Models for Photovoltaic Systems
with Storage in the Italian Market: A Discrete Choice Experiment, FCN Working Paper No.
19/2014, December.
IIlian K., Madlener R. (2014), Short-Term Energy Storage for Stabilizing the High Voltage
Transmission Grid: A Real Options Analysis, FCN Working Paper No. 20/2014, December.
Oberst C., Madlener R. (2014). Regional Economic Determinants for the Adoption of
Distributed Generation Based on Renewable Energies: The Case of Germany, FCN
Working Paper No. 21/2014, December.
Oberst C., Madlener R. (2014). Prosumer Preferences Regarding the Adoption of MicroGeneration Technologies: Empirical Evidence for German Homeowners, FCN Working
Paper No. 22/2014, December.
Harmsen – van Hout M.J.W., Madlener R., Prang C. (2014). Online Discussion among
Energy Consumers: A Semi-Dynamic Social Network Visualization, FCN Working Paper
No. 23/2014, December.
Madlener R., Heesen F., Besch G. (2014). Determination of Direct Rebound Effects for
Building Retrofits from Energy Services Demand, FCN Working Paper No. 24/2014,
December.
Heesen F., Madlener R. (2014). Technology Acceptance as Part of the Behavioral
Rebound Effect in Energy-Efficient Retrofitted Dwellings, FCN Working Paper No.
25/2014, December.
Schulz S., Madlener R. (2014). Portfolio Optimization of Virtual Power Plants, FCN
Working Paper No. 26/2014, December.
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January
On behalf of Prof. Madlener, Joonas Päivärinta delivers an opening keynote plenary
speech on “Energy Policy and the Future of the ESCO Market” at the ESCO Europe 2014
conference in Barcelona, Spain.
Christiane Rosen presents a paper on “Feedback Information in Sealed-Bid Divisible Good
Auctions” at the 5th Southern Europe Experimentalists Meeting (SEET 2014), Sesimbra,
Portugal.

AIXperimental energy economics research

February
Dr. Subhash Kumar receives the Research Prize for Social Responsibility/Diversity,
awarded for the first time by the RWTH School of Business and Economics, from the
Dean Prof. Lorz.
Prof. Madlener joins the Editorial Board of the Springer journal Energy Efficiency.
FCN participates in the first project meeting with the Project Advisory Board of the
BMBF-funded project “Prosumer Households - Private Households as Key Actors for a
Transformation of the Energy System”.

Prosumer Household project logo

March
FCN research on consumer preferences for alternative fuel vehicles is discussed in the
Science for Environment Policy Newsletter of the European Commission.
Dr. Erik Delarue from KU Leuven gives a talk on “Modeling Electricity Generation Systems:
On Integration of Renewables and CO2 Abatement” at an FCN Colloquium.
4th FCN Retreat in castle Stahleck, Bacharach (Upper Middle Rhine Valley).

4th FCN Retreat

EWI - FCN 2nd joint “get to know each other“ workshop.

2nd Joint EWI - FCN Workshop

April
Prof. Reinhard and Dr. Christian Oberst participate in 2nd EME workshop at the RWTH
Aachen School of Business and Economics.
Prof. Madlener gives an opening speech at the Passive House Basics Course, RWTH
Aachen.

104 | FCN | Chronicle

May
Prof. Madlener presents the study on “Switching from Fossil Fuel to Renewables in
Residential Heating Systems: An Empirical Study of Homeowners‘ Decisions in Germany”
at the Lunch Seminar in Energy, Environmental and Resource Economics, ETH Zurich,
Switzerland.
Prof. Madlener gives an invited talk at the Warwick Business School‘s Workshop “The
Role of Storage in Future Energy Systems: Opportunities and Challenges”.
The Festschrift for Prof. Zimmermann “Zukunftsperspektiven des Operations Research”
is released at his 80th Birthday Party in Schloss Gerlach, Valkenburg (NL). It also contains
a chapter by Dr. Barbara Glensk and Prof. Madlener “On the Use of Fuzzy Set Theory for
Optimizing Portfolios of Power Generation Assets”.
Prof. Madlener gives three presentations at the International Conference of Applied
Energy (ICAE 2014) in Taipei, Taiwan.

Prof. Madlener with British colleagues at Warwick Business School

June
Ernesto Garnier presents his work on “Balancing Forecast Errors in Continuous-Trade
Intraday Markets” at the 8th World Congress of the Bachelier Finance Society in Brussels.
Prof. Madlener and Wilko Rohlfs organize a well-received HITEC Graduate School
Methods Day on “Modeling of Energy Storage Applications” at E.ON ERC.
Prof. Madlener gives a lecture on “Energy Economics and Management with a Special
Focus on the Energy Transition” at the “International Mini MBA Energy Transition and
Innovation” program organized by the Delta Business School at E.ON ERC.
FCN contributes two papers to the International Conference of the International
Association for Energy Economics (IAEE 2014) in New York City: “Local Impacts of
Wind Farms on Property Values: A Spatial Difference-in-Differences Analysis” and “ExAnte Trade of Balancing Power Reserves in German Electricity Markets: The Cure to the
Missing Money or a New Disease?”.
Prof. Madlener and Giovanni Sorda present selected FCN research activities on agentbased energy modeling at the 1st International Workshop on “Agent-Based Modelling of
Electricity Markets”, TU Delft, the Netherlands.

HITEC Methods Day at FCN

FCN participates in IAEE International Conference 2014 in NYC

July
On behalf of HEIWAKO (Arbeitsgemeinschaft Heiz- und Wasserkostenverteilung e.V.), FCN
researchers present a new study on the effectiveness of “Subannual Billing Information for
Heating and Water Costs”.
Maria Garbuzova-Schlifter presents a new study on “Risk Assessment of Energy
Performance Contracting (EPC) Projects of the Russian Energy Service Companies” at
the 20th Conference of the International Federation of Operational Research Societies
“The Art of Modeling” (IFORS 2014) in Barcelona, Spain.
Tim Höfer presents his master’s thesis on “A GIS-based Wind Farm Siting Assessment
Using the Analytic Hierarchy Process: A Case Study for the Regional District of Aachen”,
submitted in revised version to Energy Policy.

Student research presentation
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August
The 7th EMEE Workshop 2014 on “Empirical Methods in Energy Economics”, hosted
by FCN/E.ON Energy Research Center, is taking place on August 14 and 15, 2014, in
Aachen.
Stefanie Wolff attends of the IDEA League Doctoral School “Urban Systems and
Sustainability”. The first of three modules takes place at TU Delft, the second module
is in Singapore and China. During the last module the PhD candidate Stefanie Wolff will
present her research results in front of a scientific advisory board in Aachen.

7th EMEE Workshop 2014 on “Empirical Methods in Energy Economics”

September
Kick-off meeting of new project with FCN participation on “Technology-based Energy
System Analysis (TESA)”.
FCN participates at the International Conference on Operations Research (OR 2014)
“Business analytics and optimization” in Aachen with 5 contributions.
Florian Heesen presents research on “Technology Acceptance as Part of the Behavioral
Rebound Effect: Analysis of Energy Efficient Retrofitted Dwellings” at the BEHAVE Energy
conference in Oxford, UK.
Christian Oberst presents research on “Regional Economic Determinants for the Adoption
of Micro-Generation Technologies of Renewable Energies: The Case of Germany” at the
INFER Workshop in Urban and Regional Economics in Reus, Spain.
Prof. Madlener attends the ISES 2015 Summer School and gives a talk on “Energy
Economics and the Rebound Effect”, Kloster Seeon, Bavaria.
Prof. Madlener and Christiane Rosen present the key insights gained from the Heiwako
Subannual Billing study at a hearing organized by the BMWi, Berlin.
Prof. Madlener attends the SÖF Cluster-Workshop “Bürger und Geschäftsmodelle”,
KONE, Frankfurt.
Prof. Reinhard Madlener presents research on “Risk Management and Portfolio
Optimization for Gas- and Coal-Fired Power Plants in Germany: A Multivariate GARCH
Approach” at the Energy and Finance 2014 Conference in Erice, Italy.
Prof. Madlener participates in the InnoSmart Group Delphi Workshop on “Social Aspects
of the Smart Grid”, organized by ZIRIUS, University of Stuttgart.
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Prof. Madlener participates at the Energy and
Finance 2014 Conference in Erice, Italy

October
Dr. Subhash Kumar presents research on “CO2 Emission Reduction Potential Assessment
Using Renewable Energy in India” at the 3rd International EAERE Conference “Environment
and Natural Resources Management in Developing and Transition Economies”, ClermontFerrand, France.
Prof. Madlener joins Acatech Ad-hoc Working Group on “Risk and Resilience in the
Energy Transformation”, Berlin.
FCN hosts 2nd Workshop of the RWTH School of Business and Management’s Research
Area “Energy, Mobility and Environment (EME)”.
FCN researchers participate in IAEE International Conference in Rome with 5 contributions.
Wilko Rohlfs successfully defends his PhD Dissertation “Decision-Making under MultiDimensional Price Uncertainty for Long-Lived Energy Investments”.

FCN hosts 2nd EME Workshop

November
Prof. Madlener delivers the Opening Speech on “New Developments in the Promotion of
Energy Efficiency and Renewables” at the Annual Conference of SAEE, ETH Zurich.
Prof. Madlener presents joint research with Freia Harzendorf on real options analysis for
investments in engine-CHP in Germany at the INFORMS 2014 in San Francisco.
Prof. Madlener and Prof. Thomes describe the role of energy prosumers in the “RWTHThemen” (issue dedicated to JARA).

Prof. Madlener gives Opening Speech at
SAEE 2014 (ETH Zurich).

FCN participates with Sustainable Prosumer experiments and poster at the 2014 Science
Night of RWTH Aachen University.
Carl Christian Michelsen participates in the 18th Workshop of the GEE Student Chapter at
TU Berlin. He presents his doctoral thesis as nominated finalist in the GEE Award of the
Energieforum Berlin 2014 in the category “Best Ph.D. Thesis”.
Prof. Madlener gives a short note on “Präferenzen, Zahlungsbereitschaften und
Heterogenität der Fahrzeugkäufer für alternative Fahrzeugantriebe in Deutschland” and
participates in a roundtable discussion at the Vernetzungskonferenz Elektromobilität
organized by the Federal Ministry of Economic Affairs and Energy (BMWi), Berlin.
Giovanni Sorda successfully defends his PhD Dissertation “The Diffusion of Selected
Renewable Energy Technologies: Modeling, Economic Impacts, and Policy Implications”.
Christiane Rosen successfully defends her PhD Dissertation “Design Considerations and
Functional Analysis of Local Reserve Energy Markets for Distributed Generation”.

December
Carl Christian Michelsen successfully defends his PhD Dissertation “The Energiewende
in the German Residential Sector: Empirical Essays on Homeowners’ Choices of Space
Heating Technologies”.
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Cooperative Research

GGE Institute for Applied Geophysics and
Geothermal Energy

Preface
2014 has been the traditional busy year for GGE in which new researchers were welcomed,
while others moved on to new challenges in industry or academia. Also, this year has seen
three new research projects being granted by the German Science Foundation (DFG),
the German Ministry for Education and Research (BMBF), and industry. Additionally, a
number of new projects have been devised or submitted for funding by GGE and its
partners- three initiatives for EU funding within Horizon 2020 and one initiative for a
Transregional Priority Program to be submitted to the DFG. GGE continues operating at
full capacity, accommodating this type of fluctuation of both staff and projects, which is
typical for universities. We continue to take advantage of both our institute building and
the interdisciplinary character of the E.ON Energy Research Center as tremendous assets
for our research and teaching.
In our teaching, we continue to contribute to both the geoscience programs at RWTH
Aachen (www.fgeo.rwth-aachen.de) and the English-language M.Sc. program Applied
Geophysics (http://www.idealeague.org/geophysics), which is implemented jointly with
the IDEA League partner universities TU Delft and ETH Zürich. The year 2014 brought
a new record for this program with over 40 students entering as well as a continuously
high number of 70 applications. At a joint welcome and graduation ceremony in Delft on
29 August 2014 diploma documents were handed to 19 graduating students. Students
starting the third semester at RWTH were introduced to Aachen and the surroundings
on a two-day excursion, which took them to the RWE Power open pit lignite mines
near Indemann, the RWTH Wildenhof Guesthouse at the Rur Reservoir lake in the Eifel
and the Forschungszentrum Jülich. Also the two German-Language RWTH Aachen
B.Sc./M.Sc. programs Georesources Management and Applied Geosciences continue
to run successfully. This is documented by 63 and 54 newly enrolled students for the
fall term 2014/2015, respectively, in these two inscription-restricted B.Sc. programs.
The new enrollments in the corresponding M.Sc. programs are 34 and 52 out of 88
and 77 applicants, respectively. Teaching by GGE was honored this year by the
RWTH Geoscience student body who bestowed their excellence in teaching award on
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Contact
GGE I Institute for Applied Geophysics and
Geothermal Energy
Mathieustraße 10
52074 Aachen
Germany
T +49 241 80 49880
F +49 241 80 49889
post_gge@eonerc.rwth-aachen.de
Further informations:
http://www.gge.eonerc.rwth-aachen.de

Dr. Norbert Klitzsch – congratulations!
In 2014, the position of a new Junior Research Group Leader in “Numerical Reservoir
Engineering” was successfully filled with Dr. Florian Wellman, who now holds the associated
Junior Professorship within the Graduate School “Aachen Institute of Advanced Studies in
Computational Engineering Science” (AICES; www.aices.rwth-aachen.de) funded by the
German “Exzellenzinitiative”. GGE had been instrumental in applying for this new AICES
position and had headed the corresponding search committee in 2013.
In its research, GGE contributes to two of the E.ON ERC’s R&D priorities, (1) Heat and
Power Plants and (2) Buildings and City Quarters, by research projects in the fields of (i)
Carbon Capture and Storage (CCS), (ii) Geothermal Power, and (iii) Geothermal Heating,
Cooling, and Air Conditioning. Research funds for these projects were granted by the
German Science Foundation, Federal Government, and national as well as international
industry partners. In 2014, GGE researchers were involved in 8 oral and 12 poster
presentations in national and international conferences, communicating these research
activities. These were also documented in 10 peer reviewed contributions to international
journals. Additionally, a total of 14 theses were prepared under GGE supervision: 9 M.Sc.
theses and 5 B.Sc. theses.
As part of our teaching program, we took students on two field trips in 2014: to the
Eifel volcanic fields for geophysical exploration applied to problems in hydrogeology and
engineering geology and to an Alpine cirque in Austria for geophysical exploration. As part
of a joint research project between Hydrogeology and Geophysics involving 3D-numerical
high-performance simulations of groundwater flow and permeability estimation in a
tectonically limited hard-rock aquifer, GGE performed geoelectrical monitoring during a
large-scale tracer injection experiment at Hastenrath near Aachen.
A total of three new projects started in 2014: (i) TR32 – the third and final four-year phase
of the DFG Transregional Priority Program “Patterns in Soil-Vegetation-Atmosphere
Systems” was reviewed and granted to which GGE contributes with a project on
characterizing water transport properties of partially saturated soils by joint inversion of
NMR and IP measurements; (ii) FEN – A BMBF Forschungscampus on Future Electrical
Networks(FEN) had been granted to an RWTH team headed by Prof. De Doncker, the
director of the E.ON ERC. As a member of this five-year, ten-million consortium, GGE
will study in a two-year project how high-power DC cables can be kept at acceptable
temperature, either by dissipating their Joule’s heat into the ground or by making
alternative use of it; (ii) iLOPS – Wintershall AG granted GGE as a member of a group of
Geoscience institutes of RWTH a three-year project to study the two-phase fluid transport
properties of tight formations in a combination of laboratory experiments and numerical
petrophysics simulations.
In October 2014, M.Sc. Sönke Reiche (who will finish his PhD dissertation at the University
of Hamburg by the end of this year) filled the position of Scientific Assistant which had
been vacant at GGE since the former incumbent, Dr. Oliver Mohnke, had left GGE in
February to take up a position at Baker-Hughes in Celle. One new doctoral student
started at GGE in 2014, M.Sc. Saurabh Singh. Also in this year, M.Sc. Rhea von Bülow
joined the GGE team after finishing her Master in Applied Geophysics, and M.A. Stefanie
Jansen has become part of GGE’s secretarial team.
While Dr. Oliver Mohnke left GGE to Baker-Hughes in Celle, GGE alumnus Dr. Christian
Vogt joined Schlumberger GmbH’s Aachen office to work on reservoir modeling, and Dr.
Anozie Ebigbo leaves GGE by the end of 2014 to take up a position at Imperial College,
London. Finally, doctoral student M.Sc. Christopher Nordlund unfortunately discontinued
work on his thesis, and our long-term secretary since the year 2000, Ms. Ute Kreutz,
moved on to join the RWTH administration’s Division of Relationship Management.
Several individuals moved into maternal or paternal leave after giving birth to a baby or
becoming fathers, respectively: M.Sc. Johanna Bruckmann, Dr. Anozie Ebigbo, and Dipl.Math. Henrik Büsing. While Anozie and Henrik have returned meanwhile, we are looking
forward to Johanna’s return in 2015, when she will continue work on her PhD project.
All who moved on from GGE, we wish the best for their future professional and personal
life - and at the end of an again eventful and exciting year I express my sincere appreciation
to all individual members of staff, who contributed their energy and enthusiasm to our joint
efforts and achievements!

Director GGE
Prof. Dr. rer. nat. Christoph Clauser
T +49 241 80 49880
post_gge@eonerc.rwth-aachen.de
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Research Projects
Ensemble Kalman Filter for Estimation of Rock
Properties in Geothermal Reservoirs
Simulated concentration distributions in synthetic groundwater flow scenarios have
been used to test the updates of permeability fields by the Ensemble Kalman Filter - an
ensemble-based filtering technique - depending on prior distributions and error models
as well as extensions of the filter including covariance inflation and localization. The prior
permeability distributions have been singled out as the most important manual input of
the filter.
Funding for this project is provided by the Deutsche Forschungsgemeinschaft (DFG).

Johannes Keller, M.Sc.
T +49 241 80 49886
jkeller@eonerc.rwth-aachen.de

Impedance Spectroscopy (IS) for Assessing the
Wetting Conditions of Reservoir Rock
The wetting conditions of reservoir rocks influence important reservoir characteristics.
We studied, if Impedance Spectroscopy (IS) can characterize the wetting state. First, we
examined numerical systems of water filled connected pores. The results were used to
design an experimental study, conducted on a reference system of sintered borosilicate
samples. In parallel, measurements on reservoir rocks have been conducted. Simulation
and reference sample studies show that wettability can be derived from IS for fine pored
rock at low salinity. This is qualitatively confirmed for reservoir rocks.
This project is funded by DGMK (Deutsche Wissenschaftliche Gesellschaft für Erdöl,
Erdgas und Kohle e.V.).

Dipl.-Phys. Jan Volkmann
T +49 241 80 49908
jvolkmann@eonerc.rwth-aachen.de

International Ocean Discovery Program (IODP)
The International Ocean Discovery Program (IODP) is a marine research drilling program
dedicated to globally explore Earth’s history and dynamics by monitoring and sampling
sub seafloor environments. As part of the European Petrophysics Consortium (EPC), GGE
contributes to IODP by providing staff and technical equipment for marine expeditions
and performing downhole logging and petrophysical lab analysis of rock and sediment
samples drilled during IODP expeditions. In 2013-2014, Annick Fehr participated as
Petrophysics Staff Scientist in IODP Expedition 347 Baltic Sea Paleoenvironment.

Dipl.-Phys. Annick Fehr
T +49 241 80 49892
afehr@eonerc.rwth-aachen.de

Modelling Multiphase Flow and CO2 Storage
The in-house code SHEMAT-Suite for simulation of flow, species and heat transport in
porous media is enhanced to incorporate multiphase gas flow for the simulation of CO2
storage in deep saline aquifers and for geothermal applications. The focus of this year’s
work was on the simulation of a CO2 leakage scenario. We inject CO2 into a permeable
layer from where it leaks into a second aquifer through a leaky well. To detect the leakage
we measure the induced self-potential at the surface. We evaluate the signal strength and
determine up to which depths a leakage can be detected at the surface.

Dipl.-Math. Henrik Büsing
T +49 241 80 49907
hbuesing@eonerc.rwth-aachen.de

Porous Media Modelling Tool for E.ON ERC
The microstructural properties of rocks greatly influence electrical, fluid and heat transports,
which eventually play a crucial role for many geological processes. Thus, comprehending
the relation between microstructure and physical properties of porous media is crucial
for their applications. In a collaborative research endeavour, the Porous Media Modelling
Tool is being developed to simulate the coupled diffusion and migration of charges in an

Saurabh Singh, M.Sc.
T +49 241 80 49891
ssingh@eonerc.rwth-aachen.de
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electrical field. The model is governed by the Nernst-Planck-Poisson equations which are
discretized using the Finite Differences and Euler Schemes.

Upscaling of Fracture Networks for Numerical Simulation of Enhanced Geothermal Systems and Risk
Evaluation
The conduits of working fluid in Enhanced Geothermal Systems are mainly hydraulic or
natural fractures. SHEMAT-Suite, an in-house geothermal reservoir simulator, has been
widely used in geothermal assessment. However, the scale in geothermal reservoir
simulation is far larger than the scale in fracture characterization. In the project, the
hydraulic properties of fine scale, discrete fractures are up-scaled to parameters which
can be used in large scale, continuum models. The equivalent fracture model has been
explored this year and integration in SHEMAT-Suite will follow.

Tao Chen, M.Sc.
T +49 (0)241 80 49898
tchen@eonerc.rwth-aachen.de

Water flow and permeability estimation in a tectonically
limited hard-rock aquifer
Hydraulic parameters and their uncertainties are estimated by simulation based stochastic
inversion methods (Monte-Carlo and Ensemble-Kalman-Filter approaches). A hybrid
parallel version of the finite difference code SHEMAT-Suite will be used to perform the
computationally expensive simulations in the supercomputing environments at the Jülich
Supercomputing Center and at RWTH Aachen University.
For more information, please visit:
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Johanna Bruckmann, M.Sc.
T +49 241 80 49912
jbruckmann@eonerc.rwth-aachen.de

Selected Publications
Scientific peer reviewed journals
Büsing, Henrik; Willkomm, Johannes; Bischof, Christian; Clauser, Christoph:
Using exact Jacobians in an implicit Newton method for solving multiphase flow in
porous media - In: Special Issue on Multiphysics Problems in Computational Engineering
International journal of computational science and engineering: IJCSE. - 9 (2014) 5/6, S./
Art.: 499-508 Online DOI: 10.1504/IJCSE.2014.064535.
Jorand, R., Clauser, C., Marquart, G., Pechnig, R., 2014:
Physical properties of subsurface rocks useable for geothermal energy production in the
NE Rhenish Massif and the Lower Rhine Embayment (Germany), Geothermics, 53, 413428.
Jorand, Rachel; Clauser, Christoph; Marquart, Gabriele; Pechnig, Renate:
Statistically reliable petrophysical properties of potential reservoir rocks for geothermal
energy use and their relation to lithostratigraphy and rock composition: The NE Rhenish Massif and the Lower Rhine Embayment (Germany) In: Geothermics. - 53 (2014),
S./Art.: 413-428, Online EZB: http://www.bibliothek.uni-regensburg.de/ezeit/?1494886
URL: http://ac.els-cdn.com/S0375650514001059/1-s2.0-S0375650514001059-main.
pdf?_tid=4860b92e-33fb-11e4-9aa7-00000aab0f27&acdnat=1409811687_de14d10fd3c77651d001b8bfed749209.
Jungmann, Matthias; Pape, Hansgeorg; Wißkirchen, Peter; Clauser, Christoph; Berlage,
Thomas:
Segmentation of thin section images for grain size analysis using region competition and
edge-weighted region merging - In: Computers & geosciences : CAGEO. - 72 (2014), S./
Art.: 33-48.
Mohnke, Oliver; Stiebler, Maik; Klitzsch, Norbert:
Joint numerical microscale simulations of multiphase flow and NMR relaxation behavior
in porous media using Lattice Boltzmann methods - In: Water resources research. - 50
(2014) 9, S./Art.: 7378-7393 Online-First Online DOI: 10.1002/2013WR014684, EZB:
http://www.bibliothek.uni-regensburg.de/ezeit/?2029553.
Mohnke, Oliver:
Jointly deriving NMR surface relaxivity and pore size distributions by NMR relaxation
experiments on partially desaturated rocks - In: Water resources research. - 50 (2014) 6,
S./Art.: 5309-5321, Online DOI: 10.1002/2014WR015282, EZB: http://www.bibliothek.
uni-regensburg.de/ezeit/?2029553.
Naderi Beni, Ali; Stanjek, Helge; Clauser, Christoph:
The formation of iron hydroxide coatings in an Emscher Marl: inverse reactive transport
modeling of reactive surface area - In: Environmental earth sciences. - 71 (2014 & 2013)
2, S./Art.: 763-771 Druck-Ausgabe: 2014. - Online-First: 2013. - Online-Ausgabe: 2014
Online DOI: 10.1007/s12665-013-2478-9, EZB: http://www.bibliothek.uni-regensburg.
de/ezeit/?2493699regensburg.de/ezeit/?1494886.
Naderi Beni, Ali; Clauser, Christoph:
The Influence of Temperature on Chemical Fluid-Rock Reactions in Geological CO2 Sequestration - In: Environmental modeling & assessment (2014), S./Art.: 10 S. Online-First
Online: DOI: 10.1007/s10666-014-9398-2, EZB: http://www.bibliothek.uni-regensburg.
de/ezeit/?2000915.
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Naderi Beni, Ali; Clauser, Christoph:
The Influence of Temperature on Chemical Fluid-Rock Reactions in Geological CO2 Sequestration - In: Environmental modeling & assessment (2014), S./Art.: 10 S. Online-First
Online: DOI: 10.1007/s10666-014-9398-2, EZB: http://www.bibliothek.uni-regensburg.
de/ezeit/?2000915
de Pasquale, Giulia; Mohnke, Oliver:
Numerical Study of Prepolarized Surface Nuclear Magnetic Resonance in the Vadose
Zone - In: Vadose zone journal. - 13 (2014) 11, S./Art.: 9 S. Online: DOI: 10.2136/
vzj2014.06.0069, EZB: http://www.bibliothek.uni-regensburg.de/ezeit/?2088189.
Schmeling, H., Marquart, G., 2014:
A scaling law for approximating porous hydrothermal convection by an equivalent thermal
conductivity: Theory and application to the cooling oceanic lithosphere, Geophys. J. Int.;
doi: 10.1093/gji/ggu022.
Vogt, C., Mottaghy, D., Rath, V., Marquart, G., Dijkshoorn, L., Wolf, A., Clauser, C., 2014:
Vertical Variations of Heat Flow on the Kola Peninsula: Paleoclimate or Fluid Flow?,
Geophys. J. Int., 199 (2), 829-843, doi: 10.1093/gji/ggu282.
Vogt, Christian; Klitzsch, Norbert; Rath, Volker:
On self-potential data for estimating permeability in Enhanced Geothermal Systems - In: Geothermics. - 51 (2014), S./Art.: 201-213, Online DOI: 10.1016/j.geothermics.2014.01.008, EZB: http://www.bibliothek.uni-regensburg.de/ezeit/?1494886.

Scientific peer reviewed proceedings
Bruckmann, Johanna; Vogt, Christian; Clauser, Christoph:
Capability of EnKF to assimilate tracer test data at the lower detection limit - In: Geophysical
Research Abstracts, EGU General Assembly 2014, 27.04.-02.05.2014, Vienna. [Göttingen]: EGU, European Geosciences Union, 2014. - (Abstracts & programme /
European Geosciences Union : general assembly... ; 16). - EGU2014-14626 Online: URL:
http://meetingorganizer.copernicus.org/EGU2014/EGU2014-14626.pdf.
Büsing, Henrik:
Comparison of iterative methods and preconditioners for the solution of miscible two-phase flow in heterogeneous porous media - In: 11th EGU General Assembly: General Assembly of the European Geosciences Union (EGU 2014); Vienna, Austria, 27 April - 2
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Chronicle
January
17.-21. Annick Fehr participated as Petrophysics Staff Scientist in the Onshore Phase of
the International Ocean Discovery Program (IODP) Expedition 347.

February
01.

Annick Fehr with the Onshore Party of IODP
Expedition 347

Oliver Mohnke leaves GGE to take up a position at baker-Hughes in Celle.

March
06.-07. U15-U20 Second German Canadian Geothermal Workshop organized by GGE.
10.-13. Annual Meeting German Geophysical Society at Karlsruhe:
Jan Niederau gave a presentation “On the impact of spatial heterogeneous
permeability distributions on the development of free convection cells in the
Perth Basin, Australia”.
Christoph Clauser gave two presentations “Evaluation of the geothermal energy
potential of a reservoir in Southern Italy” and “Entwicklung eines numerischen
Werkzeugs zur Rissausbreitung und erster Abgleich mit hydraulischen
Spaltversuchen im Labor”, Marina Hruska presented a poster ”M.Sc.
Programmes in Applied Geophysics at RWTH Aachen”.
19.-20. Annick Fehr gave a presentation entitled “Downhole Logging, Basics & Initial
Interpretation” in the German Scientific Earth Probing Consortium (GESEP)
School in Erlangen.
01.

Rhea von Bülow joins the GGE.

April
11.

Henrik Büsing goes on parental leave – will return in October 2014.

15.-16. Clauser, Marquart, Ebigbo, Niederau, Doghmi attended the annual MeProRisk-II
workshop organized by GGE.
27.-02. European Geosciences Union General Assembly in Vienna: Annick Fehr attended
the meeting; Marquart chaired a session on “Exploration, development and
production of geothermal resources”; Niederau presented a poster on “Modelling
the impact of heterogeneous permeability on free convection cells in the Perth
Basin, Australia” and a poster “On the influence of advection on the Guardia
dei Lombardi geothermal field”. Büsing presented a poster on “Comparison of
iterative methods and preconditioners for the solution of miscible two-phase
flow in heterogeneous porous media”. Bruckmann presented a poster on
”Capability of EnKF to assimilate tracer test data at the lower detection limit”.
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Weatherford Compact Micro-Resistivity Imager
(CMI) for downhole logging

May
29.-01. Rhea von Bülow presented the “Applied Geophysics Master” at the GAP Kiel.

June
03.

Rhea von Bülow presenting at the GAP Kiel

Institutes’ Olympiad at RWTH FH SPORTS DAY.

10.-13. Computational Methods in Water Resources at the University of Stuttgart:
Ebigbo gave a presentation on “Evaluation of the geothermal energy potential
of a medium-enthalpy reservoir in Italy”. Büsing presented a poster on “Efficient
solution strategies for miscible two-phase flow in heterogeneous porous media”.
Institutes Olympiad: GGEwinner

09.-13. Annick Fehr participated as Petrophysics Staff Scientist in the IODP Expedition
347 Postcruise Meeting in College Station (TX, USA).
10.-18. Field work for Bachelor students: Geophysics, Hydrology and Engineering
Geology (GHI) – Excursion jointly with LIH and LFH at Gerolstein.
24.

Clauser gives presentation at ministry environment institute in Stuttgart in
workshop on deep borehole heat exchangers and thermal energy storage in
aquifers.

“What now?”

25.-27. Marquart, Clauser, Ebigbo and Niederau travel to Pisa for a milestone meeting
with ENEL Green Power.
19.

Anozie Ebigbo goes on a two-month parental leave.

July

Anozie Ebigbo and his son Eloka Reuben

04.

Dr. Norbert Klitzsch received an award for “beste Lehre“ at Geotag 2014. Two of
our bachelor students received the third poster price for their poster “Simulation
von hydrodynamischen Salztransportprozessen mit SHEMAT-Suite”.

11.

First meeting (of a total of three) of task group on geothermal power generation
chaired by Clauser within the academies’ (Acatech, Leopoldina) project “Future
energy systems”.

Geotag 2014 Third winner of the poster presentation

11.

Johanna Bruckmann leaves for maternity protection, followed by 9 months of
parental leave. Her expected return is May 2015.

15.

Extensive e-learning material “Introduction to Seismics” prepared by Clauser for
students of IDEA-League M.Sc.-Applied Geophysics.

31.

Ute Kreutz leaves the GGE after 14 years. A huge farewell BBQ was organized.
Farewell to Ute Kreutz
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August
18.-27. Field excursion for Master Students (5 days): Geländeübung Großvenediger.

September
21.-24. GeoFrankfurt: Ebigbo gave a presentation on “Flow and heat-transport
simulations of a high-enthalpy geothermal reservoir in Tuscany, Italy”; Keller on
“Parameter estimation in a heterogeneous hard-rock reservoir using Ensemble
Kalman filtering techniques”; Niederau on “Numerical modelling of various
geothermal doublet scenarios for a medium-enthalpy reservoir in Southern
Italy”; Marquart chaired the session on “Assessment of geothermal reservoirs in
sedimentary and crystalline rocks”.

Norbert Klitzsch on excursion to the alps

GGE annual excursion

11.-12. Clauser participates in steering committee meeting of the European Energy
Research Association’s Joint Program on Geothermal Energy in Trieste.
29.

Department summer excursion to the Rheinsteig including a hiking tour and
wine tasting.

October
01.

The Bridge of Remagen

Sönke Reiche joins GGE.
Henrik Büsing returns from parental leave.

02.

Clauser and De Donker meet with representatives of Enel Green Power for
discussion of possible future energy.

09.

Welcome excursion of the IDEA League students Applied Geophysics

Welcome excursion to Schloss Paffendorf

13.-17. Annick Fehr visited the cooperation partners from the European Petrophysics
Consortium (EPC) in Leicester (UK).
15.

Johannes Keller moves on to FZ Jülich, the second part of his PhD. In one year,
he will return for the last period.

November
14.

The GGE participates at the “Lange Nacht der Wissenschaft der RWTH”.

18.

Annick Fehr attended as Petrophysics Staff Scientist the IODP Expedition 347
Review Meeting.

28.

Clauser and De Donker meet with representatives of Baker Hughes for
discussion of possible future activities.
Geoelectric survey in Hastenrath
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December
02.-04. Clauser participates in retreat of the academies’ (Acatech, Leopoldina)-project
“Energy systems of the future” (ESYS) on flexibility options for the future energy
system at Roggenburg monastery near Ulm.
09.

Marquart gave a colloquium talk at the TU Darmstadt on “Numerical simulation
as a tool for evaluation of geothermal reservoirs”.

31.

Ebigbo leaves the center for a new postdoc at Imperial College London.
A tour in our GGE labs
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PGS Institute for Power Generation
and Storage Systems

Preface
We are very happy to present to you the seventh Annual Report of the Institute for Power
Generation and Storage Systems (PGS) at E.ON ERC. In the following pages the two
research groups, i.e. the Energy Storage Systems (ESS) led by Prof. Dirk Uwe Sauer, and
the Power Electronics and Drives (PED) led by Prof. Rik De Doncker, will present their
research. Please note that our joint E.ON ERC research projects are covered in the front
sections of this Annual Report.
In 2014 one major work was the construction of the 4 MW test bench for multi-megawatt
wind drives. Located at the Center for Wind Drives (CWD), the test rig enables the analysis
of entire wind turbines including their gear box, generator and power-electronic converter.
By end of 2014, the approval for the M5BAT, i.e. the 5 MW multi-technology battery storage,
building was granted. This battery test facility will be constructed by PGS, in cooperation
with E.ON SE, SMA and Exide (see separate article in the joint research projects section).
The approval of the construction site was a major step towards realization of the project.
In addition, the scientific accompanying project WMEP PV-Speicher (PV-storage) for the
KfW Bank started in 2014. Main goal is to incentivize PV owners to install battery systems.
The collected data and subsequent analyses will provide valuable information on how to
adjust the grid support-schedule in order to stimulate technological advancement of such
systems to achieve a grid-friendly operation.
Furthermore, reports and proposals were prepared for the Forschungscampus Future
Electrical Networks (FEN) focusing on research on dc grids. In May and June we had
to present the concept and the research agenda to the reviewers and the grand jury.
All went well and in October 2014 RWTH Aachen University, led by PGS, could start
four main research projects, with a total funding of 10 Mio. € over five years from the
German Federal Ministry of Research. The research will be guided by and conducted with
a consortium of industry partners who work closely together with university researchers
to accelerate the implementation of innovations.
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Contact
PGS I Institute for Power Generation and
Storage Systems
Mathieustraße 10
52074 Aachen
Germany
T +49 241 80 49940
F +49 241 80 49949
post_pgs@eonerc.rwth-aachen.de
Further informations:
http://www.pgs.eonerc.rwth-aachen.de

We have also started the organization of the 6th International IEEE Symposium on Power
Electronics for Distributed Generation Systems (PEDG2015) which will be held in Aachen,
June 22-25. This international symposium, supported by the IEEE Power Electronics
Society and organized by the PELS Technical Committee on Sustainable Energy Systems,
will provide a venue for experts to present the state-of-the-art in power electronics and
distributed generation (DG) systems. We hope to see you in Aachen in June 2015!
In October, Dr. Hanno Stagge ended his engagement as chief engineer for PGS to start
as Chief Scientific Officer of the FEN research consortium. We thank Dr. Stagge for his
support over the past four years and are happy that he continues working closely with
PGS in the future. We wish him all the best with his new responsibilities at RWTH Aachen
University. By the end of 2014, Marco Stieneker and Nils Soltau became chief engineers
of the PED group. In 2014, Fernanda Vejar left the institute to return to her home country
Chile and guest researcher Shinya Ohara returned to Japan after his four year stay in
Aachen. In addition, Hans-Martin Heyn left the institute in 2014 to continue his PhD
studies at the Norwegian University of Science and Technology in Trondheim, Norway and
Kevin Pasch followed a job opportunity in the industry. Also Alexa Erckens, who managed
the PGS secretariat, left the institute. We thank all of them for their great support and wish
them all the best for the future.
In August, Yunzheng Chen joined PGS-PED to conduct research on robust converters.
Moreover, in October, Jingxin Hu started his research on future dc grids. The battery
research activities of PGS-ESS on stationary applications have been strengthened
significantly by recruiting Ilka Bremer, Georg Angenendt, Kai-Philipp Kairies and Sebastian
Zurmühlen Michael Merten, Fabian Rücker and Jeanette Münderlein. Furthermore, Sarah
Ayeng’o from Tanzania and Luiz Moraes Jr. from Brazil started their PhD studies. Both
received DAAD scholarships.

Director PGS
Univ.-Prof. Dr. ir. Dr. h. c.
Rik W. De Doncker
T +49 241 80 49940
post_pgs@eonerc.rwth-aachen.de

From January to May, Prof. Jinsong Kang from Tongji University, Shanghai, visited PGSPED to jointly work on power-electronic systems. He invited Dr. Stagge to Shanghai who
then conducted a block lecture on power electronics at Tongji University for three weeks
in September 2014. Dr. Charles Odeh from Nigeria has joined PGS as a guest researcher
in November 2014. Dr. Odeh is kindly supported by the Humboldt Foundation. Also in
November Ludmila Prisyazhnaya from Russia started her one-year stay at PGS, based on
the well-respected “Bundeskanzlerstipendium” also funded by the Humboldt Foundation.
In 2015, besides our ongoing research projects, Forschungscampus FEN will be one
of the main tasks of PGS-PED. Some important decisions about the general design of
the research grid on RWTH Aachen Campus have to be made so that the work can
afterwards focus on the detailed design. A main aspect of FEN is the collaboration
with other technical and “non-technical” RWTH colleagues, for example from the fields
of medicine, politics or technical communication. We are looking forward to a fruitful
teamwork to get more insights on different aspects of our future electrical supply system.
PGS-ESS is looking forward to the installation of M5BAT; the 5 MW battery storage system
will be completed and put into operation during 2015. With these two lighthouse projects,
PGS is conducting research with major partners from industry on two main pillars of the
“Energiewende”, storage systems and grids. We hope that our efforts can help to support
the transition to more renewable energy generation.

Director PGS
Univ.-Prof. Dr. rer. nat
Dirk Uwe Sauer
T +49 241 80 96977
pgs-batteries@eonerc.rwth-aachen.de

We would like to thank all PGS staff, assistants and students working on the research
projects for their enthusiasm and continued efforts. Furthermore, we are indebted to
all E.ON ERC Central Offices, under leadership of Dr. Sabine Vogel, for advising and
coordinating the many administrative and professional activities and duties within the
center. And finally, we would like to thank all our industry partners, in particular E.ON SE,
for their continued support in joint research projects at PGS.
We wish all co-workers, our friends and industry partners all the best for 2015 and thank
them for their continued support.
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Team
PGS I Institute for Power Generation and Storage Systems
Director PGS

Rik W. De Doncker (Electrical Energy Conversion Systems)
Dirk Uwe Sauer (Electrochemical Energy Storage Systems)

Chief engineers
Energy conversion systems
Energy storage systems

Nils Soltau
Matthias Leuthold

Hanno Stagge
Dirk Magnor

Office

Silvia Kroll

Romina Reddig

Research associates

Georg Angenendt
Nurhan R. Averous
Hendrik Axelsen
Sarah Ayeng’o
Ilka Bremer
Christian Bußar
Zhuang Cai
Yunzheng Chen

Pablo Frack
Georg Fuchs
Alexander Gitis
Hans-Martin Heyn
Jingxin Hu
Kai-Philipp Kairies
Benedikt Lunz
Ghada Merei

Michael Merten
Luiz Moraes Jr.
Janina Moshövel
Jeanette Münderlein
Shinya Ohara
Kevin Pasch
Ala Qawasmi
Sedigheh Rabiee

Fabian Rücker
Hafiz Siddique
Philipp Stöcker
Tjark Thien
Fernanda Vejar
Johannes Voss
Oliver Wessels
Sebastian Zurmühlen

Technical staff

Violetta Ostrowski

Guest researcher

Babak Gholizad

Marek Jasinski

Charles Odeh

Ludmila Prisyazhnaya
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Marco Stieneker

Research Projects
PV-Benefit
For future energy supply systems the effects and benefits of battery storage systems
in households with photovoltaic (PV) generators and the effects on distribution and
transmission grids need to be identified and analyzed. The development of grid relieving
management strategies in due consideration of self-consumption is a necessary step
forward in order to evaluate the use of battery storage in private homes in reducing the
stress on the power supply system. The project’s aim is to quantify the benefit of PV
storage systems in terms of economic, ecological and social issues.
Supported by the Federal Ministry of Economic Affairs and Energy based on a decision
of the German Bundestag.

Janina Moshövel, M.Sc.
T +49 241 80 49307
jmoshoevel@eonerc.rwth-aachen.de

GO ELK!: Small Commercially Operated Electric Fleets
Within the joint project GO ELK! five small fleets, each with five electric vehicles (EV), are
provided for commercial operation within the initiative “Schaufenster Elektromobilität”. The
research focus of PGS lies on the aging analysis of traction batteries in EVs. Periodic State
of Health (SoH) measurements, acquisition and analysis of field test data and battery cell
aging under laboratory conditions will enable an evaluation of the battery aging behavior.
Furthermore the impact of intelligent charging strategies on battery aging and the effect of
fast charging on driver acceptance will be evaluated.
Supported by the Bundesministerium für Verkehr und digitale Infrastruktur based on a
decision of the German Bundestag.

Dipl.-Ing. Ilka Bremer
T +49 241 80 49374
ibremer@eonerc.rwth-aachen.de

GENESYS I/II
The simulation framework GENESYS has been developed to calculate the optimal
configuration of the future electricity system of 2050 with smallest levelized cost of
electricity. The focus of the simulation tool is the allocation and estimation of future grid
and storage needs in power systems characterized by high shares of renewable electricity
generators. Within a follow-up project, the software should be extended to focus on
the transformation process including growing renewable and fade-out of conventional
electricity generators as well as grid extension and system entry of storage systems in the
timeframe of 2010 - 2050.
Supported by the Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety based on a decision of the German Bundestag.

Dipl.-Phys. Christian Bußar
T +49 241 80 49313
cbussar@eonerc.rwth-aachen.de

ESPEN
The aim of the project ESPEN is to clarify, if electrochemical storage systems are able to
contribute to the efficiency, stability and security of the future electricity supply system.
The results will allow to adjust the technical and economic circumstances and to create
a roadmap for further steps in technical development. Thus, electrochemical energy
storage systems are evaluated with techno-economic toolsets and compared with other
energy storage technologies and alternatives such as grid extension and generators with
very short response time and dynamically changing power output. Especially thermal
and mechanical storage systems are compared to identify the limits for electrochemical
storage technologies.
Supported by the Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety based on a decision of the German Bundestag.

Dipl.-Wirt.-Ing. Alexander Gitis
T +49 241 80 49350
agitis@eonerc.rwth-aachen.de
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PV-HOST: Operating Strategies and System Configurations for PV-Battery Systems
Due to decreasing costs, photovoltaic (PV) power plants are increasingly used in
households. With battery storage systems it is possible to use solar power even at
times of no power generation. In addition to an increase of local self-consumption, the
battery storage can provide a relief of the distribution network, when operated cleverly.
This project will evaluate appropriate battery technologies, system configurations and
operation strategies for PV home storage systems. Focus of the analyses is the economy
of the system considering the technology specific battery aging characteristics.
Supported by the Federal Ministry of Economic Affairs and Energy based on a decision
of the German Bundestag.

Georg Angenendt, M.Sc.
T +49 241 80 49373
gangenendt@eonerc.rwth-aachen.de

Potential of Combined Heat and Electrical Storage for
Demand Side Management in Private Households
Energy storage in private households is continuously gaining relevance. This is driven
by the strong decrease of power generation costs from PV. Thus it becomes more and
more interesting for users to consume the produced electricity by themselves. To use
the generated energy optimally, it is essential to apply storage units to match generation
and demand when they are time shifted. From an economic point of view, the combined
application of thermal storage and batteries is a promising way to achieve this costefficiently, while covering both heat and electricity demand. To find optimal system
configurations, a genetic optimization is applied with a simulation tool to analyze combined
PV home storage systems.

Sebastian Zurmühlen, M.Sc.
T +49 241 80 49368
szurmuehlen@eonerc.rwth-aachen.de

Scientific Measuring and Evaluation Program for
Photovoltaic Battery Systems - WMEP PV-Speicher
The German Federal Government issued a market incentive program for Photovoltaic
Battery Systems (PBS) that increase local self-consumption and act grid relieving at the
same time. However, the impact of larger numbers of PBS in the field today can only be
estimated. To gain a profound understanding of the grid-relieving effects under realistic
conditions and monitor the general market situation of the funded PBS, the market
incentive program is supervised by a scientific monitoring program from the start. For
more information, please visit www.speichermonitoring.de.
Supported by the Federal Ministry of Economic Affairs and Energy based on a decision
of the German Bundestag.

Kai-Philipp Kairies, M.Sc.
T +49 241 80 49367
kkairies@eonerc.rwth-aachen.de

Econnect
Within the research project “econnect Germany” information and communication
technology (ICT) for both, sustainable and intelligent electro mobility applications as well
as for the integration of electric vehicles into the smart grids of the future shall be explored,
developed and tested. In this context, PGS designed and developed a stationary storage
system for smart home applications. A simulation model of the entire system is then used
to derive conclusions about strain on components, energy turnover as well as to develop
intelligent algorithms for the energy management within a smart home.
Supported by the Federal Ministry of Economic Affairs and Energy based on a decision
of the German Bundestag.
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Georg Fuchs, M.Sc.
T +49 241 80 49333
gfuchs@eonerc.rwth-aachen.de

Competence Center for Self-Reliant Power Generation
from Volatile Renewable Energy Sources (SeRePo)
To pave the way for further expansion of renewable energies, the volatility of their energy
supply can be compensated using energy storage. Within this project, energy storage
using hydrogen should be investigated. The main goal is to connect electrolyzers and
fuel cells together with wind and gas turbines to technically and economically determine
the interaction of these technologies. In this context, the PGS institute is responsible for
determining the power-converter models connecting these technologies to analyze the
system with respect to efficiency, flexibility and performance potential.

Pablo Frack, M.Sc.
T +49 241 80 49960
pfrack@eonerc.rwth-aachen.de

Protection of Multi-Terminal DC Grids
Fault current limiting and breaking is one of the main challenges to overcome before
realizing a multi-terminal dc grid grid. This research examines different topologies and
technologies that can be used in dc circuit breakers on medium voltage level. It includes
available components in the market and proposed concepts that are still in a development
stage.
The work aims to study the different suggested concepts, proposes new ones and
compares them in terms of technology, application and performance. Finally, ways of
integrating fault-current breaking systems into future dc grids are investigated.

Ala Qawasmi, M.Sc.
T +49 241 80 49963
aqawasmi@eonerc.rwth-aachen.de

High-Current Test-Bench for Thyristor-Based Semiconductors
To stabilize the distribution and transmission grids, more and more thyristor-based
converters are being integrated in the grids due to their high power handling capability.
Nevertheless, in fault cases, these converters need to withstand high currents without
failing. To investigate these scenarios a test bench is needed to emulate different failure
modes in a controlled environment. This test bench creates currents of up to 18 kA with
a maximum duration of two seconds. Directly after the high current event, the voltage
blocking capability of the thyristor is tested up to 10 kV.

Dipl.-Ing. Johannes Voss
T +49 241 80 49946
jvoss@eonerc.rwth-aachen.de

Alternative Drivetrain Concept for Wind Turbines
A power-electronic converter for an auxiliary servo drive is built within this project. This
drive is superimposed in a gearbox of synchronous generators for wind turbines. The
advantage is that the servo drive has only to deliver about 10 % of the rated wind-turbine
power. Hence, only a low-voltage and low-power converter is required.
The auxiliary servo drive has to satisfy the grid codes. The reactive power will be delivered
by the synchronous generator during low voltage ride-through. However, the control of
the servo drive is more complex during failure.

Dipl.-Ing. Markus Niessen
T +49 241 80 97155
mniessen@eonerc.rwth-aachen.de

Analysis of Core and Winding Materials for HighPower Medium-Frequency Transformers
With the increasing costs for copper and steel, material savings become more important.
Moreover, applications like offshore wind farms or aeronautics have high requirements on
power density.
Operating transformers at high frequencies makes them smaller and lighter. Although the
core losses are reduced as well, the cooling of the transformer becomes more challenging
at increased frequency. This E.ON ERC gGmbH project investigates different core and

Dipl.-Ing. Nils Soltau
T +49 241 80 49957
nsoltau@eonerc.rwth-aachen.de
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winding materials for the use in high-power medium-frequency transformers. Moreover a
6.6 MVA three-phase transformer operated with 1 kHz is built.

Power Conditioning Systems for Microgrid Operation
Electric power systems are undergoing a decentralization process, where distributed
generation will play the major role. One of the main consequences is the reduction of
inertia especially due to the deployment of power-electronic converters. The emulation
of synchronous machines in converter-coupled generation has emerged as a promising
solution to increase frequency stability. The research focuses on the design of control
strategies based on this concept and its impact on the stability in microgrids.
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Pablo Frack, M.Sc.
T +49 241 80 49960
pfrack@eonerc.rwth-aachen.de

Selected Publications
Scientific peer reviewed journals
C. Bussar, M. Moos, R. Alvarez, P. Wolf, T. Thien, H. Chen, Z. Cai, M. Leuthold, D. U.
Sauer, and A. Moser, Optimal Allocation and Capacity of Energy Storage Systems in
a Future European Power System with 100 % Renewable Energy Generation, Energy
Procedia, Volume: 46, Pages: 40-47, 2014.
Stefan Engel, Nils Soltau, Hanno Stagge, Rik W. De Doncker.
Improved Instantaneous Current Control for High-Power Three-Phase Dual-Active Bridge
DC-DC Converters, IEEE Transactions on power electronics, Volume: 29, No. 8, Pages:
2067-2077, 2014.
Jie Shen, Stefan Schröder, Hanno Stagge, Rik W. De Doncker
Impact of Modulation Schemes on the Power Capability of High-Power Converters with
Low Pulse Ratios, IEEE Transactions on Power Electronics, Volume: 29, No. 11, Page:
5696-5705, 2014.
Nils Soltau, Daniel Eggers, Kay Hameyer, Rik W. De Doncker
Iron Losses in a Medium-Frequency Transformer operated in a High-Power DC-DC
Converter, IEEE Transactions on Magnetics, Volume: 50, No. 2, Pages: 953-956, 2014.
G. Merei, S. Adler, D. Magnor, M. Leuthold, and D. U. Sauer, Multi-physics Model for a
Vanadium Redox Flow Battery, Energy Procedia, Volume: 46, Pages: 194-203, 2014.
J. Moshövel, K.-P. Kairies, D. Magnor, M. Leuthold, M. Bost, S. Gährs, E. Szczechowicz,
M. Cramer, and D. U. Sauer, Analysis of the maximal possible grid relief from PV-peakpower impacts by using storage systems for increased self-consumption, Applied Energy,
Volume: 137, Pages 567-575, 2014.

Scientific peer reviewed conference proceedings/papers
Nurhan Rizqy Averous, Hanno Stagge, Rik W. De Doncker
Performance Characteristics of a Doubly-Fed Generator on a Test-Rig with Full-Scale
Converter-Based Grid Emulator
Power Electronics and Machines in Wind Applications (PEMWA), 2014 IEEE, July 2014,
Milwaukee, Wisconsin, USA.
Johannes Voss, Hanno Stagge, Rik W. De Doncker
Analysis of Medium-Voltage DC and AC Supply for Klystron Accelerators at the European
Spallation Source
International Power Electronics and Application Conference and Exposition (PEAC), 2014
IEEE, November 2014, Shanghai, China.
Marco Stieneker, Benedict Mortimer, Nurhan Rizqy Averous, Hanno Stagge, Rik W.
De Doncker: Optimum Design of Medium-Voltage DC Collector Grids Depending on
the Offshore-Wind-Park Power, Power Electronics and Machines in Wind Applications
(PEMWA), 2014 IEEE, July 2014, Milwaukee, Wisconsin, USA.
Marco Stieneker, Nurhan Rizqy Averous, Nils Soltau, Hanno Stagge, Rik W. De Doncker
Analysis of Wind Turbines Connected to Medium-Voltage DC Grids
Power Electronics and Applications (EPE, ECCE-Europe), Proceedings of the 2011-16th
European Conference on, August 2014, Lappeenranta, Finland.
Marco Stieneker, Jan Riedel, Nils Soltau, Hanno Stagge, Rik W. De Doncker
Design of Series-Connected Dual-Active Bridges for Integration of Wind Park Cluster into
MVDC Grids
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Power Electronics and Applications (EPE, ECCE-Europe), Proceedings of the 2014-16th
European Conference on, August 2014, Lappeenranta, Finland.
J. Shi, Jie Shen, Qingyun Chen, Stefan Schröder, Hanno Stagge, Rik W. De Doncker
Performance Evaluation of Multiloop Current Control Strategies in LCL-Filtered HighPower Converters with Low Pulse-Ratio, IEEE Energy Conversion Congress and
Exposition, ECCE, September 2014, Pittsburgh, USA.
Pablo Frack, Pedro E. Mercado, Marcelo G. Molina, Edson H. Watanabe, Rik W. De
Doncker, Hanno Stagge, Control-Strategy Design for Frequency Control in Autonomous
Smart Microgrids, IEEE 5th Int. Symposium on Power Electronics for Distributed Generation
Systems (PEDG), June 2014, Galway, Ireland.
Rik W. De Doncker
Power Electronic Technologies for Flexible DC Distribution Grids, International Power
Electronics Conference, IPEC, ECC-ASIA, May 2014, Hiroshima, Japan.
Nils Soltau, Oscar Apeldoorn, Hanno Stagge, Rik W. De Doncker
Development and Demonstration of a Medium-Voltage High-Power DC-DC Converter for
DC Distribution Systems, IEEE 5th Int. Symposium on Power Electronics for Distributed
Generation Systems (PEDG), June 2014, Galway, Ireland.
Nils Soltau, Julian Lange, Marco Stieneker, Hanno Stagge, Rik W. De Doncker
Ensuring Soft-Switching Operation of a Three-Phase Dual-Active Bridge DC-DC Converter
applying an Auxiliary Resonant-Commutated Pole, 16th European Conference on Power
Electronics and Applications (EPE, ECCE-Europe), August 2014, Lappeenranta, Finland.
Benedict Mortimer, Marco Stieneker, Rik W. De Doncker
Offshore Wind Park Optimization Considering the Wake Effect
Tagungsband zum Power and Energy Student Summit 2014 in Stuttgart, January 2014,
Stuttgart, Germany.
A. Gitis, D. Echternacht, M. Kleimaier, A. Becker, T. Aundrup, A. Berthold, M. Pokojski,
M. Leuthold, N. Rotering, D. U. Sauer, and A. Moser, Dezentrale Energiespeicher:
Einsatzmöglichkeiten, Bedarf und Wirtschaftlichkeit, VDE-Kongress 2014 Smart cities:
Intelligente Lösungen für das Leben in der Zukunft; VDE-Kongress 2014, 20./21.10.2014,
Frankfurt am Main, Messe, Kongressbeiträge.

Research Reports
Nils Soltau, Hanno Stagge, Rik W. De Doncker, Marija Stevic, Alexander Helmedag,
Antonello Monti, Commissioning of a High-Power Test Bench and Extension for HIL
Testing Aachen/E.ON Energy Research Center Series, RWTH Aachen University, 2014.
Nils Soltau, Robert Lenke, Rik W. De Doncker
High-Power DC-DC Converter, E.ON Energy Research Center Series, Volume: 5, No. 5,
Pages: 1-86, 2014.
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Chronicle
January
02.

M.Sc. Georg Angenendt, M.Sc. Kai-Philipp Kairies and M.Sc. Sebastian
Zurmühlen join PGS as research associates.

15.

Dipl.-Ing. Ilka Bremer joins PGS as research associate.

30.-31. Kai-Philipp Kairies represents PGS with a poster at the Batterieforum
Deutschland in Berlin.

February
03.

Dr.-Ing. Stagge takes part in the U15/U20 Workshop on Smart Grids organized
at E.ON ERC to discuss research and collaboration between Canadian
Universities and RWTH Aachen University on smart grids.

10.

The kickoff meeting of the research project M5BAT, funded by the German
Ministry for Economics, to demonstrate a modular megawatt battery storage
system is held at E.ON ERC.

27.

On “Fettdonnerstag” PGS celebrates carnival together with the colleagues from
E.ON ERC.

Carnival

March
11.

Prof. De Doncker gives a presentation at the “ZIEHL IV Zukunft und Innovation
der Energietechnik mit Hochtemperatur-Supraleitern” conference in Bonn.

12.

Benedikt Lunz gives a talk titled “Überblick über den aktuellen Stand der
modernen Speichersysteme” at the Forum für Zukunftsenergien in Berlin.

19.

Shinya Ohara returns back to Japan after three years research at the PGS. We
wish all the best to him.

24.

Marco Stieneker takes part in the congress “NRW-Unternehmenskongress –
Klimaschutz und Klimafolgenanpassung als Herausforderung und Chance für
die Wirtschaft” in Düsseldorf.

26.

Janina Moshövel presents her research results on “Analysis of the effects of
different operation strategies of PV-storage-systems for grid stabilization” at the
Kraftwerk Batterie conference in Münster.

27.

ISEA and PGS jointly organize the IEEE German Joint IAS/IES/PELS Chapter
Meeting.

31.

M.Sc. Kevin Pasch has his last day at PGS.
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April
01.

M.Sc. Sarah Ayeng’o and M. Eng. Luiz Moraes Jr. join PGS, both being DAAD
scholars.

04.

M.Sc. Zian Qin from Aalborg University, Denmark, joins PGS for a guest stay of
three month.

04.

New high-performance test bench inaugurated at the E.ON ERC.

08.

Prof. De Doncker gives a presentation titled “Visionen: AC vs. DC” at the Forum
for Renewable Energies of Hannover Messe 2014 in Hannover.

10.

Prof. De Doncker gives a presentation titled “Power Electronics – the key
enabling technology for future electrical grids” at the INTELEC95 2014 in
Zaltbommel, the Netherlands.

Inauguration of the test bench together with
GE representatives

May
19.

Prof. De Doncker visits the International Power Electronics Conference -ECCE
Asia- in Hiroshima, Japan, presenting the paper “Power Electronic Technologies
for Flexible DC Distribution Grids”.

20.

M.Sc. Michael Merten joins PGS as research associate.

June
02.

Kai-Philipp Kairies represents PGS on the Intersolar Europe Conference 2014
in Munich, giving a talk about “Technologies and Operating Strategies for PV
Battery Storage Systems”.

05.

Prof. De Doncker and Dr. Möhlenkamp from GE present together the concept
of “Forschungscampus Future Electrical Networks” to the jury nominated by the
German Research Ministry.

06.

Pablo Frack and Nils Soltau visit the PEDG Symposium in Galway, Ireland,
presenting their papers.

Joint barbecue with live broadcast of the

July
01.

PGS und ISEA invite to the annual barbecue in Verlautenheide.

24.

Rizqy Averous und Marco Stieneker visit the PEMWA Symposium in Milwaukee,
WI, USA presenting their papers.

30.

M.Sc. Hans-Martin Heyn has his last day at PGS.

August
01.

M.Sc. Yunzheng Chen joins PGS as new research associate.
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soccer World Cup

26.

Nils Soltau and Marco Stieneker visit the EPE ‚14-ECCE Europe Conference in
Lappeenranta, Finland, presenting their papers.

September
01.

M.Sc. Fabian Rücker joins PGS as research associate.

11.

Dr.-Ing. Stagge leaves for Shanghai where he gives lectures on power electronics
at Tongji University for three weeks.

October
Shanghai

01.

Dr.-Ing. Stagge joins the Flexible Electrical Networks FEN-Consortium and is
elected to be the first CSO.

01.

Marco Stieneker and Nils Soltau take the office as chief engineers.

02.

Ghada Merei presents her Paper titled “Optimization of an Off-grid Hybrid
Power Supply System Based on Battery Aging Models for Different Battery
Technologies” on the INTELEC 2014 in Vancouver.

06.

M.Sc. Jeanette Münderlein joins PGS as research associate.

12.

PGS and ISEA together organize the annual Strategy Meeting.

15.

M.Sc. Jingxin Hu joins the institute as a research associate.

20.

Alexander Gitis presents the results of the “ETG Task-Force Energiespeicher in
Verteilungsnetzen” on the VDE Congress in Frankfurt.

November
01.

Ludmila Prisyazhnaya arrives for a nine months guest stay based on the
well-respected Bundeskanzlerstipendium of the Alexander von Humboldt
Foundation.

05.-08. Johannes Voss visits the PEAC 2014 in Shanghai and presents a paper. He also
receives an Excellent Paper Award.
10.-11. PGS has two presentations at the 4th Solar Integration Workshop (Christian
Bussar and Kai-Philipp Kairies) and one poster at the 13th Wind Integration
Workshop jointly held in Berlin (Zhuang Cai).

Johannes Voss receives excellent paper award

December
02.-05. Ilka Bremer presents her research results in form of a poster at the EEVC 2014
in Brussels.
10.

PGS together with the other E.ON ERC institutes celebrate a successful year
of research on the Christmas Party.

Chronicle | PGS | 135

Publishing Information
2014 Report
Published on behalf of the Director
Univ.-Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
E.ON Energy Research Center
RWTH Aachen University

Responsible
Dr. Sabine Vogel

Editor/Layout
Martha Gorecki
Tanja Osterhage
Ming Fei
Katharina Aschhoff

Photos
Peter Winandy (p. 1, 5, 11, 12, 13, 14, 15, 16, 17, 26, 27, 48, 52, 53, 54, 55, 56, 68,
69, 70, 71, 86, 87, 88, 89, 90, 108, 109, 110, 111, 112, 122, 123, 124, 125, 126)
Holger Knauf (p. 4, 18, 19)
Thilo Vogel (p. 51)
E.ON ERC (other photos)

Translation
Kern

Print
Druckservice Zillekens

