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Abstract: The widely recognised Energiewende, (“energy transition”) in Germany has lost its original
momentum. We therefore address the question of how the transition process to a new energy system
can be reignited. To do so, we developed the “5Ds approach”, which lays the groundwork for a
process analysis and the identification of important catalysts and barriers. Focusing on the five major
fields required for the energy transition, we analyse the effects of: (1) Decarbonisation: How can effi-
ciency and renewable energies be expanded successfully? (2) Digitalisation: Which digital solutions
facilitate this conversion and would be suitable as sustainable business models? (3) Decentralisation:
How can potential decentralised energy and efficiency opportunities be developed? (4) Democratisa-
tion: How can participation be strengthened in order to foster acceptance (and prevent “yellow vest”
protests, etc.)? (5) Diversification of service: Which services can make significant contributions in
the context of flexible power generation, demand-side management, storage and grids? Our paper
comes to the conclusion that German policy efforts in the “5D” fields have been implemented very
differently. Particularly with regard to democratisation, the opportunities for genuine participation
among the different social actors must be further strengthened to get the Energiewende back on track.
New market models are needed to meet the challenges of the energy transition and to increase the
performance of “5D” through economic incentives.

Keywords: energy policy; energy transition; decarbonisation; digitalisation; decentralisation;
democratisation; diversification

1. Introduction

Industrialised countries are tasked with reducing CO2 emissions by at least 80–95%
by 2050, according to the Intergovernmental Panel on Climate Change (IPCC), which
requires almost zero-carbon electricity generation. This underscores the special role of
the electricity sector to lead the low-carbon energy transition [1]. As the fourth-largest
economy in the world and an export-oriented nation, Germany is (or rather was) perceived
internationally as a powerful role model. If energy policy fails in Germany and Germany’s
climate protection targets remain unmet or lead to social upheaval, other countries might
conclude that a turnaround in their energy systems is even less possible. Conversely, many
will follow the example if Germany succeeds in converting its energy supply efficiently,
economically and responsibly. Germany was long considered a pioneer in the expansion
of renewable energies, above all because of its progressive feed-in tariff regulation. Many
observers expected that other countries would follow the German example [1]. In recent
years, however, Germany has lost its position as a leading role model and was only ranked
23rd in the 2020 Climate Change Performance Index (CCPI) [2]. The 2020 World Economic
Forum Energy Transition Index (ETI) did not rank Germany much higher, in 20th place
with a score of 63.9% [3]. The highest scores were obtained by Sweden (74.2%), Switzerland
(73.4%) and Finland (72.4%).
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The reasons for this development are manifold. There is a lack of faith and ambition
among some politicians and industry representatives [1,4] but also among the general
population when, for example, electricity grids need to be expanded [5].

A look at the past makes it clear that change is necessary to achieve success in the future
energy transformation. The first Renewable Energy Sources Act (EEG), which entered
into force on 29 March 2000, started the promotion of electricity from renewable energy
systems in Germany [6]. Section nine of the EEG laid down the payment of a minimum
remuneration for a period of 20 years. For all systems that were commissioned before the
Act entered into force, the year 2000 is generally considered the year of commissioning.
Consequently, first renewable energy plants that were operated before or around 2000 lost
their entitlement to subsidies as of 31 December 2020 [7].

Following the expiry of the EEG remuneration claims, renewable energy systems are
now confronted with free market competition. Business models are therefore possible only
via freely accessible market segments, and the market values on the electricity exchange
serve as the basic assumption for the possible revenues. In addition to Germany’s so-called
“subsidised direct trading”, in which plant operators still receive a reduced price premium,
so-called “other direct trading” is the counterpart for plants not entitled to remuneration
anymore. With “other direct trading”, a service provider must be contracted that sells the
electricity generated. Alternatively, the electricity can also be sold to a buyer or trader under
a “power purchase agreement” (PPA). With both latter options, no additional subsidies or
premiums are paid. However, in contrast to subsidised plants, electricity traded this way
retains its “green electricity” attribute, which could make it suitable for special premium
“green” or “regional” electricity products. However, appropriate business models must
be developed and offered to provide an economic perspective for the growing number of
such plants.

Another aspect that provides pressure for change has to do with acceptance. Although
general acceptance of renewables is very high in Germany, wind energy, for instance,
has become a controversial topic, with emotional debates on shade, noise and potential
negative impacts on the landscape [8]. Accordingly, one current evaluation of energy policy
implementation efficiency in the EU shows that Germany has lost pace compared to other
EU member states in the last 25 years [9]. If Germany is to advocate for sustainable and
courageous energy policies worldwide, it must therefore reclaim its status as a pioneer in
energy system transformation and climate protection. In this context, Germany has started
numerous policy initiatives and programmes, such as using digital technology to facilitate
its energy transition, including replicable solutions developed and demonstrated in model
regions. Against this background, we investigate the relevant policy framework and efforts
in Germany and hypothesise that more concerted policy action is needed for the country to
become an inspiring role model again.

Energy transitions are typically characterised as transformations of physical infras-
tructure, accompanied by wider social, organisational and political changes [10]. In this
context, the following aspects of system transformation are of major importance:

• A transition from conventional energy systems to renewable energy sources;
• An industry-wide low-carbon transformation;
• A shift from centralised large-scale to decentralised small to medium-scale genera-

tion infrastructure;
• Growth in the demand for energy efficiency, sufficiency and flexibility;
• An industry-wide change towards greater service orientation;
• Business model transformations;
• Company-level transformations.

Based on this, we structured the necessary system transformation into a total of five
major sub-trends, which we refer to as “the 5Ds”.
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2. A Systematisation of the Drivers of Energy System Transformation into Five Key
Dimensions of Change—The 5Ds

It is quite obvious that the process of the energy system transformation has consider-
able impact on the energy industry in Germany. The transformation process of other coun-
tries has already been structured several times. In many cases, terms with a “D” have been
used. Asif, for example, has determined the 4Ds of a sustainable energy transition. These
are: decarbonisation, decreased use of energy, decentralisation and digitalisation [11,12].
Dash has identified 5D words to describe the transformation process, namely democratisa-
tion, decarbonisation, decentralisation, deregulation and digitisation [13]. Since the process
of deregulation has already been completed in Germany in the course of a very far-reaching
liberalisation of the energy market at the end of the 1990s, this aspect is no longer relevant
for Germany. Like Asif, we are of the opinion that the aspect of democratisation has
increased in importance and will become more important in the future, especially in the
context of acceptance issues. For this reason, our five dimensions mentioned above are
relevant for Germany. Since our consideration is primarily about the process of leveraging
digitalisation to improve business processes, we use the term “digitalisation” instead of
the term “digitisation” used by Dash (which is often used in a solely technical context). We
go into detail in the following and describe the drivers.

The “5D” processes of decentralisation, digitalisation, decarbonisation, democratisa-
tion and diversification of services (to decrease use of energy) not only have substantial
impact on the energy industry’s actors and the sociotechnical structure but also change
the core business of the established energy companies and their self-image. The intended
division of selected business fields between Germany’s two most powerful energy compa-
nies, E.ON and RWE, illustrates the ongoing disruptive processes in the national energy
industry [14]. It is also becoming increasingly apparent that traditional business models no
longer work in such transitions, and new service-oriented approaches are necessary to take
advantage of economic opportunities and therefore successfully conduct business [15].

2.1. Decarbonisation

A look at the figures shows that Germany can certainly claim success in climate
protection (see Figure 1). Since 1990, annual greenhouse gas emissions have fallen by
around 42 percent. In 2019, however, it still looked as if Germany would not achieve its
2020 climate target of a 40 percent reduction compared with 1990. By then, emissions
had fallen from 1251 to 810 million metric tons, a 35 percent drop. Ultimately, only the
unexpected massive restrictions associated with the fight against the coronavirus pandemic
led to the 2020 target being achieved after all.

However, a look at the details also shows that the sectors have made very different
contributions to the development. In 2019, for example, more than 40 percent of electricity
already came from renewables, and in the summer of 2020 even more than 50 percent,
making them the most important energy sources in the electricity generation sector. In the
areas of heat and mobility, on the other hand, the switch to renewables is proceeding rather
slowly (see Figure 2).

The development so far is a first small step, and further measures are needed, which
becomes quite clear when one looks at the defined political goals. Originally, Germany
had defined a target of reducing its national greenhouse gas (GHG) emissions by 40% by
2020 and by 80% to 95% by 2050 (compared to 1990 levels). These targets were already
key points of the German government’s Integrated Energy and Climate Programme (IEKP)
in 2007. The IEKP defined a “top-down” target corridor and political framework for the
energy system transformation in Germany. In doing so, targets corresponded with the
respective measures of the European Union for the European level. An overview of all
relevant climate protection goals until 2020 is provided in Table 1.
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Figure 1. Development of greenhouse gas emissions by sector in Germany from 1990 to 2020 (Own
presentation based on data from the German Federal Environment Agency 2020: https://www.
umweltbundesamt.de/ (accessed on 9 June 2021) and Agora Energiewende 2021).
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Figure 2. Shares of renewable energies in Germany in the areas of electricity, heat and transport from
1990 to 2019. (Own presentation based on data from the German Federal Environment Agency 2020:
https://www.umweltbundesamt.de/ (accessed on 9 June 2021)).

Table 1. Energy and climate policy objectives of the German government in the 2010 Energy Concept.

Target Base Year 2020 2030 2040 2050

Reduction of GHG emissions 1990 −40% −55% −70% [−80%, −95%] 1

Share of renewable energy in
final energy consumption 18% 30% 45% 60%

Share of renewable energy in
gross electricity consumption 35% 50% 65% 80%

Primary energy consumption 2008 −20% −50%
Power consumption 2008 −10% −25%

Final energy consumption
Transport sector 2005 −10% −40%

Nuclear phase-out 2010 −60% (in 2019) −100% (in 2022)
1 Original range was specified in the German government’s energy concept. In meanwhile, this target was adjusted several times.

https://www.umweltbundesamt.de/
https://www.umweltbundesamt.de/
https://www.umweltbundesamt.de/
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As the table shows, the goal of decarbonisation has been on the political agenda
in Germany for a long time. In addition to politically driven reduction targets for CO2
emissions, the programme brought together the instruments of technology promotion
(Renewable Energy Sources Act) into an integrated overall concept.

Following a decision by Germany’s highest constitutional court, the targets just re-
cently had to be further adjusted. During the review process of this publication, with
the Climate Change Act 2021, the political decision was made that Germany should be
climate neutral already by 2045 [16]. However, other countries were faster in this regard,
as Figure 3 shows.
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Unit [17]).

Furthermore, the German policy package announced the introduction or amendment
of other legal requirements, especially for the sectors of space heating and transport.
It covers a total of 29 measures designed to increase energy efficiency and renewable
energies. The reduction of CO2 is therefore linked with a much faster increase in renewable
energy sources in combination with energy efficiency. To achieve decarbonisation in
Germany by 2050, e.g., extensive electrification of industry, transport and heating markets
are needed [15]. Thus, large-scale centralised power plants fired by fossil fuels need to be
phased out much sooner than anticipated in traditional business plans. In addition to more
renewable energy generation such as (offshore) wind power and power-to-gas approaches,
new solutions such as photovoltaic (PV) systems combined with (vehicle) battery storage
as well as demand response and flexibility measures will become increasingly important.

This raises key challenges for the energy industry and for political bodies: How can ef-
ficiency and renewables be expanded more rapidly and successfully? How can the amount
of renewable energy be added with fast-track measures, and how will companies manage
this complete transition to renewable energies? In order to deal with these questions later
on, a few central aspects are listed below, which are of great importance for the energy
industry in general and for the German energy industry in particular.

Decarbonisation is a central challenge because:
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• The energy industry has a key role in contributing to global, national and regional
climate protection goals for GHG neutrality 2050 or earlier;

• The energy industry must provide an answer to international dynamics (e.g., European
Green Deal) and related targets on the national level (Climate Protection Act);

• The coal phase-out strategy is politically decided and enjoys widespread support in
society: Gas and renewable energy sources align with the “Commission on Growth,
Structural Change and Employment” (the so called “Coal Commission”) proposal for
the phase-out of coal-fired power generation is to be achieved by 2038 at the latest [18];

• The energy industry must provide an answer to corporate responsibility (expectations
of customers and society);

• Technical developments pose a challenge for infrastructure, for example in the field of
green (synthetic) gases and liquids or the conversion to “green” district heating [19].

An increased number of organisations are setting corporate climate protection targets,
and therefore the energy industry has also been called upon to do so. For example,
thyssenkrupp Steel has declared the goal of becoming climate-neutral by 2050 through
a combination of carbon capture and usage (CCU) and hydrogen-based direct reduction
of iron ore. Establishing a green hydrogen infrastructure is also therefore crucial for
this transformation.

Catalysts and Barriers with Regard to Decarbonisation

The biggest challenge is that companies must culturally redefine themselves in a very
short time. Especially incumbents whose corporate history has been closely linked to the
use of fossil fuels and capital-intensive nuclear power plants through large-scale plant
engineering must completely revise their mission statement and redefine their business
model. However, strong social support for the Energiewende shows that there are also
customer expectations to be met. In addition, the Paris Agreement and other climate
protection efforts make it clear that fossil fuels will no longer be a viable business area in
the future.

2.2. Digitalisation

The key question behind digitalisation in the energy sector is, “Which solutions will be
able to facilitate the Energiewende and sustainable business models at the same time?” In
this context, digitalisation—like any new technology or technical development—is neither
fundamentally positive nor negative per se, and should always be seen as a tool and
not as an end in itself. Accordingly, the environmental consequences of broad-spectrum
digitalisation can be positive or negative alike. For example, the production, operation
and disposal of an ever-increasing number of networked devices may also lead to an
increasing consumption of energy and materials. For example, net electricity consumption
for information and communication technology (ICT) was already 10% of Germany’s total
electricity consumption in 2017 [20].

On the other hand, digitalisation is the key “catalyst” technology for an energy system
transformation and the restructuring of the overall energy infrastructure. Instead of a small
number of centralised large-scale power plants, in the future Germany will be supplied by
a diversified mix of renewable energy generation plants. Electricity will no longer flow only
to consumers; instead, consumers might become producers or “prosumers” themselves.
This means a significantly growing number of active market participants, e.g., through
decentralised PV and wind generation combined with storage and flexibilities, such as
electric transport or heat pumps. Thus, the fluctuating nature of renewables requires
restructuring energy networks and increasing their flexibility, as energy production and
consumption must be coordinated intelligently in real time. Digitalisation is the essential
tool to master this challenge efficiently and cost-effectively [21].

According to Doleski [22], the energy sector has already gone through three phases
and is now at the beginning of its fourth phase. It all began with energy distribution
companies (Utilities 1.0); after liberalisation of the energy market in the 1990s, networks
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and energy distribution were separated, and the classic energy supply companies (Utilities
2.0) were created. Around 2011, utilities increasingly started to transform into energy
service companies (Utilities 3.0), selling distinct services to their customers. Today, the
energy market and information technology are merging, resulting in digital energy ser-
vice companies (Utilities 4.0), which offer more networked products to address flexible
generation and demand response (see Figure 4).
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In the smart energy grids of the future, technologies such as digital market platforms,
smart metering systems and adjustable transformers will coordinate the interaction be-
tween generation plants, networks, consumers and storage facilities. In this way, plants
and grids can be automatically regulated even in complex, highly decentralised energy
systems with intermittent renewable energies.

The continuously acquired energy data can also be analysed and used to make fore-
casts of power generation and consumption patterns and thus ensure that the individual
components of the energy system work together in an optimal way, e.g., for charging
electric cars. So-called “virtual power plants” will allow aggregation and flexibility in
multiple generation and storage facilities to react to dynamic changes in energy supply and
demand. Such means would allow many small and medium-scale plants (such as wind
farms or battery storage systems in private households) to be bundled and used much
more effectively. Network operators will be able to use available grid flexibility to optimise
network operation in case of network bottlenecks, which would also contribute to cost
efficiency and stabilisation of the power grid. Other examples of intelligent solutions may
include system approaches, such as smart homes with its inhabitants as “prosumers” in
demand-side management activities, as well as integrated smart-city concepts, smart facto-
ries with advanced energy management systems or smart transport, combining electric
transport and other sustainable means of transport in dedicated hubs.

Overall, besides new technologies, new digital processes and business models are also
needed to create viable solutions for the technical, economic and regulatory challenges in
the energy sector, based on the consolidation, processing and evaluation of energy-related
data. Automated digital trading and market platforms (e.g., blockchain or cloud-based)
can facilitate the efficient allocation of energy and flexibility services and also ensure that
the costs of matching energy generation and consumption are kept as low as possible. In
the context of such systemic approaches, it also has to be considered that regulatory norms
and standards will have to be amended so that they can be applied to new technologies and
processes in the intelligent energy system of the future [21]. A comprehensive cost–benefit
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analysis is of particular importance in this context [23] in order to have a sustainable
and long-term business model. To achieve this long-term perspective, it makes sense to
look at more than just the direct and short-term economic effects. Multiple impacts play
a major role in energy supply. For example, energy efficiency measures lead to a large
number of multiple impacts that can be integrated into a long-term economic perspective.
These include, for example, economic effects on labour markets, aggregate demand and
energy prices or on energy security [24]. If these preconditions are fulfilled, based on
new technologies and adapted business models, significant opportunities may arise from
the digitalisation of the energy sector also for the other areas of the “5Ds”. For instance,
this could mean increased visibility and proximity to customers on the part of platform
operators, or customer- and sector-specific, tailor-made energy services (See examples in
“Decentralisation” section).

In sum, we have identified the following central theses:

• Digitalisation is a key catalyst technology for overall system efficiency improvements,
based on a largely renewable energy system.

• Digitalisation is not an end in itself but needs a clear orientation toward sustainability.

Catalysts and Barriers with Regard to Digitalisation

The most prominent barriers to digitalisation are linked to data protection or security
concerns and potential distrust in the reliability of technologies and business models. The
biggest catalyst is related to the huge, and mostly still untapped, opportunities for the
energy system. Therefore, all efforts to foster digitalisation in the energy sector must take
into account such concerns by clearly addressing potential risks and strategies how they
can be prevented or mitigated.

2.3. Decentralisation

As an essential part of the Energiewende in Germany, the increasing use of, e.g., wind,
photovoltaic or combined heat and power (CHP) plants, is continuing the trend towards
decentralisation of electricity generation capacities. The safe, reliable and affordable
transmission and distribution of electrical energy will therefore require new technologies
and solutions. This will further expand the range of technological developments required
in the field of smart electricity grids. Intelligent load management is one important
solution for the integration of fluctuating energy sources. This means that electricity will
be consumed or stored in a targeted manner when a large amount of renewable electrical
power is available, e.g., during sunny and highly windy periods [21].

For this purpose, the distribution networks in particular must be redeveloped into
much more flexible and active networks if they are to integrate a high proportion of
local and decentralised renewable energy and demand from consumers. To complement
the reorganisation and further development of these energy networks, storage facilities
will play an increasingly important role in the future for balancing short and long-term
fluctuations in energy supply and demand [25].

Examples of business models in a decentralised energy system in all sectors (trans-
port, households/buildings and industry) and all relevant energy-related areas (power
generation, grid and retail) are given below [15]:

• Rollout of public infrastructure for electric vehicles (transport);
• Supply of system solutions, such as PV with storage (buildings);
• Dynamic electricity pricing for companies and homes (industry/households);
• Digitalisation for the demand side: smart homes (households);
• Digitalisation for the supply side: virtual power plants (industry).

As illustrated, there is clearly a close link to the topic of digitalisation, which is a
precondition for any decentralisation approach. In this context, it is of major interest
how decentralised energy and efficiency potential can be further developed and how the
energy industry will manage the process to develop efficiency and feed-in potential into
a profitable new business segment. In this context, blockchain technology in particular
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may provide a promising basis for digital decentralisation approaches by directly linking
regional producers of green energy and consumers by means of a secure and reliable
system. This is relevant, as easily transferable business models, especially for older existing
generation plants, have yet to be found in Germany after the end of support by initial
feed-in tariffs. Today, it is still necessary for each operator to conduct a very complex and
expensive assessment of the specific circumstances to find a niche for further economic
operation [7]. Accordingly, much more regulatory support from the federal government
is needed for owners of renewable energy plants after the expiration of the feed-in tariff
mechanism, especially by introducing less complex administrative solutions.

Another essential key factor for the implementation of the energy system transfor-
mation is related to ecological and acceptability restrictions concerning the availability
of sufficient space for the installation of renewable energy facilities. In other words, con-
verting the electricity system to renewable energy sources has the consequence that, with
regenerative power generation, a new economic use case competes with current land
uses. For photovoltaics in particular, the supply can be covered either with open field or
building-integrated PV systems. According to current reference scenarios for the energy
system transformation, building-integrated PV systems in particular should be a central
element of any future expansion strategy for renewable energies from the perspective of
an environmentally sensible space efficiency strategy [26]. This development could be
supported by exploiting rooftop PV potential in combination with battery storage systems
and very high proportions of self-consumption, in part so that electricity transfers via the
grid are minimised for the groups of actors involved. Assuming an ambitious “Focus
Solar” scenario [26], PV systems in Germany may contribute 288 TWh to annual energy
generation in 2050, which corresponds to a required increase by a factor of 7.2 compared to
2017. To achieve this, an installed PV capacity of 313 GW is necessary. Assuming a realistic
potential for building-integrated PV to be almost completely exploited in 2050, 67% of this
total PV capacity in Germany could be available from (mainly) rooftop systems.

However, realistic expectations of PV expansion are strongly related to the creation
of sufficient incentives and the removal of regulatory barriers for PV and battery storage
systems. Since the investment behaviour of homeowners is crucial, appropriate measures
must be taken by the federal government to make the operation economically viable.
In order to now move the Energiewende into city areas in particular, it is essential to de-
velop, e.g., tenant electricity models, which would generate, sell and use the electricity
mainly on-site within the same building. Additionally, instruments under building codes,
such as obligations to install PV systems for new buildings or in case of major structural
changes/renovations of the roof, should be investigated. Furthermore, the general reor-
ganising of urban rooftops (e.g., concerning ownership and structural aspects) should be
analysed for the comprehensive use of such areas in the construction of PV systems.

In contrast, the alternative “direct consumption” option for the generated electricity
on-site or nearby locations offers the possibility to save individual government induced
electricity price elements, such as taxes and levies. The concept of self-consumption in
German law requires strict personal identity between the plant operator and the electricity
consumer. If this, as well as the spatial proximity, is given and the use of the public grid is
excluded, only 40% of the EEG levy is currently due for self-used electricity quantities. In
addition, there are no grid usage fees and, if the plant is no larger than 2 MW, no electricity
tax. “Self-supply” is therefore currently the economically most interesting way of using
own-generated electricity in Germany. However, due to the strict and very complex legal
and administrative requirements, this option is still used very rarely and much less than
needed for the energy transition. The so-called “direct supply” approach, on the other
hand, offers a broader scope in German law. In this defined application case, a direct spatial
connection is sufficient to save the electricity tax. If the consumer and the generation system
are so close to each other that a private and direct electricity connection can be installed,
the grid fees are also waived. In such supply relationships, the plant operator becomes the
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electricity supply company, which, however, also comprises some energy-related legal and
administrative obligations.

Other promising examples for building energy efficiency measures include multi-
stage outreach advice on building refurbishment, as implemented in Germany, e.g., in
the “Innovation City Ruhr” project. In this context, a multi-stage consulting concept for
energy-related refurbishment has been established, as for many building owners already
the general topic of “energetic refurbishment” is still a major barrier. However, renovation
measures are a key element and precondition for successful climate protection and for
reducing energy costs. That is why, e.g., InnovationCity Ruhr has developed a consulting
concept to help interested parties in the project area to identify and implement the right
measures for their specific buildings.

Step 1 comprises a free 60 to 90 min initial consultation and the setup of a general
energy inventory of the building. A qualified energy consultant shows the possible ren-
ovation measures and explains how to use possible subsidies. In Step 2 more targeted
implementation advice is given, which is accompanied by a German Federal Office of
Economics and Export Control (BAFA) and Kreditanstalt für Wiederaufbau (KfW, the
German promotional bank) accredited energy consultant from the project’s partner net-
work. The accomplished energy saving measures must be verified mathematically and
confirmed to KfW in the application procedure to receive funding. The KfW efficiency
status, which may well reach KfW 55 standards (using only 55% primary energy compared
to the reference building) through comprehensive refurbishment measures, is determined
by a BAFA assessment. For this purpose, the legislator grants appropriate promotional
funds. This third step is subject to a fee (direct fee agreement between interested parties and
energy consultants of the partner network). These and other costs (e.g., for construction
supervision and quality control) can later be subsidised by a KfW programme up to EUR
4000 [27]. Overall, this promising approach shows that regional engagement with actors
is essential for effectively overcoming implementation barriers and for the success of the
energy transition, in particular in the challenging building sector and considering also
heating and domestic hot water energy savings.

Cities consist of quarters, which according to the definitions of KfW and the German
Federal Office for Building and Regional Planning (BBR) are units below the district level,
in which the spatial proximity also supports close actor relationships [28]. It is therefore
possible to implement small-scale projects, which contribute to the achievement of climate
protection objectives and may serve as role models for other quarters and actors. However,
the preconditions for such local initiatives are secure and reliable energy transactions, as
demand and capacities must be matched in real-time. Appropriate digital tools are already
available to meet such requirements. At the same time, however, it has to be noted that at
the level of planners and decision-makers there is still a lack of knowledge, and therefore
prerequisites in form of sufficient planning or contract law capacities are still missing and
cannot adequately support a wide range of different cross-neighbourhood solutions for
heterogeneous actor groups [29]. Accordingly, further research, stakeholder information
and implementation support are necessary.

Examples of future topics, which are relevant preconditions and examples in this
context, are smart home gateways, local storage solutions in the smart grid, blockchain
technology in the energy network, long range wide area network (LoRaWan), real-time
data processing and visualisation, availability of low-ex networks [30] and the integration
of the water–energy nexus in municipal infrastructures.

In Germany, there are demonstration projects that successfully use at least some of
these applications, e.g., in the technology park Berlin Adlershof [31]. Berlin Adlershof is
the location of Germany’s largest science and technology park. From start of developing
the area until the year 2020 and beyond, the built-up area, the number of employees
and the resident population and thus energy consumption will have multiplied if no
countermeasures are taken. Therefore, several projects for an integrated energy concept
were implemented in the neighbourhood with the goal of achieving 30% primary energy



Energies 2021, 14, 6799 11 of 19

savings by the time the site is fully occupied, equalling to a consumption of only 308 GWh/a
compared to the “business as usual” scenario of 441 GWh/a. This makes Adlershof the
only large residential technology and science quarter in Germany with such a project.
The location is thus a role model for other large technology and business locations on a
national and international level. Additionally, the Adlershof energy project is an important
component of Berlin’s overall energy strategy as Germany’s capital [32].

Beginning in 2011, the first focus has been on measures for electricity efficiency. From
2011 to 2013, an energy concept was developed in the joint project “High Tech—Low Ex:
Energy Efficiency Berlin Adlershof”. From 2013 to 2017 the follow-up project “Energy
Strategy Berlin Adlershof 2020” was implemented, which applied the efficiency measures
in concrete terms. With the project “Heat optimisation in non-residential buildings”, since
2017 additional efficiency potential of heating systems has been identified and developed.
For example, the heating systems of non-residential buildings at the site were evaluated
in order to subsequently optimise them on the utility and building side. In addition, the
project addressed the so-called tenant–lessor dilemma, which typically means that the
landlord invests in energy efficiency, but the benefit is passed on to the tenant. Here a
process is determined that enables efficiency measures and creates a win–win situation in
terms of costs for all parties involved.

In addition, a future model for the overall energy infrastructure in Adlershof is devel-
oped, which maximises the use of renewable energies for electricity and heat generation
and its decentralised feed-in. The project results will be used for further science and
technology quarters, e.g., within the framework of the D-A-CH cooperation with partner
institutions in Austria and Switzerland to exchange knowledge and develop joint projects
for energy efficiency [29]. By this means, such projects illustrate that cities, quarters and
smart neighbourhoods are the essential nucleus of the successful digital, decentralised
transformation of the energy system and thus the energy transition overall.

Catalysts and Barriers with Regard to Decentralisation

The essential catalyst for decentralising the energy system of the future is the over-
arching digitalisation of the related infrastructures and services. On the other hand, the
continued lack of such digital infrastructure, suitable to manage a large number of active
participants in a flexible energy system, is still lacking. The greatest challenge is therefore
closely linked to solving the challenges mentioned in the “Digitalisation” section to pro-
vide the preconditions for a broad rollout of decentralised energy solutions and related
business models.

2.4. Democratisation

The democratisation of the energy industry covers a very broad field. This includes the
possibility of many individuals becoming electricity producers themselves [33]; however,
this also requires addressing the desire for social participation in energy issues [34]. The
founding of numerous public utilities, the re-municipalisation of many electricity distribu-
tion networks [35], the establishment of hundreds of energy cooperatives [36] and the great
interest in bio-energy villages, energy-autonomous municipalities, etc. are an expression of
a change in social awareness [37] that can be observed not only in Germany [38]. It is also
an expression of growing distrust of large energy supply companies and a system for the
provision of services of general interest that is predominantly based on shareholder value.

With the expansion of renewable energy sources in Germany, the aspect of acceptance
is also increasingly the focus of attention. Acceptance is often strongly linked to participa-
tion. The willingness to pay higher energy prices and to accept changes in the landscape
can be encouraged if people have the opportunity to participate financially or politically
in the processes. The connection between the social, technical and resource-based side of
the energy system is seen as mutual [39]. Framing the issue properly is therefore impor-
tant for supporting acceptance. In health care measures, references are often made to the
harmful consequences of smoking, obesity, etc. Such negative references are referred to
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as “loss framing”. For prevention measures, however, messages that are embedded in a
“gain frame”, i.e., those that emphasise the positive consequences of the desired change
in behaviour, are generally more successful [40]. In the expansion of renewable energy
sources, opportunities for financial participation and improvements in community income
can constitute such a gain frame.

A central question for energy system transformation is therefore, “How can participa-
tion be facilitated or strengthened in order to foster acceptance?” Political decision-making
regarding climate protection must also correspond with feelings of social justice and so-
cial acceptance. If the population is not sufficiently involved in the processes, protest
movements such as the so-called “yellow vests” in France may emerge [41].

How can energy companies or municipal utilities succeed in making their decisions
transparent, and how do they manage to actively involve customers in shaping the trans-
formations (discussion formats, prosumer approaches)?

• Transparent information about strategies and goals, including milestones;
• Customer empowerment, e.g., by supporting prosumer approaches;
• Participation models for customers to invest (e.g., local wind farms);
• Establishment of discussion formats on site with relevant social groups such as Fri-

days4Future, customer advisory boards, etc.;
• Active involvement of customers in concept development and implementation, e.g.,

through joint implementation of neighbourhood concepts, living laboratories, co-
creation of solutions, etc.;

• Establishment of municipal full service companies (to meet all needs of customers in a
service-oriented manner).

Catalysts and Barriers with Regard to Democratisation

The greatest challenge is to achieve lasting acceptance for an energy system transfor-
mation. In this context, opportunities for participation in renewable energy systems are
essential. Experience to date has shown that acceptance can be encouraged if affected stake-
holders are involved in decision-making processes and they benefit from revenues. For
example, the Rhine-Hunsrück rural district shows how this can be achieved in Germany,
where solidaristic citizen participation in the economic success of wind power has been a
cornerstone of the programme’s high acceptance level [42].

2.5. Diversification of Service Orientation

The development of new services is of great strategic importance for energy compa-
nies. Energy services play an increasingly important role when it comes to promoting and
developing private, commercial and industrial efficiency potential and/or the development
of renewable energy. According to Article 2(7) of Directive 2012/27/EU of the European
Parliament and of the Council of 25 October 2012 on energy efficiency, amending Directives
2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC [43],
“energy service” is defined as “the physical benefit, utility or good derived from a combi-
nation of energy with energy-efficient technology or with action, which may include the
operations, maintenance and control necessary to deliver the service, which is delivered
on the basis of a contract and in normal circumstances has proven to result in verifiable
and measurable or estimable energy efficiency improvement or primary energy savings.”
Against the background of an increasing expansion of renewable energy systems, the
question arises which role energy services can play in the future.

In particular, the Energiewende poses major challenges for distribution and transmission
system operators. The task of transmission networks is to balance the generation and
consumption of electricity over long distances and to transport the electricity to where it is
needed. In Germany, wind power from the coastal areas in the north must be transported
to the inland industrial centres of consumption in the south. It is already apparent that both
the required number and volume of feed-in management measures (which means the active
regulation or power-down of electricity from renewable energy sources) and redispatch
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measures (input reductions or increases by other power plants) have increased significantly
and will continue to increase in the future. In 2018, grid operators took 5.4 TWh of feed-
in management measures and requested 14.9 TWh of other redispatch measures [44].
In addition, 0.9 TWh of electricity was generated from grid-reserve power plants. The
grid operators’ expenses for these complex adjustment measures are considerable [45].
Expansion and optimisation of the existing electricity grid are therefore important measures
for the Energiewende, but they are also capital-intensive [15]. From the perspective of
the energy industry, the following question therefore arises: “Which services can make
significant contributions in the context of flexible demand, energy, storage and grids?” The
challenges for distribution system operators are also significant. Over 90% of renewable
energy in Germany is fed into local distribution networks, which have to absorb these
fluctuating loads [46]. Local distribution networks are therefore already the infrastructure
basis of the Energiewende and the foundation for service business and energy-economic
optimisation. Future developments in smart grids and electric transport will require
considerable additional investment in the performance of distribution networks (e.g.,
adjustable local network transformers, etc.), but this also promises to open up new business
areas and additional sales.

But how does an innovative business model differ from a conventional business
model? As described above, Doleski (2016) [22] divided the transformation of the energy
industry into four historical stages that illustrate the epochal change from monopolistic
utilities to digital energy service companies. In the first stage, extensive electrification was
established with the implementation of transmission and local distribution grids, mostly
under monopoly conditions. This phase lasted for around 100 years in Germany, from
the discovery of the electrodynamic principle and the beginning of electrification in the
19th century to the liberalisation of the market in 1998. The following second stage, which
lasted until 2012 according to Doleski [22], focused mainly on price competition. These first
two stages form the core of a conventional business model in the German energy sector.
At the heart of the strategy was the ability to generate electricity at low cost by exploiting
economies of scale in large power plants to possess a competitive price advantage. Beyond
that, Doleski suggested two additional stages post-2012. The third stage, characterised by
a stronger service orientation, changed utility companies into service companies, with a
stronger focus on customer needs. The ongoing post-2015 fourth stage extends this service
orientation by integrating dedicated digital solutions [22]. In our understanding, the last
two stages are now the basis of every innovative business model. It is apparent that large
companies have an advantage over their smaller competitors, especially in conventional
business areas where size and financial capacity are the key factors [4]. In contrast, customer
knowledge and customer proximity are becoming advantages in innovative business fields,
and decentralised structures are now more advantageous than centralised approaches.

The necessary further transformation process towards a low-carbon energy supply
is increasingly characterised by a pronounced interaction between the electricity, heating,
gas and mobility sectors. It is therefore crucial for the success of the energy transition that
the possible options arising from new technological developments are used locally in a
decentralised manner in the sense of a cross-system supply strategy.

The variety of new technological options also leads to a diversification of the grid-
bound heat supply. The integral and cross-system elements are [47]

• Cogeneration;
• Energy source substitution and load optimisation through power to gas/PtX;
• Electric heat supply/power to heat through electric heat pumps, resistance heating;
• Flexibilisation through control of electricity generation (increasing importance of CHP

balancing energy) or control of loads (load-dependent operation of heat pumps).

In order to assess the extent to which various services are offered by energy suppliers,
it makes sense to examine a specific region in detail. This was done for the Ruhr metropoli-
tan region. There, an analysis showed that energy services are offered by many energy
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companies. The following figure (Figure 5) shows which service is offered by how many of
the energy companies located in the study area (n = 26).
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One promising regional approach in Germany relates to business models for public
utilities on a blockchain basis. For example, with the so-called “Tal.Markt 2.0” the municipal
utility in the city of Wuppertal (WSW) marked in 2018 the beginning of a new era for energy
sales in Germany by the introduction of Europe’s first green power distribution approach
on a blockchain basis. The underlying platform, further developed under the brand
name “Blockwerke”, can be used by a nationwide partner network for creating various
innovative products. Each partner can build their own business models on basis of the
platform developed in Wuppertal or use the Tal.Markt for their own market as a rebranded
white label product with local green power producers. In addition, the platform represents
a central marketplace for producers. In practical terms, this means that any producer
registered on “Blockwerke” can supply to all connected markets. By this means clients can
purchase electricity from regional green electricity producers throughout Germany, even
without smart meters, but with any approved electricity meter [48].

Catalysts and Barriers with Regard to the Diversification of Service Orientation

The main challenge is to anticipate technical possibilities at an early stage in order to
develop beneficial services with added value. The fact that there are many innovative small
companies that are developing creative, customer-friendly solutions supports this thesis.
However, the German regulatory environment has not kept up to make these new services
financially attractive, or even legally possible. For example, due to state-induced tax and
levy structures, it is often still more economically sensible to power down electricity from
renewable energy generation plants than to store it.

3. Discussion

Germany already possesses enormous knowledge due to its many years of experience
derived from the first phase of the energy transition, based mainly on the rollout of various
renewable energy sources in the power sector. The targets with regard to climate protection
are also well known and largely settled and accepted by politicians at the national and
international level. Transformation knowledge was built up, and people’s experience is
clearly and increasingly used in science, civil society and the corporate sector. However,
after this first phase of the Energiewende and a well-founded analysis of persisting barriers
and challenges, a broad and clear vision for the next phase must be drawn. This has to be
done through further development of the regulatory framework and related sustainable
business models considering and integrating the 5Ds as described in this paper.
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This vision requires further specific scientific experiments as well as the assessment of
actual policy and business developments. For example, new approaches or policies should
be tested and created together with affected stakeholder groups. From the experiences
gained in this process, lessons can be learned and policies as well as business models can
be adapted at an early stage and (if successful) rolled out much faster to start the process
of actual diffusion. This means that the generic 5D approach described in this paper is
useful in supporting and guiding policy makers and scholars through the transition process
from abstract knowledge to real-life policies and business models (see Figure 6). If the
above-mentioned criteria are met, many new opportunities for business models compliant
with energy transition targets may arise.
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A transdisciplinary concept of knowledge creation illustrates the opportunities of
the 5D strategy outlined here: It does not only serve to generate “systems knowledge”
(e.g., technological or resource-oriented systems analysis) but also integrates stakeholders
in the process of generating “target knowledge” (visions and guiding principles) as well
as “transformation knowledge” in concrete settings of urban or sectoral transitions to
sustainability. Transformative research approaches and innovative methods of assuring
scientific quality must be developed in this context. To better understand the transformation
process, it is useful to conduct a problem analysis, to develop a vision of the future and
to gather experience in experiments from which to learn. Successful models can then
diffuse, but mistakes can also be made, and targets can be missed. A new problem analysis



Energies 2021, 14, 6799 16 of 19

then becomes necessary. In addition, new technical opportunities and societal challenges
are constantly emerging, which means that new solutions must always be found for
transformation research.

In this context, market models will play a central role in the future. This is because
investments and service offerings require very good knowledge of how the market will
develop in the future. For example, it is conceivable (and likely) that an increased number
of viable services will develop that enable the production and storage of power to heat
(PtH), power to gas (PtG) or power to liquid (PtL) products from surplus electricity from
renewable energies. Whether the development of such products and related services is
worthwhile, however, depends very much on market models that take these flexibility
options into account. The most important driving forces are illustrated in Figure 4. This
variety of integrated approaches, combined with (still very rare) best practice examples
from Germany, will support further discussions on which measures have to be combined
and added successfully as part of a comprehensive and adequate policy package for
the future.

4. Conclusions

In this paper, we argue that the major challenges facing energy companies in the course
of the energy transition in Germany can be systematically categorised by the “5Ds”. These
are decarbonisation, digitalisation, decentralisation, democratisation and a diversification
of service orientation. It became evident that these 5Ds are nowadays also very closely
related to each other. For example, increasing decentralisation and the growing importance
of decarbonised generation requires the development of digital solutions and services.
Decentralisation and decarbonisation are drivers for the development of new market actors,
who often relate the energy system transformation to hopes for greater democratisation of
the energy supply. As a consequence, doing business in the energy sector has generally
become more complex and diverse. Accordingly, based on our analysis, the following
requirements must be addressed by political and business decision-makers:

• The Energiewende requires a clear positioning (expectations from inside and outside)
and a convincing narrative. In other words, the Energiewende is not a pre-accepted end
in and of itself. Furthermore, it provides not only benefits for the overarching target
of climate protection but also incorporates many other social and economic benefits
that must be highlighted and ultimately harnessed.

• The Energiewende requires an innovative and “catalysing” regulatory framework
and related business approaches, not only at the technical level (business fields,
cooperation formats), but also in a service-oriented manner in all related areas and for
society as a whole.

• Implementing specific business models or developing actual services requires suc-
cessfully shaping (internal) change. For policymakers as well as business leaders, this
increasingly requires, e.g.,:

o A comprehensive discussion with social groups for “co-creating” resilient solu-
tions and best possible results for all stakeholder groups;

o An integrative and holistic approach for organising such transition processes
effectively and rapidly for the society as a whole;

o Appropriately qualified personnel, empowered with the necessary education and
skills to successfully cope with the upcoming opportunities and challenges.

Overall, our approach describes what is needed to foster the best possible results for
all of the stakeholder groups involved so that Germany can regain its role as a leading
innovator in energy policy, technology and business and reclaim its role as a pioneer in
the next phase of the Energiewende for other economies worldwide. Now it requires
much more visionary and creative entrepreneurship to implement successful business
strategies rather than just generating and selling kilowatt hours, as practiced by the energy
industry in the last century in the absence of competition or service orientation [15]. To
support this, also a more ambitious government policy to adapt the regulatory framework
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to correspondingly catalyse new business models is urgently needed, as well as digital
energy service companies (Utilities 4.0) actually willing to take up the new opportunities.

Author Contributions: The authors O.W. and T.G. contributed equally to conceptualisation; method-
ology; formal analysis; writing—original draft preparation and visualisation. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding. Parts of the data presented were determined in
the project “Energiewende Ruhr”, funded by the Mercator Foundation.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data supporting reported results is available at https://nbn-resolving.
org/urn:nbn:de:bsz:wup4-opus-67076 (accessed on 9 June 2021).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Verbruggen, A.; Di Nucci, R.; Fischedick, M.; Haas, R.; Hvelplund, F.; Lauber, V.; Lorenzoni, A.; Mez, L.; Nilsson, L.J.;

Del Rio Gonzalez, P.; et al. Europe’s Electricity Regime: Restoration or Thorough Transition. Int. J. Sustain. Energy Plan. Manag.
2015, 5, 57–68. [CrossRef]

2. Germanwatch, NewClimate Institute, Climate Action Network Climate Change Performance Index. Available online: https:
//www.climate-change-performance-index.org/ (accessed on 5 June 2020).

3. World Economic Forum Fostering Effective Energy Transition, Insight Report. Available online: http://www3.weforum.org/
docs/WEF_Fostering_Effective_Energy_Transition_2020_Edition.pdf (accessed on 9 June 2021).

4. Berlo, K.; Wagner, O.; Heenen, M. The Incumbents’ Conservation Strategies in the German Energy Regime as an Impediment to
Re-Municipalization—An Analysis Guided by the Multi-Level Perspective. Sustainability 2016, 9, 53. [CrossRef]

5. Menges, R.; Beyer, G. Underground Cables versus Overhead Lines: Do Cables Increase Social Acceptance of Grid Development?
Results of a Contingent Valuation Survey in Germany. Int. J. Sustain. Energy Plan. Manag. 2014, 3, 33–48. [CrossRef]

6. Gesetz für den Vorrang Erneuerbarer Energien- (Erneuerbare-Energien-Gesetz—EEG); Renewable Energy Sources Act of the of the Federal
Republic of Germany 2000; Volume G5702, Available online: https://www.gesetze-im-internet.de/eeg_2014/BJNR106610014.html
(accessed on 9 October 2020).

7. Optionen Nach Ablauf Des EEG-Förderanspruchs. Available online: http://www.energieagentur.nrw/finanzierung/
stromvermarktung/optionen_nach_ablauf_des_eeg-foerderanspruchs (accessed on 14 March 2020).

8. Wüstenhagen, R.; Wolsink, M.; Bürer, M.J. Social Acceptance of Renewable Energy Innovation: An Introduction to the Concept.
Energy Policy 2007, 35, 2683–2691. [CrossRef]

9. De Llano Paz, F. An Evaluation of the Energy and Environmental Policy Efficiency of the European Union Member States in the
Last 20 Years from an MPT Perspective. Int. J. Sustain. Energy Plan. Manag. 2020, 26, 19–32. [CrossRef]

10. Geels, F.W.; Schwanen, T.; Sorrell, S.; Jenkins, K.; Sovacool, B.K. Reducing Energy Demand through Low Carbon Innovation:
A Sociotechnical Transitions Perspective and Thirteen Research Debates. Energy Res. Soc. Sci. 2018, 40, 23–35. [CrossRef]

11. 4DS OF ENERGY TRANSITION: Decarbonization, Decentralization, Decreasing Use And.; Asif, M. (Ed.) WILEY VCH: Weinheim,
Germany, 2021; ISBN 978-3-527-34882-4.

12. Asif, M. Role of Energy Conservation and Management in the 4D Sustainable Energy Transition. Sustainability 2020, 12, 10006.
[CrossRef]

13. Dash, A.K. From Darkness to Light: The Five “Ds” Can Lead the Way. Infosys. Ltd. Bus. Responsib. 2016, 6, 24–29. Available online:
https://www.infosys.com/insights/age-possibilities/documents/darkness-to-light.pdf (accessed on 9 October 2021).

14. Giehl, J.F.; Göcke, H.; Grosse, B.; Kochems, J.; Müller-Kirchenbauer, J. Vollaufnahme Und Klassifikation von Geschäftsmodellen
Der Energiewende; Working Paper Energie Und Ressourcen. Available online: https://www.er.tu-berlin.de/fileadmin/a3833130
0/Dateien/2019-01-28_Vollaufnahme_und_Klassifikation_von_Gesch%C3%A4ftsmodellen_der_Energiewende.pdf (accessed on
9 June 2021).

15. Wagner, O.; Adisorn, T.; Tholen, L.; Kiyar, D. Surviving the Energy Transition: Development of a Proposal for Evaluating
Sustainable Business Models for Incumbents in Germany’s Electricity Market. Energies 2020, 13, 730. [CrossRef]

16. Climate Change Act: Climate neutrality by 2045. Available online: https://www.bundesregierung.de/breg-de/themen/
klimaschutz/climate-change-act-2021-1936846 (accessed on 12 July 2021).

17. Energy and Climate Intelligence Unit Net Zero Tracker. Available online: https://eciu.net/netzerotracker (accessed on 14 April 2020).
18. Commission on Growth, Structural Change and Employment Final Report; Federal Ministry for Economic Affairs and Energy: Berlin,

Germany, 2019.

https://nbn-resolving.org/urn:nbn:de:bsz:wup4-opus-67076
https://nbn-resolving.org/urn:nbn:de:bsz:wup4-opus-67076
http://doi.org/10.5278/IJSEPM.2015.5.6
https://www.climate-change-performance-index.org/
https://www.climate-change-performance-index.org/
http://www3.weforum.org/docs/WEF_Fostering_Effective_Energy_Transition_2020_Edition.pdf
http://www3.weforum.org/docs/WEF_Fostering_Effective_Energy_Transition_2020_Edition.pdf
http://doi.org/10.3390/su9010053
http://doi.org/10.5278/IJSEPM.2014.3.4
https://www.gesetze-im-internet.de/eeg_2014/BJNR106610014.html
http://www.energieagentur.nrw/finanzierung/stromvermarktung/optionen_nach_ablauf_des_eeg-foerderanspruchs
http://www.energieagentur.nrw/finanzierung/stromvermarktung/optionen_nach_ablauf_des_eeg-foerderanspruchs
http://doi.org/10.1016/j.enpol.2006.12.001
http://doi.org/10.5278/IJSEPM.3482
http://doi.org/10.1016/j.erss.2017.11.003
http://doi.org/10.3390/su122310006
https://www.infosys.com/insights/age-possibilities/documents/darkness-to-light.pdf
https://www.er.tu-berlin.de/fileadmin/a38331300/Dateien/2019-01-28_Vollaufnahme_und_Klassifikation_von_Gesch%C3%A4ftsmodellen_der_Energiewende.pdf
https://www.er.tu-berlin.de/fileadmin/a38331300/Dateien/2019-01-28_Vollaufnahme_und_Klassifikation_von_Gesch%C3%A4ftsmodellen_der_Energiewende.pdf
http://doi.org/10.3390/en13030730
https://www.bundesregierung.de/breg-de/themen/klimaschutz/climate-change-act-2021-1936846
https://www.bundesregierung.de/breg-de/themen/klimaschutz/climate-change-act-2021-1936846
https://eciu.net/netzerotracker


Energies 2021, 14, 6799 18 of 19

19. Pao-Yu, O.; Brauers, H.; Herpich, P.; von Hirschhausen, C.; Prahl, A.; Wehnert, T.; Bierwirth, A.; Fischedick, M.; Kurwan, J.;
Mersmann, F.; et al. Phasing out Coal in the German Energy Sector: Interdependencies, Challenges and Potential Solutions; German
Institute for Economic Research (DIW Berlin): Berlin, Germany, 2019; p. 126.

20. Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit (BMU) Umweltpolitische Digitalagenda. Available online:
https://www.bmu.de/fileadmin/Daten_BMU/Pools/Broschueren/broschuere_digitalagenda_bf.pdf (accessed on 6 June 2020).

21. Sinteg Digitalisierung. Available online: https://www.sinteg.de/fachthemen/digitalisierung/ (accessed on 13 March 2020).
22. Doleski, O.D. Utility 4.0: Transformation vom Versorgungs- zum digitalen Energiedienstleistungsunternehmen; Essentials; Springer

Vieweg: Wiesbaden, Germany, 2016; ISBN 978-3-658-11550-0.
23. Adisorn, T.; Tholen, L.; Thema, J.; Luetkehaus, H.; Braungardt, S.; Huenecke, K.; Schumacher, K. Towards a More Realistic Cost–

Benefit Analysis—Attempting to Integrate Transaction Costs and Energy Efficiency Services. Energies 2020, 14, 152. [CrossRef]
24. Thema, J.; Suerkemper, F.; Couder, J.; Mzavanadze, N.; Chatterjee, S.; Teubler, J.; Thomas, S.; Ürge-Vorsatz, D.; Hansen, M.B.;

Bouzarovski, S.; et al. The Multiple Benefits of the 2030 EU Energy Efficiency Potential. Energies 2019, 12, 2798. [CrossRef]
25. BMWi Stromnetze. Available online: https://www.bmwi.de/Redaktion/DE/Artikel/Energie/Energieforschung/energieforschung-

netze.html (accessed on 13 March 2020).
26. Matthes, F.; Flachsbarth, F.; Loreck, C.; Hermann, H.; Falkenberg, H.; Cook, V. Zukunft Stromsystem II. 2018. Available online:

https://www.oeko.de/fileadmin/oekodoc/BET2019-Matthes.pdf (accessed on 9 June 2021).
27. Icruhr Energieberatung-Wohnen|InnovationCity Ruhr. Available online: http://www.icruhr.de/index.php?id=425&L=1%2527

(accessed on 15 March 2020).
28. Willen, L. Annäherungen ans Quartier. 2005. Available online: https://www.bbsr.bund.de/BBSR/DE/Aktuell/Veranstaltungen/

Dokumentation/Downloads/ProjektwerkstattHalle_VortragWillen.pdf?__blob=publicationFile&v=2 (accessed on 13 March 2020).
29. Erbstößer, A.-C.; Müller, D. Vernetzte Energie im Quartier. 2017, 9, Berliner Lösungen für die Energiewende. Available

online: https://www.technologiestiftung-berlin.de/fileadmin/daten/media/publikationen/Archiv/171218_Vernetzte_Energie_
Web.pdf (accessed on 15 March 2020).

30. Prasanna, A.; Dorer, V.; Vetterli, N. Optimisation of a District Energy System with a Low Temperature Network. Energy 2017, 137,
632–648. [CrossRef]

31. Innovationen. Available online: https://www.berlin-innovation.de/innovationen/ (accessed on 15 March 2020).
32. Überblick-Energieprojekte Berlin Adlershof 2020-WISTA Management GmbH. Available online: https://www.wista.de/projekte/

projekte-adlershof/energiestrategie/ueberblick/ (accessed on 16 March 2020).
33. Brown, D.; Hall, S.; Davis, M.E. What Is Prosumerism for? Exploring the Normative Dimensions of Decentralised Energy

Transitions. Energy Res. Soc. Sci. 2020, 66, 101475. [CrossRef]
34. Yildiz, Ö.; Rommel, J.; Debor, S.; Holstenkamp, L.; Mey, F.; Müller, J.R.; Radtke, J.; Rognli, J. Renewable Energy Cooperatives as

Gatekeepers or Facilitators? Recent Developments in Germany and a Multidisciplinary Research Agenda. Energy Res. Soc. Sci.
2015, 6, 59–73. [CrossRef]

35. Wagner, O.; Berlo, K. Remunicipalisation and Foundation of Municipal Utilities in the German Energy Sector: Details about
Newly Established Enterprises. J. Sustain. Dev. Energy Water Environ. Syst. 2017, 5, 396–407. [CrossRef]

36. Kahla, F.; Holstenkamp, L.; Müller, J.; Degenhart, H. Entwicklung Und Stand. von Bürgerenergiegesellschaften Und Energiegenossen-
schaften in Deutschland; (Arbeitspapierreihe Wirtschaft & Recht; Nr. 27); Leuphana University Lüneburg: Lüneburg, Germany,
2017.

37. Debor, S. The Socio-Economic Power of Renewable Energy Production Cooperatives in Germany: Results of an Empirical Assessment;
Wuppertal papers; Wuppertal Institute for Climate, Environment and Energy: Wuppertal, Germany, 2014.

38. Kishimoto, S.; Petitjean, O.; Steinfort, L. Reclaiming Public Services: How Cities and Citizens Are Turning Back Privatisation; Bélanger
Dumontier, M., Doherty, A., Eds.; Transnational Institute (TNI), Multinationals Observatory, Austrian Federal Chamber of Labour
(AK), European Federation of Public Service Unions (EPSU), Ingeniería Sin Fronteras Cataluña (ISF), Public Services International
(PSI), Public Services Intern: Amsterdam, The Netherlands; Paris, France, 2017; ISBN 978-90-70563-58-5.

39. Fraune, C.; Knodt, M.; Gölz, S.; Langer, K. Akzeptanz und Politische Partizipation in der Energietransformation: Gesellschaftliche
Herausforderungen Jenseits von Technik und Ressourcenausstattung; Springer Fachmedien Wiesbaden: Wiesbaden, Germany, 2019;
ISBN 978-3-658-24760-7. [CrossRef]

40. Jones, L.W.; Sinclair, R.C.; Courneya, K.S. The Effects of Source Credibility and Message Framing on Exercise Intentions, Behaviors,
and Attitudes: An Integration of the Elaboration Likelihood Model and Prospect Theory 1. J. Appl. Soc. Psychol. 2003, 33, 179–196.
[CrossRef]

41. Hennicke, P. Die Energiewende in Europa: Eine Fortschrittsvision; Oekom Verlag: München, Germany, 2019; ISBN 978-3-96238-144-8.
42. Die Energie-Helden Der Energiewende Im Hunsrück. Available online: https://www.sonnenseite.com/de/energie/die-energie-

helden-der-energiewende-im-hunsrueck.html (accessed on 5 June 2020).
43. Directive 2012/27/EU of the European Parliament and of the Council on Energy Efficiency, Amending Directives 2009/125/EC

and 2010/30/EU and Repealing Directives 2004/8/EC and 2006/32/ECEUR-Lex-02012L0027-20200101-EN-EUR-Lex. Available
online: https://eur-lex.europa.eu/eli/dir/2012/27/2020-01-01 (accessed on 15 April 2020).

44. Bundesnetzagentur; Bundeskartellamt. Monitoring Report 2019; Bundesnetzagentur und Bundeskartellamt (Federal Cartel Office):
Bonn, Germany, 2020.

https://www.bmu.de/fileadmin/Daten_BMU/Pools/Broschueren/broschuere_digitalagenda_bf.pdf
https://www.sinteg.de/fachthemen/digitalisierung/
http://doi.org/10.3390/en14010152
http://doi.org/10.3390/en12142798
https://www.bmwi.de/Redaktion/DE/Artikel/Energie/Energieforschung/energieforschung-netze.html
https://www.bmwi.de/Redaktion/DE/Artikel/Energie/Energieforschung/energieforschung-netze.html
https://www.oeko.de/fileadmin/oekodoc/BET2019-Matthes.pdf
http://www.icruhr.de/index.php?id=425&L=1%2527
https://www.bbsr.bund.de/BBSR/DE/Aktuell/Veranstaltungen/Dokumentation/Downloads/ProjektwerkstattHalle_VortragWillen.pdf?__blob=publicationFile&v=2
https://www.bbsr.bund.de/BBSR/DE/Aktuell/Veranstaltungen/Dokumentation/Downloads/ProjektwerkstattHalle_VortragWillen.pdf?__blob=publicationFile&v=2
https://www.technologiestiftung-berlin.de/fileadmin/daten/media/publikationen/Archiv/171218_Vernetzte_Energie_Web.pdf
https://www.technologiestiftung-berlin.de/fileadmin/daten/media/publikationen/Archiv/171218_Vernetzte_Energie_Web.pdf
http://doi.org/10.1016/j.energy.2017.03.137
https://www.berlin-innovation.de/innovationen/
https://www.wista.de/projekte/projekte-adlershof/energiestrategie/ueberblick/
https://www.wista.de/projekte/projekte-adlershof/energiestrategie/ueberblick/
http://doi.org/10.1016/j.erss.2020.101475
http://doi.org/10.1016/j.erss.2014.12.001
http://doi.org/10.13044/j.sdewes.d5.0152
http://doi.org/10.1007/978-3-658-24760-7
http://doi.org/10.1111/j.1559-1816.2003.tb02078.x
https://www.sonnenseite.com/de/energie/die-energie-helden-der-energiewende-im-hunsrueck.html
https://www.sonnenseite.com/de/energie/die-energie-helden-der-energiewende-im-hunsrueck.html
https://eur-lex.europa.eu/eli/dir/2012/27/2020-01-01


Energies 2021, 14, 6799 19 of 19

45. Bundesnetzagentur für Elektrizität, Gas; Telekommunikation, Post und Eisenbahnen. Quartalsbericht zu Netz- und Systemsicherheits-
maßnahmen Zweites und Drittes Quartal 2019; Bundesnetzagentur für Elektrizität, Gas, Telekommunikation, Post und Eisenbahnen:
Bonn, Germany, 2020.

46. Löbbe, S.; Hackbarth, A. Geschäftsmodelle in der Energiewirtschaft: Ein Kompendium von der Methodik bis zur Anwendung.
Reutlinger Diskuss. Mark. Manag. 2017, 3, 73. [CrossRef]

47. Berlo, K.; Wagner, O.; Drissen, I. Strategische Optionen der Ruhrgebiets-Stadtwerke im Rahmen der Energiewende: Beurteilung der
aktuellen Situation; Ergebnisse des Leitprojekts “Stadtwerke als strategischer Akteur der Energiewende” im Gesamtprojekt “Energiewende
Ruhr”; Wuppertal Report; Wuppertal Institut für Klima, Umwelt, Energie: Wuppertal, Germany, 2017; Volume 10, p. 71.

48. WSW Stadtwerkequartett Entwickelt Geschäftsmodelle Auf Blockchainbasis: Wuppertaler Stadtwerke. Available online: https:
//www.wsw-online.de/unternehmen/presse-medien/presseinformationen/pressemeldung/meldung/stadtwerkequartett-
entwickelt-geschaeftsmodelle-auf-blockchainbasis/ (accessed on 14 March 2020).

http://doi.org/10.15496/PUBLIKATION-17713
https://www.wsw-online.de/unternehmen/presse-medien/presseinformationen/pressemeldung/meldung/stadtwerkequartett-entwickelt-geschaeftsmodelle-auf-blockchainbasis/
https://www.wsw-online.de/unternehmen/presse-medien/presseinformationen/pressemeldung/meldung/stadtwerkequartett-entwickelt-geschaeftsmodelle-auf-blockchainbasis/
https://www.wsw-online.de/unternehmen/presse-medien/presseinformationen/pressemeldung/meldung/stadtwerkequartett-entwickelt-geschaeftsmodelle-auf-blockchainbasis/

	Introduction 
	A Systematisation of the Drivers of Energy System Transformation into Five Key Dimensions of Change—The 5Ds 
	Decarbonisation 
	Digitalisation 
	Decentralisation 
	Democratisation 
	Diversification of Service Orientation 

	Discussion 
	Conclusions 
	References

