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Abstract

:

Self-consumption energy facilities are presented as viable and sustainable solutions in the energy transition scenario in which many countries are immersed. However, they rely on dispersed and private investments in the territory. Given the uneven growth in the number of self-consumption facilities in Europe, the main objective of this study is to identify and measure the investment determinants in self-consumption facilities. To this end, the main influential incentives and barriers are identified through the aggregate analysis of the regulatory framework for self-consumption in several European countries, and the empirical characterization of Spanish facilities as a multiple case study, to define the common features of the investments made. The technical, economic, and financial characterization of real self-consumption facilities in climatic zones of southern Europe is a significant contribution of the present work. There are few samples of this type in the studies published to date, which have mainly been prepared from case studies or statistical data without identifying particular facilities. Cost-related variables have been identified as the most important variables in private investment decisions, and potential influential factors on these variables that could be regulated have been pointed out as relevant. It is also worth highlighting the elaboration of an analytical framework based on this conceptual approach, which has been proven to be useful to depict regulatory scenarios and to compare the positioning for the development of self-consumption systems in different countries. A model that transfers the influence of the determining factors to the deployment of self-consumption under specific regulatory scenarios has been developed and applied to the case of Spain. As a general reflection, to increase the adoption of this kind of technology and encourage consumers to make private investments, policies for renewable energy must consider self-consumption and microgeneration as the main axis, by increasing the availability of energy when necessary. For instance, the promotion of energy storage from these kinds of facilities could receive priority treatment, as well as rewarding the electricity surplus in the interests of security of supply in a period of energy transition towards a new, more sustainable model. Incentive schemes, aids to compensate for the additional costs resulting from the battery storage or easing restrictions in terms of contracted power would foreseeably increase the rates of adoption of the technology, favoring its faster development in terms of research and development and product innovation.
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1. Introduction


The most developed countries are immersed in an energy transition that, in a few decades, will be a new paradigm in energy supply on a planetary scale. In this new scenario, when defining investments in the sector, new elements are added to the usual reliability and price factors, such as the reduction of emission levels, production decentralization, the energy storage capacity at a large scale, changes in consumption patterns, or transport electrification in line with an energy market in a low carbon economy. The progress made by the COP21 (See https://www.un.org/sustainabledevelopment/cop21/ (accessed on June 2018)) agreements reached in Paris reinforces this perspective from the view of a globalized economy and commits the governments of the signatory countries to take it on and promote it with concrete policies.



The complementarity of systems and technologies will be essential to accomplish the sustainability objectives and, given the multidimensional nature of the process, economic and social transformations will acquire higher relevance in view of the need for new technologies, products, services, organizations, norms, and practices to gradually replace the previous ones [1,2].



In the European Union (EU), where the energy transition is largely characterized by global warming, renewable sources are going to be essential [3], as well as the active participation of stakeholders and in particular of consumers, as the European Commission recognizes in its call to develop strategies for its empowerment [4]. Likewise, the consumer will have a relevant role in the evolution of this new energy model, from the choice of supplier in a very competitive market to the production of its own energy supply–also called self-consumption.



According to the general definition [5], self-consumption is considered a process by which a consumer—residential, commercial, or industrial—produces and consumes their own energy (hence the term prosumer), being able to cover their own needs partially or totally. The energy produced is used instantaneously, or later if the installation incorporates storage equipment such as accumulator batteries or other systems such as hydrogen [6]. The self-consumption modality that presents the greatest challenges is that which contemplates the possibility of obtaining a return for the electricity that is produced and not consumed, that is delivered into the grid. These returns can be in the form of income if the injected electricity is considered a commercial transaction (net-billing), or in the form of the right to consume electricity from the grid when it is considered a storage system (net-metering).



Self-consumption solutions allow consumers to participate actively in the energy transition through an effective option for stimulating consumer private capital with lower expectations in terms of rates of return compared to conventional financial investors in the energy sector, which contributes to a sustainable energy transition. In addition to this, self-consumption represents a flexibility mechanism for demand through storage solutions, smart devices, and more flexible contracts for consumers, helping to reduce generation peaks with consequent congestion problems and benefiting the network operators [5].



In this field, the energy policies adopted in the EU have contributed positively to technological renewable energy development and the reduction of their costs.



These policies allow us to analyze the evolution of self-consumption facilities facing specific strategies, to understand the behavior of prosumers as investors, and can partially explain the differences that exist in self-consumption technology penetration among EU countries—a field in which investigations are still required. In fact, the definition and measurement of determinants that motivate investments and their relationship with specific plans for promoting self-consumption, as well as the characterization of facilities or the behavior of investors, are still important subjects of study [7,8,9,10].



Previous studies on electric microgeneration in the domestic, commercial, and industrial fields [8,11] provide the basis for the study of investments in self-consumption facilities. Some authors focus their works on European countries where network parity has been achieved [12], so self-consumption with photovoltaic systems can be economically interesting—not only in residential [13] but also in productive sectors, where new incomes could arise [14]. Likewise, competition in the retail market and market transformation has been studied, as well as the entry into the market of suppliers offering new services in a circular business model and in response to more deep-seated levels of private and public green purchases [15]. Nevertheless, it can be said that the research is still needed, and that empirical studies of many facilities are not numerous so far.



On these bases, the main objective of this study is to identify and measure the investment determinants in self-consumption facilities. To this end, the main influential drivers and barriers in self-consumption determinants are classified through a previous analysis of the applicable legislation. For the first time, an analytical framework for the evaluation of the policies as a means of promoting self-consumption systems is proposed. This framework has been proven to be useful to compare the positioning of the development of self-consumption systems in different countries, and the elaboration of scenarios. Then, the characterization of real facilities and a sensitivity analysis of the most determining technical and economic factors of investments in these facilities, in a European country as a case study (Spain), are carried out. The characterization of self-consumption facilities in climatic zones of southern Europe is a significant contribution, with few samples of this type existing in the studies published to date, which have mainly been prepared from case studies or statistical data from unidentified individual facilities.



This paper is structured as follows: Section 2 explains the research methodology and develops the analytical framework to be used for interpreting the data. Section 3 introduces the results of the empirical research and the application of the proposed approach. Finally, Section 4 discusses the influence of the determining factors for private investment in self-consumption in hypothetical scenarios and summarizes the key aspects for the definition of specific promotion plans. Shortcomings of the proposed approach and future lines of research are also introduced.




2. Materials and Methods


As it is represented in Figure 1, the present work is developed first from an analysis of the background from which the research questions and analytical framework are defined. Next, empirical research is carried out through the characterization of self-consumption facilities as a multiple case study, based on the comparative results of many projects to define the common features of the investments made [16]. This combined research allows a conceptual approach that contributes to the establishment of a framework for the analysis of the influence on the investment decision by factors that could be regulated. This framework is included in a model that transfers the influence of the determining factors to the deployment of self-consumption and can be used to forecast the evolution of the self-consumption sector under specific regulatory scenarios.



According to the literature, it can be affirmed in general terms that the adoption of innovative systems in a territory is determined by various elements, such as the inherent characteristics of the innovation, the social system structure where the adoption takes place, the diffusion, and the level of information in the territory, and the time frame [17,18].



In the framework of institutional theory [19], several authors postulate that, in addition to the rational decision of the investor, non-financial factors affect the adoption of new energy technologies [20,21,22], and decision-making to invest in renewable energies [9] or the application of environmental management criteria [23]. To this end, it is essential to analyze the decision-making process of investors with the objective of identifying the main determinants of their choices, particularly for those groups of investors with short-term horizons, as they are especially sensitive to institutional and related agent pressure.



In recent years, agent-based simulation models (ABM) have been widely used to simulate the inherent complexity of the adoption process of innovative photovoltaic installations [7], defining the utility function of these investors as four factors linear one: advertising, social environment, income level, and period of investment recovery [24].



It should also be considered for the benefit-cost analysis of these facilities that, in the environmental literature, it has been found that a household can value a product even if it does not consume it [25] and, therefore, in the case of self-consumption, it may be relevant for the evaluation of the investment to take into account the perception of households of the environmental component of these facilities. It should be noted that even households with a lower income can support environmental activities for a zero-emissions future in a similar way to higher income households [26].



It can be considered as widely accepted that the decision to invest in self-consumption photovoltaic systems would be influenced by economic factors such as household incomes or the investment recovery period, but also by the self-interest of minimizing the effect of possible increases in electricity prices. To these economic motivations, the desire to reduce the energy dependence of the network and to contribute to the reduction of environmental impacts can be added. However, the priority over other criterion appears more clearly in studies based on the answers provided by potential or present investors.



In summary, based on the previous studies and to analyze the possible impact on the future development of self-consumption facilities, the factors that would influence the decision of investors can be classified into attitudinal type factors and contextual type factors. In the first group there would be factors such as the perception of the households, environmental beliefs, uncertainties, and non-monetary costs. All of these can be modified through dissemination and information campaigns. In the second group, social factors such as income level and demographic characteristics, as well as economic factors such as the equipment costs, the electricity tariff, the demand profile, and the compensation of an electricity surplus would be included. Contextual factors configure the framework in which investments can be analyzed from a monetary point of view.



In the scientific literature, the aim of these investments to contribute to improving the environment plays a secondary role in most of the published studies [8,27,28]. Leenheer et al. [29] proposed a different perspective in which the main motivation is not economic, since through a sample of 2000 Danish households surveyed, the obtained economic benefit was less relevant than other investor motivations. However, it is worth mentioning that this was a study on households that did not have the installation yet, and the authors concluded that the economic motivation would be basically moderating the relationship between intention and behavior. Therefore, it is an issue that continues to be the object of study, and while it has motivated the work of some authors, papers are still few in number so far.



In this area, Balcombe et al. [8] used qualitative research through 291 surveys to investors in a microgeneration to identify the main motivations of saving or making money with the installation, increasing independence, and protecting themselves from an increase in the price of energy in the future. Similarly, the 197 respondents of the study of Jager [30], who were all owners of a photovoltaic installation, placed economic and environmental reasons at the same level of priority.



In the work of Engelken et al. [28] on a sample of 395 households in Germany, economic benefits and autonomy were also identified as priority factors, followed by environmental awareness and affinity with technology. Likewise, the majority of the 200 German households surveyed by Korcaj et al. [27] were potentially willing to install self-consumption photovoltaic systems if costs were low. The authors concluded that there was a need to promote energy storage systems that increase independence and economic savings, while reducing the perception of risks through a standardization system.



Social motivations also appear in some studies, with some of the analyzed investment determinants including the obtaining of social status [27], the establishment of networks [30], or the effects of between pairs [31].



The still incipient status of these investments in some countries has motivated the analysis of drivers and barriers in self-consumption. Among the latest investigations, the low rates of return on investment are frequently mentioned as one of the main obstacles to the take-off of these facilities in all EU countries [8]. However, some authors have demonstrated the profitability of photovoltaic systems in the residential sector in various scenarios, depending on the combination of supply and demand involving a significant increase in the self-consumption of energy [32]. These research studies reached the conclusion that, when market maturity is accomplished, a subsequent phase to the incentives can be initiated in which they will no longer pay aids to electricity generated from renewable sources, entailing a reduction in the specific tax burden applied to consumers and companies.



Among the works focused on the barriers, Michaels and Parag [33] analyzed a 509-respondent sample, and although the results showed some peculiarities of the Israeli context, universal barriers were identified including trust in the institutions that supervise the programs, health care and data protection problems, the high initial cost, social norms, the economic incentive structure, and reduction of energy demands. They concluded that financial incentives could solve some of these barriers.



In another quite clarifying study, Palm [34] tried to identify the reasons why the photovoltaic self-consumption facility evolution in Sweden was very different in different municipalities, and identified the role played not only by the prosumers but also by the rest of the stakeholders. They mentioned, for example, the driving role played by the utilities with the purchase of the electricity surplus, and by the installers with the sale and dissemination of turnkey facilities.



It is important to consider that motivations and incentives may vary with the market situation [35]. Thus, Palm [36] showed that at the time when the sale of the generated electricity was permitted in Sweden and the regulation was expanded, the investor in self-consumption facilities perceived new barriers related to an increase in administrative burdens and the difficulty of finding information about the market agents, which led to a higher interest in turnkey facilities. In fact, “planned value” is an individual and intrinsic characteristic of the investor and includes not only the cost of equipment and installation, but also non-monetary costs such as the cost of searching for information and uncertainty about future performance, operation and maintenance needs, and the perception of quality, sacrifice and opportunity cost [37,38].



In any case, we must bear in mind that the inherent business of self-consumption facilities is largely defined by each country’s regulations through permitted return schemes, a fact that in principle could be explained by the disparate penetration of self-consumption existing among EU countries. The case of Spain is particularly noteworthy because of the small number of facilities to date.



To classify the corresponding drivers and barriers to self-consumption facilities induced by regulations, the legal framework in several EU countries—specifically Germany, Spain, Italy, France, and Portugal—was analyzed.



The selection of these mentioned countries responds to two criteria: on the one hand, their special relevance in the EU in terms of population, and on the other hand, their expectations of self-consumption investments because of their geographical location, since they are mostly located in center-south Europe and because of the solar radiation levels that make them suitable for these installations.



The analysis was carried out in two phases. Firstly, the existence of a specific legislative framework that allows and orders the implementation of self-consumption facilities. Secondly, the possible extension of this right to third parties is taken into consideration; that is, whether the country regulations allow for solutions in which the owner of the self-consumption facility is different from the holder or holders that consume the generated electricity. In this sense, the idea is to find out specifically if the implementation of facilities based on power purchase agreements (PPA) as well as shared self-consumption facilities would be authorized—a very favorable and feasible solution in countries with mostly horizontal properties. Appendix A Table A1 summarizes the main characteristics of the different policies supporting self-consumption and the schemes they contemplate, especially those related to net-metering and net-billing, in the countries of southern Europe and in Germany as a reference for this type of facility.



In summary, Germany is the country that stands out for installed photovoltaic power because of the reduction of the prices of facilities and the high electricity rates. As a general point, it is worth mentioning that in this country there are progressive surcharges for self-consumption and other renewable facilities calculated on self-generated electricity, though facilities with an installed power of less than 10 kWp and an annual generation of less than 10 kWh are exempt [39].



It can be held that the European country of the Mediterranean Arc that is exemplary in the promotion of self-consumption is Italy, where surcharges are also available to the facilities to contribute to the electrical system costs (except for installations of less than 3 kWp), and with reduced annual fees for the facilities. In addition, in this country the installations connected to the network have the right to receive remuneration for the injected energy that is compensated for by the cost of the consumed electricity from the network [39].



In Portugal, Law 153/2014 allows the connection to the grid of renewable facilities below 200 kW and with an annual limit of 20 MW, facilitating self-consumption by legalizing the sale of an electricity surplus to the grid. The limit of an installed facility capacity is established according to the contracted power. This Law seeks a paradigm shift that helps maximize local electricity production, favoring a more direct market structure free of subsidies. However, the regulation protects the electricity system by a provision of compensation once the self-consumption penetration reaches 1% of the installed capacity. The surplus that is injected into the network is remunerated at 90% of the average price of electricity in the majority market. The remaining 10% is used to compensate for commercial energy costs and the purchase guarantee. The new remuneration mechanism is based on an auction model [40].



The Spanish self-consumption regulatory framework was one of the most restrictive in Europe for quite time, despite Spain having the highest rates of solar radiation in the EU [41]. In 2012, through the so-called “Moratorium on renewable energies”, established in Royal Decree law 1/2012, January 27, the pre-assignments of remuneration and the economic incentives were removal of new installations for electricity production from cogeneration, renewable energy sources, and waste.



Later, the regulatory framework for self-consumption in Spain was established fundamentally with the promulgation of the Royal Decree 900/2015, October 9, which regulates the administrative, technical, and economic conditions of the supply of electricity from self-consumption and production from self-consumption [42]. This Royal Decree made possible the legal continuation of self-consumption facilities that had been carried out before its publication. It is worth mentioning that, after the publication of the Royal Decree 900/2015, an incipient jurisprudence (Constitutional Court Sentence 68/2017, 25 May 2017, which estimated the appellant’s recourse regarding articles 4, 19, 20, 21 and 22, regarding the so-called “shared self-consumption”, and in the needs for National registration of self-consumption facilities. This Sentence annuls the third paragraph of the Fourth article, which prohibited a generator from connecting itself to the internal network of several consumers; Sentence of the Supreme Court 3531/2017 that supports, at the request of the appellants, the existence of fixed and variable charges for self-consumption facilities, for compensating the backup that the electricity system provides to the consumer at the moment that the contribution of the generation is insufficient and must resort to network supply) has been generated in the matter that will let new normative developments in the near future be opened, at the nation level as at the regional level, since the regional registration of this type of facility is required.



To use and interpret the information, an analytical approach is proposed. Having read the different regulations, common aspects were ascertained and classified according to the topic that is taken into account, and if they play as drivers or barriers. Next, with the goal of making a comparative analysis of the legal framework in each country, and in addition to detecting the existence of the previous disaggregated factors, each incentive and barrier is assigned a score according to the level at which the regulation limits or favors self-consumption in each country. The scale selected for this purpose is between −3 and +3, with the lowest score representing the measures that hinder self-consumption with higher intensity, and the highest representing the measures that favor self-consumption implantation (This classification of the qualitative approach has been carried out by the authors as members of the research team through the average of the individual valuations of the legal frameworks).



Regarding the advantages and incentives, the following aspects were considered and categorized as drivers:




	
Driver_1: Aspects unrelated to the surplus electricity sale, among which are the economic savings of self-consumption obtained by the installation owner of accreditations for the generated green energy or for the fossil energy savings and, consequently, vouchers, deductions or bonuses that the holder can receive.



	
Driver_2: Aspects related to the self-generated electricity surplus sale: if it is possible to inject the electricity surplus, and if it is possible to charge for this injected electricity and what formula is used for calculating the income.








Likewise, the time duration and geographic scope of the incentives and their possible effects are analyzed.




	
Driver_3: Regarding the duration of a possible compensation for the generated and injected electricity into the distribution network: whether this compensation is in real time, on a daily basis, or through a net energy or economic balance (that is, if injected energy into the network can be netted at any time without economic liquidation or includes it).



	
Driver_4: If the compensation for not consumed and injected self-generated electricity could be demanded in a location different from the place where the self-consumption installation is located.



	
Driver_5: Regarding the duration of the compensations and incentives framework that the regulation must promote this type of facility.



	
Driver_6: Regarding additional incentives that either facilitate their implementation or represent a certain advantage, such as incentives to incorporate energy storage systems.








Next, factors that may discourage or hinder the implementation of self-consumption facilities were taken into consideration as barriers:




	
Barrier_1: Limitations on the self-consumption generation capacity or existence of power ranges with different regulatory implications.



	
Barrier_2: Existing limits to incorporation of the new self-consumption installations (for example, annual or as a percentage in reference to the of total generation power of the country).



	
Barrier_3: Economic obligations of self-consumers related to the maintenance, operation, and sustainability of the transport and distribution network.



	
Barrier_4: Existing general costs, such as rates for self-consumption, or specific costs to each installation such as, for example, the existence of a network backup charge.



	
Barrier_5: Restrictive regulatory requirements regarding the connection, regulation, and measurement of facilities, as well as the technical instructions for the electrical installation.








Table 1 classifies the drivers that may influence self-consumption in each country, while in Table 2 the barriers are presented.



Finally, the result of the previous approach is shown in Figure 2, which displays the aggregate positioning of barriers and drivers in each country in terms of the implementation of self-consumption facilities:



It can be observed that the best position for self-consumption support is accomplished by Italy, as a result of its regulations containing net-metering, feed-in-tariff (FiT) income, and a stable regulatory framework that reduces the effect of possible obstacles to the installation of this type of plant.



Germany has more advantages and incentives for self-consumption plant installation (FiT income, facilities for the realization of PPA and shared self-consumption, and a stable regulatory framework for 20 years), although the introduction of charges for facilities above 10 kWp make its situation worse than Italy.



The comparative analysis of France lets us consider it as a country that hardly imposes obstacles for self-consumption installation (without charges for maintenance of the transport and distribution network, and without limitations or ranges of power) but restrictions on the extension of the rights for self-consumption to third parties make the other advantages provided by France worse, due to accumulator aids and the timing of their incentives.



Portugal and Spain show the worst position because of their transport and distribution network maintenance charges, the imposition of additional costs (“sun tax” in Spain, registration costs in Portugal), and the annual limitation quota for Portugal of 20 MW for new facilities. Revenues for surplus energy injected into the network are paid at the wholesale market price in Spain, and at 90% of the wholesale market price or based on an annual auction in Portugal. Portugal incorporates better treatment of the implementation of facilities by third parties, but nevertheless the duration of the legal framework of self-consumption has a limitation of 20 years that Spain does not impose.



Based on the previous analysis, and to define the self-consumption investment determinants and thus to advance the knowledge in this field to favor the decision-making process, the following research questions are posed:




	
(R1) What are the common characteristics of the investments made in self-consumption facilities in Spain, and how can their impact be measured in investors’ decision-making?



	
(R2) What are the determining factors for profitability and how can they improve the positioning of self-consumption facilities?








Most of the research work on regulation and the impact of self-consumption activity in Spain to date has focused on the comparative analysis of different alternatives in terms of the profitability of the facilities [43], its incidence on public collection [41], the return periods for investments [44], the electricity costs for photovoltaic self-consumption [45,46] or, more generally, the data-based evolution of photovoltaics at the national level [47,48].



In a case study on the profitability of photovoltaics in Spain, a 17–18-year payback period was considered [44]. Likewise, the profitability of self-consumption photovoltaic systems was evaluated for the Italian regulatory framework by carrying out a survey of 750 companies with systems of between 3 kW and 1 MW. Using the discounted payback time as an economic feasibility indicator, return periods from 5 to 6 years were found for residential installations, from 6 to 8 years for large systems (1 MW), and above 12 years for smaller commercial and industrial facilities [49]. Results are also available in Italy for the relevance of aids and incentives for photovoltaic self-consumption [50]. Disparities in these feasibility results could be linked with the different types of installations.



There are many different definitions of net-metering and net-billing schemes depending on the specific economic and engineering criteria involved [51]. Net-metering can be considered as both self-consumed electricity and surplus electricity being valued at the same retail price; or, otherwise, net-billing can be considered the surplus electricity being valued at a price lower than the price at which it is purchased on the network. It is defined as “exclusive self-consumption” when the surplus of electricity is not at all remunerated [52].



Another determining factor is the level of maturity of the market. Some mathematical models define the break-even-point of the increase of self-consumption, which is the point at which residential PV battery systems become economically viable in a mature market. Energy storage systems are useful only when the relationship between supply and demand permits them to induce a significant increase of energy self-consumption [32]. However, the uncertainties in consumption forecasting models must also be taken into account [10]. In general, greater deviations are observed due to the application of an unrealistic consumption profile, and the effect on the forecasts depends mainly on the volume of taxes on self-consumption and the relationship between the production of photovoltaic energy and annual consumption.



As for the application methodology and the variables under study, another topic of interest is the cost of storage. In this area, results achieved through a simulation made from a data sample of 30 households are used to determine the degree of electrical self-consumption, as well as the costs and economic benefits of the facilities, demonstrating that households consume on average 49% of the electricity generated, not including the contribution of batteries [53]. With a subsidy of capital equivalent to the cost of a small battery (2 kWh), it has been demonstrated that these systems would be economically viable without any doubt for the average household. Therefore, small to medium capacity batteries need attention in energy policy aimed to promote microgeneration, in view of the future rise in electricity prices.



In addition, results obtained in previous studies indicate that, under the current conditions in Spain, the direct economic impact of the self-consumption of photovoltaic energy on the total revenues of the government and the electricity system is positive for investments in the residential segment, insignificant for the commercial segment, and negative for the industrial segment [41]. For this reason, the analysis of the determinants of the investments and the legal framework has been carried out, proposing possible actions to increase the number of photovoltaic self-consumption facilities at a minimum cost for the electrical system in accordance with the guidelines of good practices of the European Commission on the self-consumption of renewable energy [54].



Thus, given the complexity of the phenomenon and the interplay of many factors, the application of qualitative methodologies of analysis through facilities as a multiple case study is chosen. This methodology allows us to overcome the limitations of the scope of quantitative information and provides a deeper vision for the analysis of innovative environmental investments [55,56], both in the specific aspects of the case studies analyzed [57] and in the definition of theoretical approaches [58,59].



For this purpose, the data of 35 photovoltaic self-consumption installations in Spain, for which ample information about their technical characteristics and economic and financial aspects is available, are compiled and analyzed (Thanks to the collaboration of the company FENÍE ENERGÍA, 35 self-consumption facilities in Spain that were promoted by this company between 2016 and October 2017 could be analyzed).



In light of this, the selected characteristics of the installations that make up this empirical study are detailed in Appendix A Table A2. They include the climate zone, which is a determinant of solar radiation levels; type of installation; installed capacity; consumer profile (residential, industrial or services); cost of the installation; financing rate; power contracted in the case of installations connected to the grid; and annual electricity production.



It should be highlighted that obtaining information regarding the internal costs and specific operational conditions directly from installed systems is not an easy task, and it means a smaller number of valid observations. Even though the sample was given by a unique company, the analyzed systems are fully identified, and this allows us to integrate all the data for the empirical analysis. In addition, it can be considered a relevant sample of the systems installed in Spain (At present in Spain, approximately 1266 systems are registered in the public register of the Spanish Government. The specific modus operandi of the Company FENÍE ENERGÍA must be considered because it only promotes facilities that are carried out by independent installers. This means that the analyzed sample is heterogeneous with regards to the equipment and operational conditions and can be considered as relevant in the geographical context of the country).



To identify the common features of these installations, a statistical-descriptive analysis has been applied and the results are shown in Section 3.



Once the most important variables in the private investment decisions have been identified, potential influential factors on these variables that could be regulated are apparent and have been described.



However, the impact of these incentives and barriers would not be the same for the different types of self-consumption facilities. To obtain a forecast of the evolution of the self-consumption sector, a model that transfers the influence of the determining factors to the deployment of self-consumption under specific regulatory scenarios has been developed.




3. Results


To figure out the common characteristics of the investments made in self-consumption facilities in Spain, an analysis of a sample of well-documented installations has been carried out.



The installed peak power was lower than 10 kW in 77% of the cases. The cases studied have always been low voltage and with a contracted power of less than 100 kW. Figure 3 shows the size of the installations.



By means of a statistical-descriptive analysis, it can be observed that the installations have been mounted in the two climatic zones with the highest solar incidence: 89% in climatic zone IV (from 4.6 to 5 kWh/m2) and 11% in climatic zone V (more than 5 kWh/m2).



As shown in Figure 4, the facilities under study were mainly in residential buildings and connected with small and medium companies, although two solar pumps (isolated installations with self-consumption to pump water for later irrigation) were also studied. Installations have been also classified according to consumer profiles: domestic (43%), industrial (20%), and services (37%).



Regarding the technical execution, as it is shown in Figure 5, the installations studied have been mainly isolated with batteries (43%) and grid-connected without remuneration (40%), with a lower incidence of isolated (14%) or connected with which the surplus electricity is sold to the grid (one installation, 3%).



Installations have had a medium-low investment, from €2200 to €255,000, with an average of €24000. A total of 91% of the installations were financed by the energy company that executed the keys-hand installation, with financing periods between 4, 5 and 8 years.



The profitability of the facilities was evaluated through the calculation of the economic return period of the installation, based on the following data and considerations. The cost of the installation is a known fact of the contract signed between the client and the energy company that carried out the execution of the turnkey project. The total amount includes the cost of materials, equipment, structure, installation, legalization, project or report, financing if applicable, and gross margin of the installation company.



For the characterization, the lifetime of the investment is assumed to be equal to 20 years, although the lifecycle of a PV panel is usually assumed to be 25 years. The inverter of the installation has a useful life of more than 10 years, so it is expected to be replaced, at least once, within the lifetime of the investment. The cost of the investor accounts for 15–20% of the installation, and experiences a relative cost influenced by the scale factor. The accumulators of energy (batteries) have a useful life of about 8–10 years, so the installations must amortize, if necessary, the batteries at half the life of the installation. The cost of the batteries represents approximately 20% of the cost of the installation depending on the type of batteries installed, and on the depth of discharge in the use of the batteries. The lag between the useful life of the installation and that of its components has been contemplated by incorporating the weighting factors on the initial investment, as summarized in Table 3.



The loss of efficiency of the photovoltaic modules is introduced in the study by means of an annual decrease factor of 0.8%. Likewise, an increase in the cost of annual electric energy with a value of 3.5% has been factored in. This energy cost is supported by the increase in electricity prices reflected in the Spanish National Statistical Institute reports of the general consumer price index (CPI) and the energy CPI, despite their short-term volatility. It should be mentioned that the analysis does not include any type of maintenance of the facilities, which usually has a lower impact on the cost of the installation and that, in the types of self-consumption studied, is the responsibility of the owner of the installation.



The execution of the self-consumption facilities studied involves avoiding an equivalent amount of energy demanded from the distribution network or generated by generating sets (in isolated installations), or that of an opportunity cost of consumption not implemented due to the technical or financial difficulty of the interconnection with the distribution network. The cost of this energy in the interconnected installations has been realized by means of a valuation of the cost of said energy at the cost regulated by the voluntary price for the small consumer (PVPC, PVPC tariff is a regulated tariff designed for private consumers), during the year 2016 (middle price) for contracted power supplies equal to or less than 10 kW. For powers greater than 10 kW, the corresponding adjustment has been made by applying the corresponding access tariffs. In summary, the prices applied are detailed in Table 4.



The opportunity cost of not implementing activities that involve electricity consumption, and that can be carried out with the self-consumption installation executed, is valued at most as the cost of using the generator set. These costs are affected by the so-called energy CPI explained above (3.5%) during the 20-year life of the facility. For each installation, this includes the energy expected to be generated in 20 years (in kWh), the total updated cost of the installation considering the entire useful life (€), the unit cost (€/Wp), the cost of electricity not acquired from the network (€), and the return period (in years).



This study does not include charges for variable self-consumption to interconnected plants (77% of the facilities analyzed are 10 kW or less of contracted power and are exempt and do not affect isolated installations). The analyzed facilities, except for one of them, are self-consumption plants Type 1 and, therefore, are not remunerated for surplus electricity.



In summary, the results show initial costs of the installation between 0.73 and 10.14 €/Wp, with an average cost of 3.3 €/Wp, and return periods between 3 and 22 years and with an average period of 9 years.



In the next figures, considerable differences can be observed depending on the type of installation, as reflected in the following graphs that show the statistical analysis of the data collected for the 35 facilities.



It can also be observed in Figure 6 that the isolated installations have lower return periods than the installations connected to the network, even though their initial installation costs are higher, since they cover electrical consumption that would otherwise have a high cost for generating energy. In the case of self-consumption facilities in grid-connected supplies, the investment costs are between 0.73 and 3.71 €/Wp (with an average of 1.93 €/Wp), which is substantially lower than those of the isolated facilities given the smaller size of the batteries. However, as it is shown in Figure 7, they have return periods of between 4 and 22 years, with an average of 12 years.



Additionally, as expected, isolated installations with accumulators have higher return periods and initial investment costs than isolated plants that do not have energy storage elements. The only exception is the case of solar pumping with a return period of 12 years due to the high cost of the installation, which is heavily influenced by the costs of the auxiliary pumping equipment for storage in the tank and subsequent impulsion for irrigation.



As a general result, it can be affirmed that the cost of the avoided electrical energy is of key importance in the economic return of the investment for the considered installations. The profitability is particularly favorable (faster economic return) for those customers who pay for electricity at a higher price (domestic customer or electricity produced in a generator set) and worsens for customers with more power contracted and with an average price of lower electricity.



In short, the improvement of the profitability of self-consumption facilities is related to the possibility of increasing the difference between the levelized cost of the produced electricity (LCOE) and the grid electricity price. In a scenario with stable grid electricity prices and according to the LCOE definition [60], this increase can be achieved by reducing the investment (mainly reducing the cost of batteries), reducing operating costs (basically, decreasing the power contracted or reducing taxes), or by increasing revenues from economic returns through the injection of electricity into the grid, even at wholesale market prices (The producer under the self-consumption modality receives the corresponding financial compensation according to the regulations in force, according to article 14th of Royal Decree 900/2015, which regulates the conditions of self-consumption in Spain. From Decree Law 9/2013, of July 12, and Royal Decree 413/2014, of June 6, no specific remuneration is applied in Spain to the discharge of electric power to the net, so the producer only receives the hourly price wholesale market income. OMIE manages the wholesale electricity market on the Iberian Peninsula and reports the intra-daily market prices at http://m.omie.es/reports/index.php?m=yes &report_id=121&lang=en#).



After identifying that cost-related variables are the most important in the investment decision, potential influential factors on these variables that could be regulated must be pointed out.



To illustrate how a small change in the incentives and barriers related to the above economic variables would encourage self-consumption, the same methodology used for the analysis of the comparative legal framework has been applied. Economic savings and incomes could be favored with policies related to Driver 1 and 2 and would mean a higher score for them. Reducing the cost of batteries would be possible with incentives for the incorporation of energy storage systems, which would mean higher scores for Driver_4 and Barrier_1. Finally, policies aimed to reduce economic obligations related to the transport and distribution network would improve the scores for Barrier_3 and 4. Only one level of improvement (one scoring point) has been considered for Drivers_1, 2 and 4 and Barrier_1, and three levels of improvement have been considered for Barrier_3 and 4.



Ultimately, in this favorable scenario incentives and barriers would take the values shown in Table 5, leading to a better position in the matrix of incentives and barriers as shown in Figure 8.



However, the impact of these incentives and barriers would not be the same for the four types of facilities identified.



A model that transfers the influence of the determining factors to the deployment of self-consumption under specific regulatory scenarios has been developed and applied to the case of Spain.



Three scenarios (most likely scenario, best-case scenario, and worst-case scenario) have been considered. They incorporate hypotheses regarding the evolution of the variables of influence with respect to a theoretical static scenario, in which there were neither positive nor negative changes—also called “business as usual” (BaU)—that would be the equivalent to the current. Considered factors because of their relevancy are those shown in Table 5: Driver_1, Driver_2, Driver_6, Barrier_1, Barrier_3, and Barrier_4.



Table 6 shows the influence level (low, medium, or high) that each incentive or barrier has on the profitability of each of the considered types of self-consumption facilities:



Table 7 summarizes the assumptions regarding the evolution occurring in each of the three proposed scenarios. Again, three levels of trend or estimated variation for each variable (incentive or barrier) have been chosen in each of the scenarios. An increase (“+”) means a positive evolution, a decrease (“−”) implies a negative evolution, and a stagnation (“=”) indicates absence of significant variation of the variable with respect to the current situation.



The best scenario for the promotion of self-consumption therefore requires that all the variables evolve positively (“+”), while the worst case will be given by a worsening or stagnation (“−”). As stated above, the “business as usual” scenario is a hypothetical case in which there is no change to the current situation.



The evolution of the influential variables in each scenario will have a greater impact on self-consumption depending on the importance that these variables have for the profitability of the facilities of each type.



Assigning values 1, 2 and 3 for the selected resolution level and combining the weight matrix with the evolution matrix for each scenario, a number from 1 to 9 will be obtained regarding the positive or negative influence of each of the variables in each of the subsectors for each scenario, with 9 being the maximum positive influence (greater impulse to self-consumption) and 1 the maximum negative influence (less impulse to self-consumption). From the average values for each variable in the three scenarios, the most probable percentage of relative variation with respect to the static scenario is calculated.




4. Discussion


The present analysis has allowed definition of the variables for the characterization of 35 self-consumption facilities of low voltage supplies with power less than 100 kW in Spain. There are few samples of this type in the studies published to date, which have mainly been prepared from case studies or aggregated data. Given that particular facilities have been identified, this study provides an interesting advance in empirical knowledge because of the geographical scope, the type of investor, the number of facilities, and the scope of the data analyzed—both that which is inherent to the technical characteristics, as well as the economic and financial aspects.



As a general result, it can be affirmed that the cost of the avoided electrical energy is of key importance in the economic return of the investment for the considered installations. This is in line with the results obtained by other authors, thus providing a response to the research question posed (R1).



With regards to the installation costs and return periods obtained, the results can be explained by the separate analysis of two types of configurations: isolated and grid-connected installations. Both types have different implementation and maintenance costs, which are higher for the isolated installations due to the batteries, as well as very different savings. This has a bearing on the payback period and the lowest values were found for the isolated installations in the sample under study.



It is also worth noting the self-consumption facilities carried out in low-power homes (less than 10 kW) or other customers in other sectors with access to the network and therefore, with easy access to the power extension or total coverage of their needs through the distribution network.



Likewise, the presence of isolated installations demonstrates that self-consumption allows the resolution of situations with a lack of access to electricity, even with long periods of return on investment. In this sense, solving a basic need such as the access to electricity can be a priority over the economic cost.



However, it should be noted that the low return periods for isolated installations are linked to the high cost of generating electricity through the generator sets that are the most common equipment for this type of supply (maximum cost is also assigned to the opportunity cost for those customers who, even if they do not make such an investment, do not implement a possible solution with connection to the network). It is reasonable to think that these high generation costs can be avoided in some cases. In this case, an estimated 12-years payback period for the interconnected facilities seems to be more realistic and similar to results obtained by Chiaroni et al. [49] and could be a more representative value for both types of installations. These long periods of return could justify the low level of implementation of this type of facility, except when other motivations such as the need for electricity, innovation, or environmental sensitivity influence decision-making in terms of investing in these types of self-consumption facilities.



Among the general observations of this study, it can be claimed that the fact of having reached network parity in Spain does not seem to be enough for citizens and companies to decide to become prosumers. This is in line with the report of the IEA Photovoltaic Power System Programme [61], where it is said that the price of photovoltaic electricity would have to fall well below the grid parity, so the assumed financial risk and inertia is overcome. The final price of photovoltaic electricity could be reduced through measures such as net-billing or net-metering.



The case study has made it possible to define the determinants of self-consumption investments, advancing knowledge in this area for its promotion and facilitating the decision-making process where economic profitability is one of the factors with the greatest impact on the deployment of these facilities.



Bearing in mind that some authors consider that energy prices and network access charges should reflect the real costs of supply in order to not distort the consumer incentives when choosing between a photovoltaic installation and the supply of the network, it is of interest to propose a transition framework for a zero emission and renewable environmental energy scenario, even if it is not free of costs. Thus, aligned with Aragonés et al. [39], the convenience of incentives for the deployment of self-consumption may be considered opportune, which in turn requires energy prices and network tariffs that provide the right economic signals.



Table 7 summarizes the response to the second research question (R2), showing the influence level that each driver or barrier has on the profitability of each of the considered types of self-consumption facilities.



Graphically, as it is shown in Figure 9, the variables with the greatest influence are the incentives that reduce the cost of batteries and the barriers related to the monetary and non-monetary costs of the installation, while the typologies with the highest expectations of growth are the installations connected to the grid according results in Figure 10.



Among the contributions of interest provided by this study, it is worth highlighting the detailed study of the determinants of self-consumption investments, and the elaboration of scenarios based on the analysis of the country’s legal framework and the corresponding barriers and incentives.



However, this study has some limitations inherent to the number of installations analyzed and the number of variables. Through a more in-depth study, the influence of the charges associated with the system costs on the return period, or the decision-making process for each type of investor, could be investigated.



As a general reflection, it is worth mentioning that to increase the adoption of this kind of technology and encourage consumers to make private investments, policies for renewable energy must consider self-consumption and microgeneration as the main axis, by increasing the availability of energy when necessary. For instance, the promotion of energy storage from these kinds of facilities could receive priority treatment, as well as the rewarding of energy self-sufficiency in the interests of security of supply in a period of energy transition towards a new, more sustainable model. Incentive schemes, aids to compensate the additional costs resulting from the battery storage or easing of restrictions in terms of contracted power would foreseeably increase the rates of adoption of the technology, favoring its faster development in terms of R&D and product innovation.
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Table A1. Regulatory frameworks in the selected European countries (adapted from [61]) Acronyms: FiT: feed-in-tariff, FiP: feed-in-premium, SSP: Scambio Sul Posto (acronym in Italian, meaning Exchange on Site), ToU: time of use tariff, SeU: Sistema Efficiente di Utenza (acronym in Italian, meaning User Efficiency Systems), EEG: Erneuerbare-Energien-Gesetz (acronym in German, meaning Renewable Energy Act).






Table A1. Regulatory frameworks in the selected European countries (adapted from [61]) Acronyms: FiT: feed-in-tariff, FiP: feed-in-premium, SSP: Scambio Sul Posto (acronym in Italian, meaning Exchange on Site), ToU: time of use tariff, SeU: Sistema Efficiente di Utenza (acronym in Italian, meaning User Efficiency Systems), EEG: Erneuerbare-Energien-Gesetz (acronym in German, meaning Renewable Energy Act).





	Title
	Spain
	France
	Germany
	Italy
	Portugal





	Revenues from self-consumed PV
	Savings on the electricity bill
	Savings on the electricity bill
	Savings on the electricity bill
	Savings on the electricity bill
	Savings on the electricity bill and right to guarantee of origin from renewable sources



	Charges to finance T&D
	Yes (“solar tax”)
	None
	None
	Yes, above 20 kW
	Yes, above 1.5 kW for 10 years



	Revenues from excess electricity
	None//Wholesale market price minus taxes
	FiT
	FiT or FiP
	SSP, net-billing based on energy and services; market price for selling
	<1.5 kW Wholesale market price minus 10%>1.5 kW Reference tariff, established annually by the government



	Maximum timeframe for compensation
	Real-time
	Real-time
	Real-time
	Self-consumption, real time; SSP, advance payment twice per year
	Real-time



	Geographical compensation
	None
	On-site only
	On-site only
	On-site (meter aggregation is allowed for some specific SSP cases)
	None



	Regulatory scheme duration
	Unlimited
	20 years (FiT)
	20 years (FiT)
	Unlimited
	15 years



	Third party ownership accepted
	None//Yes (“solar tax”)
	None
	All
	Yes, with conditions for SSP
	Yes, with conditions



	Grid codes and additional taxes/fees
	Above 10 kW//Yes
	Possible move towards a higher share of fixed grid costs
	Grid codes compliance and partial EEG-surcharge
	None
	Register costs, metering costs, and Grid codes compliance, civil liability insurance taking out



	Other enablers of self-consumption
	None
	ToU Tariffs
	Battery storage incentives
	None
	None



	PV system size limitation
	100 kW but below or equal to capacity contracted//Below or equal to capacity contracted
	None
	Minimum 10% of self-consumption
	Self-consumption, none (below 20 MW for SeU); SSP, up to 500 kW
	Self-consumption power below or equal to contracted power. Different requirements up to 1.5 kW, between 1.5 and 250 kW, and more than 250 kW



	Electricity system limitations
	Distributor’s license
	None
	52 GW of PV installations
	None
	In all self-consumption below 20 MW on an annual basis



	Additional features
	Taxes on batteries
	Projects to increase the fixed part of grid costs
	EEG levy must be paid anyway by the prosumer (above 10 kW)
	None
	None
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Table A2. Main characteristics of the self-consumption installations under study.
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	Title
	Type of Installation
	Location
	Power(kWp)
	Contracted Power (Kw)
	kWh per Year
	Installation Cost (€)
	Financing Rate (%)





	1
	Isolated with batteries
	Apartment block
	0.7
	N/A
	1185
	5466
	96



	2
	Grid-connected without remuneration
	SME
	1.56
	4.4
	2641
	1907
	96



	3
	Isolated with batteries
	SME
	9.36
	N/A
	15,847
	52,092
	96



	4
	Grid-connected without remuneration
	SME
	6.76
	6.9
	12,248
	4966
	0



	5
	Grid-connected without remuneration
	SME
	37.44
	41.6
	67,837
	43,772
	0



	6
	Isolated with batteries
	Dwelling
	2.25
	N/A
	3809
	7552
	96



	7
	Isolated with batteries
	Dwelling
	0.9
	N/A
	1524
	4873
	0



	8
	Grid-connected without remuneration
	SME
	5.1
	51
	8570
	12,044
	96



	9
	Isolated with batteries
	SME
	6.24
	N/A
	10,564
	10,803
	96



	10
	Isolated with batteries
	Dwelling
	1.02
	N/A
	1727
	4134
	48



	11
	Isolated with batteries
	Dwelling
	4.68
	N/A
	7923
	13,163
	96



	12
	Isolated with batteries
	Poultry farm
	5.76
	N/A
	9752
	9144
	96



	13
	Grid-connected without remuneration
	Dwelling
	3.64
	5.196
	6427
	8213
	96



	14
	Grid-connected without remuneration
	Camping
	26
	100
	48,797
	48,924
	96



	15
	Isolated
	SME
	6.36
	N/A
	10,768
	12,371
	96



	16
	Grid-connected without remuneration
	SME
	5.3
	29.58
	9354
	13,664
	96



	17
	Grid-connected without remuneration
	Funeral parlor
	5.2
	29.7
	9084
	10,482
	96



	18
	Grid-connected without remuneration
	SME
	15.9
	92
	27,549
	31,418
	96



	19
	Grid-connected without remuneration
	Catering
	18.02
	19.8
	34,250
	30,821
	96



	20
	Isolated with batteries
	Dwelling
	1.53
	N/A
	2590
	6459
	60



	21
	Grid-connected with remuneration
	Catering
	50.88
	110
	94,060
	65,189
	96



	22
	Isolated with batteries
	Dwelling
	3.3
	N/A
	5587
	12,263
	96



	23
	Isolated with batteries
	Dwelling
	3.18
	N/A
	5384
	20,925
	96



	24
	Isolated with batteries
	SME
	11.13
	N/A
	18,843
	43,455
	96



	25
	Grid-connected without remuneration
	Dwelling
	1.06
	3.3
	2930
	3934
	96



	26
	Isolated with batteries
	Dwelling
	0.52
	N/A
	880
	3645
	96



	27
	Grid-connected without remuneration
	SME
	2.16
	6 928
	3068
	7391
	96



	28
	Isolated with batteries
	Dwelling
	1.02
	N/A
	1727
	6078
	36



	29
	Isolated
	Dwelling
	99.2
	N/A
	167,946
	212,569
	96



	30
	Isolated
	Solar pumping
	0.4
	N/A
	677
	4057
	96



	31
	Isolated
	Dwelling
	2.55
	N/A
	4317
	7958
	96



	32
	Isolated
	Solar pumping
	2.55
	N/A
	4317
	7622
	96



	33
	Grid-connected without remuneration
	Dwelling
	2.7
	6.9
	2085
	2842
	96



	34
	Isolated with batteries
	Dwelling
	5.355
	N/A
	9066
	20,172
	96



	35
	Grid-connected without remuneration
	SME
	35.25
	170
	38,430
	55,686
	96
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Figure 1. Flow chart depicting the applied methodology and results. 
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Figure 2. Current positioning for the development of self-consumption systems (own elaboration). 
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Figure 3. Size distribution of the installations. 
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Figure 4. Type of consumer owner of the self-consumption facility. 
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Figure 5. Type of installation. 
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Figure 6. Unit cost of the installation (€/kWp) according to its connection to the network. 
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Figure 7. Payback of the facilities according to their connection to the grid. 
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Figure 8. Favorable positioning for the development of self-consumption systems (own elaboration). 
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Figure 9. Most likely percentage of relative variation of self-consumption potential in Spain by variable and scenario with respect to static (own elaboration). 
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Figure 10. Most likely percentage of relative variation of self-consumption potential in Spain by type and scenario with respect to static (own elaboration). 
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Table 1. Regulation impact on the set of drivers for self-consumption.






Table 1. Regulation impact on the set of drivers for self-consumption.





	
DRIVERS

	
Germany

	
Spain

	
Italy

	
France

	
Portugal

	
Remarks






	
Driver_1

	
Other income

	
0

	
0

	
0

	
0

	
1

	
Green credits




	
Driver_2

	
Injection income

	
2

	
0

	
3

	
2

	
−1

	
More positive is considered if income is higher than the whole market price




	
Driver_3

	
Third party right extend

	
3

	
−1

	
1

	
−3

	
1

	
More positive is considered when greater extended




	
Driver_4

	
Geographic compensation

	
0

	
0

	
0

	
0

	
0

	




	
Driver_5a

	
Framework duration (short term)

	
0

	
0

	
0

	
0

	
0

	




	
Driver_5b

	
Framework duration (long term)

	
2

	
3

	
3

	
2

	
2

	
More positive is considered if longer




	
Driver_6

	
Other drivers

	
1

	
0

	
0

	
1

	
0

	
Incentives for accumulation batteries




	
AGGREGATED SCORE

	
8

	
2

	
7

	
2

	
3
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Table 2. Regulation impact on the set of barriers for self-consumption (own elaboration).
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BARRIERS

	
Germany

	
Spain

	
Italy

	
France

	
Portugal

	
Remarks






	
Barrier_1

	
Particular limits

	
0

	
−1

	
−1

	
3

	
−1

	
More negative if installation power must be less than or equal to contracted power




	
Barrier_2

	
Aggregated limits

	
−1

	
1

	
3

	
3

	
−2

	
More negative if limits




	
Barrier_3

	
T&D charges

	
3

	
−3

	
−1

	
3

	
−1

	
More negative if surcharges




	
Barrier_4

	
Additional costs and restricted codes

	
−1

	
−3

	
3

	
−1

	
−3

	




	
Barrier_5

	
Others

	
−1

	
−1

	
0

	
−1

	
0

	
If surcharges for accumulation batteries




	
AGGREGATED SCORE

	
0

	
−7

	
4

	
7

	
−7
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Table 3. Weighting factors on the initial investment due to component replacement.
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	Installation’s Components
	Factor





	Installations with inverter and without batteries
	1.2 €/Wp



	Installations with batteries
	1.1 €/Wp



	Installations with inverter and batteries
	× 1.2 × 1.1 €/Wp
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Table 4. Price of the avoided energy by power ranges.
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	Contracted Power (Kw)
	Price of the Avoided Energy (€/kWh)





	Pc ≤ 10
	0.104393



	10 kW ≤ Pc ≤ 15 kW
	0.117726



	Pc > 15 kW
	0.072941
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Table 5. Impact of regulations on the incentives and barriers to self-consumption in current and the favorable scenarios.
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Incentives and Barriers

	
Current Scenario

	
Favorable Scenario






	
Driver_1

	
Other income

	
0

	
1




	
Driver_2

	
Injection income

	
0

	
1




	
Driver_3

	
Third party right extend

	
–1

	
–1




	
Driver_4

	
Geographic compensation

	
0

	
0




	
Driver_5a

	
Framework duration (short term)

	
0

	
0




	
Driver_5b

	
Framework duration (long term)

	
3

	
3




	
Driver_6

	
Other drivers

	
0

	
1




	
Barrier_1

	
Particular limits

	
–1

	
0




	
Barrier_2

	
Aggregated limits

	
1

	
1




	
Barrier_3

	
T&D charges

	
–3

	
0




	
Barrier_4

	
Additional costs and restricted codes

	
–3

	
0




	
Barrier_5

	
Others

	
–1

	
–1
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Table 6. Weight matrix (own elaboration).
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	Type of Installation
	Driver_1
	Driver_2
	Driver_6
	Barrier_1
	Barrier_3
	Barrier_4





	Isolated
	Low
	Low
	Low
	Low
	Low
	Low



	Isolated with batteries
	Low
	Low
	High
	Low
	Low
	Low



	Grid-connected without injection
	Low
	Medium
	High
	High
	High
	High



	Grid-connected with injection
	High
	High
	Medium
	High
	High
	High
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Table 7. Definition of scenarios for self-consumption (own elaboration).
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	Incentives and Barriers
	Best Case
	Most Likely
	Worst Case
	Business as Usual
	Explanation





	Driver_1
	+
	=
	−
	=
	Positive evolution means rising grid electricity prices



	Driver_2
	+
	=
	−
	=
	Positive evolution means rising prices for injected electricity



	Driver_6
	+
	+
	−
	=
	Positive evolution means reduction in battery costs



	Barrier_1
	+
	+
	−
	=
	Positive evolution means reduction in installation costs



	Barrier_3
	+
	=
	−
	=
	Positive evolution means reduction in T&D charges



	Barrier_4
	+
	=
	−
	=
	Positive evolution means lessening limitations
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