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Abstract

:

The expansion of photovoltaics in German cities has so far fallen short of expectations. The concept of ‘tenant electricity’ (‘Mieterstrom’ in German), in which tenants of a building are supplied with solar power produced on site, offers great potential here. A study on behalf of the German Federal Ministry for Economic Affairs and Energy estimated the number of tenant households with good conditions for solar tenant electricity at 3.8 million. At the same time, the federal tenant electricity promotion scheme has been in place since 2017, but only about 1% of the annual budget has been claimed. The aim of this study is to identify the barriers for and drivers of diffusion of the tenant electricity model. To this end, a qualitative document analysis and a range of semi-structured expert interviews have been conducted. The theoretical framework used to guide the analysis is the multi-level perspective. The main barrier found for tenant electricity diffusion is the legal framework on the regime level, which also leads to high transaction costs of implementing tenant electricity. A social barrier is the inertia of some residents to actively concern themselves with their electricity supply and switch to a tenant electricity contract. Among its drivers are long-term trends such as the increasing electricity demand in urban areas, technical developments like blockchain technology and the increasing deployment of smart meters, and the EU Renewable Energy Directive. As long as the restrictive legal framework prevails, the further diffusion of tenant electricity will remain limited.
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1. Introduction


With the mergers at the end of the 1990s, from which the four large utilities RWE, E.ON, EnBW, and Vattenfall emerged, a very profitable decade began for these companies [1,2]. This changed in 2011 with the German government’s ambitions for the energy transition, the plan to accelerate the phase-out of nuclear power by 2022 following the Fukushima catastrophe [3] and the global financial crisis [2]. The growth of renewable energies is attributable, among others, to the liberalization of the European electricity market, the targets set by the German government to reduce CO₂ emissions [4] and state financial support. Since liberalization in the EU, consumers have been able to choose their electricity supplier freely, and grid access for new electricity suppliers has been legally mandated. The dissolution of old monopolies dominated by fossil fuels led to a market gap for green electricity suppliers.



The still ongoing transition implies a shift in power generation. While formerly generated centrally by large utilities, power is increasingly provided by a mix of centralized and decentralized sources, by large and small utilities, green electricity providers, energy cooperatives, private consumers (also called prosumers) and others [5]. In 2019, the production of renewable power in Germany increased by 4.3% to 42.1%, most of it generated by small- and medium-sized power plants [6].



Within this paper, the transition from centralized to decentralized electricity generation will be analyzed regarding supply and self-consumption of power from photovoltaics. Self-consumption occurs with private home owners but also with landlords and tenants: in the latter case landlords install roof-top photovoltaics and sell the electricity to their tenants (or the model can be contracted out). This concept is called ‘tenant electricity’ (‘Mieterstrom’ in German). This business model innovation has the potential to enable the increased on-site supply of renewable electricity, especially in urban areas where this has so far been barely represented [7] and thereby contribute to achieving the climate targets set in the Paris Agreement. A study on behalf of the German Federal Ministry for Economic Affairs and Energy (BMWi) estimated a technical potential for PV tenant electricity of 3,8 million households in apartment buildings amounted to 14 TWh of renewable electricity [8]. For comparison, the annual electricity consumption of 3.8 million households can be estimated at 10.64 TWh, based on an average annual electricity consumption of 2800 kWh per household [9]. The total electricity demand of German households is 129 TWh [10]. Bodis et al. estimate the potential of PV systems on German rooftops to 104 TWh per year [11]. This illustrates the major role rooftop PV can play for Germany’s future energy supply [11].



Tenant electricity offers numerous advantages for all parties involved: the tenants, the landlords and the potential electricity supplier/contractor. These include the following: the tenant receives renewable PV electricity at a favorable rate [12]. The landlord increases the value of his real estate and obtains additional revenue by leasing the roof area [13]. The utility invests in a sustainable project that enhances their green image and increases customer loyalty [14].



Despite its great technical potential and manifold benefits for stakeholders, development is lagging far behind expectations. In September 2019, the BMWi published an evaluation report on tenant electricity. The report states that only 1% of the available subsidy budget has been used [15]. The trade press also complained about the weak expansion of tenant electricity: “Poor record after two years of promotion of photovoltaic tenant electricity” [16]. To explain the gap between expectation and reality, the paper aims to investigate the current development of the tenant electricity model in Germany and the barriers and drivers for its diffusion. The analysis provides insights where action by policy makers should be taken in order to promote the upscaling of tenant electricity.



Major contributions to the debate on tenant electricity can be found in the scientific and grey literature mainly after 2015 [8,17,18,19]. The analysis of major publications on the topic suggests numerous reasons for the sluggish development of tenant electricity: complex metering, complicated accounting procedures, low interest of tenants [20], legal uncertainties regarding the permitted size of a tenant electricity project [21], extensive reporting obligations and limited financial promotion by the government in comparison to the self-consumption of homeowners. This study will complement the existing literature by systematically investigating the barriers for and drivers of diffusion of the tenant electricity model to enable a comprehensive view. It will also provide indications for the assessment of the future development of tenant electricity, especially with regard to long-term trends.



The following two sections describe the legal and theoretical framework and methods applied within the analysis. Subsequently, the results are presented and discussed, structured along the three levels ‘niche’, ‘regime’, and ‘landscape’ based on the theoretical framework. The final section draws conclusions, critically assesses the theoretical framework and provides an outlook for future improvements.




2. Legal Framework


Tenant electricity has already been briefly described in the introduction. In the following, the model is described in more detail regarding the corresponding legal framework and it is then illustrated why, based on the above mentioned characteristics of tenant electricity, the multi-level perspective (MLP) was chosen to guide the analysis of barriers and drivers for its diffusion. Several financial benefits apply to tenant electricity, as levies like the electricity tax and grid levies do not have to be paid and there is a financial tenant electricity promotion by the federal government. However, many rules have to be adhered to by the operators to benefit from the financial advantages [22,23].



	
Electricity must not be supplied through the public grid.



	
The tenant electricity tariff must be at least 10% cheaper than the local basic supply tariff.



	
Tenants have the choice of receiving electricity directly from the roof or from a utility company. The tenant may not be bound by the tenant electricity contract for longer than one year and may terminate it independently of the tenancy agreement.



	
The maximum output of the PV system may not exceed 100 kWp per building.



	
The PV system must be newly installed on the building to be supplied or in the neighborhood [24].






Jäger-Waldau et al. state that Germany is in the middle of the field internationally as far as tax, levy and subsidy regimes, connection charges and permit fees are concerned, with better conditions in Switzerland and Greece and worse in countries such as the USA, Italy, and Spain [23,25]. Legally and practically, the promotion is limited to photovoltaics as a renewable generation source. In the medium to long-term, urban wind energy is also conceivable [26] in conjunction with the tenant electricity model.




3. Methods and Theoretical Framework


The above-mentioned rules established at political level have a significant impact on the economic viability of the model. The success of tenant electricity not only depends on factors such as administrative costs or subsidies and legal requirements. Technical and social factors are also relevant. The legally required measurement systems are complex and have to be adapted for each project. Many tenants are hardly interested in their electricity supply and have to be convinced with great effort to participate [19].



In addition, various governance levels are involved: most of the relevant legal framework conditions are defined at the federal level, but tenant electricity projects are implemented locally and in part initiated by municipalities via the local municipal utilities. In addition, the federal states also play a role, e.g., by setting up subsidy programs for tenant electricity [27], and the European Union, via its Renewable Energy Directive, requires Member States to facilitate renewable energy communities, which could be constituted by tenant electricity projects [28]. MLP was chosen because it can integrate the economic, political, technical and social factors and local, state, federal and European levels, thus allowing a comprehensive analysis of the diffusion environment.



MLP offers a research heuristic for analyzing the development process of a niche innovation [29] such as tenant electricity is currently undergoing. To date, the topic of tenant electricity has not been comprehensively examined using a theoretical framework such as the multi-level perspective.



Geels et al. state that “[…] the dominant analytical perspectives, grounded in neoclassical economics and social psychology, focus upon marginal changes and provide only limited guidance on how such transformations may occur and how they can be shaped” [30]. MLP promises better guidance than the dominant analytical perspectives by analyzing three levels. First, the socio-technical landscape, which contains large trends like globalization or developments like climate change that cannot be influenced by single actors. The landscape level can pressure or stabilize the second level, the regime. This level includes institutions, socio-economic and legal structures and (incumbent) actor constellations. It is the level, where economic, political and social factors, routines, and institutions play a core role and where the dominant economic and governmental actors are located. The third is the niche level, which is the environment in which radical innovations can emerge and grow, and which initially is outside public awareness. This is where technical innovations and new business models are developed. Four proxies conceived by Geels and Schot can be used to determine the stage of development of innovations [31]. If all four characteristics are met, the innovation can be considered as market-ready and prepared for the breaking into the mainstream market.



	
Proxy 1—Stabilized learning processes: Stabilized learning processes concern the question of whether major development leaps can still be expected for innovations or whether a path of incremental improvement is to be assumed and most problems have been solved [31].



	
Proxy 2—Support network: In order to help an innovation achieve a breakthrough, not only dynamic initiators are needed. Also necessary are other actors, such as associations that support the cause politically and demand better framework conditions, or neighboring industries that also have an influence on the diffusion of the innovation and mutual learning [29].



	
Proxy 3—Improvements and expectations: With this proxy, Geels and Schot had rather technical or economic parameters of a product in view, e.g., an improved price-performance ratio or the expectation of further improvements [31].



	
Proxy 4—Market share: Geels and Schot view innovations with more than five per cent market share in market niches as viable for a wider break through [31]. The value of five per cent derives from the diffusion literature, which regards innovations with a market share between five and twenty per cent as established [32]. It typically refers to diffusion of technologies rather than innovative business models. The applicability is therefore limited in the case of tenant electricity.






To identify relevant barriers and drivers and to provide a preliminary assessment regarding their relevance to explain the observed low diffusion a document analysis was conducted. Subsequently, the results were reviewed and complemented with interviews with selected experts on the matter.



The procedure of the document analysis summarized in Table 1 followed the specifications of qualitative content analysis according to Mayring [33], leaving aside a detailed analysis of the context of origin. This proceeding was chosen to efficiently process the large number of documents.



The chosen interview approach summarized in Table 2 is guideline-based and includes elements of both episodic and problem-centered interviews [47,48,49].




4. Results and Discussion


After giving a general overview with the following graphic, the results of the analysis are presented and discussed in more detail structured according to the three levels of the MLP.



Figure 1 shows developments on all three levels, with the landscape level influencing the two lower levels and regime and niche influencing each other [50,51]. Developments at the landscape level such as climate change or the energy transition exert pressure for change on the regime, which is still characterized by centralized power generation based largely on fossil fuels. At the same time, the landscape level also affects the actors in the niche, for example by stimulating the use of renewable energies. The current status of tenant electricity innovation can be considered relatively far to the left on the timeline, as the influence of tenant electricity on the regime is still limited. One of the reasons for this is that the regime has a relatively strong influence on the niche through the regulatory framework. The pressure of the landscape level on the dominant regime can lead to a window of opportunity in which the more agile and adaptable niche actors gain market share (or innovative regime actors take a partial niche position) [52] and can ultimately replace the current regime actors. Thus, a transition would occur from a centralized, fossil-based power supply system to a decentralized, renewable power supply system.



4.1. Niche: Development of Tenant Electricity


At the end of the 1990s, the Berliner Energieagentur was one of the first niche actors to implement the tenant electricity model [53]. Since then there have been many developments in technology and administrative processes and also changes to the legal framework including financial support, which will be discussed below in the section on regime.



4.1.1. Proxy 1: Stabilized Learning Processes


When asked about possible improvements for tenant electricity models, it was stated in the interviews that the potential for creativity had been exhausted under the current conditions. Digital processes for billing and managing customer contact more efficiently were developed. After various metering concepts were tested, the most effective one was found as mentioned in the BMWi tenant electricity report from 2019 [15]. The report asked operators about the metering concept used, “the result of the survey shows that the Summenzählermodell without or with smart meter is the most frequently used and cost-efficient meter concept for EEG-supported tenant electricity projects. [Its] viability has been demonstrated in this respect” [15].



Various business models have been developed and tested. Specialized ESCOs and energy suppliers have developed and acquired all necessary competencies to implement tenant electricity models, while others, such as municipal utilities, rely on external consulting to cover all processes for their tenant electricity offers.



The dissemination of smart meters and the development of blockchain technology are likely to become more relevant in the future with regard to the technical side and the administrative costs of tenant electricity models. Smart meters are advantageous because they allow more flexible electricity tariffs and potentially avoid the need for technical retrofitting. Blockchain allows energy deliveries to be billed more efficiently, as no intermediaries between the supplier and tenant are necessary [54]. This independence serves to strengthen the role of prosumers by making it easier and more profitable to market small quantities of electricity and it facilitates the coordination of tenant electricity models [35].



A mixed picture emerges in the field of standardization in the area of tenant electricity models. On the one hand, there are currently difficulties with standardization with regard to processes and actor constellations, since it is still a project business that has special requirements on a case-by-case basis and various actors that have to cooperate. On the other hand, in several expert interviews by Flieger et al. [35] it was stated that, in the medium term, cost savings can be expected through standardization with regard to business models, service offers and technological solutions.




4.1.2. Proxy 2: Support Network


Numerous associations can be identified that support the concept [39]. Many of them have participated in the process of formulating the Tenant Electricity Act by submitting statements to the BMWi [55]. The associations represent diverse relevant industries and groups, representing end-use customers and tenants, energy suppliers, and landlord associations.



Geels and Schot view the discussed proxy as true if “powerful actors have joined the support network” [29]. The power of an association is hard to measure empirically, but economic size is correlated with political weight, since, for example, many jobs are created by the respective industry. BSW for example represents 800 companies in the solar industry [56] and the BNE is a comprehensive association of the renewable energy industry, which has an increasing number of members [57]. Additionally, there is the residential housing industry with the VdW association representing 475 members, which together manage 1.1 million apartments [58].



Overall, the support network has a reasonably powerful basis and has supporters from a wide variety of industries who agree on the broad goal of demanding better conditions for tenant electricity. However, it can be assumed that tenant electricity does not have the highest priority in lobbying for change [59]. In addition, there is disagreement over details. For example, Haus and Grund (building owner association) demands that tenants be required to purchase tenant electricity from landlords, which the Verbraucherzentrale (consumer protection association) rejects.




4.1.3. Proxy 3: Improvements and Expectations


From a technical point of view, tenant electricity is relatively advanced; “there is little room for creativity left,” according to one interview partner. As will be shown in the following section, the legal framework is the predominant barrier to greater sales potential. A greater sales volume would enable economies of scale and thus increase the economic performance of tenant electricity models.




4.1.4. Proxy 4: Market Share


According to a study commissioned by the BMWi, the potential for a substantial market share exists [15]. However, the current market share of tenant electricity has so far been negligible. The BMWi report states that only 1% of the available subsidies have been used [15]. In 2020, the total installed generation capacity for subsidized tenant electricity was 22.3 MWp [60], while total PV generation was over 53 GWp [61]. Thus, tenant electricity accounted for 0.04 per cent of German PV generation capacity. This picture is corroborated when looking at the subsidies for PV. In 2017 and 2018, the feed-in expenses for tenant electricity were less than 200,000 EUR, while the total feed-in payments for PV amounted to almost 10 billion EUR [15]. Accordingly, tenant electricity is still very far from a significant market share.





4.2. Regime


At the regime level, legal barriers predominate. The role of the Federal Network Agency (BNetzA) is given special consideration. The BNetzA “was established in 1998 […]. It is a separate higher federal authority within the scope of business of the Federal Ministry of Economics and Technology […], which holds formal supervisory rights” [62]. In the energy sector, the Federal Network Agency is responsible for ensuring a secure, low-cost, consumer-friendly, efficient and environmentally friendly grid-bound supply of electricity and gas to the general public [63]. In recent years, the need for a low-cost electricity supply has been repeatedly emphasized by politicians and the media [64,65], after the German electricity price had risen relatively sharply to one of the highest in Europe, partly due to the EEG levy [66,67]. Lauber and Jacobsson [68] criticize this increasingly dominant narrative, which is similarly described by Dehler-Holland et al. and Schweiger et al. [69,70]. By decision of the then liberal-conservative coalition, energy-intensive companies have been partially exempted from paying the EEG levy on their electricity consumption since 2012 [71], which increases the levy to be paid for all other consumers accordingly. “Despite using 25% of Germany’s electricity, these exempt companies pay only 2% of the overall cost of the FIT levy” [72]. This and other reasons led to a legal dispute between the EU and Germany [73,74,75].



During the expert interviews a clear picture emerged that the legal framework was the main barrier to tenant electricity diffusion as it drives the economic viability. In this context, reference was repeatedly made to the BNetzA, which generally reacts defensively or even in a hostile manner to tenant electricity and prosumer models in general. It turned out that this assessment is widespread among experts. However, the position of the BNetzA has not yet been discussed in detail in the literature. The EU Renewable Energy Directive which is discussed subsequently favors the diffusion of tenant electricity.



4.2.1. The Main Barrier: The Legal Framework for Tenant Electricity


There is a complex framework of laws, regulations and standards, which must be met by tenant electricity projects, especially if they want to benefit from financial promotion. The regulations cover the duties of a tenant electricity supplier, customer base, size of PV systems, electricity measuring and billing, taxes and levies, and support schemes. There is a large number of relevant laws and directives as well as ongoing legal disputes. The more relevant laws and directives include the following:




	
The Renewable Energy Act (EEG) has a strong influence on the economic efficiency of tenant electricity through feed-in tariffs and the EEG levy to be paid. The EEG levy amounts to 6.5 cent per kWh in 2021 [76]. Decreasing feed-in tariffs increase the need for high electricity sales in the building as the margin is higher compared to electricity fed into the grid. Under the EEG, delivering tenant electricity to an end consumer makes the supplier an electricity supply company, which comes with several duties and reporting requirements—a required effort that is virtually impossible for small housing companies or private landlords to manage [13]. The amendment of the Renewable Energy Act came into force at the beginning of 2021 and could, therefore, only be taken into account to a limited extent. It brought some improvements for tenant electricity, for example increased financial support and corroboration of claims to the tenant electricity subsidy in case of contracting [77]. However, many bureaucratic barriers remain [78].



	
The Energy Industry Act (EnWG) lays down many of the bureaucratic obligations for tenant electricity providers, which cause expenses and thus make the business model less profitable [8].



	
The Tenant Electricity Act introduced the financial promotion of tenant electricity in June 2017. The amount of subsidy paid per kWh depends on the size of the PV system and had decreased in recent years with the above-mentioned 2021 EEG amendment bringing an increase (Handelsblatt#). The design of the act is controversial, mainly due to the worse framework conditions compared to own consumption by private home owners. It brought improvements to the tenant electricity model but not to the extent that many associations, for example, would have preferred [39].



	
The electricity tax defined in the Electricity Tax Act (StromStG), can be avoided by suppliers under certain conditions. This is helpful for the tenant electricity model, but applying for a tax exemption also requires effort [8].



	
The introduction of the Energy Collection Act (EnSaG) represented a hard cut for the tenant electricity promotion, as it reduced the subsidy rate per kWh for larger tenant electricity models [79].



	
The numerous grid levies increase the attractiveness of tenant electricity compared to electricity from the public grid, as levies have not to be paid. Due to the local variation of grid levies, the attractiveness of tenant electricity varies considerably between regions [14,18].



	
The Trade Tax Act (GewStG) plays a special role for providers of tenant electricity from the residential building industry, since residential building companies run the risk of losing their tax privileges by becoming active in power supply [8]. A change in the law at the beginning of 2021 brought more reliability here, although certain uncertainties still remain [80].



	
The Energy Saving Directive (EnEV) contains at least a small incentive for tenant electricity by defining a limit value for energy consumption that new residential and office buildings must not exceed. Renewable electricity can be deducted from this energy consumption if it is generated locally and consumed at least in part, as is the case with tenant electricity models [8].



	
Several ongoing legal disputes about the permissible number of residential units that may belong to a tenant power system lead to a lack of investment security [21].



	
The EU Renewable Energy Directive explicitly requires that legal barriers in Member States must be removed in order to enable models such as tenant electricity [28].








In summary, the legal framework predominantly creates significant barriers to tenant electricity. In order to put all the laws and regulations into perspective, the five interviewed experts were asked which goals they believe determine the federal government’s handling of tenant electricity. They expressed in the interviews that the Federal Government has moderate interest in decentralized, local energy production. It rather favors large power lines, offshore wind farms and similar, and is in direct exchange with the large suppliers.




4.2.2. Tenant Electricity in a Centralized Energy System


The BNetzA was named in the interviews to be a key player in blocking tenant electricity diffusion. The basic problem is addressed by Köhler et al., who in their MLP analysis of transition in the energy, housing and water sector come to an astonishingly accurate diagnosis for the case of tenant electricity, even though the assessment is of general nature: “In the energy sector, for example, the established energy suppliers had a very strong position for a long time and still have a great influence on politics. However, their influence has declined significantly, while the new market players (especially in the field of renewable energies) have gained importance. […] the actual problem would have to be dealt with at a completely different level of abstraction, for example: the energy market is organized for centralized electricity production and supply, while renewable energy producers need a decentralized market structure” [50]. At this point the clash between decentralized renewable energy generation and central conventional energy generation or between the niche and the regime level becomes evident.



Quotable statements such as the following from a lawyer specializing in tenant electricity are exceptional in the research on the role of the BNetzA in relation to tenant electricity: “The BNetzA ultimately torpedoes an innovative business model, positions itself against decentralized energy supply with renewable energies and combined heat and power generation and against competition between municipal and civic actors and large cross-national corporations” [81]. The context here is a tenant electricity project that was rejected by the agency because “the energy system with 143 residential units was too large to still be able to fulfil the criterion of lacking significance for competition” [21]. The legal dispute will not be addressed in detail, but the underlying phenomenon is of interest. The BNetzA interprets the legal situation restrictively and thus blocks the potential of tenant electricity. Here, the power of the agency becomes apparent—it cannot pass any laws, but it can interpret the existing laws with a certain tendency.



In an interview, BNetzA representative Peter Stratmann argues that there is a strong focus by the agency on keeping the overall electricity price low: “The very careful calculation of the Federal Ministry of Economics has shown that 3.5 cents per Kilowatt hour are needed for a tenant electricity model. […] We should make sure that it is cheap for everyone and not for the individual.” [82]. The underlying logic is that, thanks to tenant electricity (and homeowner self-consumption), while more and more electricity customers do not have to pay grid charges for their electricity consumption, the burden of grid charges needs to be carried by a smaller group of end consumers, leading to higher grid levies for them.



With regard to the numerous obligations tenant electricity providers have to fulfil as electricity suppliers, their co-responsibility for security of supply is mentioned; “Consequently regulation must be strict on the basics” [83]. The BNetzA implements this requirement by insisting on “fulfilment of all market obligations by all actors (data, responsibility, forecasts, timetables, etc.)” [83].



This strict or even blocking attitude was addressed in almost all expert interviews. Reference was made to the attached topic of electricity self-consumption. The fact that the guidelines on electricity self-consumption published by the BNetzA comprise 135 pages is considered a sign that self-consumption is intentionally complicated.



According to one interviewee, the mindset of the federal government is “we want to switch to renewable energies but besides that everything should stay the way it is”. This can only happen if there is a clear separation between consumers and producers. Prosumers are a nuisance in this picture. The interviewee stated that this is the prevailing dogma in the Federal Government, BMWi and BNetzA and as long as it prevails, the trajectory of tenant electricity is relatively hopeless, because decentralized self-consumption is explicitly not desired.



Another interviewee added that a centralized system is easier to control. In addition, the BNetzA is occupied with other problems. German industry in international competition wants low electricity prices, in other words the lowest possible taxes and levies on electricity. By comparison, tenant electricity or prosumer concerns in general are ‘peanuts’ and are heading in the wrong direction, as they reduce the number of electricity customers who contribute to the payment of the levies.



Overall, this shows that there is agreement among the interviewed experts that a stronger diffusion of tenant electricity is currently not desired at the federal level. Prosumers do not fit into the envisioned future energy system, which is easier to control and manage with fewer electricity suppliers. In addition, the aim is for as many electricity consumers as possible to pay levies in order to keep them low for the average consumers.



The interviewed experts agreed that the current political conditions are unlikely to lead to any significant improvement in the legal framework in the near future. In the following quote, structural reasons for this sluggish development are identified: “Walz and Köhler […] put forward the thesis that grid-bound infrastructures such as electricity or water are more likely to be disruptive because of the strong position of existing actors due to monopolistic bottlenecks, while the transformation process in improving efficiency in energy and material flows is more likely to follow a continuous process of change. Rogge et al. […] argue that regulation of the electricity grid increases the regime’s persistence, but could also enable faster change if the political will is given” [50].



In the highly regulated electricity market, innovations are strongly dependent on leeway provided by the legal framework, which is very narrow in the case of tenant electricity. A change of political will could however trigger rapid, disruptive change. In the case of tenant electricity, this would be legal improvements at the federal level. For a comprehensive and viable solution the establishment of a legally and organizationally newly designed energy system would be necessary.




4.2.3. EU Renewable Energy Directive


The so-called winter package of the EU plays an important role for the future legal framework of tenant electricity. It contains the “Directive (EU) 2018/2001 [...] on the promotion of the use of energy from renewable sources” [28]. Among other things, it deals with decentralized energy generation and community self-supply. The directive was analyzed by Lenz [84] with regard to tenant electricity, on the basis of which the following quotations from the directive are selected.



Article 21 (‘Self-supplier in the renewable electricity sector’) of the Directive clarifies why the Directive applies specifically to the tenant electricity problem with the hindering legal framework: “Member States shall ensure that renewables self-consumers, individually or through aggregators, are entitled […] to generate renewable energy, including for their own consumption, […] without being subject […] in relation to their self-generated electricity from renewable sources remaining within their premises, to discriminatory or disproportionate procedures, and to any charges or fees” [28]. It explicitly emphasizes that all end consumers should have access to self-consumption “including those in low-income or vulnerable households” and that Member States should “address other unjustified regulatory barriers to renewables self-consumption, including for tenants” [28]. Member States shall create favorable conditions for the development of renewable energy communities by ensuring that “unjustified regulatory and administrative barriers to renewable energy communities are removed; […] the relevant distribution system operator cooperates with renewable energy communities to facilitate energy transfers within renewable energy communities; [… and] the participation in the renewable energy communities is accessible to all consumers, including those in low-income or vulnerable households” [28].



All in all, the references seem to be tailored to the topic of tenant electricity in the German context, in which legal and administrative barriers are considerable and should be removed according to the Directive. However, according to Lenz [84], the German government may only adopt certain passages of the Directive such like the following to make only minor changes to the legal framework for tenant electricity: “However, in order to prevent that incentive from affecting the financial stability of support schemes for renewable energy, that incentive could be limited to small installations with an electrical capacity of 30 kW or less” [28].





4.3. Landscape


4.3.1. Perception of Climate Change and Green Electricity Consumption


The increased attention to climate change in general and the greater demand for green electricity in particular can be assumed to create favorable framework conditions for decentralized renewable energy generation, including tenant electricity. On the one hand, climate change questions the current form of predominantly fossil-based energy generation, thereby pressuring the current regime, and on the other hand, tenant electricity offers an alternative for the resulting supply gap. However, inertia, lack of information, or cognitive dissonance can limit the effect, as the relatively small proportion of consumers purchasing green electricity shows. This inertia has been observed in surveys [85,86] and confirmed in the expert interviews conducted.




4.3.2. Urbanization and Rising Electricity Consumption


From 2000 to 2017, urbanization (i.e., the share of the population living in an urban environment) in Germany had increased steadily from 75 per cent to at least 77 per cent [87]. In Germany, an increased demand for residential space is expected, predominantly in cities, of about 230,000 apartments per year until 2030 [88]. A large proportion of the apartments required are likely to be built in multi-storey apartment buildings, thus increasing the potential for tenant electricity, especially in view of the fact that it is much easier to implement tenant electricity in new construction [18].



Growing cities have a growing demand for electricity [89]. Tenant electricity can make a contribution here and thus also reduce the need for grid expansion, which will be necessary to supply cities with more electricity from far-off power plants. A much stronger driver of growing electricity consumption in cities is the trend towards sector coupling. This includes electrical heat supply, for example with heat pumps, and e-mobility, which is strongly fostered by the federal government by promoting the purchase of electric cars [90]. Charging stations at home and heating with electricity will result in a much higher demand for electricity. In addition, there are increasing storage losses and growing power demand for process heat [91]. There have even been warnings of a blackout due to the additional power requirement of electric cars [92].






5. Conclusions


Regarding the niche level, this study has shown that the technical and administrative learning phase for the tenant electricity model has largely been completed, a broad support network exists, the market potential is high, but market penetration is negligible. The administrative processes and necessary technical concepts have been developed and tested by pioneers and have proven to be functional. Expert interviews yielded that the technical and administrative development potential of tenant electricity is largely exhausted.



Examination of the regime level showed that the federal regulatory framework and institutional actors remain a major barrier for scaling up tenant electricity. Based on the conducted expert interviews, the Federal Network Agency has been identified as a key player that enforces compliance with the laws. Its interest lies in a clear separation between electricity producers and consumers, a large number of contributors to whom network charges are distributed and a manageable number of electricity suppliers. Thus, it blocks the potential of tenant electricity, especially by interpreting the current legal situation restrictively.



The consideration of long-term trends at the landscape level has illustrated that most of the foreseeable developments and trends are likely to have a positive effect on tenant electricity. The perception of climate change, the rising electricity consumption in cities due to sector coupling and urbanization, and the increasing importance of climate protection all point to improving conditions and increasing demand for tenant electricity in the future. In the long term, the expansion of rooftop PV generation in urban areas is likely to increase strongly. MLP has proven helpful in structuring the complex interrelationships of the tenant electricity model and highlighting interactions between the three levels.



As far as drivers and barriers are concerned, the largest obstacle remains the legal framework for tenant electricity or in other words the lack of political will to reform it. Among the political drivers are the EU Renewable Energy Directive, the existing political support network for tenant electricity, promotional programs and regulations in the EnEV.



When looking at economic barriers, the cost-effectiveness of tenant electricity models is strongly linked to the regulatory framework, currently causing high administrative and technical costs. A mixed picture emerges in the field of standardization in the area of tenant electricity models with divided expert opinions on this topic.



Economic drivers are the competitive advantages of tenant electricity for building owners and utilities/contractors to attract new customers and rising electricity consumption in cities. Additionally, the residential industry generates competitive pressure on the energy suppliers by offering tenant electricity models themselves.



A social driver is the generally positive public account of green electricity. At the same time, the population is predominantly inert when it comes to changing electricity providers and there is a lack of interest in tenant electricity and electricity supply in general. The technical drivers show how interactions of different niches can accelerate their scaling up. They include the diffusion of smart meters, potentially allowing more flexible electricity tariffs and less need for technical retrofitting, and the potential of blockchain technology, allowing energy deliveries to be billed more efficiently.



In the strongly regulated electricity market, innovation and disruptive change are highly dependent on the legal framework. A new regulation of the electricity market with more favorable conditions for tenant electricity is not in sight in the short term. In some of the interviews, it became clear that a comprehensive restructuring of the energy system is necessary in order to align it to decentralized supply concepts such as tenant electricity. In this context, future research can examine which concepts for new electricity market designs have already been developed, how tenant electricity would fit in and which advocates and chance for successful implementation such concepts would have.



The scientific debate about tenant electricity is still at its beginning. Thus, only a limited number of scientific sources are available. More abstract analyses of the topic as well as empirical research regarding economic viability of individual projects and a full picture of all existing projects, including those who do not claim state financial support, would be necessary to conduct analyses on a more comprehensive database. Another field for potential future study would be the thorough assessment of different tenant electricity business models. The amendment to the Renewable Energy Act at the beginning of 2021 has improved the conditions for tenant electricity at the neighborhood level, which enables new business models for tenant electricity projects across buildings.
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Figure 1. Transition of the energy system with tenant electricity; the length of the arrows refers to the time, the width to the intensity of the influence exerted; Source: Own illustration, based on [50]. 
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Table 1. Document analysis.
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Document Analysis






	
Analysed documents

	
Guidelines and information brochures with a focus on tenant electricity in practice [13,18], studies on tenant electricity with empirical surveys and potential analyses [8,19,34,35,36], evaluation reports on the development of tenant electricity to date [15,37], association statements on demanded improvements of tenant electricity [38,39], articles from specialist magazines [40,41,42,43], newspaper articles [21,44], expert presentations [14,45,46].




	
Focus of the analysis

	
Existing barriers and drivers as well as background information and assessments of foreseeable developments.
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Table 2. Expert interviews.
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Expert Interviews






	
Interviewed experts

	
Scientist, consultant, lawyer, representative of an association and a government organization




	
Focus of the analysis

	
Background, processes and facts of tenant electricity projects/models as well as motives for action and assessments of developments




	
When

	
October and November 2019




	
Documentation

	
The notes recorded during the interviews were then written into a protocol of results. Significant quotations were written down in detail.




	
Evaluation

	
The protocols of results were evaluated with regard to particularly relevant or previously unknown information and a summary was produced. Based on the findings of the interviews, previous research results were validated, extended or modified.
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