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Dear Readers,
We are still working under conditions
shaped by the coronavirus, but we are
learning to live with it and are proceeding
with all of our research projects at the
usual pace. This spring’s main highlight
was the news that financing had been
approved for the second five-year funding
phase for the Flexible Electrical Networks
(FEN) Research Campus, in which E.ON
ERC is involved in a leading capacity.
This issue of Research & News, like past
issues, showcases the diverse range of
topics we cover, from the development
of a ventilator for COVID-19 patients and
optimization in energy supply systems to
the economic impact of grid expansion,
new approaches to distribution network
control, and solutions to geothermal
energy issues.
I wish you happy reading!
Rik W. De Doncker

FEN/E.ON ERC I Electrical networks of the future
Flexible Electrical Networks Research Campus enters second funding phase
May this year brought good news from Berlin as we received the
final approval for funding of the second phase of the German Federal
Government BMBF Research Campus Flexible Electrical Networks
(FEN). Back in September 2012 FEN was among the winners in
the “Research Campus – Public-Private Partnership for Innovation” competition organized by the German Federal Ministry of
Education and Research (BMBF). Each selected research campus
receives up to two million euros in funding each year for a period of
15 years maximum. Dr. Henning Kagermann, former head of SAP
and President of the German Academy of Science and Engineering –
ACATECH, served as the head of the selection committee at the time.
He noted that the decision was based on various factors, including
the topic’s relevance to the success of the German energy transition.
Energy efficiency, electrical networks, and energy storage all played
central roles. “The project of RWTH Aachen University addresses all
three factors while highlighting the great potential of direct current
with an eye to efficiency and costs,” said Kagermann in an interview
with Research & News (see Research & News No. 3/12) ), giving the

reasons for the choice. The breadth and capabilities of the consortium
were another key factor in the decision, he said.

The medium-voltage DC research grid on the Melaten campus of RWTH
Aachen University connects the E.ON ERC testing hall with the Center for
Wind Power Drives (CWD) and the Center for Aging, Reliability and Lifetime
Prediction of Electrochemical and Power Electronic Systems (CARL), which
is under construction.
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FEN is a multidisciplinary research institution developed under the leadership of E.ON
ERC with other institutes at RWTH Aachen
University and industrial partners. Following
an approach based on division of labor,
the project is dedicated to advancing direct
current technology for use in public power
grids, especially at the medium- and lowvoltage levels.
After a one-year preliminary phase in which
specific individual projects were launched,
2014 saw the start of the first five-year
funding phase, which concluded with the
successful commissioning of the mediumvoltage direct current (MVDC) network (see
graphic on page 1) in November 2019,
among other things (see Research & News,
Nr. 3/19). This research grid, which is about
2.3 kilometers long in all, is a flagship project
for the first phase of funding. It is operated at
a voltage of 5 kilovolts, with a rated output
of 5 megawatts. In the final stage of development, it will be possible to connect as
many as five stations to the grid, operating
as consumers and/or feed-in points. Plans
also call for energy storage and generation
of power from renewable energies to be integrated. The new network can be controlled
from a network control center either at the
PGS medium-voltage test hall or on the
central FEN premises.
Ultimately, the MVDC research grid, which will
act like a large-scale lab spread across the
campus of RWTH Aachen University, offers
numerous possibilities for testing components and operating modes in DC networks in
real-world applications. The relevant tests are
among the key components of the second
five-year funding phase for the FEN research
campus. Renewing the funding of two million
euros per year was recommended shortly
before the end of the year in 2019, and the
proposal received final approval in May 2020.
FEN’s overarching objective for the next five
years is to further expand on the lead the institution has built in terms of expertise, thereby
enhancing its own appeal to current and
future cooperation partners, and to demonstrate the advantages and implementation
of DC technologies for electrical networks
based on various pilot projects.

Plans for the second phase include developing a lab called the DC Laboratory to
Demonstrate Intelligent Flexible Electrical
Networks (DC-LiNk) as a key element. This
will involve familiarizing engineers, electricians, and installers with innovative DC
components, installation guidelines, and the
relevant automation technologies, among
other things. The lab will also function as a
demonstration and test lab for components,
algorithms, and services from the companies involved. From the researchers’ standpoint, DC-LiNk is the new flagship project
of the research campus and an essential
requirement for the successful implementation of DC technologies in electrical supply
networks.
The research campus had previously been
subdivided into three separate consortia
according to voltage levels. Now, to reflect
the many approaches to innovation represented in the second phase of funding, a
new, integrative overarching approach has
been chosen, encompassing the areas of
networks and systems, components, digitization, socioeconomic research, and standardization.
Over the next five years comprising the
second phase of funding, six projects will be
at the forefront of FEN’s research activities:
• In the DC Socio-Economics subproject,
the FCN institute will be cooperating on an
interdisciplinary basis with five other partners/institutes at RWTH Aachen University in
the fields of the humanities, social sciences,
and architecture. FCN’s key research
content here will include identifying market
niches and their expansion possibilities,
analyzing the influences of market structure, stakeholder networks, and policies on
market launches, and a comparative study
of investment strategies for the step-by-step
expansion of smart grids. The work done by
Professor Madlener and his team will focus
on (original) co-development of a conceptual
framework called Market Niche Readiness
(MNR) and analysis of the economic aspects
of the ongoing market launch and dissemination of DC technologies, including regulatory
and policy aspects. The researchers’ main
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IEEE honors Professor Rik W.
De Doncker with the IEEE Gold
medal in Power Engineering

Professor Rik W. De Doncker, Director
of E.ON ERC and also the head of the
PGS and ISEA (Institute for Power Electronics and Electrical Drives) institutes
at RWTH Aachen University, has been
awarded the 2020 IEEE Gold Medal
in Power Engineering (for more info,
click here) by the Institute of Electrical
and Electronics Engineers (IEEE). IEEE
medals are the highest awards granted
by the IEEE, the world’s largest association of engineers.
In the field of Power Engineering,
which covers power electronics, the
award goes exclusively to experts with
extraordinary merit who have been
involved in technological development
in the areas of generation, transportation, distribution and application or use
of electrical energy, IEEE noted when
awarding the medal. The association
said De Doncker had made instrumental contributions to advances with
an eye to conserving energy, using
renewable energies, and developing
electric vehicles through groundbreaking concepts in the fields of electricity distribution and conversion (see
IEEE TV).

Research & News
www.eonerc.rwth-aachen.de

News on Research & Education at E.ON Energy Research Center of RWTH Aachen University

focus is on DC systems in office buildings
and residential neighborhoods. (Funding
reference number 03SF0592)
• Under the title “FlexGrids,” one of the
teams is working on the planning and
operation of flexible electrical distribution
grids of the future. The goal of the studies
being performed as part of the FlexGrids
subproject is optimized planning of DC
networks, including the medium-voltage and
low-voltage levels. DC and AC network technologies will subsequently be compared to
allow for better identification of future areas
of focus for development. (Funding reference
number 03SF0593)
• The goal of the “DC-Sek” project is the
development of advanced control and
automation solutions for future hybrid AC/
DC distribution networks. The integration
of multiple power electronics converters
and DC connections into AC distribution
networks requires developing new strategies for controlling and operating these
systems. Beyond that, the security of the
critical cyber-physical infrastructures used
for these electrical networks requires that
automation systems be developed to be
secure by design. The project will study the
controls needed to this end, along with automation at the converter and system levels,
taking into account stability criteria, optimized power flow, and cyber-physical security requirements. (Funding reference number
03SF0594A-B)

• The ESCape subproject focuses on the
development of a high-performance protective architecture for intelligent electricity
supply networks, especially DC networks. To
this end, PGS will work together with partners to develop a general protective architecture, including the resulting requirements
for the individual protective components and
their coordination. Control strategies to limit
residual current in various converter topologies for DC networks will also be developed.
Hybrid circuit breakers for DC networks will
also be developed, and protective strategies
and algorithms will be developed for overarching, system-wide protection. (Funding
reference number 03SF0595)
• ScaLE is the abbreviation for a subproject
that focuses on research on systematic,
application-wide comparison of power electronics converters and components for DC
networks. As part of these efforts, plans call
for the development of a multi-application
multi-objective optimization (MAMOO) algorithm for the systematic cross-application
comparison of various converter topologies.
Ultimately, the goal is for this innovative algorithm to help make optimum design decisions
while power electronics converters are being
developed for DC networks with an eye to
the aspects of application and specifications.
(Funding reference number 03SF0596A-E)
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identify potentials for sector coupling. Toward
that goal, “prosumers” (consumers that
generate energy), such as buildings, electric
charging stations, commercial, industrial,
and service locations or similar facilities are to
be combined step by step into streets, urban
neighborhoods, and even city areas. The
sectors of electricity, heat, cooling, mobility,
and (renewable) gases will all be considered in the process. Apart from investigating
energy management strategies, opportunities for new market approaches should also
be analyzed. The project team aims to show
that expanding modern infrastructure (such
as DC networks, but also heat and cooling
networks) and combining individual units
into an overall system are both ways to tap
into significant synergies. To do so, they will
describe the individual components in as
much mathematical accuracy as possible
and combine individual sectors with each
other (electricity can be converted into heat
via a heat pump, for example). Ultimately,
sector-coupled energy systems with singularly designed systems will be compared
with each other from both an economic and
an energy perspective. (Funding reference
number 03SF0597)
Work is now under way in all six subprojects.
The first interim reports on where things stand
are expected for the consortium meeting in
September.

• In the InEEd-DC project, a team from the
PGS, EBC, and ACS institutes and from the
E.ON and Kiepe Electric companies aims to

EBC I COVID-19 pandemic
EBC supports Viessmann in the development of a simple ventilator
The COVID-19 pandemic has already had disastrous consequences,
and the full scale of the impact remains to be seen. Millions of people
around the world are directly affected, and the numbers continue
to rise, with some regions even reporting exponential growth once
again. The healthcare sector in many countries is overwhelmed, and
there is a lack of both staff and the necessary medical equipment.
Amid this situation, the Allendorf-based heating and air conditioning
company Viessmann decided this spring to use standard component assemblies already available in their organization to develop

and produce a simple ventilator and in high unit volumes, as needed.
Among the company’s supporters in these efforts was a team from
EBC, which in turn worked closely with medical researchers from
Aachen’s Luisenhospital and scientists from the Medical Information
Technology (MedIT) Institute at RWTH Aachen University.
In this project, EBC developed and set up measurement technology
and measuring sections in a very short time. These were used for the
in-depth testing of the prototypes designed by Viessmann. In addi-
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tion, the Institute was responsible for coordinating the cooperation with the medical
and medical technology researchers based
in Aachen.
The measurement technology used included
sensors to determine pressure and flow
speeds, along with oxygen and carbon
dioxide sensors. The data collected in the
process was used for long-term monitoring
of the tests and for a high-resolution analysis of the measurement series. Alongside
general functional tests, EBC studied the
long-term behavior of the prototypes as part
of the project. Concentration of oxygen and
CO2 was an important topic, and various
patient valves were tested. The prototypes
were also measured using the ventilation test
bench of the RWTH Institute MedIT.
The EBC team is especially grateful for
the outstanding and productive cooperation with the medical researchers at the
Luisenhospital and the medical technology
researchers at MedIT. The clinicians provided
items including dummies and test lungs that
medical students use for training purposes.
Hospitals also use these kinds of test lungs to
check the functioning of commercial ventila-

Thanks for the good collaboration with Aachen-based physicians and medical engineers, it was
possible to conduct the necessary research on the prototypes of the Viessmann ventilators at
EBC in a relatively short time.

tors. Researchers from MedIT supported
the work with both expert assessments and
test material and provided the ventilation test
bench as well.
Whether the device developed by Viessmann and tested in detail in Aachen will end
up in use is not yet clear. Luckily, demand
in Europe is covered by existing devices.

There is a need in less developed countries,
but certification has not yet been obtained.
Viessmann is in contact with various bodies
in Germany and other countries. The
company assumes, at any rate, that if and
when needed, they will be able to produce as
many as 600 of these innovative ventilators
per day at low cost.

COVID-19 pandemic I EBC presents model for gauging the risk of infection through aerosol transmission
Researchers from EBC have worked with a colleague from Heinz
Trox Wissenschafts GmbH to study the risks of aerosol transmission of SARS-CoV-2 virus in indoor spaces. This “simplified
assessment of the risk of infection through aerosol-bound virus
in ventilated rooms” focuses on the transmission of virus through
aerosols, as this transmission route cannot be impeded through
simple measures such as wearing face masks and/or following
certain hygiene rules.
The concentration of the aerosols carrying virus particles is directly
related to how well the space is ventilated. In this discussion contribution, Professor Müller and his team analyze complex transportation processes due to aerosols in order to arrive at an estimate of
the risk of infection in various indoor settings and use situations.
The focus is on the parameters that can be influenced in technical
terms, in order to better judge under which circumstances which
risks of infection exist and in which rooms special precautions
should be taken to guard against infection.

This contribution shows that the factors of air exchange rate, the
volume of the room, the amount of time spent there, and occupancy
have significant effects on the relative risk of infection. Especially in
crowded rooms that are occupied over longer periods, good ventilation (mechanical ventilation) is key to lowering the infection risk.
The results of the studies performed for this contribution show
that the relative risk of infection due to aerosols can be significantly
reduced if the air exchange rate is high enough. It is also clear that
infection risk is very high if adequate ventilation cannot be ensured.
With that in mind, the authors recommend that in densely occupied
places where people spend significant amounts of time, like classrooms, “CO2 stoplights” should be installed as an early warning that
ventilation breaks are needed.
The report can be downloaded free of charge here.
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EBC I Energy supply
EBC develops new Web tool for planning and optimizing energy supply systems
Energy supply systems are growing more and more complex, which
means that optimizing them is increasingly challenging as well. EBC
has developed an Internet-based tool called Energy Hub Design Optimization (EHDO) for use in research projects and academic instruction. It allows for relatively simple, fast conceptual design of energy
supply systems of the future.
As a first step, the various energy requirements are entered into
EHDO. In addition, the generation and storage technologies that are
possible in each case must be identified. These include, for example,
renewable energies alongside conventional heat and cold generators,
cogeneration units, gas boilers or gas heat pumps, but also hydrogen
technologies and, last but not least, various storage options. For a
realistic calculation of the potential of renewable energies, the system
can also access climate data for more than 100 cities around the
world.
Once fundamental conditions have been entered – including electricity and gas prices and the amount of any CO2 tax that may apply
– the optimization process is launched. A few minutes later, EHDO
provides a suggestion for optimum dimensioning of all generation
and storage technologies. The system also offers information on the
need to procure energy from the electricity and gas networks and the
amount of power generated through renewables. The total costs are
displayed, broken down by investments and current costs, along with

EHDO features various technologies for converting and storing energy.
The tool assesses these options depending on the overall conditions and
recommends a system configuration that has been optimized for energy
efficiency and cost-effectiveness.

the annual CO2 emissions. It is also possible to perform a comparison
with a reference system identified beforehand.
The EHDO optimization tool can be used free of charge here. There
is also a video offering explanatory information on how to use this
highly practical tool.

EON ERC I A living lab for the German energy transition
TransUrban.NRW relies on smart, low CO2 energy solutions for district heating
One of the four winning projects from the state
of North Rhine-Westphalia in the nationwide
idea competition titled “Living Labs for the
Energy Transition” was launched in May 2020
under the title “TransUrban.NRW.” Under
the leadership of E.ON Energy Solutions,
a consortium encompassing regional and
municipal utilities, along with EBC, ACS and
FCN-JERI (Junior Professorship of Energy
Resource and Innovation Economics at FCN),
is working to put innovations relating to the
German energy transition into practice. The
project aims to replace the traditional district
heating supply, which is often operated at
temperatures above 100 degrees Celsius,

with what are known as “LowEx” networks.
This technology does more than just reduce
energy loss. It also makes it possible to integrate geothermal heat sources or use waste
heat, which is available on a large scale at a
low temperature level. The innovative fifthgeneration heat networks can incorporate
renewable energies and waste heat at all
temperature levels. The low-temperature
networks needed to achieve this will either
be newly established or integrated into the
existing infrastructure.
Ultimately, the low-temperature networks are
to be designed as platforms for exchange of

energy where all of the stakeholders involved
can act in concert. This is made possible by
intelligent networking that balances buildings’ needs for heat and cooling, thereby
enhancing efficiency.
The goal of the innovative project is to
significantly improve the urban carbon footprint. With that in mind, TransUrban.NRW is
concentrating on heavily coal-reliant regions
of structural change in the cities of Gelsenkirchen, Mönchengladbach, Herne and
Erkrath.

Research & News
www.eonerc.rwth-aachen.de

News on Research & Education at E.ON Energy Research Center of RWTH Aachen University

FCN I Electrical networks of the future
Macroeconomic effects of grid modification
Within the interdisciplinary Kopernikus
research project “ENSURE” – tasked
with developing electrical networks of the
future – Lena Schreiner (Oxford Institute of
Energy Studies and OECD) and Professor
Reinhard Madlener of FCN have studied
the macroeconomic effects of the grid
expansion measures that appear necessary in order to bring about the energy
transition in Germany.
To this end, the researchers first performed
an input-output analysis to look at the
investments in alternating and direct
current solutions for all voltage levels
that are planned as part of the Network
Development Plan (NEP) for 2030. This
meant a study of which multiplier effects
should be expected in terms of yield, value
creation, employment, and tax revenue.
The net results show that positive effects
of between 47.3 and 55.8 billion euros
are possible in terms of economic output.
The researchers expect to see negative
developments in other areas, by contrast:
In terms of value creation, they expect to
see a decline of between 10.1 and 12.7
billion euros, while tax revenue is expected
to decrease by 962 million to 1.354 billion
euros and anywhere from 130,170 to
158,940 jobs are forecast to be lost. The
study’s authors conclude as a result that
investments in modifying the grid should be
made at costs that are as low as possible

in order to minimize the expected negative effects on national value creation, tax
revenue, and employment.
In the second part of the study, the
researchers are developing an approach
to incorporate planned grid investments
for better integration of the often-volatile
process of generating electricity from
renewable energies into a dynamic and
stochastic market equilibrium model
(DSGE). There are two key questions here:
How do grid investments like these affect
GDP and employment in Germany, and are
increased grid investments economically
efficient in terms of reaching the desired
system flexibility? The two authors find
that these kinds of investments can have
partially negative economic effects here as
well, but they also see ways of alleviating
them by designing the investments and
overall conditions appropriately.

There are two working papers on this study (No.
10/2019 and No. 11/2019) available to download from the FCN website. Both have garnered
widespread acclaim after just a short time.
For extensive further information on ENSURE
and FCN’s involvement in the work in this area,
please see the Kopernikus-website and the
FCN website (keyword: ENSURE).

FCN I Repurposing coal mines
Suitability of coal mines as locations for pumped-storage power plants
In a series of studies of possible new uses
for old coal mines and lignite pits, FCN
researchers also studied the economic
possibilities offered by new pumpedstorage hydropower plants in these kinds
of sites.

To evaluate a power plant at a decommissioned open pit site, an analytical
framework was developed and applied
to two sites in the Rhine area, Inden and
Hambach. Calculations show that this kind
of pumped-storage power plant could be
built at a relatively low investment cost
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FCN ticker
Professor Madlener was named to serve
as an adjunct professor in September
2019 by the Department of Industrial
Economics and Technology Management at the Norwegian University of
Science and Technology (NTNU) in
Trondheim. His work encompasses
both teaching (course for doctoral candidates on energy markets, taught jointly
with Prof. Franziska Holz of DIW Berlin)
and supervising doctoral candidates.
Professor Madlener has been a member
of the panel of experts for the Norwegian Energy Transition Initiative (NETI) for
years. He supported an Energy Transition 2020 webinar as an external expert
in mid-June (for more info, click here).
***
This past April, Professor Madlener
was named Senior Editor of the journal
Energy Policy (for more info, click here),
and he also became the editor for special
issues in May 2020. Well-known ranking
systems regularly assess this journal as
being especially influential in the categories of business and economics, environmental studies, environmental sciences,
and energy and fuels. Energy Policy
logged more than three million downloads of papers in 2019 alone.
***
In the spring of 2020, Professor Madlener
signed a memorandum of understanding
with the Tokyo Institute of Technology
(Tokyo Tech; School of Materials &
Chemical Technology, Prof. Manabu
Ihara). He will be acting as an advisor in
the Energy Education program, for which
funding was approved by the Japan
Society for Promotion of Science a few
days ago. He will also participate in the
international Tokyo Tech symposium
and supervise and provide continuing
education to students from the Japanese
institute on site in Aachen. Tokyo Tech
has been a part of the E.ON ERC International Energy Cooperation Program
(IECP) for many years.
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and operated at a low production cost.
However, since the investment would have
to be made long before the pit would naturally flood in full, these kinds of projects are
difficult to impossible to realize cost-effectively without aid.
In another study, the technical and
economic aspects of establishing underground pumped-storage power plants
in abandoned coal mines were considered with special attention to the costs
of the underground water reservoir. The
researchers from FCN conclude that there
is a good case to be made for building
these kinds of underground storage
power plants from both a technical and
an economic standpoint, especially if the
pipe system needed for this is designed

to be as large as possible. The construction costs are higher compared to conventional sites, but that seems reasonable in
light of the significantly lower environmental
impact on the surrounding area and neighboring population. In addition, these kinds
of underground pumped-storage power
plants could be built at numerous sites
in Germany and in metropolitan regions
that are actually ill suited to power plant
construction due to overall topographic
conditions.
In a third study, FCN researchers investigated how and to what extent optimized
pump control geared toward the thencurrent electricity costs would affect the
“eternal costs” of removing water from
abandoned coal mines. In the study, the
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researchers consider dewatering systems
such as “small underground pumpedstorage power plants” and conclude that
the costs can be significantly reduced by
optimizing the pump sizes and engaging in
controls geared toward the costs of electricity. At the same time, they believe the
mine water holds little economic potential
as a source of heat for local heat supply
purposes.

The FCN website features working papers on
the three studies, most recently revised in July
2020 (Study 1 and Study 3) and August 2020
(Study 2).

FCN I Smart grids
Value pooling through “energy supplier 2.0” as a key component of the smart grid system
More and more households are generating, using, and storing
their own electricity, and the number of electric vehicles and heat
pumps is rising sharply. Still, as the electricity transition proceeds,
it is becoming increasingly difficult to strike the necessary balance
between generation and consumption. In the future, smart grids and
private households will play an important role in this. Old household
meters will need to be replaced by smart meters or smart meter
gateways in order to operate these kinds of grids reliably and efficiently.
Smart meter gateways form the basis for smart grid applications.
However, the question of the optimum way to implement these kinds
of applications in practice is still an open one. Consumers cannot, at
any rate, be expected to constantly monitor changes in supply and
demand in the supply network and respond appropriately. This has
to take place automatically and intelligently, with consumers deriving
financial benefits from the benefit they add to the overall system and
feeling a direct and adequate effect on their wallet.
Research at FCN initially focused on how to ensure stable grid
operation while also fulfilling the economic interests and expectations of all of the stakeholders involved – customers, suppliers,
grid operators. The business model canvas approach was used
to develop a business model for what was dubbed the “energy
supplier 2.0.” This is a supplier that controls decentralized customer
systems, possibly in combination with a contracting concept, in
order to leverage their flexibility and thereby tap into as much value

as possible, most of it previously unused. Several aspects offer
great potential here:
• Maximized self-consumption of locally generated power
•	Adjusting grid procurement to accommodate volatile electricity
prices
• Peak-load shaving in the power distribution network
• Offering system services such as control service
•	Slowing aging of systems and equipment, especially in home
battery storage

Maximized self-consumption
Reduction battery aging

Peak-load shaving
Frequency control

Procurement optimization

In terms of quantitative economic analysis of these kinds of potential,
there is potential for a four-person household with an electric vehicle
and their own photovoltaic system with storage to earn more than
200 euros a year.
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Current research at FCN is geared toward
replacing time-consuming linear optimization through the use of artificial intelligence. Neural networks trained according
to requirements are capable of learning,
so they have a “feel” for system operation that has been optimized in economic

terms or in terms of benefit without having
to make predictions for every possible individual case. This kind of artificial intelligence
makes decisions in split seconds, adjusting
the “roadmaps” of private households to
reflect real-world conditions in almost real
time.
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FCN offers various publications that provide
detailed information, available to download
online: an essay in Energy Policy and
FCN Working Papers 7/2018, 15/2018 and
20/2019.

FCN I Climate protection
Effects of the climate package on heat supply and private transportation
The German climate package adopted in 2019 creates cross-sector
incentives for reducing CO2 emissions. As part of a research project
titled “Impacts of the German Climate Protection Plan,” FCN is
studying how these measures will affect the sectors of private transportation and heat supply, along with passenger car and heating
system sales volumes.
The project is specifically investigating the following questions:
•	What impact are the measures outlined in the climate package likely
to have on purchase costs (heating and cars)?
•	In what form and to what extent does the increase in variable costs
owing to the price of CO2 affect the present value of the various
technologies?
•	To what extent do customers benefit from certain measures, such
as the expansion of charging infrastructure?
•	How do the adopted measures affect sales volumes or the addition
of certain technologies?
•	What will the relevant market share be like ten to 15 years from
now?
Studies like these are of great interest to energy supply companies
and automakers since personnel planning, development and expansion of service offerings, and infrastructure adjustments are all activities that tend to be geared toward the long term.
The annual increase in the CO2 tax that forms part of the German
Fuel Emissions Trading Act will have a significant impact on the cost
of generating heat. Since part of the additional tax revenue is also
used to reduce the pass-through required under the Renewable
Energy Sources Act, electricity-based technologies like heat pumps

are favored by the climate package. For a detailed examination of the
impacts of these effects, researchers at FCN calculated the development of the prime cost of heat from conventional boiler types, cogeneration units, and heat pumps for various energy prices and CO2 price
scenarios for the 1990 to 2035 time period. Based on the values
calculated, the future market share attributable to different technologies was estimated.
The study results show that conventional technologies such as oil
boilers or cogeneration plants will be used much less in the future than
previously. Heat pumps are expected to be a particular winner under
the climate package. In most of the scenarios considered, they benefit
in not one, but two ways: first, from lower variable costs, and second,
from significantly improved funding conditions. Only in scenarios with
significant increases in electricity prices do cogeneration plants gain
market share due to the rising proceeds from generating electricity.
According to the calculations performed at FCN, heat pumps will
capture a large portion of the market share currently held by oil and
gas boilers, since capital costs are a major focus here and possible
increases in the price of electricity are less of a factor due to high
efficiency.
In the mobility sector, electric vehicles are expected to gain market
share rapidly in the years to come, with the CO2 price likely to play
less of a role in the FCN researchers’ view. Vehicles like these will be
more and more competitive with conventional vehicles with combustion engines over time, as purchase costs drop sharply, a wider and
wider range of models is offered, and further gains are made in terms
of both quality and range.

ACS I Distribution grid management
SOGNO enables new service offerings for grid digitization
Together with twelve research institutions
and companies from Germany, Ireland, Italy,
Romania, and Estonia, and with funding

provided by the EU’s Horizon 2020 program,
ACS has developed innovative concepts for
digitization and automation of future distri-

bution networks within the Service Oriented
Grid for the Network of the Future (SOGNO)
project. As generation of electricity from
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renewables grows increasingly decentralized
and volatile, the requirements for supervision
and management of these kinds of networks
are growing ever more stringent. Distribution system operators (DSOs) are urgently
seeking ways to gain more and better insight
into their operations so that they can optimize
them as the next step. To this end, SOGNO
is relying on the latest developments in information technology and on advanced data
analysis and machine learning.
The project’s primary goal was to develop a
completely new approach to automation of
distribution network control and test it in the
field. The concept developed is based first
and foremost on full virtualization of automated substations in the cloud. 5G technology is being used for the rapid, reliable,
and secure communication that is needed to
achieve this.

Ultimately, functions automated through
SOGNO, IT components, further data analyses, and artificial intelligence tools can be
used together to develop systems for monitoring and controlling the intelligent distribution networks of the future. SOGNO’s
modular structure allows for the use of
various tools and algorithms in line with the
specific DSO’s needs.
The ideas developed for this are paving the
way for completely new service offerings in
terms of grid management, grid monitoring,
and automation. They will also facilitate the
urgently needed digitization process, especially for small and medium-sized distribution
network companies.
Whether the concepts developed in the
SOGNO project do in fact meet the high
expectations set for them, and if so, how,
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was tested in four field trials, one each in
Germany, Ireland, Romania, and Estonia. All
tests were successful.
ACS took on a key role within the SOGNO
project. Professor Antonello Monti and Dr.
Marco Pau were responsible for technical
management, and ACS researchers developed grid services and were responsible for
the platform and automation architecture.
One key contribution was that they subjected
the solutions that had been identified to
testing at their in-house real-time simulation
lab ahead of the field trials. ACS was also
instrumental in performing the field work to
review the automation processes on a final
basis.
For more information, please visit www.
sogno-energy.eu.

ACS I Energy market digitization
Fast, secure, low-cost transactions using blockchain technology
As power generation turns increasingly toward renewables, with
rising volatility and decentralization, the in-depth digitization of the
energy market is an essential part of stabilizing the supply of electricity. Surplus supply and shortfalls in renewable energies in individual
regions need to be balanced out in a way that ideally eliminates the
need for conventional sources. To implement this, the peer-to-peer
networks familiar from IT are one option, allowing for direct sharing of
information among participants. One essential element of this will be
a trading and accounting system that works autonomously, based
on trust, with legal certainty, and in accordance with the laws on data
protection and privacy and accepted by society. Distributed ledger
technology (DLT) or blockchain technology is an attractive solution for
this. It works on a completely decentralized basis and offers robust
protection against tampering. Transactions based on blockchain
technology are fast, secure, and economical since there is no need
for any intermediaries.
The current expectation is that very few market participants will have
sufficient expertise with using blockchain technologies at first. To
help fill the gap, the state of North Rhine-Westphalia has launched
a real-world lab called Blockchain Reallabor Rheinisches Revier for
five application areas. In the field of energy supply, the program is
developing practical projects for implementation with participation
from ACS. The idea is to work as a kind of idea incubator, identifying
possible applications and developing automatic control systems and

operating procedures. Ultimately, the group hopes to create a technical, economic, and legal basis as a connecting point for innovative
companies that want to put their ideas and solutions into practice in
the Rhine region.
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GGE I Research and training
EASYGO training network enhances the safety and efficiency of geothermal projects
The EASYGO project, which is supported by
the European Commission, is part of the IDEA
League network spanning five European
universities. It is backed by four university
partners, including RWTH Aachen University,
and ten partners from the industrial sector.
One important element of the concept is the
Innovative Training Network (ITN), which links
outstanding research and excellent training
concepts for doctoral candidates.
Geothermal energy will play an important
role in the energy generation of the future.

Still, there is a need for clarification as to
how a geothermal system can be used efficiently and safely. To answer this question,
EASYGO combines different fields, such as
geology, geophysics, and geochemistry, with
advanced modeling methods and state-ofthe-art process engineering, focusing on two
key questions:
• How can geothermal resources be tapped
efficiently and sustainably?
• How can geothermal systems be operated
safely?

GGE I Simulation software
SHEMAT simulates flow, heat, and mass transfer in porous media
The SHEMAT (Simulator for HEat and MAss
Transport) software suite has been in use
and undergoing further development at
GGE for years as part of numerous research
and doctoral projects. Now, after a full overhaul, the software has also been published
as open source code (here). SHEMAT
was developed for research in the fields of
geothermal energy and hydrogeology, but
it can also be used for paleoclimatology
studies. Applications range from large-area
geothermal simulations to small-area borehole heat exchanger simulations.

Temperature distribution (color coded) and
groundwater flow field (arrows) in an underground
model simulated with SHEMAT.

SHEMAT is a program to simulate flow, heat,
and mass transfer processes in geological

reservoirs. In conceptual terms, the software treats geological reservoirs as porous
media. The program calculates transient and
stationary, forward and inverse problems in
up to three dimensions. It can be used for
any time scale desired, making it usable for
both technical and geological processes.
SHEMAT can be used to estimate parameters based on deterministic and stochastic
methods. Parameter estimation is also
possible through assimilation of measurement data. These methods enable not
only parameter estimation, but also the
quantification of their uncertainty. This is
an especially important point for issues in
the geosciences, as underground flow and
transfer models always involve too little data
and great uncertainty. For efficient calculation in large problems, a parallelization for
computer systems with shared memory
(OpenMP) is available. The researchers
at GGE are constantly working to further
develop SHEMAT and are happy to hear
from the scientific community with any
suggestions. A program demo is available
as a Code Ocean capsule here.

To expand and develop geothermal energy
production, experts with broad-based knowledge of the use of geothermal reservoirs are
needed. Within EASYGO’s Innovative Training
Network, a group of 13 doctoral candidates
will soon embark on getting to know the other
aspects of the entire production and process
chain in addition to their work on their own
subprojects. Thanks to the many partners
involved, they will be given access to unique
and state-of-the-art research infrastructure
in the process. For detailed information on
EASYGO, please click here.
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