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1. INTRODUCTION AND SUMMARY

PUT MERE BUZZWORDS
TO AN END!
SPRINT INTO DIGITAL
ENERGY FUTURE!
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1.1 PREFACE
Global climate protection and transformation of
the energy system and the simultaneous preservation of our industrial basis represent an enormous
challenge but at the same time, open up significant
opportunities.

infrastructure and respective
interfaces, a clear and manageable setting of market roles and removal of regulatory hurdles. Price
signals should directly affect producers and consumers to stimulate innovation.

One thing is clear: An increasingly decentralised,
sector-spanning energy revolution can only succeed through intelligent alignment of fluctuating
power feed-in and flexible demand. The decisive
prerequisite for this is a comprehensive digitalisation of the energy system.

With this pilot study, the European Energy Lab
2030, a cross-industry and cross-national think
tank, has developed and consolidated concepts
for this purpose. Together with its partners in European and federal politics, the Economic Council
is thus providing concrete building blocks for a
market-based target model of a digital real-time
energy economy in 2030.

The Economic Council is convinced: We now need
to set the course for tomorrow's energy system
and embed the energy revolution in a comprehensive industrial and political strategy towards
growth and innovation.
The scenario of a real-time energy economy with
millions of networked devices gaining active access
to energy markets and system services fuels hope
for liquid, and efficient electricity markets as well
as high security of supply. However, the economic
conditions for such a digital, competitive and reliable energy system need to be created in the first
place.
In order to take advantage of the opportunities
offered by a digital transformation in the electricity,
heat and mobility sectors, we need clear rules for

Wolfgang Steiger
Secretary General,
Economic Council of the CDU e. V.

The Economic Council would like to take this opportunity to thank the participants and core partners of the European Energy Lab 2030 for their
commitment, Prof. Dr. Jens Strüker for his competent scientific support and the members of our
Federal Expert Commissions on Energy Policy and
Energy Efficiency for the fruitful discussions and
the contributed expertise.
The Economic Council will continue to actively and
constructively support the transformational process of the energy transition. We look forward to
having you at our side with this project.
Berlin, 22 March 2019

Dr Karsten Wildberger
Chairman, Federal Expert Commission
for Energy Policy
Economic Council of the CDU e. V.

Dr Andree Groos
Chairman, Federal Expert Commission
for Energy Efficiency
Economic Council of the CDU e. V.
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1.2 WELCOME NOTE
The rapid spread of high-performance digital technology has triggered a gigantic change in society
and economy. The changes in the digital transformation are visible everywhere—and they are dramatic. They affect individuals in the same way as
organisations, the political system, science culture,
and the entire society.
So far, Europe is doing well economically, apart
from the turmoil of Brexit. The economic success
is reflected in strong companies and good employment rates in the majority of the countries.
However, growth expectations for Europe as an industrial location have already declined significantly
since the second half of 2018. We are facing risks
of failing to react in time to the shifts and changes
in the trends of digital change and to timely set the
appropriate framework conditions.
Failing to do so would have fatal consequences,
especially in the energy sector.
The energy sector, and with it, many other industries, are facing a radical change with the energy
revolution and the approaching climate change,
which requires the use of digital technology.
For the growing number of systems and plants, the
increasing decentralisation, the growing fluctuation in production, the integration of the heating
sector, and e-mobility, as well as the emergence of
new market players and business models—digital
innovation is needed everywhere.

greater openness and interaction among the different players from the various domains must be
the objective of such a framework.
We need to develop and implement future visions
and target models for the active shaping of digital transformation in the energy sector in Bavaria,
Germany, Austria and Europe.
The European Energy Lab 2030 offers a concept
for this: An innovative think tank at which various
players, who would normally never meet, are confronted with energy revolution and energy policy
topics; i.e. an intensive orientation towards digital
transformations and focus on the future of Europe
under the motto: "Digital transformation is a journey, not a destination."
The journey of the European Energy Lab 2030
started in April 2018 in the heart of digital transformation—in Munich. Politicians are now in charge
to accompany this journey and to consistently implement the insights and results gained.

Berlin, 22 March 2019

The success of the European economy is highly
dependent on an innovative energy sector. However, one thing is clear to all of us: The framework
for a sustainable, digital and innovation-fostering
energy market has not yet been established. Much
Prof Dr Dr h.c. Manfred Broy
Founding President of the Center for Digitalisation.Bavaria
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1.3 SUMMARY
The energy system is becoming increasingly decentralised, interactive and increasingly incorporates
different industry sectors. Politically, this raises the
question of how an appropriate market-based regulatory framework can be developed to leverage
potentials for efficiency and innovation to the best
possible effect.
As an alternative to the conventional energy sector, regulatory policies based on not more but
rather fewer state interventions—a target model
for a digital real-time energy economy—is urgently needed for this purpose. Such a target model
enables millions of power generation plants, stationary storage facilities and electric vehicles as
well as the Internet-connected, power-consuming
devices, ranging from electrolysers to heat pumps,
to be integrated into energy markets and system
services in a cost-efficient and active manner. A
digital real-time energy industry enables these
new market players to increase the liquidity and
efficiency of the markets and to safeguard energy supply. It will be decisive for a market-based,
decentralised energy sector that households and
companies within an interactive energy system can
decide whether their devices consume or feed-in
power. For this purpose, system costs need to be
incentivised through transparent pricing.
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The digital infrastructure is an essential
regulating factor for a new market design
Artificial intelligence, blockchain technology or the
new 5G mobile phone technology open up new
scopes for regulatory policy development, for instance, by making a decisive contribution to the
intelligent alignment of fluctuating power input
and flexible demand.
Current research and demonstration projects
funded by the EU within the “Horizon 2020” framework or the German funding program “Showcases
for intelligent energy - digital agenda for the energy
revolution (SINTEG)” are testing digital technologies to meet the technical and economic challenges of the energy transition. However, research into
the utilisation of digital infrastructure to further
develop energy markets is only undertaken in an
isolated and not systematic manner.
The present pilot study proposes three fundamental building blocks for a market-based target model
of a digital real-time energy economy: 1) open market access and a high level of market integration;
2) diversity of markets, market segments and high
capacity utilisation; as well as 3) a high degree of
market-driven business model innovations.
For each of these building blocks, the study identifies fundamental regulatory factors in the field of
digital infrastructure and the regulatory framework
and proposes clear policy recommendations.

Open market access and a high
level of market integration
• In order to take advantage of the opportunities
offered by digital transformation in the electricity,
heat and mobility sectors, clear rules are needed for the physical infrastructure and respective
interfaces, the elimination of regulatory hurdles,
and the unambiguous setting of market roles.
Small generation and storage units should be
permitted to participate directly in and switch
quickly between different electricity markets in
order to foster a high level of market integration.
• For the target model of a real-time energy economy, balancing group size, balancing group
accountability and balancing interval are critical decision parameters. Correspondingly, the
necessity and extent with which these para
meters need to be modified must be tested
comprehensively and under real-life conditions
• The share of the electricity price that is determined by federal legislation must be reduced in
order to systematically encourage the market
economy integration of flexibility
• In addition to the definition of European standards, both a data hub and a European platform
for digital innovation and networking should be
created.
Diversity of markets, market segments and
system services

• In order to achieve high utilisation of generation
and storage capacities, primarily the price signal
must be strengthened to induce flexible behaviour.
• All system services should be advanced with the
mechanisms of the market economy.
• In order to strengthen system-oriented consumer behaviour, grid pricing should be dynamic and
time-differentiated and must depend on connected load and kilowatt hours.
A high degree of market-driven
business model innovations
• The decisive parameters for an effective digital
energy system in a functional European single
market are the further development of business
processes and immediate testing of new business models. To this end, transparency of energy
data for supply and demand must be ensured.
• The entire energy system is being optimised
through secure and unbureaucratic data exchange.
• In addition, a "white list" is recommended, with
which the complex energy policy regulations and
in particular their potentials and contradictions
concerning digital transformation are continuously reviewed and streamlined.
• To resolve regulatory inconsistencies, an ombudsperson's office should be established.

• A future market design should aim at the diversity of markets, market segments and system
services. For this purpose, continuous testing,
learning and further development of concepts
are required. This also includes cross-border
model regions, e.g., for Demand Side Management (DSM).
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MUNICH

10–11 April 2018
Kick-off lab: Cross-industry
digitalisation concepts
robotics, AI, automotive,
telecommunications, medicine

VIENNA
17 May 2018

Lab: Digitalisation as an enabler
wcompetitive, efficient, innovative
energy revolution in Europe
cross-border perspective

BERLIN

3–4 May 2018
Lab: Concepts for innovations
data transparency, framework
conditions, less regulation,
grid infrastructure

BERLIN

BRUSSELS

12 June 2018

19 September 2018

Business conference
key political messages guidelines
discussion
with Sebastian Kurz

EU Energy Policy Symposium
recommendations for action
governance, market design,
smart data, grids and
infrastructure

BERLIN

22 March 2019
17th Conference on Energy and
Environmental Policy
Presentation of the study to Peter Altmaier MdB,
Federal Minister of Economics and Energy, as well as
other German and European decision-makers
from politics and business, discussion of the
study's principal guidelines
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1.4 OBJECTIVES AND APPROACH
EUROPEAN ENERGY LAB 2030
What can digital transformation do for
tomorrow's energy system? What course
must politics now set for the best and most
efficient solutions to prevail and for broad
innovation processes to be triggered?
These questions on energy and industrial policy
have so far remained mostly unanswered at both
Federal and European levels. Although digital
transformation is recognised as a critical challenge
of the energy transition, there is no market-based
target model for the digital, competitive and reliable energy market of the future.
However, one thing is clear: There is an urgent
need for a debate on the necessary policies for
a digital energy industry in 2030. The energy system is changing fundamentally with the increasing
share of renewable energies and the interconnection of the electricity, heat and mobility sectors.
This creates an urgent need for regulatory action
to restructure our energy markets, concerning
the underlying infrastructure and the necessary
political framework. This challenge provides the
impetus for the European Energy Lab 2030 of the
Economic Council and its core partners.
Using innovative methods and an agile, cross-industry and international workshop design, more
than 60 selected personalities from politics, business and science jointly developed concepts for
a digital cross-border and cross-sector energy
market.
"Digital transformation is a journey,
not a destination."
True to this motto, the participants of the European Energy Lab 2030 have developed ideas and
building blocks for an innovative energy market
in three consecutive workshops in Munich, Berlin
and Vienna.

The think tank received top-class political support
from the Bavarian Minister of State for Economic
Affairs, Regional Development and Energy, Hubert
Aiwanger MdL, the Parliamentary State Secretary
to the Federal Minister for Economic Affairs and
Energy, Thomas Bareiß MdB, and the Austrian
Federal Minister of Digital and Economic Affairs,
Margaret Schramböck.
Workshop in Munich, 10–11 April 2018
After the kick-off in Munich, the participants set off
on a journey to collect use cases of robotics and
artificial intelligence in the automotive, telecommunications and medical industries. The aim was to
identify successful concepts for digital transformation across industries and in innovative regions, as
well as to learn from these use cases through an
intensive exchange with leading key figures.
Workshop in Berlin, 3–4 May 2018
During the second workshop in Berlin, the
European Energy Lab 2030 worked together with
high-ranking representatives of federal politics
and leading Berlin start-ups to further establish
the first concrete concepts for innovations by
means of data transparency, market framework
conditions, minimal regulation and efficient network infrastructure.
Workshop in Vienna, 17 May 2018
In view of the Austrian Presidency of the Council of the European Union, the third workshop in
Vienna was characterised by a cross-border perspective. The solutions established so far have
been further developed and substantiated with
representatives from Austrian Federal politics
and various industries in order to utilise digital transformation as an enabler for a competitive, efficient and innovative energy transition in
Europe.
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for action with EU energy and experts for digital
transformation from the European Political Strategy Centre, the European Commission's internal
think tank.

Business Day in Berlin, 12 June 2018
The intermediate results of the previous stages
have been consolidated as core political messages and presented at the “Wirtschaftstag” (day of
the economy) to over 3,500 visitors from business
and politics. On the following day, the proposals
of the European Energy Lab 2030 were the topic
of the principle guidelines discussion between the
Industrial Advisory Council of the Economic Council (Wirtschaftsrat der CDU e.V.) and the Austrian
Federal Chancellor Sebastian Kurz.
EU Energy Policy Symposium in Brussels,
19 September 2018
Based on the political core messages, detailed
recommendations for action in the fields of governance, market design, Smart Data as well as
grids and infrastructure were developed and discussed with high-ranking experts from the European Commission and the European industry and
in particular the energy sector at the EU Energy
Policy Symposium in Brussels. In informal talks at
the symposium, the Economic Council and its core
partners also discussed the recommendations
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The Pilot Study – Digital Real-Time Energy Economics – Building Blocks for a Market Economy Target Model
The Economic Council and its core partners have
commissioned the Institute of Energy Economics (INEWI) of the Fresenius University of Applied
Sciences to deepen and to position the results of
the European Energy Lab 2030 in the context of a
real-time energy economy.
With this pilot study, the European Energy Lab
2030 is underpinning its current results with concrete steps for the establishment of an innovative,
digital energy market of the future. Using practical and tangible scenarios, the study shows how
a future digital energy market that allows for the
realisation of potentials for efficiency and innovation should be designed. The study defines clear
recommendations for action to be undertaken by
policymakers to create the necessary digital infrastructure and legal framework and use them to
coherently structure an appropriate implementation process.
Within the framework of the 17th Closed Conference on the Energy and Environmental Policy
of the Economic Council in Berlin the study was
handed out to Peter Altmaier MdB, the Federal
Minister for Economic Affairs and Energy, and other German and European decision-makers from
politics and business.

Structure of the pilot study
Chapter 2 contains three flashlights
that give an initial impression of how a highly integrated, efficient and climate-friendly energy system
could look like in 2030. Using the examples of an
electric bus, a steel mill and a residential neighbourhood, the flashlights show how different
devices and systems play an active role within the
energy system. Chapter 3 then uses Germany as
an example to investigate the fundamentally changing structure of electricity generation and to portray the consequential, urgent need for regulatory
action to restructure our energy system. From this
follows the discussion of the desirable properties
of such a target system: Open market access and
high degree of market integration are discussed in
Chapter 3.1, the diversity of markets and market
segments and high degree of

capacity utilisation are addressed in Chapter 3.2,
and a high degree of market-driven business model innovation is the focus of Chapter 3.3. For each
of these desirable system properties, examples
of how their implementation can be supported
through adjustment of the factors digital infrastructure and control frameworks. Finally, concrete
recommendations for action will be made to federal and European policy, which the team of the
European Energy Lab 2030 has jointly developed.

Dr Bernd Weber
Director Industry, Energy, Environment
Founder and Director of the European
Energy Lab 2030
Economic Council of the CDU e.V.
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2.	FLASHLIGHTS ON THE WORLD OF ENERGY IN 2030

X RECEIVES THE BOOKING REQUEST
AT 6:03 AND INTERRUPTS HIS NIGHTLY CHARGING PROCESS, WHICH IS 93
PERCENT COMPLETE ...
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2.1 A DAY IN THE LIFE OF AN ELECTRIC MINIBUS
X receives a booking request at 6:03 and interrupts its nightly charging process, which is 93 per
cent complete. It calculates its route according to
the placed requests and the priorities for the day,
the current traffic situation, the weather forecast
and the price forecasts for the various energy markets. It then coordinates with other minibuses of
the municipality and adjusts its planning accordingly. The 6:03 booking request comes from the
health app of Mrs. Erna Müller, age 69, residing
in Y. According to Mrs. Müller's preferences and
rights, the app routinely arranged a doctor's appointment and sent X a booking request, which
was confirmed.
As the demographic share of residents who are
older than 70 years of age rises, the demand for
passenger transport in the rural area Z to the doctor's using X has continuously increased throughout the past decade. The former fixed routes of
public transport were limited more and more:
The economic viability of large buses had deteriorated due to declining demographics. Traditional
taxi companies disappeared due to the competition of privately-owned autonomous cars, which in
their idle time drove tours for third parties against
payment. At about the same time, municipalities
began to operate autonomously-driving smaller
busses that are more flexible in their routes and
use different drive concepts. In addition to electric propulsion, various technology options are
being tested thanks to the production of liquid or
gaseous energy sources utilising electricity from
renewable energy plants.

The competition between technologies has
directly increased the speed of business model innovations.
Additionally, hydrogen-powered trains that can be
used flexibly are operated on previously unprofitable side routes.
Despite individualised routes, the minibuses allow
for moderate ticket prices, which are kept low due
to the coordination of charging and feed-in processes based on price signals.
X punctually arrives at Mrs. Müller's at 7:15.
She proves her identity when boarding the bus by
using her new smart glasses and X can resume its
course without falling behind schedule. After taking further passengers on board, X finally reaches
the destination of Mrs. Müller at 7:55. When leaving the bus, Mrs. Müller instructs her smart glasses
with a short voice command to pay by Y-token.
At the same time, the doctor's practice receives a
message about the punctual arrival of Mrs. Müller.
After X has taken two more passengers to their
destinations, it uses a time gap between 12:00 and
14:00 to recharge its 250 kWh battery cost-efficiently with local wind power. Shortly after 13:00,
the routine inquiry of the local electricity prices results in a favourable price for system services. The
weather has changed, and electricity consumption
in the distribution network has increased spontaneously. Due to these conditions, X's battery now
feeds power into the grid. As a municipal electric
bus, X generally prefers locally generated power
and thus increases local gross added value. At the
same time, it minimises network fees by offering
system services. Meanwhile Mrs. Müller was picked
up by the second electric bus of the municipality
and returned home.
After various other trips, and several charging and
feeding processes, X selects a charging station for
the night according to its schedule for the next day.
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2.	FLASHLIGHTS ON THE WORLD OF ENERGY 2030

IN THE BLAST FURNACE OF THE STEEL
MILL, CRUDE IRON AND SPECIAL STEEL
ARE PRODUCED 24 HOURS A DAY IN
AN INTEGRATED PROCESS ...
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2.2 A DAY AT A STEEL MILL
In the blast furnace of the steel mill, crude iron
and speciality steel are produced 24 hours a day
in an integrated process. The resulting waste heat
of several hundred degrees Celsius is induced into
the thermal battery via heat exchangers during
charging times and is stored at a temperature
of approximately 450 degrees Celsius in six embedded heat modules with a temperature loss of
approximately two to four degrees Celsius per 24
hours. Up until ten years ago, most of the waste
heat generated in the European steel industry was
emitted unused.
Now the thermal battery allows the temporal
decoupling of heat exhaust and heat demand.
At 9:04 the generation of process steam for the
rolling of the steel by means of a gas burner is
stopped, and energy is now drawn from the heat
stored in the thermal battery. In this way, natural
gas is saved, and the necessary process steam is
generated in a CO2-free manner. At the same time,
the mill’s energy management system issues corresponding blockchain-based certificates of origin
in the form of tokens. Overall, storage modules
have increased the economic plannability of production processes by shifting from variable to fixed
expenditures, i.e. from fluctuating procurement
costs for natural gas to investment costs for the
modules.
If the prices for CO2 certificates continue to rise,
thermal batteries provide an additional hedging
effect, i.e. security against the risk of unplannable
additional costs. The process is stopped at 12:36
and process steam is generated using natural gas
again. A peak load period begins for the purchase
of electricity, and in order to avoid the expensive
utilisation-based network fees, the stored heat is
converted into electricity by means of a steam turbine and then consumed within the plant. Through
the reduction of peak consumption,

hundreds of thousands of euros are saved every
year. At 16:34, the energy management system decides to feed the stored heat into the heat network
of the nearby city since the prices for the next two
hours are extraordinary high.
Energy management systems must, therefore, manage a high degree of networking
between internal corporate and external
market processes in 2030.
In the past ten years, the share of fluctuating renewable energies in electricity generation has risen
to more than 50 per cent, and the electrification of
the heat and transportation sector has increased
continuously. With the simultaneously decreasing
share of coal power plants in electricity generation,
low-cost and reliable process heat has become a
key challenge for the manufacturing industry in
Germany.
Congruent to the increases in process efficiency, for the last ten years, the reductants coal and
coke have been continuously replaced by direct
reduction using natural gas. Aiming at further CO2
reduction, tests were then performed to gradually
replace natural gas with hydrogen.
Alternatively, an attempt was made to separate
CO2 from the process gases through the use of
Carbon Capture and Utilization (CCU) and, with the
aid of hydrogen as raw material, to feed it back into
the material cycle (for example as a raw material in
the chemical industry). The challenges for research
and development have meanwhile been analysed
well, and the first major industrial applications of
such processes are currently in a test phase. In the
next few years, alongside technical feasibility, the
main focus will be on the economic viability of the
wide-spread hydrogen use.

17

2.	FLASHLIGHTS ON THE WORLD OF ENERGY 2030

IN BERLIN THE SUN RISES AT 5:36 ON
THE FIRST OF MAY. SLOWLY, THE ROOF
PHOTOVOLTAIC SYSTEM ON HOUSE A
IN THE TEMPELHOF QUARTER BEGINS
TO GENERATE ELECTRICITY ...
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2.3 A DAY IN A RESIDENTIAL NEIGHBOURHOOD
The sun rises in Berlin at 5:36 on 1 May 2030. Slowly, the roof photovoltaic (PV) system on house A in
the Tempelhof quarter residential neighbourhood
begins to generate electricity. The smart home-capable devices in the apartments are gradually
switched on as electricity production increases
and the electricity drawn from the stationary battery and external sources is reduced accordingly.
It is a cloudless, sunny day, and at right at 9:30, all
devices can be supplied with power already.
Now the in-house stationary storage battery can
be recharged. Around 14:00 the house's own
electricity storage unit is fully charged, and the
heat pump is supplied with electricity from the PV
system to provide hot water for heating systems,
kitchens or bathrooms. During the months of the
heating period, the electricity requirement for the
heat pump increases considerably and at the same
time, the yield of the PV system decreases.
In order to be independent of fluctuating retail electricity prices, the residents of “house
A” acquired shares in a wind turbine outside
Berlin and received asset tokens in return.
These certificates represent a claim to the electricity generated in this plant, and several levies, as well
as the electricity tax, are not applicable anymore.
Apart from the annually fluctuating volume generated, the price risk for residual electricity can be
reduced in this way.
To verify the simultaneity of generation and purchase, digital electricity meters were installed at an
early stage and suitable measurement concepts
were developed. Outside the heating period, the
electricity from the wind turbines that is not required in house A is sold primarily to owners of
electric cars in the neighbourhood.
More than ten years ago, heat pumps were already
the most popular heating system in newly built
houses, and since then, they have developed into
an important link between the sectors for heating,
transport and decentralised power generation.

*

Outside the heating period, when all appliances in
the house are supplied with photovoltaic electricity, the excess power from the PV system in house
A is fed into the grid and then traded flexibly in
preferentially structured market segments.
The buildings in the neighbourhood are connected through an information system, so
that the electricity generated locally, which is
relatively cheaper in times of high consumption, is also primarily used and stored in the
local neighbourhood.
By combining the further developed core energy
market data register with smart meter gateways,
generation plants, storage units and loads can
flexibly choose between system services, self-consumption or spot markets within minutes. In addition to charging stations for electric cars, the
neighbourhood provides fuel cells, hydrogen-operated combined heat and power (CHP) plants and
synthetic fuel-fired traditional boilers.
Moreover, the optimisation for the various houses,
households and appliances in the neighbourhood
is just as versatile. For example, as a general rule,
residents can freely choose their energy source
according to the target variables of economic efficiency, origin and CO2 equivalent. As consumers
or producers, they can participate in local electricity trading in the quarter, the regional and national electricity markets or regional system services.
Electricity suppliers and generators offer time-variable electricity rates and network operators test
dynamic network fees with a regional component.
Households and appliances can thus optimise
themselves either within a house, among several
houses in the neighbourhood or via virtual communities as customers of an electricity supplier.
In quarters such as Tempelhof, the close integration of the electricity, heat and transport sectors
has been tested under real-life conditions in socalled Real-World Laboratories (RWL)* throughout
Europe for more than ten years. Temporally and
locally restricted special legal zones/open spaces

The transformative research approach of Real-World Laboratories (RWL) has recently attracted attention in German sustainability science.
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are used to test different fees and levies, market
segments, network charges, balancing group responsibilities, as well as market roles. Here, even
information technologies with low maturity can be
tested at an early stage and further developed into
applicable solutions. RWL thus make it possible to
tackle emerging challenges immediately after they
have been identified. For instance, the number of
heat pumps will already have exceeded the two
million mark in 2030. Their use can lead to an increased load on the electrical grid if, for instance,
a cold winter's day drives up the demand for heat.
Many synchronously running heat pumps would
then constitute a considerable load for a distribution grid. For several years now, system-detrimental operation concepts, for example, employing dynamic network fees, have been tested. Also, the
mass use of synthetic fuels, which are produced
from renewable energy sources as a substitute for
natural gas and fuel oil is tested in the RWL. The
benefit that boilers can remain mostly unmodified
within buildings can pragmatically counter the disadvantages of high consumption of valuable fuels
in unrenovated buildings.

In this way, valuable data is collected, and
technology-neutral comparisons are made
possible to a large extent.
Politically, the decision in favour of RWL was made
in order to further develop the market structure,
because Germany was likely to miss its climate
protection targets for the non-ETS sector—which
also includes buildings—even after 2020. Germany
would then have been obliged to spend billions
buying unused emission reductions from other EU
countries. The step-by-step opening of the energy
market for decentralised producers, storage units
and loads is already proving to be a success, as the
electricity markets have remained liquid and sector coupling—the interconnecting of the electricity,
heat and transport sectors—is progressing well.
The electricity generation of the PV system drops
to zero at sunset at 20:31, and the electricity requirement in house A is again covered by the stationary battery storage.

3. DESIRABLE CHARACTERISTICS OF THE TARGET MODEL
The energy industry worldwide is currently in a
historically grown and yet accepted conflict of
objectives between a vertically integrated and a
horizontally organised energy system. In simplified
terms, the vertical integration of functions such
as power generation, distribution and retail within
local monopolies mainly ensures coordination, i.e.
effective synchronisation of tasks and actors within
the energy system. The high security of supply and
thus the effectiveness of the system goes hand in
hand with limited competition, efficiency and evolution. For example, retail prices for electricity are
in many cases mainly cost-oriented, due to a lack
of competition between suppliers on the produc-
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tion side. However, in a horizontal energy system,
numerous players representing different market
roles ensure competition and stimulate innovation,
which, is at the expense of uniform coordination
due to the high information expenditure. Both
forms can be found worldwide in various designs
and combinations.
The distributed energy generation, which has been
increasing for years, induces intense pressure to
change on both vertically integrated as well as
horizontal energy systems. and thus puts both
profitability and functionality at risk. The following
example of Germany shows how the generation

structure is changing and how this gives rise to
an urgent need for the application of regulatory
principles.

PRODUCTION STRUCTURE BECOMES MORE
DECENTRALISED
Since 2008, the global average growth in installed
renewable generation capacity has been around
eight to nine per cent per year. A total of 167 gigawatts were added in 2017 alone, 94 gigawatts
of which came from PV systems and 47 gigawatts
from wind turbines.1 Thus about 25 per cent of
the world's electricity generation is performed with
renewable energies.2 In Germany alone, about
1.7 million renewable energy plants contributed
to the gross national electricity consumption with
a share of 35 per cent in 2017.3 In the following
year 2018, wind turbines with a capacity of 3.7
gigawatts (about one gigawatt offshore, and 2.7
gigawatts onshore), PV systems with a rated power
of approximately three gigawatt-peak and biogas
plants with an added capacity of 30 megawatts
were installed in Germany.4 At the same time, the
number of conventional large-scale power plants
in operation decreased to 480, accounting for 65
per cent of gross electricity consumption.5 In the
same year, the installed capacity of coal power
plants was reduced by 0,88.9 gigawatts and that
of nuclear power plants by 1,28.3 gigawatts.6 The
generation structure of the PV systems installed in
Germany is shown in detail in Table 1. In addition,
36.6 per cent of the renewable energy plants in
2017 is classified with a power rating below one
megawatt.7 In the case of PV systems, in particular,
it can be seen that a considerable proportion of

their installed output capacity comes from small
rooftop-mounted systems. Approximately 17 of
a total of 42 gigawatt-peak of the installed PV systems are coming from rooftop-mounted systems
below 40 kilowatt-peak. Of the almost 1.7 million
plants that are covered by the Renewable Energy
Sources Act (Erneuerbare-Energien-Gesetz, EEG),
a total of 29 per cent are units with an output of
fewer than 0.5 megawatts.8 As can be seen in Table 1, a considerable proportion of PV systems are
installed on residential single- or two-family houses
whose output does not exceed 10 kilowatt-peak.9
A further 27 per cent of the installed PV capacity (about 455,000 PV systems) are classified in a
range between ten and 40 kilowatt-peak output
and are accordingly installed on apartment buildings, small business offices, or public administration buildings and schools. In addition, systems
with an output of between 40 kilowatt-peak and
one megawatt-peak are installed on open fields,
and rooftops of larger commercial enterprises, supermarkets, or factories.10 This class of PV systems
accounted for further 25,700 systems (just under
32 per cent) in 2017.
When considering wind power, by far the most
common class of onshore wind turbines covers
the range between two and five megawatts. This
class accounts for 71.5 per cent of the installed
onshore capacity. In comparison, offshore wind
turbines are larger on average. Virtually no plant
is smaller than two megawatts. With 58.5 per cent
of the installed offshore capacity, the majority of
these plants are in the five to ten megawatts range.

1
IRENA. (2018).
2
IRENA. (2018).
3
Bundesnetzagentur (2018).
4	ISE (2019).
5	List of power plants of BNetzA as of 02.02.2018, Bundesnetzagentur (2018). In order to determine the number, the following criteria were used in the overall list of
power plants: plant status in operation and energy sources, i.e. natural gas, lignite, hard coal, nuclear energy, several energy sources, mineral oil products, other energy
sources and unknown energy sources.
6
ISE (2019).
7
Bundesnetzagentur (2018).
8
Bundesnetzagentur (2018).
9
Federal Ministry of Economics and Energy (2018).
10 Federal Ministry of Economics and Energy (2018).
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Table 1: Change in the generation structure using the example of photovoltaic systems (as of 2017)
Plant size

Percentage of total
installed capacity
[%]

Number of systems
(derived from the share of
installed capacity)

6.019

14,22

1.203.800

10 kWp–40 kWp

11.368

26,85

454.720

40 kWp–1 kWp

13.360

31,55

25.692

> 1 MWp

11.593

27,38

7.728

Total

42.339

100,00

1.692.746

up to 10 kWp

Installed capacity
[MW]

Source: Bundesnetzagentur (2018): EEG in numbers 2017. Development of the number of installed renewable energy plants.
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/ErneuerbareEnergien/
ZahlenDatenInformationen/EEGinZahlen_2017.xlsx? blob=publicationFile&v=2 [04.02.2019].

THE INCENTIVES FOR SELF-CONSUMPTION
INCREASE
From the viewpoint of regulatory policy, it is particularly important how the change in the power generation structure affects the dynamics of supply and
demand. From 2012 on, hundreds of thousands of
small PV systems have not been designed primarily
for a full feed-in.11 In the case of full feed-in, all of a
system’s generated electricity is fed into the power grid and remunerated as per EEG tariff. From
2008 on, the EEG feed-in tariffs for newly built PV
systems were reduced significantly. Therefore, for
new installations, it is becoming increasingly attractive to directly consume the generated electricity
instead of feeding it into the grid. By engaging in
the "self-consumption” of their generated power
(producers), consumers become "prosumers".
This change is reflected in the development of the
fixed EEG feed-in tariff for rooftop-mounted PV systems

in the power output class of up to 30 kilowatt-peak
(from 2012 up to ten kilowatt-peak), most of which
are mainly installed on residential single-family
houses.12 Figure 1 illustrates that the fixed EEG feedin tariff for these plants decreased from 47.75 cents
per kilowatt hour in 2008 to 12.05 cents per kilowatt hour in 2018 (blue bar). At the same time, the
electricity price for private households increased
from 21.65 cents per kilowatt hour to 29.44 cents
per kilowatt hour (light-blue bar). Since 2012, the
fixed feed-in tariff was set below the average price
for residential electricity consumption. At the same
time, electricity generation from PV systems is becoming increasingly cheaper (see the green bar in
Figure 1 and 2). The average electricity production
costs from PV systems have decreased from 42.50
cents per kilowatt hour in 2008 to around 12 cents
per kilowatt hour in 2018.13 The reason for this is
the continuous degression of costs.14

11 Federal Ministry of Economics and Energy (2018); Koepp, M., Krampe, L. & Wünsch, M. (2016).
12	Federal Ministry of Economics and Energy (2018); Koepp, M., Krampe, L. & Wünsch, M. (2016).
13 Brühl, S. et al. (2017).
14 BNEF (2018).
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Figure 1: Profitability (in ct/kWh) of self-consumption of photovoltaic systems in private households
(plant capacity 30-kilowatt-peak until 2012 and ten-kilowatt-peak from 2012)15
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These developments have enabled plant operators
to achieve a financial advantage since 2012 if they
do not feed all the electricity from their PV system
into the grid, but use it to cover their own electricity
demand. They then receive no EEG feed-in tariff for
the share of their production they consume themselves but can save on their electricity procurement
costs. If the profit from the full feed-in as the difference between the EEG feed-in tariff and the generation costs of the plant (electricity production costs)
is lower than the difference between the electricity
procurement costs and the electricity production
costs of a solar plant, the return on investment of
a solar plant can be increased. This point has been
reached in the private customer segment for the
commissioning of new plants since 2012. Figure 1
clearly shows that since 2012, the yield from newly
built PV systems has been significantly increased
given the electricity was consumed by producers
themselves. In comparison, the full feed-in of the
electricity generated becomes more and more unattractive due to the EEG feed-in tariff decreasing

Return for full feed-in
Return for partial feed-in

more than the production costs. EEG feed-in tariff
and electricity generation costs have converged
considerably so that full feed-in only yields a comparatively low return. A similar picture emerges in
the commercial customer segment despite lower
electricity procurement costs. In figure 2 the blue
bar16 shows the average EEG feed-in tariff for solar systems with an output of 30 kilowatt-peak or
more (or 40 kilowatt-peak as of 2012), and the lightblue bar shows the average commercial electricity
price. Since 2012, the EEG feed-in tariff for this plant
category has been below the electricity price for
commercial customers. From a system output of
ten kilowatt-peak, the self-consumption from solar
systems is documented with a reduced EEG surcharge rate of 40 per cent, so that the electricity
production costs increase by this value.17 Despite
this surcharge, the self-consumption of plants with
a peak output of more than ten kilowatts has also
been more economical for commercial enterprises
than a full feed-in since 2012.

15	50 Hertz Transmission GmbH, Amprion GmbH, TenneT TSO GmbH & TransnetBW GmbH (2019); Brühl, S. et al. (2017); Bundesverband der Energie- und Wasserwirtschaft e. V (2018); Hofer, P. et al. (2014); Institut der deutschen Wirtschaft (2017); Jülch, V. et al. (2018).
16	For reasons of simplification, it was assumed that up to ten-kilowatt-peak is usually private consumption and from 30 kilowatt-peak commercial self-consumption. The
EEG feed-in tariff in Figure 2 is the average EEG feed-in tariff for plants from 30 to 100 kilowatt-peak from 2008 to 2012, from 40 to 1000 kilowatt-peak from 2012 to
2016 and from 40 to 750 kilowatt-peak from 2017. Utility scale installations were not taken into account.
17 Bundesverband der Energie- und Wasserwirtschaft e. V. (2018).
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In the average consideration, as shown in Figure
2, since 2012, self-consumption even represents
the only economic option for new installation of a
PV system in comparison to full feed-in. However,
this statement cannot be generalised and must

be individually examined for every plant, since the
economic efficiency of full feed-in depends on the
respective conditions of the plant location and the
costs for the construction and operation of the
plant.

Figure 2: Development of the profitability (in ct/kWh) of self-consumption of photovoltaic systems by commercial customers (plant output from 30 to 100 kilowatt-peak from 2008 to the end of 2011, from 40 kilowatt-peak to one megawatt-peak from 2012 to the end of 2016, or 750 kilowatt-peak from 2017, not including
utility-scale-installed systems)18
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In the future, the self-consumption of EEG-supported plants will increase the return from the system across the board. By 2025, it is forecast that
the average EEG feed-in tariff for solar systems will
fall to 6.94 cents per kilowatt hour.19 At the same
time, the costs of generating electricity from small
or rooftop-mounted systems will fall to 9 cents per
kilowatt hour in the worst forecast scenario and
to 6 cents per kilowatt hour in the best case.20 In
addition, a further increase in electricity prices to
31.2 cents per kilowatt-hour is expected for residential customers by 2025.21 The electricity price
forecast for commercial customers is comparable
with an increase to 23.40 cents per kilowatt hour.
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Electricity rate for commercial customers
Return for full feed-in
Return for partial feed-in

As a result, private and commercial customers'
self-consumption will become more and more attractive in the future (see Figures 1 and 2).
The case of biogas plants is more complicated than
photovoltaics. This sector will also be confronted
with the ending of EEG coverage for the first plants
at the turn of the year 2020/2021. Despite other marketing options (e.g., direct marketing, local
heating networks) German legislators feared that
an end to subsidies would probably also mean
an end to the operation of many biogas plants.
Therefore, new options for the continuation of the
subsidisation have been created. On the one hand,
there is the possibility to retrospectively (according
to EEG 2000 and EEG 2004) extend the period of

18	50 Hertz Transmission GmbH, Amprion GmbH, TenneT TSO GmbH & TransnetBW GmbH (2019); Brühl, S. et al. (2017); Bundesverband der Energie- und
Wasserwirtschaft e. V (2018); Hofer, P. et al. (2014); Institut der deutschen Wirtschaft (2017); Jülch, V. et al. (2018)
19 Institut der deutschen Wirtschaft (2017).
20 Jülch, V. et al. (2018).
21 Hofer, P. et al. (2014).

operation (modernisation, expansion). On the other hand, the EEG 2017 for the first time provides
for the possibility of extending the remuneration
period by an additional ten years. For this purpose,
annual invitations to tender are held. The maximum bid with which existing biogas plants may
participate in such tenders amounts to 16.9 cents
per kilowatt hour and will decrease by one per
cent annually starting in 2018. For the operators
of such plants, this is tight calculation.22 Despite the
high feed-in remuneration and production costs
between 10.1 and 14.7 cents per kilowatt hour23,
the self-consumption may be an option for operators of biogas plants. For self-consumption, an EEG
surcharge (6.79 cents per kilowatt hour) of 40 per
cent must be paid. This corresponds to 2.72 cents
per kilowatt hour. If it turns out that the purchased
electricity is more expensive than the production
costs of their own plant (10.14 - 14.74 cents per
kilowatt hour) plus EEG surcharge and opportunity
costs for the not occurred feed-in (16.9 cents per
kilowatt hour * 0.993),

self-consumption becomes attractive. Considering
the year 2018, this does not apply for the vast majority of cases with rates between 29.59 and 34.19
cents per kilowatt hour. However, this may change
with decreasing feed-in tariffs or higher electricity prices. In 2012, only 986 million kilowatt hours
were self-consumed directly from PV systems.24
This number has more than doubled by 2013 with
an increase to 2,224 million kilowatt hours and
further increased to 3,605 million kilowatt hours
by 2016 (see Figure 3). In 2016, 9.6 per cent of
the total solar power generated in Germany and
0.6 per cent of the gross national electricity consumption were consumed by the plant operators
themselves.25 In 2015 1,300 million kilowatt hours
accounted for self-consumption directly from the
plants with an output rating of higher than ten kilowatt-peak. By 2016, this share had already reached
1,400 million kilowatt hours. Forecasts predict a
doubling of the self-consumption electricity volumes from small plants below ten kilowatt-peak
to 3,000 million kilowatt hours by 2025.26

Figure 3: Development of self-consumption of photovoltaic systems
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22	DLG communication papers (2016).
23	Jülch, V. et al. (2018).
24	Bundesverband der Energie- und Wasserwirtschaft e. V. (2017).
25	Bundesverband der Energie- und Wasserwirtschaft e. V. (2017).
26	Koepp, M., Krampe, L. & Wünsch, M. (2016).

Self-consumption from systems up to 10 kWp
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INCENTIVES FOR SELF-CONSUMPTION ALSO
FOR SYSTEMS THAT ARE NOT COVERED BY
THE EEG FEED-IN TARIFF
In addition to establishing new plants, in Germany,
the incentive for self-consumption increases for
plants whose coverage by the EEG feed-in tariff
will end in 2021 and the years thereafter. Since
its introduction in 2000, the EEG has granted each
operator of a newly built renewable energy plant
a fixed feed-in tariff for a period of 20 years, including the year of commissioning.27 If, for example, a PV system has produced electricity for the
first time on 15.05.2000, it will be subsidised until
31.12.2020 for every kilowatt hour of electricity
through the EEG feed-in tariff. If the plant had been
commissioned a few days later on 05.01.2001, the
subsidy would run until 31.12.2021. The subsidy
period of the first EEG in the year 2000 thus ends
on 31.12.2020. As a result, between 2021 and
2030, wind power, photovoltaic, hydroelectric and
biomass plants with a total capacity of approximately 37,000 megawatts will loose their fixed
feed-in remuneration.28 After the end of the subsidy period, plant operators must compensate for
the loss of the EEG feed-in tariff with alternative
sources of income in order to safeguard a profitable operation of their plants. Prosumers often are
not able to cover their entire electricity demand

with the energy generated by their plants but must
continue to purchase a share of their electricity
demand from an electric utility. As a rule of thumb,
for residential customers, self-consumption accounts for 30 per cent of their electricity demand
so that they have to purchase about 70 per cent
from a utility.29 The self-consumption rate can also
be increased with battery storage. In the case of
commercial enterprises, the self-consumption
rate depends on the consumption behaviour of
the enterprise. It may achieve self-consumption
rates of 50 to 100 per cent given that its electricity
consumption mainly takes place during the hours
of PV electricity generation.
Subsidised wind turbines with a total capacity of
over four gigawatts will be excluded from EEG
coverage at the end of 2020. On average, a further 2.4 gigawatts are added each year. Generally, their operators will attempt to build new, more
efficient plants at the existing sites through what
is referred to as repowering. However, at an estimated 32 to 47 per cent of the sites, replacement
is not possible. Repowering is opposed mainly by
legal reasons (e.g. planning law) and the expiry of
lease agreements. The operators of these installations will try to continue operating their plants.
This is opposed by further operating costs of 3.5 to
5.0 cents per kilowatt hour (large systems require
lower costs for continued operation per kilowatt
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Figure 4: Development of self-consumption of renewable energy systems
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27	EnergieAgentur.NRW GmbH (2019).
28	Federal Ministry of Economics and Energy (2018).
29 Koepp, M., Krampe, L. & Wünsch, M. (2016).
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hour) for the third decade of operation.30 The included service rate is about 0.7 to 1.5 cents per
kilowatt hour.31 Depending on the development of
spot market prices, new concepts for operation will

be necessary for these plants. Otherwise, shutdown
and dismantling cannot be avoided. Significant electricity volumes would then be withdrawn from the
electricity system.

URGENT NEED FOR REGULATORY ACTION
If the self-consumption of renewable energy
plants increases to the extent described above,
then the generated volumes are no longer marketed and are therefore not available on the energy
markets. As a result, the liquidity of the markets
is declining, which is not expedient given the increasing electrification trend of the heating and
transport sector in the context of sector coupling.
Since the purchase of the share of the electricity demand that can not be covered by self-consumption becomes directly weather-dependent
and volatile, the complexity of the electricity system increases in regards to distribution networks
and trading. The complexity on the demand side
will also increase inevitably: It is estimated that
today, in every second 127 new devices are being
connected to the internet32 and by 2030 a total
of three trillion devices33 will be online. Consequently, the so-called Internet of Things (IoT) will
also affect the energy world: The more devices
are connected to the Internet the more

TAKE A CHANCE FOR MORE
MARKET ECONOMY
An alternative to an energy industry with an increasing number of state interventions means
consistent integration of distributed energy resources (DER), heat pumps, stationary battery
storage systems, electric vehicles, etc. as active
market players. The target system to be developed is a real-time energy economy in which
millions of devices interact with each other at
high frequency, thereby increasing the liquidity
of the markets, making markets more efficient
and increasing the security of supply instead of

30
31
32
33
34

FA Wind (2018).
Energiezukunft (2016).
Patel, M., Shangkuan, J., & Thomas, C. (2018).
General Electric. (2017).
Consentec & ISI (2019).

loads need to be managed, which tends to cause
more fluctuations in the grids. With an increasing number of electric vehicles and residential
charging boxes, local distribution grids will increasingly reach their capacity limits. In particular, simultaneous charging processes are starting to
become a challenge.
Finally, the growing self-consumption ceteris paribus endangers the stable financing of the electrical grids: If the number of kilowatt hours procured from the grid decreases further, the grid
costs have to be levied to fewer kilowatt hours.
Fees that are stronger related to grid connection
or adjusted EEG levies on self-consumption are
well promising in the medium to short term.34
They could, however, further increase incentives
for self-consumption in the long term (rebound
effect), result in further market distortions and
unintentionally support efforts to individually invest in self-sufficiency efforts. In particular, integrative incentives for active market participation
are rather weakened than strengthened.

decreasing it. The following chapters are a contribution to the discussion regarding desirable characteristics of such a target system. The following
characteristics of a future regulatory framework
are proposed:
•O
 pen market access for small scale electricity
plants, battery storages and loads as well as
a high market integration through the rapid
change of devices/actors between various functions and markets;
•V
 ariety of markets, market segments and system
services through continuous testing and further
development of concepts as well as high utilisation of distributed capacities through
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	efficient market prices for flexibility35 and scarcity signals for grid utilisation;
• A high degree of market-driven business model
innovations through the interaction of small
scale electricity plants, energy storage and loads.

DIGITAL INFRASTRUCTURE AND CONTROL
FRAMEWORKS AS REGULATING FACTORS
Information and communication technologies are
developing at a rapid pace. Artificial intelligence (AI),

blockchain or the utilisation of the new 5G radio
frequencies open up new scopes for regulatory
policy. These are to be tested regarding the extent
to which they can contribute to solving the target
conflict for an energy system with a decentralised
generation structure and whether they can synergise competition, efficiency and evolution through
effective coordination. By combining new IT-based
market design options and an adjusted regulatory
framework, the guidelines listed above can be implemented.

3.1	OPEN MARKET ACCESS AND A HIGH LEVEL OF MARKET
INTEGRATION
A real-time energy economy scenario with millions of devices that gain active access to electricity markets and system services promises liquid, efficient markets and high security of supply.
The flashlights in Chapter 2 give an impression
of future interactions between market players.
The decisive factor for a market-based, decentralised energy world will be that households and
companies will be able to make consumption and
feed-in decisions for appliances according to their
preferences.

3.1.1

For this purpose, all price and system risks must
be made transparent and internalised. Whether
a washing machine or a heat pump are switched
on right away or delayed, whether a thermal heat
accumulator generates electricity or the process
heat is being used directly—the economic individual or their agents (devices following programmed preferences)—should be able to decide
for themselves in future.

DIGITAL INFRASTRUCTURE AS A CRITICAL PARAMETER

Access to electricity markets can be significantly
impaired by high transaction costs, i.e. the costs
for using the market. Apart from the legal barriers addressed in Chapter 3.1.2, the registration
and re-registration of power generation plants, for
example, involves considerable work and time expenditure today. In order to reach a high number
of market participants, low communication costs
for sharing data and the establishment of simple,

reliable and transparent systems for verifying
such information are required. A first fundamental prerequisite for such a digital infrastructure in
a real-time energy economy is the automated, and
digital authentication of individual electricity generating and consuming systems and battery storage.
Operators of electrical distribution networks must
continue to identify systems that actively participate in the system in the future.

35	Flexibility describes the technical ability of a plant to change the current and/or predicted performance [P, Q]. To describe this ability, parameters such as the minimum/maximum possible power are necessary. Furthermore, the maximum shiftable amount of energy [E] as well as a time value [t1] for the duration of the power
change and – if necessary – the time of the differential energy compensation must be taken into account. The location (both geographically and the connection point in
the grid area) and the associated radius of effect are important for the targeted use of flexibility. Müller, Mathias et al. (2018).
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A digital electricity meter used as network termination is not necessarily sufficient for this purpose.
The German core energy market data register
(MaStRV) is an official, comprehensive register of
the electricity and gas installations for use by the
authorities and the energy sector. Its underlying
legislation stipulates the registration of every electricity generation plant, gas generation plant and
every battery storage that directly or indirectly feed
power into an electricity or gas grid. Electricity consuming systems connected to a high-voltage or extra-high voltage grid must also be registered. The
registration of the plants includes data on location,
capacity, or balancing group and takes place in a
process with various information conversion steps.
Automated registration is not possible, and so far,
only a web interface is being provided for the push
and pull of data.
For the digital management of such a register, the
utilisation of a blockchain (a distributed ledger)
instead of a conventional database was suggested and analysed.36 According to this, a blockchain
solution promises the semi-automated registration, administration and selective provision of
master data as well as the controlled transfer of
dynamic data. In particular, the connection of a
Smart Meter Gateway (SMGW) with the register
could provide for safe and electronically verifiable
authentication of devices at any time (verification
of the asserted identity). The SMGW thus receives
meter readings from connected electricity installations and plants in accordance with the specifications of the Federal Office for Information Security (BSI), and then saves and processes them for
market players. A Trusted Platform Module (TPM)
is integrated into the SMGW37, monitors the integrity of the SMGW hardware. This crypto chip can
intrinsically increase trust by establishing a trust
chain for an entire system. This also extends
the high security level of the BSI system to devices downstream of the meter (trust chain). In this
case, the SMGW becomes a participating computer (node) in a blockchain network.

As an added value for a (partial) automation of the
registration of energy-generating plants and largescale loads to a core register, the link between verifiable device identification with an energy management system register was identified.38 This unique
and immutable device or system identification
can then be safely exchanged between the vast
number of system owners and distribution network operators without a central trust authority by
means of a cryptographic network. The underlying
technical basis is blockchain as a highly flexible,
secure and trustworthy layer, on which numerous
existing and new energy end-to-end services can
be based and linked with clear, verifiable authentification of devices (e.g. certificates of origin, change
of supplier, congestion management).39
The simplified market integration of additional
electricity generation units is particularly promising. In the interest of simplifying market access,
cogeneration plants (combined heat and power
plants, CHP), for example, can become participants
of a virtual power plant (VPP) easier and thus at
lower costs. As an example, we consider a hotel
owner who operates three small CHP plants for
several years (three times 40 kilowatt).40 After expiry of the subsidies granted in Germany, the costs
for repairs and maintenance of the depreciated
CHP plant remain. Feed-in to the public grid would
only be possible for the hotel owner through third
parties. Therefore, he will shy away from the effort
of registering manually in a MaStR and will instead
consider shutting down the plant. A partially automated registration not only reduces the registration costs for the hotel owner but also allows him
tobe found by the operator of a VPP with the help
of appropriate MaStR search services at low cost.
Sharing of master data with the help of matching
services also, for the first time, enables real-time
search for available flexibility.41 In addition to the
mandatory master data, voluntary transaction
data (generation or load profiles) can be saved
and flexibly communicated, also for the initiation
of interactions (logs for example). This enables the
testing of new, effective flexibility mechanisms for

36	INEWI contributed this use case to dena's Blockchain Study, cf. German Energy Agency (2019).
37	A TPM allows for manipulation of the hardware or software to be detected and ensures that only signed software can be executed on a system. According to the
requirements of the BSI, the TPM in the gateway is currently limited to measuring the system integrity of the SMGW.
38	Deutsche Energie-Agentur (2019).
39	Die dena-Studie „Blockchain in der integrierten Energiewende“ analysiert die genannten Anwendungen technisch, ökonomisch und regulatorisch,
Deutsche Energie-Agentur (2019).
40	Deutsche Energie-Agentur (2019).
41 Deutsche Energie-Agentur (2019).
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market players. The hotel owner is exemplary for
the group of prosumers, both households and enterprises who, after dropping out of the EEG subsidy scheme, will shy away from the high financial
and time-consuming expenditure of re-registration
with the MaStR.
Following the registration of installations with the
MaStR, plants in the described scenario can finally change between markets and system services
(self-generation /consumption, balancing energy
and spot markets) at a high frequency and in a
technically verifiable manner.42 Even small registered plants such as the above-mentioned CHP will
thus become active market players. The German
MaStR in its current technical implementation form
only provides a web interface for the push and pull
of data and thus does not enable the described
functions such as automated re-registration of
plants. The use case provides for a combination
of the three components SMGW, register of plants
and crypto network. Blockchain technology is still a
young innovation43 and at this point is mainly used
as an example of a relevant regulating factor for
the digital infrastructure to be built up. However,
the unique and digitally verifiable identification of
plants is a global technical challenge and a small
but crucial element to ensure technical interoperability between millions of devices. It could also be
used in other economic sectors (see Fourth Industrial Revolution) and thus is associated with specific
export opportunities for the European IT industry.

carried out in the USA with the aim of determining the value of decentralised power generation
plants, battery storage and loads. The vertically
integrated utilities in California will invite tenders
for capacities in their area that will be covered by
bidders with any combination of rooftop-mounted
PV systems, stationary battery storage, electric vehicles or smart thermostats. The prequalification
requirements are extremely low in comparison to
the German and European balancing energy markets. Even though the overall technical and economic evaluation of the project is still pending, the
technical reliability and maturity of an aggregation
of small, decentralised systems downstream the
electricity meter have been impressively demonstrated for years.45 Consequently, testing of a consequent opening of the control energy markets in
Europe is technically promising.

The pilot project "Demand Response Auction
Mechanism" (DRAM)44, which has been carried out
in California for several years and was initiated by
the regulator, is one of the largest experiments

42 Deutsche Energie-Agentur (2019).
43	Deutsche Energie-Agentur (2019).
44	http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M143/K552/143552239.pdf
45	https://www.pge.com/en_US/large-business/save-energy-and-money/energy-management-programs/demand-response-programs/ 2018-demandresponse/2018-demand-response-auction-mechanism.page.
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3.1.2

REGULATORY FRAMEWORK AS CRITICAL PARAMETER

A real-time energy economy requires the consistent development of today's market regulations in
Europe. So far, renewable energy systems, home
storage systems, industrial thermal storage systems, electrical charging stations, heat pumps
or other loads have not been granted unlimited
market access for the marketing of flexibility. The
enforcement of the EU Directive 2018/2001 of 11
December 2018 concerning the advancement of
the use of energy from renewable sources in its

amended version represents a major regulatory
change. According to this directive, households
and companies receive the right to generate and
use electricity themselves, for example with solar
cells, and to sell surplus power at a market price.46
This impulse for opening the electricity markets
raises a number of fundamental regulatory issues
that urgently need to be addressed.

BALANCING GROUP RESPONSIBILITY,
BALANCING GROUP SIZE AND INTERVAL

performing decentralised, regional or supra-regional tasks? A single household could also assume
responsibility for a micro-balancing group without
typical balancing group responsibilities such as
load forecasts and balancing energy procurement.
The question as to which balancing group size is
appropriate from an energy industry perspective
in a decentralised energy generation scenario is
still largely unresolved.
In addition to the size of the balancing group, the
balancing interval is also a critical factor for the
target model of a real-time energy economy. An
active balancing group management with flexibility
requires that the overall balance of feed-ins and
draw-offs is known in real-time. Balancing intervals below one minute are therefore desirable in
future. From a regulatory policy point of view, the
benefits of a balance equilibrium, including the
incurring system costs in an increasingly decentralised energy system must be considered. The
different sizes and intervals of balancing groups
have not been systematically analysed in terms of
their effect on market efficiency.

Residential plant operators, being active economic
agents, will dynamically coordinate their self-consumption, the purchases to cover their remaining
electricity demand as well as the sale of surplus
electricity with each other. When marketing their
generated power, they will be able to choose between different electricity exchanges, direct marketing in the form of long-term power supply contracts called power purchase agreements (PPAs),
the local P2P network (i.e. a network of companies,
and households within a neighbourhood, and sales
to a utility. In such scenarios, it is essential which
plants, batteries and loads of which size receive
which market access at what time. What are the
technical, legal or distributive justice reasons that
would oppose a general opening of the market?
Which options for action are available concerning
the balancing group responsibility and in what way
should those be regulated? Should all generating
plants assume balancing group responsibilities,
regardless of them

46	https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN.
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EXPANSION OF DIRECT MARKETING
If prosumers generate more electricity than they
consume, they need customers to purchase their
surplus. For many plants, these volumes are purchased by the local distribution system operator
(DSO) and paid by remuneration through EEG
feed-in tariff. For plants with an output of more
than 100 kilowatts that were installed after 2016,
there is an obligation direct marketing according
to EEG.47 Electricity volumes that are not consumed by the owners of the plants themselves
are not purchased by the DSO but must be sold at
the electricity exchange or other marketplaces.48
This also applies to systems that are operated for
self-consumption. Prosumers that lose coverage
of the EEG feed-in tariff in 2021 need a way to
market their plants cost-effectively.
However, the existing direct marketing systems
are not designed for small scale generation and
a digitalised energy sector. Large direct marketing
enterprises are pooling renewable energy plants
with direct marketing obligations in one VPP. The
optimisation systems of these traditional VPP
solutions are designed for the marketing of large
and medium-sized plants. Connection of plants to
the VPP is generally costly and is only profitable for
large-scale systems. In most cases, small plants

MARKET INTEGRATION OF STORAGE UNITS
AND P2X BUSINESS MODELS
Government levies today complicate business models for storage and P2X systems, which are illustrated in the flashlights in Chapter 2. The sector
coupling, which is desirable in terms of energy
policy and energy economy, is in danger of coming
to a halt. In view of a comprehensive opening of
the market, the EEG, the classification of electrolysers and battery storage as loads, as well as the
network fee system, are fundamentally questionable. Also, the number and complexity of regulatory rules and bureaucratic procedures must be
47	Deutsche Energie-Agentur (2019).
48	Deutsche Energie-Agentur (2019).
49 Breidenbach, J. (2018); Enkhardt, S. (2015).
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cannot amortise the initial costs for integration
into the VPP.49 Technical developments will further reduce costs for the coordination of small
systems (see chapter 3.1.1). However, at the same
time, new marketing options such as Mini-Power Purchase Agreements (PPAs) or so-called P2P
electricity trading can be legally specified faster
in order to guarantee investment protection for
companies and households. The current, highly
complex legal situation makes it difficult for private individuals and entrepreneurs to share electricity in a small community, for instance with a
single tenant in an annexe apartment. According
to current law, a system operator who also supplies a tenant automatically assumes the role of
a utility, including all obligations associated. The
same may apply to companies supplying electricity to a neighbouring firm.
Highly integrated scenarios such as those in the
three flashlights in Chapter 2 are hardly conceivable without a simplified legal situation. Moreover,
metering concepts standardised by the Federal
Network Agency are enormously helpful for many
small industrial companies, service providers,
homeowners and housing cooperatives.

urgently examined. From both the technical and
economic viewpoint, battery storage units with grid
connections can offer different services simultaneously: For example, a PV system can increase a
company's self-consumption, at the same time be
used for peak clipping and shifting of consumption
to times of lower electricity prices. It can also participate in the balancing energy markets and supply electricity to neighbouring companies or tenants. The currently existing regulatory hurdles for
these so-called multi-use cases are considerable.

3.1.3

RECOMMENDATIONS FOR ACTION

In order to take advantage of the opportunities
offered by digital transformation in the electricity,
heat and mobility sectors, clear rules are needed
for infrastructure and respective interfaces, an unambiguous and manageable distribution of market
roles and the elimination of regulatory hurdles.
Network neutrality must be guaranteed in order to
safeguard the independence of transmission and
distribution system operators from other energy
management tasks. The recommendation therefore is:
Strengthening balancing group responsibility:
Supply and demand in the electricity system must
be balanced at all times. Digitalisation enables the
synchronisation of the energy system, both concerning balancing group and physical transmission, to real-time observations with an increased
flow of information (of feed-in and consumption
data, smart meters as well as sensors in the grid
and plants). In order to utilise this potential, the
(micro-) balancing group responsibility must be
strengthened. Every market player is responsible for its balancing group using the instruments
available to the market. Balancing groups that, due
to deviations in their portfolio, require balancing
energy should bear the system costs themselves.
Reducing the public share of electricity prices, increasing flexibility: In order for the price
signals to directly reach consumers and trigger
flexible behaviour, the Federal Government must
consistently reduce the high charges, levies and
taxes on the electricity price. This can improve the
adaptability of consumers and ensure efficient
load management, also at the distribution network level. Efficient provision of security of supply
is strengthened by encouraging systemically-useful
behaviour.

Defining European standards and creating a
data hub: In order to enable new business models, products and services and to reliably protect
the existing infrastructure against misuse, Europe-wide minimum standards for security, data
interfaces and manageable, innovation-friendly
data protection and privacy must be defined. In
this context, establishment of a European data
hub should also be examined to better organise
the provision of and access to data. At the same
time, it is crucial to contemplate data transparency
against the background of the risk of "free-riding
behaviour" of other market players and security
aspects. Data that will lead to more efficient coordination of the energy system (e.g. for the optimal
utilisation of infrastructure) should be shared via
the data hub. All companies within the European
digital single market need comparable conditions
and simple privacy rules to allow fair competition.
Creating a European platform for digital innovation and networking: For this purpose, a
"Centre for European Digitalisation" should be established, which will create a platform for mapping
and connecting the major competencies, players
and developments with a view to the digital transformation of the energy system in Europe. In the
process, approaches are to be established for politics, business and science to examine the practical
relevance of innovations across borders and to
accelerate their development and implementation
in the EU single market. Within the platform, a "European Data Accelerator Lab" should also be established, where an independent board of experts
selects the best ideas for data-based innovations
from the energy industry in a project-oriented
and efficient manner fostering a technology-neutral competition and eventually accompanies their
implementation.
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3.2	DIVERSITY OF MARKETS AND MARKET SEGMENTS AS
WELL AS A HIGH CAPACITY UTILISATION
Due to increasing congestions, the proposals of
recent years for the further development of the
European energy markets are focused mainly on
the explicit adaptation of the market design with a
view to the electrical grid. Local flexibility markets,
nodal pricing, market-based redispatch, network
reserve, bidding zones structuring, grid expansion
areas, locally differentiated grid fees, local tendering for generation capacity and locally differentiated subsidisation of renewable energies are among
the suggestions.50 In view of the undesirable results caused by the perverse incentives described
in Chapter 3, for instance, the withdrawal of necessary electricity volumes (liquidity) from the electricity system, the target system must be fundamentally developed further: That is to say, the
opening up of the market

3.2.1

DIGITAL INFRASTRUCTURE AS A CRITICAL PARAMETER

The use of AI, blockchain or the new mobile radio standard 5G opens up new possibilities for
regulatory policy frameworks.52 These should be
particularly tested to see how they can contribute
to solving the target conflict for an energy system
with a decentralised generation structure and connect competition, efficiency and evolution through
effective coordination. Digital infrastructures allow
for increased transparency at the distribution network level, making previously unused capacities
and flexibility visible. Grid load capacities of distribution networks can also be directly related to
operation and grid fees.
This correlation or interdependency does not yet
exist within German and European distribution
networks. Likewise, the local gross value added of
renewable energy plants and battery storage units
can be easily and safely documented by means of
plant-specific certificates of origin
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50
51
52
53
54

and/or the extension of markets in terms of participants and performed transactions should be
explicitly taken into account as a criterion in the
evaluation of concepts. Many reform suggestions
currently under discussion have only a curative
character because they do not sufficiently take into
account the decentralised and volatile structure of
the players.
The distinction between concepts that refer to the
geographical segmentation of the electricity market itself (e.g. bidding zones, nodal pricing) and
concepts that take effect outside the electricity
market (e.g. local tendering for generation capacity, grid fees) is absolutely essential and therefore
recommendable for a structured discussion.51

which can be used as an instrument for a municipal
industrial and environmental policy.53 Besides potential end-consumers who have a certain demand
for local green electricity, these examples show
that local or regional electricity can also provide
long-term economic benefits beyond congestion
scenarios.
In addition to numerous EU-funded research and
demonstration projects within the framework of
Horizon 2020, in the German funding programme
"Smart Energy Showcases - Digital Agenda for the
Energy Transition" (SINTEG), digital technologies
are explicitly used in five large-scale "showcase regions" to meet the technical and economic challenges of the German energy transition.54 Within
this framework, the potential of flexibility markets
is also being investigated in four model regions
and possible adjustments of the regulation are deduced. Within this scenario. The energy platform

An excellent overview can be found at : Hirth, L., Schlecht, I., Maurer, C. & Tersteegen, B. (2019).
Hirth, L., Schlecht, I., Maurer, C. & Tersteegen, B. (2019).
BDI-Arbeitskreis Internet der Energie (BDI IdE) (2019).
Deutsche Energie-Agentur (2019).
https://www.sinteg.de/programm/.

of the showcase project NEW 4.0 develops a smart
market for the trade of regional electricity products.
It is a blockchain-based coordination platform that
matches flexibility offers on the part of producers
and consumers in a market-based order book.55
The enera project also uses location-specific order
books to solve congestion problems.56 Within the
framework of the C/sells project a flex market is
developed that represents a concrete concept for
the use of the flexibility in the distribution grid.57
The system operator acts as a flexibility customer
and requests offers to resolve grid congestions.
Also in the WindNODE showcase project, a digital
trading platform is being used to ease congestions
utilising flexibility bids.58 The projects carried out
are of considerable importance for determining
the technical and economic potential of flexibility markets: The demonstrators gather concrete
experience with different concepts and provide
diverse and valuable empirical data for scientific
evaluation.

automate today's trading processes and streamline processes. However, they do not consistently
include the overall market structure. It is rightly
pointed out that when testing and developing additional local markets, the effects on and interactions with superordinate national and European
markets must be taken into account: "The combination of regional electricity markets with local
auxiliary markets results in an inconsistent market
design, in turn resulting in congestion-intensifying
behaviour and unwanted skimming of economic
surplus."59 Combinations, such as a local electricity
market in the form of real nodal pricing on distribution network level including its institutional
framework, which today is fundamentally technically feasible, are not being tested. Accordingly,
gag orders and the suppression of ideas should
be avoided, and the tests should be systematically
continued employing further tenders and, above
all, directed towards market expansion through a
market opening for new players.

Beyond the congestion mechanisms, the contribution of SINTEG projects to the development of a
market-based target model for a digital real-time
energy economy, however, is rather low. For example, the flexibility markets are helping to further

3.2.2

REGULATORY FRAMEWORK AS REGULATING FACTOR

The German Act on the Digitisation of the Energy
Transition (BGBl. I No. 43/2016) is primarily a Metering Point Operation Act (MsbG). It regulates
technical requirements, financing and data transfer within power grids, thus laying an essential
foundation for a digital energy infrastructure. However, the information technologies that can provide degrees of freedom for market design go far
beyond digital electricity meters. For the urgently
needed further development of the electricity market regulation, it is necessary to examine how bidding zone structuring, nodal pricing, local bidding
for generated power or grid fees are influenced by

55
56
57
58
59

information technologies such as artificial intelligence, blockchain or 5G.
Recent incentives for self-consumption lead to the
withdrawal of market liquidity (see Chapter 3.1),
and system-endangering self-sufficiency attempts.
These incentives should be adapted to incentivise
self-determined economic player, who optimise
according to their preferences, to participate in the
market using scarcity signals: Autonomy instead of
autarky is the motto in view of welfare policy. Necessary key questions for the adjustment of the
critical parameters should therefore be:

Merz, M. (2019).
https://www.ewe.com/de/presse/pressemitteilungen/2019/02/erster-trade-auf-der-flexibilittsplattform-enera-markt-erfolgreich-durchgefhrt-ewe-ag.
https://www.ffe.de/publikationen/veroeffentlichungen/852-konzeptpapier-des-altdorfer-flexmarktes-alf.
https://www.50hertz.com/de/News/Details/id/5902/windnode-flexibilitaetsplattform-startet-testbetrieb.
An excellent overview can be found at: Hirth, L., Schlecht, I., Maurer, C. & Tersteegen, B. (2019).
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• What possibilities exist concerning the integration of regional markets with superordinate national and European markets?
• What are the essential elements of new, alternative market concepts and market segments?

of the project success (e.g. higher market efficiency through the productive integration of DER)?
•How can results from publicly funded projects
such as the German SINTEG/Kopernikus/RWL be
quickly transferred to further testing or into concrete legislation?

• How can (rivalling) market concepts be tested
quickly in so-called RWL (as speedboats instead
of tankships)? What are the criteria for evaluation

3.2.3

RECOMMENDATIONS FOR ACTION

Strengthening price signals, encouraging
flexible behaviour: Digitization is increasing the
amount of information flow and can thus increase
the price elasticity of the energy market. It is crucial to create a suitable market framework, which
makes the value of flexibility more transparent and
increases it. The aim must be for price signals to
directly reach producers and consumers and provide incentives for systemically-useful behaviour.
Depending on the utilisation of infrastructure, this
must be done at the regional level in order to ensure systemic effects, i.e. optimal grid utilisation
and avoidance of grid congestions.
Advancing all system services in a market
economy: Digital transformation opens up new
possibilities for a (more) cause-and-effect oriented and dynamic pricing of system services such
as reactive power and operating reserve. System
services should be generally designed to be technology-neutral and procured on the market.
Enabling data-based grid congestion elimination through transparency: Through data
transparency within the power system, efficiency
can be increased. This particularly also applies to
the elimination of grid bottlenecks where redispatch costs can be reduced. In order to achieve
this, vertical coordination between transmission
and distribution system operators and horizon-
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tal coordination between system operators on
the same network level should be strengthened.
It must be clear which mechanisms are available
to resolve grid congestions and the most efficient
mechanism must be selected for each case. The
aim should be to use at least real-time data and
current forecasts from relevant generation plants
and loads.
Dynamic grid pricing according to grid load
and/or kilowatt hours: Digitalisation offers opportunities to use grid capacities more intelligently
and more efficiently, benefiting all grid users. Accordingly, financing should be oriented much more
on the grid load. In addition, systemically-useful
consumer behaviour should be strengthened, and
pricing should be more in line with consumer behaviour through differentiated grid use fees.
Creating cross-border model regions for Demand Side Management (DSM): In order to test
the potential for demand side management at the
distribution system level, a cross-border model
region for DSM-enabled products and system
services should be set up on the basis of digital
infrastructures or technologies such as blockchain.

3.3	A HIGH DEGREE OF MARKET-DRIVEN
BUSINESS MODEL INNOVATIONS
A regulatory framework that defines the target
model of a highly efficient and effective real-time
digital energy economy must offer scope for the
further development of market organisations.

3.3.1

DIGITAL INFRASTRUCTURE AS A CRITICAL PARAMETER

A high degree of interaction between decentralised resources such as small scale electricity plants,
energy storage and loads has a positive effect
on the degree of market-driven business model
innovation in the energy industry. However, the
prerequisite is for the costs of market use (transaction costs) to be low and not to prevent business
model developments and testing scenarios. Digital
infrastructure must, therefore, be shaped in such
a way that for the interaction of resources, open
standards can be used, interfaces are clearly defined, and overall interoperability is consistently
pursued. The smart grid example illustrates the
urgent need for action.
For many years now, smart grid technologies such
as active and reactive power controllers, feed-in
and load management software, and energy management solutions for providing flexibility from
prosumer pools have been tested nationally and
internationally. These technologies also form the
core of the aforementioned SINTEG showcase
projects and have reached a level of maturity that
already makes mass production technologically
possible. The problem, however, is that these are
predominantly individual solutions from research
and pilot projects, which can only be implemented
into the existing setting of system operators and
can only be combined with each other at high engineering and programming costs. One of the central
problems here is the inadequate interoperability
of the smart grid components and solutions.60 The
current degree of maturity

60
61
62
63
64

However, such a regulatory framework must also
ensure that existing business processes can be
further developed dynamically, and new business
can models tested.

of the interoperability of information and communications technology (ICT) components for smart
grids is compared with the interoperability of office
environments in the mid-1990s or mobile phones
in the mid-2000s, when specialised personnel and
often individual adapters were needed to pair a
printer with a PC or set up a hands-free phone
system in a car.61 As we know, the interoperability
costs of these application domains were considerably lowered by technical standards (USB, Bluetooth).
A comparable approach to improving interoperability between IT systems and digital systems in
hospitals has been proving successful since the
mid-2000s.62 In the meantime, the approach has
been transferred to the energy sector, and the methodology used for the project has been tested for
profiling the ICT and automation interface technology as well as for verifiability of interoperability
between smart grid components.63 The rapid and
systematic testing and consistent advancement of
the practical applicability of such approaches in the
SINTEG and follow-up projects are urgently needed
with regard to market-driven business model innovations. A digital electricity meter infrastructure,
as well as comprehensive and functional communication links, are fundamental to digital business
model innovation. There is still a considerable need
for political action in Europe, and especially in Germany, concerning both the smart meter rollout and
the broadband Internet connection.64

https://www.offis.de/offis/projekt/ies-austria.html.
Statement of Dr. Jürgen Meister, Bereichsleiter OFFIS e. V., Oldenburg.
http://www.ihe-d.de und https://www.ihe-europe.net/.
https://www.smartgrids.at/integrating-the-energy-system-ies.html und https://www.offis.de/offis/projekt/ies-austria.html.
https://www.bmwi.de/Redaktion/DE/Publikationen/Energie/sechster-monitoring-bericht-zur-energiewende.html.
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3.3.2

REGULATORY FRAMEWORK AS CRITICAL PARAMETER

In addition to the regulatory barriers already discussed earlier, which would restrict and prevent
opening up markets for new players, current market roles must be reviewed and further developed
to foster business model innovation. Moreover,
there is a lack of coordinated, sector-spanning regulatory measures for sector coupling. The lack of
options for low-cost microtransactions also has a
negative effect on many business models in the
e-mobility sector.
• Which regulatory actions are needed concerning
charging station operators, prosumers or battery
storage?

• Which regulatory barriers have to be dissolved or
which behaviour has to be stimulated explicitly for
sector-spanning applications (sector coupling)?
An example is the use of certificates of origin that
are verifiable for specific installations65 for both
electricity and gas, which can also be used for the
verification of operation time (compliance, audits)
within the industry (Industry 4.0).
• How can technologically and economically promising blockchain applications for the performance
and payment processing of electric charging processes be quickly tested in RWL in Germany and
the EU?66 In this specific field, Germany runs the
risk of losing its international pioneering role.

• Can market roles for new players be explicitly
tested in regulatory innovation zones?

3.3.3

RECOMMENDATIONS FOR ACTION

Ensure unbureaucratic data transparency
and categorisation: Data exists in all areas of
the energy system. However, it is often unclear
who owns what kind of data. In order to enhance
transparency here, an unbureaucratic but secure
collection of data is proposed. This is already the
case in many neighbouring European countries
and enables the necessary discussion as to who
needs what data and who can make it available
under what conditions. The overarching goal is to
achieve transparency in supply and demand within
a functioning digital single market. The unbureaucratic realisation of a register through blockchain
technology should be tested. This would have the
advantage that the flexibility of such a register
would allow the rapid developments in the area
of Smart Data to be better taken into account than
by regulated actors or a government agency.

65
66
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Optimisation of the overall system through
data exchange: The use of electricity in the areas
of heat, mobility and industrial applications can
make an important contribution to reducing CO2
emissions across sectors efficiently. Particularly for
optimisation of the overall system, data from different sectors play an essential role: The necessary
infrastructure, in particular, energy grids, must be
developed and operated on a data basis. This enables efficient use of interfaces between sectors.
Less regulation creates scope for digital innovation: Promote a rethinking process for the administrative culture: Not national or sector-specific
pork-barrel politics but trust in and increase of the
responsibilities for the energy system, the energy
market and its players must become the motto
for energy policy. For all market players, old and
new, similar responsibilities must apply. To allow
for innovations in the energy system that is cur-

On technical feasibility, see the discussion on blockchain-based, plant-specific guarantees of origin in Deutsche Energie-Agentur (2019).
Vgl. https://shareandcharge.com sowie BDEW. (2018); Berlin; FfE. (2018).

rently undergoing fundamental changes, openness
and a culture of trust and confidence are required
beyond the focus on security of supply.

initiative of the Austrian Federal Ministry of Constitutional Affairs, Reforms, Deregulation and Justice
can serve as a model.

Establishing an energy policy whitelist: In order to seize the opportunities offered by the digital transformation of the energy system, we need
more freedom for change and innovation while at
the same time ensuring investment protection for
companies. Based on a whitelist, complex energy
policy regulations can continuously be reviewed
concerning their contribution to digital transformation. Potential conflicts and inconsistencies can
then be streamlined if necessary. The deregulation

Establishing an ombudsman's office for regulatory inconsistencies: Digital transformation is
rapidly progressing. It is challenging to keep pace
with developments in the regulatory field. Beyond
the existing Energy Conciliation Body (“Schlichtungsstelle Energie”) with its limited jurisdiction,
we need an ombudsman's office that can accessibly and unbureaucratically resolve unavoidable
conflicts concerning digitalisation.
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