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Abstract 

„Energy has become a core issue for the European Union. However, the EU does not have 
an exclusive competence in this field” (Morris and Pehnt 2012: 53). Die europäische Ener-
giepolitik zielt unter anderem auf die Integration des europäischen Energiemarktes als 
Schlüssel für eine kosteneffiziente Dekarbonisierung der Energieversorgung. Dies umfasst 
beispielsweise den Ausbau der Übertragungskapazitäten im Stromsektor, die fortschreiten-
de Kopplung der Märkte sowie die Entwicklung gemeinsamer Regeln. Hierbei erlebt jüngst 
vor allem das Stromversorgungssystem mit regenerativen Ressourcen einen regelrechten 
Innovationsschub, der zur Transformation des Energiesektors in Europa beiträgt. 

Deutschland gehört mit seiner nationalen Energiewende zu den Pionieren eines hochkom-
plexen Systemwechsels, dessen Erfahrungen zur Einbettung der Energiewende in den eu-
ropäischen Kontext beitragen können. Unter anderem zeigt der deutsche Entwicklungspfad, 
wie einst fest etablierte, zentralisierte Stromsysteme, meist bestehend aus fossilen und 
nuklearen Großkraftwerken, einem zunehmenden Verdrängungswettbewerb durch dezent-
rale Stromsysteme mit dargebotsabhängiger Erzeugung aus Sonne und Wind gegenüber 
stehen. Gekennzeichnet durch verteilte, kleinteilige Erzeugungsstrukturen in unmittelbarer 
Verbrauchernähe stellen die dezentralen Stromsysteme konventionelle Wertschöpfungsstu-
fen in Frage. Zum einen hat das einschneidende Folgen für den Erfolg etablierter, auf 
zentralisierte Stromsysteme orientierte Stromversorger und ihre Geschäftsmodelle und zum 
anderen ruft es innovative Wettbewerber ins Feld, die sich mit neuen Geschäftspraktiken 
auf dezentrale Stromsysteme spezialisieren, über die jedoch nur wenig bekannt ist.  

Daher gibt diese Arbeit Antworten auf zwei Fragen: (1) Wie lassen sich die Geschäftsmo-
delle der auf dezentrale Energiesysteme spezialisieren Energieunternehmen in Bezug auf 
die derzeit überforderten, etablierten und auf das zentralisierte Stromsystem fokussierten 
Energieversorger einordnen? und (2) Welche Rolle spielt das selektive Umfeld für die wei-
tere Entwicklung von Geschäftsmodellen, die auf dezentrale Energiesysteme spezialisiert 
sind? 

Ausgehend von einer koevolutionären Beziehung zwischen den genannten Geschäftsmo-
dellen und ihrem Umfeld, wird zur Beantwortung der Fragestellung ein koevolutionärer Ge-
schäftsmodelrahmen aus der evolutionären und soziotechnischen Transitionsforschung 
hergeleitet und angewendet. 

Im Ergebnis werden drei verschiedene Module von spezialisierten Geschäftsmodellen für 
dezentrale Energiesysteme hergeleitet. Diese erzeugen unter anderem einen Kannibalisie-
rungsdruck auf das Ertragsmodell etablierter Geschäftsmodelle. Auch wird derzeit vor allem 
durch kontinuierliche technologische Neuerungen, ihre vielseitige Integration sowie verbes-
serte Wirtschaftlichkeit ein neues Konsumentenverhalten gefördert, das in wechselseitiger, 
positiver Beziehung zu spezialisierten Geschäftsmodellen für dezentrale Energiesysteme 
steht. 
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Foreword 

Over the past decade we have witnessed 
seismic shifts in the global energy landscape 
triggered by developments including the most 
severe economic downturn since the Great 
Depression, the world’s first global agreement 
of climate change mitigation, dramatic reduc-
tions in alternative energy technologies and 
major geo-political incidents that have illustrat-
ed the fragility of global energy security (e.g. 
Fukushima, Russian gas crisis). These devel-
opments have placed mounting pressure upon 
incumbent energy companies, negatively im-
pacting upon the profitability of their central-
ised, fossil-fuel, volume oriented business 
model. In parallel a host of novel business 
models have emerged to take advantage of 
this fast changing environment, aimed at satis-
fying our energy needs in an environmentally, 
socially and economically sustainable fashion. 
Whilst it is difficult to say whether we are wit-
nessing the beginning of an ‘energy revolution’ 
these changes raise interesting questions 
about whether the incumbent models will re-
main dominant in the future or whether a new 
order of energy business models will emerge. 

In this context this thesis makes a valuable 
contribution to the extant literature by examin-
ing the types of innovative decentralised ener-
gy business models that have emerged, taking 
Germany and its Energiewende as a case 
study. By employing a co-evolutionary frame-
work it examines the relationship these busi-
ness models share with their wider socio-
technical environment such as institutions, 
technologies, consumers and incumbent ener-
gy companies. Three key messages emerge 
from this thesis.  

The first is that we are seeing not just one but a 
host of new decentralised energy business 
models emerging that are both characteristical-
ly distinct from incumbent centralised model 

and from one other. These demonstrate a 
number of unique strengths and weaknesses 
but if compared to traditional business models 
they offer many advantages in relation to cap-
turing added value from intermittent renewable 
energies for both suppliers and consumers. 

The second is that their emergence is the 
product of a co-evolutionary relationship where 
wider changes to the energy landscape have 
resulted in a more supportive selection envi-
ronment for these models (e.g. renewable en-
ergy technology innovation, institutional sup-
port for climate change) but also that the adop-
tion of these models has in turn shaped this 
landscape (e.g. changes to consumer expecta-
tions and behaviours). This positive feedback 
cycle could serve to ‘lock-in’ these new busi-
ness models and potentially ‘lock-out’ the in-
cumbent models.  

The third is that the incumbent centralised en-
ergy companies have not yet overhauled their 
centralised, fossil fuel, volume-based supply 
model, incorporating only piecemeal aspects of 
alternative renewable or efficiency based de-
centralised models. This raises important ques-
tions about whether the utility companies will 
indeed survive in this fast changing selection 
environment that increasingly champions a 
low-carbon, energy efficient and socially re-
sponsible energy supply. 

In summary I welcome the valuable contribu-
tion this thesis makes to a burgeoning literature 
of energy business model innovation and sus-
tainability transitions, seeking to tackle difficult 
questions about the relative roles of novel and 
incumbent energy business models as part of a 
transition to a radically different energy system. 

Dr. Matthew Hannon 

(Centre for Environmental Policy, Imperial Col-
lege London) 

London, May 2016 
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“The Stone Age did not end for lack of stone,  
and the Oil Age will end long before the world runs out of oil.” 

Sheikh Zaki Yamani (1973), former Saudi Arabian oil minister. 

1 Introduction 
Topic 

“Energy has become a core issue for the Euro-
pean Union. However, the EU does not have 
an exclusive competence in this field” (Morris 
and Pehnt 2012: 53). 

The European energy policy aims to integrate 
energy markets as a key of a cost-efficient 
decarbonisation of its energy supply. Among 
others, the expansion of transmission capacity 
in the electricity sector, an on-going coupling of 
energy markets, the development of a joint 
regulatory framework as well as the complex 
adaption of energy supply systems are playing 
a crucial role in the European energy transition. 
With regard to especially national energy sys-
tems and markets, an evolution of a co-system 
can be observed currently. In some European 
countries an incumbent, centralized electricity 
system (CES) fuelled with high-carbon inten-
sive energy resources is rapidly replaced by a 
coevolving distributed electricity system (DES) 
based on low-carbon intensive energy re-
sources and renewable energy (RE) (Foxon 
2011; Burger and Weinmann 2013). 

Germany, often named as a pioneering exam-
ple with its Energiewende, is currently undergo-
ing such energy system1 change, affecting also 
underlying markets and incumbent business 
models. But even though Germany is currently 
taking a leading role with global attention, re-
cent developments are not seen without any 
doubts (Morris and Pehnt 2012; BMWi 2014b; 
Rosenkranz 2015). With its radical transition 
Germany is entering a new complex territory, 
which is described as challenging, lacking clear 
structures and best practice. Leprich for in-
stance points out that “Man würde sich ver-
heben, schon heute einen Masterplan für das 
Design des Stromsystems über den gesamten 

1 Even though energy and electricity does not necessarily 
have the same meaning, the author uses the terms as 
synonyms. Since the focus of this thesis is on electricity, 
energy shall be understood accordingly. 

Zeitraum der Transformation präsentieren zu 
wollen”2 (bne 2013: 18). However, Germany’s 
national developments provide experiences 
which might help to achieve a cost-efficient 
decarbonisation pathway for the entire Europe-
an energy transition and give plenty of impuls-
es for supporting research, from a practical 
perspective but also from a methodological 
point of view. 
Problem 
Practically, although experts agree to a sub-
stantial economic potential and quick develop-
ment of DES, pioneering literature is still rarely 
available. For example, coevolving DES-
related business models are assumed to play a 
key role in the continuing transition (Strobel 
and Frühbauer 2011; Gerbert et al. 2013; Rich-
ter 2013a; Richter 2013b; Hannon et al. 2013; 
Burger and Weinmann 2013; Fox-Penner 
2014; Marko 2014; Arriag et al. 2014; Henbest 
et al. 2015). However, several studies refer to a 
lack of investigation about DES-related busi-
ness models and how they can overcome eco-
nomical, technological, institutional and psy-
chological hurdles (e.g. Burger and Weinmann 
2013; Hannon et al. 2013; Arriag et al. 2014). 
In addition, little is known about business mod-
el innovation (BMI) of struggling CES-related 
incumbent utilities and their competition to-
wards new players in a transforming electricity 
system. This also includes recent develop-
ments (e.g. technologies and markets) which 
allow a diverse look into the future in order to 
facilitate the success of new DES-related busi-
ness models (Richter 2013a; Hannon et al. 
2013; Burger and Weinmann 2013). 

To account for the complexity and lack of struc-
ture, some academic researchers are recently 
investigating comprehensive approaches in 
order to frame the overall picture of a transition 
and to pick out specific elements for deeper 
analysis. For instance, one stream of econo-

2 Own translation: One would expect too much to already 
today elaborate and present a master plan about the de-
sign of the electricity system over the whole period of the 
transition. 
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mists attempts to transfer Charles Darwin’s 
(1859) three biological principals of evolution 
(i.e. variation, replication, and selection) to 
socio-technical systems, which assumingly 
also undergoes evolutionary cycles (e.g. Foxon 
2011; Norgaard 1994). Broadly speaking, they 
expect that a variation of human shaped sys-
tems coevolves and the most competitive in a 
dynamic environment dominates (selection), 
locks-in and develops further to an incumbent 
system (replication) (Hodgson and Knudsen 
2004; Hodgson 2005). Termed as ‘creative 
destruction’ by Schumpeter (1934), new play-
ers are persistently questioning and challeng-
ing the incumbent system with incremental and 
sometimes radical innovation, triggering de-
fence or adaptions strategies (Henderson 
1993; Burger and Weinmann 2013). 

Purpose 

In order to give potential directions within com-
plex transition of energy systems with renewa-
bles, Foxon (2011) provides a coevolutionary 
framework, which is recently used by several 
researchers to focus and analyse different do-
mains and players in the energy system (e.g. 
Hall and Foxon 2014; Taylor et al. 2013; Han-
non et al. 2013). For instance Hannon et al. 
(2013) firstly put a business model perspective 
into the centre of investigation from which they 
derive promising insights for the energy transi-
tion in the United Kingdom (UK). 

Consequently, this gives inspiration to shape 
an own coevolutionary business model frame-
work in this thesis and firstly apply it within 
Germany’s Energiewende. The aim is to struc-
ture the complex national electricity transition in 
order to disclose relevant interactions of DES-
related business models with their selection 
environment (Richter 2013a; Hannon et al. 
2013; Burger and Weinmann 2013). This might 
provide a new perspective for relevant players, 
particularly for incumbent but also new types of 
utilities. To conclude, this thesis addresses two 
questions:  

(1) What type of new utility, representing 
DES-related business models, does 
currently challenge the struggling, in-
cumbent utilities, representing the 
CES-related business model?  

(2) What role does the selection environ-
ment for the further development of 
DES-related business models play? 

Structure 
In order to understand the need and fundamen-
tals for a new type of business models, this 

thesis in a first step (chapter 2) aims to com-
prehensively describe the relevant background 
of Germany’s electricity system, divided into a 
centralized and a coevolving distributed one, 
as well as their underlying electricity markets. 
Furthermore, the current state of incumbent 
utilities is uncovered in order to derive implica-
tions for DES-related business models. In a 
second step, chapter 3 describes the thematic 
relevance and scope of the analytical frame-
work for this thesis in order to shape an own 
coevolutionary business model framework with 
a main focus on DES-related business models. 
In a third step, chapter 4 entirely sheds light on 
DES-related business models, including its 
classification, its market presence and its com-
parison with CES-related business models. 
Most importantly this part also analyses the 
wider and dynamic socio-technical environment 
of DES-related business models based on the 
own coevolutionary business model framework. 
Finally, chapter 5 draws a conclusion about the 
findings and gives implications for further re-
search. 
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2 Background 
In order to investigate electricity system-related 
business models in a coevolutionary frame-
work, it is first necessary to understand CESs 
and DESs itself. Hence this chapter firstly 
breaks down its development from a global to a 
national perspective, shortly describes its his-
torical development, and finally sheds light on 
its today’s constitution with regard to its physi-
cal functionality, its classification and unique 
characteristics respectively, as well as its relat-
ed energy markets. 

2.1 The global transition of energy sys-
tems 

The International Energy Agency central sce-
nario predicts a global growth of energy de-
mand by 37 percent (%) until 2040. The energy 
use is assumed essentially flat in most parts of 
Europe, Japan, Korea and North America, but 
rising consumption is concentrated in the rest 
of Asia (60% of the global total), Africa, the 
Middle East and Latin America. In particular 
China, India, Southeast Asia, the Middle East 
and sub-Saharan Africa take over as the en-
gines of global energy demand growth. In order 
to meet the global energy need, the supply mix 
is predicted to change and will be divided into 
four almost-equal parts: oil, gas, coal and low-
carbon sources by 2040 (IEA 2014). This grow-
ing energy demand and its attributive supply 
mix have significant impact on the environ-
ment. To prevent and limit human made global 
warming and climate change, especially low-
carbon sources take an important role within an 
ongoing, global debate.3  The recent global 
energy outlook by Bloomberg New Energy 
Finance highlights that developed countries are 
rapidly shifting from traditional CES to more 
flexible and decentralized ones that are signifi-
cantly less carbon-intensive. Over the next 25 
years a new energy generation mix with new, 
evolving technologies is going to establish, 
offering new market opportunities (Henbest et 
al. 2015). 

From different perspectives, Germany is taking 
in a pioneering role, pursuing a radical change 
of its energy system. According to a global 
trend report by World Wide Fund for Nature 
(WWF) and Lichtblick, Germany is designated 
as a trigger and pioneer for a global Ener-
giewende (i.e. energy transition), even though 

                                                                 
3 A critical trend analysis in the energy sector affecting 
investments profile on a global stage is not part of this 
thesis. However, a short overview by WEC (2014) is pro-
vided in Table 2 in Appx: A. 

no reasons for any stakeholder to lean back 
exist (Rosenkranz 2015). 

According to absolute installed capacity of RE,4 
Figure 1: 5 highlights the top three countries, 
as well as the global efforts to increase electric-
ity generation from renewables between 2005 
and 2014. RE capacity (excluding hydro pow-
er5) has increased by almost a factor of six 
worldwide from 116 gigawatt (GW) in 2005 to 
658 GW in 2014, even though it only repre-
sents 6.2% of global electricity production in 
20146. Germany as pioneer has been among 
the top three countries since the beginning of 
this development. In a relative term, with re-
gard to electricity production from renewables 
per capita, Germany is by far taking the leading 
role among all represented countries, EU-28 
and the world from the beginning on. For in-
stance in 2014, on average for each German 
1,070 W (W) RE capacity was installed, which 
is roughly twice as much as in EU-28 (500 W), 
three times more than in United States 
(330 W), ten times more than in China (110 W) 
and twelve times more than in the world (90 W) 
(Figure 1: 5). 

2.2 Germany’s electricity system 
This section sheds light on the development of 
Germany’s electricity system with regard to its 
historical development, special features and 
today’s constitution. A special focus is on the 
differentiation of CES and distributed electricity 
systems (DES). This is necessary in order to 
better understand the transition of the electrici-
ty system and analyse related business models 
(e.g. Schoettl and Lehmann-Ortega 2011; 
Richter 2013b). 

2.2.1 Historical development 

2.2.1.1 Rise of a distributed electricity 
system 

The history of electricity value chain in Germa-
ny has begun in the end of the sixties and be-
ginning of the seventies of the 19th century as a 
result of the development of the electric small- 
scale generator and electric lighting. In 1905 
                                                                 
4 Absolute figures are the most important trigger as light-
house effect and in terms of economies of scale and learn-
ing curves. 
5 Even though hydro power has the largest share among 
RE capacity worldwide, it is geographically limited to a few 
countries and therefore difficult to compare. Therefore 
many studies consider hydro power separately (e.g. 
REN21 2015) 
6 Global electricity production end of 2014: 77.2% fossils 
fuel and nuclear, 16.6% hydropower and 6.2% other re-
newables (wind 3.1%, bio power 1.8%, solar photovoltaic 
(PV) 0.9%, rest 0.4%) (REN21 2015). 
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already 1,175 power plants were put into oper-
ation exclusively in urban areas because of 
limited distribution and transmission capabili-
ties of direct current (Fischer 1992). With the 
introduction of alternating current, so called 
power stations also extensively supplied rural 
areas with electricity, covering lightning, elec-
trical trams, industry and households. Com-
monly in private ownership, in the beginning of 
19th century a municipal- and public share 
ownership finally become wide spread. Since 
then, the integrated grid and electricity utilities 
strongly expanded, accounting with 10,000 
distributed companies its maximum in 1936 
(Müller 2001). 

2.2.1.2 Centralization of the electricity 
system 

The high concentration of competitors and 
fragmented grid structures often made the 
business unprofitable and led to shutdowns 
and consolidations (Fischer 1992). As a con-
sequence, the first energy act ‘Ener-
giewirtschaftsgesetz’ (EnWG) was announced 
in 1935 and the government started to regulate 
the energy sector. One of the leading premises 
was the reduction of economically harmful ef-
fects of competition. The energy sector was 
seen as very sensitive business, since electrici-
ty cannot easily be stored and bound to the 
grid. Its transportation requires special and 
unique transmission and distribution systems 
and additionally electricity supply and demand 
need to be balanced at any time. Being afraid 
of the destabilizing experiences with competi-
tion, electricity supply became vertically inte-
grated and concentrated with oligopolistic and 
monopolistic structures, driven by the logic of 
economies of scale. The ownership structure 

was strongly characterized by public share, 
particularly by federal states. The electricity 
market adhered to the Ener-
giewirtschaftsgesetz, Germany’s Energy Indus-
try Act (EnWG) for more than 60 years until 
1998 when the law was amended for the first 
time (Bartel 2011; Schneidewind and Scheck 
2012; Gerbert et al. 2013). 

2.2.1.3 Liberalization of the electricity 
system 

Inspired from the technical innovation within 
the telecommunication market and its success-
ful implementation of competition, the energy 
market also started to liberalize with the 
amendment of the EnWG in 1998. Both indus-
tries fundamentally relied on a sensitive grid 
infrastructure, so that experiences were seen 
as transferable. This development was strongly 
driven by the legislative power of the European 
Commission (EC), which pushed forward a 
European Single Market for energy. The main 
purpose was the implementation of the single 
market directive for electricity until 2011, mainly 
comprising a gradual market deregulation, non-
discriminatory grid access and unbundling (i.e. 
legal separation of generation and grid) (Bartel 
2011; Gerbert et al. 2013). 

2.2.1.4 The Energiewende – the national 
commitment 

Apart from the legislative purpose of the EC, 
also the German government has committed to 
ambitious national goals, highlighted as the 
‘Energiewende’7, e.g. to fight climate change, 

                                                                 
7 The Energiewende movement resulted from the anti-
nuclear movement in the 1970. The term ’Energiewende’ 
goes back to the 1980’s and a publication of the German 

Figure 1: Global renewable electricity capacity, top three countries, EU and world (2005, 2010, 2012 and 
2014). Source: Own figure, based on data from Global Status Reports by REN21 (2006-2015), PRB (2005) 
and PRB (2010). 
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reduce energy imports, stimulate technology 
innovation and the green economy, reduce and 
eliminate the risk of nuclear power, ensure 
energy security, and strengthen local econo  
mies and provide social justice (Morris and 
Pehnt 2012). The major target in long-term is to 
become both carbon- and nuclear-free (Morris 
and Pehnt 2012; Burger and Weinmann 2013). 
Regulated and supported in Germany’s Re-
newable Energies Act ‘Erneuerbare-Energien-
Gesetz’ (EEG) (e.g. through feed-in tariff (FiT)), 
fossil and nuclear based generation in national 
energy system is planned to be increasingly 
replaced with intermittent RE and low-carbon 
resources (e.g. solar PV, wind, biomass). Figu-
re 2: 6 represents the importance of an in-
creasing share of renewables (see green bars) 
in order to achieve the comprehensive long-
term energy and climate targets until 2050 set 
by the German government in 2010. The aim is 
not only to reduce power consumption, gross 
energy consumption, heat demand for build-
ings, and final energy consumption for 
transport, as well as greenhouse gases (GHG), 
but also a strong electrification of the energy 
sector with renewables, including also heating 
and transportation which is traditionally sepa-
rated and powered by fossil fuels (Morris and 
Pehnt 2012; SRU 2013; BMWi 2014b). 

These long-term reductions targets, as well as 
integration of intermitting RE confronts the 
energy system, and particularly the electricity 
system not only with complex technological, 

                                                                                              
Oeko-Institut (Krause et al. 1980) which points out scena-
rios for growth and wealth without oil and nuclear power. 

but also with various, interrelated institutional, 
societal, market and business challenges 
(BMWi 2014b). 

2.2.2 Today’s electricity system 
With regard to the electricity system, both the 
liberalization as well as the Energiewende with 
its introduction of RE generation facilitates a 
move back to a distributed value chain ap-
proach. Since the beginning of the 21st century, 
the concentrated formed electricity system is 
somewhat turning back to its historical, distrib-
uted origin in the mid-19th century, but with 
entirely new features, technologies and dimen-
sions. Consequently, as illustrated in Figure 3: 
7, the today’s electricity system in Germany 
can be distinguished into the traditional CES 
(see left to right) and a coevolving DES (see 
top to down). 

Both attach a different value to certain electrici-
ty system-related domains and electricity mar-
kets, and are strongly characterized by its used 
generation, network and control technologies. 
In order to understand and differentiate both 
electricity systems, it is on the one hand fun-
damental to link CES- and DES-related busi-
ness models accordingly and on the other hand 
to also derive interrelations with subsystems of 
the coevolutionary framework, which will be 
introduced in chapter 3. Therefore, the follow-
ing sections give an overview about the char-
acteristics and distinction between CESs and 
DESs, its practical dissemination, as well as an 
introduction into the three underlying electricity 
markets, linking business models to electricity 
systems. 

Figure 2: Long-term energy and climate targets set by the German government in 2010. Source: Morris and 
Pehnt (2012: 11). 
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2.2.2.1 CES 
As illustrated in Figure 3: 7 (see left to right), 
the CES traditionally consists of five energy 
domains: primary energy source (e.g. lignite), 
generation (e.g. fossil power plants), transmis-
sion, distribution and end-user. There are 300 
electricity producers each with more than 100 
megawatt (MW) capacity in Germany, domi-
nated by four vertically integrated power utili-
ties8, namely Rheinisch-Westfälisches Elektri-
zitätswerk AG (RWE), E.ON, Vattenfall and 
EnBW (BIG4)9. They share the majority of the 
electricity market and use mainly fossil and 
nuclear energy sources to centrally generate 
bulk electricity which is traded at wholesale 
markets. In 2014 through a regulated, oligopo-
listic transmission system (e.g. high voltage, 
long-distance grid) with four operators (i.e. 
50Hertz, Amprion, TenneT, TransnetBW) and a 
regulated, competitive distribution system (e.g. 

                                                                 
8 Definition: “An electric utility is an electric power company 
(often a public utility) that engages in the generation, 
transmission, and distribution of electricity for sale general-
ly in a regulated market (...). Electric utilities include inves-
tor owned, publicly owned, cooperatives, and nationalized 
entities. They may be engaged in all or only some aspects 
of the industry” (SKM 2015). 
9 Hereafter RWE, E.ON, Vattenfall and EnBW will be 
termed as the BIG4 (‘Big Four‘). 

low and middle voltage, short- and medium 
distance grid of power lines and substations) 
with 884 operators, electricity is transported 
and finally retailed by 1,117 suppliers to their 
contracted end-users (i.e. load consumers) 
(Ibrahim and Ilinca 2013; SRU 2013; Konstan-
tin 2013; BMWi 2014a; Bundesnetzagentur and 
Bundeskartellamt 2014; Verivox 2015). Suppli-
ers can either act as vertically integrated utili-
ties and sell own generated electricity through 
own distribution networks or purchase electrici-
ty volumes in the wholesale market in combina-
tion with necessary transport services (Knieps 
and Brunekreeft 2003; Bundesnetzagentur and 
Bundeskartellamt 2014). End-users are distin-
guished into household, commercial and indus-
trial customers according to voltage, annual 
consumption, annual peak load and annual 
utilization time (Bundesnetzagentur and Bun-
deskartellamt 2014).  

During the last decade the CES is radically 
pressured through the impact of DES with re-
newables (see top to down in Figure 3: 7). For 
example the recent global energy outlook by 
Bloomberg New Energy Finance10 highlights 

                                                                 
10 Bloomberg New Energy Finance provides unique analy-
sis, tools and data for decision makers driving change in 
the energy system. 

Figure 3: The German electricity system at a glance. Source: Own figure. 
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that developed countries are rapidly shifting 
from traditional CES to more flexible and de-
centralized ones (Henbest et al. 2015). The 
ongoing shift from a CES towards a DES also 
termed as ‘deconstruction and fragmentation’ is 
mainly impelled by re-regulation, new business 
models, increasing competition and a strong 
pressure on return on investment (Gerbert et 
al. 2013). 

2.2.2.2 DES 
The growing availability of small-scale genera-
tion technologies such as renewables and 
combined heat and power units shorten the 
transportation distance between production 
and consumption. This consequently increases 
the degree of distribution within electricity sys-
tems, labelled as DES. Fossil-based primary 
energy source in the first domain of electricity 
systems loses importance, as the primary RE 
sources such as solar radiation, wind and un-
der certain restriction also biomass are infinite 
and physically available almost everywhere to 
almost zero marginal cost. Through evolving 
technologies, RE sources can be harvested 
more and more efficiently everywhere. Conse-
quently, producers and consumers of electricity 
move closer together and even become one 
single entity, called prosumers11 who entirely or 
in parts do not rely on centralized generation, 
transmission, distribution and electricity mar-
kets as in a CES (Bremdal 2011; Shandurkova 
et al. 2012; Orecchini and Naso 2012; Gerbert 
et al. 2013; Clinton and Whisnant 2014). 

This development is accompanied and sup-
ported by a new, sixth domain within the value 
chain, i.e. energy storage. Whereas fossil-
based energy sources theoretically incorporate 
storage characteristics by nature (e.g. coal can 
be burned when electricity is needed), intermit-
ting RE source such as wind and PV are de-
pendent on weather conditions and daytimes. 
For example, electricity from solar PV needs to 
be stored temporarily during daily sunshine 
hours to guarantee electricity supply also dur-
ing the night and overcast days. 

Depending on its attributes and benefits, differ-
ent promising energy storage systems (e.g. 
battery, pumped hydro power, flywheels) are 
installed and used at different domains of the 
                                                                 
11 The concept of a ’Prosumer’ is firstly termed in Toffler’s 
(1980) book, the Third Wave (Tapscott and Williams 2006). 
Because of its relevance today, Don Tapscott’s (1996) 
book ’The Digital Economy’ reintroduced the term ’pro-
sumption’, describing “how the gap between producers and 
consumers is blurring” (Tapscott and Williams 2006: 125), 
based on new technologies (e.g. smart grid technologies 
and small-scale DEG) (Shandurkova et al. 2012). 

value chain (e.g. directly at the power plant, in 
support of the transmission and distribution 
system, and on the end-user side) (Makansi 
and Abboud 2002). Currently, batteries are 
among the most promising artificial electricity 
storage systems because of their relative effi-
ciency and technical applicability for small-
scale DEG based on renewables (Shandurko-
va et al. 2012; Guerrero-Lemus and Martinez-
Duart 2013). Energy storage allows to better 
balance fluctuation of electricity production and 
consumption, from a technical as well as an 
economical point of view (Makansi and Abboud 
2002). However, intermittency of renewables 
remains a key challenge where the develop-
ment of storage technology lags behind (WEC 
2014). 

Together with the integration of new evolving 
network and control infrastructure (i.e. infor-
mation and communication technology (ICT)) 
(highlighted as blue background in Figure 3: 7), 
all six domains (i.e. primary energy source, 
generation, transmission, distribution, energy 
storage and end-user) create a more respon-
sive market, in particular enabling a smart, 
remote and bidirectional monitoring, control 
and communication along the entire value 
chain, also termed as smart grid. Firstly in time, 
a purely unidirectional and supply side man-
agement driven electricity system is increasing-
ly complemented by the technological oppor-
tunity to actively interact with end-users, 
termed as demand side management (DSM) 
(Makansi and Abboud 2002; Ibrahim and Ilinca 
2013; SRU 2013). 

Pérez-Arriaga summarizes the attributes of a 
DES in his definition as follows: “A Distributed 
Energy System […] is a system combining one 
or more distributed energy resources (DERs), 
including distributed generation, distributed 
storage, and/or demand response, with infor-
mation and communication technologies (ICTs) 
to enable a business model that provides val-
ued services to energy end users or upstream 
electricity market actors” (2014: 18). 

2.2.2.3 Comparison of CESs and DESs 
The differentiation of CES and DES is mainly 
determined by the characteristics of its elec-
tricity generation, as well as its network and 
control system, discussed as follows. Further-
more, to give a first indication about the in-
creasing degree of distribution within the elec-
tricity system this section shows its progress 
based on the technologies used in the national 
electricity generation mix, as well as associated 
ownership structures. 
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Characteristics of electricity generation 
According to Rawson “distributed generation is 
electricity production that is on-site or close to 
the load centre” (2004: 5) which implies that 
concentrated generation is far away from the 
user. Nevertheless, Orecchini and Naso point 
out that “both refer to the size and the localiza-
tion of a plant (large conversion plants far from 
users, or small-sized plants close to users), but 
neither the size nor the distance from users 
indicate any values of sharp distinction be-
tween distributed and concentrated production” 
(2012: 297-298). 

Therefore, Orecchini and Naso (2012) highlight 
a different degree of distribution of generation. 
For example PV plants range from directly 
installed plants at one end-user’s roof-top, up 
to ground-mounted PV plants that supply entire 
groups of residential, commercial or industrial 
end-users. Moreover, the authors particularly 
aim for a global energy efficiency point of view 
where the distance between generation and 
end-users also includes losses for transport. 

Orecchini and Naso (2012) define two types of 
DEG: 

• The first is seen “as the production 
through plants that use primary re-
source locally available as a resource” 

(Orecchini and Naso 2012: 298), imply-
ing that the overall efficiency increases 
with the ‘degree of distribution’. The 
closer generation and consumption are 
localized, the higher is the degree of 
distribution and the better is the overall 
efficiency. This definition exemplarily 
includes solar PV plants and wind 
power plants (Orecchini and Naso 
2012). 

• The second type evaluates the ‘degree 
of optimal distribution’ and rather ap-
plies to resources such as biomass. It 
is defined as “the production through 
plants that use as a resource an ener-
gy vector made available to the end 
user and for whose transportation en-
ergy was spent” (Orecchini and Naso 
2012: 298). This type of DEG creates 
transport losses at the generation and 
end-user side and therefore overall ef-
ficiency increases by finding the opti-
mal trade-off between both. For in-
stance biomass has a low energy den-
sity (in weight and volume) and 
transport energy losses during energy 
production are relatively energy inten-
sive. To keep acceptable values (10-
20%) for these transport losses, the 
distance between the primary source 

Figure 4: Germany’s gross electricity production mix and consumption (2000-2014). Source: Own figure, 
based on data from AGEB (2015). 
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and generation unit should be limited 
to 100-150 kilometres. This context 
does not mean centralizing production, 
but rather to distribute transport losses 
near the resource and not near users 
(Orecchini and Naso 2012). 

National electricity generation mix 
With regard to characteristics of electricity gen-
eration, the national electricity generation mix 
provides a first indication about the progress of 
a transforming electricity system. In addition, 
first conclusions about the degree of distribu-
tion of the electricity system, its size, as well as 
general trends can be drawn. 

Figure 4: 9 shows generation technologies 
used and their electricity output in terawatt hour 
(TWh) in relation to total gross electricity pro-
duction and consumption in Germany between 
2000 and 2014.  

The trend reflects indications about the interac-
tion of technological developments, business 
strategies and regulations, as well as changing 
consumer and citizen behaviour (Schneidewind 
und Scheck 2012). The graph strongly empha-
sizes the ongoing pressure of DESs with re-
newables (e.g. wind, PV and biomass) on 
CESs with fossil fuels (e.g. nuclear, lignite and 

hard coal). 

Firstly, the graph illustrates a stagnating gross 
electricity production slightly above the six-
hundred-level (average of 614 TWh between 
2002 and 2014) during the last decade with a 
slight peak load of 641 TWh in 2007. During 
the same period the gross national electricity 
consumption also experienced an arch-shaped 
development with a slight increase up to 
622 TWh in 2007 which was then going down 

to 579 TWh, reaching a similar level as in 2000 
(580 TWh). 

Secondly, since the turn of the millennium, the 
energy mix is significantly transforming as a 
consequence of market liberalization as well as 
the governmentally induced Energiewende. 
Produced electricity from RE sources rapidly 
increased from only 6.6% in 2000 to a total 
share of 26.2% in 2014, mainly driven by wind 
onshore, PV and biomass installation and the 
shrinkage of nuclear, hard coal and natural gas 
electricity generation. 

Thirdly, the electricity exchange balance12 indi-
cates an increasing export surplus with Ger-
many’s neighbour countries since 2003, from 
8 TWh in 2003 up to 35.5 TWh in 2014. This is 
caused by falling gross electricity consumption 
with a simultaneous growth of electricity pro-
duction, induced by the share of RE growing 
faster than nuclear and fossil fuel generation is 
declining. 

Ownership structure 
Germany’s citizen plays a leading role within 
the Energiewende and DESs. DEG with re-
newables also enables a new ownership struc-
ture DESs compared to the CES. The availabil-
ity of DEG technology increasingly transforms 

traditional private, residential and industrial 
consumers into prosumers who partially or 
even entirely self-consume own electricity 
(Gerbert et al. 2013). For example Germany 
operates 1,600 conventional power plants with 
≥10 MW nominal capacity, almost exclusively 

                                                                 
12 The electricity exchange balance indicates either the 
difference between gross electricity production and gross 
national electricity consumption and/ or the difference 
between electricity imports and exports. 

Figure 5: Installed RE capacity by ownership groups in 2012. Source: Own figure, based on trend:research 
and LU (2013). 
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owned by some big investors such as utilities 
(Bundesnetzagentur 2015a).  

This number of conventional power plants is 
small, in comparison to for instance 24,867 
wind power stations by the end of 2014 (BWE 
2014) and more than 1.4 M PV power plants by 
June 2015 (Wirth 2015). In 2012, citizen own-
ership, citizen energy cooperatives and citizen 
participation held the majority share of 46% of 
the total installed RE capacity in Germany, 
more than institutional and strategic investors 
(41.5%) and almost four times as much as all 
utilities with 12.5% (Figure 5: 10). The BIG4 
accumulate even less than 1%. 

Network and control system 
With regard to the whole system, the traditional 
electricity system merged over decades and is 
characterized by large plants, centralized con-
trol and optimal management at a regional 
level. This led to the present CES based on an 
essentially unidirectional structured and de-
signed network, i.e. electricity flows from pro-
duction hubs to passive end-users from higher 
voltage transmission to lower voltage distribu-
tion grids. The CES focuses on robust supply 
side management rather than on a flexible 
DSM (Orecchini and Naso 2012; Richter 
2013b). ICT infrastructure can improve the 
reliability of the electricity supply, reduce peak 
load problems, increase the efficiency of 
transmission and distribution facilities and ex-
isting power plants, and reduce and defer re-
quired investment respectively, for both CES 
and DES (Makansi and Abboud 2002; Ibrahim 
and Ilinca 2013; SRU 2013). However, from a 
quantitative viewpoint the centralized approach 
is limitedly suitable for a bidirectional system in 
which DEG has a particular relevance. For 
example Germany operates 1,600 conventional 
power plants with ≥10 MW nominal capacity 
(Bundesnetzagentur 2015a) compared to for 
instance 24,867 wind power stations by end of 
2014 (BWE 2014) and more than 1.4 Mio PV 
power plants by June 2015 (Wirth 2015). A 
massive penetration of DEG units would 
strongly challenge the unidirectional network, 
and highly degrades the quality of the grid ser-
vice, operation and protection. DES uses smart 
grid technology by exploiting the advantages of 
ICT to combine and connect DEG units (Orec-
chini and Naso 2012) and complement the 
traditional paradigm ‘supply follows consump-
tion’ with a ‘consumption follows supply’ prac-
tice, based on intermitting RE (Schleicher-
Tappeser 2012; EFZN 2013). Kiesling summa-
rizes as follows: “Decentralized coordination is 
good, and is preferable to centralized control 

because it harnesses the dispersed knowledge 
of many market participants, it honors differ-
ences in individual preferences, and it enables 
discovery of individual preference and cost 
differences, in consumer willingness to pay and 
producer willingness to accept. Decentralized 
coordination leads to more robust and resilient 
economic efficiency in the face of change and 
has more adaptive capacity over time than a 
system that relies on centralized control” (2009: 
12). 

As a consequence the system responsibility of 
traditionally big utilities is increasingly distribut-
ed among a growing number of market players 
so that interactions, interfaces and dependen-
cies become considerably more complex (Ger-
bert et al. 2013). This can also be observed 
with regard to the three electricity submarkets 
attached with different value to CESs and 
DESs (cf. Figure 3: 7). Therefore, it is important 
to understand how they work and develop re-
cently in order to derive economic value of 
CES- and DES-related business models.  

2.2.3 Three electricity submarkets 
Electricity systems, as well as each profit ori-
ented business model, are linked to three elec-
tricity submarkets (cf. Figure 3: 7), two com-
mercial (i.e. wholesale and retail market) and a 
physical equilibrium market (i.e. ancillary ser-
vices market). An own illustration about its role 
and function in terms of time is provided in 
Figure 6: 12 and explained as follows. In addi-
tion, this section also gives practical market 
insights in order to underline its importance for 
CES- and DES-related business models. 

2.2.3.1 Wholesale market 
Function 
The wholesale market is with regard to its 
commercial volume the most fundamental 
submarket in the electricity value chain. De-
fined as ‘energy-only market’, bulk electricity 
volumes such as megawatt hour (MWh) from 
centralized and distributed sources are traded 
by different market participants to meet the 
end-user demand on the retail market. Where-
as utilities rather trade centralized generated 
electricity, either TSOs or direct marketers are 
responsible to feed-in RE (in accordance with 
EEG) on the market place. 

Two product markets with different time hori-
zons are available: 
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• Futures/ forwards13 (long-term) mar-
kets trade physical delivery options be-
tween one week and three years, and 
financial delivery options up to six 
years in advance. 

• Spot (short-term) markets are divided 
into day-ahead auctions (i.e. previous 
day of delivery) and intraday trade (i.e. 
between 3 p.m. of previous day and 45 
minutes (on energy exchanges) and 15 
minutes (‘over-the-counter’)14 before 
delivery). 

Both product markets are traded either over-
the-counter (OTC) or via energy exchanges. 
Whereas OTC transactions are organized bi-
laterally, mainly via broker platforms, energy 
exchanges provide a central and liquid plat-
form, giving important price signals along the 
entire value chain. The two most important 
energy exchanges for the (not only) German 
market are the European Energy Exchange 
(EEX) in Leipzig and the European Power Ex-
change (EPEX SPOT) in Paris (SRU 2013; 
Bundesnetzagentur and Bundeskartellamt 
2014; BMWi 2014b). With regard to volumes, 
OTC transactions are many times larger than 
accumulated trade on both energy exchanges. 
For instances in 2013, OTC transactions 
(5,900 TWh) (Bundesnetzagentur and Bun-
deskartellamt 2014) were 5.7 fold as much as 
both energy exchanges (1,026 TWh15) togeth-
er. 

                                                                 
13 ‘Forwards’ refer to ‘over-the-counter’ (OTC). ‘Futures’ 
refer to energy exchanges. 
14 In case of unforeseeable power cuts at power plants. 
15 Accumulated volume of futures (1,264 TWh) and spot 
market (345 TWh) minus EEX OTC-clearing (582.6 TWh) 
in 2013, based on EEX (2014b), and EEX and EPEX 
SPOT (2014). 

The pricing is determined by the merit order 
principle. Depending on the type of power 
plant, electricity producers offer prices for spe-
cific quantities of power, which are ranked by 
their respective marginal costs in ascending 
price order. Simultaneously, power consumers 
give indications about their price sensitivity for 
specific quantities in descending order. The 
point of intersection of the most expensive 
price shows the energy exchange price of the 
entire quantity traded, so that substantial profit 
margins are realized by the most cost-efficient 
suppliers. The almost zero marginal costs at-
tribute gives legal priority to the feed-in of RE 
such as PV and wind power, and consequently 
forces out conventional power sources with 
higher marginal cost, weakens wholesale pric-
es and reduces margins of conventional power 
producers, called the merit-order effect (Wirth 
2015) (cf. Figure 25 in Appx: E).  

Insights in recent developments 
On the one hand, the total exchange volume 
increased from 603 up to 1,952 TWh (com-
pounded annual growth rate (CAGR): +13.9%) 
between 2005 and 2014, with an average pro-
portion of 83% futures and 17% spot volumes 
(Figure 7: 13). As an efficient possibility of inte-
grating RE in the short-term into the market, 
especially flexible volumes traded on the EPEX 
SPOT intraday markets increased tenfold over 
the last five years (EEX and EPEX SPOT 
2014). On the other hand, with regard to the 
CAGR between 2005 and 2014, the exchange 
spot market price dropped by 3.4% and the 
price for futures even by 5.3% each year, down 
to slightly above EUR cent 3 per kilowatt hour 
(kWh) each. Reasons are seen in an increased 
competition and improved utilization of produc-
tion capacity and grid infrastructure through 
liberalization and ongoing coupling of the Eu-

Figure 6: Three electricity markets with products and time horizon. Source: Own figure, based on BMWi 
(2014b) and Next Kraftwerke (2015a). 
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ropean electricity market. Those in combination 
with a flat demand in Europe and installation of 
new RE capacity led to increasing overcapaci-
ties especially in Germany since 2003 (e.g. 
export surplus of 35.5 TWh in 2014). As a con-
sequence, the technical inflexibility of nuclear 
and most fossil fuel power plants to ramp-down 
their production easily, especially on sunny and 
windy days with high RE production and low 
electricity consumption (e.g. weekends), inten-
sifies overproduction and falling wholesale 
prices, even at negative levels. Eventually, this 
normalizes in a mid-term with the phase out of 
12.1 GW nuclear power capacity, representing 
around 100 TWh energy production in Germa-
ny by 2022 (BMWi 2014b). 

2.2.3.2 Ancillary service market 
Function 
The ancillary service market is for physical 
system stability for short-term and real time 
response. This is why it is also described as a 
short-term capacity market (Pilgram 2013). 
Because of the physical nature of electricity 
systems this market is of systemic relevance. 
Despite a comprehensive balancing forecast 
between electricity supply and demand on the 
wholesale market, the physical equilibrium 
between generation and consumption cannot 
necessarily be guaranteed in real time. Devia-
tions especially occur from unforeseen, inter-
mitting events such as changing weather con-
ditions (e.g. relevant for wind and PV), power 
plant failures or a short-term variation of con-
sumption patterns. Therefore, transmission 
system operators (TSOs) calculate, competi-
tively tender and procure three types of balanc-
ing capacity (not energy) with different 

(de-)activation and modification speed and 
directions (i.e. upward/ downwards) to guaran-
tee physical equilibrium between generation 
and consumption (BMWi 2014b; Amprion 
2015): 

(1) Primary balancing capacity must be 
available within 30 seconds and last for 
five minutes until secondary balancing 
capacity takes over. For this many con-
trollable power plants retain some per-
centages of power capacity as reserve. 
TSOs automatically control the quantity 
and direction of capacity on a perma-
nent basis. 

(2) Secondary balancing capacity syn-
chronously starts with primary balanc-
ing capacity to be available within five 
minutes for at least 15 minutes until the 
minute reserve takes over. Controllable 
power plants such as pumped-storage 
power and gas power plants are acti-
vated. TSOs automatically control the 
quantity and direction of capacity on a 
permanent base. 

(3) Minute reserve (tertiary balancing ca-
pacity) starts in case of a predictable, 
longer lasting use of secondary balanc-
ing capacity and must be available 
within 15 minutes for 60 minutes. Mi-
nute reserves guarantee an emergen-
cy backup in case of power plant fail-
ures to either support or replace sec-
ondary balancing capacity. TSOs 
manually instruct their contracted sup-
pliers about the control of quantity and 
direction of capacity by telephone 
(Amprion 2015). 

Figure 7: Development of prices and volumes on spot and future market (2005-2014). Source: Own figure, 
based on EEX and EPEX SPOT (2014), EEX (2014a), EEX (2014b) and Statista (2015). 
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Whereas primary and secondary balancing 
capacity is publicly tendered on a weekly base, 
minute reserve is handled on a work daily ba-
sis. Only prequalified suppliers are allowed to 
participate in public tenders and provide bal-
ancing capacity.  

Since 2013 not only electricity generators can 
participate in the market for balancing capacity 
but also electricity consumers through inter-
ruptible loads and DSM (e.g. heat pumps, elec-
tric vehicles or industrial consumers) regulated 
in the ‘Verordnung über Vereinbarungen zu 
abschaltbaren Lasten’. Contracted providers of 
all types of balancing capacity are remunerated 
in one or two ways. On the one hand they get 
paid to reserve a certain quantity of capacity 
(‘standby remuneration’ or ‘capacity price’), and 
on the other hand they get compensated for 
the ex-post energy volume actually used (‘en-
ergy price’)16. Both prices are strongly fluctuat-
ing but are generally profitable for generators 
since they are usually above the exchange 
electricity price. Cost for balancing capacity is 
paid by consumers through grid charges and 
balancing energy by balancing responsible 
parties through the system of balancing groups 
and imbalance settlement (Bundesnetzagentur 
and Bundeskartellamt 2014; Next Kraftwerke 
2015a). 

Insights in recent developments 
The market for ancillary services, in particular 
for balancing capacities shows a quite stable 
development. This market is operated by the 
four TSOs and regulated by the Federal Net-
work Agency. In order to secure system stabil-
ity for the German electricity markets, genera-
tors must guarantee both upward and down-
                                                                 
16 This excludes primary balancing capacity which is solely 
compensated with a capacity price. 

ward balancing capacity at any time (Next 
Kraftwerke 2015a). For instance, in 2014 the 
four TSOs totally contracted operational capac-
ity reserves of 5,067 MW upward and 
5,343 MW downward in Germany (Figure 8: 
14). 

Whereas primary balancing capacity takes the 
minor share, secondary capacity and especially 
minute reserves take the main share for bal-
ancing volumes. However, even though the 
proportional remuneration is the most attrac-
tive, also the requirements are the highest. 
Whereas only 16 suppliers were prequalified 
for primary capacity, there were 29 for second-
ary capacity and even 42 for minute reserve in 
June 2015 (Regelleistung 2015). The main 
share of balancing energy is provided by large, 
centralized utilities. This is currently changing 
especially with regard to secondary and minute 
reserve. It is widely believed that especially the 
aggregation and pooling of small-scale DEG 
will be of more importance in the future (e.g. 
Oberzig 2014; Next Kraftwerke 2015a). 

An indicator for the revenue potential of related 
business models are indirectly represented by 
costs for ancillary services, which are passed 
on and embedded in the retail price. With re-
gard to total net costs for ancillary services 
(Figure 9: 15), in particular for primary, sec-
ondary and minute reserve control, a decrease 
in recent years can be observed. Whereas 
before 2010 often more than Euro (EUR) 800 
million (Mio) for control services were procured 
(e.g. in 2005, 2008, 2009), the cost dropped 
down to less than EUR 700 Mio in 2010 and 
even to EUR 417 Mio in 2012.  

Nevertheless, Götz et al. (2014) emphasize 
insufficient incentives in the system of balanc-
ing groups and imbalance settlement in the 

Figure 8: Average volume of contracted operational reserves (2010-2014). Source: Own figure, based on 
IAEW and E-Bridge (2014), Bundesnetzagentur and Bundeskartellamt (2012-2014) and Bundesnetzagentur 
(2011). 
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wholesale market and estimate that only 30-
50% of balance responsible parties actively 
manage their balancing group on the intraday 
market. With the integration of more intermit-
ting RE such behaviour jeopardizes the system 
reliability. In unforeseeable peak times the 
disproportional use of balancing capacity raises 
the electricity price, or even worse a bottleneck 
of balancing capacity reserves destabilizes the 
system (Götz et al. 2014; BMWi 2014b). There-
fore many experts see a major challenge for 
utilities to find new ways of balancing the sys-
tem, both over time and geographically (Burger 
and Weinmann 2013). 

However, a study by German Energy Agency 
(dena) about ancillary services in 2030 predicts 
that the changing generation mix with intermit-
tent renewables will significantly pressure the 
system stability under today’s market condi-
tions (dena 2014b). All three capacity types are 
either expected to increase their volumes (i.e. 
both upward and downward), to require new 
innovative technologies, to shorten their tender 
frequency, to change their pricing mechanism 
or to change their prequalification requirements 
(dena 2014b). For example capacity for sec-
ondary balancing and minute reserve is ex-
pected to increase with the growing share of 
renewables (Agora Energiewende 2014). 

2.2.3.3 Retail market 
Function 

The retail market is a pure point of sales where 
household, commercial and industry customers 
select their electricity supplier depending on 
their grid territory and electricity source (e.g. 
RE). As a consequence of the liberalization 
process of European electricity markets, retail 
markets have begun to become competitive. In 

Germany every final consumer can freely 
choose its electricity provider for his or her 
needs. Usually utilities and/or suppliers bind 
their customers with full supply contracts17 with 
a fixed electricity price per kWh (Burger and 
Weinmann 2013; Bundesnetzagentur and 
Bundeskartellamt 2014).  

The average prices can be categorized into 
three main elements: power procurement, dis-
tribution and margin (25% in 2014), regulated 
grid charges (23% in 2014), and tax, fees and 
levy (52% in 2014) (BDEW 2014). Moreover, 
the average electricity price strongly differs 
between customer types. For instance in 2014, 
industrial customers paid EUR cent 15 per kWh 
(excluding Value added tax (VAT)), commercial 
customers EUR cent 22 per kWh (excluding 
VAT) and household customers between EUR 
cent 28-31 per kWh (including VAT) (Bundes-
netzagentur and Bundeskartellamt 2014). 

Insights in recent developments 
The retail market is characterized by a high 
degree of competition and even though the 
market records a relatively constant number of 
competitors, customers increasingly switch 
between them (BDEW 2014). In 2013, end-
users could select between 103 suppliers per 
grid territory in average. Furthermore, the mar-
ket gives information about the price end-users 
need to pay in a transitioning system. Even 
though the price for electricity on wholesale 
markets steadily decreased over the last dec-
ade (cf. Figure 7: 13), the average retail price 
for household and industry customers contrarily 
increased with a CAGR of approximately 3% 

                                                                 
17 Electricity is delivered on the doorstep as an all-inclusive 
package. 

Figure 9: Net costs of ancillary services of German TSOs (2005-2013). Source: Own figure, based on data 
from Bundesnetzagentur and Bundeskartellamt (2012-2014) and Bundesnetzagentur (2006-2011). 
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between 1998 and 2014 (Figure 10: 16, Figure 
27 in Appx: F). 

Between 2000 and 2014 the price for an aver-
age three-person’s household with 3,500 kWh 
per year consumption constantly increased 
from EUR cent 13.9 per kWh up to EUR cent 
29.1 per kWh (CAGR +5.4%) (Figure 10: 16). 
This was mainly impelled by a surge in power 
procurement, grid charges and distribution, as 
well as the EEG-Levy of recent years. Fur-
thermore, new price components became ef-
fective, among others the load-management-
levy (‘AbLa-Levy’ of ‘AbLa-Verordnung’18) in 
2012, an important enabler for new business 
models, as later discussed. In Europe, Germa-
ny shows with almost EUR cent 30 per kWh 
the second highest household electricity price, 
slightly after Denmark and 60% above the EU-
28 average with EUR cent 18.17 per kWh in 
2013 (cf. Figure 26 in Appx: F). However, the 
main price differential is caused by tax, fees 
and levies which is three times higher than the 
EU-28 average (Bundesnetzagentur and Bun-
deskartellamt 2014). 

Even though the industry is charged with more 
or less half of the household price, a relatively 
similar development of the average industry 
electricity price can be observed (cf. Figure 27 
in Appx: F). Compared to Europe, Germany 
shows with EUR cent 16.7 per kWh a high 
industry electricity price in 2013, 34.4% above 
the EU-28 average (cf. Figure 27 and Figure 
28, in Appx: F and G). 

                                                                 
18 For more detailed information, please see Netztranspar-
enz (2015). 

2.3 Germany’s incumbent utilities 
Two dominant types of incumbent utilities can 
be distinguished within the German electricity 
system, differentiating according to their level 
of vertical integration and strategic focus. First, 
the vertically integrated super utilities collec-
tively summarized as the BIG4, almost purely 
focusing on the CES. Second, the (regional) 
integrated distribution and supply utility, also 
known as municipal utility, with strong local 
presence and activities also in small-scale 
power production or tolling from multi-party 
generation facilities (Schwinkendorf 2009; 
Starace 2009).  

In order to understand their today’s market 
presence and their related business model 
success, the following two subsections give 
insights about both.  

2.3.1 The BIG4 vertically integrated utili-
ties 

Germany’s net electricity production is domi-
nated by four oligopolistic, vertical integrated 
utilities, already introduced as the BIG4, cover-
ing all domains of the electricity system (i.e. 
primary energy source, generation, storage, 
transmission, distribution and sales to end-
user) and operate in all electricity submarkets. 
All four have profited from a stable CES-related 
business model, characterized by a high de-
gree of integration along the value chain and 
supply of bulk generation of electricity at low 
cost through economies of scale (Nimmons 
and Taylor 2008; Richter 2013a; Hannon et al. 
2013; SRU 2013). Since the market liberaliza-
tion and the induced Energiewende, their ag-

Figure 10: Average household electricity price development (3.5 MWh per year) (2000-2014). Source: Own 
figure, based on data from BDEW (2014). 
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gregated market share in Germany19 with re-
gard to total generation capacity (85% in 2007, 
77% in 2010 and 68% in 2013) and total pro-
duced electricity (88% in 2007, 84% in 2010 
and 74% in 2013) is continuously decreasing. 
Their attributive generated electricity even de-
creased by 16.4% from 2010 to 2014, having a 
CAGR of -4.4% respectively (Figure 11: 17). 
The BIG4 mainly cut down their generation mix 
from nuclear, hard coal and natural gas 
sources and kept the other sources (i.e. lignite, 
hydro and wind) at a nearly constant, absolute 
level. This marginally increased the share of 
renewables from 4.4% (2010) to 5.1% (2014), 
although RE without hydro energy counted less 
than 1% in 2014. For example the CEO of 
RWE, Peter Terium acknowledges: “We have 
to adjust to the fact that, in the longer term, 
earning capacity in conventional electricity 
generation will be markedly below what we've 
seen in recent years” (Interview in De Clercq 
2013). 

Nevertheless, the BIG4 still hold the majority 
share with their dominant CES-related busi-
ness model, albeit their ownership of DEG 
assets is almost negligible (cf. Figure 5: 10). 
The combination of an induced phase out of 
nuclear power, a stagnating national electricity 
consumption, overcapacity through feed-in of 
EEG electricity (cf. Figure 4: 9) and low whole-
sale prices (cf. Figure 7: 13), led to shrinking 
profit margins of conventional power producers 
(see merit-order effect in section 2.2.3.1). This 
                                                                 
19 Excluding generators with less than 10 MW nominal 
capacities, for instance EEG subsidized renewable energy 
system such as roof-mounted system PV. 

tremendously affects their incumbent, CES-
related business model success. 

Even though the accumulated sales volume of 
the BIG4 in Germany between 2010 and 2014 
went up slightly from EUR 74,552 Mio to 
EUR 82,648 Mio (+6%), the proportional ad-
justed EBITDA (absolute) decreased from 
15.9% (EUR 11,863 Mio) down to 10.8% 
(EUR 8,934 Mio). Also the sales share of re-
newables maintained relatively stable at a low 
level between 1.4% in 2010 and 1.6% in 2014 
(Figure 12: 18). 

The declines in operative profits during the last 
five years also limited the total investment ac-
tivity in Germany, which strongly decreased 
from EUR 6,948 Mio to EUR 3,436 Mio (CAGR 
of -16.1%). However, investments in renewa-
bles between 2010 and 2014 slightly increased 
from EUR 3,299 Mio up to EUR 3,451 Mio 
(CAGR of 1.1%), so that the relative share of 
total investments almost doubled from 15.3% 
to 28.7% (Figure 13: 18). 

However, interviews by Richter (2013a; 2013b) 
indicate that the utilities' activities in the field of 
DES with renewables are still in a preparatory 
stage, so that investments into appropriate 
infrastructure are practically limited to research 
and development and pilot projects. Via differ-
ent media channels each of the BIG4 publicly 
announce intention to expand their RE in-
volvement, focusing both CESs and DESs. For 
instance RWE’s homepage states a strategic 
focus on wind energy expansion and appropri-
ate investment partnership (CES-related), and 
cooperation with municipal authorities and es-

Figure 11: Accumulated attributable electricity generation of the BIG4 in Germany (2010-2014). Source: 
Own figure and analysis, based on annual reports of E.ON (2011-2012; 2013b; 2014b; 2015), EnBW (2011-
2015), RWE (2011-2013; 2014b; 2015e) and Vattenfall (2011-2015). 
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tablished suppliers to gain a greater foothold in 
the market for distributed energy. Furthermore, 
they explicitly seek for DES-related business 
models for residential and corporate custom-
ers, who already produce their own electricity 
(RWE 2015a). Nevertheless, several expert 
interviews confirm that appropriate product and 
service portfolios exist, but are not actively 
pursued in practice (Richter 2013a). 

2.3.2 Municipal utilities 
Apart from the BIG4, Germany has also about 
800-1,000 municipal utilities (‘Stadtwerke’) of 
different size and characteristics (Burger and 
Weinmann 2013; VKU 2014). Some have sev-
eral thousands of employees, others are small 
and medium sized enterprises. Some are in 
100% public ownership, but many have private 
minority holdings. Furthermore, they can be 

distinguished according to their level of vertical 
integration within the value chain, operating in 
either one or more domains. In 2014, municipal 
utilities supplied 46% of Germany’s household 
customers with electricity, produced 12% of 
Germany’s electricity and even 43% of com-
bined heat and power and owned and operated 
60% of all distribution medium- and low-voltage 
grids (which is of significant importance for the 
integration of RE) (Gerbert et al. 2013; VKU 
2014). In contrast to the BIG4, municipal utili-
ties started to moderately extend their business 
practice towards renewables and grew their 
share of RE production from 7.6% in 2009, 
8.7% in 2011 to 11.4% in 2012. Furthermore, 
even though the total investment in generation 
capacity decreased during the last years, in the 
meanwhile almost half of it goes into renewa-
bles (VKU 2011; VKU 2013). Apart from energy 

Figure 13: Accumulated sales and adjusted EBITDA of the BIG4 (2010-2014). Source: Own figure and ana-
lysis, based on annual reports of E.ON (2011-2012; 2013b; 2014b; 2015), EnBW (2011-2015), RWE (2011-
2013; 2014b; 2015e) and Vattenfall (2011-2015). 

Figure 12: Accumulated investment development of the BIG4 (2010-2014). Source: Own figure and analy-
sis, based on annual reports of E.ON (2011-2012; 2013b; 2014b; 2015), EnBW (2011-2015), RWE (2011-2013; 
2014b; 2015e) and Vattenfall (2011-2015). 
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supply, they are often also involved in other 
community services such as waste, water sup-
ply, and public transport. In addition their geo-
graphic and cultural proximity to their custom-
ers allows a better relationship management 
compared to the (inter-)nationally operating 
BIG4 (Burger and Weinmann 2013). In contrast 
to the BIG4, the distributive nature of municipal 
utilities is seen as more promising for the dis-
tributive character of the Energiewende 
(Leprich 2012). 

2.3.3 Paradigm shift: A new green service 
utility? 

Incumbent utilities have realized the evolution 
of a parallel, distributed supply structure which 
is continuously growing. Interviews with E.ON, 
EnBW and some municipal utilities inde-
pendently claim the age of decentralization in 
the energy sector (Burger and Weinmann 
2013). The rapidly growing self-sufficiency of 
traditional end-users through distributed PV, 
combined heat and power, wind and storage 
technologies endangers the CES by making 
conventional power plants (i.e. merit-order 
effect) uneconomical. Also the economic viabil-
ity of the solidary transmission and distribution 
system can only be guaranteed, if all consum-
ers pay a basic charge, corresponding to the 
actual grid service fee. The more prosumers 
unplug from the grid, the less pay a fee and the 
more expensive the fee becomes for the rest 
(Adam et al. 2012). A municipal utility notes: 
“We are lucky that the output of the installa-
tions of private producers is often far higher 
than the electricity they consume themselves, 
even if they are able to store parts of it. That is 
why they have to transmit some of it via the 
grid” (Interview in Burger and Weinmann 2013: 
101-102), and thus they need to pay the ser-
vice charge. Nevertheless, the chairmen of a 
municipal utility for instance comments: “De-
centralization cannot be stopped” (Interview in 
Burger and Weinmann 2013: 186). Another 
municipal utility points out that “distributed elec-
tricity generation will become more important. 
Either we enter this market, or others will do” 
(Interview in Richter 2013a: 1232). 

For this paradigm shift, Starace (2009) exem-
plary introduces and describes an innovative, 
specialized utility, referred to as new green 
service utility. This new entrant is evolving 
based on “small-scale green energy production 
(from PV to small wind power and fuel cells), 
the trading of green energy, and the multitude 
of new green energy services (energy efficien-
cy, small-scale integrated energy solutions for 
SME businesses and families) create open 

spaces that the existing utilities are not fast 
and/or credible enough to occupy” (Starace 
2009: 160). 

However, less is known about the DES-related 
new green service utilities, as comprehensive 
market data does not exist yet. This gives an 
initial starting point for the next two chapters. In 
the following chapter 3 a framework of analysis 
is elaborated in order to shape an own coevo-
lutionary business model framework, which is 
subsequently applied with focus on DES-
related business models of new green service 
utilities in chapter 4. 
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3 Framework of analysis 
The previous chapter presents not only insights 
into the design, the setting and radical change 
of the electricity system, but with its interrelated 
dimensions, markets and players, also gives an 
indication about its complexity. At the current 
stage, this complexity creates a high level of 
uncertainty, which on the one hand particularly 
challenges and even overextends incumbent 
utilities and their CES-related business models, 
but on the other hand also gives impetus for 
new DES-related business models. Based on 
the coevolutionary theory, the challenge of this 
thesis is to tackle this complexity and give 
guidance for further development of business 
models within the Energiewende. Therefore, in 
this section the analytical framework for the 
thesis will be derived, based on the integration 
of a coevolutionary and business model 
framework under the assumption of the transi-
tion towards a low-carbon energy market. First-
ly, the coevolutionary and secondly the busi-
ness model framework will be elaborated, and 
thirdly integrated into a combined framework. 

3.1  Coevolutionary framework 

3.1.1 Thematic classification 
Evolutionary approaches strongly contradict 
the standard neoclassical view of perfect ra-
tional agents and (quasi)-equilibrium analysis. 
Dynamics within evolutionary approaches are 
rather assumed as bounded rationality in com-
plex systems, innovation in form of ‘creative 
destruction’, diversity in systems, path-
dependency in system developments and lock-
in of incumbent systems (Schumpeter 1942; 
Nelson and Winter 1982; van den Bergh et al. 
2006). 

Evolutionary approaches based on Charles 
Darwin’s (1859) three biological principles of 
evolution (i.e. variation, replication, and selec-
tion) represent the attempt to extend these 
principles to changing socio-technical systems. 
It is assumed that entities or populations repro-
duce differently (variation) and environmental 
pressure leads to the survival of the best 
adopted copy (selection) which stays stable 
over a certain amount of time or generation 
(retention). Termed as ‘Universal or General-
ized Darwinism’ (Hodgson and Knudsen 2004), 
the social-scientists apply these principles to 
other evolving systems, including human, cul-
tural or social evolution (Hodgson 2005). The 
exploration of different evolutionary approach-
es have recently been discussed in a special 

issue of ‘Ecological Economics’ (i.e. Kallis and 
Norgaard 2010; Hodgson 2010; Manner and 
Gowdy 2010). All approaches are strongly 
rooted in the basic, multiple system framework 
worked out by Norgaard (1981; 1994) who 
incorporated the coevolution of environment, 
knowledge, organization, technologies and 
values. 

3.1.2 Relevance in the context with the 
Energiewende 

The challenge of this thesis is to investigate 
coevolving DES-related business models in 
Germany’s complex energy transition (the En-
ergiewende), in order to give guidance for fu-
ture development. For this, not only the rele-
vance of the coevolutionary framework needs 
to be highlighted, but also the prerequisite of its 
application need to be examined. 

Firstly, with regard to its relevance, Foxon’s 
(2011) coevolutionary framework is described 
as a structured and suitable tool in order to 
handle coevolutionary complexity, focusing 
most important dimensions. For example, the 
author argues that “the value of such a frame-
work is that it focuses attention on the most 
relevant analytical categories, whilst avoiding 
trying to be ‘a theory of everything’” (Foxon 
2011: 2261). The framework among others 
addresses three key research and policy chal-
lenges that are related to a transition towards a 
low-carbon economy (Foxon 2011), happening 
with the Energiewende in Germany and ad-
dressed within this thesis: 

(1) Inform about the implementation of en-
ergy and climate policies to promote 
innovation and take-up of low-carbon 
technologies through detailed empirical 
analyses. 

(2) Develop a framework for analysing in-
terrelations between social and techno-
logical dimensions within potential 
transition scenarios to a low-carbon 
energy system. 

(3) Support in further development and 
specification of more formal, multi-level 
evolutionary economic models through 
pass on findings (Foxon 2011). 

Secondly, with regard to prerequisites, Mur-
mann points out that “not everything that looks 
like co-evolution is really co-evolution” (2003: 
23) and therefore a mutual relationship needs 
to be cross-checked. Murmann defines the 
prerequisites for coevolution as follows: “[T]wo 
evolving populations co-evolve if and only if 
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they both have a significant causal impact on 
each other's ability to persist” (2003: 22). Ac-
cording to Foxon (2011) this causality can be 
shown within this thesis in two ways: 

(1)  By either pointing out the impact of a 
modification of selection criteria, e.g. a 
new incentive structure such as FiT 
being able to push new technologies 
such as DEG, or  

(2)  By pointing out the modification of 
replicative capacity of individual enti-
ties, e.g. a company realigns its busi-
ness strategy and rather invests in 
technological innovation than in exist-
ing technologies. This is discussed 
later under BMI in section 3.2.3. 

3.1.3 Scope and focus of the framework 
Based on an intensive literature review, Foxon 
(2011) refines the coevolutionary approach and 
combines insights from socio-technical transi-
tion approaches to better analyse the multi-
level energy transition towards a sustainable, 
low-carbon system, which Germany defines as 
the Energiewende. He emphasizes the coevo-
lution between five heterogeneous key subsys-
tems, namely ecosystems, technologies, insti-
tutions, business strategies and user practice, 

as illustrated in Figure 14: 21 and explained as 
follows. 

Ecosystems 
Ecosystems are defined as systems of “natural 
flows and interactions that maintain and en-
hance living systems” (Foxon 2011: 2262). This 
perspective describes the interactions of hu-
man techno-economic systems with natural 
ecosystems, taking into account a local, re-
gional and global view. Of special interest is 

the global perspective, probably seeing the 
ozone layer as the most considered single 
ecosystem in the transition from high carbon 
(e.g. fossils) to low-carbon energy systems 
(e.g. wind, solar, hydro and biomass). Never-
theless, also the impact of low-carbon energy 
systems on local ecosystems is recommended 
to be considered. 

Technologies 
The physical technological system is defined 
according to Beinhocker as a system of “meth-
ods and designs for transforming matter, ener-
gy and information from one state to another in 
pursuit of a goal or goals” (2006: 244). The 
evolution of technologies is assumed to be 
constrained by human decision rules, so that 
radical innovations are often firstly applied and 
matured in niches, where favourable attributes 
are particularly beneficial, from which it be-
comes widely spread. 

Institutions 
An institutional system is broadly defined as 
“[formal] ways of structuring human interac-
tions” (Foxon 2011: 2262). Here, the author 
follows the institutional economics tradition of 
North who defines institutions as “the rules of 
the game in a society” (1990: 3). Such rules 
can be seen as formalized structures, including 
for example regulatory frameworks, property 
rights and standard forms of business organi-
zation. Informal rules or constraints are sum-
marized under the next concept of user prac-
tices. 

User practices 
User practices are defined as “routinized, cul-
turally embedded patterns of behavior relating 
to fulfilling human needs and wants” (Foxon 
2011: 2263) of individuals or small groups of 
people. Even though the concept is derived 
from sociological theories, Foxon (2011) 
frames it with an evolutionary term, analysing 
the changing patterns of practitioners and 
competing practices from an evolutionary view. 
Ropke (2009) suggests that investigating the 
sustainable consumption pattern reveals do-
mestic practices with systems of provision, 
supply chains and production, which in particu-
lar allows to draw conclusions about the coevo-
lution of technologies, institutions and business 
strategies (Foxon 2011). 

Business strategies 
Business strategies are defined as “the means 
and processes by which firms organize their 
activities so as to fulfill their socio-economic 

Figure 14: Coevolutionary framework. Source: 
Foxon (2011: 2262). 
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purposes” (Foxon 2011: 2262). Foxon (2011) 
especially emphasizes the profit-orientation of 
commercial firms which is bounded by social 
factors, such as their reputation. Hence, the 
definition also comprises social oriented enter-
prises, which deliver useful goods and services 
and are less focused on profit or financial re-
turn. 

Each of the five categories is of equal im-
portance and considered as a coevolving sub-
system, meaning that each evolves through 
causal interaction, partially out of its own dy-
namics (i.e. endogenous) and partially influ-
enced by (and influences) dynamics of other 
subsystems (i.e. exogenous). Because of this 
interdependence, many researchers investi-
gate the coevolution of different levels of social 
organization (McKelvey 1997).  

Furthermore, none of the subsystems allow 
predictions too far into the future, because of 
fundamental uncertainties. Evolutionary pro-
cesses between the systems are path-
dependent which can lead to sensitivities to 
particular historical events. As a consequence, 
long-term effects can be difficult to predict. 

3.1.4 Limitations of coevolutionary 
framework for this thesis 

Even though a coevolutionary framework helps 
to structure and overview complex transition 
process, its application is not without limitation. 
For instance, Kallis and Norgaard are con-
cerned by the complexity a coevolutionary ap-
proach attempts to deal with, as follows: “Com-
plexity explodes as co-evolution within hierar-
chical systems (i.e. among interacting hierar-
chical levels) combines with co-evolution be-
tween different biological and social hierar-
chical systems” (2010: 696). Consequently the 
complexity within and between socio-economic 
systems makes the coevolutionary analysis 
very challenging. For instance, studies empha-
size the difficulties to determine the geographic 
range of coevolutionary interaction, especially 
in a globalized economy (e.g. Balaguer and 
Marinova 2006; Kallis and Norgaard 2010; 
Turner 2012; Coenen et al. 2012; Quitzow 
2013). Even though the underlying thesis is 
primarily limited to Germany, global interrela-
tion cannot be excluded and will be considered 
according to remarkable interdependencies. 
However, this analysis remains mainly limited 
with regard to its geographic range, and does 
not claim to be comprehensive on a global 
perspective. 

In addition, Murmann (2013) indicates that 
even though much work underlines the im-
portance of coevolution, little work explains its 
precise mechanisms and how co-evolutionary 
mechanisms impact the change of the three 
Darwinian process principles (i.e. variation, 
selection, and retention). A better understand-
ing of different causal levers is needed to po-
tentially shape coevolutionary environments 
(Murmann 2013). As the scope of this thesis is 
limited, it does not try to render more precisely 
the three principles. 

Moreover, Rammel et al. (2007) mention a lack 
of empirical studies about coevolution within 
ecological economics in relation to organization 
theory or industrial organization. However, this 
argument is going to be outdated with regard to 
several recent publications (e.g. Gual and Nor-
gaard 2010; Turner 2012; Hannon et al. 2013; 
Quitzow 2013; Taylor et al. 2013). Further-
more, the framework is already applied in the 
UK energy transition and even focusing on 
business models (e.g. Taylor et al. 2013; Han-
non et al. 2013), which gives inspiration for an 
application on Germany’s transition.  

3.2 Business model framework 
As this thesis seeks a major focus on coevolv-
ing DES-related business models (or the new 
green service utility respectively, mentioned in 
section 2.3.) within the Energiewende, the next 
section elaborates a more detailed view on a 
business model framework. Because less is 
known about DES-related business models, a 
structured approach might finally help to ana-
lyse their evolution in a combined framework, 
which will be derived hereafter in section 3.3. 

3.2.1 Thematic classification 
Business modelling is a relatively new strategic 
management tool, that emerged from the anal-
ysis of internet companies in the mid-1990s 
(Gassmann et al. 2013; Zott et al. 2011) and is 
used as templates to conceptualize an enter-
prise’s organizational and financial structure 
(Chesbrough and Rosenbloom 2002). It essen-
tially defines how a firm provides value to the 
customer in a way that makes him willing to 
pay for offerings in a profitable manner (Teece 
2010). One of the most prominent business 
model concepts among researchers and practi-
tioners (e.g. Zott et al. 2011; Hannon et al. 
2013; Richter 2013a; Trapp 2014) is the Can-
vas business model framework. It is provided 
by Osterwalder and Pigneur and “describes the 
rationale of how an organization creates, deliv-
ers, and captures value” (2010: 14). 
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However, apart from a business model as a 
vehicle for innovation to commercialize innova-
tive ideas or technologies, a comprehensive 
literature review by Trapp (2014) reveals that a 
business model itself can be a subject of inno-
vation when it is transformed and renewed 
according to its dynamic environment, termed 
as BMI (Mitchell and Coles 2003; Chesbrough 
2010; Teece 2010; Zott et al. 2011). 

The relevance of the Canvas business model 
as a static, as well as BMI as a dynamic com-
ponent for the framework of this thesis, is de-
scribed in the following sections. 

3.2.2 Relevance of the Canvas business 
model and BMI for this thesis 

Canvas business model 
The Canvas business model allows the struc-
tured analysis and comparison of organization-
al designs. It especially helps to design generic 
business templates (e.g. DES-related business 
models) which can be used to adopt or adjust 
management practices ex-ante (Wüstenhagen 
and Boehnke 2008; Baden-Fuller and Morgan 
2010; Teece 2010; Zott et al. 2011; Richter 
2013a; Richter 2013b). The framework allows a 
consistent measurability over time and across 
firms based on pre-defined categories (Trapp 
2014). For this thesis, it will help to highlight 
and differentiate CES- and DES-related busi-
ness models, and additionally enables a more 
comprehensive view beyond a utility’s bounda-
ries by analysing also the interaction with cus-
tomers and key partners. Because of its rec-
orded appliance in many studies, especially 
also in the field of energy transition (e.g. Han-
non et al. 2013; Richter 2013a; Richter 2013b), 

the Canvas business model has proved to be a 
suitable method also for the framework of this 
thesis. Furthermore, the study by Hannon et al. 
(2013) also gives guidance on how to integrate 
the Canvas business model into the coevolu-
tionary framework. 

BMI 
BMI is considered for this thesis, since an in-
creasing consensus evolves that it positively 
impacts business performance (Giesen et al. 
2007; Zott el al. 2011; Amit and Zott 2012). For 
instance, a global study by IBM revealed that 
out of 765 interviewed corporate and public-
sector leaders, financially outperforming enter-
prises focus twice as much on BMI compared 
to underperforming enterprises (Giesen et al. 
2007). In this context, three success driving 
types of BMI were identified, namely industry 
model innovation (innovations in industry sup-
ply chain), revenue model innovation (innova-
tions by reconfiguring offerings and/or introduc-
ing new pricing), and enterprise model innova-
tion (innovate the structure of the enterprise 
and the role it plays in new or existing value 
chains) (Giesen et al. 2007; Clinton and Whis-
nant 2014). 

This is why Trapp (2014) recommends to not 
solely classify business models statically ac-
cording to their attributes, but also to highlight 
its internal transformation with regard to dy-
namic environments and other business mod-
els. 

3.2.3 Scope and focus of the Canvas 
business model and BMI 

Canvas business model 

Figure 15: The 9 building blocks of the Canvas business model. Source: Own figure, adapted from Oster-
walder and Pigneur (2010). 
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The Canvas business model framework repre-
sents “a shared language for describing, visual-
izing, assessing, and changing business mod-
els” (Osterwalder and Pigneur 2010: 12). It 
defines four main business areas (i.e. custom-
ers, offers, infrastructure, and financial viability) 
and proposes nine elementary building blocks 
for analysis: customer segments, value propo-
sition, channels, customer relationships, reve-
nue streams, key resources, key activities, key 
partnerships, and cost structure. Figure 15: 23 
illustrates the building blocks and briefly de-
scribes their purposes. 

BMI 
BMI is defined as “the process for the integra-
tion of a value enhancing, new-to-the-firm 
business model, comprising a new value prop-
osition and value constellation – here: without 
involving M&A” (Trapp 2014: 38). Derived from 

the nine building blocks of the Canvas busi-
ness model (Figure 15: 23), the innovation 
process can be understood as an interaction 
between at least two business models con-
cepts. Illustrated in Figure 16: 24, each building 
block of a CES-related business model is 
somehow linked to the dynamics of one or 
more building block(s) of a DES-related busi-
ness model. It is important to note that suc-
cessful BMI does not necessarily occur in eve-
ry building block at the same time. 

Generally, the internal innovation process is 
influenced by four key aspects originating from 
Amit and Zott (2012) and described as follows: 

(1)  Novelty (i.e. degree of BMI in the ac-
tivity system, e.g. incremental versus 
radical innovation); 

(2)  Lock-in (i.e. degree of participant ‘de-
pendency’ through switching costs or 

incentives to stay and transact within 
the activity system, e.g. Nespresso 
machine with coffee capsules); 

(3)  Complementarity (i.e. value-
enhancing effects through interde-
pendencies among business model 
activities, e.g. eBay facilitates its retail 
business with online payment busi-
ness PayPal); 

(4)  Efficiency (i.e. operational cost sav-
ings through the inter-connections of 
the activity system). 

In addition, Chesbrough remarks that BMI is 
“not a matter of superior foresight ex ante – 
rather, it requires significant trial and error, and 
quite a bit of adaptation ex post” (2010: 356). 
Furthermore, BMI can hinder its own accelera-
tion, e.g. when the adoption of a new business 
practice is strongly competed by the existing 

business model. The organizational challenge 
is to “perform well in their current business 
(and business model), while at the same time 
undertaking the experiments necessary to nur-
ture a new model” (Chesbrough 2010: 361). 

3.2.4 Limitations of the business model 
concept for this thesis 

Criticism about business model concepts in 
general mainly arises from its novelty and 
hence anticipated immaturity and its wide di-
vergence of attributes among publications. In 
addition, many concepts remain theoretically 
underdeveloped and sometimes overloaded 
which makes empirical testing often challeng-
ing (Zott et al. 2011). Teece states that “like 
other interdisciplinary topics, business models 
are frequently mentioned but rarely analyzed: 
therefore, they are often poorly understood” 
(2010: 192), which already led to commercial 

Figure 16: Canvas business model and BMI. Source: Own figure. 
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failure of promising technologies. Furthermore, 
a business model is limited due to its static 
reflection of a single point in time which does 
not incorporate the dynamics and determinants 
over time (Osterwalder et al. 2005; Mason and 
Spring 2011). Such limitations also need to be 
considered for this thesis, especially with re-
gard to the interpretation and generalizability of 
the results. However, the Canvas business 
model is already used in numerous energy 
transition-related studies (e.g. Hannon et al. 
2013; Richter 2013a; Richter 2013b). Further-
more, the collection of primary data goes be-
yond the scope of this thesis, and only a wide-
spread use of this business model concept in 
related studies makes relevant secondary data 
available. 

3.3 Combined coevolutionary business 
model framework 

Shaping business models strongly relies on 
internal factors (e.g. organization, business 
strategy and technology) but also on its exter-
nal environment (e.g. competition, legal, social, 
technological change and changes in customer 
demand) (Osterwalder and Pigneur 2010). As 
this thesis focuses on business models in a 
wider socio-technical system, also the external 
environment will be integrated as follows in a 
combined framework, termed as coevolutionary 
business model framework. 

3.3.1 Integration of the business model 
into the coevolutionary framework 

Adapted from Foxon’s (2011) framework, Han-
non et al. (2013) investigate the coevolutionary 
relationship between the incumbent and a nov-
el business model in the UK energy system. 
For this purpose, they integrate their business 
model framework into the coevolutionary 
framework. Following the integration of Hannon 
et al. (2013), the business strategy dimension 
(cf. Figure 14: 21) is firstly replaced with the 
business model notation, which usually con-
tains the execution of a business strategy (Os-
terwalder and Pigneur 2010). Then, the busi-
ness model dimension is moved into the centre 
of analysis. Hereon, the nine Canvas business 
model building blocks framework from Oster-
walder and Pigneur’s (2010) are applied to 
both business models of investigation (i.e. 
CES-related and DES-related business model) 
(cf. Figure 16: 24). This aims at a more com-
prehensive and structural reflection on coevolu-
tionary interaction with regard to BMI between 
the two distinct business models and their four 
wider, dynamic socio-technical systems. Final-
ly, an illustration of the own integrated and 
combined coevolutionary business model 
framework is provided in Figure 17: 25. This 
framework can be used in order to better un-
derstand how relevant changes in the other 
four socio-technology subsystems reciprocally 
influence the coevolution of the two business 
models and vice versa (Hannon et al. 2013; 
Foxon 2011). 

Figure 17: Coevolutionary business model framework. Source: Own figure, adapted from Osterwalder and 
Pigneur (2010), Foxon (2011) and Hannon et al. (2013). 
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3.3.2 Information and data source 
Applying the depicted coevolutionary business 
model framework within Germany’s Ener-
giewende requires certain information and data 
base. Therefore, this paper follows a multiple 
source approach based solely on secondary 
data, as one type of research proposed by 
Saunders et al. (2009) and already proved in 
practice (e.g. Buber et al. 2013). This includes 
area- and time series based sources such as 
country reports, governmental and scholarly 
publications, books, academic journals as well 
as industry statistics and reports. In order to 
increase the reliability of this study, a variety of 
different sources is used (Saunders et al. 
2009). 

In particular, secondary survey data is used 
from relevant studies focusing on the coevolu-
tionary framework, the Canvas business model 
and BMI within the transitioning energy sys-
tems, led by Hannon et al. (2013), Richter 
(2013b), Richter (2013a) and Burger and 
Weinmann (2013). In order to give an overview 
about the interviewees used by relevant stud-
ies, a list is provided accordingly in Table 3 and 
Table 4 in Appx: D. Furthermore, during an 
extensive literature review, new players could 
be identified and considered accordingly. 

3.3.3 Overall limitations for this thesis 
This thesis is faced with methodological limita-
tions, already discussed above for each ele-
ment of the coevolutionary business model 
framework as well as practical limitations 
through the nature of Energiewende, which is 
too complex to be investigated comprehensive-
ly, especially within a Master thesis. Therefore, 
the aim of this study is to apply the coevolu-
tionary business model framework as a struc-
tural approach, to pick out relevant elements 
for DES-related business models. Furthermore, 
there are too many new and different players 
with specific features shaping DES-related 
business models during the transition (e.g. 
800-1,000 municipal utilities). Therefore, active 
players are rather generically described in form 
of different business modules, which does not 
take into account all special features. Further-
more, due to time and resource constraints this 
coevolutionary analysis is limited to the impact 
of the framework dimensions on DES-related 
business models and does not consider the 
other way round. Even though highlighted 
when explicitly considered in the literature, the 
same limitation applies to the mutual influence 
among the dimension which cannot be com-
prehensively analysed. 

In addition, even though progress within the 
Energiewende is documented in various ways, 
only obvious and major developments are in-
vestigated. However, this does not mean that 
the thesis claim to be all-inclusive with regard 
to all important aspects of the radical transition.  

In addition, change is often influenced in a 
global perspective, but the focus of this paper 
attempts to remain on Germany. This is im-
portant to mention, because Germany’s elec-
tricity systems is for example increasingly cou-
pled with its neighbouring countries and also 
technological advancements take place on a 
global stage. Thus the cross-border as well as 
international perspective is only selectively 
considered when underlined in the secondary 
sources. 
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4 DES-related business models in 
the coevolutionary framework 

The analysis of the transition of Germany’s 
recent electricity system (chapter 2) highlighted 
a radical coevolution of DESs next to an in-
cumbent CES. Those insights form the ra-
tionale to apply the coevolutionary business 
model framework, elaborated in the previous 
chapter 3, in order to investigate important 
factors that influence the coevolution of DES 
related business. The focus is on factors which 
help to explain the heterogeneity of the DES-
related business model population (variation), 
its level of adoption (selection) and reasons 
why they will possibly persist in Germany’s 
Energiewende (retention). 

Firstly, section 4.1 elaborates a great variation 
of DES-related business models in theory and 
practice, from which some are already estab-
lishing and providing practical insights. Then, 
section 4.2, compares CES- and DES-related 
business models according to the nine building 
blocks of Canvas business model in order to 
better understand their different characteristics, 
indicating space for innovation. Finally, section 
4.3 analyses the interactions of evolving DES-
related business models with the various di-
mensions of the coevolutionary framework, 
including the impact of ecosystems, institu-
tions, technologies, user practices, as well as 
BMI with the incumbent CES-related business 
model. 

4.1 Coevolution of DES-related business 
models 

In order to derive generic major modules of 
business models, section 4.1.1 overviews a 
variation of potential DES-related business 
model elements, considered in theory and 
practice. Furthermore, based on publicly avail-
able information, section 4.1.2 picks out active 
players and new green service utility in order to 
give insights into a new market for DES-related 
business models. 

4.1.1 Classification of DES-related busi-
ness models 

Focus on service and operation as a pack-
age of offerings, excluding construction 
Gerbert et al. (2013) illustrate the variation of 
DES-related business model offerings currently 
arising, comprising the construction, services 
and operation, for example in order to improve 
demand flexibility, optimize distributed network 

operations with prosumers or facilitate DEG 
(Figure 18: 28).  

However, this overview does not claim to be 
comprehensive and even if, a detailed analysis 
on every single activity along the value chain 
would exaggerate the extent of this thesis. 
Furthermore, coevolving business models are 
of more complex nature, often comprising a 
package of offerings (Marko 2014). In addition, 
as defined previously in section 2.3.3, this the-
sis explicitly focuses on new green service 
utilities. This utility provides small-scale green 
energy production, trading and services, and 
covers attractive market niches incumbents 
that are not fast and/or credible enough to oc-
cupy. Therefore, this thesis seeks a type of 
utility which is probably less active in the con-
struction, but rather in the service and opera-
tion column of Figure 18: 28. 

Focus on end-user with own DEG 
(prosumer) 
Here, Richter (2013a) gives a first starting point 
by addressing a number of recent studies (e.g. 
Frantzis et al. 2008; Nimmons and Taylor 
2008; Schoettl and Lehmann-Ortega 2011) 
from which he derived two generic business 
models for RE, each with an own underlying 
business logic. Both are distinguished by their 
degree of distribution of RE generation accord-
ing to the underlying definition by Orecchini 
and Naso (2012), mentioned in chapter 2.2.2.3. 
The first is explicitly CES-related, termed as 
utility-side RE business model and the second 
is rather DES-related, termed as customer-side 
RE business model. Whereas the first refers to 
the incumbent CES-related business practice 
where conventional, fossil-fired power plants 
are only replaced with large-scale renewables 
assets, the latter DES-related is seen as a 
stronger “potential pillar of the future energy 
landscape and associated with substantial 
environment benefits” (Richter 2013a: 1229), 
especially when achieving the highest degree 
of distribution based on prosumers with 100% 
energy self-sufficiency (Shandurkova et al. 
2012; Richter 2013a; Gerbert et al. 2013). 

Focus on small-scale DEG led by PV and 
related technologies and energy services 
Moreover, DES-related business models fun-
damentally focus on small-scale DEG and re-
lated technologies and energy services 
(Strobel and Frühbauer 2011; Richter 2013b; 
Gerbert et al. 2013; Marko 2014). New DEG 
installations comprise wind, PV and biomass 
power plants, currently representing the three 
biggest shares in Germany’s renewable pro-
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duction mix (cf. Figure 4: 9), but also other 
small-scale generation technologies such as 
micro-wind turbines, and micro-combined heat 
and power (micro-CHP) systems with a capaci-
ty range between a few kW and about 1 MW 
close to the point of consumption (Orecchini 
and Naso 2012; Richter 2013a). However, 
among different DEG technologies, PV takes a 
leading role in the current academic debate 
(Schleicher-Tappeser 2012; Richter 2013b), 
which is also highlighted in a recent global 
energy outlook by Bloomberg New Energy 
Finance, where small-scale PV is projected to 
dominate both, additional and installed capacity 
in the Organisation for Economic Co-operation 
and Development (OECD) countries over the 
next 25 years (Henbest et al. 2015). 

Focus on flexibility, optimization, integra-
tion, remote grid operation and services 
Furthermore, the overall increase of RE within 
the share of electricity production over the next 
decades (cf. Figure 20: 40) is going to require a 
huge flexibility from the electricity system in 
order to balance the strong, weather-
dependent intermittency of PV and wind 

(Starace 2009; Droste-Franke et al. 2012; SRU 
2013; BMWi 2014b). DES-related business 
models need to give impetus to meet required 
flexibility, based on the implementation of ICT 
infrastructure and related smart grid applica-
tion, which allows distributed load management 
and feed-in management within network opera-
tions such as ‘Pooling/ Aggregation’ (BMWi 
2014a; Arriag et al. 2014; dena 2014c). Already 
today more than 98% of the PV capacity in 
Germany is connected to the low voltage distri-
bution grid (Wirth 2015), highlighting the im-
portance of the distribution system for RE inte-
gration (Gerbert et al. 2013; VKU 2014). Re-
versely, the integration of intermitting renewa-
bles underlines a significant challenge to bal-
ance the overall electricity system, as well as 
optimize DEG output locally (e.g. improve en-
ergy self-sufficiency) with storage technologies 
such as batteries and DSM (Rundel et al. 2013; 
Gerbert et al. 2013; EFZN 2013; Guerrero-
Lemus and Martinez-Duart 2013; Richter 
2013b; Agora Energiewende 2014; Hittinger et 
al. 2015). 

Finally, based on the above insights and re-
quirements, and with regard to the relevant 

Figure 18: Variation of DES-related business models. Source: Own figure translation, based on Gerbert et 
al. (2013). 
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dimensions of the electricity system, three ge-
neric modules as strategic options to enter 
DES-related business models for a new green 
service utility can be derived, as well as are 
proposed (e.g. Richter 2013b; Arriag et al. 
2014; Hannon et al. 2013; Strobel and 
Frühbauer 2011; Fox-Penner 2014): 

(1) Distributed Supply Side Manager 
(Module 1) 

Module 1 is generically termed as ‘Distributed 
Supply Side Manager’. It comprises products 
and services related to the supply side of the 
DES, including for instance the installation, 
maintenance and operation of DEG and related 
physical assets (e.g. PV, wind, and network 
and control appliances) and related consulting 
services. The value of this module is to facili-
tate the quantitative expansion of DEG, with 
either mature or new technology, but also 
qualitative integration or optimization, e.g. 
standardization of processes, the aggregation 
and remote control of many DEGs and the 
complementary integration of further modules 
(Richter 2013b). 

(2) Distributed Demand Side Manager 
(Module 2) 

Module 2 is generically termed as ‘Distributed 
Demand Side Manager’. It comprises energy 
efficiency products and services on the de-
mand side of the DES. Richter (2013b) uses 
different types of energy efficiency measure 
which in the United States of America (USA) 
are commonly defined as DSM. DSM compris-
es “all activities or programs undertaken by 
Load-Serving Entity or its customers to influ-
ence the amount and timing of electricity use” 
(NERC 2015: 29). It can be distinguished by its 
time horizon into energy efficiency (permanent, 
long-term focus) and demand response (tem-
porary, short-term focus). 

(1) On the one hand, energy efficiency 
represents “permanent changes to 
electricity use through replacement 
with more efficient end-use devices or 
more effective operation of existing de-
vices. Generally it results in reduced 
consumption across all hours rather 
than event-driven targeted load reduc-
tions” (NERC 2014: 6). Energy effi-
ciency provides permanent load reduc-
tion through various upgrade 
measures, for example adoption of ef-
ficient technologies (e.g. low energy 
lighting, new engines, and ice storage 
air conditioning), energy saving targets 
including audits, monitoring and verifi-

cation technologies (e.g. especially 
smart metering infrastructure and en-
ergy service platforms), rebates or 
sanctifying price differentials and in-
vestment incentives. 

(2) Demand response on the other hand 
stands for “changes in electric use by 
demand-side resources from their 
normal consumption patterns in re-
sponse to changes in the price of elec-
tricity, or to incentive payments de-
signed to induce lower electricity use at 
times of high wholesale market prices 
or when system reliability is jeopard-
ized” (NERC 2014: 4). Demand re-
sponse is used as a flexible load man-
agement tool (e.g. load control, shift-
ing, shaping, and curtailment) that 
helps to temporarily adjust consump-
tion during peak hours and power bot-
tlenecks. 

In general, energy efficiency and demand re-
sponse are complementary measures, influ-
encing and determining each other, especially 
with regard to smart metering infrastructure 
and energy service platforms. For instance 
Richter (2013b) and Fox-Penner (2014) specif-
ically mention automatic interaction of load 
management systems according to flexible 
electricity tariffs. Whereas Strobel and 
Frühbauer (2011) summarize these character-
istics as ‘Energy Efficiency Provider‘ or ‘Pro-
vider for Smart-Home-Infrastructure’, Marko 
(2014) includes it within his ‘Complete Service 
Package’ business model, and Fox-Penner 
(2014) terms this as ‘Smart Integrator’ or ‘En-
ergy Service Utility’, depending on ownership 
structures and level of market regulation.  

Module 2 is seen as an extension and com-
plement to module 1. In comparison to the 
DEG market, complex demand management 
systems are at an earlier stage of development 
(Richter 2013b; EFZN 2013). 

(3) Distributed Storage Side Manager 
(Module 3) 

Module 3 is generically termed as ‘Distributed 
Storage Side Manager’. It comprises products 
and services related to electricity storage on 
the storage side of the DES. Especially with 
regard to the increasing share of weather-
dependent, intermittent DEG with renewables, 
electricity storage can significantly improve the 
energy usability (Strobel and Frühbauer 2011; 
Gerbert et al. 2013; EFZN 2013; Rundel et al. 
2013; SRU 2013; Agora Energiewende 2014; 
Hittinger et al. 2015). Consequently, it highly 
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depends on and complements the expansion of 
module 1. The distributed storage manager 
mainly focuses on a battery and thermal stor-
age system, as well as the integration of elec-
tric vehicles (Strobel and Frühbauer 2011; 
Burger and Weinmann 2013; Gerbert et al. 
2013; Richter 2013b). In this context, Strobel 
and Frühbauer (2011) for instance discuss the 
potential of storage as a service close to con-
sumption, such as ‘Electricity Banks’ where 
electricity can be stored locally off-grid when 
cheaply produced and consumed when need-
ed. 

As the economics of suitable storage equip-
ment is still high, module 3 appears the most 
promising when leveraged in combination with 
related value propositions of module 1 and 2 
(He et al. 2011; Grünewald et al. 2012; Richter 
2013b; WEC 2014). 

4.1.2 Emergence of DES-related business 
models in practice 

The following section elaborates on active 
players and new green service utility in order to 
provide insights into a new market for DES-
related business models. 

4.1.2.1 Distributed Supply Side Manager 
As long as flexible supply and demand cannot 
be technically balanced and stored locally, 
small-scale DEG feed-in electricity excesses 
into distribution and transmission networks. 
This strongly stresses grid operators who need 
to physically balance the system (cf. section 
2.2.3.2) (e.g. frequency and voltage regulation) 
but do not have direct control over DEG units. 
One of the most discussed business model 
value propositions in theory and practice, es-
pecially among utilities, is the market-based 
approach of a ‘Virtual Power Plant’ (VPP) 
(E.ON 2013a; Burger and Weinmann 2013; 
Arriag et al. 2014; Machina Research 2014; 
RWE 2015b; VDI Wissensforum 2015). 

A VPP can be understood as “an artificial layer 
placed between the system operator and the 
DG [distributed generation] user. It is formed 
out of individual DG units, and co-ordinates the 
actions of the units as a whole (where this is 
technologically possible), rather than leaving 
units to govern themselves individually” (New-
man and Mutale 2010: 308). As a special type 
of microgrid ”a virtual power plant is a link-up of 
small, distributed power stations, like wind 
farms, combined heat and power units, photo-
voltaic systems, small hydropower plants and 
biogas units, but also of loads that can be 
switched off, in order to form an integrated 

network. The plants are controlled from one 
central control room” (RWE 2015b). 

Many companies20 start to establish VPP-
related business models, for instance to partic-
ipate in ancillary service and wholesale mar-
kets and absorb uncertainty and forecasting 
inaccuracy of intermittent RE generation (EFZN 
2013; Next Kraftwerke 2015a; CLENS 2015), 
especially in rural areas (Burger and Wein-
mann 2013; BMWi 2014a). 

An important starting point for VPPs is seen in 
the amendment of the EEG in 2012 for subsi-
dized RE. It opened up a new marketing chan-
nel, termed as ‘market bonus scheme’, which 
gives a market premium for direct selling of 
excess electricity on electricity markets. 
Whereas before TSOs balanced the uncontrol-
lable feed-in of RE, end-users (prosumers) 
afterwards benefit when upgrading and trans-
ferring the management to a utility with VPP. 
For example Siemens promptly realized two 
VPPs, based on its decentralized energy man-
agement system (DEMS). One is operated 
within Munich by the municipal utility 
Stadtwerke München, bundling six CHPs, five 
hydro power plants and one wind power unit 
with a total capacity of 20 MW (Siemens 
2012a). The other one is operated by RWE 
with a similar capacity of 20 MW from biomass, 
biogas-CHP, PV, wind power and hydro power 
plants (Siemens 2012b; RWE 2015d) which is 
already extended to 1,000 MW in 2013 (RWE 
2014a), five times more than projected for 2015 
(RWE 2015d). Also Vattenfall, EnBW and 
E.ON are aware of the future role of VPP-
related business models and undergoing relat-
ed business activities. One utility states that 
VPPs play a major role for the Energiewende, 
in particular as a provider of upward capacity in 
the market for balancing services. The concept 
will expand with the extension of intermittent 
RE generation and an increasing level of distri-
bution (E.ON 2013a). 

Apart from incumbent utilities, there are also 
new green service utilities, operating solely a 
DES-related business models with VPPs. For 
instance since 2009 one of the biggest direct 
seller of EEG subsidized electricity Ener-
gy2market GmbH (e2m)21 runs a VPP with own 
ICT infrastructure and related trading activities 

                                                                 
20 For instance: Clean Energy Sourcing AG, Next Kraft-
werke GmbH,  Balancepower GmbH, energy & meteo 
systems GmbH, VPP Energy, Energy2market GmbH , 
Statkraft, Lichtblick, Stadtwerke München and the BIG4 
(Source: Based on own research). 
21 E2m operates 2,000 decentralized units with 3,400 MW 
capacity in 2014 (Oberzig 2014). 
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on wholesale markets. Since 2012 e2m is 
prequalified supplier for secondary balancing 
capacity and since 2013 even for primary bal-
ancing capacity from decentralized generation 
units in all four German grid zones (Oberzig 
2014). Furthermore, it is currently a prequali-
fied supplier for minute reserves (Regelleistung 
2015). In 2013 e2m generated EUR 708 Mio 
with 56 employees (CLENS 2014). 

In 2009 also the Next Kraftwerke GmbH was 
founded, a company which is entirely position-
ing as VPP provider. Today it employs 91 peo-
ple, generates EUR 100.6 Mio (2013) and op-
erates 2,418 generation units with an accumu-
lated capacity of 1,471 MW in its VPP (Next 
Kraftwerke 2015a). Next Kraftwerke is prequali-
fied for secondary balancing capacity and mi-
nute reserves (Regelleistung 2015). 

The growing importance of VPPs can also be 
observed on their improving functionality. VPPs 
are deployed for more than three decades, 
albeit in Germany, Scandinavia, and North 
America a new concept emerge with regard to 
changing energy markets and system technol-
ogies. “This new generation of VPP aims to 
manage an interconnected market of energy 
devices through the intelligent application of 
abstracted software tools and systems. The 
new generation of VPPs optimizes the system 
as a whole before managing individual and 
discrete parts” (Machina Research 2014: 2). So 
this new type not only includes the supply side 
perspective but also the demand side and en-
ergy storage side of the DES (Machina Re-
search 2014). 

With an increasing production share with in-
termittent RE, DSM and storage will play an 
increasingly important role to guarantee flexibil-
ity when the electricity system is stressed, for 
instance through weather condition (SRU 2013; 
BMWi 2014a). 

4.1.2.2 Distributed Demand Side Manager 
The activation of flexible consumption in the 
electricity system, so called DSM, is seen as a 
key measure to handle the growing replace-
ment process of conventional power plants with 
intermittent RE production (EFZN 2013; Burger 
and Weinmann 2013; Biegel et al. 2014; BMWi 
2014a). Here also the concept of VPPs is used 
to aggregate flexible loads on the demand side. 
In recent times ICT infrastructure and technol-
ogy significantly reduced the complexity and 
response times of aggregated control of dis-
tributed load centres and hence allows the 
commercial participation with downward bal-

ancing energy and capacity on spot and bal-
ancing service markets (EFZN 2013). 

The BMWi (2014a) supported field tests during 
the research project E-Energy and found out 
that flexible electricity tariffs in combination with 
monitoring systems for consumption motivate 
certain customer types to shift up to 10% of 
their loads (i.e. demand response). Stronger 
financial incentives even increase load shifting 
behaviour. The related cost savings during the 
field tests ranged between some euros and 
EUR 100 per year and EUR 60 in average for 
residential and commercial customers with 
expandable potential. The load shifting poten-
tial often increases with the consumption vol-
ume of the customer. That is why the potential 
for large load centres such as commercial and 
industrial consumers is seen as promising 
(BMWi 2014a), while residential customers with 
a shifting potential of only 5% are rather seen 
fairly limited for demand response (Burger and 
Weinmann 2013). This is because “[l]ights are 
switched on when it is dark – and not when a 
lot of electricity is available because it is windy 
or the sun is shining. The oven in the kitchen is 
used when one wants to cook at midday or in 
the evening, but not at midnight because the 
electricity is cheaper then” (Interview in Burger 
and Weinmann 2013: 117). For example Biegel 
et al. (2014) calculated a minimum flexible load 
capacity under today market conditions neces-
sary to economically participate on spot or 
balancing service markets, which is hardly to 
achieve for an average household customer. 
But the study also predicts that upcoming mar-
ket changes will strongly facilitate DSM even 
for end-users with very low flexible consump-
tion capacities (Biegel et al. 2014). 

As of today, German TSOs only allow industrial 
users to provide demand response for balanc-
ing services. Small user aggregation does not 
fulfil the current strict, but questionable 
prequalification requirements for balancing 
markets, which still undermines their potential 
as a flexibility resource (Koliou et al. 2014). 

Furthermore, DSM-related monitoring systems 
revealed a permanent saving potential of 10% 
for household and even 20% for commercial 
customers (i.e. energy efficiency) (BMWi 
2014a). 

A comprehensive study of Buber et al. (2013) 
captured a great potential for DSM, as well as 
a high interest and willingness of energy inten-
sive industry participants. The study revealed 
450 MW demand response capacity of energy 
intensive industries in Southern Germany 
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which could be released for one hour during 
peak load events. Based on this data, the cur-
rent technical potential throughout Germany is 
projected to be 1,705 MW (Buber et al. 2013). 
According to FfE (2010) the estimate of the 
technical potential is with about 2,500 MW 
even higher (cf. Figure 30 in Appx: H). In 
Southern Germany 300-400 MW capacity were 
already used for peak load shedding and 
76 MW traded on the market for balancing 
services. This demand response capacity is 
seen as less cost intensive compared to con-
ventional peak load power plants (Buber et al. 
2013). 

In Germany, new green service utility with 
DES-related demand side management busi-
ness models are currently starting to be estab-
lish. For instance Entelios, founded in 201022, 
tries to leverage the current potential for de-
mand response in Germany. As a demand 
response service provider, the company is 
prequalified for secondary balancing capacity 
(Regelleistung 2015) and aggregates and con-
trols loads from commercial and industrial cus-
tomers which are traded on spot and balancing 
capacity markets (Flamm 2014). Entelios man-
ages around 100 clients, e.g. paper mills, 
treatment plants, public buildings, silicon plants 
or breweries with an accumulated capacity of 
650 MW, similar to a medium-sized coal power 
plant (Schultz 2014). For example since 2010 
the Paulaner brewery in Munich provides 1 MW 
demand response capacity to Entelios by tem-
porarily taking off refrigeration units from the 
grid during electricity bottlenecks. During an 
event Paulaner and Entelios share the service 
fee paid by TSOs for balancing support to the 
grid (EnerNOC 2015).  

Other aggregators for demand response ser-
vices in Germany are Balancepower GmbH, 
Clean Energy Sourcing AG and Next Kraft-
werke GmbH (Regelleistung 2015). Further-
more, one of the biggest pilot projects for DSM 
is currently executed in Bavaria and managed 
by dena to promote DSM in all domains and 
layers of the German energy system (dena 
2014a). 

Nevertheless, aggregated demand response 
as a viable market resource is still in its begin-
ning, but provides a promising business strate-
gy to balance volatility in a DES (Koliou et al. 
2014). 

                                                                 
22 In 2014 Entelios was acquired by EnerNOC, one of the 
world leading demand response service providers. 

4.1.2.3 Distributed Storage Side Manager 
The Distributed Storage Side Manager is a 
business model module which could also serve 
as a flexibility option to balance the grid and to 
generate profits from price differentials. The 
underlying logic is to purchase and store elec-
tricity during off-peak periods when prices are 
low and sell it to the grid responsible during 
peak periods when prices are high. The price 
would theoretically reflect the current physical 
system stability which is strongly influenced by 
intermitting renewables. Revenues come from 
arbitrages between off-peak and peak load in 
the electricity system (Taylor et al. 2013; Run-
del et al. 2013). The bidirectional transfor-
mation process (i.e. charge and discharge) of 
electricity into a storable form through electrici-
ty storage technologies can provide multiple 
services within all domains of the electricity 
system. A major value proposition of electricity 
storage with battery systems lies in the quick 
response time and high transformation efficien-
cy (Guerrero-Lemus and Martinez-Duart 2013). 
This allows for example frequency and voltage 
regulation and makes batteries suitable even 
for primary balance capacity (WEMAG 2014; 
Agora Energiewende 2014), which is currently 
not possible for DSM providers (Regelleistung 
2015). Furthermore, end-users of distributed, 
small-scale generation from renewables can 
increase their energy self-sufficiency by im-
proving asset utilization. This helps to achieve 
energy autarky and save electricity cost by 
avoiding expensive retail electricity prices. In 
addition, electricity storage is also attractive for 
arbitrages on spot markets (He et al. 2011; 
Droste-Franke et al. 2012; Taylor et al. 2013; 
Rundel et al. 2013; Burger and Weinmann 
2013). 

In practice, profitable business models based 
on distributed battery storage technologies are 
at a beginning stage, because costs for batter-
ies are still too high for large-scale application. 
That is why Strobel and Frühbauer (2011) pro-
jected commercial business models such as 
Electricity Banks by 2020. Nevertheless, a first 
public research project of battery banks with 
PV and CHP units already started in the end of 
2014. 14 households and four commercial cus-
tomers are able to check online their daily ac-
count balance of electricity supply and de-
mand. The battery bank has a capacity of 
100 kilowatt (kW) with an output of 116 kWh 
and is located in the district of its customers in 
Mannheim. The subsidized research project is 
administrated by MVV Energie AG, a larger 
utility, based on system solution from ads-tec 
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GmbH, an industrial IT-solution provider (ads-
tec 2014). 

However, today liberalized electricity markets 
already offer business opportunities for entre-
preneurs to experiment and roll-out business 
models without subsidies (Burger and Wein-
mann 2013; Gerbert et al. 2013). First compa-
nies attempt to figure out commercially viable 
business models and establish innovative fi-
nancing ways to overcome high investment 
costs. For example Younicos, a system inte-
grator for renewables, provides a software 
management solution for battery storage which 
helps to amortize investments cost through the 
participation on balancing markets. Together 
with the municipal utility WEMAG, the company 
established the largest commercial battery unit 
in Germany in Schwerin, a region with an 80% 
penetration rate out of renewables. With a ca-
pacity of 5 MW and an output of 5 MWh, 
WEMAG is prequalified for primary balancing 
capacity (WEMAG 2014; Regelleistung 2015). 
With regard to the volume of primary balancing 
service market of about 600 MW (cf. Figure 8: 
14), 120 times more similar sized stationary 
batteries could be commercially operated in 
Germany. Similar stationary batteries are al-
ready under construction in different cities, for 
example in Feldheim (10 MWh) and in Aachen 
(5 MWh) (Kempkens 2014). 

Another BMI is followed by Lichtblick, which 
plans to coordinate a pool of storage units 
through its own VPP, called ‘SchwarmBatterie’. 
The established green service utility extends its 
VPP solution together with PV-storage system 
providers as SMA, Tesla, Sonnenbatterie and 
Varta Storage (Lichtblick 2015), and pools end-
users of these systems with attractive price 
models (Sonnenbatterie 2015). Other providers 
pursue similar business strategies, for instance 
Fenecon and Ampard (Ampard 2015) and the 
Deutsche Energieversorgung, a 2009 founded 
company with 35 employees (2013) and annual 
revenues of EUR 12 Mio (2012), which pools 
3,500 PV-storage units for the balancing ser-
vice market (Sterner et al. 2015). 

Furthermore, Lichtblick successfully interfaced 
the grid with a pool of 20 electric vehicles in a 
pilot project in Berlin (Schulte 2014). Electric 
vehicles could be an economically attractive 
option for customers with own PV installations 
when charged with cheaper, own produced 
electricity. Nevertheless electric vehicles are 
not expected to be a key element in grid stabi-
lization (balancing services), as their technical 
configuration and expansion make slow pro-
gress (Burger and Weinmann 2013). For ex-

ample Daimler estimates that “even a million 
electric vehicles would only account for 1 per-
cent of the demand for electricity. That will 
hardly provide a robust backup for the public 
grid” (Interview in Burger and Weinmann 2013: 
142). Germany has 18,948 electric vehicles in 
2015, which is expected to increase up to be-
tween 50,000-300,000 in 'lower' scenario, 
400,000-700,000 in 'central' scenario, or 1-
1.4 Mio in 'upper' scenario by 2020 (Plötz et al. 
2013). 

Deutsche Bank Research estimates the Ger-
man market for stationary electricity storage 
units will be around 40 TWh in 2040 with a 
potential investments volume of around 
EUR 30 billion (bn) by 2030 (Auer and Keil 
2012). Especially optimized PV-storage sys-
tems for energy self-sufficiency and autarky 
enter the market and form a substantial busi-
ness volume (Agora Energiewende 2014). 

Nevertheless necessary flexibility of the future 
grid can be provided by different options (e.g. 
flexible power plants, DSM) which compete 
with storage technologies. Therefore, the role 
of storage solutions is hard to predict (Agora 
Energiewende 2014). Stationary storage de-
vices are already economically viable in isolat-
ed areas with grid bottleneck. In addition, at-
tractive business opportunities arise when elec-
tricity storage is linked to fluctuating wholesale 
and ancillary service markets and/ or cross 
functional industries such as automotive with 
electric vehicles. The benefits of more compre-
hensive, multi-functional business models are 
for example proposed in a study by He et al. 
(2011) who optimize revenues by combining 
the variety of possible electricity storage appli-
cation. Companies with special capabilities for 
system integration obtain useful value proposi-
tions for evolving DES-related business mod-
els. 

4.2 Comparison of CES- and DES-related 
business models 

Based on a variety of different studies (e.g. 
Nimmons and Taylor 2008; Hannon et al. 2013; 
Gerbert et al. 2013; Richter 2013a; Richter 
2013b; Burger and Weinmann 2013; Arriag et 
al. 2014; Marko 2014; Sterner et al. 2015) this 
section draws a comparison between CES- 
and DES-related business models based on 
the building blocks of the Canvas business 
model. This section especially helps to better 
understand differences between both types of 
business models. The detailed overview is 
given in Table 1: 35 at the end of the section 
which is summarized in the following. 
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On the one hand, the typical integrated utility’s 
value proposition comprises a reliable, mass 
production and delivery of electricity as com-
modity for a fixed price per kWh. Customers 
are flexible in their supplier choice but are not 
involved in any other domain of the CES. 
Economies of scale and optimization of large-
scale power plant production and transport 
shall guarantee competitive retail prices. On 
the other hand DES-related utilities are rather 
fragmented and specialized to single domains. 
Their value proposition offered by decentral-
ized generation differs fundamentally from the 
CES. As they do not own DEG units, they pro-
vide customer value through customized solu-
tions and energy related services. The custom-
er becomes an energy partner. DES-related 
business models focus on the integration of 
distributed system components and optimize 
an isolated or even the entire system. 

In contrast to CES-related utilities, a DES-
related business model guarantees and in-
creases electricity price stability, profits, self-
sufficiency, autarky, a green lifestyle and re-
duces costs and production losses of its cus-
tomers. It helps to better match the customer’s 
consumption with its own produced electricity. 
For this, DES-related business models bundle 
small-scale system components, optimize de-
centralized structure and support access to 
wholesale and ancillary services markets, as 
well as cross-sector markets. This disburdens 
inefficiencies in central grids, which saves and 
defer investments for grid renewal and exten-
sion. 

Whereas DES-related utilities strongly interact 
with their customers through smart ICT infra-
structure and build up local knowledge, the 
incumbent vertically integrated utility shows no 
need for customer interference, as it does not 
go beyond the meter for DSM activities. The 
more energy self-sufficient and distributed 
prosumers become, the more they are targeted 
by DES-related business models. This com-
prises residential, private, small- and medium 
businesses, as well as agricultural customers 
with local PV, wind or biomass production. 
Furthermore, DSM measures can also be ag-
gregated with all types of customers without 
own energy production. 

Whereas customers within DES are rather 
characterized as heterogeneous and active, 
the incumbent CES customers are regarded as 
homogeneous and passive, without interest in 
energy self-sufficient or DSM activities. On the 

one hand, those secondly mentioned custom-
ers are interfaced through marketing channels 
to issue all around short-term power purchase 
agreements. On the other hand DES-related 
companies rather actively and continuously 
communicate with its customers to ensure 
long-term relationships, first via traditional 
channels to acquire customers and second via 
online management systems to manage and 
optimize mutual benefits. 

Whereas a CES comprises a peak-load orient-
ed, small number of capital intensive, large 
power units, and transmission and distribution 
system as key resources, a DES requires a 
large number of small power units which are 
optimized locally to provide a high degree of 
energy self-sufficiency based on a smart ICT 
infrastructure. For this on the one hand, CES-
related players need to partner with financial 
institutions and investors, electrical power gen-
eration companies, transmission and distribu-
tion system operators (TSOs and DSOs). DES-
related companies on the other hand need to 
partner with end-users (prosumer), manufac-
turers and installers of RE systems, storage 
units, electric vehicles and ICT systems. 

Whereas the CES-related revenue is mainly 
driven by the maximization of sales volumes, 
profits in DES-related business models are 
decoupled from sales volumes, but generated 
through continuous system integration and 
optimization based on energy efficiency, infor-
mation transparency and aggregated participa-
tion on increasingly volatile wholesale and an-
cillary service markets. This causes high trans-
action costs compared to CES-related busi-
ness models, because processes are difficult to 
standardize and well trained staff for custom-
ers’ trainings is needed. Furthermore, higher 
operational expenditures to operate and main-
tain ICT infrastructure is needed. In contrast, 
utilities in a CES focus on economies of scale 
from large projects and project portfolios to 
optimize their sales volume. Since power pur-
chase agreements fixes retail prices, additional 
profits will be generated through trading 
schemes and cost reductions within the own 
value chain. Cost drivers are seen in high total 
cost of ownership, including operational and 
asset capital expenditures (often tied up long 
term) and the cost for acquisition or usage of 
premises and land. Furthermore, whereas pri-
mary resources (fossil fuel) for conventional 
power plants produce marginal cost, RE such 
as wind and PV is available for almost zero 
marginal costs. 
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Table 1: Comparison of CES- and DES-related business models. Source: Own table, based on Nimmons 
and Taylor (2008); Hannon et al. (2013); Gerbert et al. (2013); Richter (2013a); Richter (2013b); Burger and 
Weinmann (2013); Arriag et al. (2014); Marko (2014) and Sterner et al. (2015). 

 CES-related business models DES-related business models 
Customer 

Value 

Proposition 

• Fulfil energy needs at low cost 

(economies of scale and 

optimization of the large-scale 

power plant portfolio, efficient 

transportation and distribution) 

• Reliable, bulk generation of 

electricity 

• Maximize the sales volumes of 

kWh to final customers 

• Electricity as commodity (price 

per unit without qualitative 

differentiation) 

• Short-term contracts mean 

flexibility for customer 

• e.g. few behavioural stipulations 

• Financial strength 

• Supply side driven 

• Integration and bundling of 

geographically atomized energy 

producers into a complex, 

interconnected network 

• Local knowledge and customers 

proximity 

• Customize energy related 

solutions & services 

• Strong interference with customer 

‘beyond the meter’ e.g. DSM 

• Stabilize prices 

• Optimize and guarantee self-

sufficiency, autarky and profits 

• Information transparency & trust 

• Enable green lifestyle 

• Demand side driven 

Target 

Customer 

• Residential, commercial, 

industrial and agricultural 

• Homogeneous, passive groups of 

customers 

• Residential, private, small-and 

medium business, agricultural 

customers and prosumer 

• Heterogeneous active customers 

Customer 

Channels 

• Online, TV, telephone, postal & 

door-to-door marketing, 

purchasing, metering, billing & 

customer feedback 

• Energy supplied unidirectional 

via a national transmission & 

distribution network (i.e. B2B) 

• Support via customer service call 

centre, metering & billing etc. 

• Online, energy association, postal 

& door-to-door marketing 

• Energy supplied bidirectional via 

a national transmission & 

distribution network in 

interaction with demand side 

• Smart grid, network control 

centre via ICT infrastructure and 

interface management 

Customer 

Relationship 

• Impersonal & standardized 

• Short-term power purchase 

agreements on B2B-level (e.g. 

TSOs, DSOs and suppliers) rather 

than a relationship with the end-

customer 

• Little interference with customer 

as they do not go ‘beyond the 

meter’ 

• Customer responsible for 

managing most conversion 

processes (e.g. gas to heat via 

boiler) 

• Customer is involved in energy 

generation by hosting the DES 

• Sharing benefits/ profits with the 

utility  

• Strong interference with customer 

‘behind the meter’ e.g. DSM 

• Proximity to customers 

• Long-term customer relationship 

Key 

Activities 

• Typically integrated utilities 

engage in primary energy  

• Fragmented utilities are 

specialized in certain domains 

 



MES-Perspektiven 1/2016 

36 

 

 CES-related business models DES-related business models 
 sourcing, generation, distribution 

and supply (some transmission) 

• Key activity is asset management 

and operation 

• Generation – finance, design, 

build, operate and maintain large-

scale, centralized energy 

generation & distribution 

infrastructure 

• Distribution –own and operate to 

link transmission and generation 

with supply 

• Supply – electricity trading and 

metering & billing of energy 

supply 

• Rarely go ‘beyond the meter’ 

• Some installation & maintenance 

of small-scale conversion and 

control technologies (e.g. central 

heating) 

• Key activity is asset integration 

and optimization 

• Generation – consulting, build, 

maintain, financing support, 

information 

• Distribution –own and operate to 

link transmission and generation 

with supply 

• Supply – enable access to 

ancillary service and wholesale 

markets for (automated) 

electricity trading, as well as 

cross-sector markets (e.g. electric 

vehicle) 

• Demand – make customers more 

flexible and provide information 

• Electricity system – integrate and 

manage distributed supply, 

storage and demand (e.g. VPP) 

through remote monitoring and 

control (i.e. smart appliances) 

Key 

Resources 

• Small number of large-scale 

centralized generation assets, 

transmission & distribution 

technologies  

• Financial and technical resources 

to develop large-scale, centralized 

generation and distribution 

infrastructure 

• Customer facing services i.e. 

nationwide metering, billing and 

customer service network 

• Fossil fuels (e.g. gas, coal) 

• Large number of small-scale 

assets (e.g. PV, wind, biomass, 

CHP, stationary battery, electric 

vehicles and load centres) 

• Technical resources to develop 

ICT infrastructure (i.e. smart 

grid) 

Key 

Partnerships 

• Financial institutions & investors 

• Electrical power generation 

companies 

• TSOs & DSOs 

• Energy producing customers/ 

prosumers 

• Manufacturers and installers of 

RE systems, storage units, 

electric vehicles and ICT systems 

Revenue 

Streams 

• Sale of units of delivered energy 

(price per metered unit) 

• Trading of surplus electricity on 

the market 

• Revenues through feed-in of 

electricity 

• Economies of scale from large 

projects and project portfolios 

• Decouple sales volume from 

revenues 

• Low-carbon financial incentives 

(e.g. renewables obligation 

certificates) 

• Revenue from direct use, feed-in 

and/or from services 

• Arbitrage revenues through 

participation in dynamic pricing 

at wholesale and ancillary service 
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4.3 Interactions within the coevolutionary 
business model framework 

This section analyses the impact of ecosys-
tems, technologies, institutions, and user prac-
tice as well as BMI between CES-related busi-
ness models and DES-related business mod-
els, as defined in the coevolutionary business 
model framework. 

4.3.1 Ecosystems and DES-related busi-
ness models 

Similarly to the UK, the ecosystem rather influ-
ences the wider electricity system and is large-
ly mediated through the other systems, particu-
larly by institutions and its regulatory impact 
(Hannon et al. 2013), by user practice, consid-
ering the Energiewende movement resulted 
from the anti-nuclear movement in the 1970, as 
well as by business models, for instance de-
scribed as “positive societal and environmental 
impacts of the firm on society by ensuring long-
term health and wellbeing of stakeholders (in-
cluding society and the environment)” (Bocken 
et al. 2014: 51). 

Especially business models “as a vehicle to 
coordinate technological and social innovations 
with system-level sustainability” (Bocken et al. 
2014: 423) can form an important link to bring 
together sustainability targets (e.g. reduce en-
ergy and emissions), society and economic 
value (Bocken et al. 2014). Baden-Fuller and 

Haefliger conclude that “for managers, the 
ecosystems perspective holds the promise of 
opening up the wider entrepreneurial and col-
laborative space that a new technology affords 
– and provides room for novel business models 
to succeed” (2013: 424). 

The major requirement on the ecosystem di-
mension is best reflected by climate change. 
The significant impact of human made emis-
sions of GHG on climate change is generally 
established by the Intergovernmental Panel on 
Climate Change. Global carbon dioxide (CO2) 
emissions have increased by 40% since pre-
industrial times, primarily from fossil fuel emis-
sions. The average of all four scenarios pre-
dicts that the global mean surface temperature 
increases by 1.0 to 3.7°C (mean) above the 
average for 1850-1900 in 2100. In order to 
prevent dramatic effects on our ecosystem, 
one of the global key challenges of our century 
is to urgently restrict global warming to 2°C by 
2100 through a significant reduction of GHG 
emission (IPCC 2013). 

Germany framed the ecosystem dimension in 
various ways into the Energiewende concept 
(Rosenkranz 2015), whereof one aims to re-
duce its GHG emission by reducing and replac-
ing GHG emitting fossil fuel based electricity 
generation on the supply side and reducing the 
overall electricity consumption through energy 
efficiency measures on the demand side (cf. 

 CES-related business models DES-related business models 
  markets with generation units and 

load shifting and shedding (i.e. 

DSM) 

• Onetime revenue from consulting 

service (e.g. energy efficiency) 

Cost Streams • High total cost of ownership (e.g. 

generation assets, operations & 

maintenance) 

• Premises & land acquisition 

• Marginal cost through primary 

resources, e.g. gas, oil, coal 

• Marketing and communication 

• Infrastructure for metering & 

billing 

• Finance or investment 

repayments 

• Technical, financial and legal 

consultancy 

• Staff 

• High transaction costs (e.g. lack 

of standardization) 

• Operational expenditures (e.g. 

operations & maintenance of ICT 

infrastructure) 

• Trade-off between transport cost 

and production efficiency (e.g. 

offshore wind park with high 

transport cost but high efficiency 

vs. roof-top PV with no transport 

cost but lower efficiency) 

• Staff 
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Figure 2: 6). The development of GHG emis-
sions (Figure 19: 38) already shows a slight, 
constant downwards trend by 26% in 2014 
compared to 1990 which the government 
committed to further reduce by 40% by 2020, 
55% by 2030 and 80-95% by 2050. With re-
gard to its share, the transition of the electricity 
system (as part of the energy system) is essen-
tial, as the energy industry is the major CO2-
emitter (378 Mio ton (t) CO2-equivalent in 
2013) (Agora Energiewende 2015), although it 
states the second lowest, relative reduction 
track record among all industries in Germany 
since 1990 (Figure 19: 38). However, replacing 
energy generation with renewables significantly 
contributes to GHG emission reduction. Ac-
cording to the Federal Environment Agency, 
715 gram (g) CO2-equivalent per kWh is at-
tributed to PV, between 750-780 g to wind, and 
even 800 g to biomass. In 2012, renewables in 
total were attributed to avoid 145 Mio t CO2-
equivalents, whereof about 101 Mio t were 
linked to the electricity system, 38 Mio t to 
heating and 5 Mio t to fuel (Memmler et al. 
2013). 

However, even though a positive impact of the 
ecosystem on DES-related business models 
and vice versa can be assumed, it is currently 
hard to measure how ecosystems exactly influ-
ence its acceleration. Finally, the increasing 
awareness about environmental impact might 
push business model expansion (REN21 
2015). 

4.3.2 Institutions and DES-related busi-
ness models 

Even in liberalized markets an exclusion of 
regulatory authorities such as governments 
from the sector is practically impossible, espe-
cially with regard to negative externalities such 
as climate change and supply security (Burger 
and Weinmann 2013). Therefore, the develop-
ment of the German Energiewende, from which 
also BMI derives, was strongly driven by gov-
ernmental support. In particular, the energy 
market design and business models strongly 
depend on investment support and governmen-
tal regulation. So far, this does not only create 
advantages, but also creates huge uncertainty 
among market players. Nevertheless, further 
significant adjustment within the electricity sys-
tem will come for sure, and its elaboration is 
continuously hard to predict. The role of the 
government ranges between a passive political 
framework and an active control of system 
relevant actors (Gerbert et al. 2013). 

For example, the Federal Ministry for Economic 
Affairs and Energy of Germany recently pub-
lished its Green Paper which publicly discusses 
a broad range of possible regulatory adjust-
ment measures in electricity markets and sys-
tems in the near future. Those measures defi-
nitely impact incumbent CES-related business 
models and either strengthen the need for BMI 
or open up possibilities for new DES-related 
business models. The Green Paper addresses 
an integrated approach, including DEG, stor-
age, DSM and VPP. For instance, new price 
mechanisms are presented (e.g. demand re-
sponse) which might replace or substitute FiTs 

Figure 19: GHG emission by sector between 1990 and 2014 and governmental targets. Source: Own figure, 
based on data from Agora Energiewende (2015). 



MES-Perspektiven 1/2016 

39 

as installation incentive (BMWi 2014b). How-
ever, apart from adaptions in the near future 
some important measures have already been 
developed, which gives momentum to DES-
related business model. 

Market access 
For example, recent regulatory measures ena-
ble the access of distributed supply and de-
mand sources to new markets such as ancillary 
services. For example in 2011, the Federal 
Network Agency reduced the minimum supply 
capacity, shortened the tendering periods for 
balancing capacity and enabled pooling of dis-
tributed resources for primary and secondary 
balancing capacity as well as minute reserve. 
The aim is to promote new market participants 
and market access of new technologies such 
as DSM systems, electricity storage, flexible 
small-scale generators (Bundesnetzagentur 
and Bundeskartellamt 2014). However, barriers 
are still too high and need further regulatory 
improvement (Connect Energy Economics 
2015). In general, regulatory instruments 
should optimize network flows, increase con-
sumer price elasticity, and avoid unnecessary 
investments into local grid reinforcement 
(Burger and Weinmann 2013; dena 2014c). 

Smart grid 
Governments also need to stimulate private 
investments for certain technologies, for exam-
ple in order to modernize electricity system 
towards more flexibility. Relevant also for DES-
related business models is for instance smart 
grid technology. The governmental interest is 
high, as smart grid investments are comple-
mentary to already deployed DEG, enabling an 
efficient local balancing of demand and supply. 
This maintains local or overall system stability 
and saves huge investments into grid rein-
forcement, which in turn releases tax expendi-
tures for redistribution (Burger and Weinmann 
2013; dena 2014c; Connect Energy Economics 
2015). Therefore, public funding currently stim-
ulates 90% of private investments in smart grid 
projects in Europe, whereof more than half of 
the total smart grid funding comes from France, 
the UK, Germany and Spain. Forty nine per-
cent of the total budget of all 459 smart grid 
projects come from private capital, 18% from 
national, 22% from the EC, 9% from regulatory 
funding and 2% funding is unclassified (Covrig 
et al. 2014). 

Smart meter 
However, a comprehensive roll-out of smart 
meters, an important two-way communication 

device within smart grid infrastructure, has not 
started yet in Germany and is expected not 
earlier than the beginning of 2016. For this, a 
comprehensive study by dena (2014c) anal-
yses in two roll-out scenarios the speed, func-
tional benefits and cost for smart meter sys-
tems until 2030 (cf. Figure 32 and Figure 33 in 
Appx: I and J). The ‘baseline scenario’ as-
sumes (and criticizes) a continuity of current 
regulatory framework and represents an ana-
lyst based recommendation. Whereas both 
scenarios enable distributed load management, 
only the ‘roll-out plus scenario’ also allows 
feed-in management of DEG units by 2030. In 
2030 in Germany around 12.5 Mio smart meter 
systems on the end-user side (i.e. 69% house-
hold and 31% commercial customers) will be 
rolled-out. This covers 100% of the commercial 
customer and 21% of the household potential 
for load shifting by 2030, and consequently 
reduces 8% investment cost into grid rein-
forcement. As the baseline scenario is not ex-
pected to leverage requirements for sufficient 
grid services through feed-in management, the 
potential of DES-related business models will 
be rather inhibited. Instead of a smart integra-
tion and control management through for ex-
ample VPPs, more investments into grid rein-
forcement would be needed, which lower the 
commercial attractiveness of a DES-related 
business model. Only in the roll-out plus sce-
nario, around 1.3 Mio DEGs will be equipped 
with smart meter systems by 2020, covering 
69% of the market. By 2030, smart meter sys-
tem installations double to around 2.6 Mio, then 
covering 100% of potentially controllable 
DEGs. This is estimated to reduce 30% in-
vestment cost into grid reinforcement (dena 
2014c). 

However, several barriers for smart grid roll-out 
need to be overcome in order to also acceler-
ate DES-related business models and markets. 
For example, costs for smart meter systems 
often exceed the expected benefits for most 
residential consumers, as their annual demand 
is below 10,000 kWh, a bottom-line for a rea-
sonable load-shifting potential (Burger and 
Weinmann 2013). Even though dena (2014c) 
expects an annual cost reduction for smart 
meter systems of 1.5% until 2030, the cost 
burden for customer will still be high. Moreover, 
cost and benefits are distributed unequally 
among market players. For example, third par-
ties such as utilities and grid operators take an 
information advantage that primarily serves 
their coordination requirements which minimiz-
es operational expenditures (Müller et al. 2010; 
dena 2014c), or there is a public benefit 



MES-Perspektiven 1/2016 

40 

through energy security and decarbonisation 
effects (Hall and Foxon 2014). The value of 
demand response as a business model could 
balance the unequal cost distribution by shifting 
revenue streams towards the responsible of 
the smart meter investment (Hall and Foxon 
2014). In addition, smart grid will generate a 
huge amount of data for utilities and consum-
ers which need to be processed. Appropriate 
capabilities will be a challenge and at the same 
time a value proposition in the transforming 
electricity system (Burger and Weinmann 
2013). 

4.3.2.1 Distributed Supply Side Manager 
Investment support 
The most important governmental intervention 
is seen in the introduction of the EEG in 2000 
(e.g. FiT). Even though it was modified several 
times until today (i.e. especially the most recent 
amendment in Germany in end of 2014 is seen 
very critical), the EEG is worldwide recognized 
as the most successful tool to promote RE 
(REN21 2013; WEC 2014). The EEG repre-
sents a regulatory framework and also provides 
investment support to achieve national goals. 
Worldwide 71 countries and 28 states/ provinc-
es enacted some form of FiT policy as of early 
2013, a rapid spread out compared to 2005 (cf. 
Figure 37 in Appx: L), led by developing coun-
tries with regard to a number of FiTs in place 
(REN21 2013). 

The German FiTs provide a fixed tariff above 
the retail rate of electricity which incentivized 
investments in renewables. Although some 

stakeholders note that Germans have overpaid 
not only financially (e.g. high electricity prices 
with EEG-levy (cf. Figure 10: 16, Figure 27 in 
Appx: F) but also with regards to energy securi-
ty and system reliability, the FiTs efficiently 
accelerate technological advancements and 
cost, especially of PV (cf. Figure 38 in Appx: M) 
(WEC 2014). However, recently FiTs have 
strongly weakened, since they are continuously 
adjusted towards decreasing RE system pric-
es. The most recently reduced German FiTs 
from the end of 2014 make profit oriented, pri-
vate solar PV investments less attractive. This 
thwarts the previously quick expansion of re-
newables in the years before. Theoretically, it 
also slows down the development of DES-
related business models which relied on FiT 
support. 

Regulatory support 
Germany and some other European countries 
recently made significant amendments, unfa-
vourable for the common practice of citizen 
ownership. For example, the German Federal 
Ministry for Economic Affairs and Energy starts 
to significantly limit RE expansion with a target 
corridor23 and is going to switch from FiT to a 
public tendering scheme by 2017, testing the 
scheme already on new ground-mounted PV in 
2015. International experiences have shown 
that usually rather big investors dominate this 
policy scheme (Schleicher-Tappeser 2012; 
Grau 2014; Schumacher 2014; Degenhart and 

                                                                 
23 PV and Wind Onshore: each 2.4-2.6 GW per year; Wind 
Offshore: 6.5 GW by 2020, 15 GW by 2030. 

Figure 20: Germany’s electricity capacity mix (2000-2014) with scenarios (2025, 2035). Source: Own figure, 
based on data from BMWi (2015), Bundesnetzagentur (2014) and Mayer et al. (2015). 
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Nestle 2014; Klessmann 2014), rather stopping 
an increasing degree of distribution of owner-
ship structures. However, even though gov-
ernmental actions cannot be planned in detail 
for the entire energy transition in advance, for 
example the final decision in 2011 to phase out 
of nuclear power by 202224, the decision in 
2007 to stop subsidies for hard coal mining in 
Germany by 2018 because of a complete lack 
of competitiveness (Huy et al. 2013), as well as 
a strong expansion and penetration of renewa-
bles will continue as part of the corridor for 
expansion defined in the EEG. For this, Figure 
20: 40 illustrates not only the development but 
also includes the baseline scenario25 genera-
tion mix for 2025 and 2035 based on the net-
work development plan by the Bundesnet-
zagentur (2014) (cf. Figure 24 in Appx: E). The 
expected key focus will be on wind onshore 
and PV generation capacity, and partly off-
shore wind and biomass capacity. Non-
renewables (i.e. fossil-fired power plants) will 
increasingly be forced out and form the minori-
ty share within the generation capacity mix. 

4.3.2.2 Distributed Demand Side Manager 
Investment support 
First investment (and regulatory support) for 
new concepts such as DSM came into force in 
2012, termed as load-management-levy 
(§18 AbLaV), which opened up space for new 
DES-related business models as demand side 
managers respectively (EFZN 2013). 

Regulatory support 
However, with regard to the load-management-
levy (§18 AbLaV) further adaption is needed 
especially for distributed, small-scale participa-
tion (i.e. current minimum capacity is very high 
with 50 MW) through pooling with VPPs (EFZN 
2013). According to a municipal utility “politi-
cians are not yet fully aware of [VPPs]” (Inter-
view in Burger and Weinmann 2013: 104). The 
demand response service provider Entelios 
also criticized the insufficient exploitation of 
demand response potentials in Germany. He 
explains that there is no bottleneck of interest-
ed commercial and industrial demand response 
participants, but only regulatory hurdles from 
an ancient electricity system which only focus-

                                                                 
24 As a consequence of the critical nuclear incident in 
Fukushima in Japan in 2011 (BMWi 2014b). 
25 The comprehensive base scenario incorporates govern-
mental climate, RE generation and energy efficiency goals 
as well as market analyses, and forms the basis for the 
current network development plan by the Bundesnetzagen-
tur (2014). 

es the supply side (Flamm 2014; Connect En-
ergy Economics 2015). 

4.3.2.3 Distributed Storage Side Manager 
Investment support 
Since 2013 also the national development bank 
‘Kreditanstalt für Wiederaufbau’ (KfW) started a 
public funding program to strongly expand dis-
tributed battery storage in Germany. Until the 
end of 2014 about 8,300 storage units (55-83% 
of total installation in Germany) were stimulat-
ed, often combined in a PV-storage system, 
which need to be increasingly capable to pro-
vide grid services, a prerequisite for a business 
model of a distributed storage manager (Stern-
er et al. 2015). Therefore, also the regulatory 
framework for storage application needs to 
open up new and strengthen incumbent mar-
kets, standardize interfaces, enable remote 
control possibilities and better promote appro-
priate cost allocation with the electricity system 
to further facilitate private storage investments 
(EFZN 2013; Sterner et al. 2015). 

However, the development of DES and related 
business models are path-dependent. Whereas 
regulatory authorities give a first, important 
investment impulse for the development of 
DEG technologies, economics – rather than 
policy – will increasingly drive further deploy-
ment (cf. Figure 23: 45 in upcoming section 
4.3.3.1; Oberzig 2014; Henbest et al. 2015). 
The strong investment support within the last 
decade initiated a boost in technology innova-
tion and competition, so that on the one hand a 
new global market for single RE products and 
services evolve, and on the other hand system-
oriented, integrative and cross-technological 
business models arise. This can lead to com-
petitive DEG technologies (e.g. wind and solar 
PV) discussed as follows. 

4.3.3 Technologies and DES-related busi-
ness models 

According to Baden-Fuller and Haefliger (2013) 
business models are fundamentally linked with 
technological innovation, even though business 
model design can be separable from technolo-
gy evolution. The authors argue that business 
models mediate the link between technology 
and firm performance. In this context business 
model decision to developing the right technol-
ogy strongly relies on openness (i.e. permeabil-
ity of the company boundaries with their stake-
holders) in connection with user engagement 
(Baden-Fuller and Haefliger 2013). This finding 
strongly supports the development of DES-
related business models where openness and 
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proximity to end-users is part of the customer 
value proposition. 

Various studies also point out the disruptive-
ness of technologies, describing technology 
characteristics which are still rarely spread in 
established markets (Provance et al. 2011; 
Richter 2013a). In his literature review Richter 
(2013a) for example concludes that disruptive 
technologies change the market design in the 
medium- and long-term and replace value 
proposition of the incumbent business models, 
which are rather unable to commercialize the 
disruptive technologies, lacking the capabilities 
of BMI (Richter 2013a). Technologies such as 
distributed PV, wind power, ICT systems, and 
storage solutions have the potential to funda-
mentally change the electricity system in the 
years ahead (Schleicher-Tappeser 2012). And 
even though the current market has essentially 
proved a successful design for the Ener-
giewende, the future development is expected 
to be challenging. A radical shift in large tech-
nical electricity systems occurs less frequently 
than in other industries. Components of elec-
tricity systems, their standards, institutions, and 
routines are technically highly interdependent 
and also create path-dependency in the overall 
system configuration, in particular in grid based 
energy services (Burger and Weinmann 2013: 
9). This makes mid- and long-term industry 
developments in general difficult to predict 
(Gerbert et al. 2013; BMWi 2014b). 

The most promising technologies for DES-
related business model domains will be further 
investigated in the following. 

4.3.3.1 Distributed energy generation 
technologies 

Theoretical and technical potential (global)26 

It is estimated that modern renewables (wind, 
solar, biomass and geothermal power) only 
provide 1.3% of the current world energy con-
sumption (not only electricity) (REN21 2015). 
However, the theoretical potential of energy 
production with renewables on earth is much 
higher (i.e. geothermal 100,000, solar 10,000, 
and others about 10 times higher) than world 
energy consumption. Even the technical poten-
tial, which is only 0.0052% of the theoretical 
potential, is 20 times higher than needed. 
Among all direct renewables, energy from solar 
and geothermal sources has the highest tech-
nical and theoretical potential. The technical 
potential per year of indirect solar power such 
                                                                 
26 For a more detailed classification of the concept of po-
tential please see Figure 29 in Appx: G. 

as wind (8.49%), hydro (0.66%) and biomass 
(3.66%) is about half of solar direct technical 
potential (20.89%) or about one fifth of geo-
thermal power (66.3%). The theoretical poten-
tial of direct solar power is 2.71% and geo-
thermal power 97.28% among all renewables 
sources (Table 5 in Appx: H). Therefore, re-
newable implementation mainly depends on 
technological capacity and costs, not on avail-
ability (Orecchini and Naso 2012). 

Competitiveness of RE and conventional 
power plants 
DEG technologies need to reach a degree of 
maturity from which market demand is driving 
the technology choice of firms entering this 
industry (Provance et al. 2011). Therefore, the 
attractiveness of a DEG technology for DES-
related business models strongly depends on 
three key competitiveness indicators, dis-
cussed as follows: 

(1) Its today’s competitiveness among 
generation technologies,  

(2) Its competitiveness compared to the 
established electricity system, and 

(3) Its evolution mainly driven by their 
penetration rate based on performance 
improvements (i.e. learning curves) 
and price drops through industrial 
mass production of niche technologies 
(i.e. economy of scales) (Naam 2011, 
Schleicher-Tappeser 2012, Burger and 
Weinmann 2013; Kost et al. 2013; 
Wirth 2015). 

Firstly, a comparable benchmark in EUR per 
kWh among relevant generation technologies 
is mapped in Figure 21: 43, which shows the 
actual and future development of levelized cost 
of electricity (LCOE)27 in Germany until 2030 
(Kost et al. 2013). Each graph varies within 
single technologies and among different tech-
nologies based on different physical conditions 

                                                                 
27 “The LCOE methodology is an abstraction from reality 
and is used as a benchmarking or ranking tool to assess 
the cost-effectiveness of different energy generation tech-
nologies. The abstraction is made to remove biases be-
tween the technologies. The method considers the lifetime 
generated energy and costs to estimate a price per unit 
energy generated. The method usually does not include 
risks and different actual financing methods available for 
the different technologies. For example, a FiT takes away 
the price risk for RE targets by guaranteeing the price to be 
paid for energy generated by the source, but does not 
necessarily take away the financing risk for the technology, 
which is still a hurdle. Rather all technologies should be 
given the same economic analysis, with the only difference 
being the actual costs, energy produced and lifetime” 
(Branker et al. 2011: 4471). 
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(e.g. weather, radiation, temperature, size). For 
example in 2013 the LCOE for large- and 
small-scale PV ranges between EUR 0.08 and 
EUR 0.14 per kWh, which can be price com-
petitive with almost all other technologies ex-
cept for lignite under favourable conditions. By 
2030, PV is expected to be one of the three 
most cost competitive technologies (i.e. wind 
onshore, PV and coal) under favourable condi-
tions. Nevertheless, under favourable condi-
tions wind onshore already today demonstrates 
the second most and by 2020 the most cost 
competitive technology available, after new 
centralized and CO2-emitting coal power 
plants. 

Secondly, the attractiveness of new generation 
technologies does not only rely on today’s 
LCOE, but also on its related cost competive-
ness according to the established grid, termed 
as grid parity28. In this context, Richter (2013b) 
                                                                 
28 “The term ‘grid parity’ is meant to describe the point in 
time, at which a developing technology will produce elec-
tricity for the same cost to ratepayers as traditional tech-
nologies. That is, when the new technology can produce 
electricity [i.e. LCOE] for the same cost as the electricity 
available on a utility’s transmission and distribution ‘grid’ “ 
(REA 2015). 

highlights a general debate about economical 
attractiveness of generation technology, which 
either already results with grid parity or only 
with a LCOE much lower than the retail price, 
because costs for grids, storage and taxes 
would also have to be included. 

Thirdly, when discussing different DEGs, its 
future potential through economies of scale 
and learning curve effects needs to be consid-
ered. Even though several generation types 
play a major role within future energy mix, wind 
and PV as complementing technologies reveal 
the most promising future among generation 
technologies. Whereas, wind already today 
shows a competitive LCOE, PV with regard to 
its price-learning curve and degree of distribu-
tion indicates a stronger consideration for DES-
related business models (e.g. Schleicher-
Tappeser 2012; Richter 2013b; Figure 21: 43). 
Even though “several problems must be over-
come for its widespread use, including tech-
nical and economic ones, linked to the low 
energy density, and to its discontinuity 
(night/day alternation, seasons cycle, variation 
in weather conditions)” (Orecchini and Naso 
2012: 30), today “PV cells are the most disrup-

Figure 21: Learning curve based predictions of LCOE for RE technologies and conventional power plants 
in Germany by 2030. Source: Kost et al. (2013: 3). 
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tive energy technology as they allow consum-
ers of all sizes to produce power by them-
selves” (Schleicher-Tappeser 2012: 64). Smart 
DES-related business models, such as the 
Distributed Supply Side Manager can help to 
solve such problems.  

Therefore, PV is worth to be discussed more in 
detail first, before the economic potential of 
different wind technologies are described more 
broadly afterwards. 

Competiveness of PV 
PV module prices account for about half of the 
total investment costs of a PV plant. When 
comparing the global accumulated PV capacity 
from 2006 to 2014 in relation to its price index 
based on 2006, its average historical PV price 
development indicates a constant decrease. 
Shown in Figure 22: 44, between 2006 and 
2014 around 177 GW cumulative PV capacities 
were installed globally, which caused an aver-
age price drop of PV modules by 84% accord-
ingly. With around 22%, the largest share of 
installed PV capacity (38 GW) is attributed to 
Germany. 

For modules the price development even fol-
lows a constant price-learning curve, meaning 
that doubling the whole installed capacity de-
creases the module price by a constant per-
centage. The general trend for more than 30 
years indicates a 20% price reduction when 
doubling the accumulated capacity installation 
(cf. Table 5 in Appx: H), which is expected to 
continue. Module prices dropped from almost 

Unites States Dollar (USD) 30 per W in 1980 
down to less than USD 1 per W in 2012 (Naam 
2011, Wirth 2015). Naam (2011) predicts that if 
this PV price-learning curve continuously ap-
plies for the next 4-6 years (which is extremely 
likely), PV will be as price competitive as coal, 
and if this development continuous for the next 
15 years (which is scientifically and technically 
possible), PV will be half the price of coal. Also 
Mayer et al. (2015) expects that power genera-
tion from large-scale solar PV plants will be 
cheaper than any other conventional produc-
tion technology in large parts of Europe and 
many regions of the world. In different scenari-
os (‘pessimistic’ and ‘breakthrough’) Mayer et 
al. (2015) expects a global cumulative capacity 
installation between 6,000 and 36,000 GW and 
module price drop to EUR 0.14-0.36 per W by 
2050 compared to EUR 3.91 per W in 2006 
(equals an average price index between 4-8%) 
(Figure 22: 44). 

The price drop for PV technology is expected 
to drive a global surge of USD 3.7 trillion in 
solar investments by 2040, both small- and 
utility-scale installations. Furthermore, with 
regard to the degree of distribution of DEG, 
small-scale PV is expected to dominate instal-
lations, with USD 2.2 trillion (Henbest et al. 
2015). 

The impact of price-learning effects are already 
reflected in today’s LCOE for PV and wind, 
which already achieved grid parity in several 
regions and became economically competitive 
with conventional electricity systems (Branker 

Figure 22: Globally installed, cumulative PV capacity and PV module price development (2006-2014) with 
two scenarios (2050). Source: Own figure, based on data from Global Status Reports by REN21 (2010-
2015), EuPD Research (2013), photovoltaik (2015), SolarServer (2015), Mayer et al. (2015) and own calcula-
tions. 
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et al. 2011). A comparison between LCOE of 
PV and real cost of electricity29 supports this 
trend for many regions around the world. For 
example Deutsche Bank (2015)’s solar outlook 
predicts that 80% of the global market will 
achieve grid parity by 2017, caused by rising 
grid based electricity prices on the one hand 
and a continuous drop in PV module costs (e.g. 
-40% over the next four to five years) on the 
other hand (cf. Figure 31 in Appx: I). Derivation 
between LCOE and cost of electricity all 
around the world will strongly facilitate electrici-
ty arbitrages and accelerate BMI on a global 
level (Deutsche Bank 2015), especially for PV 
on rooftops (Henbest et al. 2015). 

This already applies to Germany since 2011, 
where even LCOE for small-scale PV firstly 
matched the retail price and achieved grid pari-
ty. Since then, the price between own pro-
duced PV electricity and the retail price is con-
tinuously spreading, which makes a cost arbi-
trage through electricity self-sufficiency in-
creasingly attractive (Figure 23: 45). 

For example in 2014, a resident with own PV 
electricity generation could theoretically save 
EUR 0.18 per kWh through local self-
sufficiency. As the FiT and LCOE for PV is 
expected to decrease further, and the retail 
price is going to be constant in scenario 1 (S1) 
or will increase further with its CAGR (1998-
                                                                 
29 Cost of electricity also depends on the marginal cost of 
electricity generated by the given power plant and market-
based or regulatory measures (Branker et al. 2011). 

2014) of 3.4% in scenario (S2), the electricity 
cost arbitrage could go up to EUR 0.21 (S1) or 
even EUR 0.42 per kWh (S2) for electricity self-
sufficiency by 2030. Consequently, adequate 
revenue streams for business models of a dis-
tributed supply manager for small-scale PV 
reveal good chances to accelerate under cur-
rent market conditions. 

However, although grid parity for households 
has been reached in Germany already in 2011, 
the mismatch of sunshine hours and local elec-
tricity consumption makes the use of more than 
35% of rooftop PV electricity production difficult 
without supplementary investments (e.g. stor-
age) (Schleicher-Tappeser 2012) or changing 
consumption patterns (e.g. DSM). Current cal-
culation for commercial PV (not residential) 
even assumes a local consumption rate of at 
least 80% for suitable investments (Fuhs 2014) 
which is even more difficult to achieve with an 
investment focus on just one generation tech-
nology. An integrated DES with complementary 
generation technologies, storage and flexible 
consumption pattern is needed. For example 
due to climate conditions in Germany, wind and 
PV negatively correlate and therefore comple-
ment each other well, especially with regard to 
seasonal and day-night electricity fluctuations 
(Wirth 2015). This is why wind power shall be 
introduced briefly as follows, in order to give a 
more overall picture and to understand its fu-
ture role within the electricity system. 

 

Figure 23: Economics of PV self-sufficiency versus FiT (2008-2014) with scenarios (2018, 2025, 2030). 
Source: Own figure, based on data from EuPD Research (2011), Bundesnetzagentur (2015b), Kost et al. 
(2013), BDEW (2014) and own calculations and estimations. 
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Competiveness of wind 
With regard to different levels of distribution 
and characteristics, three different types of 
turbines need to be discussed: wind onshore, 
wind offshore and small wind turbines in urban 
settings. 

Wind onshore is the most mature and competi-
tive technology, not only among wind power 
technologies, but also among all generation 
technologies (cf. Figure 21: 43). Furthermore, 
the total wind onshore production potential in 
Germany (2,898 TWh) (capacity potential 
1,188 GW) (Lütkehus and Salecker 2013) is 
enough to meet Germany’s gross national elec-
tricity consumption five times in 2014 
(579 TWh) (cf. Figure 4: 9). Moreover, even 
with regard to the degree of production distribu-
tion within Germany (North 1,378 TWh (48%), 
Central 728 TWh (25%), South 791 TWh 
(27%)) each part of almost the same size could 
produce more than sufficient electricity to en-
tirely meet Germany’s gross national electricity 
consumption (Lütkehus and Salecker 2013). 

In 2014, in Germany 35.9 GW (cf. Figure 4: 9) 
of wind onshore capacity were already installed 
with a production of 54.7 TWh – the biggest 
share among renewables (cf. Figure 20: 40). 
The capacity is planned to be almost doubled 
to 63.8 GW until 2025 according to Scenario B 
of the most recent network development plan 
of the four German TSOs (cf. Figure 20: 40). 
The capacity share within the generation mix 
will almost double from 18% in 2014 to 29% in 
2025, which will be twice the amount of lignite 
(6%) and hard coal (10%) together and slightly 
more than PV (25%). Under favourable condi-
tions new wind onshore installations are ex-
pected to be the cheapest generation technol-
ogy with regard to LCOE already in 2020 (cf. 
Figure 21: 43), even though its learning-curve 
associated cost benefits are marginal. 

Wind offshore is going to develop within the 
next ten years, planned to expand its share 
within Germany’s electricity mix from 0.3% in 
2014 to 5% in 2025 (cf. Figure 20: 40). But 
even though there is a learning-curve, associ-
ated cost benefit potential predicted within the 
next 10 years, wind onshore, PV, lignite and 
hard coal under favourable conditions will re-
main economically more attractive (cf. Figure 
21: 43). Furthermore, the degree of distribution 
stays limited to coastal areas and a transport of 
electricity will be required. Therefore, wind 
offshore remains strongly limited for DES and 
related business models. 

Small wind turbines for an urban setting are 
small-scale generation units with 100 kW or 
less capacity, either as rooftop or ground 
mounted installation, making them attractive in 
urban and rural areas, and allows the highest 
degree of distribution among wind turbine types 
(Gsänger and Pitteloud 2015). As wind power 
generation disproportionately depends on wind 
speed, its LCOE strongly differs on local condi-
tions and during the course of time. For exam-
ple, in Berlin an average LCOE of EUR 0.20 
per kWh is roughly imaginable.30 In addition, in 
a typical location near buildings, turbulent wind 
can outperform energy production of recent 
technologies with surplus of 20-40%. The po-
tential in Germany is seen for customers who 
desire a high degree of self-sufficiency, similar 
to the small-scale PV (Quiet Revolution 2011, 
in: Burger and Weinmann 2013). However, the 
market for small wind turbines is still in its in-
fancy stage (global small wind capacity ac-
count for 755 MW in end of 2013). Most recent-
ly the world market grew by 8% from 806,000 
units in 2012 to a cumulative total of at least 
870,000 units end of 2013. However, most of 
the installations in 2013 are distributed to Chi-
na (625,000 units), USA (157,500 units) and 
UK (24,000), even though Germany (14,500 
units) already ranked fourth with a surge of 
45% compared to 2011 (10,000 units in 2011) 
(Gsänger and Pitteloud 2015). 

To conclude, small wind industry is still under 
development and without any doubt economies 
of scale are needed in order to reduce relative-
ly high cost in the future. For this, institutional 
support is required (e.g. appropriate legal 
frameworks and support schemes) (Gsänger 
and Pitteloud 2015). 

Apart from wind power, Schleicher-Tappeser 
(2012) in general expects that many technolo-
gies for DEG can become more energy-
efficient and more environmentally friendly than 
large, central-station type power plants. Aggre-
gated in VPPs, small-scale generation units 
with renewables and flexible prosumers will be 
able to match any gradual change in utility 
loads very well (Schleicher-Tappeser 2012). 
Hence, the requirements of demand technolo-
gies are discussed as follows. 

                                                                 
30 For instance in 2012, the LCOE of a small turbine almost 
halves from EUR 0.38 per kWh with wind speed of 4 meter 
per second to EUR 0.20 per kWh with wind speed of 5 
meter per second. A wind speed of 6 meter per second 
even triples the electricity output (Klein-Windkraftanlagen 
2012). In Berlin for example the most frequent wind speed 
is 4 meter per second (SSU 1995), corresponding to EUR 
0.20 per kWh. 
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4.3.3.2 Distributed energy demand tech-
nologies 

DES and its related business models strongly 
depend on ICT, which has significantly pro-
gressed over the past decade, often termed as 
digital revolution. The convergence of digital 
and energy revolution is furthermore described 
as ‘Third Industrial Revolution’ (Rifkin 2011). A 
new layer of ICT enables a smart grid infra-
structure which instantaneously integrates dis-
tributed agents and electricity system compo-
nents of autonomous DES of all sizes in an 
increasingly efficient way (Burger and Wein-
mann 2013). For instance, system benefits of 
DSM measures are expected to strongly im-
prove with increasing share of RE in the elec-
tricity mix (Connect Energy Economics 2015). 

Consequently, investments in smart grid infra-
structure are a key enabler for DES with inter-
mitting wind and PV electricity generation as a 
fundament, especially to open up flexible con-
sumers and related business models (Burger 
and Weinmann 2013; Hall and Foxon 2014) 
referred to as distributed demand side manag-
er. Global smart grid investment reached 
USD 14.9 bn in 2013 (BNEF 2014) which is 
expected to grow to USD 25.2 bn in 2018 
(BNEF 2013). In Europe investment reached 
EUR 3.15 bn in 2014 (Covrig et al. 2014), 
mainly driven by new national and international 
policies and government incentives to achieve 
energy conservation and emission control, also 
to meet national climate goals (Shandurkova et 
al. 2012). Out of 578 smart grid project imple-
mentation sites in 33 European countries, 
Germany operates the majority share with 77 
(13.3%) (Covrig et al. 2014). 

Smart meter 
In particular smart meter systems, directly con-
nected to DEG or distributed load units, are 
fundamental for DES-related business model to 
access markets, as they allow bidirectional 
monitoring, communication and controllability 
between supply and demand. This bidirectional 
interaction is for instance required to perform 
contracted balancing services to the grid (e.g. 
feed-in management of DEG and/-or load 
management) (cf. section 2.2.3). A compre-
hensive roll-out strongly relies on institutional 
support as described previously (cf. section 
4.3.2). Based on the network development plan 
of TSOs (cf. Figure 20: 40), the roll-out is esti-
mated to EUR 4 bn (1%) of the total investment 
need by 2030 to implement the plan. In con-
trast, attributed investments into the TSO, DSO 
and grid maintenance is going to amount 

EUR 115 bn (cf. Figure 36, in Appx: K) (Ger-
bert et al. 2013). Considering the potential of 
dena’s (2014c) roll-out plus scenario for 2030, 
30% investment cost into grid reinforcement 
can be reduced through aggregated supply 
side and demand side management of DEG 
with renewables. This gives momentum to 
DES-related business models. 

4.3.3.3 Distributed energy storage tech-
nologies 

The economics of electricity storage devices 
becomes increasingly more attractive, following 
an evolutionary process which could impact the 
whole DES soon (Shandurkova et al. 2012). A 
variety of competing storage technologies are 
already or will be technically feasible in the 
near future with some of them more or less 
suitable for distributed DESs (Burger and 
Weinmann 2013). 

Electricity storage with batteries 
Battery technology is among the most promis-
ing distributed storage option, as it is a short-
term storage with discharge duration between 
minutes and hours, which is technically very 
complementary to the intermittency of PV and 
wind generation (Sterner et al. 2015). Its de-
velopment and investments is strongly driven 
by the expansion of the DEG share with re-
newables and reduction of conventional 
sources, which increases the fluctuation of 
prices on electricity markets. The larger related 
price differentials on wholesale, ancillary ser-
vice and retail markets become, the more at-
tractive electricity storage will be. Consequent-
ly, the expansion of distributed storage follows 
the expansion of DEG (Agora Energiewende 
2014; Wirth 2015; Sterner et al. 2015).  

However, a study by Adamek et al. (2012) es-
timates that our electricity system is able to 
handle up to 40% RE in the production mix 
without electricity storage systems, even if 
research and development, as well as pilot and 
demonstration projects are recommended. 
With regard to long-term targets for the Ener-
giewende (cf. Figure 2: 6) and predictions in 
the network development plan of TSOs (cf. 
Figure 20: 40), 40% RE in the production mix 
will be achieved not earlier than 2025. This 
indicates that the business model of a distrib-
uted storage side manager is going to become 
interesting within the upcoming years. Invest-
ments into storage in order to implement the 
network development plan of TSOs is estimat-
ed with EUR 3 bn (1%) of the total investment 
needs by 2030, which, however, does not in-
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clude private investments (cf. Figure 36, in 
Appx: K) (Gerbert et al. 2013). 

Private investments might be rather driven by 
economics of the battery sector, underwent 
extensive developments within the last five 
years, strongly driven by the global electric 
vehicle progress with lithium ion (li-ion) battery 
technology (Sterner et al. 2015). Since 2010 li-
ion battery technologies are following a con-
stant price-learning curve, similar to PV mod-
ules (cf. Figure 22: 44), amounting to a price 
drop of 21.6% when its global capacity is dou-
bled (cf. Figure 34 in Appx: J), which is ex-
pected to continue over the next decade (Lie-
breich 2015). According to recent analyses, the 
high price per kWh is projected to fall from 
around EUR 320 today to EUR 180 by 2020, 
and to EUR 100 by 2025 (cf. Figure 35 in Appx: 
K) (Hummel et al. 2014; Straubel 2015). 

PV-storage systems 
According to a recent study by Agora Ener-
giewende (2013) a scenario with wide spread 
distributed PV-storage systems is currently not 
economically desirable, as long as prices does 
not drop by 80%. 

In 2014 the LCOE for PV-battery storage sys-
tem for partial self-sufficiency in Germany is 
estimated between EUR 0.29 and EUR 0.51 
per kWh under different assumptions31 (IE 
2014). However, this indicates that a competi-
tive system price with li-ion battery and PV is 
already available under favourable condition, 
so that a substantial market for PV-home stor-
age systems is currently emerging. Neverthe-
less, the future profitability strongly depends on 
regulatory measures and the development of 
tariff structures (Agora Energiewende 2014; 
Sterner et al. 2015). However, additional reve-
nues could be achieved through commercial 
optimization of a distributed storage manager, 
who is aggregator and accessor to further mar-
kets (e.g. wholesale and ancillary service mar-
kets). 

In Germany around 10,000 PV-battery storage 
units are installed with a cumulated capacity of 
30-40 MWh (each 3-4 kWh in average) (Agora 
Energiewende 2014). The German Solar Asso-
ciation even estimates 15,000 installed home 
battery storage units in Germany at the end of 
2014 (Sterner et al. 2015). Furthermore, the 
first seven months of 2015 show an increasing 
number of subsidized solar PV-storage installa-
tions by 35% in a year in Germany, facilitated 

                                                                 
31 I.e. different real system prices, KfW-funding program 
275 and electricity price development (2-4% per year). 

by falling prices and the desire for energy inde-
pendence (Ali-Oettinger 2015). The market 
development is predicted to be dynamic and 
will take place in parallel to electric vehicle in 
medium-term. A particular strong impulse is 
expected from 2030, when huge amounts of 
PV installations run out of FiT. 700,000 PV-
battery storage units with capacity of 4 kWh 
each are conceivable by 2030. This represents 
an accumulated capacity of 600 MW by 2020 
and 3.4 GW by 2030, including upgrades of 
already installed EEG expiring PV modules 
(Agora Energiewende 2014). 

4.3.4 User practices and DES-related 
business models 

Burger and Weinmann emphasize that “decen-
tralized generation emotionalizes consumers 
by giving them the opportunity to become 
agents of change and to contribute to a better 
living environment” (2013: 186). A DES gives 
individuals and communities an additional di-
mension of freedom by having the choice of 
own (carbon-free) production. This new dimen-
sion is termed as empowerment32, a trigger 
which leads to much higher penetration rates of 
DEG than a mere cost-benefit analysis would 
suggest. In this context, the World Bank more 
concretely identifies four key elements that 
characterize and strengthen empowerment: 
access to information, inclusion and participa-
tion, local organizational capacity and account-
ability (Burger and Weinmann 2013). All those 
key elements can be seen as value proposi-
tions within DES-related business models. 

This strongly reflects the emerging energy 
prosumer, a consumer that among others at-
tributes also produces energy. The entity can 
be more than an individual, representing a 
household, an office, a community or similar. In 
modern electricity systems, the prosumer is a 
new and active participant that can be charac-
terized by DEG technologies, energy storage 
equipment, smart meters and other ICT, which 
also enables DSM. Based on a desire for ener-
gy independence, an affinity for technology and 
energy, environmental concerns, as well as the 
image of the utility (Fischer 2003; Leenheer et 
al. 2011), a prosumer can be (no must) an 
economically motivated entity that: 

                                                                 
32 “Empowerment is a multi-dimensional social process that 
helps people gain control over their own lives. It is a pro-
cess that fosters power (that is, the capacity to implement) 
in people, for use in their own lives, their communities, and 
in their society, by acting on issues that they define as 
important” (Page and Czuba 1999). 
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(1) “Consumes, produces, and stores en-
ergy in general 

(2) Optimizes his economics but also 
technological and environmental deci-
sions regarding his energy utilization 

(3) Becomes actively involved in the value 
creating effort of an energy service” 
(Shandurkova et al. 2012: 35) 

Research regarding the prosumer’s role in 
transforming electricity markets is still in its 
infancy but promising with regard to the rise of 
DES and with regard to new institutional or 
market incentive structures for energy invest-
ments (e.g. subsidies, FiT, load arbitrages) 
(Bremdal 2011; Shandurkova et al. 2012). Es-
pecially with regard to ownership structures of 
DEG (cf. Figure 5: 10), Germany states a lead-
ing role of its citizens and communities in the 
Energiewende and exemplarily underlines the 
evolving prosumer concept. Citizens form co-
operatives to drive the energy transition. Be-
tween 2001 and 2013, its number increased 
from 66 to 888, with a steep upward movement 
started in 2008 (Morris and Pehnt (2012) (cf. 
Figure 39 in Appx: N). 

The ongoing development of smart grid tech-
nologies allows better access to information 
and facilitates the integration of energy 
prosumers. Consequently, a rising number of 
new and active participants democratize the 
electricity system and affect the future grid 
design (Shandurkova et al. 2012). As an an-
swer to prosumption and DES also global 
technology and software vendors such as Sie-
mens or Schneider Electric extend and adapt 
their offerings. For example Siemens (2015) 
provides a software-based management sys-
tem for VPP in corporation with RWE. Schnei-
der Electric (2015) even created a prosumer 
business segment, called ’Prosumer Microgrid 
Solutions’. 

Consequently, DES-related business models 
can leverage opportunities by helping to eco-
nomically optimize energy self-sufficiency and 
autarky with eco-friendly distributed technolo-
gies. Based on single technological achieve-
ments and their systematic combination in 
complementary relation to the environment, 
distributed supply, demand and storage side 
manager should optimize economics under 
mutual benefits. 

For example Weniger et al. (2012) analyse the 
optimal component size of a combined system 
with PV and battery with regard to the degree 
of energy self-sufficiency and energy autarky 

under economic and environmental constraints. 
They conclude that large-scale PV generators 
will play an increasingly smaller relevance in 
the future, when absolute yield is the crucial 
factor. Their simulation reveals a cost-optimal 
system configuration, aiming to generate cost 
arbitrage benefits through self-sufficiency supe-
rior to decreasing FiT revenues (cf. Figure 23: 
45). PV systems are expected to shrink to 
small-scale units and small-scale batteries will 
not only be profitable but also the most eco-
nomical solution. The smaller the PV-battery 
system is, the higher the economically optimal 
degree of self-sufficiency will be (Weniger et al. 
2012). 

Weniger et al. (2012) show (cf. Figure 40 and 
Figure 41 in Appx: N and O) that an average 
household (4,700 kWh per year) with a 5 kW 
peak small-scale PV system can reach 30% 
energy autarky and 30% self-sufficiency with-
out battery. If this household adds a 2 kWh 
battery unit, it could increase its energy autarky 
to more than 40% and self-sufficiency to 50%. 
If it even doubles the battery unit up to 4 kWh, 
energy autarky would go up to more than 50% 
and energy self-sufficiency to 60%. If the 
household further enlarges the battery sys-
tems, energy autarky and energy self-
sufficiency would only slightly and dispropor-
tionally increase, as the battery storage units 
do not discharge sufficiently during night, so 
that a certain amount of capacity will not be 
available during the next day. Furthermore, a 
higher autarky goal than 80% is economically 
not viable under optimal cost constraints, as 
expensive batteries would be disproportionate-
ly needed (Weniger et al. 2012).  

However, apart from economic aspects, which 
definitely push forward prosumer behaviour 
and facilitate DES-related business models, 
consumers need to accept and buy also new 
products such as new ICT and energy technol-
ogies to even optimize load management and 
possible profits in the near future: “Smart me-
ters or electric vehicles are prime examples 
that new technologies are available but that 
they may not be adopted unless regulatory 
incentives are introduced” (Burger and Wein-
mann 2013: 12-13). It is still not clear how such 
regulatory incentives would need to look like. 

4.3.5 BMI between CES- and DES-related 
business models 

CES- and DES-related business models 
strongly compete with each other. On the one 
hand, the first mentioned mainly drives its rev-
enues by increasing fixed retail price, decreas-
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ing generation cost through large-scale appli-
cations and increasing their number of custom-
er contracts as well as increasing their electrici-
ty consumption. On the other hand, DES-
related business models are of more complex 
nature, by integrating and optimizing distributed 
small-scale, intermitting RE generation, DSM 
and storage into one system. Revenues in-
crease with the mutual benefits between the 
company and its customer, because profits 
from system optimization will be shared ac-
cordingly. Technically, it would be possible to 
replace the CES with a DES, however the eco-
nomics still need to be elaborated or further 
developed. But already today DEG with renew-
ables increasingly reduces the operating hours 
of conventional, centralized power plants and 
threatens their economics (Burger and Wein-
mann 2013). However, one of Richter’s “key 
finding is that utilities do not perceive distribut-
ed PV as a threat to their current business 
models nor do they see it as a potential market 
for them” (2013b: 456). They perceive renewa-
bles as a new centralized generation technolo-
gy, which will solely substitute centralized as-
sets in a CES, but not accelerate DESs (Rich-
ter 2013a). Such retention is also perceived as 
a consequence of the capital-intense nature of 
the CES business. Utilities have bound huge 
investments in the ownership of existing power 
plant infrastructure with long maturities and 
hence resist new business practices with sub-
stituting and cannibalizing generation technol-
ogies with renewables. Therefore, they rather 
hinder new competitors to capture the market 
(Wüstenhagen and Boehnke 2008). 

Furthermore, utilities lack a sufficient economic 
benefit from a RE business model, beyond a 
pure transmission and distribution of electricity 
(Richter 2013a). Whereas a fossil-based gen-
eration system continuously generates margin-
al cost which could be attached and sold with a 
premium, the business with wind and PV is 
possible with almost zero marginal cost. 

Apart from the over-supply through DEG, DES-
related business models will redefine the role 
of struggling incumbent utilities business mod-
els (unidirectional) by strengthening the power 
of consumers and prosumers (bidirectional). 
Consequently, this is going to weaken the bar-
gaining position of the CES-related business 
model (Marko 2014). 

The distributed demand side manager helps to 
reduce and shift peak load times, which addi-
tionally reduces the demand for peak load 
power plants, another revenue source of the 
incumbent CES-related business model. Espe-

cially permanent energy efficiency is generally 
expected to become a separate major business 
model for utilities, because it cannibalizes the 
incumbent electricity volume-oriented revenue 
model (Burger and Weinmann 2013; Gerbert et 
al. 2013; Richter 2013b; Fox-Penner 2014). 

As a consequence, incumbent utilities attempt 
to look for new business models, being pres-
sured by an upcoming number of prosumers 
and PV installation. For instance, the BIG4 
utilities in Germany are strongly affected. As a 
consequence, E.ON recently announced the 
most radical, new strategic course, deciding 
the split of its non-renewable generation assets 
and the strict focus on a business model exclu-
sively with renewables (E.ON 2014a). Also 
“RWE wants to move away from simply being a 
developer and owner of concentrated power 
plants and instead use its expertise to help 
manage and integrate renewables into the grid” 
(Lacey 2013) and attempts to implement a 
‘prosumer business model’ (RWE 2015c). 
Nevertheless, Frantzis et al. remark that “the 
organizational structure of today’s utilities does 
not facilitate the adoption of the new business 
models” (2008: 80). For example Sosna et al. 
(2010) refer to limited mental models and 
‘bounded rationality’ of incumbent managers, 
hindering to exploit radical BMI under uncer-
tainty and unpredictability of fast-evolving mar-
kets, especially as long as common business 
practice generate revenues. 

For example CES-related managers rather 
apply the traditional economies of scale per-
spective to the DES and neglect potentially 
different other value propositions (Richter 
2013a; WEC 2014). For example the traditional 
LOCE of small-scale generators is higher than 
of large-scale application, but an evolving bidi-
rectional customer and prosumer interaction 
leverages new value streams (e.g. risk alloca-
tion through distribution of intermitting renewa-
bles) and cost benefits (e.g. deferred invest-
ment into grid reinforcement of 30% (Frantzis 
et al. 2008; dena 2014c), CES vs. DES elec-
tricity price arbitrage (cf. Figure 23: 45) or DSM 
benefits). In times of growing retail electricity 
prices, Richter (2013a) for instance highlights a 
value proposition of a Dutch energy provider, 
which guarantees stable prices for a long-term 
period. Customers are equipped with own DEG 
units (i.e. roof-top PV) sponsored by the energy 
provider and pay a fixed tariff, similar to the 
current retail price for grey electricity over the 
next 20 years. Additional electricity demand is 
further covered by the CES. 
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Nevertheless, incumbent utilities, especially the 
BIG4, are slowly starting to realize benefits out 
of DES-related business models (Burger and 
Weinmann 2013). From an investment per-
spective, they have already lost significant 
ownership share in the DEG market (cf. Figure 
5: 10), incapable for BMI towards a DES (Rich-
ter 2013a). In particular citizens and energy 
cooperatives (46.6%), but also institutional and 
strategic investors (41.5%) (trend:research and 
LU 2013) are owning Germany’s RE genera-
tion capacity and increasingly taking over con-
trol in the electricity system, strongly driven by 
a snowball effect idealism. 
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5 Conclusion 
This thesis develops and applies an own ana-
lytical framework to pick out specific elements 
of a complex transition in the energy sector, 
namely the coevolutionary BMI through DESs 
within Germany’s Energiewende. For this, a 
comprehensive background highlights not only 
the complex functionality, but especially the far-
reaching changes of Germany’s electricity sys-
tem, which substantially impact the incumbent 
CES-related business models’ success. 

However, answering research question (1) the 
analysis also shows new opportunities for co-
evolutionary BMI with regard to new DES-
related business models, following three main 
challenges: (1) the intermittency of RE and its 
attributed need for system flexibility, (2) an 
increasing degree of (optimal) distribution of 
RE generation and its (remote, collective) con-
trollability, as well as (3) the externalization of 
ownership structures of DEG by citizens 
(prosumers) and its need for energy services. 
In alignment with relevant domains of the DES, 
three generic modules of DES-related business 
models for new green service utilities can be 
derived from theory and practice: the Distribut-
ed Supply, Demand and Storage Side Manag-
er. In comparison to CES-related business 
models, they most importantly distinguish with 
regard to their strong customer interaction and 
proximity, their high degree of specialization 
and their revenue model based on mutual ben-
efits through optimization services rather than 
on sales volume extension. 

Answering research question (2), bearing in 
mind recent and emerging developments, and 
the interactions within the coevolutionary busi-
ness model framework, evidence from this 
Master thesis suggests that the three modules 
of DES-related business models are already or 
increasingly become attractive within its selec-
tion environment. With regard to the five sub-
systems, firstly path-dependency among them 
can be shown: concerned about harmful im-
pacts of climate change and the risks of nucle-
ar power such as the nuclear incident in Fuku-
shima (ecosystem), the German government 
introduced the Energiewende (institutions) to 
successfully give momentum to the expansion 
of RE (technologies). This attracts and enables 
citizens (e.g. prosumers) to produce own elec-
tricity (new user practice). Finally, based on 
innovative DEG, storage and ICT technologies, 
promising opportunities for new DES-related 
business models evolve. Secondly, among the 
five subsystems, the mutual interaction of 

technologies and user practice with DES-
related business model is uncovered as most 
important for its momentum at the current 
stage. Whereas wind already achieved a high 
level of maturity with sufficient technical and 
economic potential in Germany, PV revealed 
very promising economy of scale and learning 
curve effects as well as suitability for DES-
related business models in the near future. 
Their competiveness is additionally strength-
ened by rising primary energy prices for con-
ventional power generation. 

Furthermore, given the high retail electricity 
price for households, energy autarky and self-
sufficiency under favourable conditions already 
are, and continuously become economically 
attractive without FiT support. This incentivizes 
a new user practice, termed as prosumption, 
where own produced and consumed energy 
creates substantial cost benefits (i.e. arbitrage). 
Even though electricity storage with batteries is 
seen as a useful complement to RE genera-
tion, a potential large-scale deployment is ra-
ther attractive in a medium-term. However, the 
application of DSM services with smart grid 
technologies unveils economic potential (e.g. 
reduce 30% investment cost into grid rein-
forcement, among others, based on customer’s 
permanent (10-20%) and flexible (5-10%) load 
management saving potentials which is already 
being exploited by new green service utilities 
(e.g. Entelios and Next-Kraftwerke)). 

However, the institutional subsystem can be 
seen as an accelerator and inhibitor for all 
three modules of DES-related business mod-
els. Although governmental support in form of 
incentive structures (e.g. FiT) was especially 
impelling to mature RE technologies in the 
past, currently of more importance are regula-
tive interventions to potentially leverage the 
deployment of complementary technologies 
(e.g. smart meter roll-out in order to fulfil re-
quirements for VPPs, DSM and storage appli-
cation) and to access ancillary service, whole-
sale and retail electricity markets. 

The fourth ecosystem perspective unveils no 
direct interaction with DES-related business 
models, although it is assumed to importantly 
influence the other subsystems. However, as 
long as no direct economic benefits can be 
incorporated into a business model (e.g. effi-
cient emission trading schemes) its direct influ-
ence is difficult to prove. 

Finally, BMI between CES- and DES-related 
business models reveals different viewpoints. 
Even though incumbent utilities are recently 
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struggling with their CES-related business 
model, they show no serious innovation to-
wards DES, seeing no competitive advantage 
with DES-related business models. One key 
barrier is seen in their two contradicting reve-
nue models, strongly competing with each oth-
er. Whereas DES-related business models 
help to optimize profits and reduce costs (i.e. 
reduce consumption), the CES-related busi-
ness model benefits from sales volume exten-
sion (i.e. increase consumption). Furthermore, 
incumbents rather put emphasis on large-scale 
application and leverage benefits from econo-
mies of scale instead of benefiting from a high 
degree of distribution of small-scale DEG with 
less costs for electricity transmission and dis-
tribution. 

Future research 
Several methodical and practical limitations are 
underlined for this study (cf. section 3.3.3), 
providing starting points for future research. To 
begin with, this thesis firstly applies an own 
shaped coevolutionary business model frame-
work to Germany’s Energiewende with a spe-
cial focus on DES-related business models. 

From a methodological point of view, both ele-
ments of the combined framework (i.e. coevo-
lutionary and business model framework) are 
still in its research infancy, so that only future 
applications support further development 
through pass on findings. Therefore, this thesis 
provides several initial results, but highly rec-
ommends further primary data collection in 
order to empirically test uncovered findings as 
well as highlight unknown interdependencies. 

From a practical point of view, even though this 
thesis attempts to handle coevolutionary com-
plexity within the Energiewende, some ques-
tions for further research are left open. For 
example, although many players with DES-
related business models can be unveiled, less 
detailed empirical data is available in order to 
enrich information about generic modules of 
DES-related business models. Furthermore, 
this thesis focuses mainly on impulses of sub-
systems on DES-related business models, but 
does not analyse the mutual interaction of sub-
systems. Finally, this study mainly concen-
trates on a national perspective, even though a 
strong European and even global interrelation 
are worth to take a look into. 
 



MES-Perspektiven 1/2016 

54 

References 
 

Monographs 
Beinhocker, E.D. (2006): The Origin of Wealth. Evolution, Complexity and the Radical Re-

making of Economics, 1st Edition, Boston: Harvard Business Publishing. 
Burger, C. and Weinmann, J. (2013): The Decentralized Energy Revolution. Business Strat-

egies for a New Paradigm, 1st Edition, New York: Palgrave Macmillan. 
Darwin, C. (1859): On the Origin of Species by Means of Natural Selection, or the Preserva-

tion of Favoured Races in the Struggle for Life, 1st Edition, London: John Murray. 
Droste-Franke B.; Paal, B.P.; Rehtanz, C.; Sauer, D.U.; Schneider, J.-P.; Schreurs, M. 

and Ziesemer, T. (2012): Balancing Renewable Electricity. Energy Storage, Demand Side 
Management, and Network Extension from an Interdisciplinary Perspective, 1st Edition, 
Heidelberg: Springer. 

Fischer, W. (1992): Die Geschichte der Stromversorgung, 1st Edition, Frankfurt am Main: 
Verlags- und Wirtschaftsgesellschaft der Elektrizitätswerke. 

Fox-Penner, P. (2014): Smart Power. Climate Change, the Smart Grid, and the Future of 
Electric Utilities, 2nd Edition, Washington D.C.: Island Press. 

Gassmann, O.; Frankenberger, K. and Csik, M. (2013): Geschäftsmodelle entwickeln. 55 
innovative Konzepte mit dem St. Galler Business Model Navigator, 1st Edition, Munich: 
Hanser. 

Guerrero-Lemus, R. and Martinez-Duart, J.M. (2013): Renewable Energies and CO2. Cost 
Analysis, Environmental Impacts and Technological Trends- 2012 Edition, 1st Edition, Lon-
don: Springer. 

Knieps, G. and Brunekreeft, G. (2003): Zwischen Regulierung und Wettbewerb. Ne-
tzsektoren in Deutschland, 2nd Edition, Berlin: Springer. 

Konstantin, P. (2013): Praxisbuch Energiewirtschaft. Energieumwandlung, -transport, und -
beschaffung im liberalisierten Markt, 1st Edition, Berlin: Springer. 

Krause, F.; Bossel, H. and Müller-Reißmann, K.-F. (1980): Energie-Wende. Wachstum und 
Wohlstand ohne Erdöl und Uran, Freiburg: Fischer. 

Müller, L. (2001): Handbuch der Elektrizitätswirtschaft. Technische, wirtschaftliche und recht-
liche Grundlagen, 2nd Edition, Berlin: Springer. 

Murmann, J.P. (2003): Knowledge and Competitive Advantage. The Coevolution of Firms, 1st 
Edition, New York: Cambridge University Press. 

Nelson, R.R. and Winter, S.G. (1982): An Evolutionary Theory of Economic Change, 1st Edi-
tion, Cambridge (Massachusetts): Harvard University Press. 

Norgaard, R.B. (1994): Development Betrayed. The End of Progress and a Coevolutionary 
Revisioning of the Future, 1st Edition, New York: Routledge. 

North, D.C. (1990): Institutions, Institutional Change and Economic Performance, 1st Edition, 
Cambridge: Cambridge University Press. 

Orecchini, F. and Naso, V. (2012): Energy Systems in the Era of Energy Vectors. A Key to 
Define, Analyze and Design Energy Systems Beyond Fossil Fuels, 1st Edition, London: 
Springer. 



MES-Perspektiven 1/2016 

55 

Osterwalder, A. and Pigneur, Y. (2010): Business Model Generation. A Handbook for Vi-
sionaries, Game Changers, and Challengers, 1st Edition, Hoboken: John Wiley & Sons. 

Rifkin, J. (2011): The Third Industrial Revolution. How Lateral Power is Transforming Energy, 
the Economy, and the World, 1st Edition, New York: Palgrave MacMillan. 

Saunders, M.; Lewis, P. and Thornhill, A. (2009): Research Methods for Business Stu-
dents, 5th Edition, Harlow: Pearson Education. 

Schumpeter, J.A. (1942): Capitalism, Socialism and Democracy, 1st Edition, New York: Har-
per and Row. 

Schumpeter, J.A. (1934): The Theory of Economic Development. An Inquiry Into Profits, 
Capital, Credit, Interest, and the Business Cycle, 1st Edition, Cambridge (Massachusetts): 
Harvard University Press. 

Tapscott, D. (1997): The Digital Economy. Promise and Peril In The Age of Networked Intel-
ligence, 1st Edition, New York: McGraw-Hill. 

Tapscott, D. and Williams, A.D. (2006): WIKINOMICS. How Mass Collaboration Changes 
Everything, 1st Edition, New York: Penguin Group. 

Toffler, A. (1980): The Third Wave, 1st Edition, New York: Morrow. 
Trapp M. (2014): Realizing Business Model Innovation. A Strategic Approach for Business 

Unit Managers, 1st Edition, Wiesbaden: Springer Gabler. 
 
Collected editions 
Fischer, C. (2003): Users as Pioneers: Transformation in the Electricity System, MicroCHP 

and the Role of the Users, in: Jacob, K.; Binder, M. and Wieczorek, A. (2004): Governance 
for Industrial Transformation. Proceedings of the 2003 Berlin Conference on the Human 
Dimensions of Global Environmental Change, Berlin: Environmental Policy Research Cen-
tre, pp. 319–337, http://userpage.fu-berlin.de, [Retrieved on 24.06.2015]. 

Ibrahim H. and Ilinca, A. (2013): Techno-Economic Analysis of Different Energy Storage 
Technologies, in: Zobaa, A.F. (2013): Energy Storage. Technologies and Applications, 
Online Open Access Book Chapters: InTech, http://www.intechopen.com, [Retrieved on 
24.06.2015].  

Schneidewind, U. and Scheck, H. (2012): Zur Transformation des Energiesektors – ein 
Blick aus der Perspektive der Transition-Forschung, in: Servatius, H.-G., Schneidewind, U. 
and Rohlfing, D. (2012): Smart Energy. Wandel zu einem nachhaltigen Energiesystem, 1st 
Edition, Heidelberg: Springer, pp. 45-62. 

Schoettl, J. and Lehmann-Ortega, L. (2011): Photovoltaic business models: threat or oppor-
tunity for utilities?, in: Wüstenhagen, R. and Wuebker, R. (2011): Handbook of research on 
energy entrepreneurship, 1st Edition, Cheltenham: Edward Elgar Publishing, pp. 145-171. 

Schwinkendorf, V. (2009): An Industry Overview – Strategic Groups and Critical Success 
Factors, in: Bausch, A. and Schwenker, B. (2009): Handbook Utility Management, 1st Edi-
tion, Heidelberg: Springer, pp. 137-146. 

Starace, F. (2009): The Utility Industry in 2020, in: Bausch, A. and Schwenker, B. (2009): 
Handbook Utility Management, 1st Edition, Heidelberg: Springer, pp. 147-168. 

Wüstenhagen, R. and Boehnke; J. (2008): Business models for sustainable energy, in: 
Tukker, A.; Charter, M.; Vezzoli, C.; Sto, E. and Andersen, M.M. (2008): System Innova-
tion for Sustainability 1. Perspectives on Radical Changes to Sustainable Consumption 
and Production, 1st Edition, Sheffield: Greenleaf Publishing, pp. 70-79. 

http://userpage.fu-berlin.de/ffu/akumwelt/bc2003/proceedings/2003%20Proceedings.pdf
http://www.intechopen.com/books/energy-storage-technologies-and-applications


MES-Perspektiven 1/2016 

56 

 
Journal articles 
Amit, R. and Zott, C. (2012): Creating Value through Business Model Innovation, in: MIT 

Sloan Management Review, Vol. 53(3), pp. 40-49. 
Baden-Fuller, C. and Haefliger S. (2013): Business Models and Technological Innovation, 

in: Long Range Planning, Vol. 46, pp. 419-426. 
Baden-Fuller, C. and Morgan, M.S. (2010): Business models as models, in: Long Range 

Planning, Vol. 43(2-3), pp. 156-171. 
Balaguer, A. and Marinova, D. (2006): Sectoral Transformation in the Photovoltaics Industry 

in Australia, Germany and Japan: Contrasting the Co-evolution of Actors, Knowledge, In-
stitutions and Markets, in: Prometheus, Vol. 24(3), pp. 323-339. 

Biegel, B.; Hansen, L.H.; Stoustrup, J.; Andersen, P. and Harbo, S. (2014): Value of flexi-
ble consumption in the electricity markets, in: Energy, Vol. 66, pp. 354-362. 

Bocken, N.M.P.; Short, S.W.; Rana, P. and Evans, S. (2014): A literature and practice re-
view to develop sustainable business model archetypes, in: Journal of Cleaner Production, 
Vol. 65, pp. 42-56. 

Branker, K.; Pathak, M.J.M. and Pearcea, J.M. (2011): A review of solar photovoltaic lev-
elized cost of electricity, in: Renewable and Sustainable Energy Reviews, Vol. 15, pp. 
4470-4482. 

Buber, T.; Gruber, A. and von Roon, S. (2013): Lastmanagement für Systemdienstleistung-
en und zur Reduktion der Spitzenlast, in: Vierteljahrshefte zur Wirtschaftsforschung (DIW 
Berlin), Vol. 82, pp. 89-106. 

Chesbrough, H. (2010): Business Model Innovation: Opportunities and Barriers, in: Long 
Range Planning, Vol. 43(2-3), pp. 354-363. 

Chesbrough, H. and Rosenbloom, R.S. (2002): The role of the business model in capturing 
value from innovation: evidence from Xerox Corporations technology spin-off companies, 
in: Industrial and Corporate Change, Vol. 11(3), pp. 529-555. 

Coenen, L.; Benneworth, P. and Truffer, B. (2012): Toward a spatial perspective on sus-
tainability transitions, in: Research Policy, Vol. 41(6), pp. 968-979. 

Foxon, T.J. (2011): A coevolutionary framework for analysing a transition to a sustainable 
low, in: Ecological Economics, Vol. 70(12), pp. 2258-2267. 

Giesen, E.; Berman, S.J.; Bell, R. and Blitz, A. (2007): Three ways to successfully innovate 
your business model, in: Strategy and Leadership, Vol. 35(6), pp. 27-33. 

Grünewald, P.H.; Cockerill, T.T.; Contestabile, M. and Pearson, P.J.G. (2012): The socio-
technical transition of distributed electricity storage into future networks – System value 
and stakeholder views, in: Energy Policy, Vol. 50, pp. 449-457. 

Gual M.A. and Norgaard, R.B. (2010): Bridging ecological and social systems coevolution: A 
review and proposal, in: Ecological Economics, Vol. 69(4), pp. 707-717. 

Hall, S. and Foxon, T.J. (2014): Values in the Smart Grid: The co-evolving political economy 
of smart distribution, in: Energy Policy, Vol. 74, pp. 600-609. 

Hannon, M.J.; Foxon, T.J. and Gale, W.F. (2013): The co-evolutionary relationship between 
Energy Service Companies and the UK energy system: Implications for a low-carbon tran-
sition, in: Energy Policy, Vol. 61, pp. 1031-1045. 



MES-Perspektiven 1/2016 

57 

He, X.; Delarue, E.; D'haeseleer, W. and Glachant, J.-M. (2011): A novel business model 
for aggregating the values of electricity storage, in: Energy Policy, Vol. 39(3), pp. 1575-
1585. 

Henderson, R. (1993): Underinvestment and Incompetence as Responses to Radical Inno-
vation: Evidence from the Photolithographic Alignment Equipment Industry, in: The RAND 
Journal of Economics, Vol. 24(2), pp. 248-270. 

Hittinger, E.; Wiley, T.; Kluza, J. and Whitacre, J. (2015): Evaluating the value of batteries 
in microgrid electricity systems using an improved Energy Systems Model, in: Energy 
Conversion and Management, Vol. 89, pp. 458-472. 

Hodgson, G.M. (2010): Darwinian coevolution of organisations and the environment, in: Eco-
logical Economics, Vol. 69(4), pp. 700-706. 

Hodgson, G.M. (2005): Generalizing Darwinism to Social Evolution: Some Early Attempts, in: 
Journal of Economic Issues, Vol. 39(4), pp. 899-914. 

Hodgson, G.M. and Knudsen, T. (2004): Why we need a generalized Darwinism: and why a 
generalized Darwinism is not enough, in: Journal of Economic Behaviour and Organisa-
tion, Vol. 61(1), pp. 1-19. 

Kallis, G. and Norgaard, R.B. (2010): Coevolutionary ecological economics, in: Ecological 
Economics, Vol. 69(4), pp. 690-699. 

Koliou, E.; Eid, C.; Chaves-Ávila, J.P. and Hakvoort, R.A. (2014): Demand response in 
liberalized electricity markets: Analysis of aggregated load participation in the German bal-
ancing mechanism, in: Energy, Vol. 71, pp. 245-254. 

Leenheer, J.; de Nooij, M. and Sheikh, O. (2011): Own power: Motives of having electricity 
without the energy company, in: Energy Policy, Vol. 39(9), pp. 5621-5629. 

Lütkehus, I. and Salecker, H. (2013): Onshore Wind Energy Potential in Germany. Current 
study by the Federal Environment Agency on the nationwide area and output potential, in: 
DEWI Magazin, No. 43, pp. 23-28, http://www.dewi.de, [Retrieved on 24.06.2015]. 

Manner, M. and Gowdy, J. (2010): The evolution of social and moral behaviour: evolutionary 
insights for public policy, in: Ecological Economics, Vol. 69(4), pp. 753-761. 

Mason, K. and Spring, M. (2011): The sites and practices of business models, in: Industrial 
Marketing Management, Vol. 40(6), pp. 1032-1041. 

McKelvey, B. (1997): Quasi-natural Organization Science, in: Organization Science, Vol. 
8(4), pp. 352-380. 

Mitchell, D. and Coles, C. (2003): The ultimate competitive advantage of continuing busi-
ness model innovation, in: Journal of Business Strategy, Vol. 24(5), pp. 15-21. 

Murmann, J.P. (2013): The Coevolution of Industries and Important Features of Their Envi-
ronments, in: Organization Science, Vol. 24(1), pp. 58-78. 

Newman, G. and Mutale, J. (2010): Characterising Virtual Power Plants, in: International 
Journal of Electrical Engineering Education, Vol. 46(4), pp. 307-318. 

Norgaard, R.B. (1981): Sociosystem and ecosystem coevolution in the Amazon, in: Journal 
of Environmental Economics and Management, Vol. 8(3), pp. 238–254. 

Osterwalder, A.; Pigneur, Y. and Tucci, C. (2005): Clarifying Business Models: Origins, 
Present and Future of the Concept, in: Communications of the Association for Information 
Systems, Vol. 15, pp. 1-25. 

http://www.dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_43/05.pdf


MES-Perspektiven 1/2016 

58 

Page, N. and Czuba, C.E. (1999): Actually Empowerment: What is it?, in: Journal of Exten-
sion, Vol. 37(5), http://www.joe.org, [Retrieved on 24.06.2015]. 

Provance, M.; Donnelly, R.G. and Carayannis, E.G. (2011): Institutional influences on 
business model choice by new ventures in the microgenerated energy industry, in: Energy 
Policy, Vol. 39, pp. 5630-5637. 

Rammel, C.; McIntosh, B.S. and Jeffrey, P. (2007): Where to now? A critical synthesis of 
contemporary contributions to the application of (co)evolutionary theory and discussion of 
research needs, in: International Journal of Sustainable Development and World Ecology, 
Vol. 14(1), pp. 109-118. 

Richter, M. (2013a): Business model innovation for sustainable energy: German utilities and 
renewable energy, in: Energy Policy, Vol. 62, pp. 1226-1237. 

Richter, M. (2013b): German utilities and distributed PV: How to overcome barriers to busi-
ness model innovation, in: Renewable Energy, Vol. 55, pp. 456-466. 

Ropke, I. (2009): Theories of practice – New inspiration for ecological economic studies on 
consumption, in: Ecological Economics, Vol. 68(10), pp. 2490-2497. 

Schleicher-Tappeser, R. (2012): How renewables will change electricity markets in the next 
five years, in: Energy Policy, Vol. 48, pp. 64-75. 

Sosna, M.; Trevinyo-Rodriguez, R.N. and Velamuri, S.R. (2010): Business model innova-
tion through trail-and-error learning, in: Long Range Planning, Vol. 43(2-3), pp. 383-407. 

Taylor, P.G.; Bolton, R.; Stone, D. and Upham, P. (2013): Developing pathways for energy 
storage in the UK using a coevolutionary framework, in: Energy Policy, Vol. 63, pp. 230-
243. 

Teece, D.J. (2010): Business models, business strategy and innovation, in: Long Range 
Planning, Vol. 43(2–3), pp. 172-194. 

Turner, C. (2012): Deinternationalisation: towards a coevolutionary framework, in: European 
Business Review, Vol. 24(2), pp. 92 -105. 

van den Bergh, J.; Faber, A.; Idenburg, A. and Oosterhuis, F. (2006): Survival of the 
greenest: evolutionary economics and policies for energy innovation, in: Environmental 
Sciences, Vol. 3(1), pp. 57-71. 

Zott, C.; Amit, R. and Massa, L. (2011): The Business Model: Recent Developments and 
Future Research, in: Journal of Management, Vol. 37(4), pp. 1019-1042. 

Dissertation 
Bartel, K. (2011): Wettbewerbsprobleme auf dem deutschen Energiemarkt durch Unterneh-

menszusammenschlüsse. Entflechtung als Mittel der Marktöffnung. Band 53, 1st Edition, 
Berlin: Lit Verlag. 

 
Legal regulations 
Bundesnetzagentur (2014): Genehmigung des Szenariorahmens für die Netzentwicklung-

splanung und Offshore-Netzentwicklungsplanung gem. § 12a Abs. 3 EnWG, File number: 
6.00.03.05/14-12-19/Szenariorahmen 2025, Bundesnetzagentur, 19.12.2014, 
http://www.netzausbau.de, [Retrieved on 24.06.2015]. 

Monopolkommission (2004): Wettbewerbspolitik im Schatten ‘Nationaler Champions‘, 
Fünfzehntes Hauptgutachten der Monopolkommission gemäß § 44 Abs. 1 Satz 1 GWB, 
2002/2003, http://www.energieverbraucher.de, [Retrieved on 01.08.2015]. 

http://www.joe.org/joe/1999october/comm1.php
http://www.netzausbau.de/SharedDocs/Downloads/DE/Delta/Szenariorahmen/Szenariorahmen_2025_Genehmigung.pdf?__blob=publicationFile
http://www.energieverbraucher.de/files_db/dl_mg_1089736862.pdf


MES-Perspektiven 1/2016 

59 

 
Research studies 
Adamek, F.; Aundrup, T.; Glaunsinger, W.; Kleimaier, M.; Landinger, H.; Leuthold, M.; 

Lunz, B.; Moser, A.; Pape, C.; Pluntke, H.; Rotering, N.; Sauer, D. U.; Sterner, M. and 
Wellßow, W. (2012): Energiespeicher für die Energiewende. Speicherungsbedarf und 
Auswirkungen auf das Übertragungsnetz für Szenarien bis 2050, Study by Energietech-
nische Gesellschaft im VDE (ETG), June 2012, http://www.chemieingenieurwesen.de, Re-
trieved on 24.06.2015]. 

Agora Energiewende (2014): Stromspeicher in der Energiewende. Untersuchung zum Be-
darf an neuen Stromspeichern in Deutschland für den Erzeugungsausgleich, Sys-
temdienstleistungen und im Verteilnetz, Study by Agora Energiewende, September 2014, 
http://www.agora-energiewende.de, [Retrieved on 24.06.2015]. 

Agora Energiewende (2013): Kostenoptimaler Ausbau der Erneuerbaren Energien in 
Deutschland. Ein Vergleich möglicher Strategien für den Ausbau von Wind- und So-
larenergie in Deutschland bis 2033, Study by Agora Energiewende, May 2013, 
http://www.agora-energiewende.de, [Retrieved on 24.06.2015]. 

Arriag, I.P.; Knittel, C.R. and Lester, R. (2014): The MIT Utility of the Future Study. Pro-
spectus for an Interdisciplinary MIT Energy Initiative Consortium, Study by Massachusetts 
Institute of Technology Energy Initiative, 2014, https://mitei.mit.edu, [Retrieved on 
28.08.2015]. 

Connect Energy Economics (2015): Aktionsplan Lastmanagement. Endbericht einer Studie 
von Connect Energy Ecomomics, Study by Connect Energy Economics on behalf of Agora 
Energiewende, April 2015, http://www.agora-energiewende.de, [Retrieved on 24.06.2015]. 

Covrig, C.F.; Ardelean, M.; Vasiljevska, J.; Mengolini, A.; Fulli, G. and Amoiralis, E. 
(2014): Smart Grid Projects Outlook 2014, Study by European Commission Joint Research 
Centre, 2014, https://ec.europa.eu, [Retrieved on 24.06.2015]. 

Degenhart, H. and Nestle, U. (2014): Marktrealität von Bürgerenergie und mögliche Auswir-
kungen von regulatorischen Eingriffen, Study by Leuphana University Lüneburg and Nestle 
on behalf of Bündnis Bürgerenergie e.V. (BBEn) and Bund für Umwelt und Naturschutz 
Deutschland e.V. (BUND), April 2014, http://www.bund.net, [Retrieved on 24.06.2015]. 

dena (2014b): dena-Studie Systemdienstleistungen 2030. Voraussetzungen für eine sichere 
und zuverlässige Stromversorgung mit hohem Anteil erneuerbarer Energien, Study by 
Deutsche Energie-Agentur Gmbh (dena), 11.02.2014, http://www.dena.de, Retrieved on 
24.06.2015]. 

dena (2014c): Einführung von Smart Meter in Deutschland. Analyse von Rolloutszenarien 
und ihrer regulatorischen Implikationen, Study by Deutsche Energie-Agentur GmbH (de-
na), 08.07.2014, http://www.dena.de, Retrieved on 24.06.2015]. 

EFZN (2013): Studie. Eignung von Speichertechnologien zum Erhalt der Systemsicherheit, 
Study by Energieforschungszentrum Niedersachsen (efzn), 08.03.2013, 
http://www.bmwi.de, [Retrieved on 24.06.2015]. 

EuPD Research (2013): Photovoltaik-Preismonitor Deutschland. German PV ModulePrice-
Monitor© 2013, Results of 1st Quarter, Study by EuPD Research on behalf of Bun-
desverband Solarwirtschaft e.V. (BSW-Solar), 2013, http://www.solarwirtschaft.de, [Re-
trieved on 24.06.2015]. 

Gerbert, P.; Herhold, P.; Heuskel, D. and Klose, F. (2013): Trendstudie 2030+. Kompeten-
zinitiative Energie des BDI, Study by Boston Consulting Group on behalf of Bun-

http://www.chemieingenieurwesen.de/VDE-Studie_Energiespeicher_Kurzfassung.pdf
http://www.agora-energiewende.de/fileadmin/downloads/publikationen/Studien/Speicher_in_der_Energiewende/Agora_Speicherstudie_Web.pdf
http://www.agora-energiewende.de/fileadmin/downloads/presse/Pk_Optimierungsstudie/Agora_Studie_Kostenoptimaler_Ausbau_der_EE_Web_optimiert.pdf
https://mitei.mit.edu/system/files/20141015-Utility-Future-Study-Prospectus.pdf
http://www.agora-energiewende.de/fileadmin/Projekte/2014/aktionsplan-lastmanagement/Agora_Aktionsplan_Lastmanagement_web.pdf
https://ec.europa.eu/jrc/sites/default/files/ld-na-26651-en-n_smart_grid_projects_outlook_2014_-_online.pdf
http://www.bund.net/fileadmin/bundnet/pdfs/klima_und_energie/140407_bund_klima_energie_buergerenergie_studie.pdf
http://www.dena.de/fileadmin/user_upload/Projekte/Energiesysteme/Dokumente/dena-Studie_Systemdienstleistungen_2030.pdf
http://www.dena.de/fileadmin/user_upload/Projekte/Energiesysteme/Dokumente/140709_dena-Smart-Meter-Studie_Endbericht_final.pdf
http://www.bmwi.de/BMWi/Redaktion/PDF/Publikationen/Studien/eignung-von-speichertechnologien-zum-erhalt-der-systemsicherheit,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.solarwirtschaft.de/fileadmin/media/pdf/130218_EuPD_Preismonitor_q1_13.pdf


MES-Perspektiven 1/2016 

60 

desverbandes der Deutschen Industrie (BDI), March 2013, http://www.bcg.de, [Retrieved 
on 24.06.2015]. 

Götz, P.; Henkel, J.; Lenck, T. and Lenz, K. (2014): Negative Strompreise: Ursachen und 
Wirkungen. Eine Analyse der aktuellen Entwicklung und ein Vorschlag für ein Flexibil-
itätsgesetz, Study by Energy Brainpool on behalf of Agora Energiewende, June 2014, 
http://www.agora-energiewende.de, Retrieved on 24.06.2015]. 

IAEW and E-Bridge (2014): Potential cross-border balancing cooperation between the Bel-
gian, Dutch and German electricity Transmission System Operators, Study by Institute of 
Power Systems and Power Economics (IAEW) and E-Bridge Consulting, 08.10.2014, 
http://www.tennet.eu, [Retrieved on 24.06.2015]. 

IE (2014): Wirtschaftlichkeit Batteriespeicher. Berechnung der Speicherkosten und Darstel-
lung der Wirtschaftlichkeit ausgewählter Batterie-Speichersysteme, Study by Leipziger In-
stitut für Energie GmbH (IE) on behalf of Redpoint Solar GmbH, 29.01.2014, http://www.ie-
leipzig.com, [Retrieved on 24.06.2015]. 

Kost, C.; Mayer, J.N.; Thomsen, J.; Hartmann, N.; Senkpiel, C.; Philipps, S.; Nold, S.; 
Lude, S.; Saad, N. and Schlegl, T. (2013): Levelized Cost of Electricity Renewable Ener-
gy Technologies, Study by Fraunhofer Institut für Solare Energiesysteme, November 2013, 
https://www.ise.fraunhofer.de, [Retrieved on 24.06.2015]. 

Marko, W.A. (2014): Small-scale, big impact – utilities' new business models for “Ener-
giewende”, Study by Marko, February 2014, http://portal.tugraz.at, [Retrieved on 
24.06.2015]. 

Mayer, J.N.; Philipps, S.; Hussein, N.S.; Schlegl, T. and Senkpiel, C. (2015): Current and 
Future Cost of Photovoltaics. Long-term Scenarios for Market Development, System Pric-
es and LCOE of Utility-Scale PV Systems, Study by Fraunhofer Institut für Solare Ener-
giesysteme on behalf of Agora Energiewende, February 2015, http://www.fvee.de, [Re-
trieved on 24.06.2015]. 

Morris, C. and Pehnt, M. (2012): Energy Transition. The German Energiewende, Study by 
Heinrich Böll Foundation, 28.11.2011, http://energytransition.de, [Retrieved on 
01.08.2015].  

Plötz, P.; Gnann, T.; Kühn, A. and Ietschel, M. (2013): Markthochlaufszenarien für Elektro-
fahrzeuge, Study by Fraunhofer Institut für System- und Innovationsforschung, 
18.09.2013, http://www.isi.fraunhofer.de, [Retrieved on 24.06.2015]. 

Quitzow, R. (2013): The Co-evolution of Policy, Market and Industry in the Solar Energy Sec-
tor. A Dynamic Analysis of Technological Innovation Systems for Solar Photovoltaics in 
Germany and China, Study by Forschungszentrum für Umweltpolitik Freie Universität Ber-
lin, June 2013, http://edocs.fu-berlin.de, [Retrieved on 24.06.2015]. 

Rundel, P.; Meyer, B.; Meiller, M.; Meyer, I.; Daschner, R.; Jakuttis, M.; Matthias Franke, 
M.; Binder, S. and Hornung, A. (2013): Speicher für die Energiewende, Study by Fraun-
hofer Institut für Umwelt-, Sicherheits- und Energietechnik, September 2013, 
http://www.umsicht-suro.fraunhofer.de, [Retrieved on 24.06.2015]. 

Shandurkova, I.; Bremdal, B. A.; Bacher, R.; Ottesen, S. and Nilsen, A. (2012): A 
Prosumer Oriented Energy Market. Developments and future outlooks for Smart Grid ori-
ented energy markets, Study by IMPROSUME, 25.03.2012, http://www.ncesmart.com, 
[Retrieved on 24.06.2015]. 

Sterner, M.; Eckert, F.; Thema, M. and Bauer, F. (2015): Der positive Beitrag dezentraler 
Batteriespeicher für eine stabile Stromversorgung, Study by Forschungsstelle Energienet-
ze und Energiespeicher and Ostbayerische Technische Hochschule Regensburg on behalf 

http://www.bcg.de/documents/file130141.pdf
http://www.agora-energiewende.de/fileadmin/downloads/publikationen/Studien/Negative_Strompreise/Agora_NegativeStrompreise_Web.pdf
http://www.tennet.eu/nl/fileadmin/downloads/About_Tennet/Publications/Technical_Publications/balancing/141008_Final_report.pdf
http://www.ie-leipzig.com/010-dateien/referenzen/pdf/ie_2014-01-29_wirtschaftlichkeit-batteriespeicher_kurzexpertise.pdf
http://www.ie-leipzig.com/010-dateien/referenzen/pdf/ie_2014-01-29_wirtschaftlichkeit-batteriespeicher_kurzexpertise.pdf
https://www.ise.fraunhofer.de/en/publications/veroeffentlichungen-pdf-dateien-en/studien-und-konzeptpapiere/study-levelized-cost-of-electricity-renewable-energies.pdf
http://portal.tugraz.at/portal/page/portal/Files/i4340/eninnov2014/files/lf/LF_Marko.pdf
http://www.fvee.de/fileadmin/publikationen/weitere_publikationen/15_AgoraEnergiewende-ISE_Current_and_Future_Cost_of_PV.pdf
http://energytransition.de/wp-content/themes/boell/pdf/en/German-Energy-Transition_en.pdf
http://www.isi.fraunhofer.de/isi-wAssets/docs/e/de/publikationen/Fraunhofer-ISI-Markthochlaufszenarien-Elektrofahrzeuge-Langfassung.pdf
http://edocs.fu-berlin.de/docs/servlets/MCRFileNodeServlet/FUDOCS_derivate_000000002802/Quitzow_2013_Co-evolution_China_and_Germany_FFU_Report_06-2013.pdf?hosts
http://www.umsicht-suro.fraunhofer.de/content/dam/umsicht-suro/de/documents/studien/studie_speicher_energiewende.pdf
http://www.ncesmart.com/wp-content/uploads/2015/03/IMPROSUME-Publication-Series-31.pdf


MES-Perspektiven 1/2016 

61 

of Bundesverband Erneuerbare Energie e.V. and Hannover Messe, March 2015, 
http://www.bee-ev.de, [Retrieved on 24.06.2015]. 

trend:research and LU (2013): Definition und Marktanalyse von Bürgerenergie in Deutsch-
land, Study by trend:research and Leuphana University Lüneburg on behalf of the initiative 
„Die Wende – Energie in Bürgerhand“ and Agentur für Erneuerbare Energien, 2013, 
http://www.buendnis-buergerenergie.de, [Retrieved on 28.08.2015]. 

 
Magazine articles 
Adam, R.; Einhellig. L. and Herzig, A. (2012): Energiewirtschaft in der Energiewende: Kön-

nen bestehende Geschäftsmodelle überleben?, in: Energiewirtschaftliche Tagesfragen, 
25.09.2015, http://www.et-energie-online.de, [Retrieved on 24.06.2015]. 

Ali-Oettinger, S. (2015): Germany: 35% more PV storage installations, in: pv magazine, 
26.08.2015, http://www.pv-magazine.com, [Retrieved on 26.08.2015]. 

Fuhs, M. (2014): Baut weiter!, in: pv magazine, September 2014, pp. 74-76. 
Kempkens, W. (2014): Feldheim: Brandenburger Dorf baut größtsten Batteriespeicher 

Deutschlands, in: WirtschaftsWoche Green Econmy, 08.05.2014, http://green.wiwo.de, 
[Retrieved on 24.06.2015]. 

Lacey, S. (2013): Under Threat, Germany’s Second-Biggest Utility Says It Will Create a New 
‘Prosumer Business Model’, in: Greentech Media, 23.10.2013, 
http://www.greentechmedia.com, [Retrieved on 24.06.2015]. 

Oberzig, K. (2014): Auf dem Weg zur Systemverantwortung – Verbundkraftwerk als neuer 
Kraftwerkstyp und Antwort auf die Engpässe in den Verbundnetzen, in: SONNENENER-
GIE, December 2014-January 2015, pp. 34-35, http://www.sonnenenergie.de, [Retrieved 
on 26.08.2015]. 

Schulte, A. (2014): Virtuelle Energiekonzerne. Kraftwerke ziehen in die Wolke, in: Han-
delsblatt, 02.06.2014, http://www.handelsblatt.com, [Retrieved on 24.06.2015]. 

Schultz, S. (2014): Energiewende: Fabriken werden wetterfühlig, in: Spiegel Online, 
08.04.2014, http://www.spiegel.de, [Retrieved on 24.06.2015]. 

Strobel, J. and Frühbauer, M. (2011): Geschäftsmodelle für Stadtwerke, Capgemini Con-
sulting, in: Energy 2.0, January 2011, http://www.energy20.net, [Retrieved on 24.06.2015]. 

Weniger, J.; Tjaden, T. and Quaschning, V. (2012): Solare Unabhängigkeitserklärung, in: 
photovoltaic, October 2012, pp. 50-54, http://pvspeicher.htw-berlin.de, [Retrieved on 
24.06.2015]. 

Yamani, S.Z. (1973): Quote by Sheikh Zaki Yamani (former Saudi Arabian oil minister), in: 
The Economist (2003): The future of energy. The end of the Oil Age, in: The Economist, 
23.10.2003, http://www.economist.com, [Retrieved on 24.06.2015]. 

 
Reports 
AGEB (2015): Bruttostromerzeugung in Deutschland ab 1990 nach Energieträgern, Report 

by Arbeitsgemeinschaft Energiebilanzen e.V. (AGEB), 27.02.2015, http://www.ag-
energiebilanzen.de, [Retrieved on 24.06.2015]. 

Agora Energiewende (2015): The Energiewende in the Power Sector: State of Affairs 2014 
– A Review of the Significant Developments and an Outlook for 2015, Report by Agora 
Energiewende, 07.01.2015, https://www.stiftung-mercator.de, [Retrieved on 24.06.2015]. 

http://www.bee-ev.de/fileadmin/Publikationen/BEE_HM_FENES_Kurzstudie_Der_positive_Beitrag_von_Batteriespeichern_2015.pdf
http://www.buendnis-buergerenergie.de/fileadmin/user_upload/downloads/Studien/Studie_Definition_und_Marktanalyse_von_Buergerenergie_in_Deutschland_BBEn.pdf
http://www.et-energie-online.de/AktuellesHeft/Topthema/tabid/70/Year/2012/Month/9/NewsModule/423/NewsId/282/Energiewirtschaft-in-der-Energiewende-Konnen-bestehende-Geschaftsmodelle-uberleben.aspx
http://www.pv-magazine.com/news/details/beitrag/germany--35-more-pv-storage-installations_100020752/#axzz3k67Dcgbz
http://green.wiwo.de/feldheim-brandenburger-dorf-baut-groessten-batteriespeicher-deutschlands/
http://www.greentechmedia.com/articles/read/germanys-largest-utility-shifts-strategy-saying-solar-will-threaten-the-com
http://www.sonnenenergie.de/sonnenenergie-redaktion/SE-2014-06/Layout-fertig/PDF/Einzelartikel/SE-2014-06-s034-Netzausbau-Systemverantwortung.pdf
http://www.handelsblatt.com/technik/it-internet/cloudcomputing/virtuelle-energiekonzerne-betreiber-virtueller-kraftwerke-sollen-software-mieten/9927456-2.html
http://www.spiegel.de/wirtschaft/unternehmen/reportage-lastverschiebung-in-einer-siliziumfabrik-a-960881.html
http://www.energy20.net/pi/index.php?StoryID=1220&p=mJ3rC2nsGxWFBanjU.jGmQF3Ccl_ExFsccClnMfiMg3pRUO0SHWqEtioa0o1TPA.CR-lZvNqa8WqAhCpEQu@S9mcHuavcMcwKQBJQkGgnOe@WZ8sCxSyAx9DFnuyG9WwtJ3O
http://pvspeicher.htw-berlin.de/wp-content/uploads/2014/04/Photovoltaik-2012-Solare-Unabh%C3%A4ngigkeitserkl%C3%A4rung.pdf
http://www.economist.com/node/2155717
http://www.ag-energiebilanzen.de/index.php?article_id=29&fileName=20151112_brd_stromerzeugung1990-2014.pdf
http://www.ag-energiebilanzen.de/index.php?article_id=29&fileName=20151112_brd_stromerzeugung1990-2014.pdf
https://www.stiftung-mercator.de/media/downloads/3_Publikationen/Agora_Energiewende_Review_2014_english.pdf


MES-Perspektiven 1/2016 

62 

ASUE (2011): Virtuelle Kraftwerke, Report by Arbeitsgemeinschaft für sparsamen und um-
weltfreundlichen Energieverbrauch (ASUE), November 2011, http://asue.de, [Retrieved on 
24.06.2015]. 

Auer, J. and Keil, J. (2012): Moderne Stromspeicher – Unverzichtbare Bausteine der Ener-
giewende, Report by Deutsche Bank AG, 31.01.2012, http://www.dbresearch.de, [Re-
trieved on 24.06.2015]. 

BDEW (2014): Energie-Info. Industriestrompreise. Ausnahmeregelungen bei Energiepre-
isbestandteilen, Report by BDEW Bundesverband der Energie- und Wasserwirtschaft e.V. 
(BDEW), 28.04.2014, https://www.bdew.de, [Retrieved on 24.06.2015]. 

BMWi (2014a): Smart Energy made in Germany. Erkenntnisse zum Aufbau und zur Nutzung 
intelligenter Energiesysteme im Rahmen der Energiewende, Report by Bundesministerium 
für Wirtschaft und Energie (BMWi), May 2014, http://www.bmwi.de, [Retrieved on 
24.06.2015]. 

bne (2013): Kompass 01/2013. Fair und fokussiert. Anforderungen an ein neues 
Marktdesign, Report by Bundesverband Neuer Energieanbieter e. V. (bne), April 2013, 
http://www.bne-online.de, [Retrieved on 24.06.2015]. 

Bremdal, B.A. (2011): Prosumer Oriented Business in the Energy Market, Report by 
Bremdal, 2011, http://www.ncesmart.com, [Retrieved on 24.06.2015]. 

Bundesnetzagentur and Bundeskartellamt (2014): Monitoringbericht 2014, Report by Bun-
desnetzagentur and Bundeskartellamt, 14.11.2014, http://www.bundesnetzagentur.de, 
[Retrieved on 24.06.2015]. 

Bundesnetzagentur and Bundeskartellamt (2013): Monitoringbericht 2013, Report by Bun-
desnetzagentur and Bundeskartellamt, June 2014, http://www.bundesnetzagentur.de, [Re-
trieved on 24.06.2015]. 

Bundesnetzagentur and Bundeskartellamt (2012): Monitoringbericht 2012, Report by Bun-
desnetzagentur and Bundeskartellamt, 05.02.2013, http://www.bundesnetzagentur.de, 
[Retrieved on 24.06.2015]. 

Bundesnetzagentur (2011): Monitoringbericht 2011, Report by Bundesnetzagentur, 2011, 
http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Bundesnetzagentur (2010): Monitoringbericht 2010, Report by Bundesnetzagentur, 2010, 
http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Bundesnetzagentur (2009): Monitoringbericht 2009, Report by Bundesnetzagentur, 2009, 
http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Bundesnetzagentur (2008): Monitoringbericht 2008, Report by Bundesnetzagentur, 
31.07.2008, http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Bundesnetzagentur (2007): Monitoringbericht 2007, Report by Bundesnetzagentur, 2007, 
http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Bundesnetzagentur (2006): Monitoringbericht 2006, Report by Bundesnetzagentur, August 
2006, http://www.bundesnetzagentur.de, [Retrieved on 24.06.2015]. 

Clinton, L. and Whisnant, R. (2014): Model Behavior. 20 Business Model Innovations for 
Sustainability, Report by SustainAbility, February 2014, http://www.sustainability.com, [Re-
trieved on 24.06.2015]. 

Deutsche Bank (2015): Deutsche Bank’s 2015 solar outlook: accelerating investment and 
cost competitiveness, Report by Deutsche Bank AG, 13.01.2015, https://www.db.com, Re-
trieved on 24.06.2015]. 

http://asue.de/sites/default/files/asue/themen/blockheizkraftwerke/2011/broschueren/05_12_10_asue-virtuelle-kraftwerke-0211.pdf
http://www.dbresearch.de/MAIL/DBR_INTERNET_DE-PROD/PROD0000000000284196.pdf
https://www.bdew.de/internet.nsf/id/20140428-o-energie-info-industriestrompreise--ausnahmeregelungen-bei-energiepreisbestandteilen/$file/BDEW_Energie-Info_Industriestrompreise_final_28.04.2014_ohne_AP.pdf
http://www.bmwi.de/BMWi/Redaktion/PDF/Publikationen/smart-energy-made-in-germany,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.bne-online.de/de/system/files/files/attachment/bne_Kompass_01%202013_ONLINE_0.pdf
http://www.ncesmart.com/wp-content/uploads/2014/01/Prosumer-oriented-business-in-the-energy-market-finale.pdf
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Allgemeines/Bundesnetzagentur/Publikationen/Berichte/2014/Monitoringbericht_2014_BF.pdf?__blob=publicationFile&v=4
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Allgemeines/Bundesnetzagentur/Publikationen/Berichte/2013/131217_Monitoringbericht2013.pdf?__blob=publicationFile&v=15
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Allgemeines/Bundesnetzagentur/Publikationen/Berichte/2012/MonitoringBericht2012.pdf?__blob=publicationFile&v=2
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Allgemeines/Bundesnetzagentur/Publikationen/Berichte/2011/MonitoringBericht2011.pdf?__blob=publicationFile&v=2
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2010.pdf?__blob=publicationFile&v=1
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2009.pdf?__blob=publicationFile&v=2
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2008.pdf?__blob=publicationFile&v=2
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2007.pdf?__blob=publicationFile&v=2
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2006.pdf?__blob=publicationFile&v=2
http://www.sustainability.com/library/model-behavior
https://www.db.com/cr/en/concrete-deutsche-banks-2015-solar-outlook.htm


MES-Perspektiven 1/2016 

63 

EEX and EPEX SPOT (2014): Position Paper of the European Energy Exchange and EPEX 
SPOT. Further Development of the Renewable Support Schemes in Germany, Report by 
European Energy Exchange (EEX) and EPEX SPOT, 05.02.2014, https://www.eex.com, 
[Retrieved on 24.06.2015]. 

FfE (2010): Demand Response in der Industrie. Status und Potenziale in Deutschland, Re-
port by Forschungsstelle für Energiewirtschaft e.V. (FfE), December 2010, 
https://www.ffe.de, [Retrieved on 24.06.2015]. 

Frantzis, L.; Graham, S.; Katofsky, R. and Sawyer, H. (2008): Photovoltaic business mod-
els, Report by Navigant Consulting Inc. on behalf of U.S. Department of Energy, Navigant 
Consulting Inc., Burlington, February 2008, http://www.nrel.gov, [Retrieved on 24.06.2015]. 

Gsänger, S. and Pitteloud, J.-D. (2015): 2015 Small Wind World Report Summary, Report 
by World Wind Energy Association, March 2015, http://small-wind.org, [Retrieved on 
24.06.2015]. 

Henbest, S.; Giannakopoulou, E. and Cuming, C. (2015): New Energy Outlook 2015. 
Long-term projections of the global energy sector, Report by Bloomberg New Energy Fi-
nance, June 2015, http://about.bnef.com, [Retrieved on 24.06.2015]. 

Hummel, P.; Houchois, P.; Dewhurst, D.; Gandolfi, A.; Hunt, S.; Lesne, D.; Oldfield, S.; 
Leitch, D.; Dumoulin-Smith, J.; Gilbert, T.; Stahl, F. and Muramatsu, T. (2014): Global 
Utilities, Autos & Chemicals. Will solar, batteries and electric cars re-shape the electricity 
system?, Report by UBS Global Research, 20.08.2014, 
http://knowledge.neri.org.nz/assets/uploads/files/270ac-d1V0tO4LmKMZuB3.pdf, [Re-
trieved on 24.06.2015]. 

Huy, D.; Andruleit, H.; Babies, H:-G.; Elsner, H.; Homberg-Heumann, D.; Meßner, J.; 
Röhling, S.; Schauer, M.; Schmidt, S.; Schmitz, M. and Szurlies, M. (2013): Deutsch-
land ‒ Rohstoffsituation 2013, Report by Bundesanstalt für Geowissenschaften und 
Rohstoff, November 2014 http://www.deutsche-rohstoffagentur.de, [Retrieved on 
24.06.2015]. 

IEA (2014): World Energy Outlook 2014. Executive Summary, Report by International Energy 
Agency (IEA), 2014, https://www.iea.org, [Retrieved on 24.06.2015]. 

IPCC (2013): Summary for Policymakers, Report by Intergovernmental Panel on Climate 
Change (IPCC), 2013, https://www.ipcc.ch, [Retrieved on 24.06.2015]. 

Machina Research (2014): A new generation of Virtual Power Plants, Report by Machina 
Research, October 2014, https://www.bosch-si.com, [Retrieved on 24.06.2015]. 

Makansi, J. and Abboud, J. (2002): Energy storage: the missing link in the electricity value 
chain, Report by Energy Storage Council, May 2002, http://www.energystoragecouncil.org, 
[Retrieved on 24.06.2015]. 

Memmler, M.; Merkel, K.; Pabst, J.; Rother, S.; Schneider, S. and Dreher, M. (2013): 
Emissionsbilanz erneuerbarer Energieträger. Bestimmung der vermiedenen Emissionen 
im Jahr 2012, Report by Umweltbundesamt, October 2013, 
https://www.umweltbundesamt.de, [Retrieved on 24.06.2015]. 

Nimmons, J. and Taylor, M. (2008): Utility solar business models: Emerging Utility Strate-
gies & Innovation, Report, Report by Solar Electric Power Association, 03.-08.05.2008, 
http://www.researchgate.net, [Retrieved on 24.06.2015]. 

PRB (2010): 2010 World Population Data Sheet, Report by Population Reference Bureau 
(PRB), July 2010, http://www.prb.org, [Retrieved on 24.06.2015]. 

https://www.eex.com/blob/68104/5ef60b38256b983b2b76ad649a37d694/20140205--eex-epex-spot-positionspapier-weiterentwicklung-ee-foerdermechanismen-en-final-pdf-data.pdf
https://www.ffe.de/download/langberichte/353_Demand_Response_Industrie/von_Roon_Gobmaier_FfE_Demand_Response.pdf
http://www.nrel.gov/docs/fy08osti/42304.pdf
http://small-wind.org/wp-content/uploads/2014/12/Summary_SWWR2015_online.pdf
http://about.bnef.com/content/uploads/sites/4/2015/06/BNEF-NEO2015_Executive-summary.pdf
http://knowledge.neri.org.nz/assets/uploads/files/270ac-d1V0tO4LmKMZuB3.pdf
http://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Rohsit_13.pdf?__blob=publicationFile&v=2
https://www.iea.org/publications/freepublications/publication/WEO_2014_ES_English_WEB.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_SPM_FINAL.pdf
https://www.bosch-si.com/de/kontaktformulare/whitepaper-vpp/whitepaper-vpp-confirm-neu.html
http://www.energystoragecouncil.org/ESC%20White%20Paper%20.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/climate_change_15_2013_emissionsbilanz_erneuerbarer_energietraeger.pdf
http://www.researchgate.net/publication/264157543_Utility_Solar_Business_Models_Emerging_Utility_Strategies__Innovation
http://www.prb.org/pdf10/10wpds_eng.pdf


MES-Perspektiven 1/2016 

64 

PRB (2005): 2005 World Population Data Sheet, Report by Population Reference Bureau 
(PRB), August 2005, http://www.prb.org, [Retrieved on 24.06.2015]. 

Rawson, M. (2004): Distributed Generation Cost and Benefits Issue Paper, Report by Public 
Interest Energy Research California Energy Commission, July 2014, 
http://www.energy.ca.gov, [Retrieved on 24.06.2015]. 

REN21 (2015): Renewables 2015. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2015, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2014): Renewables 2014. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2014, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2013): Renewables 2013. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2013, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2012): Renewables 2012. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2012, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2011): Renewables 2011. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2011, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2010): Renewables 2010. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2010, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2009): Renewables 2009. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2009, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2007): Renewables 2007. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2007, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

REN21 (2006): Renewables 2006. Global Status Report, Report by Renewable Energy Policy 
Network for the 21st Century (REN21), 2006, http://www.ren21.net, [Retrieved on 
24.07.2015]. 

Rosenkranz, G. (2015): Megatrends der globalen Energiewende, Report by World Wide 
Fund for Nature (WWF) and LichtBlick SE, June 2015, 
http://www.energiewendebeschleunigen.de, [Retrieved on 24.06.2015]. 

SRU (2013): Den Strommarkt der Zukunft gestalten. Sondergutachten. Report by Sach-
verständigenrat für Umweltfragen (SRU), November 2013, http://www.umweltrat.de, [Re-
trieved on 24.06.2015]. 

WEC (2014): World Energy Trilemma. Time to get real – the myths and realities of financing 
energy systems, Report by World Energy Council (WEC) and Oliver Wyman, 2014, 
https://www.worldenergy.org, [Retrieved on 24.06.2015]. 

Wirth, H. (2015): Aktuelle Fakten zur Photovoltaik in Deutschland, Report by Fraunhofer In-
stitut für Solare Energiesysteme, 19.05.2015, https://www.ise.fraunhofer.de, [Retrieved on 
24.06.2015]. 

 

http://www.prb.org/pdf05/05WorldDataSheet_Eng.pdf
http://www.energy.ca.gov/papers/2004-08-30_RAWSON.PDF
http://www.ren21.net/Portals/0/documents/e-paper/GSR2015/epaper/ausgabe.pdf?rnd=55b78e72a8410
http://www.ren21.net/Portals/0/documents/Resources/GSR/2014/GSR2014_full%20report_low%20res.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR/2013/GSR2013_lowres.pdf
http://www.ren21.net/Portals/0/documents/activities/gsr/GSR2012_low%20res_FINAL.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR2011_FINAL.pdf
http://www.ren21.net/Portals/0/documents/activities/gsr/REN21_GSR_2010_full_revised%20Sept2010.pdf
http://www.ren21.net/Portals/0/documents/activities/gsr/RE_GSR_2009_Update.pdf
http://www.ren21.net/Portals/0/documents/activities/gsr/RE2007_Global_Status_Report.pdf
http://www.ren21.net/Portals/0/documents/activities/gsr/RE_GSR_2006_Update.pdf
http://www.energiewendebeschleunigen.de/fileadmin/fm-wwf/lichtblick/Megatrends-der-globalen-Energiewende.pdf
http://www.umweltrat.de/SharedDocs/Downloads/DE/02_Sondergutachten/2013_11_SG_Strommarkt_der_Zukunft_gestalten.pdf?__blob=publicationFile
https://www.worldenergy.org/wp-content/uploads/2014/11/20141105-Main-report.pdf
https://www.ise.fraunhofer.de/de/veroeffentlichungen/veroeffentlichungen-pdf-dateien/studien-und-konzeptpapiere/aktuelle-fakten-zur-photovoltaik-in-deutschland.pdf


MES-Perspektiven 1/2016 

65 

Presentations 
Flamm, A. (2014): Potenziale von Demand Response in Deutschland – Praktische 

Erfahrungen, , Presentation by Entelios AG at BMWi AG Flexibilität, 22.09.2014, 
http://www.bmwi.de, [Retrieved on 24.06.2015]. 

Klessmann, C. (2014): Renewable electricity support schemes in Europe. Trends and per-
spectives, Presentation by Ecofys, 12.11.2014, http://de.slideshare.net, [Retrieved on 
24.06.2015]. 

Leprich (2012): Stadtwerke – Rückgrat und Motor der Energiewende?, Presentation by Insti-
tut für ZukunftsEnergieSysteme at 6. EUROSOLAR-Konferenz Stadtwerke mit Erneu-
erbaren Energien, 21.06.2012, http://www.izes.de, [Retrieved on 24.06.2015]. 

Liebreich, M. (2015): Bloomberg New Energy Finance Summit 2015, Presentation by 
Bloomberg New Energy Finance at Bloomberg New Energy Finance Summit 2015, 
14.04.2015, http://about.bnef.com, [Retrieved on 24.06.2015].  

Müller, C.; Wissner, M. and Growitsch, C. (2010): The Economics of Smart Grids. CRNI 
2010, Presentation by Wissenschaftliches Institut für Infrastruktur und Kommu-
nikationsdienste, 19.11.2010, http://www.bremer-energie-institut.de, [Retrieved on 
24.06.2015]. 

Pérez-Arriaga, I.J. (2014): Rethinking electricity distribution regulation, Presentation at 
ETIP/Consortium Energy Policy Seminar at Harvard University, 03.03.2014, 
www.hks.harvard.edu, [Retrieved on 24.06.2015]. 

Pilgram, T. (2013): Die Entwicklung von Angebot und Nachfrage auf  dem Regelenergie-
markt, Presentation by Clean Energy Sourcing (CLENS) at Entwicklung der Märkte für 
Flexibilität in der Stromversorgung, 29.05.2013, http://www.effiziente-energiesysteme.de, 
[Retrieved on 24.06.2015]. 

Schumacher, H. (2014): Tenders for renewable energies. The German perspective, General 
Energy Law, Renewable Energy Sources Act 1, Presentation by Bundesministerium für 
Wirtschaft und Energie, 14.10.2014, http://wind.vdma.org, [Retrieved on 24.06.2015]. 

Straubel, JB (2015): Energy Storage, EV’s and the Grid, Presentation by Tesla Motors at 
2015 EIA Conference, 15.06.2015, http://www.eia.gov, [Retrieved on 24.06.2015]. 

Werner, R. (2014): Welche Stromprodukte lassen sich mit EE und PV gestalten? – Ein Über-
blick, Presentation by Hamburg Institut at 15th Forum Solarpraxis, 28.11.2014, 
http://www.solarpraxis.de, [Retrieved on 24.06.2015]. 

Press release 
ads-tec (2014): Inbetriebnahme Quartierspeicher – Strombank testet neue Möglichkeiten zur 

Nutzung erneuerbarer Energien, Press release by ads-tec GmbH (ads-tec), 17.12.2014, 
http://www.ads-tec.de, [Retrieved on 24.06.2015]. 

Ampard, (2015): FENECON vermarktet Flexibilität von dezentralen Stromspeichersystemen, 
Press release by Ampard AG, 19.05.2015, http://www.ampard.com, [Retrieved on 
24.06.2015]. 

BNEF (2014): China out-spends the US for first time in $15bn smart grid market, Press re-
lease by Bloomberg New Energy Finance (BNEF), 18.02.2014, http://about.bnef.com, [Re-
trieved on 24.06.2015]. 

BNEF (2013): Smart grid infrastructure remains global growth market, Press release by 
Bloomberg New Energy Finance (BNEF), 24.01.2013, http://about.bnef.com, [Retrieved on 
24.06.2015]. 

http://www.bmwi.de/BMWi/Redaktion/PDF/A/ag-2-plattform-strommarkt-sitzung-20140922-praesentation-6,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://de.slideshare.net/Ecofys/renewable-electricity-support-schemes-in-europe
http://www.izes.de/cms/upload/publikationen/V_UL_20120621_Eurosolar_Heidelberg.pdf
http://about.bnef.com/content/uploads/sites/4/2015/04/BNEF_2014-04-08-ML-Summit-Keynote_Final.pdf
http://www.bremer-energie-institut.de/download/IRIN/pub/CRNI/AP1_The_Economics_of_Smart_Grids_CRNI2010_M%C3%BCller.pdf
http://www.hks.harvard.edu/m-rcbg/cepr/Papers/2014/2014-03-03-Harvard-Ignacio%20Perez-Arriaga%20slides.pdf
http://www.effiziente-energiesysteme.de/fileadmin/user_upload/PDF-Dokumente/Veranstaltungen/Fachkonferenz_Entwicklung_der_M%C3%A4rkte/06_Pilgram_CLENS_v3.pdf
http://wind.vdma.org/documents/106078/2159140/2014-10-09-WEED-2014-Schumacher-BMWi/e72b8e22-05a9-4d05-bb57-bc99a7b7867c
http://www.eia.gov/conference/2015/pdf/presentations/straubel.pdf
http://www.solarpraxis.de/konferenzen/forumsolarpraxis/15-forum-solarpraxis-2014/praesentationen-2014/
http://www.ads-tec.de/unternehmen/presse/pressemitteilungen/singleview/article/inbetriebnahme-quartierspeicher-strombank-testet-neue-moeglichkeiten-zur-nutzung-erneuerba.html
http://www.ampard.com/wordpress/wp-content/uploads/2015/06/PM_FENECON_AMPARD_1v0.pdf
http://about.bnef.com/press-releases/china-out-spends-the-us-for-first-time-in-15bn-smart-grid-market/
http://about.bnef.com/press-releases/smart-grid-infrastructure-remains-global-growth-market/


MES-Perspektiven 1/2016 

66 

EEX (2014a): EEX und EPEX SPOT fordern bessere Marktintegration der Erneuerbaren En-
ergien, Press release by European Energy Exchange (EEX), 02.02.2014, 
https://www.eex.com, [Retrieved on 24.06.2015]. 

EEX (2014b): Strong Growth on the EEX Markets in 2013, Press release by European Ener-
gy Exchange (EEX), 14.01.2014, http://www.eex.com, [Retrieved on 24.06.2015]. 

E.ON (2014a): New corporate strategy: E.ON to focus on renewables, distribution networks, 
and customer solutions and to spin off the majority of a new, publicly listed company spe-
cializing in power generation, global energy trading, and exploration and production, Press 
release by E.ON, 30.11.2014, http://www.eon.com, [Retrieved on 24.06.2015]. 

E.ON (2013a): Beitrag zur Energiewende – Virtuelle Kraftwerke von E.ON, Press release by 
E.ON, 05.02.2013, https://www.eon.de, [Retrieved on 24.06.2015]. 

Lichtblick (2015): SchwarmBatterie: SMA und LichtBlick kooperieren bei Integration von 
Speichern in den Energiemarkt, Press release by Lichtblick, 05.06.2015, 
http://www.lichtblick.de, [Retrieved on 24.06.2015]. 

RWE (2014a): Bilanzpressekonferenz der RWE AG für das Geschäftsjahr 2013, Press re-
lease by Rheinisch-Westfälisches Elektrizitätswerk AG (RWE), 04.03.2014, 
http://www.rwe.com, [Retrieved on 24.06.2015]. 

Siemens (2012a): Stadtwerke München nehmen mit Siemens virtuelles Kraftwerk in Betrieb, 
Press release by Siemens AG, 04.04.2012, http://www.siemens.com, [Retrieved on 
24.06.2015]. 

Siemens (2012b): Siemens und RWE bauen virtuelles Kraftwerk mit weiteren Stro-
merzeugungsanlagen aus, Press release by Siemens AG, 10.02.2012 
http://www.siemens.com, [Retrieved on 24.06.2015]. 

Sonnenbatterie (2015): Strom speichern und dabei Geld verdienen – Sonnenbatterie 
kooperiert mit LichtBlick, Press release by Sonnenbatterie GmbH, 03.06.2014, 
http://www.sonnenbatterie.de, [Retrieved on 24.06.2015]. 

 
Company websites 
Amprion (2015): Netzwelt – Primärregelleistung, Sekundärregelleistung, Minutenreserve, 

Website by Amprion, http://www.amprion.net, [Retrieved on 24.06.2015]. 
BDEW (2015): Endkundenmarkt, Website by BDEW Bundesverband der Energie- und Was-

serwirtschaft e.V. (BDEW), https://www.bdew.de, [Retrieved on 24.06.2015]. 
BWE (2014): Anzahl der Windenergieanlagen in Deutschland Website by, Bundesverband 

WindEnergie e.V. (BWE), https://www.wind-energie.de, [Retrieved on 24.06.2015]. 
CLENS (2015): Workshop: Ein virtuelles Kraftwerk für ihr Stadtwerk - Geschäftsmodelle und 

technische Lösungen, Website by Clean Energy Sourcing (CLENS), http://www.clens.eu, 
[Retrieved on 24.06.2015]. 

De Clercq, G. (2013): Analysis: Renewables turn utilities into dinosaurs of the energy world, 
Website by Reuters, 08.03.2013, http://www.reuters.com, [Retrieved on 24.06.2015]. 

Klein-Windkraftanlagen (2012): Preise für Kleinwindkraftanlagen richtig deuten und Feh-
linvestitionen vermeiden, Website by Klein-Windkraftanlagen, 07.09.2012, 
http://www.klein-windkraftanlagen.com, [Retrieved on 24.06.2015]. 

Naam, R. (2011): Smaller, cheaper, faster: Does Moore's law apply to solar cells?, Website 
by Scientific American, 16.03.2011, http://blogs.scientificamerican.com, [Retrieved on 
24.06.2015]. 

https://www.eex.com/de/about/newsroom/news-detail/eex-und-epex-spot-fordern-bessere-marktintegration-der-erneuerbaren-energien/68120
http://www.eex.com/en/about/newsroom/news-detail/strong-growth-on-the-eex-markets-in-2013/66386
http://www.eon.com/content/eon-com/en/media/news/press-releases/2014/11/30/new-corporate-strategy-eon-to-focus-on-renewables-distribution-networks-and-customer-solutions-and-to-spin-off-the-majority-of-a-new-publicly-listed-company-specializing-in-power-generation-global-energy-trading-and-exploration-and-production.html/
https://www.eon.de/pk/de/unternehmen/presse/pressemitteilungen/2013/2/5/beitrag-zur-energiewende--virtuelle-kraftwerke-von-e-on.html
http://www.lichtblick.de/medien/news/2015/06/05/schwarmbatterie-sma-und-lichtblick-kooperieren-bei-integration-von-speichern-in-den-energiemarkt
http://www.rwe.com/web/cms/mediablob/de/2320188/data/2320258/3/rwe/investor-relations/Charts-zur-Bilanzpresskonferenz.pdf
http://www.siemens.com/press/pi/ICSG201204017d
http://www.siemens.com/press/pi/ICSG201202012d
http://www.sonnenbatterie.de/presse/meldungen/meldungen-single-ansicht/article/strom-speichern-und-dabei-geld-verdienen-sonnenbatterie-kooperiert-mit-lichtblick/
http://www.amprion.net/primaerregelung-sekundaerregelung-minutenreserve
https://www.bdew.de/internet.nsf/id/DE_Endkundenmarkt
https://www.wind-energie.de/infocenter/statistiken/deutschland/windenergieanlagen-deutschland
http://www.clens.eu/newsroom/termine/termindetails/termin/event/tx_cal_phpicalendar/workshop-ein-virtuelles-kraftwerk-fuer-ihr-stadtwerk-geschaeftsmodelle-und-technische-loesungen/datum/2015/02/11/
http://www.reuters.com/article/2013/03/08/us-utilities-threat-idUSBRE92709E20130308
http://www.klein-windkraftanlagen.com/allgemein/preise-fuer-kleinwindkraftanlagen-fehlinvestitionen-vermeiden/
http://blogs.scientificamerican.com/guest-blog/smaller-cheaper-faster-does-moores-law-apply-to-solar-cells/


MES-Perspektiven 1/2016 

67 

Next Kraftwerke (2015a): Wissen. Regelenergie & Regelleistung, Website by Next Kraft-
werke, https://www.next-kraftwerke.de, [Retrieved on 24.06.2015]. 

Next Kraftwerke (2015b): Unternehmen, Website by Next Kraftwerke, https://www.next-
kraftwerke.de, [Retrieved on 24.06.2015]. 

photovoltaik (2015): Meldungen, Website of photovoltaik, http://www.photovoltaik.eu, [Re-
trieved on 24.06.2015]. 

REA (2015): What is Grid Parity?, Website by Renewable Energy Advisors (REA), 
http://www.renewable-energy-advisors.com, [Retrieved on 24.06.2015]. 

Regelleistung (2015): Präqualifizierte Anbieter je Regelenergieart, Website by Regelleistung, 
https://www.regelleistung.net, [Retrieved on 01.07.2015]. 

RWE (2015a): Portfolio strategy. Renewable generation, Website by Rheinisch-Westfälisches 
Elektrizitätswerk AG (RWE), http://www.rwe.com, [Retrieved on 24.06.2015]. 

RWE (2015b): Virtual power plant, Website by Rheinisch-Westfälisches Elektrizitätswerk AG 
(RWE), http://www.rwe.com, [Retrieved on 24.06.2015]. 

RWE (2015c): Prosumer. Das Zuhause als Kleinkraftwerk, Website by Rheinisch-
Westfälisches Elektrizitätswerk AG (RWE), http://www.rwe.com, [Retrieved on 
24.06.2015]. 

RWE (2015d): Virtuelle Kraftwerke, Website by Rheinisch-Westfälisches Elektrizitätswerk AG 
(RWE), http://www.rwe.com, [Retrieved on 24.06.2015]. 

Schneider Electric (2015): Prosumer Microgrid Solutions. Take advantage of the smart grid 
and onsite green energy production to cut costs and boost reliability, Website by Schneider 
Electric, http://www2.schneider-electric.com, [Retrieved on 24.06.2015]. 

Siemens (2015): Krafwerke aus der Retorte, Website by Siemens AG, 
http://www.siemens.com, [Retrieved on 24.06.2015]. 

SKM (2015): Electric, Website by Snavely King Majoros & Associates (SKM), http://snavely-
king.com, [Retrieved on 18.07.2015]. 

SolarServer (2015): PVX spot market price index solar PV modules, Website by SolarServer, 
http://www.solarserver.com, [Retrieved on 24.06.2015]. 

SSU (1995): Umweltatlas Berlin. 04.03 Bodennahe Windgeschwindigkeiten. Windrichtung 
und Geschwindigkeit, Website by Senatsverwaltung für Stadtentwicklung und Umwelt 
(SSU), http://www.stadtentwicklung.berlin.de, [Retrieved on 24.06.2015]. 

Statista (2015): Handelsvolumen am EEX Spot- und Terminmarkt für Strom in den Jahren 
2002 bis 2014, Website by Statista GmbH, http://de.statista.com, [Retrieved on 
24.06.2015]. 

Verivox (2015):  Stromanbieter. Anbieterliste, Website by Verivox, http://www.verivox.de, 
[Retrieved on 24.06.2015]. 

VKU (2013): Aktuelle Ergebnisse der VKU-Erzeugungsabfrage 2013, Website by Verband 
kommunaler Unternehmen e.V. (VKU), 02.01.2013, http://www.vku.de, [Retrieved on 
24.06.2015]. 

WEMAG (2014): Batteriespeicher. Am 16. September 2014 wurde der WEMAG-
Batteriespeicher feierlich in Betrieb genommen, Website by Westmecklenburgische Ener-
gieversorgung AG (WEMAG), https://www.wemag.com, [Retrieved on 24.06.2015]. 

 
 

https://www.next-kraftwerke.de/wissen/regelenergie
https://www.next-kraftwerke.de/unternehmen
https://www.next-kraftwerke.de/unternehmen
http://www.photovoltaik.eu/Archiv/Meldungsarchiv/L0FSVFZJRVdMSVNUP1NUWUxFSUQ9NDE5NTI2JlFVRVJZVEVYVD1QcmVpc2luZGV4JkZJTFRFUj0xMTA5ODAsMTExODY0JlNPUlQ9MDEmTUFYUkVDPTEwMCZQQUdFPTEmTUlEPTExMDk0OQ.html?UID=CDDB8528D12F490F40FAFD9474F7ECA6651A790F07182C10B640
http://www.renewable-energy-advisors.com/learn-more-2/what-is-grid-parity/
https://www.regelleistung.net/ip/action/static/provider
http://www.rwe.com/web/cms/en/2094368/rwe/about-rwe/strategy/portfolio-strategy/renewable-generation/
http://www.rwe.com/web/cms/en/237450/rwe/innovation/projects-technologies/energy-application/distributed-generation/virtual-power-plant/
http://www.rwe.com/web/cms/de/1857050/rwe-deutschland-ag/energiewende/smarte-energiebegriffe/die-effiziente-nutzung-von-energie/prosumer-das-zuhause-als-kleinkraftwerk/
http://www.rwe.com/web/cms/de/496796/factbook/aktuelle-begriffe/virtuelle-kraftwerke/
http://www2.schneider-electric.com/sites/corporate/en/products-services/smart-grid-solutions/prosumer-microgrid-solutions/overview.page
http://www.siemens.com/innovation/apps/pof_microsite/_pof-fall-2012/_html_de/virtuelle-kraftwerke.html
http://snavely-king.com/page/regulated-electric
http://snavely-king.com/page/regulated-electric
http://www.solarserver.com/service/pvx-spot-market-price-index-solar-pv-modules.html
http://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/d403_02.htm
http://de.statista.com/statistik/daten/studie/12486/umfrage/entwicklung-der-eex-handelsvolumina/
http://www.verivox.de/power/carriers.aspx?fl=all
http://www.vku.de/energie/energieerzeugung/kommunale-kraftwerkskapazitaeten/aktuelle-ergebnisse-der-vku-erzeugungsabfrage-2013.html
https://www.wemag.com/ueber_die_wemag/oekostrategie/Energiespeicher/Batteriespeicher/


MES-Perspektiven 1/2016 

68 

Annual reports 
CLENS (2014): Geschäftsbericht 2013, Annual report by Clean Energy Sourcing AG 

(CLENS), 2014, http://www.clens.eu, [Retrieved on 24.06.2015]. 
E.ON (2015): Geschäftsbericht 2014, Annual report by E.ON, 11.03.2015, 

http://www.eon.com, [Retrieved on 24.06.2015]. 
E.ON (2014b): Geschäftsbericht 2013, Annual report by E.ON, 12.03.2014, 

http://www.eon.com, [Retrieved on 24.06.2015]. 
E.ON (2013b): Geschäftsbericht 2012, Annual report by E.ON, 13.03.2013, 

http://www.eon.com, [Retrieved on 24.06.2015]. 
E.ON (2012): Geschäftsbericht 2011, Annual report by E.ON, 14.03.2012, 

http://www.eon.com, [Retrieved on 24.06.2015]. 
E.ON (2011): Geschäftsbericht 2010, Annual report by E.ON, 09.03.2011, 

http://www.eon.com, [Retrieved on 24.06.2015]. 
EnBW (2015): Report 2014, Annual report by EnBW, 17.03.2015, https://www.enbw.com, 

[Retrieved on 24.06.2015]. 
EnBW (2014): Report 2013, Annual report by EnBW, 07.03.2014, https://www.enbw.com, 

[Retrieved on 24.06.2015]. 
EnBW (2013): Report 2012, Annual report by EnBW, 01.03.2013, https://www.enbw.com, 

[Retrieved on 24.06.2015]. 
EnBW (2012): Annual Report 2011, Annual report by EnBW, 07.03.2012, 

https://www.enbw.com, [Retrieved on 24.06.2015]. 
EnBW (2011): Annual Report 2010, Annual report by EnBW, 24.02.2011, 

https://www.enbw.com, [Retrieved on 24.06.2015]. 
RWE (2015e): Geschäftsbericht 2014, Annual report by RWE, 10.03.2015, 

http://www.rwe.com, [Retrieved on 24.06.2015]. 
RWE (2014b): Geschäftsbericht 2013, Annual report by RWE, 04.03.2014, 

http://www.rwe.com, [Retrieved on 24.06.2015]. 
RWE (2013): Geschäftsbericht 2012, Annual report by RWE, 05.03.2013, 

http://www.rwe.com, [Retrieved on 24.06.2015]. 
RWE (2012): Geschäftsbericht 2011, Annual report by RWE, 06.03.2012, 

http://www.rwe.com, [Retrieved on 24.06.2015]. 
RWE (2011): Geschäftsbericht 2010, Annual report by RWE, 24.02.2011, 

http://www.rwe.com, [Retrieved on 24.06.2015]. 
Vattenfall (2015): Annual and sustainability report 2014, Annual report by Vattenfall, 

05.02.2015, http://corporate.vattenfall.com, [Retrieved on 24.06.2015]. 
Vattenfall (2014): Annual and sustainability report 2013, Annual report by Vattenfall, 

04.02.2014, http://corporate.vattenfall.com, [Retrieved on 24.06.2015]. 
Vattenfall (2013): Annual Report 2012 including Sustainability Report, Annual report by Vat-

tenfall, 12.02.2013, http://corporate.vattenfall.com, [Retrieved on 24.06.2015]. 
Vattenfall (2012): Annual Report 2011, Annual report by Vattenfall, 09.02.2012, 

http://corporate.vattenfall.com, [Retrieved on 24.06.2015]. 
Vattenfall (2011): Annual Report 2010, Annual report by Vattenfall, 10.02.2011, 

http://corporate.vattenfall.com, [Retrieved on 24.06.2015]. 

http://www.clens.eu/fileadmin/Daten/Mediathek/Broschueren_Publikationen/GESCHAEFTSBERICHT_2013_CLENS.pdf
http://www.eon.com/content/dam/eon-com/ueber-uns/publications/150312_EON_Geschaeftsbericht_2014_D.pdf
http://www.eon.com/content/dam/eon-com/ueber-uns/publications/GB_2013_D_eon.pdf
http://www.eon.com/content/dam/eon-com/ueber-uns/GB_2012_D_eon.pdf
http://www.eon.com/content/dam/eon-com/de/downloads/e/E.ON_Geschaeftsbericht_2011_.pdf
http://www.eon.com/content/dam/eon-com/de/downloads/2/2010_E.ON_Geschaeftsbericht.pdf
https://www.enbw.com/enbw_com/downloadcenter/annual-reports/enbw-report-2014.pdf
https://www.enbw.com/enbw_com/investoren/investors_docs/news_und_publikationen/enbw-report-2013-condensed-version.pdf
https://www.enbw.com/media/downloadcenter/annual-reports/enbw-report-2012-condensed-version.pdf
https://www.enbw.com/media/downloadcenter/annual-reports/annual-report-of-enbw-ag-2011.pdf
https://www.enbw.com/media/downloadcenter/annual-reports/annual-report-of-enbw-ag-2010.pdf
http://www.rwe.com/web/cms/mediablob/de/2696790/data/2331574/4/rwe/investor-relations/berichte/2014/RWE-Geschaeftsbericht-2014.pdf
http://www.rwe.com/web/cms/mediablob/de/2320250/data/1838136/4/rwe/investor-relations/berichte/2013/RWE-Geschaeftsbericht-2013.pdf
http://www.rwe.com/web/cms/mediablob/de/1838518/data/1403032/8/rwe/investor-relations/berichte/2012/RWE-Geschaeftsbericht-2012.pdf
http://www.rwe.com/web/cms/mediablob/de/1299142/data/634422/9/rwe/investor-relations/berichte/2011/RWE-Geschaeftsbericht-2011.pdf
http://www.rwe.com/web/cms/mediablob/de/543514/data/414532/4/rwe/investor-relations/berichte/2010/RWE-Geschaeftsbericht-2010.pdf
http://corporate.vattenfall.com/globalassets/corporate/investors/annual_reports/2014/annual-and-sustainability-report-2014.pdf
http://corporate.vattenfall.com/globalassets/corporate/investors/annual_reports/2013/annual-and-sustainability-report-2013.pdf
http://corporate.vattenfall.com/globalassets/corporate/investors/annual_reports/2012/annual_report_2012.pdf
http://corporate.vattenfall.com/globalassets/corporate/investors/annual_reports/2011/annual_report_2011.pdf
http://corporate.vattenfall.com/globalassets/corporate/investors/annual_reports/2010/annual_report_2010.pdf


MES-Perspektiven 1/2016 

69 

Discussion paper 
BMWi (2014b): An Electricity Market for Germany’s Energy Transition, Discussion Paper by 

Bundesministerium für Wirtschaft und Energie (BMWi), October 2014, 
https://www.bmwi.de, [Retrieved on 24.06.2015]. 

Grau, T. (2014): Comparison of Feed-in Tariffs and Tenders to Remunerate Solar Power 
Generation, Discussion Paper by Deutsches Institut für Wirtschaftsforschung (DIW), 
12.02.2014, http://www.diw.de, [Retrieved on 24.06.2015]. 

 
Other publications 
BMWi (2015): Stromerzeugungskapazitäten, Bruttostromerzeugung und Bruttostromver-

brauch, Publication by Bundesministerium für Wirtschaft und Energie (BMWi), Statistisch-
es Bundesamt, Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat), 19.05.2015, 
www.bmwi.de, [Retrieved on 24.08.2015].  

Bundesnetzagentur (2015a): Kraftwerksliste der Bundesnetzagentur, Publication by Bun-
desnetzagentur, 01.07.2015, http://www.bundesnetzagentur.de, [Retrieved on 
24.08.2015]. 

Bundesnetzagentur (2015b): Datenmeldungen vom 1. August 2014 bis 30. Juni 2015, Pub-
lication by Bundesnetzagentur, http://www.bundesnetzagentur.de, [Retrieved on 
24.08.2015]. 

dena (2014a): DSM. Innovationspartner für die Energiewende gesucht, Publication by 
Deutsche Energie-Agentur Gmbh (dena), March 2014, http://www.dena.de, Retrieved on 
24.06.2015]. 

EnerNOC (2015): Grüne Dividende durch intelligente Steuerung des Energiebedarfs, Publi-
cation by EnerNOC, 2015, http://www.enernoc.de; [Retrieved on 24.06.2015]. 

Kiesling, L.L. (2009): Project Energy Code. Markets, Technology and Institutions: Increasing 
Energy Efficiency through Decentralized Coordination, Publication by EcoAlign, February 
2009, https://www.hks.harvard.edu, [Retrieved on 24.06.2015]. 

NERC (2015): Glossary of Terms Used in NERC Reliability Standards, Publication by North 
American Electric Reliability Corporation (NERC), 19.05.2015, http://www.nerc.com, [Re-
trieved on 24.06.2015]. 

NERC (2014): Demand Response Availability Data Systems Definitions, Publication by North 
American Electric Reliability Corporation (NERC), March 2014, http://www.nerc.com, [Re-
trieved on 24.06.2015]. 

Netztransparenz (2015): Umlage für abschaltbare Lasten nach § 18 AbLaV, Information plat-
form of the German network operators, Publication by Netztransparenz, 15.10.2014, 
https://www.netztransparenz.de, [Retrieved on 24.06.2015]. 

VDI Wissensforum (2015): Virtuelle Kraftwerke. 3. VDI-Fachkonferenz, Publication by VDI 
Wissensforum, 19.-20.05.2015, http://m.vdi-wissensforum.de, [Retrieved on 28.08.2015]. 

VKU (2014): Die wirtschaftliche Situation von Stadtwerken in Deutschland, Publication by 
Verband kommunaler Unternehmen e.V. (VKU), 29.07.2014, http://www.vku.de, [Retrieved 
on 24.06.2015]. 

VKU (2011): Kompakt 2011, Publication by Verband kommunaler Unternehmen e.V. (VKU), 
2011, http://www.vku.de, [Retrieved on 24.06.2015]. 

https://www.bmwi.de/BMWi/Redaktion/PDF/G/gruenbuch-gesamt-englisch,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.diw.de/documents/publikationen/73/diw_01.c.437464.de/dp1363.pdf
http://www.bmwi.de/BMWi/Redaktion/Binaer/energie-daten-gesamt,property=blob,bereich=bmwi2012,sprache=de,rwb=true.xls
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/Versorgungssicherheit/Erzeugungskapazitaeten/Kraftwerksliste/Kraftwerksliste_2015.xls?__blob=publicationFile&v=1
http://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/ErneuerbareEnergien/Photovoltaik/Datenmeldungen/Meldungen_Aug-Juni2015.xls;jsessionid=513261C0D94F0641804BB888E7A444F1?__blob=publicationFile&v=1
http://www.dena.de/fileadmin/user_upload/Publikationen/Energiesysteme/Dokumente/140313_Flyer_dena_Pilotprojekt_DSM_Bayern_web.pdf
http://www.enernoc.de/themes/bluemasters/images/case_studies/pdfs/P14318_cs-paulaner-de.pdf
https://www.hks.harvard.edu/hepg/Papers/2009/Kiesling%20EnergyCode%20Feb2009.pdf
http://www.nerc.com/files/glossary_of_terms.pdf
http://www.nerc.com/pa/RAPA/dads/Documents/DADS%20System%20Definitions.pdf
https://www.netztransparenz.de/de/Umlage_18.htm
http://m.vdi-wissensforum.de/fileadmin/redaktion/dokumente/programme/konferenz/06KO091015.pdf
http://www.vku.de/fileadmin/media/Bilder/VKU-HGP_Wirtschaftliche-Situation-Stadtwerke_aktualisiert.pdf
http://www.vku.de/index.php?eID=tx_nawsecuredl&u=0&g=0&t=1443590262&hash=028b8c5ce2b6116cf55cb01da99a3fb2ba8b652d&file=fileadmin/media/Dokumente/Oeffentlichkeitsarbeit_Presse/Publikationen/Web_VKU_Flyer_kompakt_2011.pdf




MES-Perspektiven 1/2016 

A 

Appendix 
Table 2: Critical trends in the energy sector affecting investment profile. Source: WEC (2014: 74-75). 

Sector Political & regula-
tory 

Technology Economic Market 

Oil • Policy pressures 
to reduce GHG 
emissions and 
environmental im-
pact. 

• Evolving and un-
certain regulatory 
frameworks. 

• Exploration in 
countries with 
weaker regulatory 
frameworks. 

• Risk of stranded 
assets under in-
ternational carbon 
frameworks. 

• End of ‘Easy Oil’ 
with increased 
technical com-
plexity and grow-
ing scale of pro-
jects (for example, 
deep water, Arctic 
or remote uncon-
ventional). 

• Declining produc-
tion from existing 
oil fields. 

• Challenges in 
finding new con-
ventional oil re-
serves worldwide. 

• Investments have 
become more 
risky and projects 
are costlier 
(USD 5 bn and 
more). 

• Cost of capital is 
rising, for exam-
ple, costs of capi-
tal for US oil and 
gas companies, 
are 33% higher in 
2013 compared to 
2003. 

• National Oil Com-
panies (NOC) in-
vestment in new 
upstream and 
downstream as-
sets to attain size, 
industrial scope, 
and technical ex-
pertise to manage 
rising risks. 

• Some institutional 
investors divesting 
from fossil fuels. 

• Oil price fluctua-
tions. 

• CO2 price fluctua-
tions. 

• NOC expansion 
into international 
markets due to 
depletion of local 
resources. 

Gas • Policy pressures 
to reduce GHG 
emissions and 
environmental im-
pact. 

• Public concerns 
regarding uncon-
ventional gas ex-
ploration. 

• Pressures to in-
crease gas explo-
ration to improve 
economic securi-
ty. 

• Policy discussion 
around accelerat-
ing energy-water-
food nexus. 

• In many countries, 
existing regulatory 
frameworks do not 
yet address un-
conventional gas 
development in-

• Uncertainty 
around use of new 
technologies (for 
example, use of 
chemicals in hy-
draulic fracking, 
assessment and 
evaluation of frac-
tures, liquefaction 
and handling etc.). 

• Producers may 
face depletion ef-
fects with rising 
costs. 

• A large number of 
major LNG pro-
jects in the pipe-
line may create 
over-supply in 
some gas markets 
and depress pric-
es. 

• High capital cost 
of LNG infrastruc-
ture. 

• Project economics 
might alter over 
the next 10-15 
years based on 
likely changes in 
global supply and 
demand for gas, 
and technological 
advances in drill-
ing. 

• Shale gas discov-
eries push down 
the price of gas. 

• Market integration 
(integration with 
LNG, pipeline 
transport, gas 
balancing etc.). 
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Sector Political & regula-
tory 

Technology Economic Market 

sufficient detail 
and slow devel-
opment. 

Coal • Policy pressures 
to reduce GHG 
emissions and 
environmental 
footprint may have 
significant impacts 
on longer-term 
prospects. 

• Environmental 
regulation drive 
retirement of coal 
generation capaci-
ty (e.g. 60 GW re-
duction of coal 
generation capaci-
ty by 2020 in US). 

• Without carbon 
capture, utilization 
and storage 
(CCUS) risk of 
stranded assets 
under internation-
al carbon frame-
works. 

• The expedited 
development and 
large-scale de-
ployment of clean 
coal power gener-
ation technolo-
gies, in particular 
CCUS, maybe 
necessary under a 
meaningful post-
2015 climate 
agreement. 

• Producers may 
face depletion ef-
fects with rising 
costs. 

• Proposed legisla-
tion by the US to 
reduce GHG 
emissions from 
coal plants may 
affect the financ-
ing and construc-
tion of coal-fired 
plants in develop-
ing countries 
through multi-
lateral develop-
ment banks. 

• CCUS will be an 
added cost and 
will require in-
vestments in ma-
jor pipeline and 
other infrastruc-
ture. 

• Demand for coal 
will continue to 
grow in booming 
Asian countries up 
to 2050 (for ex-
ample, China and 
India). 

• Coal is a cheaper 
option than gas 
for generating 
electricity in many 
regions. 

• Shale gas devel-
opment in the US 
has dislocated 
coal into other 
markets, for ex-
ample, Europe. 

• Increased compe-
tition from renew-
ables due to poli-
cy priority on grid 
in some countries. 

Nuclear • Social acceptabil-
ity challenges and 
several countries 
are exiting nucle-
ar. 

• Limited view of 
future growth. 

• Uncertainty in 
license extensions 
(33 US reactors 
have licenses ex-
piring by end of 
2030). 

• Added compliance 
post Fukushima. 

• Uncertainty of 
carbon credit 
schemes structure 
which could bene-
fit nuclear power. 

• High growth loca-
tions for nuclear 
energy lack exper-
tise. 

• Health and safety, 
reliability and en-
vironmental con-
siderations. 

• High costs of de-
commissioning. 

• Low operational 
flexibility. 

• Ageing fleet of 
nuclear reactors 
with higher costs 
for maintenance 
and operation. 

• Capital intensity 
and cost greater 
than conventional 
plants. 

• Rising operating 
expenses and rel-
atively low elec-
tricity prices are 
increasing com-
pression of profit 
margin for many 
plants. 

• Lower cost alter-
natives are be-
coming more at-
tractive, e.g. natu-
ral gas price drops 
of 11% US and 
15% Europe by 
2040. 

Renewables • Political views can 
impact investment 
risk perception. 

• Uncertain regula-
tory and policy 
structure. 

• Subsidies in many 
countries increase 

• Rapidly evolving 
technology out-
side comfort zone 
of many investors. 

• Risk of obsoles-
cence due to 
technology devel-
opments. 

• Lack of credit 
history. 

• Concerns over 
viability of scaling 
new technology 
and supply chain. 

• Cost and competi-
tiveness remain 

• Can face difficulty 
achieving compet-
itive prices given 
small-scale. 
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Sector Political & regula-
tory 

Technology Economic Market 

regulatory risk as 
schemes can be 
redesigned or 
cancelled. 

• Intermittency re-
mains a key con-
cern and the de-
velopment of stor-
age technology 
lags behind. 

• Need for new 
transmission and 
distribution lines 
that often are not 
publicly accepted. 

major issue in 
many places. 

Power 
(electricity 
generation) 

• Pressures to tran-
sition to lower 
carbon generation 
mix. 

• Incentives for 
renewables. 

• Increasing num-
ber and ambition 
of RE targets. 

• Increase in DEG 
(could represent 
2% of generation 
in US by 2016 and 
290 GW of Eu-
rope capacity by 
2030). 

• Rising costs to 
operate, maintain, 
decarbonize age-
ing infrastructure. 

• Long-term elec-
tricity prices may 
be settling at low-
er level and profits 
of utilities may 
continue to de-
crease. 

• Slow growth in 
electricity demand 
in OECD coun-
tries (1%per year 
in last decade); 
demand rising 
rapidly in develop-
ing nations. 

• Fuel cost fluctua-
tions driving high 
competition in 
parts of market. 

• Emerging compet-
itors (for example, 
IT companies or 
home improve-
ment providers), 
in energy man-
agement and 
supply. 
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Table 3: List of firms of the interviewees. Source: Burger and Weinmann (2013: 3). 

 
 
Table 4: List of interviewed German utilities. Source: Richter (2013a: 459). 
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Figure 24: Frame of scenarios for installed capacity in Germany 2025/2035. Source: Own figure, based on 
data from Bundesnetzagentur (2014). 

 

 

Figure 25: Influence of RE on pricing on the energy exchange for 2008. Source: Wirth (2015: 11). 
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Figure 26: Comparison of average household electricity prices in Europe in 2013. Source: BDEW (2014: 
181). 

 

 

Figure 27: Average industry (more than 20 GWh per year) electricity price development from 2000-2014. 
Source: Own figure, based on data of BDEW (2014). 
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Figure 28: Comparison of average industry electricity price in Europe in 2013. Source: BDEW (2014: 186). 

 

 

Figure 29: The concept of potential. Source: FfE (2010: 10). 
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Figure 30: Technical potential of industrial load management depending according to switch-off time. 
Source: FfE (2010: 15). 

 

Table 5: Summary of the RE source potential in energy joule per year. Source: Orecchini and Naso (2012: 
62). 
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Figure 31: Countries with regions of PV grid parity in 2017 (estimation). Source: Deutsche Bank (2015). 

 

 

Figure 32: Global assumptions of the two scenarios of the dena smart meter study (Germany-wide consid-
eration). Source: dena (2014c: 12). 
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Figure 33: Benefits of grid balancing through feed-in management and DSM. Source: dena (2014c: 22). 

 

 

Figure 34: Experience curves for PV and li-ion battery (electric vehicle). Source: Liebreich (2015: 13). 
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Figure 35: Price forecast for li-Ion-Batteries 2011-2030 by different studies. Source: Adapted from Werner 
(2014: 9) with data from Hummel et al. (2014) and Straubel (2015). 

 

 

Figure 36: Cumulative investments in Germany’s electricity sector until 2030. Source: Own figure, based 
on Gerbert et al. (2013). 
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Figure 37: Countries with RE policies (2005 and early 2013). Source: Adapted from REN21 (2013: 79). 
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Figure 38: Investments in RE in the German electricity sector (2006-2012). Source: WEC (2014: 42). 

Note: From a mere investment perspective, while absolute investment in RE generation has decreased in recent years, the 
actual added installed capacity remains mostly the same since 2010. 
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Figure 39: Number of energy cooperatives in Germany (2001–2013). Source: Morris and Pehnt (2012: 9). 

 

 

Figure 40: Self-consumption share in relation to battery capacity and PV output for a power consumption 
of 4,700 kWh per year. Source: Weniger et al. (2012: 52). 
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Figure 41: Degree of autarky in relation to battery capacity and PV output for a power consumption of 
4,700 kWh per year. Source: Weniger et al. (2012: 54). 



MES-Perspektiven 1/2016 

Figures 

Figure 1: Global renewable electricity capacity, top three countries, EU and world (2005, 

2010, 2012 and 2014). .............................................................................................. 5 

Figure 2: Long-term energy and climate targets set by the German government in 2010. ...... 6 

Figure 3: The German electricity system at a glance.. ............................................................ 7 

Figure 4: Germany’s gross electricity production mix and consumption (2000-2014). ............. 9 

Figure 5: Installed RE capacity by ownership groups in 2012. .............................................. 10 

Figure 6: Three electricity markets with products and time horizon. ...................................... 12 

Figure 7: Development of prices and volumes on spot and future market (2005-2014)......... 13 

Figure 8: Average volume of contracted operational reserves (2010-2014). ......................... 14 

Figure 9: Net costs of ancillary services of German TSOs (2005-2013). ............................... 15 

Figure 10: Average household electricity price development (2000-2014). ........................... 16 

Figure 11: Accumulated attributable electricity generation of the BIG4 in Germany (2010-

2014). ..................................................................................................................... 17 

Figure 12: Accumulated investment development of the BIG4 (2010-2014). ........................ 18 

Figure 13: Accumulated sales and adjusted EBITDA of the BIG4 (2010-2014). ................... 18 

Figure 14: Coevolutionary framework. .................................................................................. 21 

Figure 15: The 9 building blocks of the Canvas business model. .......................................... 23 

Figure 16: Canvas business model and BMI. ....................................................................... 24 

Figure 17: Coevolutionary business model framework.......................................................... 25 

Figure 18: Variation of DES-related business models. .......................................................... 28 

Figure 19: GHG emission by sector between 1990 and 2014 and governmental targets. ..... 38 

Figure 20: Germany’s electricity capacity mix (2000-2014) with scenarios (2025, 2035). ..... 40 

Figure 21: Learning curve based predictions of LCOE for RE technologies and conventional 

power plants in Germany by 2030. ......................................................................... 43 

Figure 22: Globally installed, cumulative PV capacity and PV module price development 

(2006-2014) with two scenarios (2050). .................................................................. 44 

Figure 23: Economics of PV self-sufficiency versus FiT (2008-2014) with scenarios (2018, 

2025, 2030). ........................................................................................................... 45 

Figure 24: Frame of scenarios for installed capacity in Germany 2025/2035. ......................... E 

Figure 25: Influence of RE on pricing on the energy exchange for 2008. ................................ E 

Figure 26: Comparison of average household electricity prices in Europe in 2013. ................ F 

Figure 27: Average industry (more than 20 GWh per year) electricity price development from 

2000-2014. ............................................................................................................... F 

Figure 28: Comparison of average industry electricity price in Europe in 2013. ...................... G 



MES-Perspektiven 1/2016 

Figure 29: The concept of potential.. ...................................................................................... G 

Figure 30: Technical potential of industrial load management depending according to switch-

off time. .................................................................................................................... H 

Figure 31: Countries with regions of PV grid parity in 2017 (estimation)................................... I 

Figure 32: Global assumptions of the two scenarios of the dena smart meter study (Germany-

wide consideration). ................................................................................................... I 

Figure 33: Benefits of grid balancing through feed-in management and DSM. ........................ J 

Figure 34: Experience curves for PV and li-ion battery (electric vehicle). ................................ J 

Figure 35: Price forecast for li-Ion-Batteries 2011-2030 by different studies. ........................... K 

Figure 36: Cumulative investments in Germany’s electricity sector until 2030. ........................ K 

Figure 37: Countries with RE policies (2005 and early 2013). ................................................. L 

Figure 38: Investments in RE in the German electricity sector (2006-2012). .......................... M 

Figure 39: Number of energy cooperatives in Germany (2001–2013). ................................... N 

Figure 40: Self-consumption share in relation to battery capacity and PV output for a power 

consumption of 4,700 kWh per year. ........................................................................ N 

Figure 41: Degree of autarky in relation to battery capacity and PV output for a power 

consumption of 4,700 kWh per year. ........................................................................ O 



MES-Perspektiven 1/2016 

Tables 
Table 1: Comparison of CES- and DES-related business models. ....................................... 35 

Table 2: Critical trends in the energy sector affecting investment profile. ................................ A 

Table 3: List of firms of the interviewees. ................................................................................ D 

Table 4: List of interviewed German utilities. .......................................................................... D 

Table 5: Summary of the RE source potential in energy joule per year.. ................................. H 



MES-Perspektiven 1/2016 

Abbreviations
°C Degree Celsius 

§ Paragraph 

% Percent 

AbLaV  Verordnung über Vereinbarungen zu abschaltbaren Lasten 

Appx  Appendix 

B2B  Business-to-business 

BMI  Business Model Innovation 

Bn Billion 

CAGR  Compounded annual growth rate 

CES  Centralized electricity system 

Cf. Conferre (“compare”) 

CHP  Combined heat and power 

CO2  Carbon dioxide 

DEG  Distributed electricity generation 

Dena  Deutsche Energie-Agentur (“German Energy Agency”) 

DER Distributed energy resources 

DES  Distributed electricity system 

DSM Demand side management 

DSO Distribution system operator 

EC European Commission 

Et al. Et alii (masculine), et aliae (feminine) or et alia (neuter) (“and others”) 

Etc.  Et cetera  (“and the rest”) 

EEG Erneuerbare-Energien-Gesetz (Germany’s “Renewable Energies Act”) 

EEX  European Energy Exchange 

E.g.  Exempli gratia (“for example”) 

EnWG   Energiewirtschaftsgesetz (Germany’s “Energy Industry Act”) 

EPEX SPOT European Power Exchange 

EU European Union 

EU-28 28 member countries of the European Union: Austria, Belgium, Bulgaria, Croa-
tia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the 
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, 
United Kingdom 

EUR Euro 

FiT Feed-in tariff 

GHG Greenhouse gases 

GW Gigawatt 

GWh Gigawatt hour 

G Gram 
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ICT Information and communication technology 

I.e. Id est (“that is to say”) 

KfW Kreditanstalt für Wiederaufbau (Germany’s “national development bank”) 

KW Kilowatt 

KWh Kilowatt hour 

LCOE Levelized cost of electricity 

Li-ion Lithium ion 

M&A Mergers and acquisition 

Mio Million 

MW Megawatt 

MWh Megawatt hour 

OECD Organisation for Economic Co-operation and Development 

OTC Over-the-counter 

Pp. Pages 

P.m. Post meridiem (“after noon”) 

PV Photovoltaic 

RE Renewable energy 

RWE Rheinisch-Westfälisches Elektrizitätswerk AG 

SME Small or medium enterprise 

TSO Transmission system operator 

TWh Terawatt hour 

T Ton 

UK United Kingdom 

USA United States of America 

USD United States Dollar 

VAT Value added tax 

Vol. Volume 

W Watt 

WWF World Wide Fund for Nature 
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