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Abstract 

Low-carbon energy system transformations are usually seen from a technical perspective; the decisive 

societal dimensions of actors and institutions are widely neglected. We contribute to filling this gap by 

reviewing the German energy transition (Energiewende), which targets a competitive low-carbon 

economy until 2050, jointly from the three perspectives of technology, actors and institutions. We 

analyze seven sub-fields of the electricity system that are central for decarbonization from a technology 

view. For each, we identify and characterize key actors and institutional conditions for future electricity 

infrastructure developments they favor. The analysis reveals a large variety of engaged actors that differ 

with respect to their motives and underlying worldviews. Electricity infrastructure visions range from 

the archetypes of decentralized regional solutions (favored by challengers) to centralized European 

solutions (favored by incumbents). We illustrate that the determining factors for either development are 

of institutional nature and will be fought out between actors in the political arena. They are not 

primarily of technical nature. However, in either case the long latency period in technical infrastructure 

development requires anticipatory planning.  
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Highlights 

 We apply the theory of strategic action fields to the German electricity system 

 We identify & characterize actors that can put the energy transition into practice 

 They cluster into groups favoring centralized versus decentralized visions 

 The two visions contradict more from an institutional than a technology perspective 

 Long latency periods for infrastructure deployment require anticipatory planning 
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1. Introduction 

In order to mitigate dangerous anthropogenic interferences with the global climate, energy system 

transformations are being spurred in many economies worldwide. Germany’s energy system is in a state 

of transition known as the Energiewende targeting (i) climate mitigation through reducing CO2 emissions 

by 80-95% in 2050 relative to 2005, (ii) phasing out nuclear power until 2022, as well as maintaining high 

(iii) competitiveness and (iv) security of supply [1,2]. The two central strategies are to increase the share 

of renewable energies and to decrease the primary energy demand, i.e. efficiency improvements [2]. A 

variety of numerical, model-based scenario studies have shown that it is technically possible to achieve 

these long-term targets if a profound transformation of infrastructures along the entire energy chain 

from conversion over distribution to end use is achieved [3]. From a methodological point of view, these 

scenarios describe a technological transition that is generated primarily by means of exogenously 

imposed constraints on greenhouse gas emissions or technology deployment [4]. 

However, in reality energy infrastructures are rigid and inert systems due to high degrees of capital 

intensity, considerable regulation, long life times of physical assets and strong complementarity 

between system components [5]. The authors of the latest model-based scenario that accomplishes all 

the government’s energy and climate policy targets doubt “whether politics and society possess the 

required will and consistency for implementing all changes necessary for target attainment today and in 

the future” [6]. Such concerns provoke questions that can be answered by the toolbox of the social 

sciences rather than techno-economic numerical modeling only. The need for combining methods and 

knowledge from distinct disciplines for developing policy-relevant insights in energy transitions research 

is recognized but still decisively underrepresented [7]. We intend to contribute in filling this gap. 

Departing from the insights generated by model-based scenarios we aim for a better understanding of 

the Energiewende as a societal process in which it is endogenous actors that put change into practice.  

Conceptions of energy transitions have been greatly influenced by the seminal theory of large technical 

systems [8]. It frames the electricity system as a complex set of interrelated technical and social 

artefacts created by system builders (e.g. inventors, entrepreneurs, finances). A central features is that 

technical change is induced by scientific closure, i.e. “a scientific consensus on what the “truth” is in any 

particular instance” [9] (p.27), followed by technical closure occurring when relevant social groups see a 

problem as being solved. The underlying consensus-orientated social constructivism stresses harmony 

and cooperation and views conflicts as dysfunctional phenomena. Hård [10] judges this view as deeply 

flawed; a conservative, technocratic iron cage with no way out. He argues that social conflict is essential 

for technology change as “technology is inherently red in tooth and claw” (p.416). Precisely this political 

economy of energy transitions is often neglected.  

The history of the German Energiewende can indeed not be recounted without reference to political 

economy phenomena, particularly with regard to persistent societally driven and publicly battled 

conflicts that induced technological change. For example, since the 1970s the ever-growing anti-nuclear 

movement organized large-scale demonstrations and persistent public protest [11]. Finally, in 2001 the 

governing coalition of the Social Democrats and the Green Party enacted the nuclear phase-out until the 

year 2021. Even though the newly established coalition of Christian Democrats and the Liberal Party first 
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prolonged the phase-out in 2010, it abruptly reestablished the original timeline and an immediate 

moratorium of eight nuclear plants after the Fukushima accident in 2011. The support for renewable 

electricity in Germany also roots in the social movement against nuclear power as a high-risk 

technology, fueling the desire to develop alternatives. In 1990 the first version of a feed-in law for 

renewables drafted by two members of parliament passed legislation, ultimately supported by all 

members of parliament. At that time the incumbent utilities did not mobilize, likely because they 

underestimated the importance of the law and because they were absorbed in taking over the East 

German electricity sector [12]. In 2000, the feed-in tariff was redesigned with the Renewable Energies 

Act, leading to an increase in the share of renewables in electricity generation from 3% in 1990 to 26% in 

2014 [13]. Through creating a sheltered niche, the Act spurred the variety and number of actors in the 

field of electricity supply, who since have become increasingly professionalized [14].  

Visions of the final state of the renewables-based regime range from the polar archetypes of a highly 

centralized and supply-side oriented engineering future focusing on large-scale generation and 

transmission to a deep reorganization of capitalist society towards more decentralized and local 

structures relying on small- and medium scale generation units in the distribution grid [15]. Postulating 

that the socio-political economy between large and smaller-scale energy infrastructures differ, namely 

the one corresponding to the former rooting in centralization and authoritarianism versus the one 

corresponding to the latter rooting in decentralization and democracy, important questions emerge 

[16]: First, which actors are involved in the production of either of these energy systems? Second, are 

these two archetypes of infrastructure development in the German electricity system mutually 

exclusive, or can they be implemented in tandem with each other – that is: can they coexist?  

The first aim of this paper is to pursue a comprehensive theory-based literature review that 

characterizes the status quo of the German Energiewende in the electricity system from the 

perspectives of technologies, actors and institution. The second aim is to draw on the insights generated 

in this overview to discuss the two above-posed research questions. For both aims we rely on the 

sociological theory of strategic action fields (SAFs) [17,18] as our conceptual framework. We focus on 

the electricity system and its infrastructures because it represents a key sector for decarbonization of 

the energy system [3] that relies on particularly inert and technically challenging infrastructures [5] and 

has shown a very dynamic development over the past decade [2]. 

Although our analysis is centered on the debate of the German Energiewende, it provides conclusions 

that are applicable also in the broader European and even international context. In the UK the future of 

the power grid is discussed in relation to a more “civic energy future” [19]. Scholten and Bosman [20] 

even hint to geo-political implications related to the change in consumer-producer relationship. In the 

US, centralized versus decentralized systems are discussed, especially whether grid-connected solar-

plus-battery systems will compete with traditional electric services [21]. The latter study points out two 

different pathways either with integrated grid or with grid defection, a debate that will gain momentum 

for example also in Africa. In addition, the German Energiewende is monitored internationally. An 

editorial in nature [22] put it this way: “The Energiewende, Germany’s solo effort to radically shift its 

economy to one dominated by renewable sources of energy, is a pragmatic alternative to the largely 

fruitless efforts of international climate-change diplomacy.” If it is successful, “it would be cause for 
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renewed optimism in the fight against anthropogenic climate change.” In that sense, the Energiewende 

is not only a national project for Germany, but a global endeavor with lessons to be learned for many 

countries.  

The remainder of this paper is organized as follows. Section 2 elaborates on the theoretical foundations, 

choice and design of the applied analytical framework. Section 3 characterizes the actors in the chosen 

strategic action fields and identifies trends for future infrastructure development and necessary 

institutional enabling conditions. Section 4 provides a synthesizing discussion of the initial research 

questions, focusing on the interactions between strategic action fields and the question of whether and 

how the two visions of future infrastructure setup can sensibly coexist. Section 5 concludes.  

 

2. Applied Analytical Framework 

Due to its dynamic view on organizational fields, its capability to take into account aspects of power and 

conflict and its focus on actors we apply the sociological theory of strategic action fields (SAFs) [17,18] to 

study the case of the Energiewende in the German electricity system. The theory of SAFs postulates that 

action takes place in constructed meso-level social orders, i.e. strategic action fields, in which actors 

with varying resource endowments vie for advantage [18]. SAFs are socially constructed insofar as their 

membership is subjective, boundaries shift depending on the issue at stake, a shared understanding of 

the purpose of the field (including who has power and why) and the field’s rules, i.e. the interpretive 

frame of what goes on. The theory differentiates between three generic types of actors: incumbents, 

challengers and field-internal governance units. Incumbents possess disproportionate influence and 

resources within a field; field rules tend to favor them and support their privileged position. Challengers 

are less advantaged and usually articulate an alternative vision of the field and their position in it. 

Internal governance units are organizations such as associations that oversee the smooth functioning of 

the field and typically serve as a liaison to important external SAFs; they usually tend to favor the 

incumbents. As a micro foundation the theory of SAFs relies on the concept of social skill, i.e. the using 

of “empathy and the capacity to fashion and strategically deploy shared meanings and identities in the 

service of institutional projects within fields” [18], p. 53. On the macro side the theory emphasizes that 

the broader field environment and the ties between SAFs are crucial for understanding field dynamics. 

Here they distinguish between distant / proximate, dependent / interdependent/ independent and state 

/ non-state fields. The state is conceived as a system of interrelated SAFs that are special in that they set 

the legal rules by which non-state fields operate; it further has an interest in inducing social stability.   

The central purpose of the theory of SAFs is to offer a toolbox for understanding processes of change 

and stability in societies [18]. Field stability is achieved either through the imposition of hierarchical 

power by a dominant group through coercion or competition or by a coalition based on the cooperation 

of a number of groups. SAFs are perceived to be in constant flux with incremental changes being the 

norm rather than the exception. New strategic action fields emerge, often times based on technology 

advancements and facilitated by state actors. Initial field settlements are usually characterized by the 

emergence of internal governance units. Even though in rare cases strategic action fields can be 
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destabilized by internal processes, it is most often ripple effects or shocks from external SAFs that lead 

to episodes of contention. Field crises are frequently caused by the intentional or unintentional actions 

of state actors and the invasion of actors from other SAFs. Even though the reestablishment of field 

stability is in the interest of all actors, their strategies differ: Incumbents will fight tenaciously to 

preserve the settlement that was the source of their advantaged position. Challengers see an 

opportunity for the transformation of the field. This can be achieved through the forging of a winning 

coalition and the seeking of state allies and the ratification of change which entailed a fundamental 

restructuring of power relationships within the field. Individual actors will be most successful in this 

power struggle if they possess a high level of social skill. 

In the context of the German Energiewende the theory of SAFs has been applied in four cases. Two 

studies illustrate how local initiatives have been driving the Energiewende in the past as challengers, 

highlighting the pivotal role of these previously powerless actors in inducing change in the overall 

electricity system [23], e.g. through grassroots initiatives in urban contexts [24]. Both stress the central 

feature of emerging local, situational and thereby decentralized governance structures. A dedicated 

analysis of the incumbent electricity utilities in Germany, the “Big Four” shows how they have ignored 

and opposed the Energiewende for decades and started to seriously acknowledge the need to reform 

their business cases as late as the years 2011-2013 [14]. Investigating the case of direct marketing of 

electricity from renewables, [25] observes an unsettled public dispute between those envisioning a 

large-scale market integration of renewables, i.e. their integration into incrementally reformed 

incumbent structures, versus challenger actors demanding radical reform to implement the vision of 

distributed and small structures. In our analysis we go beyond these studies of individual aspects in the 

electricity system and aim for a comprehensive overview of fields and actors and implications one can 

draw for future developments. Before doing so the following briefly illustrates our stance on other 

prominent theories. 

A widespread approach in socio-technical research is the transition management framework [26,27], a 

governance approach foreseeing the organization of concrete, local transition arenas to induce societal 

change process in practice. It primarily grounds on the multi-level perspective (MLP) on sustainability 

transitions highlighting niches as the major source of change in socio-technical regimes [28,29]. 

However, the MLP does not explicitly account for power, agency and general political economy 

phenomena. A further drawback in terms of its explanatory power on transitions is its conception that 

landscape developments, which are the decisive developments that lead to windows of opportunity for 

regime reconfigurations driven by previously supported niches, are entirely exogenous [15]. While this 

may be a worthwhile assumption for local case studies facilitated by the transition management 

framework, it deems not particularly helpful regarding developments on the national scale.  

Theories from the realm of public policy analysis that are highly compatible with the theory of SAFs 

include the advocacy coalition framework (ACF) [30] and the related discourse-coalition approach (DCA) 

[31] as specific versions of policy networks. The ACF sees the policy process as coalitions of actors 

competing in policy subsystems, whereby the coalitions form based on shared normative and causal 

beliefs [30]. It explains policy change through the interaction of competing coalitions, each adopting 

strategies that envisage institutional innovations thought to further their respective policy objectives. 
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The DCA goes further to stress the role of language as a medium through which political problems are 

socially constructed [31]. It posits that rather than by the belief system per se, policy coalitions are held 

together by narrative storylines interpreting events and courses of actions in concrete social contexts 

[32]. A discourse coalition consists of “the ensemble of a set of storylines, the actors that utter these 

storylines, and the practices that conform these storylines, all organized around a discourse” [31]. The 

notion of “frames” that offer identity and room for interpretation in the theory of SAFs is very similar. 

In this study, we consider the German electricity system as one strategic action field with the 

overarching purpose of electricity supply meeting the electricity demand at any point in time and space 

in a reliable way. Figure 1 provides an overview of the different sub-fields we consider in this analysis. 

Departing from the insights generated by model-based mitigation scenarios, they are delimited from a 

technology perspective: according to their function in the electricity system. The historically incumbent 

sub-field of conventional power plants, i.e. fossil and nuclear generation, embodies the centralized 

electricity system structure. However, its share will have to decrease substantially in order to mitigate 

future greenhouse gas emissions. Instead, a significantly higher share of electricity will have to come 

from renewable electricity, which is differentiated into small- and medium scale as opposed to large-

scale renewables to reflect their structural differences. To accommodate the fluctuating feed-in of wind 

and solar at least three basic solutions exist: storing electricity to shift supply intertemporally, demand 

side management to shift demand intertemporally, and the expansion of transmission and distribution 

grids to relocate the supply of electricity geographically. The sub-fields are sorted to the top or bottom 

depending on whether they play a decisive role in the centralized or decentralized system structure. 

Even though the graphical representation in Figure 1 suggests that each of these sub-fields is a separate 

entity they are in fact proximate and highly interdependent fields. However, throughout Section 3 we 

will analyze each sub-field individually and reserve the synthesizing discussion for Section 4. For each 

sub-field we characterize its status and ask: Who (actors) has been active in this sub-field in the past, 

what (activities) have they done and why (motive, values, storyline)? Based on these elaborations we 

draw inference on what would be the implications for electricity infrastructures if these trends were to 

continue, as well as necessary enabling conditions.  

 

Figure 1. Scope of the analysis: Sub-fields in the German electricity sector delimited from a technology perspective 
regarding their function in the electricity system. Numbers indicate the subsection they are discussed in. 
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3.  Characterizing sub-fields of the German electricity system   

 

3.1. Small and Medium-Scale Renewables 

The sub-field of small and medium-scale renewables embraces all infrastructure assets that generate 

small or medium quantities of electricity per site, drawing on the primary energies solar irradiation, 

wind, biomass or hydro energy (small). They are mostly owned by local actors, i.e. individual or 

collectively organized citizens that dwell in relatively close geographical proximity. Such local actors 

owned 46% of the installed renewable generation capacities in 2012, consisting of individual citizens and 

farmers (25%), cooperatives and other forms of citizen organizations (9%), jointly referred to as citizen 

participation in the narrow sense, and minority or interregional citizen participation models (12%), 

known as citizen participation in the wider sense [33]. The main reasons for this substantial share of 

citizens as investors for solar, onshore wind and bioenergy technologies are found within the 

institutional framework conditions, technology-specific aspects and financial characteristics of these 

projects [34]. Small-scale renewable projects are financially unappealing for large energy companies 

with expected yields of 4-6%. Cooperatives have experienced a boom in the energy sector, increasing 

from 35 in the year 2005 [33] to 635 involved in electricity and heat generation by 2013 [35]. 

Cooperatives differ from private companies in that they are user-oriented instead of investor-oriented 

and intrinsic values of the cooperative model include collaboration, democracy, social-responsibility and 

the provision of quasi-public goods [36].  

In addition communal and municipal utilities, referred to as public utilities hereafter, have a strong 

tradition in Germany. They root in the constitutional right of self-determination of communes, which 

also according to the treaty of the European Union have the task to provide the basic services for the 

public [37]. Even though the portfolio of public utilities is still dominated by thermal generation, almost 

10% of their electricity generation was already based on renewables in 2013 [38], corresponding to 

around 4% of installed renewable generation capacity [39,40]. The majority of public utilities prioritize a 

strategic adjustment towards a portfolio with more renewables and considers themselves as a central 

actor in the implementation of the Energiewende due to their local or regional roots [41]. It is 

noteworthy that between 2010 and 2013 more than 70 public utilities have been newly founded and, 

reportedly, their top three targets were achieving the Energiewende targets locally, improving the local 

value added and cross-financing important communal tasks [42].  

Next to visionary engineers and institutional entrepreneurs, German state actors have played a pivotal 

role in the formation of the strategic action field of small and medium-scale renewables. Important 

landmarks were the enactment of the feed-in law in 1990 and its successor the Renewable Energy Act in 

2000. Especially the latter designed the feed-in tariff system so as to minimize the investee’s exposure 

to risk [43], enabling the abovementioned variety of actors to participate in the electricity system. They 

are best conceptualized as challengers in the strategic action field of the electricity system as a whole, 

but as incumbents in the sub-field of small and medium-scale renewables. In fact, due to the 

geographically dispersed character of local renewables this sub-field is best understood as a 

heterogeneous aggregate of local arenas on the communal or municipal level, i.e. a host of local SAFs. 
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Signs that field formation was achieved as early as 1990 were the foundation of the federal association 

for renewable energies and other technology-specific associations that support the interests of 

renewable electricity generation in the overarching field and with respect to competing sub-fields like 

conventional power plants. Recently, associations that explicitly represent the interests of individual and 

collectively organized citizens have been founded, e.g. in 2014 the alliance of citizen energy. This 

coincides with the announcement of the 2014 reform of the feed-in tariff towards an auctioning system 

which is likely to be unfavorable for small actors due to higher investment risks, thereby causing the 

relatively stable field to enter an episode of uncertainty.  

If the overall trends in this sub-field continue, the implications for electricity infrastructures are likely 

that future generation capacities will increasingly (i) be owned by actively engaged citizens as well as 

locally rooted public energy service providers, (ii) consist of small and middle-sized modular units that 

are installed in geographical proximity to the owner(s), and (iii) be guided by motivations that exceed 

the target of generating electricity and include especially societal values and local benefits. Necessary 

enabling conditions for a continuously increasing share of local renewable electricity generation are that 

(a) remuneration schemes for investments remain simple enough and investment risks low enough for 

local actors to consider an investment, (b) an increasing share of local actors is motivated to engage 

financially in the energy transition as opposed to other investment opportunities, and (c), locally, 

security of supply is maintained at a high level (cf Section 3.3). Also, (d) sufficiently many local 

renewable energy sites are approved for deployment by communes, (e) the societal values are credibly 

maintained by the involved actors and (f) local benefits accrue as promised. 

3.2. Large-Scale Renewables 

The sub-field of large-scale renewables embraces all infrastructure assets that generate large quantities 

of electricity per site, drawing on the primary energies solar irradiation, wind, biomass or hydro (large). 

From an actor perspective they are mostly owned by corporate actors whose primary aim to maximize 

shareholder value drives large-scale generation capacities to be sited where the resource potential is 

most favorable, which may be remote areas far from electricity demand centers. Institutional and 

strategic investors owned 41.5% of all renewable capacities in 2013 [33], including companies from the 

manufacturing and processing industry (e.g. the wood industry), institutional investors who pursue 

investments for others (e.g. banks, insurances, investment companies, corporations) and project 

developers. Only the remaining 12.5% of renewable capacities was owned by utilities [33]. Deducting 

the 4% that are owned by public utilities (cf Section Fehler! Verweisquelle konnte nicht gefunden 

werden.) renders the four corporate utilities that are active in Germany with a joint share in renewables 

capacities of less than 9% in 2012. It was not until the post-Fukushima phase that the “Big Four” signaled 

a stronger orientation towards renewables in Germany [14]. By now all four incumbent utilities have 

communicated strategic readjustments that include, amongst other options, the dedicated growth in 

renewable energy generation, representing a rather disruptive change in their respective business 

models [44].  

Next to sizeable onshore wind and PV parks and combined heat and power plants (CHP) fueled by 

biomass, particularly the offshore technology lends itself for large-scale investments. Due to substantial 
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inherent risks and large upfront investments, offshore wind projects are manageable only for investors 

that can diversify risk and have a relatively favorable cost of capital. Actors in large-scale renewable 

energy have an investment horizon stretching beyond German borders. Therefore, potential sites are in 

direct competition with those outside of Germany, which are often times more favorable in resource 

quality. However, it is not only the resource potential that enters the investment valuation, costs for e.g. 

permitting procedures, lease of land, insurance and expected electricity prices matter, too [45]. Not to 

be neglected is also eventual costs for the engagement of local residents fearing visual, audible or other 

impact and might turn into passive or even active opponents. If locals perceive the planning process as 

closed and the project to be only for the benefit of distant and private investors then their acceptance is 

often times low [46], leading to a lack of support [47] and maybe even protest. Both experience and 

research suggest that active forms of citizen participation in all stages of project development improve 

the public acceptance of renewables, defined as the constantly changing result of a social valuation 

process that takes into account not only landscape changes, the type of technology itself and economic 

issues, but also distributive and procedural justice in the mode of deployment [48]. In this context weak 

forms of participation [49] like informing and consultation may not lead to local acceptance and support.  

A number of model-based scenario studies show that pan-European approach to decarbonization is 

characterized by high economic efficiency, because electricity can be generated in places with favorable 

wind and solar potential, i.e. where capacities are utilized best, and then transported to demand centers 

with sufficient long-distance transmission capacities [e.g. 50,51,52]. A significant part of Germany’s 

electricity demand would then be satisfied by electricity imports [53,54]. Creutzig et al. [55] argue that 

under certain conditions the deployment of large-scale renewables in the European periphery can also 

help alleviate the impacts of the economic crisis in these countries. However, in order to develop a pan-

European electricity system that is based on corporate, large-scale renewables it is inter alia necessary 

that the exploitation of favorable potentials takes place in some form of coordinated manner. This 

involved e.g. joint measures such as a harmonized European renewable support scheme, which is not 

high on the political agenda to date. Also, energy mixes are subject to national sovereignty under 

current legislation (cp. §194 TFEU).  

We argue that the strategic action field of large-scale renewable energies is a spin-off of the field of 

small and medium-scale renewables that has slowly seceded as technology development accelerated 

and larger players have entered the renewables arena. Even though both sub-fields are engaged in the 

generation of renewable electricity they differ with respect to pivotal characteristics such as technology 

choice, geographical focus and expectations regarding returns on investment. Nevertheless, the sub-

fields are proximate and situationally highly interdependent as in some cases there might be a 

competition for resources, e.g. specific wind sites that are accessible for both types of generation. The 

sub-field of large-scale renewables is still under development and incumbent actors of this field are to a 

certain extent challengers on the overarching field of the German electricity system. However, as 

incumbent utilities increasingly enter the large-scale renewables field it is likely that interests of this 

field becomes ever more dominant and they increasingly appropriate an incumbent position in the 

overall electricity system. 
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If this sub-field manages to be dominant in the future, the implications for electricity infrastructures are 

likely that future generation capacities will (i) be owned by corporate utilities, institutional or strategic 

investors from Germany or abroad, (ii) consist of rather large-scale generation units that have a 

tendency to be installed where the resource potential is most favorable, and (iii) are primarily driven by 

the intention to maximize return on investment. Necessary enabling conditions for a continuously 

increasing share of electricity generated by large-scale projects are that (a) the expected return on 

investment exceeds the cost of capital by a margin that is judged acceptable by the investor, (b) local 

residents do not oppose the corporate projects by means of legal procedures or other inhibiting forms 

of protest, and (c) sufficient transmission capacity exists to transport electricity from sites with good 

potential to demand centers (see Section 3.6). Ideally, (d) renewable support strategies were 

coordinated or at best harmonized across Europe and (e) the aggregate economic efficiency of 

corporate, large-scale renewable visions accrues as postulated. 

3.3. Conventional Power Plants 

Conventional power generation jointly provided 71% of the German electricity demand in 2013, split 

between inflexible nuclear power (15%) and lignite combustion (26%), moderately flexible hard coal 

combustion (20%), and moderately to highly flexible gas combustion (11%) [13]. The dominant actors in 

this sub-field are the profit-maximizing incumbent private utilities, the Big Four, as well as the larger 

public utilities, which mainly own the gas capacities. However, the prosperous years for electricity 

utilities as the historically incumbent actors in in the German electricity system are over [14,44]. In the 

next six years nuclear capacities have to close down subsequently to implement the societal consensus 

on the nuclear phase-out. The combustion of lignite, hard coal and gas leads to CO2 emissions that are to 

be mitigated almost completely by 2050, either through carbon pricing or phase-out policies. This means 

that through institutional reform the regulator as a state actor willingly diminishes the entire sub-field of 

conventional power plants over time. An additional mechanism in this regard is the negative feedback 

effect from the growing prioritized feed-in of renewable electricity that leads to a structural reduction in 

electricity prices known as the ‘merit-order effect’. It decreased average German wholesale electricity 

prices by 6€/MWh in 2010, by 10€/MWh in 2012 and is estimated to increase to 14-16€/MWh in 2016 

[56]. This has a direct negative effect on the profitability of conventional power plants. During windy and 

sunny middays renewables already provide more than 50% of the German load on a regular basis [57], 

substituting gas plants and requiring hard coal and sometimes even lignite capacities to ramp down. 

Hence, from the perspective of the incumbent actors in this sub-field the dominant theme is de-growth 

of the existing business case in a pessimistic framing or the opportunity to venture to alternative 

technologies and business models, that is other sub-fields, in an optimistic framing.  

From a system perspective, conventional power plants are likely to remain important over the next 

decades to cover residual load, defined as load minus variable feed-in from the fluctuating sources wind 

and solar, particularly during overcast and non-windy periods. Flexible gas turbines are ideal to balance 

the fluctuations of wind and solar on short notice. Acknowledging this, the so-called “market-design-

debate” vividly discusses whether in the presence of rising shares of renewables the energy-only 

market, following a merit-order pricing scheme, is capable of delivering pricing signals that lead to an 

adequate capacity portfolio in the future. The heated debate [58] generated some consensus that such a 
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full-fledged capacity market is not necessary in the short- to mid-term and a strategic reserve suffices 

[59]. In the long-term a capacity mechanism is ideally considered on the European level [60]. 

Conventional power plants also earn income on balancing markets [61], and may do so increasingly.  

If the German Energiewende targets are to be fulfilled, actors that own and operate conventional power 

plants need to adapt. If they manage doing so the implications for electricity infrastructures are that 

during the transition conventional generation capacities will be (i) providing flexible generation, (ii) 

earning income either during few hours of scarcity prices on the energy-only market, on balancing 

markets or through capacity mechanisms, and (iii) are driven by the intention to maximize return on 

investment. Necessary enabling conditions for the provision of flexible and back-up generation 

capacities are that (a) the future market design is adapted to create sensible business cases, (b) 

sufficient investors find these business cases attractive, and (c) the self-perception of actors changes 

from representing the integral form of electricity generation towards the role of providing residual load 

plus eventually new forms of core business areas. 

3.4. Demand Side 

The demand side is constituted of two kinds of actors: Those selling electricity and those demanding 

electricity. Aggregate actor groups demanding electricity are industry (43%), households (27%), the 

commercial and service sector (15%), public facilities (9%), transport (3%) and agriculture (2%); together 

they consumed 502 TWh in the year 2012 [13]. Since liberalization customers are free to choose their 

supplier; however, 80% of households remained with their basic supplier in 2012, just more than half of 

which have left the basic contract and opted for a customized contract [62]. Basic suppliers are defined 

as the ones with the highest market share in the region. The share of households actively switching to 

one of the on average 80 competing suppliers increased steadily but slowly, with around 1 percentage 

point per annum [62]. This is very different for industrial and commercial customers, virtually none 

remain in basic contracts [62]. As actors do not demand electricity per se but rather energy services, 

they each own different kinds of conversion devices, ranging from long-lived infrastructure assets like 

machines in the industrial sector, white goods in households or trains in transport to medium- or short-

lived devices like light-bulbs, computers or TVs. From an energy system perspective two major trends 

affect demand-side actors, potentially altering the amount and timing of electricity consumption. First, 

the central Energiewende strategy of increasing energy efficiency ultimately has to be delivered by 

consumers through either more efficient devices and usage habits or less consumption of energy 

services (known as sufficiency). Second, a prospectively potent integration option for renewables is 

demand-side management (DSM), aiming to adapt the temporal pattern of electricity demand to that of 

fluctuating electricity supply.  

Even though a decisively more efficient use of electricity is a core strategic target of the Government, 

progress has been slow – the ratio of GDP per unit of electricity consumption increased by on average 

1.1% per year since 2008, reaching 4.49€/kWh in 2014 [2]. Literature provides a long-standing debate 

[63] on the so-called energy-efficiency gap [64] or efficiency paradox [65], contemplating why cost-

effective energy-efficiency measures are often times not implemented by firms and households. 

Proposed theoretical barriers are diverse and include concepts such as limited access to capital, hidden 
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costs, risk, imperfect information, credibility and trust, bounded rationality, power and culture [66]. An 

empirical analysis finds that for German small and medium enterprises high investment costs and a lack 

of capital are the two main barriers [67]. Innovative solutions are required for overcoming this lock-in to 

inefficient electricity conversion infrastructures. While the development of more efficient technologies 

is crucial, a reconsideration of social practices is equally important. This could be the widespread 

diffusion of energy management in firms [63], energy service contracts as business cases [68] or the 

societal shift from a consumerist towards a sharing economy [69]. Here consumers no longer own the 

devices that convert electricity in energy services, but access them through rent, lease or swap, usually 

organized via online intermediaries. Business cases delivering access-based consumption [70] are 

particularly interesting for assets with high investment costs and high idle times like (electric) cars. 

DSM is currently used only with a small number of large industrial customers; more cost-efficient 

intertemporal flexibility potential is expected in the manufacturing industry [71]. DSM in the residential 

sector is attributed a lesser relevance today due to its lower share in total electricity demand. Here it is 

important to acknowledge the central role of smart users, who are likely skeptical as to ‘being managed’ 

but rather want to become a manager in the process of consumption and maybe also generation [72]. 

Commercial and residential DSM is particularly consistent with local renewable generation and posits an 

important local flexibility option. A technical prerequisite for DSM is the widespread rollout of smart 

meters, which is under development (cf. Section 3.5).  

As a strategic action field the demand side is best viewed from the sales perspective. With regard to the 

industrial, commercial and service sectors it is a highly competitive action field in which at least 100 

suppliers [62] vie for customers that do actively switch contracts. The household sector is much more 

rigid, here incumbent basic suppliers still have a market share of nearly 80%. The share of customers 

that actively choose one of the more than 80 available competitors is slowly increasing. Incumbent 

actors of the relatively distant strategic action field of telecommunications emerge as challenger actors, 

e.g. the German Telekom is active in developing a smart home business case. Also, prosumers that use 

small or medium-scale renewables technologies maybe even enhanced with small battery systems are 

challengers in this field, as this setup significantly reduces sales volumes for suppliers. Overall this SAF 

exhibits strong competition and may see a significant reshuffling of incumbent and challenger actors 

over the next decades, depending on how innovative business cases embracing efficiency and DSM are 

appreciated by customers.  

If the German demand side actors venture towards a more efficient provision of energy services and the 

widespread deployment of DSM, the implications for electricity infrastructures are likely that (i) less 

electricity needs to be supplied as compared to a counterfactual, (ii) demand-side infrastructure will be 

shared or leased and to a lesser extent owned privately, and (iii) electricity demand becomes 

increasingly flexible and manageable by a smart grid. Necessary enabling conditions are that (a) legal 

and behavioral barriers to energy-efficiency investments are overcome, (b) a dynamic market for the 

provision of energy services evolves, and (c) institutional modes for unleashing DSM potentials develop. 

3.5. Distribution Grids 
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In 2014 the German distribution grids were owned by 884 distribution grid operators (DSOs), of which 

812 had less than 100,000 customers [62]. Originally designed to distribute centrally generated 

electricity to end-users, distribution grids are operated ‘blind’ – meaning data such as load flows or 

voltages at nodal points are not available to the DSOs. With rising shares of local renewable electricity 

generation the distribution grids are increasingly put under stress. One study estimates that roughly 

135,000km of low- and medium-voltage lines  need to be built until 2030 to accommodate growing 

renewable capacities connected to distribution grids, tantamount to around 27 bn€ of investments [73]. 

Another study finds that under current planning standards between 130,000 and 280,000 km are 

necessary until 2032, requiring investments of 23-49 bn€ [74]. These halve under an optimal 

combination of innovative planning concepts and intelligent technologies. However, the current 

regulation does not incentivize investments for DSOs, and particularly not such innovative solutions for 

the integration of renewables in distribution grids [74–76]. The Federal Network Agency acknowledges 

these deficits in its first evaluation of the incentive regulation scheme [71] and proposes improvements.  

Hence structural change in this SAF will only take place if the incentive regulation is altered. In the near-

term it can be expected that the prohibitively long time lags between investment and remuneration of 

up to seven years are reduced and new rules target at ‘intelligence instead of power lines’ [71], e.g. 

controllable local transformers, intelligent generation management as well as its consideration in grid 

planning. The optimal combinations are highly case-specific and need to be decided by the local DSO, 

there is no single blueprint package [75]. Also, not all DSOs are equally affected: In 2014 the 10 (20) 

DSOs with the  highest installed capacities of renewables jointly account for 60% (80%) of the total 

installed capacity in Germany [71]. This skewed distribution of local renewables leads to high investment 

needs and proportionally higher grid fees for consumers in the zones of the respective DSOs, illustrating 

that the incentive regulation needs to accommodate the heterogeneity of DSOs.  

If local renewable electricity generation increases in magnitude in the medium-term a more active role 

of DSOs in managing the stability of the regional distribution grid posits a promising avenue to foster an 

efficient regional electricity system [75,77]. At present DSOs assigned a passive role because 

transmission grid operators (TSOs) are exclusively responsible for ensuring grid stability. An important 

prerequisite for a more active role is the widespread deployment of information and communication 

technology (ICT) to make the distribution grid intelligent, providing real-time measurement and then 

even smart, involving an active management component like remote access. This ultimately leads to the 

vision of smart grids, embracing an electricity network that can intelligently integrate the actions of all 

users connected to it, generators, consumers and prosumers, in order to efficiently deliver sustainable, 

economic and secure electricity supplies [78]. The German Government prepares a regulation on smart 

measuring devices to ensure data security and interoperability as well as a subsequent rollout of smart 

meters by customer classes, due in 2015 [2]. Actors from the ICT sector can be important catalysts for 

smart grids [79]. Smart grids are also a prerequisite for demand side management (see Section 3.4), 

which might play an important role in the medium- to long-term future. Important challenges remain, 

for example the question of how to establish redundancy for the smart communication system in the 

situation of a power system outage.   
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With the liberalization of the electricity market the strategic action field of distribution grids has been 

formed; during the 1990s most communes privatized their distribution grids. With concession contracts 

lasting on average 20 years, the SAF has largely experienced stability ever since. It consisted of a large 

amount of regionally incumbent actors due to the natural monopoly a distribution grid comprises. Field 

rules have been challenged by two types of actors recently. First, the current wave of tender procedures 

for renewed concessions led to a trend known as remunicipalisation, i.e. local municipalities or 

collectively organized citizens that win concessions. Second, DSOs that have a high share of renewable 

electricity to cope with challenge field rules by demanding a more active role and consequently more 

responsibility with regard to system stability. These actors are hence not only challenging the field rules 

of distribution grids, but also its subordinate relationship to the dominant field of transmission grids, 

which currently possesses the capacity to ensure system stability.  

If rising capacities of local renewable energy generation (cf. Section Fehler! Verweisquelle konnte nicht 

gefunden werden.) need to be integrated in distribution grids, the implications are likely that 

distribution grids will (i) be structurally refurbished where high infeed of renewables need to be 

accommodated, (ii) play a central role in future energy system management, (iii) have a multitude of 

producers, prosumers and consumers connected with two-way communication technology and (iv) are 

owned by DSOs that actively manage regional grid stability. Necessary enabling conditions for the large-

scale roll-out of smart distribution grids are that (a) the incentive regulation is reformed so as to 

incentivize investments and intelligent planning procedures taking into account the heterogeneity of 

DSOs, (b) sound legal frameworks for intelligent and smart applications are defined, and (c) suitable 

protocols assure a safe exchange and processing of data. 

3.6. Transmission Grid 

In the course of liberalizing the European electricity market, unbundling led to the formation of four 

regulated corporate transmission system operators (TSOs) in Germany that own, operate and maintain 

the high voltage transmission grid, being responsible for its stability, reliability and performance. In the 

short-term this goal is achieved through load management, e.g. redispatch measures and reserve 

markets. In the medium-term the preferred strategy is to refurbish the grid to alleviate notorious 

congestions. However, the planning of new high-voltage power lines is a highly complex process that has 

to result in concrete, legally incontestable transmission corridors, which usually takes a decade or more. 

Aiming to speed up these processes a law has been passed in 2009 that specifies 23 grid expansion 

projects of national importance; however, until 2014 only 438 of the 1887 envisaged grid km have been 

finalized [71]. Since 2001 the necessary infrastructure investments for the coming two decades are 

determined by the four TSOs in a rolling process that generates an annually published grid development 

plan [80]. The underlying scenario frame is approved by the federal grid agency, who also puts it out for 

public consultation. Based on the grid development plan of 2012, the federal grid agency selected 36 

projects that are prioritized under the federal requirement plan law.  

This sub-field is characterized by severe conflicts on the necessity of new high voltage transmission lines, 

particularly on the new direct current (DC) technology that serves to transport electricity over long 

distances with minimal losses. The federal requirement plan law foresees three north-south DC 
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corridors. The 2014 public consultation received 26,041 comments, of which 25,569 were by private 

persons (98% serial letters), 212 by communes, 72 by associations, 66 by citizen initiatives, 47 by 

companies and some more by environmental associations, government agencies, political parties and 

others [80]. The majority of responses are related to the eastern DC corridor between Saxony and 

Bavaria (Corridor D) with the recurring theme that the necessity of the line is put into question. Local 

support for the Corridor D is very low and more than 200 newly organized citizen initiatives all along the 

corridor have started organized protest1. Their common denominator is that they argue in favor of a 

decentralized, regional energy transition for which the large-scale DC line is not necessary; it only served 

the financial interests of the large energy utilities. Likewise for the 800km DC corridor from Northern 

Germany to the South (Südlink) the association of opposing citizen initiatives2 also demands a 

decentralized energy transition and a more just distribution of costs and benefits. Whilst the federal grid 

agency campaigns for the acceptance of new power grids [80] literature has shown before that local 

acceptance is often times lower than general acceptance and cannot be equated with support [47,81]. 

The public consultation process has been criticized on the grounds that very little consequence on the 

side of the TSOs and the federal grid agency has followed [82]. In fact, the latter ignored concerns on 

corridor D by noting that specific interests will only become relevant in the subsequent planning 

approval procedure [80].  

For TSOs the European context plays an important role. The EU’s third legislative energy package 

created ENTSO-E, the European Network of TSOs, and gave it the responsibility to develop biannual ten-

year network development plans. It identifies the need for 50,000km of power lines to be refurbished or 

newly built across Europe; however, implementation progress is rather slow [83]. The European 

Commission requires all Member States to realize these projects of common interest (PCI) within the 

next ten years [84]. Yet, it remains unclear whether any form of sanctions will be applied. From a long-

term perspective European transmission capacity expansion is motivated by the necessity for 

transporting electricity from peripheral supply centers with favorable renewables potential to mainly 

central-European demand centers [85] and for the large-area pooling of fluctuations, which reduces the 

need for flexible generation [86]. It can be shown that a European-wide expansion of renewables with 

large capacities of long-distance transmission leads to a more cost-efficient energy system [85,87]. 

These projections are, however, highly uncertain in the long-run and depend on a multitude of 

assumptions [52]. In order to realize the grid projects identified by ENTSO-E, TSOs require 

unprecedented capital expenditures in the next decade, which may not be met with the traditional ways 

of financing and require alternative models [88]. Also, European infrastructure regulation may be 

reworked with respect to how the financial burden is split between countries [89]. Political and 

governance-related issue also often lead to gridlock in cross-country connection projects [90].   

The SAF of transmission grids was founded with the European unbundling regulation in the early 2000s. 

As a highly regulated field the transmission grid is very proximate to the corresponding state actors. Due 

to the natural monopoly situation the SAF consists of four incumbent TSOs and the challenger actors 

composed of active protest groups against transmission grid expansion. In the overarching field of the 

                                                             
1 http://trassenwahn.de/buergerinitiativen 
2 http://buergerinitiativen-gegen-suedlink.de/ 
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German electricity system, TSOs are also incumbent actors as they have a preference to preserve the 

status quo and have strong historical ties with the incumbent utilities. Due to their responsibility for 

system stability the SAF of transmission grids dominates the SAF of distribution grids.  

If the large-scale renewable generation increases within Germany and Europe, the implications for 

electricity infrastructures are likely that transmission grids will (i) need to be expanded substantially, (ii) 

remain the focal level for system stability, and (iii) serve as a means for the system and market 

integration of renewables. Necessary enabling conditions are that (a) a mode for planning and 

deployment procedures at the European, national and local levels is found that is perceived as 

sufficiently fair for residents to refrain from protest, (b) investment opportunities are worthwhile from 

the perspective of the TSOs and (c) welfare and efficiency gains accrue as promised. 

3.7. Storages 

The only significant form of storage with a long tradition in Germany is pumped-hydro storage. On top 

of the existing 7.6 GW installed capacity, another 4.7 GW is under planning and could be realized in the 

coming years, even though profitability remains a major challenge [91]. The lack of profitability is in fact 

the dominant theme in this sub-field, which is located mainly in research and development 

departments. Assessments on the role of storages for the German Energiewende indicate that in order 

to achieve mid-term targets over the coming decade or two it is not necessary to wait for breakthroughs 

in storage technologies [92,93]. It is helpful to differentiate between daily storages and storages for 

dark, calm periods and the respective services they can provide [94]. Daily storages such as batteries are 

useful for frequency control and ancillary services, load leveling, standing reserve, electro mobility, 

uninterrupted power supply and residential storage systems. As the name suggests, storages for “dark, 

calm” periods have large reservoir sizes that serve to bridge sustained periods of low renewable 

electricity generation, e.g. power-to-gas, pumped hydro, compressed air storage or heat storages.   

Today, only few business cases exist for storages on the electricity markets and many barriers to their 

deployment persist [95]. Some commercial battery packs start to participate in the primary and 

secondary reserve market, [e.g. 96]. Only the application for uninterrupted power supply has a longer 

tradition, but these storage systems serve to bridge power outages and not required to be competitive 

on any market. The current market design is not adequate in reflecting the full value of flexibility that 

can be provided by storages [97]. Currently, the services that can be provided by storages are provided 

by other technologies on a more competitive basis, primarily conventional (coal) power plants. Only if 

they exit the market will the demand for storage solutions rise. Likewise, the demand for storage to 

overcome dark, calm periods emerges only in systems with very high shares of renewable electricity. 

Prospectively, a variety of actors may be active in this sub-field, depending on the technology in 

question. Modular grid-connected PV battery systems could be owned by private persons or firms that 

wish to optimize their own consumption. Daily storages could also be owned by virtual power plant 

managers to complement their portfolio or active distribution system operators to provide local system 

services. Such applications could be provided by modular battery packs or even more centralized and 

larger-scale storages like pumped hydro, thermoelectric or compressed air storage. A survey expects 
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public utilities to be the driving force in the deployment of battery storages, next to end-customers and 

owners of renewable generation capacities [98].  

The SAF of storages is still in an early phase. The federal association for storages as an internal 

governance unit has been founded in 2013; a large variety of firms and research institutions are its 

members. Its major mission is to foster the development of suitable legal field rules by state actors and 

thereby establish storages as an important pillar of the Energiewende. A clear structure of incumbent 

and challenger actors is yet to be developed depending on which field rules manifest themselves. Very 

likely, short-term storages will pave the way as they are already now techno-economically feasible.   

If actors in this sub-field manage to develop storage solutions that are techno-economically feasible, the 

implications for electricity infrastructures are likely that – in case of modular storages connected to the 

distribution grid – (i) more local renewable electricity can be integrated, (ii) the provision of local or 

regional frequency control and ancillary services is possible also without coal power plants, and (iii) less 

transmission grid capacities are required. On the contrary, in case of centralized storages connected to 

the transmission grid comparatively (i) more large-scale renewable electricity can be integrated, (ii) the 

provision of  centralized frequency control and ancillary services is possible also without coal power 

plants, and (iii) more transmission grid capacities are required. Necessary enabling conditions for the 

deployment of both modular and centralized storage solutions are that (a) technology development 

leads to enhanced techno-economic performance, (b) expectations on business cases for storage 

solutions make the substantial upfront investments financially attractive and (c) governmental 

regulations make storage technologies economically feasible.  

4. Discussion  

We start with the first research question of which social groups are involved in the production of a 

particular energy system. The elaboration of the different sub-fields revealed a large variety of actors 

that may shape the future of the German electricity system. Table 1 summarizes the actor types, their 

motives and conceivable roles each can adopt in the future. Rows indicate from top to bottom whether 

actors classify more as challengers or incumbents in the overarching SAF of the German electricity 

system. Note how many actors potentially play a role in several sub-fields simultaneously, which is yet 

another indicator of how proximate the different sub-fields are. A central finding is that challenger 

actors are likely to adopt active roles in SAFs that are more consistent with a decentralized, regional 

system structure. On the contrary, incumbent actors tend to adopt active roles in SAFs that are more 

consistent with a centralized, European solution. The variety of actors and their motives and potential 

roles on the decentralized side of the solution space is significantly more diverse than on the centralized 

side. With the exception of DSOs and public utilities all social groups attributed the status of challenger 

actors have not been involved in the generation and management of electricity some two decades ago.  
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Table 1. Selection of actor types, primary motives and conceivable roles in the sub-fields under analysis sorted by their 
tendency to fit the attribution challenger type (top) or incumbent type (bottom) in the overarching field of the German 
electricity system; acknowledge that the attribution can shifts depending on the sub-field of analysis. Black (grey) indicates 
active (passive) roles. Abbreviations: Renewables (RES), maximize (Max.), small (S), medium (M), large (L), revenue (rev.), 
Shareholder value (SV). 

Actor types 
(Who?) 

Motives 
(Why?) 

Conceivable roles in sub-fields, current and prospective  
(What?) 

  Small-M 
scale RES 

Distribution 
Grid 

Demand Side Storages Large-
scale RES 

Transmiss. 
Grid 

Convent’l 
Power Plants 

Citizens 
(Households) 

Energy 
services & 
other 
individual  

Resident 
Opponent 

Owner 
Operator 

Customer 
Supplier 

Consumer 
Manager 

 
Owner (S) 

Resident 
Opponent 

Resident 
Opponent 

Resident 
Opponent 

Farmers Max. income 
& other 
individual  

Resident 
Opponent 

Owner 
Operator 

Customer 
Supplier 

Consumer 
Manager 

 
Owner (S-M) 

Resident 
Opponent 

Resident  
Opponent 

 

Cooperatives Provide 
quasi-public 
good 

Owner 
Operator 

Supplier  
Owner 

Supplier  Service 
provider 

 
Owner (S-M) 

  Opponent 

Virtual Power 
plant 

Max. 
profit/SV 

Operator User Operator Operator Operator User  

ICT firms Max. 
profit/SV 

New smart solutions Refine existing technologies 

DSOs Provide 
secure grid 

Owner 
Owner 

Operator 
Supplier & 

service provider 
Owner (S-M)  

Sub-
ordinate 

Owner 

Industry firms Max. 
profit/SV 

Owner 
Operator 

Customer 
Supplier 

Consumer 
Manager 

Owner (S-M)    

Service Firms Max. 
profit/SV 

Owner 
Operator 

Customer 
Supplier 

Consumer 
Manager 

Owner (S-M)    

Public Utility Max. local 
value added 

Owner 
Operator 

Supplier 
Owner 

Supplier  Service 
provider 

Owner (S-M)   
Owner (gas) 

Operator 

Communes/
Municipalities  

Max. local 
welfare 

Tax rev. 
Approval 

Concession 
(20 years) 

Consumer 
Manager 

Tax rev. 
Approval 

Tax rev. 
Approval 

Resident 
Opponent 

Tax rev. 
Approval 

Project 
developers 

Max. 
profit/SV 

    
Planner 

Developer 
  

Strategic 
investors 

Max. 
profit/SV 

   Owner (M-L) 
Owner  

Operator 
Supplier  

Institutional 
investors 

Max. 
profit/SV 

   Owner (M-L) 
Owner  

Operator 
Supplier  

TSOs Provide 
secure grid 

 Ordinate    
Owner 

Operator 
 

Private 
Utilities 

Max. 
profit/SV 

 Owner 
Supplier & 

service provider 
Owner (M-L) 

Owner  
Operator 

Supplier 
Owner 

Owner  
Operator 

State Actors         

German 
Government 

Diverse set of 
motives 

Support 
Scheme 

 R&D funding R&D funding 
Support 
Scheme 

 Market rules 

Federal 
Network 
Agency 

Max. federal 
welfare 
(regulator) 

 
Determine 
revenues 

   
Determine 
revenues 
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Overall, the table illustrates that there is a rather clear distinction between the social groups that favor 

the development of either a renewables future built on the pillars of small-scale renewables, smart 

distribution grids, efficient and flexible demand side management as well as small to medium-scale 

storages as opposed to one built on the pillars of large-scale renewables, an integrated European 

transmission grid and large-scale, seasonal storages. The distinction between these two opposing camps 

is vividly illustrated by the narratives embraced by protagonists of either archetype. Local value added, 

true citizen participation, democratic control and an active role of the demand side are the primary 

principles of the association of citizen energy [99]; a cornerstone is the feed-in tariff system, which is to 

be reformed towards a “citizen energy law” to foster the Energiewende as a true collective project of all 

citizens. On the contrary, efficiency, market solutions, competition and economies of scale are the 

primary principles of the storyline articulated by proponents of the centralized version of Energiewende, 

e.g.  economists of the ordoliberal school3 who demand the feed-in tariff to be reformed towards a 

technology-neutral and location-neutral market-based system that fosters the most efficient use of 

generation capacities where the potential is most favorable [100]. A quota system is preferred, at best 

harmonized across Europe.  

 

Second, we elaborate on the research question of whether the centralized versus decentralized paths of 

infrastructure development are mutually exclusive, or whether they can coexist. We will do so each 

from the three perspectives of technologies, actors and institutions. From a technology perspective they 

can certainly coexist to a certain degree, as this is the case already today in Germany. Even though the 

overall efficiency of the system is likely lower the higher the degree of coexistence between centralized 

and decentralized electricity infrastructures, it is nevertheless technically possible to have both. 

 

From an actor perspective, the two paths are likely more mutually exclusive than from a technology 

perspective. As the ownership of infrastructure assets like generation and distribution capacities by 

challenger actors such as individual or collectively organized citizens constitutes the highest form of 

citizen participation, this clearly implies a redistribution of power [49]. In principle there can only be one 

incumbent coalition of actors in the German electricity system. If the interests and perceptions of the 

purposes of the field are too conflicting between actors viewing for large-scale versus small-scale 

infrastructures will forge a coalition it is unlikely that they will be in one coalition. The theory of strategic 

action fields posits that it is ultimately the social skill of coalitions that determine their success in the 

implementation of policy objectives. Whilst in the year 2000 the support coalition for renewables was 

successful in creating a new form of governance for the promotion of renewable energies with the feed-

in tariff against the opposition of incumbent actors [101], the situation these days seems slightly 

different. Regarding the direct marketing of renewables on the electricity market incumbents have been 

successful in contesting new visions on an alternative regulative framework by challengers [25].  

From an institutional perspective the two paths are likely even more mutually exclusive than from the 

actor perspective. If institutions, i.e. the rules of the game [102], are set up such that they enable a 

                                                             
3 Ordoliberalism is the German strand of social liberalism, emphasizing the role of the state in setting rules within 
which free markets deliver. It is the political philosophy underlying the German social market economy model.  
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decentralized, polycentric governance system, they cannot at the same time provide for a highly 

centralized governance system. That means, the coordination challenge the Energiewende posits cannot 

be solved in two contradicting manners at the same time, e.g. the responsibility for system stability 

cannot be held by DSOs and TSOs simultaneously. The preexisting rather centralized coordination rules 

that were designed for a centralized system are already challenged by the rising share of decentralized 

fluctuating feed-in of renewables. In order to safeguard the functioning of electricity infrastructure 

coherence between institutional and technological practice is necessary [103]. Highly decentralized 

systems are most adequately governed by more decentralized governance systems such as a polycentric 

approach that blends scales and engages multiple stakeholder groups [104].  

 

At this stage of the Energiewende the key factors determining its future development towards either a 

more centralized or decentralized future will be decided in the political arena, rather than from a 

technological perspective. More precisely it will be a function of which coalition of actors will become 

incumbent and set the rules for the future. Institutional enabling conditions such as the specific design 

of regulatory frameworks will ultimately determine which technologies are viable for business cases. 

The ultimate question of which coalition will be incumbent in some decades from now cannot be 

answered satisfactorily based on this research. However, we can conclude some attributes. It will be the 

one that consistently utilizes a high level of social skill, produces innovative and timely business cases 

that are well received by customers as well as directly and indirectly affected actors and systemically 

aligns technology and institutional practice most effectively. The latter is not only to be expanded to the 

heat and transport sector, which we have neglected to discuss explicitly in this study, but also to more 

general technology trends such as the highly decentralized internet, smartphones and the like. 

5. Conclusion 

The Energiewende is at its heart a power struggle between a large variety of actors that differ as 

profoundly as with respect to their motives and underlying worldviews. Currently, half of the installed 

renewable electricity generation capacities are owned by citizens or farmers that dwell in geographical 

proximity to the generation units. The increase of such decentralized renewable feed-in on the 

distribution grid level requires structurally different infrastructure investments as compared to the 

increase in mostly corporate, large-scale renewables capacities that are installed where potentials are 

most favorable. The latter require the reinforcement of existing and deployment of new transmission 

capacities across Europe. Even though from a technological perspective the two paths are not mutually 

exclusive, we have illustrated that the determining factors for either development are of institutional 

nature and will be fought out between actors in the political arena. They are not of technical nature. A 

deep implication of this insight is that a greater awareness for values, worldviews, takes on democracy 

and other normative aspects is imperative when contemplating or debating on the future of the German 

energy system. However, this insight is equally valid for energy transitions around the globe. Yet, as long 

as they are conceived as engineering endeavors conflicting values will remain the elephant in the room.   

An important political implication is that the dominant technocratic, elite-theoretic paradigm of 

democracy in Germany appears problematic. A sign for this is that the call for an ex-post “social 

acceptance” of the proposed measures by governmental and ministerial agencies is omnipresent in their 
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rhetoric. As discussed before, adopting more participative and deliberative means to developing 

infrastructure projects is likely fruitful with regard to establishing and maintaining positive normative 

attributes. A particular feature of more deliberative means is that legitimacy is not only established via 

outputs in the form of fulfilled targets, but also via inputs to the process [105]. Adopting representative 

democracy as the normative worldview indeed renders energy system transitions as an original 

democratic process; under a pluralism paradigm it was stakeholders that participated in the transition 

and establish their legitimacy [105]. The dominant elite-theoretic, technocratic reasoning is that energy 

system transitions are about innovation and not about democracy; the legitimacy of the transition is 

established via the output, i.e. the results of transition programs, and indirectly via the status and 

knowledge of the advisory actors [105].  
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